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Peanuts by Charles M. Schulz

NO, I'VE NEVER HEARD
OF ANYONE 6ETTING
“'NEST SICK ”

©1923 United Feature Syndicate, inc.

From the Orlando, Florida Sentinel, 30 March 1983
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SECTION I

INTRODUCTION

Since World War II, flight training simulators have come
into ever increasing use due to their obvious economy in
equipment and fuel savings plus their other attendant
advantages of maintenance, availability and safety. Orlansky
(1982), and Orlansky and String (1977, 1979), have provided
eloquent summary statements of their effectiveness. New types
of simulators, such as those for training air combat
maneuvering and Skylab crews, seem to be in great demand.
Unfortunately, there has been a recent increase in reports of
discomfort and distress associated with the use of flight
simulators.

Since the phenomenon of simulator sickness was first
reported by Havron and Butler (1957), and Miller and Goodson
(1958), a large body of anecdotal evidence has accumulated.
This evidence suggests that simulator sickness symptomatology
resembles motion sickness and other forms of distress which
occur after exposure to altered and rearranged sensory
information (Frank, Kennedy, Kellogg, and McCauley, 1983).

The following questions regarding simulator use remain to
be answered: 1) What causes simulator sickness? 2) What is
the incidence? 3) To what degree does simulator sickness
degrade performance and impede training? 4) What can be done
to prevent the occurrence of simulator sickness?

PURPUGE AND OBJECTIVES OF THIS SOURCEBOOK

§ "n.ottiic investigations and resultant reports in the
iiterawure on simulator sickness have been sparse (e.g., < 300
printed pages). Therefore, any student of simulator sickness
would need to search the information on related topics such as
postural equilibrium, visual/vestibular interaction, motion
sickness, adaptation to the environment, etc. Yet, sinulation
is a high technology enterprise and team approaches to design
and acquisition of systems have been followed almost from the
first simulator. Therefore, simulator sickness is of interest
to the practitioners of several different disciplines,
including engineering, medicine, psychology, training., and
fleet operations. Quite rightly, these specialists are often
less familiar with information available in domains outside
their own. Thus far, no one has collated the information from
these disparate areas and made it available to the
technological and scientific communities. Hence, the primary
purpose of this Sourcebook is to survey the available
literature and reproduce it in a form that will enable the
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appropriate professionals to quickly upgrade their knowledge of
simulator sickness.

Qut of this fundamental purpose, several subsidiary
objectives have emerged:

a. To define simulator sickness.

b. To determine the incidence and magnitude of the
problemn.

c. To review the literature concerning simulator
sickness, including articles, reports, instructions, military
messages, and other pertinent documents.

d. To collect and present the most cogent publications in
the field of simulator sickness and related areas.

e. To offer suggested readings for the further study of
simulator sickness and related 1issues.

£. To introduce opportunities for new research
initiatives.

g. To contribute to the understanding and prevention of
simulater sickness.

PROCEDURE

In order to create a simulator sickness sourcebook that
would achieve these objectives, an extensive literature search
was conducted. This search determined whe had addressed the
issue, what they studied, and what has been learned. The
search unearthed studies that dealt with: a) simulator
sickness directly: b) visual/vestibular interactions and their
relevance for flying and flight simulation; ¢) motion sickness
symptomatology and adaptation; d) perceptual experiences as
real and apparent motion perception, paraliax, focal and
ambient visual information disordered, distorted, or otherwise
perceptually transformed worlds; and f) engineering issues for
flight trainers, such as visual and inertial motion delays and
frequency responses.

For all the documents in this series, the primary source
has been the personal files of the authors. We attempted to
consult every other possible resource, including DIALOG, NTIS,
MEDLARS, and Cumulated Index Medicus. No substitute was found
for spending many hours *digging™ through files, bibliographies
and reference libraries (e.g., Naval Aerospace Medical Research
Laboratory, Pensacola, Florida; Naval Training Equipment
Center, Orlando, Florida). The assistance of key investigators
(e.g., Herschel Leibowitz) to whom we sent preliminary copies
of the reference list (Kennedy and Miller, 1983b) is also
recegnized as a very useful apptoach to the problem of
literature retrieval.
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The initial literature search resulted in a reference list
(to be published separately in fall 1985) containing
approximately 1,800 items. A first "cull" of the reference
list yielded approximately 250 titles, all of which were read
or scanned and annotated. A second cull resulted in the
selection of 31 titles for this document. The most significant
25 articles were included in their entirety. An additional
docunment (Kennedy, McCauley, and Miller, 1985a) cites what we
consider the 100 most helpful items ancillary to, but integral
to, an understanding of simulatot sickness; it also reproduces
what we considered to be the more important pages of these
documents.

ORGANIZATION OF THIS REPORT

This report is organized into three sections plus Appendix
A. The present section serves to introduce and orient the
reader to the remaining sections. Section II deals with the
issue of motion sickness and its relationship to simulator
sickness. The most important part of this report is contained
within Section III. 1In that section the studies of simulator
sickness are reviewed. As we conducted the literature review
and reviewed the modest state of our knowledge in this area we
surfaced and refined hypotheses for research. These
suggestions, in the form of research initiatives, have been
offered to stimulate further discussion in the scientific
community. Section III also introduces Appendix A, which
contains reproductions of articles dealing with simulator
sickness -- including reports of simulator sickness outcomes,
provocative experiments, messages, dispatches, and other
documentation of the aftereffects.

DOCUMENTS IN THIS SERIES

It is intended that six documents will appear in this
series, all under the general title, “Simulator Sickness:
Reaction to a Transformed Perceptual World." The prospective
subtitles are:

I. Scope of the Problem (Frank, Kennedy, Kellogg and
McCauley, 1983). This NTEC Technical Note was originally a
paper presented at the Annual Symposium of Aviation Psychology.
Ohio State University, 24 April 1983.

II. Sourcebook and Suggested Readings (this document)

ITI. Workbook on Related Topics (Kennedy, McCauley. and
Miller, 1984b, in prepacation).

Here, subjects related to motion sickness will be
discussed. This document will be separated into five sections,
each of which, in turn, will be divided into article
reproductions (or excerpts) and a list of sugygested readings
for that category. The sections and their contents may be
briefly described as: Motion Sickness, Visual/Vestibular
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Interaction, Motion Perception, Adaptation/Habituation,
Simulators and Simulation Engineering.

IV. A Content-Oriented Reference List (Kennedy, McCauley,
and Miller, 1985a, in preparation). This will cover simulator
sickness and related subjects.

V. An Integrated Review of Simulator Sickness (Kennedy,
Frank, McCauley, and Berbaum, 1985c, in preparation).

This will include what is known of previous incidences. 1It
will encompass the topics of simulator aftereffects and
simulator maladaptatioan. This document will review, interpret,
evaluate, and summarize existing simulator sickness research,
developments, and literature. It will provide a connection
between related areas of research and it will advance new
theory and propose new research relevant to the origins and
prevention of simulator sickaess.

VI. Preliminary Site Surveys (Kennedy, Frank, and
McZauley, 1984).

WHO MAY BENEFIT FROM THESE DOCUMENTS

These series of documents and others forthcoming in this
series on simulator sickness are intended to be used as
workbooks by technologists who desire to gain a rapid education
in the area of simulator sickness and related issues. The
technologist may use these documents for individual study or as
accomnpaniments to training sessions concerning flight simulator
technology. Lists of suggested readings should should satisfy
further informational needs, whether for historical background
or general reference.




NAVTRAEQUIPCEN 81-C-0105-7

SECTION II
PROBLEM DEFINITION

MOTION SICKNESS--A DEFINITION

Motion sickness is a general term for a constellation of
symptoms and signs, generally adverse, due to exposure to
abrupt, periodic or unnatural accelerations. One must have
organs of equilibrium for the malady to develop. Overt
manifestations (signs) are pallor, sweating, salivation, and
vomiting (Reason and Brand, 1975). Drowsiness, dizziness, and
nausea are the chief symptoms. Less frequently reported, but
often present, are postural changes, sonetimes referred te as
*leans,” "staggers," or "sea legs." Other signs (viz. Money,
1970) inslude changes in cardiovascular, respiratory,
gastrointestinal, biochemical, and temperature regulation
functions. Other symptoms include gen.ral 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 jincoordination, particularly in
manual control. Table ) iists the different categories of
symptoms (Kennedy. Dutton, Ricard, and Frank, 1984).

Motion sickness is theoretically preventable, but
prevention is not always practical. Once symptoms become
severe, treatment othetr than time may be impossible for
subsistence. Experimental evidence for the findings which are
reported above appears in Alexander, Cotzin, Hill, Ricciuti,
and ¥Wendt (1945a. b, ¢; 1955%a): Alexander, Cotzin, Klee, and
Wendt (19%47)): Brand, Colquhoun, $0ould, and Perry (1967);
Clark and Graybiel (1961); and Graybiel, Kennedy, Knoblock,
Guedry, Mertz, McCleod, Colehour, Niller, and Fregly (1965).

Many types of motion produce motion sickness. Generally,
acceleration of the environment is required, but there is
strong evidence that visual motion alone 1s sufficient (Reason
and Brand. 1975). The effects usually are limited to the
period of exposure, but post-adaptation phenomena occur (Fregly
anéd Kennedy, 1965; Witkin, 1949).

Ataxia induced by vestibular stimulation is known to occur
but is not often reported. For example, it occurs following
exposure to centrifuge and ships at sea (viz. Fregly, 1974).
Data are available whereby comparisons can be made between
ataxia performances due to blood alcohol levels and simulator
exposuzre (Fregly, 1974). Because both postural equilibrium and
manual control are closed-loop control systems under voluntary
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TABLE 1. MODIFIED DIAGNOSTIC CATEGORIZATION

TIME SHEET
PATHOGNOMIC SYMPTOM
Vomit
MAJOR SYMPTOMS
Increased salivation moderate and severe
Nausea " n "
Sweating severe
Pallor "
Retch ’ "
Drowsiness "
MINOR SYMPTOMS
Increased salivation slight
Nausea "
Pallor moderate and slight
Sweating " " "
Drowsiness " " "

MENTAL SYMPTOMS ("minor"™ and "other" symptoms)

Difficulty concentrating (minor symptom)
Confusien (minor symptom)

Fullness of head (other symptom)
Depression (other head)

Apathy (other symptom)

VISUAL SYMPTOMS ("minor® and "other symptoms)

Difficulty focusing (minor sympton)
Visual flashbacks (minor symptom}
Blurred vision {other symptoms)

Ere strain (other symptom)

*OT.IER" SYMPTOMS

Character facies
Increased yawning
Stomach awareness
Anorxia

Burping

BM degire
Headache
Dizziness
Acrophagia
Veritigo

General fatigue




NAVTRAEQUIPCEN 81-C-0105-7

control in the cerebral cortex, and involuatary (motor) control
in the cerebellum, it would not be unreascnable to hypothesicze
that if posture is disrupted by exposure to a simulatcr, so too
will human manual control (e.g., steering a car).

The other chief simulator sickness symptom of relevance to
the Navy is the soporific drowsiness often reported with
vestibular sickness. Reports from squadrons -- particularly in
Air Combat Maneuvering (ACM) -- are that even brief exposures
(e.g., less than one hour in the simulator) result in long-term
fatigue effects.

Woodward and Nelson (1976) have described the types of
performance impairment associated with lack of sleep and,
therefore, by inference, drowsiness. These include a slower
reaction time, short-term memorv decrement, impairment in
reasoning and complex decision making, errors of omission, and
lapses of attention. Sleep loss has b<en shown to have a
deleterious effect on vestibular processes. Dowd (1974)
reported increased vestibular sensitivity, decreased recovery
rate, and abnormal vestibular habituation to be associated with
sleep deprivation. He warned of the implications of sleep loss
for increasing the hazards of flying due to degraded vestibular
function. It is possibli that the drowsiness that often
accompanies vestibular s ~ki..ss may have similar effects on
humait performance.

SIMULATOR SICKNESS

Motion sickness has been found in nearly all transportation
modes -- on land, sea, and air. Although sickness is not new
in sinmulation, the report and investigation of this phenomenon
has lagged behind other modes. The history of simulator
sickness, per se, is sparse. Those studies available in the
published literature include Miller and Goodson (1960); Reason
and Diaz (1971); Barrett and Thornton (1968);: Puig (1971):
Ryan, Scott, and Browning (1978); Casali and Wierwille (1980);
Kellogg, Castore, and Coward (1980); and McGuinness, Bouwman,
and Forbes {1981). Additional information is available in the
form of official correspondence within the Navy and Air Force,
between flight surgeons, systems commands, training personnel,
ard training equipment centers. This information supports the
findings reported in the open literature on altered or
rearranged perceptions. We feel that simulator sickness is a
fubclass of these phenomena.

A thecoretical model and historical bibliography has been
prepared coucerning visual disteortion (Kennedy, 1970) and the
general arqument was advanced that adaptation to altered
perceptions (visual/vestibular, spatio/temporal) is similar to
an explanatory model of moticn sickness (Reason and Brand,
1975).
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Figure 1 is a schematic depiction of the relationship among
simulator sickness and other classes of subject matter. We
feel that the largest category 1s perception. Another
category, which overlaps with perception but is not exactly
homologous, is motion siciness. Simulater aftereffects exisc
within both worlds but are not perfectly encompassed by
either. Motion sickness indeed has some perceptual components
and some which are largely physiologic. The world of
perception can be used to understand, somewhat, problems of
motion sickness. Moreover, while simulator sickness exists
within both worlds, it is possible that some aspects of
simulator aftereffects are outside of both the motion sickness
and the perceptual worlds (some geometric illucions not
necessarily involving motion may be good examples). Because so
much of what we view as simulator sickness has a perceptual
component, the following have been given heavier emphasis in
this text than motioa sickness, per se: wvisual information
processing, vestibular information processing, central nervous
system integration of those visual and vestibular inputs and
interactions, and the adaptation ané habituation thereto.

Thus, we have used these categories reported above to decompose
simulator sickness into more manageable units.

EVIDENCE OF SIMULATOR SICKWNESS. Studies by Havron and 3utler
(1957), and Miller and Goodson (1958, 1960, were the first
published reports of simulator sickness. They found a
substantial incidence of symptoms among users of the Navy's
2FH2 helicopter simulator. (Instructor pilots were found to be
more susceptible than students.)

In recent years, there has been increasing reference to the
problem of simulator sickness, although the extent of the
problem is still not clearly defined.

An investigation of simulator sickness in the Navy's 2ES$
Air Combat Maneuvering Sinulator (ACMS) found that 27% of the
aircrews using the ACMS reported varying degrees of symptoms.
The more experienced aircrews (over 1500 flight hours) had a
higher incidence of symptoms than less experienced flight crews
(McGuinness, Bouwmah, and Forbes, 1981).

One of the first attempts to document the problem in the
Air Force was reported recently by Kellogg, Castore, and Coward
(1980 and in press). They surveyed 48 pilots using the Air
Force Simulator for Air-to-Air Combat (SAAC) and found that a
majority (88%) had experienced some symptoms of simulator
sickness (primarily nausea) during SAAC training.

Representatives of NAVTRAEQUYPCEN and NAVBIODYNLAB have
documented cases of simulator sickness in the Navy's P-3C
Operational Flight Tralner (2F87-0OFT), particularly at the
flight engineer*'s position (Crosby and Kennedy, 1982). This
work was stimulated, in part, by earlier ceports of




NAVTRAEQUIPCEN 81-C-0105-7

PERCEPTUAL ADAPTATION

’——‘\
MOTIOM S.CKNESS

SIMULATOR
SICKNESS

——

PHYSIOLQGIC TAER
(e.g. Gastric Motility)

Figure 1. Schematic raprasentation oi the relation.hip amang
Percaptual Adaptation (samovy rearmngament), Motion
Sickness and Simwlator Sicknass,
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symptomatology in the 2F87 by several instructor pilots (Ryan,
Scott, and Browning, 1978).

In a study of flight simulator motion sickness conducted
for the Canadian Department of National Defence, Money (1980)
reported that nearly half of the pilots using the Aurora
Simulator experienced sickness ranging from slight discomfort
to mild nausea. He provided a summary of the current
theoretical bases for motion sickness (sensory conflict
theory), and described how aircraft maneuvers performed in a
simulator may generate conflict between the visual and
vestibular senses.

IMPLICATIONS OF SIMULATOR SICKNESS. For the Navy, and for the
Naval Training Equipment Center, the possible negative
implications of simulator sickness can be grouped into three
broad categories.

Compromised Training. First, symptomatology may interfere with
and retard learning in the simulator through distraction.
Secondly, since humans are flexible, trainees may adapt to
unpleasant perceptual experiences. If new learned processes
are not similar to responses required in flight then the new
responses could lead to negative transfer to in-flight
conditions. We believe this is a most critical problem because
of its safety of flight implications.

Decreased Simulator Use. Because of the unpleasant
side-effects, simulators may not be used or persons may lack
confidence in the training they receive in such simulators.

Simulator Aftereffects. Simulator exposure may result in
aftereffects or post-effects. These are not unlike the
post-effects of other motion devices, but their relevance to
safety (e.g., egress down a ladder, or driving home) is not
Fnown.

EVIDENCE OF NEGATIVE IMPLICATIONS. The consequences and
practical significance of varying degrees of simulator sickness
have been alluded to in the past. <Crosby and Kennedy (1982) in
a Navy study of the 2F87-OFT stated:

*The cause(s) of these symptoms should be eliminated
for the following reasons. The flight engineers are at
risk when walking on the ladders at the exit of the
simulator following training because of extreme
unsteadiness induced by the simulator. The students become
reluctant to take more training after this experience.
Additionally, the symptoms of simulator sickness reduce the
effectiveness of the flight engineers and hence jeopardize
the flight crew in real flights that follow the training on
the same day. Training is probably less effective because
the flight engineers attend to their malaise rather than to

10
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the flight being simulated. Scheduling problems due to illness
result in lost crew time on the simulator following aborts."

The postural disequilibrium which sometimes results from
exposure to this environment should be studied further. The
purpose of the above study was to use equilibrium as a
sensitive probe for effects. It is not known whether the
postural disturbances observed are symptomatic of more general
incoordination (e.g., fine or gross motor control), nor is it
known whether certain conditions might amplify the effects
(e.g., sleep loss, alcohol, impoverished sensory conditions).
Other questions include: What is the time required for return
to baseline levels? Do all moving environments produce like
changes? Are individual differences large? Should particular
activities be avoided? g

In the Navy's 2E6 Simulator, similar problems of simulator
sickness were reported by McGuinness et al. (198l1). Dizziness
was the most frequent symptom, followed by vertigo,
disorientation, "leans," and nausea. The incidence of
symptomatology was greater in pilots than in radar intercept
officers (RIOs). The authors suggested that one reason for the
reduced levels of simulator sickness found in the 2E6, relative
to the Air Force SAAC, may have been the less intensive
schedule of simulator time.

Exposure duration and frequency appear to be potentially
important variables, as has been found in other environments
that produce motion sickness (McCauley and Kennedy, 1976;
McCauley, Royal, Wylie, O'Hanlon, and Mackie, 1976).

Perceptual aftereffects also have potential consequences of
disorientation and degraded motor control. Some F-4 pilots,
after training in the SAAC at Luke AFB, have reported
sensations of climbing and turning while watching TV, or
experiencing an 180-degree inversion of the visual field while
lying down (Kellogg, Castore, and Coward, 1980). These authors
cogently suggested that "users of such (wide field of view)
simulators should be aware that some adjustment may be required
by pilots when stepping back into the real world from the
computer-generated world."

11
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SECTION III
SIMULATOR SICKNESS REVIEW AND SUGGESTIONS FOR RESEARCH

BACKGROUND

Humans, along with other species, adapt biologically to
ecological changes; otherwise, they do not survive.
Ordinarily, adaptation involves long-term evolutionary
modifications of structure and function. However, less
permanent modifications occur which capitalize on the human
central nervous system's plasticity. These short-term changes
may be considered under the general rubric of adaptation to the
environment; but persons who study learning, habituation,
acclimatization, adjustment, compensation, satiation, and other
time-course events may be involved in examining similar
processes. These short-term changes make simulator sickness an
important problem for the Navy.

It is axiomatic that motion is the basis for motion
sickness and the constellation of symptoms which occur under
some force environments illustrates that this is an ecological
change t¢ which humans have not yet adapted. Whether
individual differences in resistance may reflect differential
levels of development in this regard is speculative and will be
discussed later. The fact that the moving systems are usually
conceived and developed by humans (viz. ships, aircraft, and
space stations), rather than evolving through the course of
natural events, is probably not a logically meaningful
distinction for this argqument. Admittedly, though, man-made
systems have introduced new force environments more rapidly
than would be the case for most ecological changes.

It is our view that motion sickness is an ordinary
consequence of exposure to certain moving environments. The
incidence, time course, symptom mix, etc., follow certain
rules, some of which are known. Frequently, if the stimulus
parameters of the force environment are sufficiently specified,
our technology can predict whether and how greatly sickness
will occur (McCiuley and Kennedy, 1976). It follows that, to
the extent that the real system produces motion sickness, a
simulator which replicates the real environment is liable to
induce tha same responses.

Howe ./, when a simulator produces effects which are
dissimilar (and indeed worse) than those which ordinarily occur
(exanple, in the aircraft), then the adequacy of the simulator
must be challenged. Thus, we propose that the term "simulator
sickness* be reserved for those cirumstances where the slickness
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occurs only (or to a far greater extent) in the simulator. 1In
other cases, the terms car, air, camel, sea or motion sickness
should continue to be employed. It is with this philosophical
perspective that we have studied the research literature on
simulator sickness. It will only be through an adequate
understanding of how simulator sickness compares with more
"ordinary" varieties of motion sickness that remedies will be
forthcoming.

FACTORS CONTRIBUTING TO SIMULATOR SICKNESS

KEY FINDINGS FROM THE RESEARCH LITERATURE. A large literature
is available on altered and transformed perceptions.
Occasionally in these studies, discomfort similar to the
symptoms of motion sickness has been reported. Although the
findings have not been clearly connected with simulator
sickness, we believe much is to be learned from the study of
this literature. For example, in addition to the spectacles
and prism work, binoculars (Sternberg and Banks, 1970), striped
drums (Crampton and Young, 1953), rods/frames and tilted rooms
(Witkin, 1949), and other devices have been employed. In
addition to central nervous system plasticity issues, in all of
these studies a theme recurs; not all persons respond the same.
Individual differences in adaptation constitute a potent
variable, whether due to an acquired perceptual style or an
endowed nervous system predisposition. The practical
consequence of this factor is that, while individually tailored
simulator presentations are not feasible at this time,
individual regimens of exposures to simulators form a probable
approach in order to minimize the problem of simulator sickness.

Most reports of simulator sickness suggest that there is
only temporary discomfort resulting from the simulator, if any
occurs at all, and that such discomfort is a small price to pay
for the kind of training provided. Moreover, even when there
are problems initially, they appear to subside with continued
exposure to the simulator. It should be mentioned, however,
that if this adaptation occurs it implies that changes have
occurred in the central nervous system. If these changes do
not coincide with activities which are appropriate for control
of the aircraft, then safety of flight is compromised.

Several reports have shown that the stimulus for emesis can
summate, so that with radiation (Cordts, 1982) and the flu (de
Wit, 1957), thresholds for emesis are lowered under the
combined stress. It would seem likely that hangover, allergic
reactions, colds, flu shots, or other maladies might have a
similar effect on simulator sickness. Thus, stimulus
conditions which might be otherwise mildly distressing would
provoke more severe symptoms if trainees (students, pilots)
were not in their usual state of fitness. Attention to this
factor with appropriate warnings of possible limited simulator
usage for persons so afflicted may contribute towards lowering
the simulator sickness problem and its incidence.
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Simulator sickness resembles motion sickness in that the
signs and symptoms are very similar. Most of the distress and
upset present in true motion sickness are also present in
simulator sickness. Occasionally, the reports which occur in
connection with simulators, which may not involve nausea and
vomiting, include headache, visual streaming, and other more
migraine-like symptoms. However, careful perusal of the motion
sickness literature will reveal that these symptoms are also
present occasionally in motion sickness experiences. It should
be possible to alert individuals to symptoms and enable them to
diagnose their illness prior to it becoming debilitating.
Treatment should include termination of the training session.
Proper early diagnosis can mitigate the severity of the
symptoms.

-

The best theory of motion sickness resembles the template
matching model of Reason (1978), Oman (1980), and others who
posit a cue conflict type of notion. 1In this theory,
perceptions ordinarily are ordered and are generally in accord.
When perceptions are not in accord, the central nervous system
interprets the problem as one which requires "trouble-
shooting."” If the vestibular system is one of the sensory
domains involved in the conflict, and if the stimuli are in the
appropriate bandwidth for it to be involved, then the central
nervous system interprets these events as though it has been
poisoned and sets in motion the requirement to regurgitate the
stomach contents to expel the poison (Treismann, 1977).

When cue conflict occurs, adaptation to distortion occurs
following certain rules. In general, the organism samples over
time, or past history (neural store), in order to determine
whether these things which are not in accord are at least
orderly., coherent, and systematic. To the extent that they
are, adaptation occurs in the form of new connections. These
new connections occur at some cost -- some penalty. In order
to write new programs, one has to pay for the software. This
may help to explain why people get drowsy in connection with
motion sickness; indeed, why they are drowsy following
long-term car rides or train trips. Included in this model is
an explanatory corollary for why performance is degraded during
motion sickness. Specifically, if the body undergoes extreme
duress, and has gone into the "I am polsoned" mode, it taps
available resources. Several theorists have suggested
analogous ideas; the "functional reserve® of Graybiel (1969),
the "distraction principle® of Teichner (1958), or the
»competition for the final common path" of Sherrington (1906).

In the early reports of simulator sickness, for example, in
the 2FH2 helicopter simulator, there were limitations in system
fidelity. These included vibration of the visual displays,
other distortions of the visual, and foggy, blurred, and
generally out-of-focus presentations.
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Later simulators, for example SAAC, also have produced
simulator sickness and the sickness which occurs in the latter
is probably not due to spatial distortion. 1In the 2FH2,
reported airsickness appeared to have the most pronounced
effect on hovering performance and students frequently lost
control of the helicopter and wound up in extreme
oscillations. A case in point is the Miller and Goodson (1958)
report where sickness prompted engineers to reevaluate the
simulation. The sickness present was far greater than was to
be expected in a similar exposure in flight. 1In their analysis
(pages 12-15), "...lags...two to three times normal."
"Transparency begins to shudder..." "Horizon rises to a peak
corresponding to a corner of the plate." "...too complex..."
"Three dimensional objects...appear tremendously distorted."
"Picture is dim and blurred" and "blur gives impression of
motion" and may lead to "poor performance by a student
...[because]...during hovering maneuvers, one must respond to
the slightest impression of movement." "Usual cues for retinal
disparity and ocular convergence are lacking.® "From the
cockpit, the furthest point upon which a pilot is called to
focus is about 12 feet. The closest point on the screen is
about 6 feet from his eyes. This difference of about 6 feet
represents, in the scene, a distance of a matter of miles." On
page 18 they state:

Obviously, the represented distance to an object in
the scene is some exponential function of the actual
distance to that given point on the screen. Therefore, any
movement of the head will increase or decrease the
represented distance to an object in an exponential manner,
and any correction effected by increasing the radius of the
screen would alleviate this problem in the same manner.

Because neither of the seats is located at the focal
point of the screen, a parallax is perceived by an observer
from either seat....If this distortion were constant, the
observer would likely be able to adapt. Unfortunately,
however, the degree of the distortion is changing
continually with movements of either the scenery or the
observer's head. Since these distortions are due to the
offset position of the seats, the only area free of
parallax is that area on the screen which is aligned with
the observer's eyes and a vertical line from the light
source. The greater the distance from this area to a point
being attended, the greater the distortion will be. Thus,
a pilot performing a turn on a spot to the left may observe
that a fence post or telephone pole which slants about
fifteen degrees to the left, gradually approaches th»
vertical as it approaches this area of the screen, and then
begins to slant to the right. If this parallax coatributes
to the cause of 'motion sickness,' one may readidy account
for the fact that a greater percentage of instructors get
sick than do students; the instructors have learned to scan
the visible area constantly, whereas the students tend
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to fixate on a particular area of the screen and simply to
attend to that portion of the scene which comes into this

area.

A number of individuals have commented independently
that the apparent movement of the scenery in the 2FH2 is
considerably more rapid than the corresponding movement
observed from a helicopter. The cause of this effect is
not clear. It may be, however, the end result produced by
certain factors discussed previously such as blurring,
distorted size perspective, distorted movczent parallax,
etc.

Women exhibit larger fields of view than men from the
standpoint of the functional peripheral fields (Burg, 1968,
cited in Leibowitz, 1973, Figure 1, p. 65). Sickness is more
prevalent in simulators with wide fields of view (Frank et al.
1983). Perhaps this mechanism partly explains the greater
incidence of motion sickness in females. One might look to
find greater incidence of simulator sickness in females also.

A subtle distinction runs through the documents supporting
design criteria for simulators. The philosophy of fidelity is
different depending on whether visual or inertial inputs are
being discussed. The attempt is often made to depict reality
as faithfully as possible for the visual image and, therefore,
to inform the eye. However, we set about to fool the
vestibular system through washout and other cues. It is
proposed that a self-conscious appreciation for these
differences in design philosophy may be helpful in
understanding why simulator sickness may occur. For example,
not only must the visual system and the vestibular system be
informed, bhut they must also be informed within the dynamic
range over which they both operate. Moreover, in those ranges
where the two operate together, care must be taken that the
peak sensitivities of each are informed both spatially and
temporally, simultaneously, in terms of the perceptual
simultaneity. Furthermore, it should be recognized that,
generally, visual information is more available to
consciousness than vestibular. Visual information (e.q.,
ambient) that is less conscious is also more likely to be
implicated in motion and simulator sickness since it is also
more likely to be in conflict with the vestibular infermation
in these environments.

SUMMARY OF FINDINGS

From the literature review, we have listed according to our
estimate of importance the following predisposing or
contributing factors to the incidence of simulator sickness:

a) motion base frequency effects (real motion and
visual/spatial): b) input/output lags in the simulator, both
visual and inertial; c¢) visual/vestibular mismatch; 4)
individual differences; e) frequency of exposure; f) field of
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view; g) off-axis, poor resolution, flicker, and other
distortions in viewing; h) subject's physical state (flu,
fatigue, or anxiety); i) incidental head movement; Jj) task or
intensity of dynamic environment; i.e., landings versus
air-to-air combat [Effect = frequency X intensity X time X
individual susceptibility-adaptation]; k) use (i.e., freeze
while upside down); 1) adaptation; m) scene content (e.g., too
much detail); n) duration of exposure; o) model beoard vs
computer-generated imagery; p) high frequency vibration (> 3
Hz) which disrupts visual accommodation; and q) dark focus
interacting with display viewing distance.

The chief outcomes of simulator distress and sickness are
in the form of: 1) adverse training -- due to the plasticity
of the human nervous system; b) creature comforts and
motivational features -- which will surface in the form of
mistrust in the simulator's capabilities; and c¢) safety and
health -- where some of the aftereffects may produce problems.

RESEARCH INITIATIVES

RATIONALE. Through reading the studies in Appendix A, other
materials on simulator sickness, and the items collected and
cited in the Workbook (Kennedy, McCauley, and Miller, 1985b),
and through the context provided by the 1500 or so references
which will appear in the Reference List (Kennedy, McCauley, and
Miller, 198%a), we began to recognize the need for more
research in this area. A series of discussions among us led to
the identification of problems and unresolved issues. To
provide a structure for communicating these issues, we decided
upon a matrix where content areas versus lead time for solution
were compared. Thus, on the one hand, we pointed out where our
technological information may provide present-day answers
(e.g.., conduct a spectral analysis of moving-base simulators to
deternine whether the distribution of energy is in the same
region found conducive to sea sickness); and where there appear
to be opportunities for longer term research initiatives,
either in the form of experiments for specific problems (e.g.,
lags, off-axis viewing), or among more general themes (e.g.,
the time course of adaptation and post-adaptation following
different schedules of exposure). We have also included more
programmatic efforts (the relevance of focal versus ambient
visual information processing for minimizing conflict between
and within sensory systems in ground-based flight simulators).
We have listed first those cases for which we believe there is
sufficient ex information to suggest solutions ("Near Tetn™).
Next, we have cited items where it is likely that it will be
possible to develop an answer, although engineering analyses
may need to be performed ("Midterm™). Lastly, there are forms
of solution which may only become available when research
programs are put in place to systematically study the probleam
("Long Term™).
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TABLE 2A.

Designation
Alternate Desig.
Aircraft

Type
Mission
When Introduced

Base
Type
Deg. Freedon
Max g
Enhanced®
.2 -.4Hz
Compornent

Noise Sirulated
Vibration Simulated

Cockpit

Type

No. Crew Stns

No. Cockpits
Display

Type

Mediun

Source

Content

Luminance
Resolution
Motion Range
View Distance
FOV Horizon
(deg;
Vertical
Lag Visual
Inertial
Typical Mise. Length

Role: Cont/Pass

Source:

2FH2 2E6
2F112
Bell HTL F4/F14
Helo Fixed
Wing
Hover AirComb
Train Maneuv
1956 1979
Fix Fix
Yes
Yes Yes
Yes
Open Encl
2 2
1 2
Project Project
Screen Donme
Point Pt.Source
Source TGT Proj
Sky/Earth Sky/Earth
Targets
“Din* Mesopic
"Rlurred®* Soft
6DOF 6DOF
6-12' 8-10'
260 360
7% 270
2-3xNorn >.20"
30-45"*
Both Both
Miller & McGuin-
Goodson ness
et al. et al.
(1958, (1981}
1960)

* usa of g-suit, g-seat, dim lights, etc.
@ pilot « 2; copilot = 1; flight engineer = 0.
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SAAC

F4
Fixed
Wing
Air/Air
Combat

Motion
6

= .2 g
Yes

Yes

Yes

Encl
1l
2

CIG

8 CRTs
& CIG

Model

Sky/Earth

Targets
Mesgopic
Good
6DOF
2.3

296
142
>.20"
?
30-45"*

C

Hartman

& Hatsell

(1976)

FLIGHT SIMULATOR CHARACTERISTICS

2F87

P3-C
Fixed
Wing
Flight
Train

Motion

Maybe

Yes

Encl
3
1

CIG

CRT®
& CIG
Model

Sky/Barth

Mesopic
High
6DOF
2-3'?

>2C?
»20?
>.18%?
Yas?
4 Hrs.

Both

Various




NAVTRAEQUIPCEN 81-C-0105-7

TABLE 2B. FLIGHT SIMULATOR STUDIES

AUTHORS

Report Name
Type Study
Focus of Study

Simulator Type
Simulator Desig.
Trial Duration
No. Trials

Subjects Whe
No.
Role Cont/Pass

Hartman

& Hatsell
(1976)
SAACa
survey
Incidence
Sim Sick
a/c

SAAC

IPs
114
Cc

Performance Deficit Symptoms

How Obtained
Onset
Max Duration

Max % w, Symptoms

Max % Quitting
% Reporting
Vonriting

Nausea
Dizziness

Ataxia/sKinesthetic

Sweat
Pallor
Visual
Headache

Drowsiness/Fatigue

Disorientation
Attentional

Habituation/Adaptation

Experience Effects*
Instr/Stud Effects*

Quest/Int
During

52%

2%
14%

50%
Iz
32
52%

No
No

19

Kellogg
et al.
(1980)
SAACH
Survey
Incidence
Sin Sick
a/c

SAAC

2.5 hrs
4

Pilot
48
C

Interview
Dur/Post

All Week

88%

79%
7

60%
54%

71%

ass

Some

McGuinness
et al.
(1981)
2E6
survey
Incidence
Sim sSick
a/c

2E6

1 hr

l

Pilot
66
C

Quest
Dur/Post
6 hrs
27%

*

9%
17
10%

8%
6%

11s
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TABLE 2B. FLIGHT SIMULXTOR STUDIES (cont'd)

AUTHORS Havron & Mill-- & Ryan, Crosby &
Butler Gooudson Scott & Kennedy
(1957) (1958; Browning (1982)

1960) (1978)

Report Name 2FHa 2FHDb P-3a P-3b

Type Study Eval Field Exp Field Exp Field Exp

Focus of Study Train Etiology Motion Off-Axis
Effect Mot.Sick Effects Viewing

Simulator Type Helo Helo a/c a/c

Simulator Desigqg. 2FH2 ZHF2 2F87 2F87

Trial Duration 30' "Hep" 4 hrs 4 hrs

No. Trials 12 4 1 1

Subjects  Who Inst/Stud 1Iast/Stud Inst/Stud Flight Eng

No. 3% 10+ 47 20+
Role Cont/Pass Both Cc c P

Performance Deficit Symptow.o

How Obtained {eest Q/Intd Quest Quest/Inta@
Onset ar/Post Dur/Post Dur/Post
Hax Duration 24 hrs
Max w. Symp 78% 60% Inst 11% 50
5% Stud
Max Quitting %

% Reporting
Vomiting
N2usea +
Dizziness +
Ataxia/Kinesthetic + 11% 50%
Swea.
Pallor
Visual +
Headache + 6%
Drowsiness/Fatigue +
Disorientation
Attentional +

Habituation/

Adaptatiou Some No
Experience Effects* No
Instr/Stud Effects* + + No

@ Symptcwatology eitber not evaluated or not evaluated in detail
* 4+ = Instructor or cxperienced person with greater effects.
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TABLE 3A. DRIVING SIMULATOR CHARACTERISTICS

Designation

Type
Mission
Base
Type
Deg. Freedom
Max g
Enhanced®
.2~.4Hz Component

Noise Simulated
Vibration Simulatred
Cockpit

Type

No. Crew Stns

No. Cockpits

Display
Type
Medium
Source

Content

Luminance

Resolution

Motion Range

View Distance

FOV Horizon (deg)
vertical

Lag Visual
Inextial

Source:

D1

Auto
Driving

Fix

Project

Model BEd.
sSource

Terrain/
Road
Mesopic

500 lines

?
?
50
?

Barrett &

Thornton
{1968)

2]

D2

Ruco
Driving

Fix

Yes
No

Encl
2
1

Project
Screen

Pt.Scurce

Tgt Proj

Terrain/
Road
Mesopic
%0 £t

6'

Reason
& Diaz
(1971)

D3 D4

Auto Auto

Driving Driving

Motion Fix

4

Yes Maybe

Both Open

1 1l

1 1
Proje.t
Dome
Film

Model Model
Terrain/
Road
Mesopic
?
10°
165
1350

.30 gec

.30 sec

Casali & Benfari
Wierwille (1964)
(1980)
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TABLE 3B. DRIVING SIMULATOR STUDIES

AUTHORS Barrett & Reason Casali & Benfari
Thornton & Diaz Wierwille (1964)
(1968) (1971) (1980)
Report Name Auto a Auto b Auto c Auto 4
Type Study Lab Exper Lab Exper Lab Exper Lab Exper
Focus of Study Perc Styl Lack of Design Stimulus
& Sick Control Features Effects
Simulator Type Auto Auto Auto Auto
Simulator Desig. D1 D2 D3 D4
Trial Duration - 10° 12 11!
No. Trials 14 1 1 1
Subjects Who Employee Stud/Stf Paid Misc
No. S0 31+ 64 9
Role Cont/Pass C P C P
Performance Deficit Symptoms
How Obtained Quest Q/Inta Quest
Quest/Inta
Onset During
Max Duration
Max w. Symp ? 90%
Max Quitting 50% 22%
% Reporting
Vemiting
Nausea 42% 22%
Dizziness 71% 66%
Ataxia/Kinesthetic 33
Sweat 29% + 66%
Pallor 29% +
Visual
Headache 45%
Drowsiness/Fatigue 3
Disorientation
Attentional
Habituation/
Adaptation Some No
~-Experience Effects* No
Instr/Stud Effectr* + + No

@ Symptomatology either not evaluated or not evaluated in
detail.
* + = Instructor or experienced person with greater effects.
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INCIDENCE REPORTS, GUIDELINES,

INFORMATION REPORTS, SUMMARIES, ETC.

AUTHORS

Matheny et al.
(71)
Sinacori (69)

Frank & Crosby
(82)

USN Message (81l)
Casto (82)

Money (80)

Wenger (80)
USN Message (80)

Kennedy (81)

Kellogg, Castore
& Coward (1980)

TYPE REPORT

Sunmary
Incidence

Incidence

Guidelines
Information

Incidence &
Recommenda-
tions

Incidence
Requirements

Incidence &
Reconmenda-
tions

Information

SIMULATOR

V/STOL

2F11l7A

2F1l2

2E6/

2Fl12

Aurora

CFl40

2F87

2r87

2F87

SAAC

23

FOCUS OF REPORT

Motion & Visual
Illusions

Simulation
Techniques

Psychophysio-
logical
Disturbed

Aircrew Re-
adjustment

Simulator
Sickness

Simulator
Sickness
Simulator

Sickness

Visual Display
Upgrade

Simulator
Sickness

Simulator
Sickness
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NEAR TERM

MOTION SICKNESS. Motion sickness due to vertical oscillation
has maximum symptomatology occurring at frequencies of about .2
Hz (McCauley and Kennedy, 1976; O'Hanlon and McCauley, 1974).
It would be enlightening to plot the density distributions of
various moving-base flight simulators against the acceleration
by frequency design criteria of US Military Standard 1472C
{1981). For example, the motion density distribution within
simulators may be of the wrong wave form for avoiding motion
sickness. The aircraft that these simulators are to depict
usually have a higher frequency (> 1.0 Hz) of motion
themselves, but washout and other methods employed to provide
the impression of movement in the simulator, as well as the
local adjustments sometimes performed in order to minimize
maintenance problems, may shift the frequency downward in the
simulator. Thus, even though the simulated aircraft dynamics
may not be particularly nauseogenic (probably around 1 Hz)
(Kennedy, Moroney, Bale, Gregoire, and Smith, 1972), the
simulator's resonant frequency may be in a "bad" region (e.gq,
around .2 Hz).

Fiqure 2A presents exposure limits which are prescribed in
MILSTD 1472C (1981) for motion and vibration. These two soligd
lines serve as design criteria in the test and evaluation of
moving vehicles (aircraft, ships, tanks) acquired by the
Department of Defense. The original document (MILSTD 1472C)
used: 1) the 90% protection limit from vomiting due to motion
sickness; and 2) the fatigue decreased performance efficiency
limit of the International Standards Organization for
vibration. In this fiqure, it may be seen that the most
disadvantageous area for very low frequencies is between 0.13
and 0.40 Hz, and for vibration, 3.0 - 8.0 Hz.

In 1975, Hartman (personal communication, 1983) recorded
the vertical motion of the Simulator for Air-to-Air Combat
(SAAC) over the course of a typical mission scenarie. We have
transformed his power spectral density analysis to RMS g and
replotted the data in Figure 2B along with the MIL-STD 1472C
data of Figure 2A. Clearly, the major amount of energy is in a
frequency where seasickness predominates, but it also appears
to be below the point where 10% vomit over 8 hours.

However, if a more relaxed standard of sickness than 10%
vomiting were to be used (e.g., dizziness, nausea, drowsiness,
sweating, or pallor, etc., in half the subjects), then a
reasonable limit may be the curve drawn below the 10% vomit
curve of this figure. Moreover, if either a symptom DURING, ot
an effect AFTER, in S50% of the population were to be the
criterion, then the lower curve of Figure 2C may apply. This
mapping reveals quite clearly that the predominant frequency of
the SAAC inertial systems intersects our estimated tolerance
envelopes and, therefore, could be conducive to simulator
sickness. 1Indeed, Hartman (1975) reported incidence rates for

24




NAVTRAEQUIPCEN 81-C-0105-7

eg y
"
¢
[
L]
.
»
» ,‘H:‘ﬂlﬂhﬂl
»
L]
[t 3
t
hy \ e inm]
- ¥ oo
- )
- ~,
o
L
L J
e
“n

LA A s 2 Sl masdl T R TR ST TR Gk 2k il Bl o |
» - » » e - [] L2 SR ] I W " "
. u u » Q @& te s I s 43 W

» s e . 3 ] 113 * 1T WA Seaen
SMOUENCY for FLAICO)

Figure 2A. Exposure limits prescribed in U.S. Military Standard
1472C for motion and vibratlon.
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Figure 20. A comparison between MILSTD 1472C vomiting criteria
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from Kennedy & McCauley, 1982.)
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spatial disorientation, eye strain, tiredness, headache, and
nausea of 52%, 50%, 38%, 32%, and 14%, respectively. It is
readily apparent from this fiqure that simulator inertial
resonant frequency is of critical saliency relative to
simulator sickness and that simulators should be designed (or
filtered) with this in mind.

In Figure 2D, the post-adaptation effects have been
extended into the vibration range; walking has been added, as
well as a schematic representation of regions where other
effects may occur. Note that we have shown the tolerance
limits for each of these envelopes shifts upwards coincident
with the spectrum for normal locomotion. This figure
vverstates what is presently available in our theory and
scientific data. However, it does not overstate what is
technologically feasible to obtain. It is proposed that more
precise measurement be undertaken in order to base these
functions on more substantive scientific evidence.

DELAYS AND LAGS. Simulators do not always do what the command
signals tell them. Evidence for such occurrences appears in a
paper by Seevers and Makinney (1979) where the Air Force
Simulator for Air-to-Air Combat (SAAC) was shown to have “a
reasonable doubt as to how well, if at all, the motion system
onset cuing scheme contributes to simulator effectiveness.
Erroneous onset cues are provided the pilot, tending to
compound further the dilemma of utility of motion systems
employed on visual system simulators;" and "A comparative
evaluation of responses of each lag disclosed discrepancies,
including excessive lag times and cross-coupling between
movements, that indicate errors exist in movement of the
platformn” (Seevers and Makinney, 1979). It also has been
reported to one of the authors that a Navy helicopter simulator
has been "out of spec" with its specification for no visual lag
greater than 280 msec. We submit that these discrepancies can
contribute to the problem of simulator sickness. The standard
in question is Military Standard 1558, which governs motion
platform systems (MILSTD-1558, Six-Degree-of-Freedom Motion
System Requirements for Air Crewmember Training Simulators).

Speech and eye movement tracking exhibit distinctive
closed-loop temporal characteristics. Speech (delayed auditory
feedback) is affected most by temporal lags around .2 of a
second, and is less affected by delay values above and below
this value. Eye movement tracking may be seriously impaired by
feedback lags of 1 second or less. "The general rule is that
the more accurate and precise the motor-sensory system, the
more it is affected by small magnitudes of feedback delay"
(smith and Sussman, 1969). In a paper by Rapin, Costa, Mandel,
and Fromowitz (1963), where key tapping was used as an
indicator of performance disruption due to auditory feedback
delays, performance disruption was proportional to the length
of delay, up to 1000 msec for tapping; but speech disruption
occurred at between 160 and 200 msec. These different time
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constants should be viewed in connection with a visual delay
time constant, which may be about 100 msec.

Most modern flight trainers employ computer image
generation (CIG) visual displays. Operating at 30 Hz would
require about 33 msec to generate an updated image, but
conventional wisdom is that phase shifts of less than 30
degrees to 45 degrees at 1 Hz (83 - 125 msec) probably will not
affect the control of a flight simulation (Ricard and Puig,
1977). Indeed, nearly all the information dealing with visual
displays in flight simulators is based on performance deficit
as a function of delay. Not taken into account is whether
certain delays are more or less conducive to simulator
sickness. It is not necessary that performance deficit and
physical discomfort follow the same functional relationship
relative to the magnitude of delay.

One of the best papers on CIG system delay is by Ricard,
Norman, and Collyer (1976). These authors suggest that adding
low pass filters to the linear depiction scheme may overcome
the limitations of lags. They also point out that there could
be negative transfer if the real system and the practicing
system do not have the same delay. This paper was prompted by
the question of pilot-induced oscillation. Simulator sickness
is not mentioned, per se, but the general content of the
article and its emphasis on temporal characteristics in
simulation leads to the simple projection of different temporal
characteristics for visual and vestibular responses in a
simulator environment.

With respect to lags, Puig (1970) pointed out that lag
time, i.e., optimal lag time, is probably not a constant but is
a function of the intensity of the stimulus.

Much of the literature of K. U. Smith reports on the
effects of lag and perceptual feedback with temporal or space
displaced vision. Howard and Templeton (1966) have seriously
questioned the results, although it is falrly well accepted
that lags and space displaced feedback impede learning and
disrupt performance. This literature should be critically
reexamined; two-dozen studies are cited in the Kennedy,
McCauley, and Miller (1985a) reference list. The work of Smith
(1963) has shown that there are difficulties when information
is visually delayed. The magnitude of the delay which deqrades
motor performance may not be the same value (in msec) as the
interval which one might find most distressing. Both of these
forms of delay are present in flight simulators, but generally
only the delay which intrudes on performance is studied. The
latter is of importance for understanding simulator sickness.
In general, the motor deficit is proportional to the magnitude
of the visual delay, but delayed auditory feedback is most
disturbing at about 100 msec.
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Observed effects of feedback delays indicate that little or
no learning occurs in most response systems with feedback
delays longer than .4 seconds or, if limited learning occurs,
it is likely to be unstable. These and other findings indicate
that every motion system of the body is specialized in terms of
the temporal feedback compliances that requlate it.

ADAPTATION EFFECTS. Fineberqg (1977) showed that previous
learning with visually displayed information has an effect on
subsequent perceptions of velocity. Fried (1962) has obtained
a similar outcome. The fact that motion perceptions can be
modified by previously experienced visual information suggests
that perceptions or estimates of velocity when driving an
automobile could be influenced by previous exposures in
simulators. 1In their study of the 2FH2 helicopter simulator,
Miller and Goodson (1960) reported that “on one occasion, an
instructor had to get out of his car on the way home and walk
around in order to regain his equilibrium" (page 208). When
persons were exposed to long periods under rotation (Fregly and
Kennedy, 1965), the post-effects were still measurable three
and four days after the exposure ceased. And in some cases
(Goodenough and Tinker, 1931), an aftereffect can be shown to
be retained as long afterwards as two years. Guedry (1965) nas
shown post-adaptation effects of several weeks.

Many studies of adaptation to altered perceptual inputs
have been reported. One in particular by Taub (1973) showed
that most of the laboratory experiments performed on prisms
have used massed practice, where subjects put on the prisms and
were exposed to the experimental test. When this was done, the
magnitude of the effects were measured in the form of
post-effects. However, in Taub's study, distribution of
practice showed an extensive amount of transfer. One might
also infer, from the standpoint of simulators, that with
distributed practice -- perhaps once a day over a long period
of time -- the habits that are built up may become very strong,
8o that when one does get into an aircraft, it may be more
difficult to unlearn them. These adaptation effects need not
result from active operations. Templeton, Howard, and Lowman
(1966) showed that post-adaptation effects from passive
adaptation can still be strong and this has direct relevance to
steering an automobile after simulator exposure.

Rosinski (1982) makes the important point that graphic
displays provide accurate representations of three-dimensional
space only when viewed from the geometric center of projection;
otherwise, there are distortions. He goes on to show that with
familiar display systems geometric distortions are well
tolerated and are, indeed, discounted by the perceptual system
(e.g., a windshield). 1If simulator distress is occasioned by
off-axis viewing and by other perceptual distortions, scene
content composed of familiar items and possibly even those with
“good form"™ may be less conducive to simulator distress than
those which are unfamiliar.
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HEAD MOVEMENT. Head movement may be an important issue in
simulator sickness. The relationship between simulator
sickness and head movement has not been determined. It has
been shown that head movements increase motion sickness
susceptibility in gliders, a slow rotation roem and, perhaps,
in space flight. Motion sickness may be expected to decline in
flight simulators if head movements are restricted.

However, this potential efficacy may be lost because head
movement incidence may be related to the available and useful
field of view. Thus, if head movements, per se, are
restricted, field of view may also be restricted. 1If there are
requirements for extraction of information from other than the
central field, as in air combat maneuvering, then whether
interactions occur is an empirical question.

At least one author (Sinacori, 1969) has shown that pilot
head movements during moving-base operations are similar to
head movements found in-flight with a helicopter.

Alternatively, head movements in the simulator during
fixed-base operations were different. Conceivably, the head
movements are made in accord with the inertial inputs following
vestibular stimulation. In a fixed-base, nonvestibular
stimulation mode, these head movements may not be in accord and
may be the source of conflict in some future simulators. It is
possible that moving-base helicopter simulators may be less
conducive to simulator sickness than their fixed-base
counterparts. This conclusion is supported by the findings in
the 2FH2 Helicopter Simulator studies of Havron and Butler
(1957) and Miller and Goodson (1958, 1960).

POSTURAL EQUILIBRIUM AND ADAPTATION. Aftereffects occur
following exposure to transformed visual/proprioceptive inputs
(prisms, mirrors, moving devices). Frequently, these have been
measured using walking and standing tests of equilibrium. It
is also possible to measure a bias or an increased dispersion
by a method of past pointing, first reported by Slinger and
Horsely . (1906; see also Barany, 1908). Those authors used a
grid to measure felt position of limb in various different
meridians, both saggital and horizontal. Tests like these
should be devised for use with motion aftereffects. Changes in
felt position of the limb are directly relevant to the manual
control of vehicles following simulator exposure.

Post-adaptation effects, which have been shown in the form
of postural disequilibrium ("leans") and kinesthetic
aftereffects, might be expected to influence manual control in
the subsequent operation of aircraft, in egress from the flight
simulator, or when driving home. The oculobrachia illusion
(Lackner and Levine, 1978) can be considered analogous to the
motor output characteristics of a pllot subsequent to simulator
exposure.
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In his paper "Sensory Feedback in Human Posture Control,"
Nashner (1970) offers an engineering approach to the modeling
of control processes for remaining upright. Very likely, the
adaptation occurring in simulators is logged and registered in
the neural store as proposed by Nashner and the post-effects
represent either a bias or increased sway subsequent to those
exposures.

Obviously, changes which occur in postural equilibrium from
rotation and from alcohol do not have a common genesis from the
standpoint of the stimulus; yet, they very likely operate
through the same central nervous system pathways to the motor
system. Tracking performance has been disrupted by alcohol and
has been related to distortions and potential changes in
driving behavior (cf. Money and Myles, 1974, for interaction
between alcohol and vestibular function). Because alcohol
affects posture and tracking in a specific way that is not
unlike the way alcohol affects walking, it is not inconceivable
that simulator motion, which produces ataxia, may also produce
changes in manual control.

The "adaptation" literature and simulators may be viewed
analogously to the time when "habit patterns" were implicated
in aircraft accidents early in the study of human factors.
Compatibility and consistency have since been recommended as
design criteria for aircraft systems in order to avoid
accidents. If it can be shown that either anthropometry or
convention dictates a good and less-than-gcod design approach,
then it behooves designers to design controls and displays so
that they are operated in an optimal way. 1In addition,
whatever these design criteria turn out to be, they should be
consistently repeated throughout all systems where the same
individual is expected tc operate. For example, in different
aircraft, the windshield wiper, radios, triggers, etc., should
be in the same positions. This consistency in design is
required in order to avoid inadvertent or improper usage or to
minimize accidental operations and errors. If one is to design
flight simulators with the same view in mind, and if it then
turns out that responses that are learned in simulators need to
be unlearned later in aircraft, then tuis constitutes negative
transfer and is to be avoided.

Information from massed long-term exposures shows that
post-effects are liable to surface, not only immediately after
the exposure is terminated but also days later. Astronauts
have reported feelings of levitations; persons who go to sea
report le mal de debarquement, or disembarkation sickness; "sea
legg® is a special case, as is the feeling of gliding one
experiences after two to four hourg at a roller rink. 1t is
suggested that these post-effects of motor output are governed
by the same laws of learning and forgetting as other learned
activity.
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Many methods for assessing postural equilibrium are
offered. Stockwell (198l) points out that the control of
spinal-cerebellar pathways by vestibular inputs can be a
problem. Of more importance, however, "It may seem that
powerful methods of testing human postural stability are at
least several years away" (Fregly, 1974, p. 334). 1In an
extensive effort to develop a battery of simple clinical
balancing tests, Fregly (1974) was able to make reliable
discriminations among normal individuals and patients with
unilateral or bilateral peripheral vestibular lesions. "These
investigators assume, as Nashner did, that the body behaves as
a single linking pendulum" (p. 334). No good clinical test is
available for measuring pnstural stability that includes
considerations of the multiinputs/multilevel nature of human
postural control. 1In our opinion, the work of Fregly and his
test are the best to date.

MIDTERM

MOTION PERCEPTION. It is possible that the nauseogenic
properties of visually induced (heave) motions may be similar
to those of inertially presented stimuli. That is, for
fixed-base trainers, it is possible that .2 Hz may be
particularly distressing. The visual environment could be
characterized in the same way that the inertial environment was
in MILSTD-1472C. Possibly, the two envelopes overlap. A
spectral analysis of the visual system's response
characteristics, similar to what has been described in
MILSTD-1472C for motion sicknass, should be prepared (Figure
2). Specifically, the displacement, in visual angle, and the
cycle, in terms of frequency of a visual input which serves as
a forcing function for vection, should be determined.
Insufficient research is available in this area of optokinetic
stimulation for sinusoidally presented stimuli.

The frequency response of the visual and the vestibular
systems to vertical oscillations may or may not coincide. 1If
they are differentially sensitive to various fraquencies in the
form of gain, phase angle, etc., this difference could serve as
the measure of the magnitude of the conflict when the two are
not in accord. All cue conflict theories of motion sickness
would predict increased incidence where this occurs, but no
guod measures of the magnitude of the conflicts are available.
It would be helpful if we could diagram the frequency response
of the visual system for linear oscillation for focal and
ambient stimuli.

In a paper by Brandt, Wist, and Dichgans (197%), dynamic
visual-gpatial orientation was shown to rely mainly on
information from the scene periphery -- both retinally and in
depth. Moreover, vestibular information can be confused (e.gqg..
the oculogyral illusion) and visual motion informaticn can be
interpreted as either object-motion or self-motion. The
authors studied contrast density in the moving field and
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considered that when stationary and moving contrasts are
simultaneously present at different distances, self-motion
would be more affected when either the stationary or the moving
contrasts are located in the background, as opposed to the
foreground. "This hypothesis implies that dynamic spatial
orientation (in this case, self-motion perception) relies
mainly upon background information, whereas object-motion
perception depends predominantly upon foreground information.
Thus, in analogy to the finding that the retinal periphery is
dominant in determining self-mction perc=ption, the depth
periphery is dominant as well" (Brandt, Wist and Dichgans,
1975, 497-498). The authors conclude that background
information is of greater significance than foreground
information. Consequently, visually induced self-motion and
spatial orientation rely mainly on the information from the
scene periphery, both the retinal and the depth periphery. The
question should be raised as to whether computer image
generation provides adequate stimulation for the depth
periphery. Scene content is not infrequently a higher spatial
frequency than one is accustomed to channeling through the
peripheral visual system.

OPTICAL TRANSFORMATION. Several authors have shown the primacy
of vision over vestibular function, both from the standpoint of
resolution of conflict as well as the apparent validity of
sensory input (c¢f. Young, 1976). Reseacch workers studying
transformed visual worlds (using displacing and reversing
prisms) have compared vision and proprioception. 1In those
studies, the primacy of vision over proprioception is
reasonably clear-cut. It would appear, from the standpoint of
the cue conflict theory, that visual disruptions are likely to
be most distressing because vestibular and proprioceptive
disruptions, if present, are liable to be brought into
correspondence by the central nervous system's plasticity. The
primacy of the visual system over these other two, from the
standpoint of perceptual rearrangement, does not inmply (indeed,
may suggest otherwise) that disruption of *he other two sensory
systems, particularly the vestibular system, may lead to motion
disconfort. The irony is that the other two are likely to be
weaker and vision stronger. 1In general, simulators are
designed philosophically to depict visual information as
veridically and faithfully as possible. The noction of an
eye-limited system is a design goal. Alternatively, the
announced approach, from the standpoint of stimulation of the
vestibular and proprioceptive systems. is to fool those systems
into thinking that they are flving. It is suggested that
consideration of simulator aftereffects (rescaling of
vestibular and proprioceptive function) may lead design
engineers t¢ reconsider their design philosophy.

MOTION SICKNESS. Drowsiness is reported for nearly all
simulators exnibiting aftereffects. Drowsiness, of course, is
a well-known synmptom of motion sickness, and the so-called
sopite syndrome i likely to be the most debilitating problem
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of motion sickness and may be of simulator sickness also.
Ryan, Scott, and Browning (1978) report drowsiness after
simulator exposures. It is well known that the pontine
reticular focmation receives some control from the vestibular
nuclei (Yules, Krebs, and Gault, 1966). Moreover, one paper
(Allen, Oswald, Lewis, and Tagney, 1972) has shown the effects
of distorted visual input on sleep. Conceivably, this effect
can occur from exposure to distortion in visual inputs during
simulator exposures.

The soporific effects of moticn are well known: moreover,
sleep deprivatiun itself has an adversc effect on the
vestibular habituation process (Dowd, 1974). Various methods
have been used to measure motion sickness symptomatology. One
which uses a seven-point scale (Wiker, Kennedy, McCauley, and
Pepper, 1979) has shown inter-rater reiiabilities exceeding
.95; and it would seem that the simulator sickness
symptomatology might be scorable using diagnostic
categorization worksheets reported by Wiker et al. (1979).

The results of the Wendt studies (Alexander et al., 1945a,
b, ¢, 1947, 1955a, b) and the human factors research studies
(McCauley et al. 1976) on whole-body sinusoidal oscillation
show that .2 Hz is maximally conducive to motion sickness
symptcums. Both o¢f these experiments were conducted in cabs,
where the subjects were denied visual information outside the
movirg cabin. The studiss performed on a swing by the Air
Force (Hemingway, 1942) show that .25 Hz is an adequate
stimulus for motion sickness induction. The differences in
those studies from the Wendt and HFR studies are: a) the swing
invoived linear plus angular chanyges since the swing moved
along a 120-degree displacement from a l4-foot arm; and b)
vision was pernitted. This has relevance for the visual
presentation in simulaters. It is conceivable that .2 Hz also
may be maximally effective in producing motion sickness for a
visual stimulus only.

Biofeedback (Levy, Jones, and Carlson, 1981) is considered
by some to be a method of choice for minimizing the problems of
motion sickness in flight. Caution should be used, however, in
suggesting the use »f biofeedback, hypnosis, or other methods
for minimizing symptomatology in simulators. because it is not
known to what extent perfermance is degraded by the mocion or
the simulator distress; moreover, it is no% known wherher
biofeedback, per se, is intrusive and/or interactive with
performance -- even when it may minimize the neu:o-vegetative
symptoms occasioned by the motior stimuli.

Lowared thresholds to motion sickhess have been shown with
flu (de Wit, 1957; Kellogg, Kennedy, and Graybiel, 1965) and
radiation induced emesis (Cordts, 1982). The prospective
sunmation of different causes of emesis suggest that other
symptomatology may occur with different simulation aspects.
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Flu shots, hangover, or anything else that may lower c¢ne's
tolerance 1n general may have a similar effect in simulators.

Exposure to a slow rotation room, a kind of simulator,
increased a person's tolerance to airsickness over previous
tolerance levels (Cramer, Graybiel, and Oosterveld, 1976). 1If
there is positive transfer from a centrifuge to an airplane,
there is evidence that modification occurs in the
visual/vestibular integrating mechanism. However, it cannot be
overemphasized that positive transfer does not imply positive
consequences.

LONG TERM

INDIVIDUAL DIFFERENCES. "Subject-to-subject differences exist,
both in overall ability and in ability to improve performance
with the addition of motion cues....The data of the individual
subjects permit differences among the data due to subject
differences to be allowed for" (Shirley, 1968). 1In other
words, there are group-specific outcomes; however, group
functions are manufactured out of individual differences. This
averaging is performed in order to obtain general functions.

It needs to be recalled, however, that even in a careful
contruvl-theory experiment individual differences are present,
and that the stimulus properties employed in the models may,
more or less, fit an idual case. It is not suggested that all
simulators need to be individually tailored for inertial
inputs, but it needs to be understood that all averaging
techniques are compromises for some operators. Perhaps
simulator distress occurs because of a particular mismatch of
signals for an individual that may not be noticed as
conflicting by subjects with different sensory transduction
characteristics.

The overwhelming evidence for individual differences in
response to intensitive stimuli suggests that simulator visual
and inertial inputs are not phenomenally of the same intensity
across all people (Benson and Reason, 1966). The conclusion is
inescapable; much simulator sickness may be due to stimuli that
are discordant for some individuals but not for others.
Solutions to this probdlem include better definition of the
frequency response of visual and inertial presentator
individuals and for groups.

Individual differences in past experience are positively
correlated with increased motion sickness susceptibility in
simulators (Reason, 1968). Others have shown individual
differences in figural aftereffects (Over, 1970), apparent
motion thresholds (Henn, Cchen, and Young, 1980), siwmulator
sickness {Barrett and Thornton, 1970), perception of velocities
and accelerations (Puig, 1970), and exposure history as
measured by a motion sickness questionnaire (Reason and
Graybiel, 1972). We believe that study of the neuropsychologic
origins of these individual differences will be a profitable
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line of investigation, both from the standpoint of
understanding what causes simulator sickness, in order to
prevent it, and also to offer individual simulator regimens to
susceptible persons.

MOTION SICKNESS. Reason (1969) has posited that purely visual
stimulation can provoke motion sickiness symptoms if the visual
angle subtended by the stimulus is sufficiently large, and the
visual stimulus is of the sort that would normally be
acconmpanied by vestibular stimulation. 1In other words,
expectancy from past experience sets up a correlation, and when
new events do not agree with expectancy, the lack of
correlation provokes sickness (shown unequivocably by Dichgans
and Brandt, 1973). It follows that more conflict may be more
provoking and the question of how to quantify the size of the
conflict puzzles cue conflict theorists. We believe that the
magnitude of this conflict is proportional to the sensitivity
of the two channels involved at the point where they are not in
accord. If both of the sensory channels involved are within
ranges where both are sensitive, then the lack of accord will
be more disturbing than if the lack of concordance was in a
stimulus range beyond the sensitivity of one or both channels.
These points are important in terms of both the filter concept
and the channel concept {(Regan and Beverly, 1982) which, in
turn, may be a useful explanatory principle for simulator
sickness. Since we claim that the magnitude of the conflict
may be proportional to the sensitivity of a particular channel,
this would imply that if one is outside the good sensitivity
region of either the vestibular or the visual system, sickness
should be reduced. For this reason, we suggest that detuning
either the visual or vestibular system will reduce the conflict
and thereby the symptons.

MOTION PERCEPTION. Papers by Regan and Beverley (1973, 1982),
"Dealing with Disparity Detectors in Human Depth Perception®
and "Confounding the Direction We Are Looking with the
Direction We Are Moving," suggest that perceptions in a
simulator may not be identical with perceptions in the real
world. For example, although parallax can be created in
sinulators and relative motions can be produced similar to
those experienced in the real world, this only is true when the
eye is fixed relative to the cockpit. However, head movements
often occur incidental to the cockpit movement and parallax, as
one experiences in the real world, only occurs when the head is
stationary relative to the cockpit. These differences, plus
the fact that distortion increases the further the eye nmoves
from the design eye position, need to be examined. The
research literature on prismatic displacement (i.e., Held,
1970) may provide useful leads. Miller and Goodson (1958) make
a very similar point in discussing issues other than cue
conflict that they believed contributed to the high sickness
rates of the 2FH2 helicopter simulator.
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In a paper by Wist, Diener, Dichgans, and Brandt (1975) it
was found that with the angular speed of the visual surround
held constant, perceived speed and rotary self-motion increased
linearly with increasing perceived distance. Subjective speed
as a function of perceived distance using computer image
generation should be studied psychophysically. Such studies
could provide important information for design criteria for
simulators.

Both Kinchla (1971) and the work of Harrington and
Harrington (1978a, b) suggest that the two kinds of motion --
absolute motion perception (seen in an otherwise homogeneous
visual field) and relative motion perception -- are used in the
real world. Simulators should be checked to determine whether
they veridically represent these motions. To the extent that
the perception of both relative and, particularly, self-motion
is more difficult in the simulator than in life, this may
contribute to simulator sickness.

FOCAL AND AMBIENT VISUAL SYSTEMS. According to Leibowitz,
Post, Brandt, and Dichgans (1982), "The peripheral visual
fields play a major role in spatial orientation. 1In a
simulator, the question of how much of a peripheral visual
field should be stimulated is important, both with respect to
transfer of training and economic considerations...A number of
studies suggested during psychological or physiological stress,
the functional visual fields are narrowed, but the implications
of this literature are not clear. We have suggested the
possibility that under some kinds of stress, narrowing may be
limited to focal processing while ambient functions remain
intact." These same authors have also indicated that the
ambient visual system in spatial orientation may be contrasted
with the focal visual system. The latter has a multisensory
basis of orientation, and discorientation isg assumed to result
from a mismatch in comparison either with the previous
experience of the individual or of the simultaneously occurring
signal patterns. They suggest that disorientation in aircraft
under instrument flight conditions may result from the
substitution of an unnatural symbolic indicator to replace the
visual stimuli normally involved in orientation and the failure
of learned cognitive skill to compensate for mismatched
signals. Attributes of these two modes of processing spatial
information need to be better understood.

"The complexity of the visual field was an important
deterwiner of the dominance of visual factors. 1In a well-
structured field, motion and fiicker could be integrated;
wheraas, in a field with poor differentiation, the vigual world
and the visual field cannot be distinguished from one another"
(Gibson, 1950, p. 637). For example, the focal visual system
is sensitive to high spatial frequency detail, as one would
experience in a computer-generated image; the ambient visual
system to riddle and lower spatial frequency detail, to large
objects, wide fields of view, and briefly (< 70 msec) presented
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stimuli. We believe that spatial frequency, contrast, and
luminance may be useful in minimizing simulator sickness
because of their differential influence on ambient and focal
visual systens.

Disruptions of off-axis viewing are likely due to focal
problems, whereas rapidly moving wide field-of-view stimuli, as
in the Air Combat Maneuvering Simulator 2E6, may lead to
discomfort due to disruptions of ambient systems. it is not
inconceivable that there are visual/visual conflicts wherein
the focal and ambient are not in accord in the same way that
vestibular/vestibular conflicts (where the canals and the
otoliths purportedly are in conflict) have been speculated to
be a problem in space flight and in rotating centrifuges (cf.
Guedry, 1968).

In a review paper by Stenger, Zimmerlin, Thomas, and
Bronstein (1981), the authors comment that most CIG systems do
not produce a strong impression of self-motion. One wonders
whether the CIG displays have a high concentration of high
spatial frequency/high contrast imagery which forces the focal
visual system to conflict with the ambient visual system. This
conflict may be less imposing with model board displays which
may not set off so much apposition between these two visual
systems in wide FOV displays. The conflict between these two
visual systems, if it occurs, while it may not produce vomiting
and nausea, may challenge the adaptive characteristics of the
subject's nervous system and the extra energy expended in
*writing new software" may produce drowsiness. It would also
be interesting to determine whether a spectral analysis of
visuval information is different for model board and CIG
displays.

The prismatic adaptation which can occur during scotopic
and photopic stimulus conditions (Graybiel and Held, 1970)
implies that the ambient visual system and the focal system can
both adapt to prismatic rearrangement. It follows that it
would be possible for the ambient and the focal systems to be
in conflict with each other. Held (1970) has pointed out that
while wearing prisms the ambient functions such as eye-head
coordination adapt readily, but distortions of perceived shape
persist. It is conceivable that motion sickness-like symptoms
in the form of neurovegetative discomfort are associated with
disruption of the ambient system; while other forms of
simulator distress (distortions of depth of field, percelived
shape) may be due to perturbations in focal system
functioning. It is attractive to hypothecate that the former
may occur with wide field-of-view systems and the latter to CIG
systems, but this notion may be too speculative for the data.

Leibowitz and Post (1982) have stated "Metamorphosia
resulting from °'buckling' of the retina produces an irregular
distortion of the retinal image which usually cannot be
compensated optically™ (viz., Duke-Elder, 1966). Because the
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distortion of perceived shapes shows little adaptation, it is
very disruptive to the patient when in central vision.
“Treatment” involves blurring the distorted image (p. 349).
Under circumstances where distortion of focal inputs may be a
cause of discomfort, blurring may be a useful remedy. This
should be explored.
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RELATIONSHIP BETWEEN PERCEPTUAL STYLE
" AND SIMULATOR SICKNESS
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Simulator sickness was hypothesized to be caused by the conflict between the
visual presentation of apparent motion and the lack of any corresponding body
sensation of motion. The hypothesis was tested by corrclating individual differ-
ences in scores on the Rod and Frame Test (RFT; which measures accuracy of
adjustment of 1 rod to true vertical under conditions of visual-kinesthetic con-
flict) and degree of simulator sickness. The data for Scries 3 of the RFT and
the indexes of sickness were best represented by hyperbolic functions yielding
corrclations of 40-52, Implications for simulation technology and for a general
conflict of cue theory are discussed with emphasis on supporting evidence

from several arcas of investigation,

Since World War 11, simulators have been
devcloped which give the visual illusion of
motion without any actual physical motion.
Unfortunately, certain Ss became ill while
operating these devices. The illness phe-
nomenon was first intensively studied by Mil-
ler and Goodson (1958, 1960), who labeled it
motion sickness because the symptoms re-
sembled those experienced by some people in
moving vchicles. There was, however, no rea-
son to prematurely so label this phenomenon
motion sickness since motion is not involved
in fixed-base simulators. As Tyler and Bard
(1949) have pointed out, the primary cause
of motion sickness is probabiy motion, and
the failure to appreciate this fact can lead to
confusion in conceplualization. In this paper
the term “simulator sickness,” rather than
motion sickness, will be used to denote the
symptoms which occur in fixed-base simu-
lators incorporating a moving visual scene.

A number of hyputheses have been in-
formally advanced to explain simulator sick-
ness: distortion of vertical objects, rapid
change in brightness, too much detail, poor
resolution, excessive lag between simulator
conlrols and corresponding shift in visual dis-
play, high-frequency vibrations which disrupt
accommodation, distance belween the visual
display and the observer such that accom-
‘modation is difficrent from that usually ex-
mericnced, and conflict between the apparent
“nution seen on the visual display and lack of
any corresponding metion of the simulator.
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This last hypothesis was investigated in the
present study.

Several other conflict situations have been
found to produce sickness. Wood (1895) de-
scribed an amusement park device with a large
immobile swing inside a movable room. \When
the room moved many individuals experienced
considerable discomfort. Crampton and Young
(1953} induced nausea in Ss seated in a fixed
chair in the center of a rotating reom. Dis-
comfort lasted for some time after the ex.
perience, for one § up to 2 days. This wide
range of sickness time (from O to 48 hr.) is
noteworthy, since all Ss were subjected to the
same experience.

\While conflict between visual and body
cues may be the dominant cause of simulator
sickness, other factors such as type of simu-
lator, fidelity of simulation, §’ experience,
and §'s involvement are also important. Fixed-
base simulators may have two types of visual
displays: outside-in (O-I), such as a child's
remote control car, or inside-out (1.0), in
which the operator views the scene as he
would from Inside a real vehicle. While sick-
ness has been quite common with an I-Q
display, none has been reported for O-I simu-
lators. Low Involvement resulling from being
unable to put onesell psychologically into the
vehicle is probably the reason that O-I dis-

plays do not cause sickness. A comparison of -

1.0 and O-1 dizplays (Matheny, Dougherty,
& Willis, 1963) revealed that performance
improved with an I.QO display (but not 0-1)
when motion cues were added. Since the op-
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erator “expects” motion’in an 1-O situation,
cue conflict which leads to sickness and/or
decrement in performance can occur when
such expected motion is not present.

Concerning S's expericnce, Miller and Good-
son (1958) found that 60%% of the experienced
helicopter pilots but only 12% of the student
pilots tested reported simulator sickness.
There was probably no cue conflict for the
student pilots since they had not learned the
particular body inputs which occur during
helicopter operation. Fitts (1931) suzgested
that visual control was important when an
individual first learns a perceptual-motor
task, and proprioceptive feedback or “feel”
becomes more important as experience in-
creases. Fleishman and Rich (1963), for ex-
ample, using predictors of a perceptual-motor
task, found that a visual test correlated sig-
nificantly with the task in early but not later
trials. Conversely, a kinesthetic test cor-
related on the later but not the early trials.
This indicates that initially visual cues guide
performance, but with experience individuals
sensitive to proprioceptive cues can become
most proficient.

The importance of body cues was also
demonstrated by a factor analysis of 12 driv-
ing tests (Herbert, 1963). One of the main
factors was labeled proprioception because of
the high loading of a nonvisual driving task.
‘Experience with the necessary proprioceptive
feedback, then, appears to be necessary before
cue conflict can result.

Fidelity of simulation would be the degree
to which the simulated conditions approach
conditions of the real world. I the simulator
were of low fidelity no conflict or sickness
would result since Ss cannot become involved
in the very unrealistic task.

The 85 will also not become involved in
the task if they have a “play set.” Their be-
havior will not be pertinent to good driving
petformance with, for example, an attempt to
crash the simulated vehicle, Low involvement
yields no conflicting cues and therefore no
simulator sickness. This conclusion is con-
sistent with the finding that people do not
become ill in amusement park simulators even
though all the other nccessary conditions may
be present.

54

305

A
Recently Barrett and Nelson (19654, 1966b) r

evaluated an automobile simulator which had
all the aforementioned parameters: high 7

fidelity, I-O display, and experienced and in- ~

volved Ss. They found symptoms which were
quite similar to those reported in previous
simulator research, including cold sweating,
upset stomach, vertigo, dizziness, nausea,
feeling of faintness and disorientation. About
half of the Ss became too ill to continue after
only 5-10 min. Two Ss became so ill as to
regurgitate.

A research program was initiated to test
the cue conflict and conflict sensitivity hy-
pothesis, as measured with a Rod and Frame
Test (RFT) apparatus following the field-
dependence conceptualization of Witkin,
Lewis, Hertzman, Machover, Meissner, and
Wapner (1954). Field-independent Ss were
deemed more sensitive to body cues than field-
dependent Ss. On this basis it was predicted
that the field-independent Ss would experi-
ence more discomfort in the simulated situa-
tion than field-dependent Ss.

MetroD
Automobile Simulator

An unprogrammed automobile simulator was the
basic research tool. A terraln model, an 87:1 (HO
gauge) scale representation of several flat roads, sup-
plied the visual scene. Mounted sbove the terrain
mode! was a television eamera with motions in di-
rect responte to the movements of the brake, ac-
eelerator, and steering wheel of the automobile. Thus,
S bad complete control over the part of the ter-
rain model that the camera traversed.

A projected fmage visual display was used with
ball of the §3 and a virtusl image display with the
remainder. Both visusl displays gave the driver ap-
proximately a S0° horizontal angle view of the ter-
rain model and a center resolulion of approximately
$00 lines. There was no significant difference between
the ditplays in the percentage who left the simulator
because of discomfort. Therefore, the two displays
were considered to be functionally equivatent. With
vach visual displsy the driver sat in the sutomobile
and performed the usual control movements as-
sociated with driving » car. A more detailed deserip-
ton of tbe simulator and associated visval displavs

"has beer. reported by Barrett and Nehoa (1983¢,

1966a).

Perceptual style was measured with a standard
RET (Witkin et al, 19%4). The apparatus consisted
of a luminous lframe (40 In. sq) pivoted at its
center 10 that it could de tilted left or right. Pivoted
al the aame ccnter, but moving independently ol

o 8% g




306

R

VRO

TABLE 1

RELATIONSHIP BETWEEN PEXCEPTUAL
StyrLEe AND Discosrort

Rod and frame measures
Mecasure of
discomfort
1/8: ' 1/Ss 1/Ss 1/01
Discomfort 14 13 .40° 23
Tiiness after 22 31 520 A4*
No. trials -22 -1 —-45** | =25
Stayed left -.18 —~14 | —47* | =26

Note,—S; aScries 1; 5; w Scries 2; §3 » Series 3; O » Orien-
mmn Index,
» <.01,
had p < .00t

the frame, was a luminous rod (39 in.). The § was
seated 8 ft. from the rod and frame in a chair which
could be placed in three positions: erect, tilted 28°
to the jeft, or tilted 28° to the right. Testing was
done in & completely darkened room and S wore
goggles with dark lenses so that he could see only
the rod and frame.

Subjects N

A random sample of 50 male S5 between the ages
of 30 and 45 were selected from approximately 1,200
employces in an engineering division of an aerospace
corporation. Approximaltely 6 mo. after the comple-
tion of the simulator evaluation, 46 Ss (23 from each
display) were able to be recontacted and tested with
the RFT.

Procedure [or Aulomobile Simulator
Juvestigation

Each § drove three orientation trials around the
terrain model followed by & pretrial run for a study
of driving at requested speed, Afier making the
tenth and final speed judgment, S was exposed to an
emergency siluation where he had to stop for
suddenly emerging pedestrian dummy. The pro-
cedures have been deecribed In greater detail by
Barrelt and Nelson (1965, 19680). During the evalu-
ation of the simulator, § was obscrved by the ex-
perimenter. If § complained of discomfort be was
told that he was frce to leave at any time.

RFET Procedurs

Approximately 6 mo. after the data emergency be.
havior study, the perceplual style of S3 was measured
following the standard procedure (\Witkin ot al,
1954). Seriex 1 (Si) of the RFT consisted of eight
«trials In which § and the frame were tilted 28° In
" the same direction; Series 2 (Sy) were eight trials in
»which § and frame were tilied 28° in opposite di-
-ucuom, Series 3 {Sa) conslsled of eight trials with

- the frame tilted 28° to the right or left while S re-
¢ mained wpright. The §° task wai to position the rod

to what he considered o be true vertical by asking
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the experimenter to move the top of the rod n;hl
or left. The S's score was the number of degrees in <
error in each series. In addition, an Orientation In.
dex (OI) was computed from the standard scores of
the three series,

REesuLTs

Four measures of discomfort were com-
pared to RFT scores. The first measure was
S’s rating of discomfort, using a 0-10 graphic
rating scale. The scale was part of a 10-item
questionnaire concerning the simulator which
was administered 6 mo. after the simulator
study. A second questionnaire measure was
S’s estimate of the length of time after leaving
the simulator that the discomfort persisted—
termed “illness after.” Responses to this ques-
tion ranged from zero illness to 48 hr. Third,
the number of trials § was able to remain in
the simulator was used as an index of dis-
comfort. The range was from 1/4 trial to
completion (14 trials). Fourth, Ss were di-
vided into two categories: those who com-
pleted all trials and those wha did not. Twenty-
three of 46 Ss were able to complete the
simulator study,

Linearity was approximaled by reciprocal
transformations of the perccptual style mea-

sures. Correlations are shown in Table 1

where it can be seen that the only consistently
significant relationships were between $; and
the four measures of sickness.

Table 2 shows an apparent threshold phe-
nomena. The Ss were classified according to
an adult standardization sample for Sy (Wit-
kin et al., 1984} with those who were either
1 standard deviation above or below the mean
labeled extreme field dependent or extreme

TABLE 2

ReLaTioNsuir BETWEEN LEAVING SIMULATOR AND
PERCEPTICAL STVLE CLASSITICATION

ON Stmies 3
o | Ehemel pgg | Fied Exireme
S“b}m indt‘ inde- dtpfnd' deptnd-
pendent pendent | ent et
Lelt simulator 12 6 2 3
(N =23)
Remained in 21 2
simulator
(V=23

".J H e

et ae $% g0t
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. field independent. All th: extremely field-in-

Z*dependent Ss left the sim:"ator.

 In order to determine ii other aspects of the

= RFT test would significantly add to the re-

~lationship, multiple-regression equations were
calculated .using =, 2%, 1/x, in z-data trans-
formations of S, Sa, Ss, and OI. No measures
were found to add significantly to the variance
accounted for by S;.

Mention should be madz of the possible rea-
son for §; being the only measure which was
related to simulator discomfort. Witkin et al.
(1934) statistically analyzed 10 perception
subtests and found three general groupings.
S3 was not in the same grouping of perception
tests as were S; and S.. indicating that the
RFT taps at least two perceptual factors and
that only one of them was related to simu-
lator sickness.

Y

DiscussioN

If the conflict of cue hypothesis is correct,
an obvinus remedy to the simulator sickness
problem is to introduce a certain degree of
physical motion into the simulated system.
An interesting question is the degree of mo-
tion required to give the necessary body cues.
Simple random vibration may be enough to
eliminate the cue conflict, a possibility having
considerable practical and economic import
for the simulation art.

Besides the specific cue conflict when mo-
tion is lacking, the results may have implica-
tions for molion sickness research, in which
case motion is present with inappropriate or
missing visual cues. This is supported by the
finding that those who experience motion
sickness were also likely to experience sick-
ness in a conflict situation (Crampten &
Young, 1953). It has been reported (Clark,
1963} that some pilots become disoriented
while Bying in extrcme haziness or cloud
covering. They may be receiving adequate
motion cues but not the corresponding visual
inputs. In much the same manner, while flying
under instrument counditions (again motion
but no vision), some pilots become dis-

-oriented and mistrust their instruments.

. Simulation of zero gravity in aircralt pro-
rduced ilness for 50-7095 of the Ss tested by
TLoftus (1963). It is possible that cue con-
fict experienced in this unusual situation in-
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duced the illness. The finding that labyrin-
thine-defective Ss (fewer body cues) showed
no signs of zero gravity sickness, while 6455
of the normal Ss did, supports this hypothesis
(Kellogg, Kennedy, & Graybiel, 1964).

Wendt (1951) concluded that the vestibu-
lar apparatus per se causes motion sickness
since people with no vestibular sensitivity do
not become sick. An alternate conclusion
might be that, since labyrinthine-cue-related
body sensitivity is low for deaf people, it is
less likely that they will experience any con-
flict in cues.

It is possible that both cue conflict and
vestibular stimulation are important, but under
different conditions. Walsh (1962) oscillated
Ss in the horizontal plane. At 1 ¢ps the Ss
correctly felt they were traveling in a given
direction. When the oscillations were 1/3 cps
or slower, the sensations of moving were in
anticipation of the motion, there being a
phase advance. Sensations of motion in one

direction were frequently aroused when the-

person was still traveling rapidly in the op-
posite direction, thus conflict. Tt is possible
that motion sickness may have difierent causes
depending upon the rate of motion. At slow
rates the conflict of cues may apply; with
greater accelerative forces the associated
symptoms might be due to excessive stimula-
tion of the vestibular mechanism.

The fact that pilots and drivers rarely be-
come sick and passengers often do (Tyler &
Bard, 1949) can be explained by the conflict
of cue hypotheses. Since the driver receives
direct feedback from the vehicular controls, it
is understandable that he does not experience
conflict, while the passenger has no such
referent and may become fll.

The question remains as to why certain
field-dependent people became ill in the simu-
lator situation. Other variables such as the
physical condition of Ss may have had sotue
influence. Another explanation can be found
from early perceptual style research. Witkin
et al. (1934) stated that some Ss experienced
great difficulty in making a judgment on the
Body Adjustment Test. They appeared to be
inRuenced by the visual scene but also aware
of body position. Being unable to consistently
utilize body position, their responses were
Quite variable. They eventually become dis-

N TR
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<" oriented, with some experiencing physical dis- 12400, Contract No. PH-108-64-168, March 1966.

Xcomfort akin to simulator sickness. The field-
dependent. §s who function in this manner
may also experience simulator sickness. To
probe this possibility the 10 most-field-de-
pendent Ss were compared as to variability of
responses. Of the five sick Ss, four were ex-
tremely variable (range = 20°) and four of
the five nonsick Ss were very consistent in
their responses (range = §°). While the re-
sults were suggestive, a large subsample would
be required for statistical confirmation.

Although cue sensitivity in terms of per-
ceptual style appears to explain the extrcme
discomfort that some people experience, Wit-
kin, Dyk, Faterson, Goodenough, and Karp
{1962) recently discussed perceptual style in
terms of being able to extract an item from
an emhedded context. The results of the study
conld be explained in these terms also, In a
simple laboratory study of kinesthetic sensi-
tivity where cues are isolated there may be
no differences between field-dependent and
field-independent Ss. However, in the com-
plex simulator (an embedding context) the
ficld-independent person may be more aware
of the cues which are in conflict (i.e., can
disembed them), and thus he becomes ill.
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PERCEPTUAL VERTICO: A DIMUNSIONAL STUDY

ROBERT €, BENFAR!

12 8. Naval Trusuiug Device Comter, Pt Washington, Now Yeal

Summury. —Nine §s were usad in an exporiment w determine the citeus
of paripheral flicker and the degree of steueture of the stimulus lichl ey the
incilence und degree of vertign. The groups of $s were detinad ac tar Suse
ceptible, (h) Noasusceptible, and (c) ¢ highlytrainal Aviatoe group, Viaad
prasentation of the siimuli was accomplished by means of 3 hentispheral scene
and 2 wide-angle lems spstem. 8% verhal raponses wete recorded amd snalysed.
The groups ropondad with a gredter dogree of vertizinous responsa: o the seimuli
of peripheral tlicker in a ticld of low secenre,

Previnus research in the area of motion sickness has centered around the
scarch for the environmental and physical condirions thae gave rise 1 this fune-
ional disorder. Some of the older dheories of mution sickness or vertign have
sared thae the causes for the symprms were relased © two factors, (a)
averstimularion of the nervous system and (b)) the interaction of contlicting
stimulation of differenc receptors in the organism (Miller & Goodson, 19535,
In addition to these two theorices, recencly there have been explanations in wrms
of pesceprual activity, such as the analysis and integration of sensory inpurs
frum the stimulus field (Stecle, 1961). Tn a number of incidents, such as in
distorted lens experimencs, observations in cincrama presentation and in experi
ments with rotary visual field (Crampron, 1953), there have been reports of
mution sickness. The role of vision or percepeion, as an independent factor in
pwxion sickiness, was corroborated.

Te was the intent of the present research e (a) demaonserate thae visual
stimuli can affect the incidence of mation sickness and (b) isolate the particular
stimulus dimensions thae were effective in producing the phenomenon.  In the
past it has been shawn thac a rotading cylinder, wral ficld flicker, and reversal
leas can produce the effect (Vogel, 1931). The present design attempred to
use srimulus variables that corresponded very closely t Giban's conceps of the
visual woeld (CGibson, 1950), i.e, structured stimuli such as objects in a real
world (mwirion picture presentation of a vehicle which maoved in various per-
ceptust comexts). By careflully construcring and analyzing the filin sequences,
dimensions were varied su as w permit systematic analysis of certain independent
variables such as flicker, figure-ground differcnciation (concrase of che ficld),
and velocity.

Rescarch using physiological measurements of bl sugar level, respiration,
blood pressure, GSR, EEG and central retinal arteny pressure have yickied low
corclations with the presence of symptome. Fur this season, intaspective re-
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pores by Sy were used as the measure of the degree amd icidence of morion
sickness or vertign. ‘
MeTHon

The apparates incuded 8 35-mm. Asheraft Centuey Projection Unie, fitced
with a wide-angle lens, 2 165° cine dume projection sereen, and selected movice
footage.  The ciae dome was an approximare hemisphere, 22 fe in diameter.
le was constructed of fiberglass and plaster, with the inner or reflecting surface
painted white,  Fig. 1 depices the shape of the cine dome and the position of
3 during the experiment.

Fic. 1. Phowopraph of cxperinunnt situation

The filn run consisral of 2,000 fr. of 35-mm, tape.  Subject matter rangal
from seenes viewad when: (a) driven along a densely-wasded soud ac agh
amd fow speads, rated as a pourly-seructurad ficld with peripheral flicker; (b)
driven in and oue of walfic ar dusk (abrupe stops and quens), rated as a ponrly.
strvctura! fiehd with nu flicker, (¢) alriven over a bridge with enclosed girder
wark, rated ac i highlyserncoured fichd wich peripheral flicker; and (d) driven
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PERCLEPTUAL VERTIGO 635

TABLE !

QRODER OF PRESLNLATION AND LENGUT OF TINMYE OF STIMULUS
DIsMENMON ON FILM STRIP

L —— e . T TR L T e T T D L A TR L AT T LSS RSTTTAS TSI I ETT e ——
Stimulus Dimension and Onlder Time ()
1 Poor Structure—-No Flicker 160
I High Structure—Na Flicker 170
3 Puur Struvture—Flicher 168
4 High Structure —Flivker 170
Tutal Time 009

aver 4 wide-open expanse. ratad s a highlystenctured fiehl with no ficker,
The order of prosenation aud the kength of exposure are shown m Table L

A poorly-structured ficld was defined as: (a) having a figure-ground con-
trast racio of less than 2:1, (b) having poorly-articulited objeves i the ficld,
(¢) lacking a definite frame-of-reference such as an harizon or vertical bordeer,
and (d} having a relatively homaogencous exeral gradiene.

The four sequences were classified with these eriteria in mind. Peripheral
Hicker was determined as present or absent in the sequences according - the
following criteria: (a) light flickering ac 3 to 19 cps and (D) 607 fromy cencer

» ‘onatcither side of the visual ficld,

\uﬁje:t:

85 vuluntcered From o berger group and were classified seenrding w sheir
uwn ratings of susceptibility to motion sickness.  Ages rangad from 22 o 37 yr.
Three S were rated as excroniely susceptible, 3 were reported as noe affected, aid
3 wler Ss were pilots saationad on the Dase. The above sampling appansd w©
wover dhe satice subjective range of mucion sickacss suscepuibilivy,

Proccdure

§ was placed within the radiug of the cine dome 20 that the sereen sub-
wndid his entire range of vision, The instructions were that § was wr tepurt
any sensation, such ast () mation porecived in the fiedd, (b)) kinesthetic ue
vestibular seasuions of movenwne, (£) bodily sensatiuns such us sweating,
teinpetature changes, sturach Srampy, ope prossure, musculae wnxiun, spatial
diserientation, or dizziaas. To cach ¥ it was cinphasiced that all sensations were
tu be reporeed 3t the monent of incidence. A simeding repont of dhe verbad
responus was kepr, amd the film was markad o determine the sumulus o
content that corrgspondud w the repare. The 9 protucols were checked fur
similarity of stimuli any seepons. Tiwe firse analysis involvad §s coamsidered
as theee subgronps (Susceprible, Nomcusceprible, and Aviasor Grongpe ). The
sctund snalysiy invoiviad the ponkd roptes
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RisuLys

The reactions to the film varied from extrune motion sickness w0 adapeive
reactions, Alchough the individual behavioral reports diffesed, all §s reacred
to the variuus stmali depicted on the filin, The timeline description of $7s
verbal report, and the time-line graph of the film’s content, demonstrated that
there were points of consistene communality in §s° reactions. The common
clements were reactions to changes in peripheral flicker in ficlds of high and
low serucsure.

Suscepribifiey Rutings

The individual reagtions were examined according e prior susceptibility of
35 tw motion sickness. When this was dune, it was apparent that the susceptible
Ss had the mese extreme reactions in that 2 of the 3 s could not continue testing
after Y min. of the filin due to extreme dizziness and nausea. The third S con-
tinued, bue sufferal & mild spell of dizziness, profwe sweating, and blond pres-
sure disturbances.

The 3 non-susceptible §s reported mild initial reactions of dizziness, sweat-
ing, and flushing, but in time they adapted to the film's stimuli.  These non-
susceptidle Sy cuntiomed viewing the film for the full Jengeh of the presenca.
tion.

Iy the aviaear group there were ne reparns of dizziness oc adverse physiolugi-
cal reactions, huwever, they did expesivnce the most vivid kinesthetic sensations
of the 3 groups. T almost appeared as if they were experiencing acrval vessi-
bular stimuladion. The responszs of the aviawe group were characterized by
3 large number of compensatory body movemenes. They perceivad thermelves
s moving in a sable covirvnmene, while os the arher hand, the suszeptible
group percvived chat the extermal covirgnment moved.  This group described
the soreen as whirling about them

Charactesivice of Pouled Rerpoures

Mene reactions were relatad o spcific siimuhes wontent e the filme Ver
iy behavior was nwst contrsn when diete was 3 cumbination of poorly

TABLL 2

N & Gr Viaaak REsasss® 16 Meck STIMULLs Disesstons
e A A e i e e I s 2 s 2 cam

Snwlus Dimcatinn )
T Fren MruiturcNo Fliker 6
High StructussNo Flikes »
Poew Stevcture—Flicker 33
High Structure—Flicker n

Tosal Responses e =2 ns

ki e 2ty e i -
CA tapease was any verdal tsachivn to the him, such as porcuent motean, physiatogcal
fostums and dizonon. The tual seproented il thn fecponses given by i © 51
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pereeption. e is in these situacions that one loses cquilibrivm™ {Gibson, 1950).

In the presenr experiment there was a compelling illusion of confincment
by the boundaries of the visual field,  Since the frame-of-reference was the
boundaries of che cine dome, no other reference could be used to separate §
from the visual field. §s who stood ouwside the boundarics of the cine dome
weie not affected as strongly by the vertigo inducing stimuli. It scemed as if
they were able tw stand aside from the visual field and integrate the sensations
intw swble perceptions.  The same integrative functioning was found in the
non-susceptible and the aviator groups.  The susceptible Ss appeared urable o
separace the visual sensazions and the visual world. A non-adaptive perception
resuledd (the environment was seen as moving and § passively expericaced
this}.

Two response patterns were generated by the stimulus conditions. § ex-
pericnced the illusion that he was meving in a stable field; morion, in that
sense, was transliteu w0 § and vivid kinesthetic sensations resulted.  This ap-
peared 1o be a conguent perception.  In the second instance, the visual world or
ficld was perceived as moving. This perception scemed w involve = litéral
trunlation of the motion picture stiruli.  This became an unstable field whick
apputred to be related 0 the stimulus correlates of nystagmus broughe about
after rapid spinning aboue. 3 now tramslated the envirunment as revolving
around him.

Ir the former condidion, the perceiver was an acrive participane in the
transiacion of the sensory messages and a seable perception resulted. In the fateer

condition, it almost appeared that the visual field duminated and § was a passive |

recipicae of the inpues. The result was pows integration of the stimulus inputs.
Vertiginous behavior depended upon the natre of the stimulus field and on
some degree of individual differences (Wadworrh, 1995).

The individual differeaces are aoc discussed further since no personalicy
or other 3 variables were measured.

In sumumnary, it appeared thae the responsible siimulus was the varying de-
gree of differendiacion of the field (ambiguous figurezreund) which led 10
domination of the stimulus field by such sensations as periphera! flicker and
apparent movement. At the same time, the lack of differentiation of the ficld
Ied 10 a loss of a definite frunc-of-reference,  In chis instance, integrative pro-
cessing of che stimulus inpues was more difficule.  The flicker and velocity of
ubjects in the ficld were misinterpreted as moving.

The question arose as o whether the susceptible §s expetienced nystagmus
(induced by the mutian on the screen) or whether the vertigo was produced on
a higher level racher (han juse recinal nystagmos. Investigations with elecero-
ucular recordings could clarify chis contention,

The present daca suggest thae percepeual vertigo could oe due to individual
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structred field and peripheral flicker, Vidaity and motion in combinaion
with a highly-struaured ficld did not induce vertign,  Velocity with Hidker in

- a puorly-seruccured ficld did induce vertigo.

Daw in Table 2 demonstrate that the gross muasures of number of verbal
responses 1 the 1 stimulus segments of the film were not significamdy differene
from cach other. Although there were no guantitative differences in the toral

umber of respunses to che diffecent content on the film, there were Jifferences
in the number of vertiginous responses. Table 3 shows thar there were sty
nificant differences between stimulus segments when VEREZInOus respunses were
measured.

TABLE 3
NUMBLR OF VIRTIGINOUS RESPC™ 5% 1O FOUR STIMULUS DIMENMONS
o — — T T e Tl MUT T AT R W R e e eI ey e
Stimulus Dimensiva "
Puoe Structure—No Flicker 2 - TeTTTTTT
High Structure—No Flicker 2
Poos Structure—Flicker 18
High Suvcura—Flicker 4
Total 26 x*=27.18,p <2 001,

© Vertiginous respunses were verbal reports ut dizeiness, disericntation or any alveese
physivlugical reaction. The towl represented oily the veriiginous topunses in the larger
respaase pool of Table 2.

~ It scemed 1o be apparent thac most vertiginous responses occurred in a

t, "ting of a poorly-structured field in combination with peripheral flicker. It
also seemad thae flicker or poor structure by itself had no apparent effect.
Since the order of presentation was randomly assigned, the effeces of this variable
could not be evaluated. It secms thue vereiginous behavior was the cumulative
zesule of several facrors and che order of presentation should have sume effect
in inducing the plienomenon.

Discussion

The dawa appeared 0 suppore the contention thae there were individual
differences in the processing of percepeual data. The vertigo conditions showd
clearly that cerrain simuli were necessary for inducing perceprual motion sick-
ness. Although discrete variables were apparently operating. the combination
in a given perceprual context and the subiequent processing of these dara hod
10 the experience of varying dugrees of vertiginous behavior.

The complexity of the visual ficld was an important determiner of the
dominance of visual factors. In a well-strucrured field, mation and flicker
cculd be integrated; whereas, in a fickd with pour dilfcrentiation “the visual
warld and the visual ficld cannot be distinguished from one anoiher, s some
illusory frauncof-reference—a nun-grasicational vertical—may then dominate
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PERCEPTUAL VERTIGO 639

:sierences relative ro: (a) physiolagical dispositons, (b) personaliry variables
sewiated with ficld dependence-independence (Witkin, ef ol., 1954), (¢) stim-
elus conditions of figure-ground definition, snd (d) peripheral flicker.
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The Effects of Various Design Alternatives on
Moving-Base Driving Simulator Discomfort

JOHN G CASALl and WALTER W. WIERWILLE', Virginia Polviechnic Institue and
State University

The effects of three independenr variables on eight measures of driving simudator discomfort
were imvestigated using a high-tidelity, moving-hase driving simulator. The between-sithjects
simudutor variubles were: (1) simulation of luteral acceleration (LAT)—by lateral travislation
(standurd method) versus by angulur rotation; (2} presence or abvence of delay in the visual
and motion sysiems (DEL)—ondelayed (normal) versus delayed: and (3} simulator platform
{CAB)—open (normal} versus enclosed.

Sixtv-four subjects were divided into eipht groups, each group having equally distributed
scores o a test of fwld independence-dependence, Each gronp was then assigned 1 one of
the eipht sinudator conditions.

T Alter subjects drove the simulator, a muiltivariate analvsis of variauce was performed on
the data and iosulied in significance for each main effect and the LAT x DEL interaciion,
Subsequent analvses demonsirated that dependent measures of pallor, skir: resistance, respi-
ration rate, vaw deviation, and steering reversals were each reliihly sensitive to at leust one of
the simudator independent variables. 1 is conuchuled that ftunre simudator designs shonld
avoid: rotatian of the platfurit 10 simulate translation, delay in the system dynamics, und
complete enclosnre of subjects.

INTRODUCTION Ringland, 1973: and Testa, 1969). Unlortu-

nately, little definitive rescorch has been
donc to determine either the symplomaiology
or the ctiolugy of the sickness probiem.

One particularly important study concern-
ing the prediction and evaluation of fixed-
base driving simulator sickness wus reported
by Testa (1969). The iesearch did not directly
address simulator design influences on sick.

One: of the most serious vet least publicized
shortcumings associnted with the use of ve-
hicular simulators, especially driving simu-
lators, is o recurring malady termed “simula-
tor sickness.” Residua! symptoms includin_g‘
disorientation, increased perspiration.

'_Thcrcd hearl and respiration tate, dizzi-
~ness, pallor, and even nausea and vomiting

< 9f% -

Rave boeen exhibited hy_subooct.drivers jn

both {iacd and moving-base simulators {(Bar-

Teit and Nolson, 1965; Barvett znd Nelson,
1966; Barrett and Thornten, 1968b; Breda,
Kirkpairick, and Shaffer, 1972; Jex and

' Regurats foi eeprints shauld be sent to Dr. Walier W,

Wierwill ur Joha G. Casali. Vehiele Simulanion Labors.
tury. tEOR Dipariment, VP& SU, Blachsburg, VA 14061,

ness, but did demonstraie that both physio-
logical measures and sell-report measures
were needed to {dentify a state of simulator
sickness. Testa concluded that further re-
scarch was required "to * =rifx that results
from lixed-hase simulators can be applied o
dvnamic [maving-base] situations™ {Testa,
$969).

© 1980. The Human Facions Society, Inc. All rights reserved.
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There are many potentially useful applica-
tions of driving simulators in training, selec-
tion, performance assessment, research, and
system design. It is important, therelore, to
determine the causes of simulator sickness
and - liminaie them in the design stage, if
possible. As Leonard and Wierwille (1975)
have pointed out, a uausea-inducing simula-
tor cannot be relicd upon to yiel'' accurate
and valid human response data. The occur-
rence of sickness serves as an inappropriate
catrancous varie e, confounding the sanuta-
tor data.

While symptoms attributable to “<imulator
sickness” appear at least supetficialy akin to
those of “mction sickness,” the two teims
should not by used synonymously. In the c..se
of Niaed-base -riving simulators, maay ol
which have o history of subject nausea, no
translational or rotatienal movemen® « the
subject is present, suggesting that illness may
be induced by lactors -ther than motion,
Also, it is doubt{ul that motion is solely ree
sponsible wr nausea in moving-base simula-
tors, cunsidering the large number ol simu-
lator-nroduced stimuli that a subject exe
pericnces. As noted by Barrett and Nelsen
(1963), the precipitating causes of sickness
may be specific for cach individual simulator,

This study was conducted to determine
cauns of sin ot sickness in ruoving-base
driving simulators. There appear 1o have
heen no previous studies aimed divecthe m
this ehjuctive 1 would be iimpossible  ex-
amine in a single study all of the potential
causes of simulator sickness. Therefore,
selecting (e independent variubles fur an ini-
tial studv requited some degree of judgment.
Published studiea utilizing moving-base
simulators were examined for slatementa

Councerning unvasinesy and nacsea. Als, s

eral rescarchers who hwal driven various
driving simulators were wmterviewed regard.
ing the degree of uneasiness they had evperis
enced. Baser! o all availuble informatiun,
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characteribtics common to those simulators
that had a history of inducing nausea were
determined. Among moving-base simulators,
three characteristics that appeared as poten-
tial contributors 1o simulator sickness were:
(1) the manner in which translational motion
was achieved: (2) the presence of any lag or
delay in the simulator response variables;
and (3) e use of enclosing devices about the
subjcct. Less prominent causes included lack
of display collimation, display distortion,
everabundance of detail in the displav, large
lateral field-of-view, and discrepancies be-
tween visual and physical motion cues (other
than delay, s mentioned above). In this
study, the three major potential contributors
were examined ax independent variables.
Hewever, the remaining, less prominent
causes are also worthy of future investigation.

SIMULATOR (INDEPENDENT)
VARIABLES

Rotational Siwulation of Translation Versus
Triee Translation

The extent to which motion cues are accu-
rately modeled directly affects the fidelity ol
a driving simulator. The importance of mo-
tion cues In driving simulator research has
been demonstrated in earlier investigations
(McLane and Wierwille, 19751,

With each degree of freedom of moveanent
addued, the cost of the simulation increases
considerably. Also, the number of motions in.
cluded nnd their associated excursion dis.
tances are often restricted by space lim-
ftations of th. simulator laburatory. Becnuse
of ecunumic and space constraints, certain
compromises have appeared in the motivn
bass of several driving simulators, The most
prominent compromise is associated with the
methed of simulating lateral and longitudi-
nal translation. The platfurm of a simutator
must trave] considerable distances if lateral
and lungitudinal accelerations are sustained
for any period of time, using the “standard”
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“method for simulating these motions, This
standard method is to translaie the driver
platform forward and backward for longitu-.
dinal translation and side-to-side for lateral
transhation. Several simulator designers have
chosen to delete translational simulation of

latera! and longitudinal motions and have ir- |

stead adopted the approach of using roll and
pitch motion to approximate translation. By
rotating the subject in the roll axis, the lateral
acceleration forces of cornering and lane
changing are simulated. Similarly, by rotat.
ing the subject in the piich axis, longitudinal
acceleration and braking forces are simue
tated. In both cases, the subject supposeuly
expuiiences the sensation of lateral or longi-
tudinal acceleration.

It the technique of simulating translational
acceleration by rotation is indeed a con-
tributing factor to the incidence of simalator
sickness, its influence may be explained in
terms of a cue conflict theory. While angular
rutition does produce a lateral or longitudi-
nal component of acceleration to a scated
subjuct, cuc conflict may arise when the sub-
Joet senses the rotational aspect of the mo-
tion, which is in this case an artifact. In other
words, the possibility enists that the subject
actual'v perceives the motion as potational,
when the motion the subject expects Is
translational,

Delaved Versus Nondelaved Dynanics

In a vehicle simulation that s closed loop,

the vehicle dynamics equations must be
solved on line and in real time, The outputs of
these equaltiuns provide the necessary signals
to drive the displays and Instruments A
problem assuciated with some driving
simufiuors i that thev intruduce computa-
*tiunal or response lags in additivn (o the
snurmal vehicke dynanne respunses. In these
Tsimulaturs the subject experiences delayed
.s<ene updating, delased physical motion
‘cues, ur buth.

The lag may be the result of any of the fol.
fowing: (1) a lack ol computational speed,
such as that due tu serial processing in the
computer that solves the vehicle dyvnamics
cquations; (2) a defay in the response of servo
svstems used in the image genceration process,

such as thuse used to contrul the movement of

a video camera over a terrain board, and (3) a
delay in the response of the hyvdraulic,
mechauical, or ¢lectrical equipment used to
move the platfor.n (or the instruments)
physically.

Regardless of their form, time lags in the
cues presented to the subject cause two
prohlems, First, an apparent delay between
the simulator’s manual controls and driver
feedback cues tnay cause the simulator to be
ditlicult to handle. Inappropriate control-
to-feedback delay places the additional bur-
den un the subject of anticipating the vehi-
cle’s response and introducing lead compen-
sation. Alvo, the delay is apt to contribute to
subiect discomfort, When delav occurs and is
perceived by the subject, a cue disparity
exists between actual feedbuck ¢t s and ¢x-
pecied fvedbaca cucs.

Enclosed Versus Open Platforni

A third characteristic common o several
simulators known 10 induce uneasiness s the
presence ol a box-type cab over the driver's
plaiform. Usually windowless, these cabs ¢n-
close the subject by four walls and a ruol,
with the display serving as the [ront wall, The
only light inside the cab is that emitted by the
roadway scene. Intervatingly, a_lower incl
dence of illn s has generallv been reported

f - et a—
with automobile bud.-cabbed and unen-

closed simulators than in box-cabbed sim-

vlators,
. The explanatiuns for the potential inflluence

ol enclosure on uncasiness are at best
specvlative but will be oftercd here, First, the
simple knowledge of being enclused within
a bos-shape 1 structure may be initially dis-
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comfurting to a subject, prebiasing his or her
expectations. Furthermore, certain individu-
als may cxperience claustrophobic reaction
to cnclosure. Finally, the lack of any
peripheral reference points other than the vi-
sual display, which appears to be suspended
in dark space inside the cab, may be dis-
orienting to the subject. Unenclosed and au-
tomobile body-cabbed simulators (with win-
duws) do not have the last problem, since
room 1~ {erence cuus may be discernible, even
in a dark room.

METHOD
Experimental Design

A three-lactor, totally randumized, facto-
rially complete desian was applied in this re-
search. The independent variables, having
two levels cadh, comsisted of the following:

(1) Simulation of lateral accelcration (LAT)

a. by true teanslation (standard muihod)
b. by angular {ruil) rotation
(2) Presence or absence of delay in simulator vi-
sual and physical leeudback dynamics (DEL)
3. nondelayed (nurmal method)
b. delayed
(3) Simulator platfurm (CAB)
a. upen (normal inethod)
b. enclused
With this design, vach subject was exposed 1o
unly une ol the ¢ight (2 x 2 x 2) experimental
conditivns {a uniquye combinatiun of one level
of cuch of the three factors). This design was
chosen 10 climinate the possibility of differen-
tial transfer oflects which might confound the
asseasment of simulator sickness.

Eight dependent measures were used to
tdentify the state of driving simulator dis-
cumfort. These inctuded physivlogical, per.
tormance, and sil-report mueasures, each of
which will be described in the apparalus

» section, :

,:, Subjrets

st t

Sistydour suhicets were ined in the e
periment, cigh, m cach of the cight evperie

.
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mental «conditions. Subjects ranged in age
from 18 to 36 yr, had a minimum of 2 yr
driving experience, and had no previous ex-
perience with any driving simulator. Subjects
were paid for their participation. All subjects
were requested to abstain from drugs and
stimulants and to obtain at least 8 h slecp the
night befare each experimental session.

Perceptual Style Test

Several carlier studies have indicated that
the incidence of driving simulator sickness is
related ' subjects’ perceptual sivle as lo-
caied on 2 ficld independence.dependence
continuum (Barrett and Thornton, 1968b;
Barrett, Thornton. and Cabe, 1969; and Testa,
1969). In general, these studies have sug-
gested that ficld-independent subjeciy are
“more suscepiible to simulator sickness than
ficld-dependent subjects. Unlike the present
study, prior research concerning the driving
simulator sickness-perceptual atyle relation-
ship was performed on fixed-base simulators.

In the current study, the Hidden Figures
Test (HFT) was employed as a measure of
field independence-dependence, for the single
purpose of systematically assigning subjects
to experimental conditions (Ekstrom, Freach,
Harman, and Derman, 1976).

Apparatus

The driving simedator. The fundamental ap-
paratus used in this experiment was the
highway driving simulator located in the
Human Factors Laboratory at Virginia
Palytechnic Institute snd State University
(VPI&5U). The simulatur is a rescarch to. 0,
providing the subject with the iHusion of
highway driving, including realistic vehicle
handling via a 4-degrecol-freedom physical
sotion system {roll, yaw, lateral transhation,
and longitudinal translation) covrdinated
with 2 dynamic visual scene. The driver.
simulator interface constitules an interactive
closedduup system in which sieering wheel,
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= accelerator, and brake pedal movements pro-

= vide input signals to the simulator dynamics,
which, in turn, produce appropriate feedback
for the driving subject. A complete descrip-
tion of the simulator is provided in Wierwille
(1975). .

Among the simulator’s capzbilities is the
ability to introduce driving disturbances,
such as random gusts of wind and road curva-
ture. These disturbances, olten encountered
in evervday driving, were used in the driving
task for the present study. A random noise
gencrator, interfuced with the dynamics
computer, was used 1o simulate randomliy oc-
curring crosswind gusts of a continuous
9-min duration. These gusts, having a root
mean square lateral velocity of 8 mirh (12.9
kmvh), were believed to be typical of wind ex-
perienced while driving down an open high-
way on a breezy day. Also, a 3-min predeter-
mined sequence of curves simulating a
superhighway winding through moderately
hilly terrain was presented to each subject.
Programming and actuation of the curvature
was performed on the hybrid computer.

Driving simulator medifications. The
VPI&SU driving simulator was adaptable to
the current investigation of driving simulator
sickness Tor two reasons: (1) in its normeal
operating configuration, the simulator has
never induced ohservable illness in any of over
800 driving subjects, thereby enabling the re.

~ searchers 10 "degrade’” the subsystems of the
simulator in an effort 10 expose specilic de.
terminants of sickness, and (2) the rapidly re-
sponding motion dase of the simulator,
coupled with the analogrhybrid computer-
controlicd dynamics, allowed the simulation
of aliernative motion techniques and delays
in addition 10 the normal vehicle dvnamics
churacteristic of problematic simul. ors,
< Replacement of normal translational
s sinwlation of lateral acceleration by angular
Zrotation of the subject in the roll axis was
- perlormadd by modilying the programming of
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the lateral-directional dynamics, A swiich
was used to change the method of simulating
luteral acceleration betwcen experimental
runs.

In ¢experimental conditions specifving
angular-rotational simulation of lateral ac-
celeration, a 35% of full-size cue was used.
(The usual roll inotion cue was retained in all
experimental conditions.) After preliminary
testing of various increments of roll angle
simulation of latera! acceleration, ranging
from full-size cue to 107 of full-sive cue, it
was decided that the 35% cue was optimum,
Considering a naive subject's ability to con-
trol the driving simulator without prior expe-
rience, it was concluded that rotational ex-
cursions exceeding 35% of full size were
overly viclent, both from a controllability
standpoint and for reliable datz collection.

Rrictly, the side force on a subject when ro-
tated during roll is

F=Wising

where W s the subjeet’s weight and 0 is the
roll angle in radians. The side force on a sub-
ject for true lateral translation is

Wa

 JO
B
whore a is the lateral acceleration of the sub-
Ject and g is the accelerntion due to gravity,
Using the small angle approximation for sin
8 and climinating ¥ above yields

-
¢

If fu)l angular rotation had been used, the roll
angle per m/s? of lateral acceleration is 0.102r
(5.84 deg). For 35S of full size, the roll i'ngle
becomes 0.036¢ (2.04 dug) per nust of lateral
acceleration.

The second independent variable involved
delaying the normal simulalor dyvnamics. In
hall of the experimental cunditions, the nor.
mal (nondclayed) dynamics characterstic of

¥ A ‘ot_ll:l:.“
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a typical late-model, interm-diate size,
domestic sedan were used. In the other hal{ of
the conditions, the dvnmamics were delayed.
For a given sieering wheel input by the sub-
ject, both visual display and physical mo-
tion feedback systems were simultaneously
delayed by 0.30 s oves the normal vehicle
responde.

The 0.30-s duration of delav was selected
because it appeared to be representative of
the feedback lags inherent in several sickness-
inducing simulaturs. Furthermaore, alter pre.
liminary investigation ol steering input de-
lays of 0.30 s and larger, it was determined
that durations of greater than 0.30 s required
too much compensating lead on the part of
the subject {or controlled simutator handling.

The third independent variable involved
enclosure of the motion platwem. In half of

the conditions, the <imulator operated in its
normal mode, that is, with the subjects unen-
closed. In the other half, the subject were
enclosed in a removable, windowless cab
which completely enclosed the subjects and
eliminated any pussibility of visual room rel-
erence cues,

The enclosure was fabricated from plywood
and painted flat biack on the inside and out-
side. The narrow, Lox-like cab was designed
to resumble the enclosures used on several
other simulators, such as the Volkswagen
(Lincke, Richter, and Schmidt, 1973) and
the 1968 General Motors Technical Center
(Buvinke and Williams, 1968) devices. The cab
structure included Bow-through ventilation,
u «liding door fur normal cgress, and a pop-olf
top (ur emergency egress.

Physiological (dependent) measures  Aller
drevicwing the symptom.tology of simulator
sstckeess ac reported in several papers (v
Warrets and Nebwn, 1965 Miller and Geod-
son. 1960; and Testa, 1969), four physiolugi-
ca) measurcs were selected for avveesment of
subjects’ bodily responses to the driving
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simulator experience. The measures selected
were heart rate, pallor, forehead perspiration,
and respiration rate.

Subjects’ heart rates were monitored using
a plethysmograph attached to the antihelix of
the left ear in conjunction with a Hewlett-
Packard Patient Monitor, Model 78203C. The
analog outputs of the Patient Monitor were
fed into the hybrid computer for on-line data
processing. A mean heart rate value was
computed for each data-1aking period.

The individual transducers uvsed o
monitoring pallor, respiration rate, and
forchead perspiration were designed by labo-
ratary nersonne! at VPI&SU solely for the
currcnt experiment.

A second carpicce module, fitted on the
right ear, was used T monitor pallor, This
transducer is sensitive to slow changes in
opacity of the skin of the car over time, such
ax thesedue to vampconstriction. The pallor
carfficca innlddes a light source which is
thermaly isolated lrpm the ear by fiber op-
tics. Ts avoids beatiny of the ear by the light
source and thereby contaminating the mea.
surement. Since palior does not occur instan-
tancously, this transducer is insensiiive to the
quick opacity changes produced by a single
heartbeat. An increase in pallor results in a
decrease in skin opacity over a period of time.
Such a pallor increase is represented by an
increcase in voltage output from the photocell
receptor located apposite the light source. An
amplilier circuit and digital volimeter were
uscd iv ublain pallor readings.

Subjects also wore a headband which in-
corporated two integral surfuce electrodes
used to measure forehead perspiration.
Nominal current apgslied to the electrodes
was 1S microamperes using a flo-ting
battery-powered circuit. Skin conductance
(voltages) was recorded from a digital volt.
meter and later convenied lo rusistance val-
ues fur data analysis.

.'J H 1"-.‘:.--")
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The respiration rate monitor was used to
obtain the number of breaths taken by a
subject per minute (where one breath consists
of one inhalation and one exhalation). A sub-
ject was seated in a driving position, and the
respir: tion rate transducer was placed near
the botiom of the subject’s ribcage. The
sensing unit consisted of a flexible metal belt,
positioned around the subject’s upper abdo-
men, which supported a transducer located
about 1.5 cm in front of the subject. The
transducer is sensitive to the expansional and
contractional movements of the abdomen
during inhalation and exhalation. Basically,
the subject’s body serves as an antenna. The
closer the body moves to the transducer, the
more noise the transducer receives. This
60-Hz noise is then conditioned, amplified,
and detected as a slowly varving voltage sig-
nal outnut. In the present study, the respira-
tion signal was recorded on a strip chart
recorder.

Performance {dependent) measures. Fre-
quently accompanying the physiological
symploms experienced and exhibited by
simulator-sick subjects are degraded perfor-
mance abilities of various forms (Barrett and
Thorntun, 1968a; and Miller and Goodson,
1960). It was hypothesized for this experi-
ment that the subject’s ability to control the
driving simulator would decrease as o {unc.
tion of simulator discomfort and, corre.
spundingly, as a * vsult of the degraded vondi.
tions of the sin dator. The 1wo dependent
measures of vehicle controllability affecting
driver performance were yaw (standard) de-
viativn and the number of steering wheel re-
versals per minute.

Vihicle yaw was defined as the horizuntal
.angle between the instantancous readwoy
“tangent and the simulated lon{;itudinal axis
Zul the vehicle. A continuous yaw position sig-
“aal was vbtained from 1he simulated vehicle
‘Jdynamics. The standard deviation of the yaw
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angle over the 3-min data-taking perind was
computed on line by the hybrid computer.

The steering signal was also processed on
line using the hybrid computer. Movement of
the steering wheel of 2 deg or more, afier the
time derivative of steering passed through
zero, constituled one siecring reversal.

In addition to the zssessment of perfor-
mance of vehicle control, it was of interest 10
investigate the influence of degraded sim-
ulator conditions on cognitive proccssing
and the performance of mental 1asks. While
no studies incorporating the use of a driving
simulator have addressed this problerm, sev-
eral research efforts have demonstrated that
motion sickness is olten accompanied by a
q_ﬂ:rcascd ability to perform mental tasks,
such as arithmelic computations andoSTmMa-
tion of elapsed time (Brand, Colquhoun, and
Perry, 1968; Clark and Grayhiel, 1961; and
Gravbiel, Kenncdy, Knoblock, Guudry,
Mertz, McClead. Colehour, Miller, and Frealy,
1965). For the current study, a simnle pre-
and post-simulatur arithmetic test was used
as ‘he mental sk incasure. Two d-min tests
were used, each having an equal number and
type of multiplication and columnar addition
problems. The only differences between the
belore and alter simulator tests were the ac-
tual numbers used in the problems, which
were selected from a random number tabie.
Both tests were scored on the basis of each
correct-answer digit for a particular problem.

Self-report (dependent) mea<ure, A post-
simulator reactions questionnaire consti-
tuted the sole sell-report measure used for as.
sessing driving simulator discumfort. The
questionnaire was a slizht maodification of
that usced by Testa (1969). The symplons
listed on the questionnaire for the current
study includid: nausen, cold sweating,
change in breathing rate, change in saliva-
tion, dizziness, drowsiness, headache, eve-
strain, and disuricetation, Immediately ful-
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lowing exposure to the driving simulator,
= subjects were instructed to indicate the level
at which’ each symptom was experienced.,
Allowable levels were stight or not notice-
able; medium; and extreme.

Proccdure

N

Each subject completed two separate ex-
perimental sessions separated by ~pproxi-
mately 4 weeks.

Session 1. Alter reading and signing a par-
ticipant’s consent form, the subject per-
furmed the (irst {presimulator) arithimetic
test. At the end of 4 min, the subject was in-
structed to stop working,

Next, instrictions for the HFT were pre-
sented. The HFT was administered in two
parts, with a time limit of 12 min lor each
part. Following completion of the HFT, the
subjuct was paid for participating in Session
1, scheduled for Session 11, and dismissed.

Assignment of stibjects 1o experimental con-
ditions. Aler ol 64 subjects had completed
Session I, HFT scores (one for cuch subject)
were rank-ordered. This runking was then
separated into quartile. with 16 scorex (sub-
jucts) to a quartile. Two subjects were rans
domly drawn lrom cuch quartile and as.
signed 10 2 particular experimental condi-
tion. This procedure waos continued for all
chght conditions of the experimem, resuliing
g crussesectionad representation of pervep-
tual stybes In cach of the eight vonditions.

Sestion 1. Upon arrival, the suhject was
seated in the driver's scat of the simulator.
Next, the four physiological receptors were
placed on the bject. Subjects were not in.
furmed (uniil sfier the experinient) as to the
jrecisz function ef cach receplor, in an elfort
to avoid biaces such ax a “cunscious”™ breath-
ing rate. The subject was thun lamiliarsed

S with the simulator conteol and displays,
o Nuxt, subjects nead an instruction sheet de-
2 scribing the drivive task, After answering
T Questiuns concerning the driving tavk, the ex-

HUMAN FACTORS

perimenter instructed the subject to “relax
and sit quietly for about five more minutes”
and added that the subject would be in-
formed over the intercom system when the
practice driving task would commence.

By this time, the subject had been seated in
the stationary simulator for at least 12 min.
After this stabilization period, physiological
baseline data were recorded over a continu-
ous 3-min period. (It should be noted that
physiological baseline data were obtained
with the enclosure in place, if the experi-
mental condition specified enclosure of the
subject.)

Upon completion of the ba.wline period, the
subject was informed that the actual driving
task was about to begin. Room lights were
turned ofT, the simulator’s systems were acti-
vated, and the subject was instructed to bring
the vehicle up to a speed of §5 mith (88.5
kmvh). Upon reaching the desired speed, the
subject was told to “steer the vehicle {rom the
right lane into the lelt and back several times
1o get the feel of the car's handling during the
three minutes of practice driving.™

At the end of the initial 3 min of practice
driving, the subject was informed that ihe
practice period was over. The subject was
then reminded over the intercom to “strive to
stay in the right lane and maintain 55 mvh
(R1.5 kmvh) for the remainder of the driving
task.” The second 3-mis. jwriod cunsisted of
the presentation of random crasswind gusis
in the straight road condition. Alter 6 min of
driving. these crosswinds were necompanied
by 3 min of road curvature. The curvature
ceased after 3 more minutes of driving time,
and the straight road ¢ondition, with random
crosswi .| gusts, was presented to the subjuct
for the hinal 3 min. During the final 3 min of
the simnlated driving task, physiological,
yaw dvintion, and steering reversal data
were ohiained. &k should be noted that the
i2-min driving task was designed to be repre.

“sentative, both in tvpe and in duration, of
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typical simulator tasks used in other studies
of an applicd nature. .
Alter data collection, the subject exited the
motion platform and was immediately es-
corted to a desk for testing. First, the subject
was given 4 min to work the second (post-
simulator) arithmetic test. Next, the subject
was allowed as much time as needed in com-
pleting the postsimulator reactions question-
maire. After the subject’s psychological and
physical well-being were established, the
subject was debriefed, naid, and allowed to
leave.
Data Reduction

Following duta collection lor all 63 sub-
Jects, the raw data were reduced to a furm
applicable 10 statistical analyvsis. A single
experimental-versus-baseline dilference score
was cumputed for cach physiological mea-
sure (heart rate, pallor, forehead skin resis-
tance. and respiration rate) fur cach subject.
An arithmetic pretest/posttest difference
e et tre—gtemi, apae s st A O
score was alse obtained Tor cach subject. The
pustsimulator reactions questionnaire, yaw
deviation, and steering revemals were cach
sompuied as a single score for cach subject.

RESULYS

Muldtivariate Analvsis of Yariance

The data were first applied to a mul-
tivarinie analysis of variance (MANOVA) pro-
cedure to determine if the group of eight de-
pendent neasures was sensitive to changes in
the three simulator variables. The Wilk's U
criterion valuex were obtained fur cach main
effect and all two-way and three-way interac.
viun effects. The U.values were then trans.
furmcd intu cxact Foratius, using the standard
conversion furmulae (Kramer, 1972). The re-

< sults of the MANOVA are presented inTable 1,
< The MANOVA revealed that the cight de-
S pendent measures. as a group, were statisti-
L callv significant for the method of simulating
“laterai acecleration (LAT), F(3.49) = 5.13.p =
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TABLE 1

Multivariate Analysis of Variance Sum:nary Table

Source df F P

LAT 1 513 0.0001
DEL 1 3.76 0.0017
CAB 1 2.4 0.0265
LAT x DEL 1 224 0.0403
LAT x CAB 1 1.43 0.2080
DEL x CAB 1 0.97 0.4733
LAT x DEL x CAB 1 0.45 0.8841
Subjects/LAT x

DEL x CAB 56
Total 63

0.0001; for the effect of delay in the dynamics
(DEL), F(8,49) = 3.76,p = 0.0017: and [or the
simulator cab effect (CAB), F(8.49) = 2.44,
p = 0.0265. Therclore, statistical significance
was obtained for each muin efTect. However,a
two-way interaction effect was also lound,
indicating that LAT interacted winh DEL,
F(8,49) = 224, p = 0.0403. As shown in Tabls
1. no other interactions were significant
(p > 0,05

Individual Analvses of Vaniance

Subsequent o the MANOVA, a simple
buetween-subjects analysis of variance
(ANOVA) was perfurmesd on each individual
dependent messure. Thercfore, vight threes
way ANOVAs woere exccuted. For cach
ANOVA, the sources of variance and degrees-
of-freedom were .uentical 10 those of the
MANOVA as shown in Table I, The intent
of the individual ANOVA procedures was to
determine which specific dependent mea-
surcs woere relinhiv alfected by the different
levels ol the simulator (independent) vari-
ables. However, onls those independent of-
fects found sipnilivant by the MANOV\ were
iacludid in the subsequent investigations,

Due 10 the large number of dependent mea.
sures and independent variables, it was nol
possible to i clude att cight ANOA A tahles in
this paper. W herclure, Table 2 was compiled

“:’ ! I‘“‘:L..“)
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-

Sumimary of Significant Sources of Variar:e fur Each Dependent Measure

Dependent Measure Source of Vaance df MS F P
Pallor LAY x DEL O 99.5031 §.51 0.013%
WAT 1 §1.5831 403 0.0485
Forehead Skin
Resistance CAB 1 695.6104 5.08 0.0281
Heart Rate (nane significant) -— - - —
Respiration Rale LAT x DEL 1 €60.974% 9.74 9.0023
LAY t 86.9628 13.89 0.0005
QEL 1 29.8785 477 0.030
CAB 1 €2.2507 9.95 0.0026
Arithmetc Teal {(nona significants -— — — -_—
Reactions
Questiannaire {none signitigany) - — - -_
Yaw Deviation DEL t 1.4424 25.26 0.0001
Stearing Reverszls LAT 1 2085.5208 13.51 0.0005

and is intended tu sumi.arize the ANGVA ta-
bles in a concise recond ol significant effecis
v ¢+ < 0.05).

As show: in Tuhle 2 the first ANOVA 1
vealed that the method of simulating laterat
acceleration had a significant main ¢ffect on
pallor. The graph of the 95% cunfidence
imtervals for hoth levels of the latera! sccclers
stion variuble clearly predicted this sesult
{Figure 1), However, thiz main effec. was re-
stricted by its interactivnal effect with the
delay variable. The ANOVA results deman-
sirted that the Iateral secelertivnby elay
interaction signilicantly influenced patlor (p
« 0.0135). A Newman-Keuls post hoc analvsis
was subaequently poedurnedd to determine bee
tween which cunditions the significant differ
enees existed (Table 3). Becouse the number
of degress-eldrecdom of the ANOVA erur
teemr {56) wan not included exoatly in the
available tahles for the Studentized Roange
Statistic {Q). the criterion values were

. lincarly inorpolated. The ' ieral translaion.

nondvlaved feedhack dyvnamics condition
(the normal simulasor conligurativn) differed
signiliantly from each f the stier three con.
ditions (lateral translation delaved dyvnamics,
angular rutatwa-aondelayed dvnamics, amd

.
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anpuiar rotation-delayed dvnamics), at p <
0.05. All other comparisons were nonsignifi.
cant at the 0.05 level. The corresponding con.
fidence intervals for the lateral accsleration-
by-lelay interaciios are prosented in Figure 2.
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Results of Newmaun-Keuls Analvsis Using Pallor as the Dependent Measure

2 3

4
4.0610 4.5928 8.72276

Treaiment Combination Number 1
Treatment Combination Mean 1.2718
p -~ 0.05
where:

1 corresponds to lateral iranslation-nondelayed dynamics
2 corresponds to lateral transiation-delayed dynamics

3 corresponds to angular rotation-nondelayed dynamics
4 corresponds to angular rotation-delayed dynamics

she second ANOVA, using skin resistance
as thy dependent measure, revealed that the
simulator cab variable had a significant eifect
on forchead perspiration (p = 0.0281). The
95% conflidence intervals, graphed in Figure
3, present’ a visual representation of this ef-
fect.

Ruspiration vate was discovercd to be sen-
sitive o all of the main effects, with 2 pare
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ticularly strong effeet for the method of
simulating lateral acceleration (p = 0.060S)
and moderately sirong effects for simulator
cab (p = 0.0026) and delav (p = 0.0331).
These results ove shown in the corfidence
interval differences depicted in Figures 4, 5,
and 6. Howcver, the lateral acceleration and
delay effects were restricted by the iwo-way
interaction offect. Again, a Newman-Keuls
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€0
PR o -
)
; .y -
X
4 Jo
g 1
¥
X
; L X 2 ad
g
E o -
o0 -
S ,

(45 (v108t0
LR T U ]
Figure 8. Sunnlator cun effcct un resparal on rate

95% confudence inuin),

76

HUMAN FACTORS

€8
:#_. $.8 j-
i T
t
g 40 -
¥
i
. XA
?
: zo Jh
i
£
X
-
g e |-
0.0

e L. 1
OWOCLATED OELATLD
ﬂl!u‘m [2{¢: TI<a, TT <Y

Figure 6. Simudator dviamics delav ¢ffect on respi-
ration rute (9550 confidence limirs).

prucedure was performed and the criteria tor
rejection values were linearly interpolated
as before. This analysis vevealed that the an-
gular rotation-delaycd feedback dynamics
condition (the most degraded simulator con-
figuration) was significantly dilferent from
each of the other three conditions, (p < 0.05)
(Table 4). No other comparisons were signifli-
cant at the 0.05 level. These differences are
visible in the 95% confidence intervals shown
in Figure 7.

As shown in Table 2, the ANOVA fur the
performance measure of yaw deviation dem-
onstrated that the presence or absence of
delay in the visual and physical feedback
dynamics had a strong effeet (p < 0.0001) on
subjects’ ability to maintain a steady vehicle
heading. Similarly, the ANOVA for the steer-

Ing reversuls performance measure cevealed

that the number of steering reversals was re-
liubly different (p < 0.0005) for the two meth-
ods ol simulating lateral accelerution (by
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TABLE 4
Results of Newman-Keuls Analysis Using Respiration Rate as the Dependent Measure
Treatment Combinatron Number 2 1 3 4
Treatmen: Combination Mean 1.2633 1.8489 2.2281 5.5468
p <UL
where:
1 corresponds to lateral translation-nondelayed dynamics
2 corresponds 1o lateral transiation-delayed dynamics
3 corresponds to angular rotation-nc~delayed dynamics
4 corresponds to angular rotation-delayed dynamics
translation or by angular rotation). Again, CONCLUSIONS
these differences are graphically depicted by , ) ,
use diie S are g p 2y oer Y Conclusions Concernting the Simulctor
the conlidence intervals in Figures 8 and 9. Independent) Variables
The ANOVA procedures found that three of
the eight dependent measures were not indi- As nreviouslv discusscd, the three-way
vidually sensitive to changes in any of the MANOVA revealed that, as a group, the eight
variahles of interest or their interactions. No  dependent measures were highly sensitive (o
signil cant dilferences (within the MANOVA  changes in the three simulator variables,
domain of significance) were obtained for the In particular, the baseline to experimental
heart rate, the arithmetic test, and the post-  increase in pallor was signilicantly greater
simulator reactions questionnaire measure
{Table 2).
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Figure 1. Lateral acceleration-by-delay interaction
ffect on respiration rate (95% confidence lin::\),
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SIMRATOR FECTBACK DIRANICS
Figuic 8. Simudator dvnamics delay effect on yaw

deviation (95% confidence limits),
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SIMRATION OF LATERAL ACCELERATIGY
Figure 9. Laeral acceleration simulution effect on
steering reversals (95% confidence fintits),

for the simulation of lateral acceleration by
angular rotation than for the normal method
of lateral translation. Howuver, the interac-
tion of the lateral acceleration with the delay
variable restricted the futerpretation of the
main effect of lateral acceleration. Whenever
computational deluy was introduced, re-
gardless of the method of simulating lateral
acceleration, the baseline to experimental
change in pallor increased significantly from
the normal lateral translation-nondelaved
dynamice condition. Therefore, the nermal
simuintor configuration produced the lowest
level of pullor,

The amount of increase in subjects’ respira.
tion rates from haseline mcasurement o ex.
perimental measurement was demonstrated
10 be a very sensitive measure of discom(onrt-
ing simulator clivets. The signilicance ob-
tained for all thice main effects suggests that
subiv-1s tend to heighten their breathing rate
when experiencing any degraded simulator

=’HUMAN FACTORS
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conditions. Also, within the significant lateral
acceleration-by-delay interaction effect, the
combination of angular rotatien with delaved

dynamics (the mosi_degraded conliguration)
—cE———————

was responsible for the largest increase in
rase |

respiration ratle.

“In addition 16 significantly increasing res
piration rate, the presence of the enclosure
over the subject was responsible {or an in-
crease in forchead perspiration in compari-
son o the open cab conditions. Enclosed
subjects reliably exhibited a decrease in skin
resistance from baseline to experimental
data-recording peviods. This corresponded to
increased perspiration. No subjects in the
open cab conditions demonstrated a deerease
in forchead resistance. It is unlikelv that the
increased perspiration was due to increased
temperature or humidity inside the enclo-
sure, as adequate flow-through ventilation
was incorporated into the cab design.

The yvaw deviation performance measurc
clearly indicated 1hat delayed fvedback
dynamics adversely affected vehicle contiol-
lability. Signilicantly lower yaw deviation
values {or the conditions containing novmal
vehicle dynamics were obtained in compari-
son to the vaw deviation values of conditions
incorporating delayed dynamics.

The method of simulating lateral accelera-
tion showed a significant main effect for the
number of steering reversals. However, the
results are surprising at fiest glance, The
number of steering reversals is generally
thought to increase as a function of driving
task difficuliy, which is in turn influenced by
a number of Ictors, such as vehicle handling
qualities. Following this logic, it appears that
the simulation of laterul acceleration by an-
gular rotation would be associated with a
greater number of steering reversals than the
normal lateral translation method. As shown’
in the cunfidence interval graphs of Figure 9!
the opposite effect was found to be true, One’
possible explanation for the lower number of
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?;slccring reversals in response to angular rota-

Stion is that due to the “oversize™ roll cue,

wsubjects may quickly learn to refrain from

“making quick steering reversals which cause
the simulator o move in successive rota-
tional excursions. Cuntinued rotational ex-
cursions, of the magnitude used in simulating
a lateral aceeleration cue, may be unpleasant
to a subject. Therefore, during the carly seg-
ment of the driving task, the subject may
learn 1o make fewer steering corrections,
thereby lessening the number of large rolling
motions.

General Recommendations

On the basis of the daia reported herein, it
is clear that all three of the alternate (de-
graded) simulator conditions should be
avoided, or at least given careful considera-
tivn before inclusion in a driving simulator
duesign. The technique of simulating lateral
acceleration by roll-axis rotation, the pres-
ence of delay ia the visual and motion
dyvnamics, and the practice of enclosing the
subject all produced mild discomforting el-
fects in subjects.

It is evident that any reduction in cost or
space saved by simulaling translational
movements with rotational motics may be
outweighed by the disadvantages of the rota-
tional method. The use of angular rotation
was accompanied by increases in subjects’
skin pallor and breathing rates over the nor-
mal method of lateral translation. This {ind-
iug sugpests that angular rotational simula-
tion of lateral acceleration may at least
contribute to the onset of driving simulator
uncasiness in subjects,

The presence of simulated computationz’
delay in addition to the normal vehicle re-
spunse was found 10 induce mild subject un-
casiness, as well as reduce vehicle controlla-
bility. On the subject’s part, this was cvi-
«denced by the elfects ol delayed dynamics on
';rcspiralion rate and the interactional effect of

et WY
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delaved dyvnamics with angular rotation on
pallor. Also, the presence of delay showed an
assuciated significunt increase in yaw devia-
tion over the normal simulator dynamics.
This {inding suggests that delaved feedback of
the cffect of steering control inputs causes the
subject 1o have to compensate in order to con-
trol the vehicle's direction. The constant at-
tentional demand placed on the subject by
the increased work load may heighten the
overall sivess level, At any rate, the negative
effeets of delay, such as those due 1o camera
servo lag or to-the serial precessing time of
some computers, are compelling and demon-
strate that they should be avoided in
simulater design.

Finally, the forchead skin resistance and
respivation ratc measures clearly indicate
that enclosing the subject in a box-like cab
has a disquieting influence. As the graphs
show, the presence of the enclosure over the
driving simulator was suflicient to cause in-
creascd forchead perspiration and respira-
tion rate,

In the prosent study, the overall lack of
overt driving simulator sickness. such as
nausea or vomiting, is in part horne out by
the lack of significince obtained on the reac-
tions questionnaire. The questivanaire had
been demonstrated to be a sensitive and reli-
able measure of driving simulator sickness in
other research (Tusta, 1969). However, Testa
also reported (experimenter) observable
symptoms of sickness, such as nausea and
profuse perspiration, in addition 1o the sub-
jeetive reports of sickness on the question.
naire.

Two explanations for the lack of sensitivity
of the questic nnaire in the current study are
as follows. First, the actual construction of
the questionnaire may be partly responsible
for the resuits obtained. The first column
under “level experienced” on the question-

naire is indicative of “slight or not notice- -

able” symptoms of simulator sickness. Re.
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sponses in this column arc in agreement with
the overall absence of acute symptoms of
driving simulator sickness in the present
study. Furthermore, in an cffort to hide in.
formation concerning physical feelings, so as
10 not appear “inadequate” or for other rea-
sons, subjects may have checked the "slight
or not noticeable™ column frequently.

As previcusly discussed, other driving
simulator rescarch has been plagued with the
occurrence of acute sickness symptoms while
not directly addressing the problem. This ex-
periment purpusely used attenuated roli mo-
tion and limited dui.ation of delay. It is dis-
tinctly possible that had full-size roll-
siti.ulation of laleral acceleration and longer
computational delays been uscd, acute symp-
tom: might have resulted.
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T
OF AIRCRAFT MISHAPS

Simulator Sickness

F-14 and F 4 pilots are experiencing a phe-
* nomenon identified as Reverse Sensory Con-
thiet (RSC) by sviation physiologists and Naval
Actinpace Medical Rexearch personnel. This
physlogieal phenomenon o experienced after
asoswninthe 2E6 2F1 12 simulator, hence the
popular name for RSC has become “simulator
sickness.”

“Navyand Air Force aircrews have reported
sympioms such &y nausen. dirziness, head-
acho. and disoriented {celings while operating
traning Device 2E8, Air Combat Maneuver-
ing Mimulator {ACMS). Reponts of both de-
layed reactions and persistence of symptoms
after leaving the trainer have raised concern
mver possible impact on Night salety and ne; -
tive tramning” (NAVTRAEQUIPCEN 30-C-.
011545001, Fed 1981).

This phenomenon has been with us for some
time, and articles have been wnitten on por-
tions of its effects onaircrew men being trained
in wide angle visual systems. The more amil-
@r articles deal with “mation sickness ™ symp-
toms and “spatial dsorientztion.™

=Although the phenomenon has been known
for Yvean identifying the reasom for simuls-
tor sk noss i u difTicult task. The causes sre
compiex and, most probably, interrelated.
While precise reasorc are not fully unders
stond. research efforts are estsblishing a base
which may someday provide the design speci-
ficutions or procedures necossary to mitigate
ot eliminate the problem.”

Asrcrewmen become accustomed to experi-
encig same pretty peculiar physical sensa.
tim 10 conjunction with associated visual
obrervations while riding vut eapid rolls, re
sersab. ur other relatively violent or sudden

. muncusen Geforces snd the like are a fact of
le for the professional avistor — comes with
the territory,

The (orces felt are stored in the brain's data
bank. slong with visions associated with those
unusual sensations. When the brain digeats the
pwtuee that the eyes see, your preconditioning
lets the hrain tell your body to get ready to
expetiene same Rairy sensations . . , only it
duesn't happen You are conditioned to forces
that the simulatur cannot duphiate. Since the
brain v accusiomed té experiencing both the
visual and vestibular sensations simul.
taneousiy, when one b expenenced without
the other, strang conflicting internal sensory
vues arx feit and result in RSCsymploms . . .
wrnulaior sich ness,

“The 2E6 ACMS consists of two fixed-base,
adem crew cochpits. each surrounded by 8

40-{oot dome which approximates a 3)-
degree field of view. Visual scenes are created
by projecting aircralt, missile and carth <ky
wcenes onto the domes. The device is devigned
to provide closc-in air combat mancuvering
training.

“The cockpits in the domes are mockups of
the F-4J and F-14A sircralt and are inter-
cha ‘geable. Spatial orientation is provided by
vomputerized control of the sky-earth projec-
tor There is no provision to simulate viual
altitude cues or relative direction and veloaity
progression over the terrain,”

Simulator sichness works best agains experi-
enced pilots. This is because the more hours
you have in the atr, the more conditivned Lo
associated visual and vestibular sensory per-
ception your hody hecomes. So. relativeh
older pilats will probably incur mare unpleas-
ant experiences from the 2E6 ACMA than
their younger contemporaries,

COMFITAEWWINGPAC Notice 1784 ad-
dresses this problem and seeks to limit the
dangers of RSC by setting uf} minimums of
required ground time between bouts with the
simulatog and actual {lights, 3750 orders that
“no one \hall he scheduled to fly within 12
houns of the first exposure to the F-14 flight
simulator” and cautions sircrews to “ensure
thit regdjustment period includes s good nights
rest, For subsequent flights, a 2-hour interval
will be observed from exiting the simulator
until actual aireralt flight. Aircrews in thi
category are capected to use good judgment in
determining theit awn whility to perform, hawd
on previous experience (the fint expenure
when [2 hours was ohserved. or any unusuul
reactions thercafter).”

-COMFITAEWWING PAC Notice 1780 sy
directs that the device be started and stopped
in & wing-level, nose-on-horizon atuitude,
with the visual portion secured and the white
dome lights turned on before the wircrew
emerges {rom the trainer. Aircrews are to
wear, at least, nunimum (hght geae, torse hur.
ncss, and Gesuit,

COMFITWING ONE Instruction 1342.11)
alto addresses this problem and sets maximum
ume eaposure ta the simulator,

The JE7 ACMS waill suon be introduced (oe

Prepared by U.S. Naval Safety Conter
RADM T, C. Swele, Comnmandier

Command Featum Writw/€ ditor
Me, J, 4. Caste

COMMERCIAL (804) 444.1321
AUTOVON 890-1321
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use by the F-1K commumities Thas 1s signifi-
cant because the Marine Corps -4 and Navy
A-Tcommunitics have not beenexpmed tothe
wide-angle ACM-type simulator. With the
advent of gearing up for the F-1X anthe part of
both communmities, we Y see 4 surge of umula-
tor tratning in the new 2F7 by wircrews with no
provious exposure 18 simulator sickness Ad-
herence to the directives yuoted 1n thivarticle
can mimmire advene ph)«inlngkal%\heno‘
menon. A further step that reduces the inci-
dence of umulator sicknesuis to cnmpl;i'r cach
tmancuver and avnid the reset lunctioravaila.
bie on newer simulators. For instance. avond
vewctung from bolter to 14-mile ball call
Adherence to the suggestions herein contained
van successfully minimize all o the follawing.

* nonentation

& Dusiness

® Headache

¢ Pallor

® Stomach awarcness

& [.ons of appetite

® Nauvea

e Emen

® Fatgue

¢ Laswatude

® Yauning

® Rurping

e Confusion

® Spinning sensatiog

¢ Extreme unsteadiness

s Moatar dvskinesia

® Flashbacks

& Visusl Dwsfunction

For xn indepth review ol mm
simulatae sickness, read Tofpds epont
NAVTRAEQUIPCEN RO-C¥F15-4500-1, ti-
tled “Simulator Sicknes< Occurrences in the
JE6 Air Combat Mancuvering Simulstor
(AMCS) by authors James MeGuinnews, J. 1,
RBowman, and Jim Forbes of PPerson-System
Integration, L.td., Alexardria, VA.

Casto, J. H.
Simulator Sickness.
Weekly Summary of
Aircraft Mishaps,
19.25 September
1982, 38-82, 1.
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dizzies; which way is up?

SAACing the

Tac Attack, December 1979, 12-14.

...OR SAACING THE DIZZIES

~

”He's coming. . .2 p'ciock low, John, I'm en-
caqed youre free 7

"o bingo prus two. Sam, I'mi separating. .

"OK. John. I'm highoan tes six--lI've got him
wvered!”

This scenano could have taken place in many
USAF squadrons, but today we're 1n the Simu!a-
tor for Air-te-Air Compat (SAAL) at Luke AFB.

“FREEZE--hold 11 nght there guys. See wherea
you are. Sam You'll overshoot him. and he'll
wind up nght in your ‘six. Now 1If you had yo-yo'd
then, you'd be in good shape 1o dnive him out of
the hght ang separate with your wingman, , .

“Now let's reiniiate and try it agamn. . .”

Thera's another side tc the successful stovy of
SAAC . you might hear it ke this at the bar. .

M's a super traner, but wait tll your bed
does 3 3-turn sp:n 1n the middle of the might. . .”

Does that SAAC ever make me sweal...
I've never worked so hard . .~

Sounds pretty stimulating for a simulator, but
just this sort of response has been taking place
in the SAAC Recent investigations by the AF
Human Resources Laboratory have iurned up
some interesting psychophysiologic reactions on
the part of F4 pilois while llying simulaled dog
lights 1n the, SAAC Some pilots have been
experniencing orientation disturbancas which
have Leer labeled “simuiater sickness’™ tor lack
of a beticr term (No. th.s doesn’'t mean you can
aet out ol a simulator mission just ‘cause you're

sick of 1it.) "Sim sickness”™ 1s not strictly motion
sirkness which many peosle have expernenced.
Huther, 8 1S caused Ly nterndi amnbialances
which arise when the body compares whnat's
hapecening to it 1n the SAAC 10 Cast expenences
1 the arrcralt.

During your f{lying career you have become
Accustomed 10 certain phys.cal sersat:on: co-
currng i conjunctron with certan visinl sensg-
tions Rap.d rulls, reversals, loading the: airplane
with G. unleadmy, ete. have accomfanying wis-
val pictures which are part of your bran’s duta
bank Yuu have become conditioned to a force
environment which i1sn’t there n the simulator.
One sense (visual) indicates changing attitudes
i spave whil2 another (vesuibular) «dicates no
change mn budy position Since you have Le-
come accustomed to having both sensory
systems redct to the change simultansousiv,
when Lhey don’t occur together or one nappers
alone, strong conflicting internal sensoty cues
are produced which result in the symptoms of
“sim sickness © Wide field-of-view simulators
can present most of the visual cues ansing from
motion without any physical moton preseny
Thus adotion of 3 motion platform 1o the simula-
tor doesnt appear 10 reduce this serz ey con-
thet wither The stresses ol rapid 1olung ma.
neuvers ony sustained high-G loading cannot be
provided A molion system simply cannot mimi¢
the physi:al straing credtvd on the F-4 pilot ar
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actuai fight--nc nechk stratn.-..9 Mask puli--ro
upper body compress:on--no sustained G.

Bur what are these symptoms anyway? Well.
they can be as mild as a shyht disorientation or
as sevele as physical reactions inclucing nausea
and vomita:) Between these tvi extremes are
symptems such as profuse sweating, verugo.
dizziness, unusaal fatigue. and feeling tutally
washed ovul  Some pilols have repotted
disrup:ed sie2p and short sessions of d:zziness.

The mosi common place where these
symptoms e expenenced 1s in the SAAC
cockprt while you're flying Now don’i get the
unpression that everyone who steps nto the
SAAC gets his gyros tumoled. Far from: it Most
people expernience meid disornientation dur:ng the
imiial fhight, but that usually passes rather
quickly. A tew individuals have reported 2 “re-
play” of certain visual sequences from SAAC
missions These “rep'ays” may occur during any
pericd of hght mental activity--later that day
while working over a paper or just relaxing in
the BOQ A few other interesting perceptuai
disturbances have also been reporied One pilot
was watching TV and experienced all the
physical sensations of a chmbing turn and had
the 1mpress'on that the TV was now suspendéd
from the ceihng Another pilot regorted that
while lying down his wisual held temporarily be.
came inverted 180 degrees untl! he sat upright!
(J D. Blauk or Green Label wiil do that 10 me
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every nme.: Ed) One of :he most frequently
teported sensations 1s that of imbalance simitar
10 that experienced ahter a long boat or train
nde. Niany p2ople vwho have been on a boat all
day sul! occaswonally experience the rocking
sensat:on of the waves several hours later. Reac-
tions frcm the SAAC are basically the same as
these. but perhaps a bit more wivid

Some ccncern has been expressed by pilots,

A | report these kind of things. I'lt be

grouncea’” or . . fighter pilots don’t have these
protlems.” These hinds of physical reactions can
be expected and are normal reactions to an
inial expernence in a vege field-of-view simula-
tor! Thise symptoms do nct occur in all
aircrews and tend to d'sapgear due to adapia-
uon woillh repeated experience in stmulators like
the SAAC

Fuli misston simulators with wide field-of-view
capabiitties Will piay an ingreasing role in the
developmen: ¢! new tactics and the enhance-
ment of force readiness. The F-4 pilots who
have flown the SAAC are enthus:astic about its
vaiue as 3 ccrmbat trainer. However, the users of
such simulators and future simulators with these
capabihties sheould be aware that some adjust-
ment may be required by pilots when stepping
back into the real world from .the .computer-
generated w.orld 1o “SAAC” the dcizzes. An
awareness cof the nature and possible extent of
the sympioms of “ssim sickness™ can help the
piiot deal with such symptoms when and (f they
anse The concensus of TAC priots who have
participaizd in the SAAC training program s
that the 1empeorary discomiort brought on by
these symptioms 1s a3 sma!l grice to pay tor the
kind of combat training afferded by the SAAC.

Additional informatuon can be obtained from
the Tactical Research Branch at this address:

P AFHRL/OTO Luke AFB AZ 85309. .

st AlG B .
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Crampton, G. H., & Young, F. A. The differential effect of
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THE DfFFERENTIAL EFFECT OF A ROTARY VISUAL FIELD ON SUSCEPTIBLES
- AND NONSUSCEPTIBLES TO MOTION SICKNESS!

-
-

GEORGE H [CRAMPTON® axp FRANCIS A. YOUNG
Stals College of Waskinglon
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Most studies reporting symptoms of motion
sickness resulting from various visual stimuli
indicate that angular displacement of the
visual field is the most effective stimulus.

This displacernent of the visual field has
usually been accomplished in two ways. It
may be an entire room which either oscillates
about a horizontal axis from which the § is
suspended in a swing (7, 9), or tips right and
left about a horizontal axis with a stationary
S (8). A second method is to have § fixed and
to rotate around him a cylinder, the inside of
which is painted with vertical stripes (2, 3,6).
These conditions impart an apparent mation
of the body, and some S§s experience nausea.
Those stimuli which revolve about a vertical
axis result in optokinetic nystagmus, to which
Vogel (6) related the occurrence of nausea and
dizziness at a critical frequency of 12 rpm. At
this particular {requency, with RS apparatus,
he recorded the most regular nystagmus. At
higher and lower frequencies, he found either
irregular or no nystagmus and aone of the
motion sickness symptoms.

‘There is some doubt as to whether a vigorous
horizontal optekinetic nystagmus is & neces-
sary condition for the development of motion
sickness symptoms, though, perhaps, visual
atention and probably some attempt at fixa-
tion are reqmﬁ_ﬂ. Such & nystagmud was not
present in the situation described by Wood
(9), wherein the visual field did not rotate but
merely oscillated sbout a horizontal axis which
was lateral to §. In Witkin's situation (8),
nystagmus was also not a factor. Here, rela-
tively slow tipping movements of the room
about a horizontal axis medial to the stationary
S brought about nausea. Interestingly enough,
the nausea was alleviated by the introduction

¥ From & theals submitted to the graduate school of
the Suie Collese of Washington in partial ful6liment
of the requirements for the Dexree of Master of Science.
* Now at Army Medical Service Graduate School,
Walter Beed Army Medical Center, Washingtoa, D. C.

»>
.

of simultaneous movement of the S and
the room.

Apparently, mere optokinetic nystagmus
and apparent body movement are not sufficient
to arouse nausea. Lebensohn (5) could not
inhibit gastric activity with just the small
surface of a kymograph drum, though ap-
parent motion and nystigmus were preseat.
Colley (3), however, utilizing a cylinder
rotating about the whole body, found inhibi-
tion of contractions and an atonic condition
of the stomach by roentgenological examina-
tion. His description of the alteration in
gastric activity coincides with Hatcher's (4) as
to the sequence of events at the commence-
ment of nausea and vomiting. It is apparent
that an adequate visual stimulus for nausea
requires a relatively large, moving visual area.

In most such experiments it was customary
to find that only a few Ss became nauseated.
The purpose of this investigalion was to
determine if these individual differences in
susceptibility to nausea induced by visual
stimulation could be related to individual
differences in susceptibility to motian sickness.

METROD
Subjects
The motion sicknen quastionnaire utilised and
validated by the Wesleysd studies (1) was wed as a
basis for the selection of 3. Seven women and 9 men
were chosen for the susceptible group (scores 24 and
below), and § women and 14 men for the noasusceptible

group (a score of 3B). All S» wera studeots atleoding
the summer session.

Apparatus

A reom 8 ft. square with 70 ia. high walls of fiber
boatd and a ceiling of stretched buclap was constructed.
The cream-¢olored interiot was uapainted. The entire
100m was centered on a revolving horizontal wheel, 42
in. in diameter, driven by a }.b.p. motor. A Vanag,
typt 200-CU, manufactured by the Genersl Radio
Company, was introduced ioto the moter circuit to
adjust the angular velocity. The wvelocity could also
be varied by wmeans of a lever which changed the
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tension of the belt which drove the base wheel. The
angifar velocity could thus be varied from zero to 24
rput. The 8's chair was in the exact center of the room,
supported by a pipe which extended from the bottom
of the chair seat down through the wheel bearing to
the wheel base. A second pipe extended [rom the top
of the chair frame up through the ceiling of the revolving
room and was anchored to the rafters of the expen-
mental room. The chair was completely independent
of the rotating room snd remained slationary when
the room revolved. It was possibie, however, to revolve
the cLair by hand when standing in the room. For
llumination, & 60-w. bulb was placed on the forward
edge of the upper (ramework of the chair.

Procedure

After Leing sealed, the S5 were instructed to keep
their eyes open and watch the floar, wally, and ceiling
of the room, rather than some part of their body, If
they felt they were going to vomil, they were to
instruct £ to stop. The 53 were not told the chair would
tevolve, bul after they were in the chair, it was spun
arcund once to give the supgestion that they, and not
the room, waulld be spinning. The program of velocities
was to accelerate the room during 14 xc. o0 24 pm
and maintain & peried of constant velocity for 20 wex.,
and then switch off the current and sllow the room
to decelerate for 20 wc. to a velocity of 9 rpm. The
cycle was immediately repeated and continued for 10
@ia., of until § requested rotation to stop.

RESULTS AND DISCUSSION

The resulting symptoms were the baais for
Qategorizing Ss:

¢ Nauses. Those Ss who requested the
wmolion ta step before the 10-min. period was
completed, and those Ss who by their own
reports indicated they were just able to last
out the full 10 min. This group was typiled
by having to rest belore leaving the experi-
mental room, and by their fear of immediate
vomiting.

b. Light mausea. These Ss lasted out the
full 10 min., but upon being questioned after-
wards reported “leclings” of nauses. They
expressed the belief that they would have
vomiled if they bad been exposed for a longer
period of tiroe.

¢. Dizziness. This group reported dizziness
after stimulation, but no nausea.

d. No nauses and so dizziness.

The results are presented in Table §. When
questionable, all judgments were made con-
servatively, that is, in the direction of lesser
nausea. Most, though not all, judgments were
made withoul the knowledge of the suscepti-
bility group in which § fell.

Of the four Ss classified in the “nausea”
category, three requested that rotation be
stopped before the 10-min. period had elapsed.
Two men lasted for 234 and 5}¢ min., re-
spectively, while one woman requested rota-
tion to stop after 734 min. No decided sex

differences in the occurrence of nausea were
noted.

TABLE 1
Incidence of Nausea in Relation to Susceptibility
t . ]

'
um-' | icd

i R \ | BIGET
sxouy R S ':TI [T lmusu
M 1
]
Suaceptibles ! ! =
Male 9.3 :312 1
Female LA 3 ' 1
Both sexes 16 ‘ 4 s'!S 2
Nonsusceptibles ‘ i |
Male 4 {0,061 8
Female § 0] 0 1, 4
Both sexes 19 0,0 1,
TABLE2

Jocidence of Nauses in Relation to Perceived Rotation

nac. m'm

FOACRIVED BOYATYON W | xabescaours
Pasitive chair was revalving 1 1) l 13
Thought chair was revolving 4 9 13
Thought room was revolving 2 3 5
Positive room was revolving 2 0 2
All groups 9 %3

An inspection of the results reveals very
clearly that individuals susceptible to motion
sickness are also susceptible to nausea in a
rolary visual field, and, conversely, non-
susceptibles are resistant. By grouping the
data of Teble 1 into four cells, using suscepti-
bles and nonsusceptibles as the first and
second classifications, symplom categories
a and 3 as the third, and rategories c and d as
the fourth, & fourfold table resuits. The null
hypothesis that such a distribution of indi-
viduals arose by chance is refuted by & prob-
ability value of .012 as indicated by chi square
coiaputed by the dirsct method. It may be
conciuded that some of the individual differ-
ences found in previous studies may be related
to the Ss' motion sickness susceptibility.

Informal discussion with several of the Ss
a few days alterward indicates that the effects
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EFFECT OF A ROTARY VISUAL FIELD 433

of this Mrticular furm of stimulation may last
for somg time. (One of the nonsusceptible men
reportedf only dizziness immediately following
stimulagen, but after lre left the experimental
room he began to feel slightly nauseated. This
condition lasted for'about 2 hr. The Ss were
categorized in terms of the reports immediately
following rotation, and no changes were made
on the basis of any later information. One
susceptible man in the “light nausea’ cate-
gory lost his appetite for lunch. A susceptible
man in the “nausea’ calegory, who requested
rotation u stop after 214 min., vomited upon
reaching home and complained of aftereflects
consisting of a severe headache and light
nausea fur the fullowing two days. These after-
effects were particulatly noticeable when he
was waiching large, moving objects.

The 8s' reports as to whether the roor (true
motion) or the chair (apparent motion) was
actually revolving are of interest, Table 2
presenis these data in terms ol those Ss who
fell inlo symptom categones ¢ and b (nausea
group), and those Ss who feil into symptom
categories ¢ and d (no-nausea group). Thirty-
threc 83 were ignorant of the structunal fea-
tures of the equipment and were subjected
only to the E's indirect suggestion that the
chair would be turning. Two 5s knew the true
nature of the equipment; one (a susceptible)
was classitied as "light nausea,” and the other
(a nonsusceptible} as “dizziness.” Roth Ss
reported that the chair seemed 1o be revolving
in spite of their previous knowledge to the
contrary. In the breakdown in Table 2, these
two 58 were arbitrarily placed in the “thought
chair was revolving” category.

For those $5 who theught that either the
chair ot the room could be revolving and
were not positive as to the true state of affairs,
the illusion of rotation would shift frem room
to the chair and back. For some, this alterna-
tion would occur without conscious efort.
Other 83 within this group found they could
altemate the illusion voluntarily by watching
some part of their body, or momentarily closing
their oyes, even though they were specilically
instructed not 1o do so. .

From an inspection of Table 2 it is suggested
that he udividuals who perceived the ap-

)
.

parent rotation tended to be unaffected, and,
conversely, those who perceived the actual

motion tended to experience nausea. The ¥'s .

involved in each cell are too small to permit
adeguate analysis, and further work is nesded
to delermine if such a relationshin is a {rue one.

Y .

< SUMMARY AND CONCLUSIONS

1 _Twoproups of S tible and the
other not susceptible to motion sickness,

were subjected [0 a rotaling room siluation
in_which_thcy remained stationary The re-
sulling nausea symptoms were categorized on
an arbitrary four-point scale. o

2. The results indicate that individuals

susceptible {o molian SWENESS are also Sus-
ceptible to nausea in a rotary visual held

siluall onversely, nonsusteplihies

are resistant.
3. Itis concluded that some ol the individual

differences in_repIrd-TUWIUSET Tound w re-
vious studies utilizing rolary visual fields may
L& Telated 1o the motion sickness suscepiibility

_of the suhjects.
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Crosby, T. N., & Kennedy, R. S. Postural gisequilibrium and
simulator sickness following flights in a P3-C operational flight

trainger.

Presented at the 53rd Annual Scientific Meeting of the

Aerospace Medical Association, Bal Harbor, FL, 10-13 Kay 1982.

SLR! P

ABSTRACY : o

Variadle.-amounts of standing and walking
unsteadiness, have been reported following
training missions in the Navy's ground-based
Pl.C operational flight trsiner (2F87). This
¢:u-quilibrium {s accompanied by other symptoams
related to vestibular upset {dizziness, vertigo,
stomach awareness, headache). Reviaws of
previously pubiished reports of Afr Force and
Navy simulator sickness studies show that while
teans, unsteadiness, ataxfa and ingoordination

had been reported bdefore, this aspect of
simylator sickness Nas not previcusly Deen
amphasized. It is belfeved that these

conditions can reduce the effectiveness of
training, and parnaps more importantly, pose a
threst to atrcraw safety {n the event of &ir or
motor vehicle  oparations durtng the period of
the post siculate:r exposure.

INTROQUET 1OH

Along with the incressed usage of ground-
basea flight simulators has been the imrcised
incidence of disturbances due tc the oplokinetic
relattonships of the visual displays and the
sacies platforms, Simslator sickness {3 the
caliective term for this malady and the symptoms
which occur are  generally similar to  the
symptoms of air, 323, and space sickness. As
with other forms of wotion sickness, the
drsturdances are probably caused by visual-
vestidyular fnterasctions (Reason & Brand, 1975).
However, preliminary evidence suggests that
different classes of syagtomatologic after-
effects occur 1n gifferent simulators. e find
ft convenient to congider simylator sichness in
three main- classes of aftereffects which have
sigmficance for weilitary aircrew training.
These include: 1) nsuses and other neurovega-
tative sysotoms; 2) postural dfsequilibrtum and
other psychomotor aftereffects; 1) drowsincss,
dtazimess dnd other ciredro/visual anomalies.

Recently a computer {wage generation [(CIG)
tystem was Installed {n a PIC operationsl
flight trainer at RAS, Brunswick, ME. The new
tysteem replaced & camery modelboard system which
had perwitted @ wide fleld 7 view for pilot,
copilot end flight =gt _r. The pllot snd
copilot, fa the pre. - --nfiguration, each have
forward viewing CRT/CIG displays and the pilot
Mg an additional stde view CRT/CIG display for
vse fn clecling-to-13nding approaches. Nowever,
the flight enginees has no display of hits owh
and tg 30 degrees off-axis when viewing the
pilots' and cepilots’ CI1Gs. With the iIntro-
duction of the new system came reports of
simlator sickness {n flight engiceers, bBut
generally favaorable reacticas from ptlots end
copilots. These sickoess reports included
tymotosdlogy Srom each of tae three categories
T1sted above. : The study which follows evaluetes
the giciness which occurred and reports oA TwO
Ruman factors:.engineering design cptions set up
to minisize the prodles.

SUBJECTS.  Subjects werw NATOPS qualified PI-C

flight crews, i.e., pilot, copflot, and flight
engineer, who were reqularly attached to
fixed-wing, opatrol squadrons that comprisz
Patrol Wing 5 stationed at NAS Brunswick, Maine.
Subjects were accessed from crews schecduled for
normal refresher and certification training at
Fleet Aviation Specialized Operztional Trafning
Group, Atlantic (FASOTRAGRULANT) Oetachment
Brunswick. Additional observations were made
using fnstructor pilots and flight engineers
ftrom PATWING-5 and one group of training
devicemen from the FASO unit operating the
simylator,

APPARATUS. The basfc apparatus used in this
study was the P3-C operationyl flight trainer
wiich 1s designated as training device 2F87F,
This igh #idelity sfmudator manufactured dy the
Link Divisto. of the Singer Company, reproduces
the flight deck environment (with the addition
of an instructor/operator station) mountad upon
4 »oticn platform with stx-degries-of-freedom.

Yisual displays representative of external
afrcraft envircnme ts are provided by Mcdonnell
Douglas vital IV Computer Irige Generation !£I6)
system. This CIG system provide high resalu-
lution, chrome..¢ displays collimated to the
pilot and copilot positions, respectively, ang
is descrided 1in detail 1in service manuals.

Ancillary apparatus used fin this ‘avest-
fgation ingluded & styrofoam Daffle, patnted
flat black. This daffle fashioned by hand from
commercially avatladle styrofoan vas used in two

distinct configurations {n order 20 ocitude
the flight engineers’ wisual input f-on
the pilots' dgisplays. Adoitionally, @

Hewlett-Peckard monochromatic video mon{lge was
used to provide the flight engineer with 3 Yow
figelity repeat of the ptlots' visusl
presentation.

PROCEDURE. The tnvestigation was condycted fn
w0 phases. Phase one addressed prablem
tdentification while phase Owo evaluated the
feasibility of an additional display for tre
fitght engineer. In each phase t~o provacative
tests of vestibular effects were wmployed: 1)
Pensacola NRotion Sfckness Symptomolagy forws
were filled out and scored sccording to  the
adthod described in Miker, Xeanedy, “clayley, A
Pepper, 1979); 2) postural equilfbrium tests
Just prior to cosmencement of a stewlator hap
and ifoeediately upon conpletios of the eagrcise
were conducted. The posture tests employed were
the walk-vn-floor eyes-closed 2nd stand-ga-one-
foot eyes-closed of Fregly, Graybiel, and Safrh
{1972},  According to Fregly (1974) these two
wits possess eacellent reliadility ang pre-
dictive vatiaity for the full scale rafl walking
performince of the Graydiel-Fregly posture test
{Fregly § Graydiel, 1566). The tests are de-
scrided tn detall elseshere (Fregly et a! 1972)
but in sumeary esch subject’'s session siores
were: a) walking - the best three trisls out of
five with 3 maximum gcore of 20 steps; b
standing - the best three trials out of five
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with a4 maximum score of 180 seconds. insufficient data are available to identify the
Typical flignt simulation session durstion aetiological significance of the different
wds approximately four hours, {Anectdota) equipment features which are most sickness
reports had: tnaicated postural disequilidbrium provoking in the different simulators. 1t~
was rarely-encoyntered when the visual scene appears that in additien to the off-axis- .-

conteny during the majority of the exercise was
impoverisned (e.g., over water flignts).
Therefore, 3nly hops whose training objectives

viewing reported here, field of view, visual ==
inertial Tlags, highly dynamic visuals, are all -
provocative. =

Because of the extraordinary advantage for.™:

would necessitate rich visual scenes (e.i.. re-
peated spproach and take-offs) were used.] Data
were obtained under four conditions 1)} with, and
2)  witnout occlusion (baffle) of flight
engineer's view while platform motion was 3} on,
or 4) off.

FVALUATION OF LOW FIDELITY FLIGHT ENGINEER
DISPLAY. Procedures for this phase of the
investigation were almost {dentical to those
described in the preceding subsection except for
the following departures. The baffle was
modified to allow the engineer visual access to
a Hewlett-Packard monochrome repeater tespor-
arily instailed for this svalustior. Motion was
not ured during <his ophase and cnly two
conditions {with and without Daffle] were
tested.

RESULTS

These results can be sunmarized &s follows.
sotion (either “on” ¢r ‘off] had no effect upon
the dependent measures in the prodlem idanti-
tication phase. Tha octlusion of the flishe
enginser from the pilots’ visual input by the
inssrtion of the bdaffle significantly (p<.0l}
elimingted the symptoms of posiural disequi-
Tibrium seen in approximataly fifty percent of
the angineers in control conditfons with no
baffle. Tnele results ware repeated in the
second phase of the experiment along with the
gbsarvation that addition of the low fidelity
CRY display for the flight anginesr had no
significaat  impact upon the relationships

described above with no displsy. In other
words, Daffle and display resvits were no
different than baftle alone, while dtsplay

without baffle was not different from undafflieg
ccadition in the probiem identiffcation phase.

DISCUSSION

The results of this study are clear cut.
Off-azis CIG viewing of CRYs by flight eagineers
produces atania and other symptoms of motion
siciness. Longer exposures result in more
pronounced 4nd protracted effects. Occluding
the fleght engineer's view of the forwird
viewing dfspiays obvtates the prodlem dut also
sates thet sircrew pusition IFR. A low fidelity
CRT affords some protection and allows the
flight engineer a4 form of YFR. Qbviously,
off-aals viewing thouls be avoided {f possible
in the design of future systems,

Although symptoms  of  sfmulater sickaess
odserved im this study retemble those reported
eisevhere, (enoygh differences occur (incidence,
time course, symplom aix, et:.] thet 1t s
prodable Wiis salady is polygenic. Presently
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training of ground based flight similators it
can be expected that their use will increase
greatly. Thus the prodblems of simutator
sickness should be studied more because they can
be expected to compromise training effectivaness
g greatly. It it probable that  di-play
properties which are most conducive to problems
can be identified and perhaps avoided in fuyture
designs. For this reason, a survey should be
undertakan.

While simulator sickness {s not 3 unitary
categary for biomedicai dfagnosis, It continues
to be emplayed 2s such by the minager of human
resources who attaches his problems (i.e. the
adverse efiects of simulator sickness) to the
csisulator. It is our view that it would help to
distinguish whether: 1) unpleasant side effects
will raduce pflot acceptarce and thereforv lowar
simulator usage; 2) perceptual avtereffects from
sim;lator exposure may place 2 subject at risk
exiting the simulator or at sometime later; and
3} hadits {e.g., adaptation} learned in the
simutavor will transfer t0 the aircraft and me)
have negative consequences. This taxonomy
compined with the three classes of aftereffects
Tisted adove might provide & common language for
all to empioy when discussing the gifficulries
of stmulator sichness. For fastance, while the
dbtomedical complaint (e.g. discomfort} way Dde
cbviated Hy shorter eaposures, (%t does not
ensure that the other prodblems (e.g., learntng
incorrect habits] way also bde removed.

The suthors are encourzged with the use of
tests of postural disequilidrium 2as diagnostic
signs of adverse effects of the different
displays which were employed. The sigrificant
dtfferences between the with and without YFR
condition {n the first study enables us to
understand with greater confidence ths efticacy
of the low fiyeltry CRT display. MWoreover the
objective nature of tests of postural equitie
brium make 1t a betler prospect for routine use
at simulator centers by techrnictans rather than
the wmore subjective symptomdlogy scoring
procedure {cf wiker, et 8% 1979}, We vYeel that
development of more sophisticated objective
measures of postural equilidrium f{cf Permian)
folds promise for better understanding uf tip-
ulator sickness problems, The utilfty {s: 1) as
a sensitive diagnostic tool fn order to deter-
afne whather an effect {5 present from exposure,
and 2) at a metric device, between and within
subjects, where different display festures could,
be compared for relailive magnituce of effects. :




N-712:LHF
1 February 1982

MEMORANDUM

From: @-712
To: N-221 (R. L. Cannaday)

.:'. "! Fiem ‘_'o.;

Subj: 2F1174 CH-46A NSI; psychophysiological disturbances in

1. Preliminary evaluation of the CH-46E WST (2Fi17A) at Reflectcne, Inc.,
Tampa, FL revealed several factors which could lead to psychophysiological
disturbances in aircrew members and the instructor pilot. For instance,

it was noted that the horizon did not torm a continuous line from one wind-
screen to the other when the simulator was in a bank cr turn. There was also
considerable flicker of the-display which would lead tc visual fatique. This
is noteworthy since it is well documented that fatigue is a major contributo:
o disorientation. Furthermore, the copilot can only see portions of the
dispiay since al) optics are focus=d to the pilot's design eye positien,

This is extremely awkward and disturbing to the copilot. He is receiving
untocused, somewhat uninterpretable signals. Une would predict a priori that
tire copitot would be more susceptible to simulator-induced problems than the
pilot. Simitarly the instructor pilot, altnough having & better field of view,
is ¢bserving optics focused for the pilot.

2. Additional items covlc de listed that may lead to psychophvsiological
disturbances. However, it is too premature to unequivocally state that the
2F117A contributes towards "simulator sickness.” The etiology of simulator
sickness is not well understood and currently under investigation in this
laboratory.

3. 1t is our recomnendaticn that the simulator be closely monitored after

its on-site installation for incidences of simulator sickness. lhe monitoring
can be easily accomplisned by a questionnaire. The questionnaire, which we
would develop at N-712, would help elucidate the relative incidence of dis-
turbance (if any), under what circumstances it occurred, and some experiential
characieristics of the users. Based upon the results ot the questionnaire,

we could then make a more detailed analysis of the defined problem and recommend
a solution,

4. Setting aside the problem of simulator sickness, we believe a more immediate
and signiticant problem of the 2F117A is its capability to provide adequate
training for the copilot in other than IFR flight conditions (i.e., no visual).
. Due to the incompiete visual scene the copilot can observe, it appears on the
surface at least, that the only actions he can take are i{nstrument monitoring
and radio communication. Navigation by visual means and terrain rotor blade
¢learance calls, for example, cannct be performed. It is strongly recommended
that an immediate training effectiveness evaluation be performed. t

-
-

- = Frank, 1.H.. & Crosby, T.N. Psychophysiological disturbances in
the 2F117A, CH-46A WST (Memorandum N-712:LHF}. Orlando, FL: Human
Factors Laboratory, Naval Training Equipment Center, 1 Feb. 1982.
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N-712:LHF
1 February 1982
Subj: 2F117A CH-46A WST; psychophysiological disturbances in

-~

5. we'great1y appreciate being invited to consult on the 2F117A. We regret;
that our evaluation could not be more definitive. Please contact us at any time
for additional assistance on this or any other human factor problem. =

= -.

- -
-~

>

L. H. FRANK T. N. CROSBY
LCR, MsC, USN LT, MSC, USN

Flf%fsi:%ﬁ;\j?.\\. c::gégjg'(gi(a; /5%5242

- ewme
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Hartman, B. 0., & Hatsell, C. Field study: SAAC simulator.
Brooks AFB, TX: USAF School of Aerospace Medicine, Oct. 1976.

1. The USAF School of Aerospace Medicine has conducted a staff study
or the Simulator for Air-to-Air Combat (SAAC) located at Luke AFB AZ.
Tne probtem arises from a variety of psychophysiologic symptoms in
pilots occurring while or following flying the SAAC, The requirement
for this staff study originated in the Phase I FOT&E report. There
was a subsequent letter request from TAC/DR (Major Genaral Leaf)
through AFSC/SGB to AMD.

Al

2. The SAAC is designed for training in visual air-to-air combat
simulation. The system provides two F-4E cockpits on six-degree-of-
freedom motion bases. Each cockpit has a canopy formed by eight CRTs
whicn provide a total FOV of 3000 horizontal and 1420 vertical.
Visuals are a combination of TV presentation cf a slaved aircraft
mocel as a target with a CGI background showing sky and terrain.
votion effects are further simulated by "G" suit, “G" seat, and light
dimming operations. This system is manufactured by Singer with visu-
als by Farrand and computers by aerox.

3. An on-site study was conducted at Luke AFB AZ by the USAF School
of Aarosnace Medicine during the period 3-6 August 1976. Pilot com-
plaints and symptoms resulting from "flying" missions on the SAAC
were quantitatively and qualitatively assessed. Several data sources
were utilized:

a. Interviews with 14 pilots, including most of the IPs who flew
multiple missions as part of Phase I FOT&Z, student pilots who had
flown only one or two SAAC missions, and 3 pilots as they emerged from
a SAAC mission

b. Review of approximately 100 questionnaires obtained during
Phase I from IP test subjects

¢. The Phase ! FOT3E report

d. Two rides on SAAC, the second of which was “maximum maneuvers"
to try to induce wmotion sickness and/or other symptoms in the investi-
gator

e. One ride on the ASUPT simulator (Nilliams AFB) and the For-
mation Flight Trainer (FFT) simulator to compare visual display systenms

f. A conference with the comnander, the chief flight surgeon, and
the staff ophthalmologist at the USAF Hospital, Luke AFB

Y

4. The:-complaints from Phase I and our initial analysis were as S
follows: .
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a. Spatial disorientation (52%). Reported on only the first one
or two rides. None of the classic symptoms were present. The pilots
are basically reporting that the sinulator "feels strange at first."
The report is made even when the motion system is inoperative. Spatial
disorientation in the classical sense did not appear to be a problem.

b. Eye strain (50%). Initially reported for only the first one or
two rides. During interviews, it was established that it occurs on
every ride for those pilots who report it at all. The visual display
system appears to have some deficiencies. It is an infinity optics
system using an array of CRTs; the CRT resolution permits pilots with
excellent visual acuity to see the raster lines. OQur initial hypothesis
was that the pilots found themselves in a state of visual accommodative
conflict, trying to accomnodate on near stimulus cues while required to
achieve an infinity view with zero accommocation. The problem is com-
plicated by focus/brightnass differences between adjacent CRTs, which
need to be routinely tuned and matched, possibly a little out of focus.
The visual problem is further complicated by resolution difficulties
in tracking the target ship at apparent distances beyond 1-2 miles.
Analysis of the visual problems was conducted subsequently by the hos-
pital ophthalmologist (Lt Col Kennedy). His final cenclusions are
that:

(1) Tnere are some near vision cues which stimulate the
accommodative conflict initially identified, but these become less
signivicant after a couple of rides.

(2) The problem seems to be a larger physiologic conflict
involving {in combination) disrupting vestibular inputs, unnatural
“cerebral" (perceptual) inputs, and conflicting/disturbing inputs to
the eye.

This will be a continuing but tolerable problem with the SAAC.

c. Headaches (32%). The result of eyestrain. Reported to occur
on only the first one or two rides, but actually occurs for every pi=-
1ot who experiences eyestrain. This will be a continuing but toler-
able problem with the SAAC.

d. Nausea (14%). Reported for only the first one or two rides.
Is most likely the result of the combination of eyestrain/headache
and the extreme rates of perceived motion during typical F-4 ACM
(motion system on or off may be somewhat irrelevant to this problem).
May occur infrequently probably only for those pilots who do not feel
up-to-par the day of the ride. Not a signiFicant problem, but probably
will occur periodically.

e, éTirédness (38%). The natural result of a high workload ACM
simulator mission.
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A further statistical description of the extent of these symptoms is
given in Table 1. Note that, overall, impairment of performance is
infrequent (e.g., no ratings of 4).

5. Further analysis of the contribution of the motion system to the
reported=symptoms was performed. Motion picture films were obtained
of the simulator, including external film clips with the simulator in
motion, and cockpit film clips of the visual display "motion." Film
clips were provided by the IG Safety Center, Norton. Review of the
clips on visually displayed "motion" did not reveal anything particu-
larly provocative, but this analysis was limited because of the quality
of the filmed shots. (Good-quality films are exceptionally difficult
to obtain under the conditions confronting the photographer in the
cockpit. The Norton photographer did an exceptional job in providing
us with photographic data.) The external shots were of superior qual-
ity and allowed USAFSAM to perform an approximate frequency analysis
of the behavior of the motion system. The external clips were scored
for vertical and horizontal displacement on a frame-by-frame basis.
Motion platform displacement scores were analyzed for spectral content
using a fast Fourier transform computer program. Supplementary data
on the motion system were also obtained from the contractors' proposal
documents and used to verify the analysis of empirical data.

"‘J ¢ o F"..‘ )

6. Problems addressed in the motion system analysis are as follows:

a. Nausea. There have been two cases of emesis in subjects fly~
ing the SAAC. In at least one of these cases the motion system was on.
Numerous (14%) subjects report mild nausea which apparently occurs with
or without the motion system engaged and which is no longer a problem
arter two or three missions.

b. Visual display/motion system synchronization. Subjects report
that the simulated aircraft feels oversensitive., '

7. As background for the subsequent paragraphs, a review of the motion
sickness literature reveals a surteit of theories; however, there are
some common threads. Pilots integrate visual and proprioceptive infor-
mation in order to maintain an inertia} reference frame and perceive
motion relative to it. This requir s a<aptation, after which orienta-
tion can be maintained with relative eute. Hhen placed in a novel
situation in which learned visual-proprioceptive relationships are no
Yonger valid, a pilot must work hard to solve the orientation problen
and thus may feel disoriented and queasy. Readaptation must occur be-«
fore the subject again feels at ease. This phenomenon could explain
the disorientation and mild nausea experienced by pilots on their initial
SAAC missions (ref. 1). , -

[Kad

8. It i; known that vertical periodic motion in the ran%e of 0.2 Hz to
0.4 Hz is a very effective stimulus for motion sickness ref. 2). In
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order to cetermine if the SAAC motion has significant frequency com-
ponents in this range, spectral analysis previously described was
performed on a two-dimensional time series derived from a single 250-
sec. filjed sequence of the SAAC motion. Figure 1 shows that there

is indeed a major portion of acceleratory energy in the 0.2 Hz to 0.4
Hz ranges Llacking detailed physical characteristics of the motion
system, tt is not possible to determine the origin of this phenomenon
with certainty; however, a preliminary analysis suggests that it may

be caused by the nonlinear restorative forces near the limits of verti-
cal motion (buffer regions) in the same sense that a Duffing oscillator
can have a low-Q resonance. In any case, the acceleratory motion spec-
trum of the single time series analyzed would be sufficient to cause
motion sickn2ss in moderateiy susceptible subjects over a period of ex-
posure of one hour. It must be emphasized that longer time series of
higner quality must be analyzed before definite conclusions can be
reached. The SAAT project office at Luke is acquiring higher quality
cata. We are prepared to support or analyze in parallel this new data.

9. The overly sensitive feel of the simulator is probably due to the
low-level motion system cues presented to the subjects by the SAAC
motion system. Specifically, experiments have shown that subjects can
generate greater rate/displacement sensing and thus better tracking
performance and a less sensitive “feel™ in a motion base simulator
tnan in a fixed base simulator. A review of data in the Singer pro-
posal suggests that with the 18,240 pounds motion system payload a
vertical acceleration increment of only +0.2 g is attainable (com-
puted by assuwming a maximum increment of +1.0 g for an 11,000 pound
payload as reported in the Singer proposal). This certainly cannot
reliably reproduce motion cues familiar to trained pilots and un-
doubtadly contributes to tha sensitive feel of the simulator. It
may also explain why, at times, subjects are unable to report whether
or not the motion system was turned on during a mission.

Y

10. With }égard to the motion system, the following recommendations
are made: '

a. Initial familiarization period of at least one and preferably
two missions with motion system "on" to allow establishing visual-
proprioceptive relationships. Avoid switching from motion~-system-on
to motion-system-off moces after familiarization.:

b. For a more refined analysis of the motion system problem,
record motion data simultaneously from 3-axis accelerometer located at
pilot position and from the visual system to allow quality spectral
analysis to-at least 5.0 4z. This will allow determination of the
significancé of the spectral peak discussed in paragraph 8 and addi-
tionally will allow closed-loop modeling with the goal of determining
the origin of this spectral peak and a method of correction.
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c. The equation of motion governing the visual display should not
be damped in order to bring motion and visual cues in step. This could
increase..the acceleration spectral energy at frequencies below 0.5 Hz
with a résulting increase in motion sickness incidence.

d. «There are some merits to initiating a motion system upgrade of
ine SAAC; though we Teel some concern about the cost effectiveness.
(See reference 3.) Upgrading of the SAAC motion system should have two
goals:

AvF tompesd

(1) Increased motion cue quality

(a) Increased motion amplitude capability (both accel-
gr?t1on and displacement) while maintaining cue-onset delays less than
sec.

(b) Minimization of conflictual cues.

NOTE: A mixture of reliable and conflictual cues are present in all
simulators. It has been shown, however, that even low-level simulator
mo;1on can increase system stability over fixed base. (See reference
4

(c) Motion cues of increased quality will reduce the
sensitive feel of the simulator. This results primarily from the
pilot's increased lead generation with motion base simulators, i.e.,
for a pilot cescribing function

Yp (ju) = Kp (JuTp + 1) e™iure

TL smot.on base) > T 2f1xed base) ) overall result for most systems
Kp {motion base) < Kp (fixed base) ds increase in stability.

(2). Minimization of any tendancy of the system to produce
significant.acceleratory spectral energy in the 0.2 « 0.4 Kz range.

(a) If it is suspected after further analysis that the
resonance is due to restorative forces comprising the buffer regions,
tne resonant fregquency could be raised by placing the buffer region
onset point nearer the motion limits.

(b) If there are no system resonances in the 0.2 + 0.4
Kz range, accomplishmant of d.{1) above will likely satisfy (2).

11. With regard to the remaining prodblems identified in this staff
study: .

a.: Some attention should be given to the visual accommodative
conflict as described {n paragraph 4.b. above. Eyestrain and mild
headaches may continue to be a prodlem bacause the state-of-the-art
on CRY displays will not permit much improvement at this time. The

Sere t s ¥ g
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discomfort is mild. The current rule in 2 squadrons at Luke which pro-
nibits a student flight Tollowing a simulator rice without an IP on
board errs on the conservative side but reflects a realistic concern
for flight safety. Squadron commancers obviously have this option.

b. :The visual motion/physical motion systems are out of sync.
Ro11 and pitch are overly sensitive (as discussed above), exceeding
the characteristics of the aircraft. There is the sianificant problem
of "faise cues" (reference 3). Damped equations of motion (perhaps 10%)
might help.

c. The initial orientation ride should be carefuily structured.
The current araft training syllabus exposes pilots to normal maneuvers
and Tamiliarization only, but lasts one hour. We recommend (from the
visual system point of view) not less than one familiarization ride
limited to one-half hour and to contain two periods when the pilot
backs out of tne visual cockpit enclosure for a few minutes to relax
and reorient to a normal visual scene.

12. Ve are prepared to assist further on this problem. If the USAF
Scnool of Aerospace Medicine becomes further involved, we recommend
a coupled effort with the Air Force human Resources Laboratory.

RO3ZRT G. MCIVER, Colonel, USAF, MC
Cormander

RN K R IT

. 98

.,t:’ ! ‘lf'l:kt,)

.4




REFERENCES

Steefh, J. E. Motion Sickness and Spatial Perception. ASD
TR 6}¢539;/3961. .

3

.‘;:’ f » n‘yc',)

0'hamion, F3 F., and M, E. McCauley. Motion Sickness Incidence
as a Funiction of the Frequency and Acceleration of Vertical Sinu-
soidal Motion. Aerospace Maedicine 45(4):366-369%, April 1974,

Aloery, W. B., D. R. Gum, and E. D. Hunter. Future Trends and
Plans in Not1on and Force Simuylation Development in the Air Force.
AIAA Conference on Simulation, April 1976, Dayton Ohio (available
from AFHRL/ASM, Nright-Patterson AFB, Ohio).

van Gool, M. F. C., and H. A, Mooij. A Comparison of In-Flignt
and Ground-Based Pitch Attitude Tracking Experiments. Twelfth
Annual Conference on Manual Control, NMay 1976, Uaxvarsity of
i1linois at Urbana Champaign.

¥ ad

FEIXE YE IR

99




‘P339 50 ALSnO(4asS 504 AJURPWMO 3] pUR *$339;33 DJBA3S I4IA duoyy ‘vsaas  (4)
LneuRuMO2uad paysagse £ 3ybLLs ARy Aew Jeyl $329)53 BIVAIPOW 4TM J43YL  "EIRJIPOY ~(€)

*2oueuloaad 33943@ 30U pip ABY3 ING 5359358 PLiW SWOS IAIM 3ISYL  PLIW (2)
‘pIoUBLAB0XD AN $533350 B Casuey (1)

*94343S
03 9uou wo4j pabues $3233359 |erbooyshydoyshsd as3u3 yYojym Ut pajdopr sem 3{¥ds JuLod~unoy Yy ‘33URW
-40j43d 303jj0 A|asdaape [|}# S133332 953y} FRYJ Pawnsse §§ I} CL030(rEIS 9y U} POdLJILNG $323339
9s4aApe Aue 30 A3}4348S B3Y] 2uiwWIs3IaP 03 padoiaaap ses $309549 {edbojepshydoyshsd J0) sleds ayl,

0 2 S2 .S¥ | 081 b5°0 o1 SS3K03YIL
o U v 2 2 't %0 85°1 HIYILS3AZ 3
0 0 €2 05 t €2l 59°0 2£°1 | S3HIVaVIH
0 L 6 9 t  80°t 6£°0 st V3SOUN
0 S 8t of z 971 03°C 95" 1 MOIIVINZI¥OSIO TVILVAS |
v ¢ 2z 1 3904 HYIO3W A3g TR WOLdtiAS
AON3NDIYA 3YGIS ass
| T 539055 31035 GNILVd R

(HV13/38YL A9 poplacayd)
1 35euyd 39104 wo4y eieg

SHOLdHAS 30 Siu0438 40 AUVIZIDS WIILSIIVLIS L 3avl




-~ e e . ‘u. -

-

’ .

e e e i eal e e e

SO : : - . L €G6o°)
e e el e C e e e e B 7/ L £96°0

Vs 2wt Bl e it w29 s aams o e e owre m s .- L i - e e Gmarm’ i rme mte st 0 - .. . AR A -

T I R T T e acs o
] 7 ... - B . . . - . .l.. - - .- .w K e . WQ@.Q

/

+
=/
i

~

-

]
'
[l
T
1

e

1]
T
o

¥

t

1

)

<:f7’4

l/ . B . . .

: . .

ot . By SO VR DU A P v,
/ -~ . E

—— —te o

SLEY
LELR)
R AT
o 1ALt
: 06470

. e e e m e . e — ‘-
e e emrat s e m e S s ese s ks o ta S eeiner ey 4 ¢ w4 e

L e R T B e .

- . . -
Pre me s IWe L ans st mir - e MM M gt M s M e e @ el @ rmle el s @ b e sl b A B AR J6 e ¥ a s W -

.i T e e e e e et e e a e, 2 4nim e e e gy e e e 5 5 s gD e+ rg e -
. L - P ... M . N
T T T i . . T 6tL° o
. . - < - - - e - . P . . . " .
. - .. oo 8% 0
. ‘ - - . . . . 3 ‘ .. cqg v
..I'lfrl| T e i it i b Bls s £ et e 1§ e ki ke J s Smate S oh e e bt < & o oot e Ane 5+ mbrTn Wtms M ¢ % irbs o o Wbt o s . " O s Bt b - —— o w» . . .
. - . 529°0
ST T i st e iy e e w4 e e et 8 i be L cis e e s e st s e e = o e i s 1 At soe e i w0 8 e o = - o b W e m . . °
) ’ o : nes'Q
e e i e i e e ettt i e i e L e ety 4 st o . T e ko vwr e om0 semi e g s m

S e s e e e s = ¢ St e e e e e e e 4o s Aty v e o gt o

- SR e S I -

3 ST ‘ R : 3 1€5°0

- S . . o T . e e L e e e . ’ P P :
. . s e e v, . .
e ettt S 005°0
- ‘. . L . : LA .. . - . - 4 ;‘ . e ‘
Lo . »r . . . e, v . . . . H - mwub .Q
y . - . . -

- ta SIS W L e et e ot - v S Saetm e e i o s A ¥ o e n s e 20 rins s o e 4 — . dwmwn i . e s . s e L 2 L L L L R e vy Gy S R ‘. - y oo

. % o agy )

. © b i mae e e s imem s TSN me dimts sl s vmes e s meem s 4 e & M s mkies e e W s e e e - e e Pt s 4 et 7 4 - e e A < gy v b W b o e o ws -

. . .. .. . . 2 ’ . ww 2

- TP ) . . . . - 23079 2y
e s e e e e e e LN . .. . . TR s s e i Tn b e 4w e m o aviilee mee v e eas e e
. o : - sLe’ aun
ae e e hmrmsa o e e . es . e cmimmn e dem | e 4t oy s 4 6 s oy e s a4 e s
da./. - . R LRI LT P Y s 3 Uﬂ 0
- - Y . - - v - .. - Pl i ~. .o L ». o . . .
. - . . . .o - e a - g PRI . P .. - .
. P S, - [ :
v, . - : . s oL Al O £LE€%0
. . RS . vy . e .l . . @wﬂ 0
o - e o e it e at e ;e \SIIEE =X e Py P P

- /Iu. [P, A PRI Gome b e ey e N -
o m iz 7 : . . : 2s2°0
e e .f . oo oMl e b v st e e e e e e s eenes e a3 3 T—— ——" NP o vt e e - . . . -
- " . . .
Z, - . : . . oid
e - U o = st ot oo s vt tr s ot oo e .. e e e e s mem e o e oem s v s -
N . : 881 °9
S T e e e e e e e i e eh e eeep e e e e n et e ot o e s .
S A T ks ST A I 951 °¢
. .. . . . N . .. . s, - .. . . e -
. . : N . .
. e T , SZL*0
- . . . - - ' M : 4 : ‘e - R
ghos T e e e T n69*9
. . Y. . T . -t . ; .- . . .
i i et Rt T S SC DN SR B S SN A S U D S NE Sy U N - o - - . .
. ¥ ) ' »
. . . 3 T T T T - 990
e T T T, G m deetemidmr g m s el M s o B s o ek m ot W o (e Ao erass o mow o e 1o ey et ha e e e e baew .- .
. . M ? - PR . . . .« . .. [ [ PMO.
T . . . . C e
.- . s Tl . . 0
PRSP .. s s el 1 e et cp e b s esia s e e e e cke s s mrr s mc e e s ean v e meim s e h e e e et e e ! P . .
- B “. . . . . - - . hd
S . - : T A : ) ) 0°0
TITT Tt e s e e el e e b el e ceis o et 4 reman o rnen e i et m s emeas e it n e yere s s P cre s cemmems s emm ow e . . R
- . . . . . . . P - . . . . N . .
. . : " “ . . -’ .
. . P
. . . . LI . a :

DRI IR A I AN N

T, . . . . P TIR T
‘.ooor‘o.okt#vc.o.‘a'00.oceooo.0¢pvvnoo¢~00-coo.-o-tﬁo.cntﬂ.‘l'.vccoo00.0-.00..0-..%. b

. . . B .

JTE 00097 T GaantL oocm.p S 38008 ££08°0 003973 000L*0 T 30620 0°0

. v <.

—y
8.
.o

X2 d3R0d HOYI A1discan - > M R —_ L ; | )
, A .

.
T TTCY RS e L AR - E1.Y.7 45,

101




Havron, M. D., & Butler, L. F. Evaluation of training
effectiveness of the 2FH2 helicopter Flight trainer research tool
{Technical Report No. NAVIRADEVCEN 1315-00-17.  Port Washingten,
NY: Naval Training Device Center, April 1957.
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[ NTRODUCTION
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THIS EVALUATION WAS CONDUCTED TO DETERMINE THE EFFECTIVENESS OF DEVICE

2-FH-2, HELICOPTER FLIGHT TRAINER RESEARCH TOOL. THE DEVICE CONSISTS oF d‘uuaqu:

YYPE OF VISUAL DI{SPLAY, A COCKP!T WITH ACTIVATED lNSTRUMENTS AND CONTROLS, AND A

GENERALIZED FLIGHT SYSTEM COMPUTER. IT WAS ORIGINALLY CONSTRUCTED TO DETE&R!NC

THE FEASIBILITY OF UTILIZING AN INTERNAL NON=PROGRAMMED PQ!NT-SOURCE-OF-LIGHT

PROJECTION SYSTEM TO CREATE THE ILLUSION OF THREK DIMENSIONAL SPACE ON A CURVED

PROJECTION SCREENe THE FLIGHT COMPUTER s DESIGNED 70 APPROX!HATE IN A GENERAL

WAY THE FLIGHT CHARACTERIST!ICS OF THE BELL HTL-4 HELICOPTER.

Iy

_‘."4 . "“'. . I‘J"
Purpost - C “..;.,.

As A FIRST STEP IN THE STUDY or 1uns uoch uou-onoanuM:o pnoascrnou
TECHNIQUF, DEVICE 2-FH=2 WAS INSTALLED AT ELLvsou Ft:Lo, FLORIOA, ANO THE
,~\" »
TRAINING SYLLABUS WAS STUDIED AND ANALYZED N, onaan ro tnrccnnr: ru: DEVICE INTO
*

THE ROUTINE HEL!COPTER ancur TRAINING PRQGRAN; TNC CVALUA?ION SOUGN? TO

U ‘. PO

DETERMINE TO WHAT EXTENT THE DEVICE WAS USEFUL lN lNlTlAL QTAGES 0' HELICOPTER

0-.

TRAINING AND WHAT PROBLEMS AROSE AS THE R58ULT OF THE CXPOSURt Of STUOENTS ?0 A

""’.'\ '

NUhSCR or NOUR' OF PRACTICE IN THE DEVICE PRIOR YG FLIGNT AN AN OPIRATIGNAL

HEL 'COPTER. . - N ' .

: l"l.’:. ~ i } ¢ -
ResuLTS i el :
Ry R . -

e

b

fo THE OEVICE DID NOT DEMONSTRATE ANY TRAINING ADVANTAGL.OVER THE ROUTINE
i e LA .
ME1HOD OF TRAINING IN WELICOPTER BASIC FLIGNT.TRAININGa. =~ . . . %
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EVALUATION OF TRAINING EFFECTIVENESS OF THE 2-FH-2
- HELICOPTER FLIGHT TRAINER RESEARCH TOOL

l. BRIEF OF STUDY

L RE IR P
oth R RO

lNTRODdETION ‘
THIS IS THE REPORT OF AN EVALUAT!ON OF Device 2-FHe2, HELICOPTER HOVERING
ResearcH TooL. Device 2-FH=Z wAS CONSTRUGTED BY THE BELL AIRCRAFT CORPORATION,

' SurFaLO, NEW YORK UNDER CONTRACT TO THE U. S. NAval TRAINING DEVICE CENTER. THE
DeFLorez Company OF New YORK CITY, NEW YORK WAS A S5UB=CONTRACTOR TO BELL AIRCRAFT
{ORPORATION AND WAS RESPONSIBLE FOR THE INITIAL DESIGN OF THE COMPLETE DEVICE.
THT DEVICE WAS ODEVELOPED AS AN ENGINEERING PROTOTYPL TO DETERMINE THE FEASIBILITY
OF A NCN-PROGRAMHE; VISUAL DISPLAY FOR TRAINING IN HOVIRING AND OTHKER MANEUVERS
PERFORMED NEAR THE GROUNI. LATER, 17S CAPABILITIES WERT EXTENDED TO PERM!T SiMU=
LATION OF HIGK ALTITUDE MANEUVERS W!THOUT EXTENSIVE MOOIFICATION or.rn: FLIGHT
COMPUTER SYSTEM, THE DEVICE USES A POINT=LIGHT=SOURCE TO PROJECT IMAGES FROM A
TAANSPARENCY PLATE CONTANING OBJECTS AND SCENERY TO A UIOE.ANGLE SCREEN
SUPROUNDING THE COCKPIYe TN~ 2=FHeZ 15 DCSIGNED TO SIMULATE APPHOXIMATE FLIGHTY
CHARACTZRISTICS OF THE HTL-4, TwO INTERCHANGEABLL TRANSPARENCY PLATES CAN BE
usco. THE "LOW=iLTITUNE PLATE™ PROVIDES /. VISUAL EXTRA=COCKPIT DISPLAY FOR A
rLysPacE OF 570 mv 570 FEE™ N LENGTH AND WiOTH AND 55 FEET IN ALTITUDE. THE
“HIGH=ALTITUDE PLATC™ PERMITS MANEUVERS IN A SIMULATED AREA --500 Feer ay 2400
FECT WITH AN ALTITUOE OF 500 rrer,

IN AN INITIAL APPRAISAL CONDUCTRD BY PSYChOLOGICAL RESECARCH ASSOCIATES

(PRA) (10), i1NSTRUCTORS OF dELICOPYER TRAINING UNIT ONE (HTU=1) FLEW THE oEvice

- . -

AND WLAL INTEAVICWED. RESPONSES AND E-AMINATION OF THE A=StaGE TRAINING SYLLfﬁus

L4

- INDICATED THAT THE LOW=ALTITLUUL PLATE THEN INSTALLED WOULD PERMIT PRACTICE IN..

~ iy, e

ABOUY WALF THC A=STAGE MANEUVERS. LACKS OF FIDELITY WERE NOTED BUT NONE APPEARCO
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SUFFICIENTLY SERIOUS TO INDICATE THAY THE DEVICE WOULD HAVE NO TRAINING VALUE,

ALL. INSTRUCTORS RECOMMENDED FURTHER INVESTIGATION OF THE OPERATIONAL CAPABILITIES
= e~

OF -THE DEVICE. THIS 15 A REPORT OF THE METHODS USED AND THE RESULTS OBTA1NED

. -
L o
INTHE RECOMMENDED INVESTIGATION, &

METHQD

THE EVALUATION WAS CONDUCTED BY THE STEPS SUMMARIZED BELOW AND DESCRIBED

IN DETAIL IN THE APPROPRIATE SECTIONS OF THE.REPORT AS INDICATED:

STEP 1, COLLECTION AND INTEGRATION OF CONTENT

OPERATIONAL HANDBOOKS, TEXTS ON HELICOPTERS AND
RESEARCH REPORTS WERE REVIEWED; HTU=l INSTRUCTORS AND
STUDENTS WERE INTERVIEWED TO IDENTIFY AND INTEGRATE
THE CRITICAL COMPONENTS OF WELICOPTER FLIGHT. (SEE

SEcTION |1 AND APPENDICES A, B aND C.)

STEP 2. DCVELOPMENT OF A TRAINING SyLLABUS

A SYLLABUS TO TRAIN STUDZINTS iN THE 2«FH=2 WAS
DEVELOPED, PRETESTED AND PREPARED FOR USE IN Step 4,

(See Secvion flie THr SyLLABUS 1S APPENDIX Do)

STEP 3. DEVCLOPMENT OF A FLIGNT CRITERION

AN IN<FLIGHT CRITERION CONSISTING OF A RATING FORM
DESCRIPTIVE OF FIVE CRITICAL MELICOPTER MANEUVERS WAS
DEVELOPED, PRETESTED AND PRCPARED FOR USE IN STEP 4,

(SEE SECTION 1V. THE FLIGHY CHECK 13 APPENDED AS

erm

AppEnDIX E.)

ISR N ST 2]
e
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STEP

4, ADMINISTRATION OF TRAINING SYLLABUS AND FLIGHT CRITER!ION

STLP

THE TRAINING SYLLABUS WAS ADMINISTERED TO EIGHTEEN

Y

~

—

st e
i

HTU=! STUOCNTS PRIOR TO SQUADRON FLIGHT TRAININGe FEIGHTEEN

e

COMPARABLE CONTROL STUDENTS RECEIVED NO TRAINING IN THE
DEVICE. EXPERIMENTALS AND CONTROLS WERE TESTED ON THE FLIGHT

CRITERION AFTER FIVE HOURS OF HTU=! TRAINING, (SEE Secrion V)

5. AnaLYsts oF Data

CRITERI ON SCORES OF EXPERIMENTAL AND CONTROL STUDENTS
AND THEIR GRADES OF THE TWO GROUPS DURING EARLY SQUADRON

TRAINING PIRIODS WERE COMPARED. (SEE SECTION V.)

-

6. REPORT OF RESULTS

STEP

RESULTS

o

IRIFRYL S

fe

NLGATIVE RESULTS IN STEP 5 LED TO EXAMINATION OF MOT!ON
SICKNESS AND LAGKS OF FIDELITY IN THE DEVIGE AS POSSIBLE
CAUSATIVE FACTORS. MOTION SICKNESS IS DISCUSSED IN SECTION
Vi, THE QUESTIONNAIRE ON MOTION SICKNESS 18 APPENDIX F,

LACKS OF FIDELITY AS DESCRIBED BY INSTRUCTORS AND TMEIR IMPLI=

CATIONS FOR LEARNING ARE DISCUSSED IN Secrion Vi,

TRAINING IN THC 2=FHwl LED TO NO APPARENY IMPROVLCMENT IN FLIGHT

_ PCRFORMANCE IN TMC AIRCRAFT,

2.

3..

TRAINING 1N THE 2«FH=2 PRODUCED SICKNESS SOMEWHAT SIMILAR TO MOT!O%

SICKNESS AMONG MOST PARTICIPATING INSTRUCTORS AND STUDENTS,

-

.

FLIGHT CMARACTERISTICS OF TME DLVIGE THAT SPECIFY DISPLAY=CONTROL

1
RELATIONSHIPS LACK FIDELITY IN A NUMBER OF IMPORTANT RESPLCTS.. T
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)f’“4"i IS PROBABLE THAT THESE FAULTS CONTRIBUTE TO SICKNESSe. THERE IS SOME
cfﬁocnc: OF NEGATIVE TRANSFER BECAUSE OF THEM,

4. Fé} THESE REASONS fHE.Z-FH-z AS PRESENTLY CONSTITUTED, 13 NOT
agiouusuo:p FOR OPERATIONAL TRAININGe HOWEVER, BECAUSE OF THE VERY
CONSIDERABLE POSSIBILITIES OF A V;RKABLE DEVICE OF THIS SQRT, THE

CONCEPT OF PRESENTING EXTRA=COCKPIT VISUAL DUISPLAYS AND ITS IMPLEMEN=

»,
3&35’" ~ TATION SHOULD NOT BL DISCARDED. (SEE SecTion Vill,)
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{1. COLLECTION ANG INTEGRATION OF CONTENT

JFRLRECULSITE 10 THL DEVELOPMUNT Of THE TRAINING SyLtaBuS AND YwE Frigur

= A
CRITER.ON Thi FOLLOWING CSJECTIVES HAD TO BE ACCOMPLISHED: T
. =
- A. IDLNTIFIZATION OF CONTENT {MANEUVERS AND TASK COMP= &

CNENTS* YO UE TAUGHT AND EVALUATEG),

B. DCYERMINATION OF THE IMPORTANCE AND DIFFICULTY OF

TAGK COMPONONTS .

Co ANALYSIT OF THE RELATIONSHIPS AMONG MANEUVERS, TASK

COMPONENTS AND SKILL REQUIREMENTSWH

THE ABOVE THREEC OBJECTIVES WERE ACCOMPLISHED CONGURRENYLY. BACKGRQUND
 NFORMATION WAS COLLECTCD AS DOSCRIBCD BELOW,

We STANDARD!ZATION MANUAL (l2), DEVELOPED BY HTU-| PROVIDED A CONVENIENT
CTARTING POINT FOR ACCOMPLISHMCNT OF THIS PHASE, WELL WRITTEN AND DETAILED, :7
DCSCRIBES ALL MANCUVERS TAUGHT IN A aND B Staces of HTU=l aAND LISTS THE MOR€
ZOMMON CRRORS ASSOCIATED WITH EACH,

USING THIS MANUAL, A FOUR PART QUESTIONNAIRL WAS DEVELOPCD YC 0BTaiN INFO&=
MATION BEARING ON THP OBJECTIVES MENTIONED AB0OVE. THIS QUESTIONNAIRE WAS
CUBMITTED TO 23 INSTRUCTORS, AND WITH MINOR MODIFICATIONS, TO 5 stupENnTs IN
TRAINING !N HTU«!, QuUESTIONS AND RESPONSES ARE DISCUSSED BRIEFLY BELOW AND

PRCSENTED VN APPENDICES A AND B,

& TwW{ WORD MANCUVER IS USLD MERE AS 1T 18 IN HTU-I, IT SPECIFIES A DESIRLD
AIRCRAFY PATH THAT HAS OPERATIONAL SIGNIFICANCE GENERALLY WI1TH RESPLCY TO
TME GROUND, FOR A GIV[N TIME PERIOD, TNE TERM TASK COMPONENT 13 USED NCRE

TO DENOTE PARYICULAR PHASES OR ASPECTS OF A MANEUVER. :
i anLL RCQUIREMENTS ARE YHE SKILLS NELOED TO EXECUTE SPECIFIED TASKS ANG
®ANEUVERS PROPLRLY, :

i 4
:
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QUESTION | REQUIRED THE RESPONDENTS TO RANK |9 oF THE 30 MANEUVERS LISTED

IN THE STA_&DARDIZATION MANUAL IN TERMS OF THE DIFFICULTY STUDENTS ENCOUNTER IN

3 T

LEARNING THEM®, THE TEN MANEUVERS RANKED AS MOST DIFFICULT ARE LISTED BELOW B
. x

'N ORDER. - -
‘m.

[0 MosT DiFricuLY MANEUVERS

INSTRUCTOR RANKING ~ STUSENT RANKING

1. HovERING l. Hovering

2. VERTICAL LANDING 2. Vertical Lanpineg

3. NORMAL APPROACK TO A 3. NORMAL APPROACH TO A
DeriIntTE SpoT DeFintTE Spor

4, AUTOROTATIONS 4, TurRNS ON A Sporv

Y. NoORMAL APPROACH 5. AUTOROTATIONS

6. Ficure Eignts 6. Figure EiGHTs

7. TuRNS ON A SpoOT 7. VeERTiCAL TAKE=-OFF

8. SQUARES 8. NoRMAL APPROACH

9. SiorwarRD & REaRWARD 9. StotwaRo & REARWARD .
CLIGHT FLiGgnT .

10. VeRricaL Take=oFF 10. CuLimBiNg TURNS

THE HIGH AGREEMENT BCTWEEN INSTRUCTORS AND STUDENTS 18, OF COURSE, NOT

SURPRINING, MANECUVER RANKS PROVIDED A GUIDE FOR THE DEVELOPMENT OF THE TRAINING

SYLLABUS AND THE FLIGNTY CRITERION,
QUCSTION 2 WAS DIVIDED INTO THREE PARTS. THE FIRST YWO PARTS SO0UGHT TO

S
. .

®  ELEVEN OF THE 30 MANEUVERS LISTED IN THE MANUAL WERE EXTRACTED BY ELIMIN-
ATING NON-FLIGHT PROCEOURES (CockpPiT PROCEDURES, GROUND TAXIING, ETC.) AND:
MANCUVERS NOT TAUGHT PRIOR TO 50L0 (RuNNiING LANDING, BACKWARD TAKE-OFF, £€tE. ),

TR MY
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ASCERTAIN WHICH CONTROL MANIPULATIONS AND COORDINATIONS ARE MOST DIFFICULTY TO

LEARN] THE THIRD ATTEMPTED TO IDENTIFY THE MORE CRITICAL CUES REQU!RED TO

P

‘u

[X\ECUTE TMANEUVERS PROPERLY.. RESPONSES INDICATED THAT THE CYCLIC CONTROL IS TRE

o "
MOST DIFFICULT TO LEARN] ALSO THAT THE REQUIREMENTS OF MANEUVERS DETERMINE TO.A
CLRTAIN EXTENT YHE DEGREE OF DIFFICULTY ENCOUNTERED IN LEARNING TO USE AND
COORDINATE THE CONTROLS PROPERLY,.

QUESTION 3 WAS A CHECK ON ERROR COVERAGE IN THE STANDARDIZATION MANUAL WHICH

‘LISTS ERRORS COMMON TQ EACH MANEUVER. FIRST, INSTRUCTORS WERE ASKED TO LIST

LRRORS NOT INCLUDED !N THE MANUAL STUDENTS WERE ASKED TO LIST Tuétn OWN ERRORS.
NEXT, ERRORS LISTED BY INSTRUCTORS AND STUDENTS WEREL COMBINED WITH THOSE DESCRIBED
IN THE MANUAL. FINALLY, THE COMBINED L!ST WAS RESUBMITTED TO INSTRUCTORS WHO
WERE ASKED TO RATE ERRORS IN TERMS OF THEIR FREQUENCY, THE DIFFICULTY IN CORREC=
TING THEM, AND THEIR CRITICALITY, TO THE SAFE FLIGHY OF THE AIRCRAFT, THE RESULTS
Of THESE ERROR RATINGS ARE PRESENTED IN APPENDIX Ca

A SUMMARY OF RESPONSES INDICATED THAT TME COVERAGE OF ERRORS PROVIDED ay
THC STANDARDIZATION MANUAL 5 RELATIVELY COMPLETE., |N GENERAL, ERRORS ADDED BY
INSTRUCTORS WERE NOT RATED AS CRITICAL AS TMOSE DESCRIDBED IN THE MANUAL WITH
RLSPLCT TO THE ABOVE THREE CRITERIA,

QUESTION 4 WAS CONCERNED WITH THE SEVERAL EXTRINSIC CONDITIONS THAY TNE
2«lH~2 CAN SIMULATE. THELE INCLUDE WIND DIRECTION, VELOCITY, AND GUSTS, CENTER
OF GRAVITY CHANGE, CMANGES N TEMPERATURE (DENSITY=ALTITUDE), AND WEIGHT CHAMGES.
INSTRUCTORS SPECIFIED WHETHER OR NOT EACH OF THESE CONDITIONS SKOULD BE INCLUDED
14 THE 2«FH=2 TRAINING SYLLABUS, AND RANKED CONO!TIONS RECOMMENDCD FOR INCLUSION

(N ORDLR OF IMPORTANCE, RrsPONSES INDICAYCD_YNAT WINDU VELOCITY AND GUSTS ARE
>

EEYE M R

noST luponjaur AND THAT THEY SHOULD BE INCLUDED IN A TRAINING SYLLABUS,

-

BACKG%OUNO MATERIALS PERMITTED IDENTIFICATION OF THE MORE IMPORTANT

11
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MiMEUVERS AND THME MORE CRITICAL TASK GCCMPONENTS TO BE INCLUDED IN TKE TRAINING

T e e AL

THLLA8JS AND THE FLIGHT CHECK AND GAVE INSIGHTS AS TO THE SX!LLS REQUIRED TO

HR

T - -~
LXECUTE MANEUVERS PROPERLY, BACKGROUN! MATERIAL IS INTEGRATED BELOW INTO &N.

-

.

-

. ANALYSIS CF HELICOKFTER FLIGHT PARAMETERS,

]

-y

=L CSFTuy THIGRT RIQUIPIMENTS AND SKILLS

SITlHe ATTUMFETING 7O DCVELOP TRAINING AND TESTING INSTRUMENTS, |IT WAS
WELE i3k TO RECCGNIIL CCRTAMN LIMITATIONS TO USING THE BACKGROUND MATERIAL

-
-

Z.aCTLY €% COLLECTED. T IST, A NUMBEF OF MANEUVERS AND THE TASKS THEY REQU!RE
SeERiAr wiTH CNE ANOTHER, FOR EXAMPLE, THE NORMAL APPROACH INCLUDES THREE OTHER
MANEUVERS 1447 SUBJECTS WERE INSTRUCTED TO RANK AGAINST tv: GLIDING TURNS,
HevERING, anD VERTICAL LANDINGe FURTHER, IT WAS DIFFICULT TO PREDICT FROM THE
iNFORMATION COLLECTEC T+€ EXTENT TO WHICH THE LEARNING OF ONE KRANREUVER OR TASK
WOULD FACILITATE THE LEARNING OF OTHERS. SUCH KNOWLEDGE HAS 0BVIOUS IMPLICATIONS
FOR THE SELECTION OF TASKS FOR BOTH TRAININGh;ND TESTING. THESE LIMITATIONS
MADE IT n:s‘éaagc TO IDENTIFY THE BASIC PARAMETERS OF HELICOPTER FLIGHT AND THE
TASKS THE PILOT HMUST PERFORM TO CONTROL THE AIRCRAFT CFFECTIVELY WITHIN THEM,
TH!S DONE, (T BECOMES POSSIBLE TO ESYABLISH WORKING NYPOTHESES AS YO THE TYPE
AND DEGREE QF SKILLS FEQUIRED YO CONTROL THE AIRCRAFT IN THE VARIOUS MANEUVERS,
THE TRAINING SYLLABUS AND TME FLIGHT CRITERION WOULD THEN BE PREDICATLD ON THESE
HYPOTHESES AS WELL AS UPON MANEUVER HRANKS.

DiISCUSSED BELOW ARE THE FLIGHT PARAMCYERS, THEIR WELATIONSMIP TO THE FLIGHT
CONTAOLS AND TO THE SKILLS REQUIRED TO MANIPULATE AND COORDINATE CONTRO.Y,

THERE ARE SIX BASIC FLIGHT DIMENSIONS OR FRECDOML OF FLIGHT, THREE OF THESE

.

N - . t
ARC TBANSLATIONAL OR DIRECTIONAL, NAMELY FORC=AFT, LATERAL (TO EACH Si1DE; ARD

.
.

vtnrn@atu {N ADDITION, THERE ARE THRCE ROTATIONAL FREEDOMS « PITCH, ROLL, AND
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YAwW, WiTHiN EACH OF THESE BAS!C PARAMETERS THE AIRCRAFY MAS THE CAPABILITY OF

¢P LD AND ACCELLRATION,

2

MOVEMENT d{ THE AIRCRAFTY IN ALL DIRECTIONS AND AT ALL SPEEDS, HENCE, THEY ARE

s:rrlcnzuééxo DESCRIBE ALL POSSIBLE HELICOPTER MANEUVERS. THE PILOT MANELVERS
- ;

TnE AIRCRAFT W!THIN THESE PARAMETERS BY MEANS OF FOUR CONTROLS = THE THROTTLE,
Tug CoLLEcTive PivcH, THE DIRECTIONAL CONTROL PEDALS, AND THE CycLiC CONTROL.
THE COOKDINATED OPCRATION OF THESE CONTROLS, PLUS THE THRUST OF THE POWER PLANT,
rnﬁ LIFT OF THE AIRFOIL, THE WEIGHT, DRAG AND INERTIA OF THE AIRZRAFT, AND
LXTCANAL CONDITIONS SUCH AS WIND AND PRESSURE ALTITUDE, DETERMINE THE FLIGHT
PATH OF THE AIRCRAFT WITHIN THE FREEDOMS,

fOR FURTHCR INFORMATION, SEE HEL1COPTER TRAINING ManuaL (!1), anD FrigeT

HAnNOBOOK NAVY MoDEL HTL-5 Hevicopter (7).

Ae

as

YRR L N

THROTTLE AND COLLECT!VE PITCH

CONSIDER TNE AIRCRAFT IN TMHE MNORIZONTAL PLANE, THE
THROTTLE CONTROLS THE RPMj THE COLLECTIVE PITCM
CONTROLS THE POWER (COLLECTIVE-THROTTLE CAM L1INKAGE)
OF THE ENGINE, AND ALSO THE MECMNANICAL PITCH OF THE
MAIN ROTOR. BETWEEN THE TWO THEY DETECRMINE THE THRUSY
OF THE AIRCRAFT, AND IN CONJUNCTION WITH THE WEIGHT
AND INERTIA OF THE AIRCRAFT ITS VERTICAL SPEED AND
ACCELERATION., AS THE AXIS OF ROTATION 13 TILTED FROM
THL VERTICAL THE POWER MELPS DCTERMINL THE SPEED AND
ACCELERATION OF THE AIRCRAFY IN FORC=AFT AND LATCRAL
DIRECTIONS, MENCE, TMROTTLE ANO MAIN ROTOR PITCH PRO-
VIDE THE POWLR FOR THE FLIGHT OF THL A{RCRATY IN TRE

THRCE TRANSLAT!ONAL FREELDOMS,

113

THESE S1X FREEDOMS CONSIDERED TOGETMER CAN ACCOUNT FOR

e by

CONTROLS ARE DISCUSSED BRIEFLY BE.0W.
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Be DiRecTiONAL CONTROL PeDALS

%DlRECTlONAL CONTROL OF THE AIRCRAFT IS ACCOMPL I SHED

iav DIRECTIONAL CONTROL PEDALS (s'Mi1LAR Yo RuoDERS)

.unucn GOVERN THE PITCH OF THE TAlL ROTOR. CONTROL
1S COMPLICATED BY TORQUE UHICH'VARlES WITH THE SPEED
OF THE MAIN ROTOR. THE DIRECTIONA:, CONTROL PEDALS
CONTROL THE HMTL IN THE ROTATIONAL OR.YAU FREEDOM,

C. Crvciic Piven
Tue CycLic PiTCH CONTROL PREDOMINANTLY CONTROLS THE
MOVECMENT OF THE AIRCRAFY WITH{N THE PITCH AND ROLL
AND FORWARD=REARWARD AND LATERAL MOVEMENT FREEDOMS,
MOVEMCNT OF THE CYCLIC IN THE PITCH AND ROLL DIMENe
SIONS TILTS THE TIP-PATH~PLANE OF THE MAIN ROYOR
FROM THE VERTICAL. THIS MOVEMENT OF THE CYGCLIC CONTROL
GIVES DIRECTIONAL THRUST WMICH PRODULCES TRANSLATIONAL
MOVERENT IN THE OIRECTION IN WHIGN THE CycLtc 8
MOVED. FUNDAMENTALLY THE AIRCRAFY FOLLOWS YHE TILY
OF TNE ROTOR.
AS STATEO CARLIER, THE POWER ANO BLADE PITCM DEYERMINE THE VERTICAL THRUSY
AKD HENCE, THEC LIFT OF YHME AIRCARAFY, HOWEVER, AS TRARSLATIONAL MOVEMENT
BECOMLS FAITER, THE SPLLD OF THE AIRCRAFY GIVES ADDED LIFT TO THE ROTORN BLADES

THIS 13 CALLED TRANSLATIONAL LIFT, A USEFUL DISTINCTION CAN THEH BEC MADE

XS 12 I
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BiTwEEN LOWw SPEED OR MOVERING HMANEUVERS IN WHICH LIFT IS PROVIDED PRIMARILY BY

fng ROTATION OF TWE MAIN ROTORS AND MANEUVERS IN WHICH EFFECTIVE TRANSLATIONAL
—
LIFT CDMCS INTO PLAY, AS DISCUSSED LATER,

[} SUMMARY, THE MOVEMENT OF THE AIRCRAFT WITHIN THE SIX PARAMETERS IS

-

OCTERMINED BY THE MOVEMENT AND COORDINATION OF THE FOUR COUNTROLS. BECAUVSE OF

D Rl B

TnE TORQUE OF THE ROTOR, THE CONFIGURATION OF THE AIRFOIL, AMD EXTERNAL AND
OTHMER CONDITIONS, THE RELATIONSHIP BETWEEN CONTROL MOVEMENTS AND MOVEMENT OF TNE
AIRCRAFT 15 BY NO MEANS CONSTANT OR RECTILINEAR, THE TRAINEE THEREFORE MUST
LCARN FOR EACK CONTROL ITS LAG AND THE AKQUNY OF MOVEMENT REQUIRED TO EXECUTE

PROPERLY TASKS A GIVEN MANEUVER REQUIRES,

INTEGRATION OF VISUAL INFORMATION WITH MOTOR RESPONSES

TwiS DISCUSSION OF FRECDOMS AND CONTROLS NECESSARILY PUTS EMPHASIS ON TKE
WOTOR COMPONENTS OF TME FLIGHT TASK; OF EQUAL OR GREATER CONCERN FOR TMIS STuDY
1S THE QUALITY QOF INFORMATION AVAILABLE YO TNME SENSORY RECEPTORS,. THIS CONT NUOUS
£L0W OF {NFORMATIONSTLEDBACK ALLOWS THE PILOT YO CLOSE THL LOOP, .L., TO NOTYE
WO THINGS ARE GOING AND TO ADJUSY THE FLIGRT PATH OF THRE AIRCRAFY, THE PiILOY
SCQUIRES THIS INFORMATION BY ATYTERDING TO AND INTLRPRETIRG VISUAL, AURAL, AND
PEOPRIOCEPTIVE STYIMULL, SINCE THE 2=FH=2 PRINARILY PROVIOES A VISUaL D13PLAY,
OML Y VISUAL STIMULI ARE CONSIDERED MERE,

THE OTOR REIPONSES OF TNE PILOT WMAY BE VIEVED AS THE RESULT OF DECIS1ONS
WHIGH TAE PILOT MAKES {HOWEVER RAPiDLY) ON THE BASIS OF SEMSORY INFOAMATION WE
RLCEIVES, WITH RESPECT TO V!ISUAL INFORWATION, THE DECISIONS CAN BL CONVENIENTLY

CA ASSIFILD ACCORGING YO

ot

le CHANGES 14 THE POSITION OF THE AIRCRAFY IN THREL=-
. A

RS M Rl

DIMENSIONAL SPAGEL, WITH "AQTICULAR REFERENCE TO AN

smts ViR -
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APPARENT PLANE (SURFACE Or EARTH) {N ONE DIMERSION,
(DEGREES OF FLIGHT FRCEDOM INVOLVED: TRANSLATIONAL
FORE=AFT, LATERAL AND VERTICAL,.) e

CHANGES IN THE AX1AL ORIENTATION OF THE AIRCRAFT ' -

IN THREE=D!MENS!IONAL SPACE, AGAIN WITH PARTICULAR
REFERENCE TO THE SURFACE OF THE EARTH. (DEGREES
OF FLIGHT FRETDOM INVOLVED: ROTATIONAL PITCH, YAW

AND :0LLa)

RASES OF CHANGES IN | AND 2 ABOVE, (SPEED AND

ACCELERATION PARAMETERS,)

THE FUNDAMENTAL PROBLEM !5 TO ACCOUNT FOR THE WAY IN WHICH DECISIONS OF THE

THREE ~ YPES AUOVE ARE‘MADE ON THE BASIS OF VISUALLY MEDIATED INFORMATION, PRIOR

RESCARCH AND OPERATIONAL EXPERIENCE MAKE 1T APPARENT THAT THERE IS NO SINGLE

SET OF NECESSARY AND SUFFICIENT VISUAL CUES. INFORMATION CAN BE ACQUIRED FROM

Cues:

LX)

Be

Ce

ORIGINATING IN INSTRUMENTS WITHIN THE COCKPIT,

EeGoy TACH, AIRSP.ID, ALTITUDE.

ORIGINATING IN THE "WORLA" EXTERNAL TO THE COCKPIT,
£+Gepy SURFACE AND OBJECT CUES.

ORGINATING IN VISUAL FIELD RELATIONSHIPS BETWEEN

THE AIRCF:"T STRUCYURES (LeGep COCKPIT FRAME, BUBBLE,

ANTENNA, h?f.) AND OBJUECTS IN THE EXTERNAL ENVIRONMENT,.

THUS A ¥CuE™ MAY BE DEFINED AS A CRITICAL RESPONSE= INDUCING STIMULUS,

WHICH STIMULUS MAY BE ONE OF SEVERAL TYPES:

(0

erty bl

FUNDAMENTAL OR BASIC PROPERYIES OF THE VISUAL FIELD,

LR MY

£.Gey PERCEIVED TEXTURE OF SURFACES, CONTOURS OF
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OBJECTS, MOTION PERSPEGCTIVE OF VISUAL FIELD ITSELF,
4ND OF THE HUMAN ORGANISM, E4Gey RETINAL DISPARITY,

() PERCEIVED VALUL OF EXTRA=CLASS CHARACTERISTICS OF

T

St EREIENY

CBJECTSE AND RELATIONSHIPS OF OBJECTS IN VISUAL FIELD,

e

Eviy, CHAKGES IN SIZE 'AND SHAPE OF OBJECTS, INTER=
5C51T1GN, ETC., wHiCH CHANGES ARE CORRELATED WITH

Chiaiight 14 POSITION, AXIAL ORIENTATION, AND RATES

ST CMANGES ON YHE BASIS OF PAST EXPERIENCE.

AnuLOSUE OBJECTS {E.Gay AIR SPEED), WHICH GIVE

i uF ORMATION IN DIRECT FASHION,

Tni £00%E FRIMARY INFORMATIONAL CONTENT OF THE VISUAL FIELD MAY NOT A_WAYS
gL UTILEZEL t& ThE WAYS SUGCGESTED ABOVE, RUT RATRER ACCORDING TO “cxpgcTancigs™
A% DISCUSSED BELOW,

THE COMPLETELY PROFIC'ENT PILOT KNOWS, FOR ANY MANEUVER, HOW THE PLANE wiLL
WESPOND TO ThE MOVEMENT OF TME CONTROLS. HE KNOWS WHAT CUES TO ATTEND TO IN
GRDER TO OBTAIN ACCURATE INFORMATION AS TO MIS POSITION, SPECED AND RATE OF
MOVEMENY SO AS TO DIRECT HiS AIRCRAFT PRUGPERLYe HE HAS LEARNED « ONE MIGHT SAY

HE 1AS IN HUS HLAD = AN APPRCPRIATE SEY OF EXPECTAT!IONS, HE KNOWS WHAT HI§

CNVIRONMENT QUGHT TO LOOK LIKE., HE FLIES THE AIRCRAFY SO THAT AT ANY TIMLC IN
FLIGHT, NE MAKES WIS PCRCEIVED ENVIRONMENY CONFORM TO THE LEARNED, EXPECTED

CHVIRONMENT BY MAKING CONTROL CHANGES TO MOVE THE AIRCRAFT FROM ONE DESIRED SETY

-

07 CUL CONDITIONS TO THL NEXY, HEANWHILE CORRECTING ANY DISCREPANC!IES BETWEEN

HIS ACTUAL VISUAL PICTURE AND WIS EXPLuTATION SEY BEFORE SUCH DISCREPANCIES

BLCOME LAHGE. - _ . ¢
. . %
A

4

at SNOQLO €L RECOGNIZED THATY THE OBJECTS IN THE VISUAL FILELD ARE HIGHL

REDUNDANT, THAY IN MOST INSTANCES THE PILOT HAS MANY MORL CUCS THAN MC NEEDS,.

117 '
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THE COMPLETELY PROFICIENT PILOT WwilL KNOW HOW TO SORT CUES SO AS TO SELECT THOSE

A
THAT wilLtL i?FlCIENTLY CIVE HIM THE REQUFRED INFORMATION WITH RESPECT TO HIS 23

- -

POSITION, AX1AL ORIENTATION, AND MOVEMENT WITHIN THE FREEDOMS. HE HAS ACQU!IRED I°

-,
-

THE PROPER SCANNING HAB!ITS,
IT FOLLOWS THAT THE OBJECTIVES OF TRAINING = MAKING AN INEXPERIENCED PILOT
INTO AN EXPERIENCED ONE = ARE TO:
(A) TEACH CORRESPONDENCE BETWEEN CONTROL MOVEMENTS AND
MOVEMENT OF AIRCRAFTS
(8) BUiLD APPROPRIATE EXPECTATIONS.
(c) TEACH SELECTION OF APPROPRIATE CUES FOR EVALUATING
o:sca:gsucuts BETWEEN THE ACTUAL AND EXPECTED VISUAL
INFORMATION,
(D) TeEACH MOTOR SKILLS OR MABITS SO THAT THE PILOT CAN
MANCUVER THE AIRCRAFT SO THAT HIS ACTUAL PERCEPTIONS
CONFORM TO HIS EXPECTATIONS.
THE OBJECTIVE OF PRESENT PROFICIENCY TESTING WAS TO DETERMINE WHAT DEGREE

OF PROFICIENCY HAD BEEN REACHED IN THESE SKILLSe

WORK!I NG HYPOTMESES

FROM THE PRECEDING DISCUSSION OF THE TASK OF THE HELICOPTER PILODT, AND
INSTRUCTORS' AND STUDENTS' RANKINGS OF MANCUVERS, CONTROLS, CONTROL COORO!INATIONS
AND ERRORS, ONE CAN ESTABLISH CARTAIN WORKING NYPOTHESES THAT SERVE TWO PURPOSES.
FIRST, THEY NELP EXPLAIN THC RANKINGS WITHIN A MINIMAL SCT OF CONCEPTS. SECONOD,

SPCY GUIDE THE SCLECTION OF TASKS AND DISTRIDUTION OF TIMC IN THE TRAINING

P TIPS

-
SYLLABUS AnD THE FLIGHT CHECK.

WHILE THE TREATHENT 1S, OF COURSE, NOT EXHAUSTIVE, A STATEMENT OF WORKING

118 .




HYPOTHESES ON WHICH THE TRAINING AND TESTING WAS PREDICATED FOLLC °

A,

C.

THE PILOT SHOULD BE TRAINED AND TESTED ON THE

-+~

CONTROL OF THE HELICOPTER IN ALL FLIGHT rn::oégs.
MANEUVERS MAY BE DIVIDED INTO TWO x;nos: TnosééTnAf
INVOLVE EFFECTIVE TRANSLATIONAL LIFT (TRANSITION TO
FORWARD FLIGHT, NORMAL APPROACH, GLIDES, TURNS, ETC.)
AND THOSE THAT DO NOT (MOVERING, VERTICAL LANDINGS,
TURNS ON A SPOT, SQUARES, ETCe)e THE FIRST TYPE OF
MANEUVER IS REASONASLY FAMILIAR TO STUDENTS OF HTU=!
ALL OF WHOM ARE FIXED WING P1LOTS. AS INDICATED IN
THE BACKGROUND INFORMATION, THE HTU=l STUDENT HAS
LITTLE DIFFICULTY WITH MOST OF THESE MANEUVERS. HIs
LEARNED FIXED WING EXPECTATIONS ARE EASILY MODIFIED
TO ENABLE HIM TO PERFORM THESE MANEUVERS, CONSE~ j
QUENTLY, GREATEST EMPHASIS WAS PLACED ON MANEUVERS

OF THE SECOND TYPE, 'THESE ARE EXECUTED NEAR THE
GROUND, THE FIXED WING PILOT NEEDS TO BE TAUGHT TnE
PERCEPTUAL EXPECTATIONS AND THE MOTOR HABITS THAT
WILL ENABLE NIM TO PERFORM THEM PROPERLY,

A TIME DELAY BETWEEN THE MOVEMENT OF A CONTROL AND
THE RESPONSE OF YHE AIRCRAFT INCREASES THE DIFFICULTY
OF THE TASK WITH WHICH THIS DELAY 1S ASSOCIATED. IN
THE HTL THERE 13 A MARKED LAG IN THE RESPONSE TO BOTH
THE CYCLIC CONTRCL, WHICH IS INSTRUMENTAL IN Gév:nutnc

° -
THE MOVEMENT OF THE AIRCRAFT IN FOUR OF TME SI i move-
£

MENT FREEDOMS, AND THE THROTTLEs SPECIAL TMPHASIS WAS

119
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PLACED ON CYCLIC LAG IN TRAINING. CERTAIN LACKS OF
r‘SELirv IN THE CORRELATION BETWEEN MOVEMENT OF THE
THEOTYTLE ANC COMPENSATORY ENVIRONMENTAL CHANGES IN
THE 2efHe2 MADE !T SEEM DESIRABLE NOT TO PLACE TOO

.

MUCH EMPMASIS ON THROTTLE CONTROL IN THE 2=FH=2.

251 8 ooy

Tel DIFFICULTY IN LEARNING A MANEUVER IS CLOSELY
ASSOCIATED WITH THE PRECISION WITH WHICH IT MUST BE
PERFTORMED, FOR EXAMPLE, THE VERTICAL LANCING WHICH
REGUIRES TOUCHDOWN WITH NO SKIDDING OR FORE=AFT MOVE=
MENT IS MORE DIFFICULT TO PERFORM THAN THE VERTICAL
TAKE=OFF. IN THE LATTER MANEUVER, THE WEIGHT OF THE
AIRCRAFT TENDS YO PREVENT MOVEMENT BEFORE THE CRAFT
IS AIRBORNE AND ONCE AIRBORNE TOLERANCES ARE NOT S0
STRINGENT, PRECISE CONTROL MANIPULATIONS AND MANEU=-
VERS THAT REQUIRE THEM WERE EMPHASIZED IN THE TRAINING
SYLLABUS AND MEASURED IN THE FLIGHT CHECK,
HOVERING 1S THE MOST DIFFICULT MANEUVER FOR THE NEW
STUDENT, THIS 1S LIKELY TRUE FOR FOUR REASONS:
le SINCE IT 185 A NCAR GROUND MANEUVER 1T MUST BE
PERFORMED PRECISELY.
2o THE PILOT MUST COUNTER THE INHERENT INSTABILITY
OF THE AIRCRAFT, ACCENTUATED IN TH!S CASE BY
CONTINUOUS VARIATIONS IN THE “BLOW BACKX"™ FROM THL

GROUND CUSHION.

S SIS

3. THEC HWOVER DIFFERS FROM ALL FIXED WING MANEUVERS

Lo
. »

IN THAT THE SAME-LOCUS OF THME PLANE 1S MAINTAINED,
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IT 1S THE ONLY MANEUVER WHICH REQUIRES DECISIONS,
AND THUS CONTROL MOVEMENTS TO MAINTAIN A ZERO
RATE OF CHANGE OF CUES IN THE PILOT'S EXTRA~COCKRIT

VISUAL FIELDe THE PILOT CANNOT DO THIS BY LOOKIN

el ;h.\ e l

AT ONLY ONE OBJECT SINCE BY SO DOING HE DOES NOT
RECEIVE SUFFICIENT INFORMAYION YO SOLVE THE EQUATIONS
NECESSARY TO MAINTAIN YHE POSITION OF THE PLANE WHEN
IT CAN MOVE SIMULTANEOUSLY IN ALL FREEDOMS,

4, THESE DIFFICULTIES COMBINE WITH THE LAG IN THE
CycLiC QONTROL T8 ENCOVRAGE OVER<=CONTROLLING (N
THE MOVER, ‘

FOR THE ABOVE REASONS TRAINING EMPHASIS !S GIVEN TO

HOVERING AND NEAR=GROUND uAneuvéns, AND TO DEVELOPMENT

OF SCANNING HABITS THAY wilLL PROPERLY INTEGRATE VISUAL

CUES,

AMONG THE MORE DIFFICULT KANEUVERS OR TASK ELENENT; ARE

THOSE WHEREIN THE MANIPU.ATION OF ONE CONTROL PRODUCES

A COMPENSATORY MOVEMENT IN A PARAMETER OTHER TUAN THAT

GOVERNED BY THE CONTROL. OCONSIDER, FOR EXAMPLE, TURNS

ON A SPOT. BECAUSE OF PITCH CHANGE ON THE TAIL ROTOR,

TURNS TO TN RIGNT TEND TO CAUSE THE RPM TO INCREASE,

TURNS TO TNE LEFT TEND TO CAUSE TNE RPM ro'occazasc.

THESE RPM CHANGES, IF NOT COMPENSATED, INCREASE OR DE=

CREASE THE LIFT OF TNE WAIN ROTOR, WENCE, TNE ALTITUDL

- -

OF THE AIRCRAFT, THEREFORE, COMPENSATORY THROTTLE Auoi

PR B
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COLLECTIVE CONTROL ADJUSTMENTS ARE R.QUIRED, TASK
ELEMENTS WHEREIN THE PROPER MANIPULATION OF ONE

CONTROL CALLS FOR A CO:H4PENSATORY MOVEMFNT OF OTHERS NN

Lre e

WERE EMPHASIZED. . 5
- O:—
In §LHNARY,'lNFORNATION PROVIDED BY INSTRUCTORS AND STUDENTS WAS CONS!DERED
IN SEVERAL CONTEXTS IN THE DEVELOPMENT o} THE TRAINING SYLLABUS AND THE FLIGHT
CHECKs _CONSIDERATIONS OF THE SiIX FREEDOMS PROVIDED A MEANS OF CLASSIFYING
MANEUVERS AND ASSURED THAT EACH WAS COVERED IN.THE TRAINING AND TESTING, BY
RELATING FREEDOMS TO CONTROLS, PROCEDURES COULD BE SPEC!FIED AND MANEUVER TASKS
LIKELY YO PROVE MOST DIFFICULT COULD BE IDENTIFIED, THESE COULD BE STRESSED IN
TRAININGs [N ADDITION, CONSIDERATION OF POSITION, PATH AND AXIAL OR!IENTATION OF
THE AIRCRAFT WITH RESPECT TO THE GROUND, AND THE SMOOTHNESS OF CONTROL MANIPULA-
YION PROVIDED TWO CONTEXTS FOR EVALUAT!ON IN THE FLIGHT CHECKe BY DIVIDING
MANEUVERS INTO THOSE ASSOCIATED WITH EFFECTIVE YTRANSLATIONAL LIFT AND THOSE THAT
ARE NOT; EMPUASIS WAS PLACED ON INSTRUCTION IN CONTROLS AND CONTROL RESPONSES
UNFAMILIAR TO THE FIXED WING PILOT, |INSTRUCTION IN SUCH CONTROL RESPONSES WAS
GIVEN SPECIAL TRAINING EMPHASIS AND THE MANNER IN WHICH THESE CONTRCLS WERE
COORDINATED WAS MEASURED IN THE FLIGHT CHECKe FINALLY, EXAMINATION OF THE
VARIOUS TYPES OF CUES MELPED YO DESCRIBE THE SCANNING HABITS WHICH THE TRAINING

SYLLABUS SOUGHT TO DEVELOPs THE ABOVE CONSIDERATIONS PROVIDED THE BASIS FOR THE

USE OF THE BACKGROUND MATCRIAL IN THE TRAINING SYLLABUS AND THE FLIGKT CRITERION,

-

P
" -
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111, THE TRAINING SYLLABUS

Tue TRAINING SYLLABUS WAS INTENDED TO MAXIMIZE LEARNING OF THE MORE GRITICAL

CONSENT AS REVEALED BY RLLATED MATERIALS (5 & 6) AND AS OETERMINED FROM Tnb BACKe

ne

- -
GROGND MATERIAL AND FROM 1TS ANALYSIS PRESENTED IN SECTION 1. THE FOLLOWING

SulDLS WERE USEDS

A. EMPHASIS WAS PLACED ON THE MANEUVERS WHICH INSTRUCTORS
AND STUOENTS JUDGED MOST DIFFICULT TO LEARN.

B. ESSENTIAL TRAINING POINTS WERE IDENTIFIED FROM |} EvAL=
UATIONS OF THE DIFFICULTY OF USING CONTROLS PROPERLY AND
OF EFFECTING PROPER COORDINATION OF CONTROLS, AND Q)
_ERROR RANKINGS. -

C. VISUAL CUES AND CUE CONDITIONS (SEE APPENDICES A & B)
_THAT PROVIDE THE MOST EFFECTIVE FEED;BACK Q:nc IDENTIFIED

. FOR EACH MANEUVER, THIS MATERIAL WAS USED TO TEACH

SCANNING HABITS AND TO TEACH STUDENTS TO CORRELATE CONTROL
MOVEMENTS AND CUES.

ON THE BASIS OF, THE ABOVE INFORMATION AND THE RATIONALE DISCUSSED IN
sgcrion 11, THE TRAINING SYLLABUS WAS. OUTLINED AND DISCUSSED WITH HTU=! INSTRUC-
foRS, THEIR SUGGESTIONS WERE NOTED AFTER WHICH THE PROGRAM WAS DELINEATED
ruatu;ﬁ. THIS INITIAL PROGRAM WAS LIMITED IN COVERAGE TO THE MANEUVERS THAT
COULD BE TAUGHT WITH THE LOW ALTITUDE TRANSPARENCY PLATE. UPON RECOMMENDATION
of unsrnucfons (Sec APPENDIX A), WIND VELOCITY AND GUSTS WERE INTRODUCED IN THE
LATCR PERIODS, THESE COULD BE ADJUSTED TO THE LEARNING RATE, SINCE THE ADDITION
or VIND SERVES TO MAKE THE MANEUVER MORE DIFFICULT. DURING INITIAL ra:*:sjs oF

M ¢ -

$

THE SYLLABUS 2-FH=2 MALFUNCTIONS DELAYED THE PROJECT SEVERAL WEEKS. MEANWHILE,
s i
L3 .
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THE HiIGH=ALTI TUDE PLATE WAS

TAKE ADVANTAGE OF ITS CAPABILITIES.

%

I NSTALLED AND ADDIT!ONAL LESSONS WERE DEVELOPED TO

THE AMPLIFIED TRAINING SYLLABUS CONSISTED OF TWELVE 30 MINUTE SESSIONS,

-

THE SYLLABUS WAS PRETESTED BY THREE INSTRUCTORS WHO TRAINED FIVE STUDENTS, THE

PRETESTINGS SERVED TO CHECK ON THE PACE OF INSTRUCTION, TO ELIMINATE "sucs™, To

TRAIR INSTRUCTORS FURTHER AND TO MAKE SURE THE SYLLABUS COULD BE SCHEDULED AND

ADMINISTERED PRACTICALLY,

I{NSTRUCTOR AND STUDENT COMMENTS WERE RECORDED AFTER

EACH LESSONo 1IN GENERAL, THE SYLLABUS WAS FOUND SATISFACTORY., HOWEVER, A CONe

SIDERABLE NUMBER OF SUGGESTIONS HELPED {MPROVE THE REVISED PROGRAM WHICH I3

FOUND IN APPENDEX Do

EIGHT OF THE TRAINING PERIODS INCLUDE MANEUVERS TAUGMT

NEAR THE GROUND AND MAKE USE OF THE LOW=ALTITUDE TRANSPARENCY PLATE. THE GREATER

FLY=ROOM PROVIDED BY THE HIGH=ALTITUDE PLATE WAS UTILIZED FOR FOUR PERIODOS TO

PROVIDE INSTRUCTION IN MANEUVERS ASSOCIATED WITH EFFECTIVE TRANSLATIONAL LIFT,

THUS, SUBSTANTIALLY ALL MANEUVERS TAUGHT IN AaSTAGE OF HTUe«l ARE INCLUDED.

THE SYLLABUS CONS{ISTS OF FIVE STAGES OF INSTRUGTION:

i,
2.
3.
4.

Se

ORIENTATION AND FAMILIAR!IZATIONs (PERIOD 1)

PRACTICE WITH INDIVIDUAL CONTROLSe (PERIODS | & 2)

PRACTICE IN NEAR=GROUND MANEUVERS. (Periops 3 = 8)

PRACTICE IN MANEUVERS ASSOCIATED WITH EFFECTIVE

TRANSLATIONAL LIFT.

(Perioos 9 & 10)

DIAGNOSIS AND CORRECTION OF ERRORS AND FINAL CRITIQUES

(Ptrioos 11 & 12)

THE SYLLABUS WAS PREPARED FOR BOTH INSTRUCTOR AND STUDENT,

ESSENTIAL

POINTS OF EACH PERIOD OF INSTRUCTION {TYPED ON 5 X 8 CARDS) SERVED AS GUIOES FOR
- . .

INSYRUCTORG.E [N ADDITION, AT THE COMPLETION OF EACH INSTRUCTION PERIOD, THESE

POINTS PROVIbt A BA3IS FOR A STUDENT CRITIQUE, RECOGNIZED PRINCIPLES OF GOOD
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PEDAGOGY SUCH AS THOSE LISTED BELOW WERE FOLLOWED:

Ao, THE BURDEN OF LEARNING IS PLACED ON THE STUDENT., HME

1S RESPONSIBLE FOR UNDERSTANDING THE SYLLABUS AND THE

Er FRd Y

STANDARDIZATI ON MANUAL SO THAT NE IS PREPARED TO TALK

(W EERHY B

THROUGH TNE CONTENT OF CACH LESSON.
8. FLEXIBILITY OF INSTRUCTION IS PROVIDED BY ALLOCATING
TIME AT THE ENO OF CACH INSTRUCTION PERIOD FOR TME
INSTRUCTOR AND STUDENT TO CONCENTRATE ON PARTICULAR
DIFFICULTIES ENCOUNTERED BY THE STUDENT.
Ce FLIGHT 1S "FROZEN™ AND STUOENTS CRITIQUES ARE GIVEN
AS REQUIRED. [N ADDITION, STUDENTS Ai: CRITIQUED AT
THE END UF EACH PERIOD,
D. EMPHASIS IS PLACED UPON BREAKING MALADAPTIVE FIXED=WING
HABITS SUCH AS THE HABIT (ESPECIALLY STRONG IN NAVY
PILOTS) OF BRINGING THE STICK FULL BACK ON LANDING.
FROM COMMENTS OF HTU=! INSTRUCTORS AND STUDENTS TRAINED IN THE 2«FH=2,
1S BELIEVED THAT THE TRAINING SYLLABUS SATISFACTORILY EXPLOITS THE PRESENT

CAPABILITIES OF THE DLEVICE.

TS L NT .

IR AR ]
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iVe THE CRITERION

ng CRITERION CONSISTS OF A FLIGHT CHECK. |T WAS USED TO ASSESS THE
= -

raniutgé CAPABILITIES OF THE SIMULATOR BY COMPARING PERFORMANCE QF STUDENTS ﬁho

~ ' -
WERE TRAINED IN THE 2+FH=2 WITH THE PERFORMANCE OF COMPARABLE STUDENTS uavunéﬁuo
SUCH EXPERIENCE., THE BACKGROUND MATERIAL DISCUSSED IN SECTION || HELPED DETERMINE

TME CRITERION CONTENT; RESEARCH REPORTS WERE OF ASSISTANCE (N DEVELOPING TECH=

NIQUES OF EVALUATION (4, 8, 15 & 16)s MANEUVERS WERE SELECTED FROM THOSE JUDGED

MOST DIFFICULT AND CRITICAL, APPLICATION OF THE CONCEPT OF FLIGHT FREEDOMS
ALLOWED SELECT!ON OF MANEUVERS YO PROVIDE COVERAGE OF THE PILOT'S ABILITY TO
OPERATE THE AIRCRAFT IN EACK FLIGHT PARAMETER AND IN THE MORE COMMON COMBINATIONS
OF PARAMETERS, STUDY OF THE DIFFICULTY OF MANIPULATING THE VARIOUS CONTROLS AND
AN EXAMINATION OF THE MORE CRITICAL ERRORS PERMITTED CRITICAL SKILL REQUIREMENTS
TO BE IDENTIFIED, THE MANEUVERS SELECTED WERES
A. HOVERING
Be VERTICAL TAKE=OFF AND VERTICAL LANDING .
C. CONSTANT HEADING SQUARES
B. TurNS On a Spor
E. NORMAL APPROACM
THE MANEUVER RANKS, THE MORE OIFFICULT CONTROLS AND CONTROL COORDINATIONS,
AND THE MORE CRITICAL ERRORS ASSOCIATED WITH EACN MANEVUVER GAN BE FOUND IH
APPENDICES A, B anD C, .
A PRELIMINARY DRAFT OF THE FLIGHY CHECK WAS OEVELOPED, DISCUSSED WITH
INSTRUCTORS, AND MODIFIED AGCORDING TO THEIR SUGGESTIONS. THE CHECK L!ST WAS

IEDUCE?‘TO KNEE=PAD SIZE FOR SAFE AND LFFICIENT ADMINISTRATIONy FOUR INSTRUGTORS

'S
-

PRETESTED THE FLIGHT CHECK IN THE AIR BY AODMINISTERING IT TO THEIR STUDCNTIe -

B
Py
2

.

-t

It
.
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INSTRUCTOR RATINGS AND COMMENTS WERE SUMMARIZED WITH RESPECT TO HOW APPRO-

PRIATELY 1 TEMS DESCRIBED LEVELS OF PERFORMANCE OF BEMAVIOR BEING EVALUATED, THEIR

-~

co~»n:nc§$:vcncss, AND THE PRACTICALITY OF USING THE CHECK FORM AS PRESCRIBED,'::

)

.

no‘

In ACDITEON, INSTRUCTOR RATINGS ON THE COMPLETED FORMS WERE EXAMINED TO u:r:nnE@:
WHETWER ALL ITEM-CATEGORIES WERE BEING USED, AND HENCE, WHETHER ITEMS COULD ;
ACASONABLY BE EXPECTED TO DISCRIMINATE BETWEEN EFFECTIVE AND INEFFECTIVE PERFORM=
ANCE. SEVERAL CHMANGES WERE MADE IN ITEMS AND FORMAT ON THE BASIS OF PRETESTS.
"CTANDARD NAVAL ABBREVIATIONS AND PHONETIC SPELLINGS WERE USED IN THE FORMAT,

THiS MADE IT POSSIBLE TO RATE EACH MANEUVER ON A SINGLE PAGE. SINCE THE CHECK

PILOT MUST ALSO ACT AS A SAFETY PILOT, THE ABRIDGED FORM S MUCH EASIER FOR HWIM

TO MANOLE.
THE FINAL FORM CF THE FLIGHT Cn:cx 1S PRESENTED AS APPENDIX E. THE NATURE
OF THE ITCMS REFLECTS SOME OF THE DIFFICULTIES INHERENT IN ACCURATE EVALUATION
OF WCLICOPTER FLIGHT. MOST CRITERION MANEUVERS ARE PERFORMED NEAR THE GROUND AT
LOW AIRSPEEDS AND WITH SMALL ALTITUDE TOLERANCES. [N SUCH MANEUVERS THE AIRSPEED
INDICATOR AND ALTIMETER ARE PRACTICALLY USELESSe PERFORMANCES IN THESE PARAMETERS
WERE EVALUATED SUBJECTIVELY. CRITERION ITEMS ARE OF THREE SORTS:
. RELATIVELY OBJECTIVE MEASURES WHEREIN THE CHECK PILOT
RECORDS THE READINGS OF COCKPIT tnsTRUMENTs. THis
TYPE OF ITEM IS, OF COURSE, REGARDED AS MOST RELIABLE
AND HENCE, MOST DESIRABLE. READINGS OF THE COMPASS
}uo TACHOMETER WERE USED AND AIRSPEED READINGS WERE
RECORDED IN THE TRANSLATIONAL LIFT PORTION OF THE
NORMAL APPROACH,

-

SUBJECTIVE RATINGS OF THE CORRECTNESS OF THE ALTITUDE,

emte NS ~‘\r:
N
.
LT LY.

POSITION OR TRACK OF THE PLANE WITH REGARD TO SOME
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GROUND REFERENCE POINT,
3. SUBJECTIVE EVALUATIONS OF THE SMOOTHNESS WITM WHICH

THE STUDENT USED INDIVIOUAL CONTROLS OR EFFECTED

"'1 t\"-' l‘"-

CONTROL COORDINATIONS.

o iyieye

EVALUATIONS OF ALL THREE TYPES ARE USED WITH EMPHASIS UPON THOSE TASK
COMPONENTS INDICATED FROM BACKGROUND MATERIALS AS MOST CRITICAL. TO AvOlD,
INSOFAR AS POSSIBLE, THE LACK OF DISCRIMINATION AND RATER B1AS OFTEN ASSOC!ATED
WITH SUBJECTIVE RATINGS AND TO MAKE SURE THAT CHECHK PILOTS USED NIGH AND CONSIS=
TENT STANDARDS OF RATINGS, A SET OF INSTRUCTIONS WAS DEVELOPED WHICH DESCRIBE THE
CRRORS COMMONLY ASSOCIATED WITH FLIGHT RATINGS. THESE INSTRUCTIONS ARE APPENODED
IN THE FIRST PAGES OF APPENDIX La

THE CRITERION YICLDS AN OVERALL 3SCORE AND PROVIOES WEANS FOR COMPUTATION
OF A NUMBER OF SUBSCORES. ADMINISTRATION OF THE CRITERION AND THE COMPARISON
OF CONTROL AND EXPERIMENTAL STUDENTS WITH RESPECT TO VARIOUS CRITERION SUBSCORES

1S DISCUSSED IN THE NEXT SECTION,

PR A Y

ettt gl rf“r;
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GENERAL CONSIDERATIONS

V.

ADMINISTRATION OF TRAINING SYLLABUS AND CRITERION

™
-

iCONSiDERAT!ON WAS GIVEN TO THE MANNER IN WHICH THE TRAINING SYLLABUS gﬂb

'f‘

rqugr CRITLRION SHOULD BE ADMINISTERED, SEVERAL RESCARCH DESIDERATA AND Ebcn-

ATIONAL LIMITATIONS HAD TO BE KEPT N MIND?

LAY} LAl CH

SPCR3IN

A.

B.

c.

0.

CVYLRAL DESIGNS FOR THE EVALUATION WERE CONSIDERED. ONE INVOLVED INTER=
9

THIRTY=Si1X STUDENTS WERE OBTAINED FOR THE STUDY:

WALF OF THESE COULD BE UTILIZED FOR SIX MOURS OF

TRAINING IN THE 2oFHe2, THIS HALF WOULD BE DES=~

IGNATED AS EXPERIMENTAL SUBJECTS, THE OTHER HALF

AS CONTROL SUBJECTS,

THE EVALUATION PROGRAM SHOULD INTERFERE AS LITTLE
AS POSSIBLE WITH OPERATIONAL SCHEDULES.

SAFETY PRECAUTIONS REQUIRED ALL SUBJECTS TO HAVE

SOME HTL FLIGHT TRAINING BEFORE THE FLIGHT CHECK

COULD BE ADMINISTERED,

lr THE 2-FH=2 1S AN EFFECTIVE TRAINING DEVICE, AS

MORE AND MORE IN«FLIGHT HOURS ARE INTERSPERSED

" BETWEEN 2=FH=2 TRAINING AND ADMINISTRATION OF THE

FLIGHT CRITERION, THE MORE DIFFICULT IT BECOMES

TO ASSESS THE DEGREE OF TRANSFER., THIS CONSIDER=

ATION WAS BALANCED AGAINST THEC ONE JUST ABOVE WITH
THE RESULT THAT FOUR HOURS OF FLIGHT TRAINING WERE
ADMINISTERED BETWECN THE ADMINISTRATION OF THE

TRAINING SYLLABUS AND THE leunr CRITERION,

s V%0 g oo

G 2-FH=2 TRAINING PERIODS BLTWEEN HOURS OF FLIGHT INSYRUCTION] PART or
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THE FLIGHT TRAINING PERICD COULD BE USED TO ADMINISTER FLIGHY CHECKS COVERING

MANEUVERS JUST PRACTICEZD IN THE 2-FH=2. THE TIME, OR THE NUMBER OF TRIALS

"

REQUIRED TU REACH AN ACCEPTABLE CRITERION, COULD THEN BE USED AS THE MEASURE OF

THE EFFECTIVENISS OF S!MULATOR TRAINING IN THAT MANEUVER (B8). THIS METHOD couLd:
- ..

h T

-

U

NOT BE IMPLEKENTED OPLRATIONALLYe A BLOCK TPAINING METHOD WKICH CONSISTEL OF
GIVING ALL TRAINING IN THE 2=-FH=2 PRIOR TO FLIGHT TRAINING WAS THEREFORE UTiLIZED.
THERE 1S SOME EVIDENCE TO THE EFFECT THAT THIS METHOD urnulits SIMULATCRS MORE
eFFECTIVELY (3, 13 & 14).

TWO ALTERNATIVE METHODS FOR EQUATING TRAINING TIME OF EXPERIMENTAL AND
CONTROL SUBJECTS WERE CONSIDEREDs (AS STATED EARLIER SOME FLIGHT TRAINING HAD
TO BE GIVEN TO BOTH GROUPS BEFORE THE CRITERION WAS ADMINISTERED),. By one mETHOD,
TOTAL TIME WOULD BE EQUATED: 1,Eey 2=FHw2 TIME PLUS FLIGHT TIME FOR EXPERIMENTALS
WOULD BE EQUATED TO FLIGHT TIME FOR CONTROLSe BY ANOTHER METHOD, EXPERIMENTALS
COuLD BE G!VE; A SPECIFIED NUMBER OF TRAINING HOURS IN THE 2efHed, EXPERIMENTALS
AND CONTROLS WOULD THEN BE GIVEN EQUAL FLIGHT TIME PRIOR TO ADMINISTRATION OF
THE FLIGHT CRITERLON,

THE LATTER PROCEDURE WAS FOLLOWED RECAUSE OF POSSIBLE AMBIGUITY OF INTERe
PRETATION OF CERTAIN TYPES OF POSSIBLE RESULYS: |F CRITERION SCORES OF
EXPERIMENTALS AND CONYROLS D!D NOY DIFFER SIGNIFICANTLY, THE TRAINING VALUE OF
THE 2=FH=2 WOULD WAVE TO BE ASSUMED TO BE EQUIVALENT TO THAT OF THL SAME NUMBER
OF HOURS OF FLIGNT TRAINING. ACCEPTANCE OF THIS ASSUMPTION WiITHOUT FIRST HAVING

ESTABLISHED THAT THE CRITERION ADMINISTERCD OPERATIONALLY COULD DISCRIMINATE

BETWEEN EFFECTIVE AND INEFFECTIVE PCRFORMANGES COULD LEAD TO FAULTY CONCLUSIONS,

AOMINISYRATION OF !NSTRUMENTS
[ 4

TNlRfV-SJX SUBJECTS WERE SELECTED, CIGHMTEEN EXPERIMEI'TALS AND CIGHTELN

14 g

CONTROLS. SUBJECTS WEREL STUDENT PILOTS REPORTING TO HTU=l. TRAINEES VARIED
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GPEATLY IN THE AMOUNT OF FLIGHT EXPERIENCE. SUBJECTS INCLUDED AVIATION CADETS,
XON-OESIGNATED AND DESIGNATED NAVAL AVIATORS. MANY OF THE LATTER WERE OFFICERS
Wn0 NAD MAGS EXTENSIVE FLIGHT EXPERIENCE. CONTROL AND EXPERIMENTAL SUBJECTS WERET

-—

SCLECTED FROM THREE HTU-l CLASSES: 5=57, 7=57 anD B8=57, Six EXPCRIMENTAL STUDENTS
Lt

- e

AND SIX CONTROLI WERE SELECTED FROM CLASS 5=373 FOUR OF EACH GROUP FROM CLASS
7-57 ANO EIGHT CF EACH GROUP FROM CLASS 8=57, STUDENTS WERE TRAINED AND TESTED
AS FOLLOWS™:

SUBJECTS REPORTED FOR TRAINING !N THE 2-FH=2 AFTER THEY HAD

BEEN GIVEN THEIR A=l FAMILIARIZATION FLIGHT AND ON COMPLETION

OF GROUND SCHOOL. SUBJECTS WERE THEN ADMINISTERED TWO HALF

POUR LESSONS PER DAY IN THE 2-FH=2 FOR SIX DAYS. [INSTRUCTION

WAS SPACED SO THAT THERE WAS AT LEAST A THIRTY MINUTE BREAK

BITWEEN TRAINING PERIODS ON THE SAME DAY,

2-[Hw2 INSTRUCTION WAS fDNLNISTERED B8Y QUALIFIED HTUe!

INSTRUCTORS ASSIGNED TO THE PROJECT,

PRCTEST AND TRAINING SCHEDULES WERE HAMPERED BY 2~FH=C BREAK=

DOWNS AND INSTRUCTOR SICKNESS CAUSED BY THE DEVICE.

ALTHOUGH THREE INSTRUCTORS SHOULD HAVE BEEN SUFFICIENT, ELEVEN

WCRE ASSIGNED; SEVENR OF THESE HAD YO QUIT, PRIMARILY BECAUSE

OF SICKNESS. MORE INSTRUCTOR TIME WAS THMEREFORE REQUIRED TO

CHECK OUT NEW INSTRUCTORS IN THE STANDARDIZED AOMINISTRATION

Of THE TRAINING SYLLABUS.

INE FLIGHT CNECK WAS ADMINISTERED AFTLR THE STUDCHT MAD COM=

PLETED TRAINING NOUR A=5 AND PRIOR TO TRAINING WOUR A«b, TwisS

SRR MY

118 O -‘..‘-

®  This PROCEDURE WAS FOLLOWED WITH EXCEPTIONS REQUIRED YO COORDINATE THKIS T
STUDY WITN SQUADRON SCMEDULES.
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REPRESENTED A COMPROMISE BETWEEN SAFETY ON THE ONE HAND

AND ADMINISTRATION OF THE CHECK AS SOON AS POSSIBLE ON

zCOMPLETION OF THME 2~FH=2 TRAINING ON THE OTHER, THERE s

“WERE FOUR FLIGHT Cnécx INSTRUCTORS, EACH OF WHOM WAS
x
“BRIEFED ON THE CRITERION AND REVIEWED THE (NSTRUCTIONS
FOR ITS ADMINISTRATIONe THE FL;GHT CHECK REQUIRED ABOUT
TRIRTY MINUTES TO ADMINISTER] THE PLANE WAS LANDED DIRECTLY
AFTER EACH MANEUVER SO THAT PERFORMANCE OF THAT MANEUYVER
COULD BE RATED.
iN ADDITION TO THE FLIGHT CHECK, ADMINISTRATIVE RECORDS CONSISTING OF THE
SCORES MADE BY EXPERIMENTAL AND CONTROL SUBJECTS ON THE SQUADRON FLIGNT CHIT
REPORTS FOR HOURS A=2 THROUGH HOURS A=5 WERE QBTAINED,.
THE RATING FORMS WERE TABULATED SO THAT ANALYSIS GOULD BE MADE BY MANEUVER
AND BY FLIGHT TASKe SCORING PROCEDURES ARE DESCRIBED NEXT. BOTH SETS OF
CRITERION DATA, THAT COLLECTED ON THE FLIGNT CHECK AND THE TRAINING FLIGHT CHIT

SCORLS, ARE SUMMARIZED IN TasLes |, 2 aND 3.

ScoriNG PRQCEDURES

PCRFORMANCE WAS SCORED AS FOLLOWS: THREE=CATCGORY ITEMS WERE SCOREDS 2
FOR GOOD OR LFFECTIVE PERFORMANCE, | FOR FAIRLY GOOD r:ﬁroauAuc:, AND O ror
POOR PERFORMANCEs [N THNE CONSTANT HEADING SQUARES MANEUVER, REPCATED |TEMS
(Grouno Speen, FouLows TrRaCK, ANTICIPATES STOPS AND MAINTAIRS ALTITUDE) wERE.

.

SCORED 14 § AND 0. ALL TWO=CATEGORY 1TEMS WERE SCORED 2 OR 0.

OLCASIONALLY, INSTRUCTORS NAD TO TAKEL OVER THE AIRCRAFT FOR REASONS OF
SAFETYY, AND WHEN YHIS KAPPENED THE WEIGHT OF THE ITIN WAS SUBTRACTED FAOM THE
SCOREL, lr;ns WCRC SCORLD IERO DURING TIMES WHEN THE INSTRUCTOR HAD TO RELP

-

CONTROL OF “THE AIRCRAFT,
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QUANTITATIVE SCORES WERE CONVERTED INTO THIS SCORING SYSTEM AS FOLLOWS:

x -
5 :. Compass (OpPrimMaL=-0° HEADING) SCORE i
= MAINTAINED HEADING WITHIN 5% o e 0w a = 2 o

‘MAINTAINED HEACING WITHIN 10° = o v & = |

VARIATIONS GREATER THAN 10° @ o e = « = O

350 drauievias acimhude!

)
e
v

A AAGOR 20 £ bt LMY

N

AIRSPEED 1N NORMAL APPROACH (OPTiIMAL 45 KNoTS)

WITHIN 4248 KNOTS © @ o am = e e =« 2

=
o

BeLOw 38, ABOVE S2 KNOTS = a e e e e w 0

k¥

i'\ TacHomeTER (OPTIMAL 3100 RPM)

é’- WiThin 3050=-3I50 RPM = = @ = o e a = = 2
é WITHIN 29753225 RPM = = e @ @ =« @ = = |
3 BeLow 2975, ABOVE 3225 RPM = = = = = = O

.

INSTRUCTORS, AT TIMES, EITHER FAILED TO OBSERVE OR FAILED TO RATE ACTIONS

.o

COVERED BY SOME ITEMS, VALUES OF THESE IYEMS WERE SUBTRACTED FROM THE TOTAL

POSSIBLE SCORE, THIS ACCOUNTS FOR THE DISCREPANCY BETWEEN TOTAL POSSIBLE SCORE

I8 VARIOUS COMPARISONS,.

Compantson OF CRITERIOH SCORES OF EXPERIMENTAL AND CONTRQL SUBJECTS

TRE SCORLS OF CXPERIMENTAL AND CONTROL SUBJECTS ON THE FIVE MANEUVERS AND
THL COMPONLNT TASKS ARE SUMMARIZED IN TABLES | AND 2. COMPARISONS INDICATE

THAY YOTAL SCORES ARE SUBSTANTIALLY TNE SAME, SLURES MADE BY CONTROL SUBJECTS

R AN

o FGER MAMEUVERS AND YOTAL SCORES ARE SULIGHTLY NIGNER TMAN THOSL MADE BY

-
(lPCR]MﬁNTAL SURJECTS BUY THLSE DIFFERENCES ARE NOT STATISTICALLY SIGNEFICANT,

1Y WAS ORIGINALLY PLANNED TO MAVE THRLE INSTRUCTORS CVALUATE TWO CONTROL AND TWO -

O e T e o e e o B D
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EXPERIMENTAL STUDENTS FROM EACH CLASS SO THAT THE EFFECT OF THE DIFFERENT

INSTRUCTOR STANDAROS AND DIFFERENT CLASSES COULD BE CONTROLLED. HowEYER, IT

hand
P
e
‘.
a—a

WAS POSS!SLE TO MAKE SUCH A COMPARISON IN ONLY 18 CASES. NINE CONTROL AND NINE

EXPERIMENTAL SUBJECTS FROM THE SAME CLASSES WERE RATED BY CMECK PILOTS ‘WiTM EQUALS:
EXPERIENCE. DATA ON THESE CASES YIELDED ESSENTIALLY THE SAME RESULTS.

SCORES WERE COMPARED BY FLIGHT TASK UNDER THE ASSUMPTION THAT ONE GROUP
MIGHT HAVE PERFORMED CONSISTENTLY BETTER ON CERTAIN TASKS AND POORER ON OTHERS,
CoMPARISONS rAlL:b TO suow CONSISTENT DIFFERENCES, (SEE TasiLe 2.)

A CHECK WAS MAOE TO DETERMINE WHETHER THESE RESULTS MIGHY BE ATTRIBUTABLE
TO DIFFERENCES AMONG CHECK PILOTS IN THEIR STANDARDS OF RATING, OR CONSISTENT
DIFFERENCES BETWEEN SCORES OF STUDENTS CHECKED IN THE HTL=6 AS AGAINST THOSE
CHECKED IN THE HTL=5, NO CONSISTENT DIFFERENCES WERE OBSERVED,

AS A FURTHCR CHECK, FLIGHT CHIT SCORES FOR EXPERIMENTAL AND CONTROL SUBJECTS
FOR FLIGHTS A=2 THROUGH A=5 WERE COMPARED. THESE WCRE THE INTERVENING PERIODS.
BETWEEN TRAINING IN THE 2<FH=2 AND THE ADMINISTRATION OF THE FLIGHT CHECK FOR
CXPERIMENTAL SUBJECTS. RESULTS ARE SHOWN IN TABLE 3. NO CONSISTENT PATTERN IS
APPARENT. EXPERIMENTAL SUBJECTS RECEIVED SLIGHTLY HIGHER AVERAGE GRADES IN HOUR
A=2 BUT THIS TREND DOES NOT HOLD IN THE WOURS THAT FOLLOWED.

THESE NEGATIVE RESULTS MAY BE ATTRIBUTABLE TO A NUMBER OF CAUSES, AMONG
THESE ARES I) FAILURE OF THE THE FLIGHT CHECK TO DISCRIMINATE WHEN ADMINISTERED
BY SQUADRON CMECK PILOTS, AND 2) LACK OF FIDELITY OF THE 2-FH-2 COMPOUNDED BY
NUMEROUS | NSTANCES OF MOTION SICKNESS, THE FIRST HYPOTHES IS 1S HAROLY TENABLE
SINCE SCORES ON THE FLIGHT CHECK ARE WELL DISPERSED AND THERE (S A nAkx:o
CORRELATION )N SCORECS AMONG MANEUVERS. THE SECOND, LACK OF FIDELITY COMPOUNDED'

BY MOTION SITKNESS, 1S DISCUSSID IN THE NEXT TWO SECTION9.

ety
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TABLE ]

CRITERICN SCORES BY MANEUVER =

RIF AL I

N=APP = NORMAL APPROACM

LR RTE LN L

135

! — -
GROUP { MANEUVER -~ ‘ TOTALS
- 1 2 3 4 5 6 “
i HOVER VTQ:HVR-LDG »K-HDG:SO |__TO0S | NeaPP H§
T XPERIMENTAL®
i
{NTS MADE i 217 459 3% 327 483 || 1863%
$21aL POSSIBLE Poms"_;h, 322 682 560 526 818} 2910
locReENT SCORE g 67% 67% 66% 62¢ 60% E 64%
114 -
SoNTS MADE | 235 491 331 30| 518 1876
TOTAL POSSIBLE POINTS®# ]i 324 680 480 502 818 ! 2804
2 RCENT SCORE | 7sx 728 698 sos | 63 ! 6%
* N = I8 EXPERIMENTAL SUBJECTS; |8 CONTROL SUBJECTS.
L4 IN SOME INSTANCES TOTAL POSSIBLE POINTS FOR A MANEUVER
DIFFER SINCE CERTAIN (TEMS WERE NOT OBSERVED AND/OR
EVALUATED BY THE CHECK PILOT,
NOTE: THE FOLLOWING ABBREVIATIONS ARE USED:
| VIO « VERTiICAL TAKE=OFF
2 HWR - Hover
3 LDG = LANDING
4 K=HDG=SQ = CONSTANT HEADING SQUARE
S TOS = Turns ON A SPoT
6



- TABLE 2

4
?

- CRITERION SCORES BY TASKS

vy

'0
S RHLIEY

GROUP

TASK i ___EXPERIMENTA — __CONTROL
I I POINTS TOTAL ']?’—"‘Psacsm FOINTS TOTAL || PERCE
i MADE | POSSIBLE R SCORE MADE | POSSIBLE || sce

e o= 0 —————————— 2=

3az2 66% " 2214 306 fL 72¢

l ALTITUDE

2. ATTITUDE 714 " 178 242 “ 7
3. AIRSPEED, ACCEL. ﬂ 144 178 64% " 102% 158 65¢
4. HEADING, TORQUE j 151 238 63% 159 238 l 67§
5. RATE OF TURN J . 26 62 4

[

6. PSN RE: SPOT OR TRACK 216 322 . | 65
7. PWR-RPM 100 202 J 51
B. COLLECTIVE 271 380 u 71
9. CYCLIC 211 32 " 6y
{10 _rupoer 239 368 % B

THROTTLE

e —— e ——

TOTALS

XITRYL] 0""0-:
PLYPRCIE TN (Tl
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TABLE 3

PERCENT DlSTRIBUTlON OF FLIGHT CHIT GRADES* ™
f (R EXPERIMENTAL & COI\TROL SUBJECTS FOR HOURS 2-5 OF HTU=-1 INSTRUCTION

JWJL”’""’"'"'”"T R LE RN
e

oM
0
o
&,

UNSATIS- 3 u BELOW % ABOVE % TOTAL
FACTORY®® AVERAGE AVERAGE

EXPERIMENTAL SUBJECTS*w##

- - - - 197 | 7908 51 | 21¢ | 248
- - 5 24| 256 | 788 68 | 208 } 320
- - 19 sg ) 204 |76 ] 73 |1og | 206
. - 22 | esll a8 leg] sz |13z b ae

. Tl s ol voss froml 2ea | ieghioss

- - - - [ 166 | 84% ! 31 16% a 197

- - 8 2 258 | 788 ! 67 | 20% || 333

- - E 4% ; 219 | 75¢ ;; 77 | 21% | 37
o 1ol e Lesl su o] 77 lioglaor

- - a2 3% ; 1014 | 78% : 252 | 198 [1308

THE TABLE CAN MOST EASILY BE READ FROM LEFT TO RIGHT,

PERCENY. SCORES ARE COMPUTED ON THE BASIS OF THE NUMBER OF GRADES

FALLING IN A GIVEN GRADE CATEGORY ‘'TO THE TOTAL NUMBER OF GRADES

GIVEN TO THE GROUP FOR THE HOUR,

EXAMPLE: FOR HOUR A=3 THE EXPERIMENTAL SUBJECTS RECEIVED 2%
BeLOWw AVERAGE, 7B% AVERAGE, AND 20% ABOVE AVERAGE; TNE
ToTaL GRADES RECEIVED wASs 329,

REZADERS WILL NOTE THAT THERE IS NO STANDARDIZED NUMBER OF GRADES

FOR ANY HOUR., THIS 1S BECAUSE INSTRUCTION (COVERAGE) IS GREATLY

eV got

F DEPENDENT ON STUDENT=INSTRUCTOR PROGRESS AND STUDENTS ARE GRADED

- ON CURRENT AND PRIOR FLIGHT ACHIEVEMENTS AT THE DISCRETION OF THE :
s INSTRUCTOR. . 3
®%  NO GRADES WERE GIVEN IN THIS CATEGORY,

#8¢ N - |B EXPCRIMENTAL SUBJECTS; |8 conTmOL susuCcTs,
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VI. SICKNESS INDUCED BY THE 2aFH-2

THERE H?S NO PROVISION IN THE ORIGINAL STUDY PLAN TO STUDY MOTION

SICKNESS®, 'Bowcv:n, THE PROBLEM BECAME SO ACUTE THAT PRA AND NTDC PERSONNEL
DECIDED ruAf.sou: EFFORT SHOULD BE MADE YO INVESTIGATE SICKNESS INDUCED BY THE
2«FHe2 AND FACTORS RELATED TO I1Te SiINCE TN;S HAD TO BE DONE IN THE MIDDLE OF
THE STUDY, IT WAS NOT POSSIBLE TO ARRIVE AT DEFINITIVE ANSWERS, HOWEVER, SOME
IDEAS ON THME NATURE OF THE SICKNESS, POSS!ISLE CAUSES, AND INFORMATION THAT MAY
SUGGEST RELATIONSHIPS BETWEEN THESE CAUSES AND SICKNESS ARE DISCUSSED BELOW,

THERE 1S A GOOD DEAL OF LITECRATURE ON VARIOUS TYPES OF MOTION SICKNESS:
SEASICKNESS, AIRSICKNESS, ALTITUDE SICKNESS, ETC., (1, 2, 9). MosT SiCKNESS OF
THIS TYPL REPORTED IN THE LITERATURE 1S PRODUCED BY THE MOVEMENT OF THE SUBJECT.
STATEMENTS SUCH AS "VISUAL, KINESTHETIC, AND OLFACTORY STIMUL! ARE INFLUENCING
FACTORS BUT WILL NOT Pnoouc5>3|cxucss BY THEMSELVES™ (9) ARE FAIRLY comMmON. THE
DISCUSSION BELOW IS LIMITED TO A DESCRIPTION OF THE SITUATION FACED IN THE STUDY,
TME SICKNESS ENCOUNTERED WITH THE 2=FH=2 IS APPARENTLY UNIQUE IN THAT ONLY ViISUAL
CUES WERE A PART OF THE CAUSAL COMPLEX,

SICKNESS AND OTHCR UNDESIRABLE SENSATIONS WERE REPORTED AT BELL AIRCRAFT
CORPORATION WHERE THE 2-FH=2 WAS DEVELOPED, AND AMONG THREE OF TWELYE INSTRUCTORS
!N PRELIMINARY EVALUATIONS CONDUCTED AT ELLYSON FiELD (10)a N THIS sTUDY, IT
WAS ENCOUNTERED IN A MORE VIRULENT FORM. FURTHERMORE, TNHE 2-FH=2 MAY NOT
REPRESENT AN ISOLATLD CASE OF SICKNESS AMONG CONTACT FLIGHT slnuuntons; WHICH

PROVIDE EXTRA=COCKPIT CUES, AS THERE HAVE BEEN SOME REPORTS OF SICKNELSS IN THE

F=1S! AcriaL FixED GUNNERY TRAINER.

[} &) "‘l

*  THIS TERM IS USED MERE TO REFER TO THE SICKNESS ENCOUNTERED, IN THE 2-FH=2.
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A QUESTIONNAIRE WAS DEVELOPED TO OBTA!N INFORMATION CONCERNING THE SICKNES..

IT-wAS COMPLETED BY THIRTY=SIX RESPONDENTS = INSTRUCTORS, STUDENTS, AND OTHER

-
.. ..

PCRSONNLL EXPERIENCED N THE 2-FH=2 AND THE HTLs THE QUESTIONNAIRE ronufis

=~ :.

PRISENTED AND RESPONSES ARE SUMMARIZED IN APPENDIX F, AND DISCUSSELD a:gogi

Tu:ut;-E|GHT OF THIRTY=SIX RESPONDENTS REPORTED SICKNESS IN SOME DEGREE,

[1 WAS WMORE FREQUENTLY REPORTED EARLY IN TRAINING AND IT WAS MORE LIKELY TO
sCuR In THE FIRST TEN MINUTES OF THE TRAINING PERIOD.

NAUSCA, DIZZINESS, VERTIGO, WEADACHES, BLURIED VISION AND SWEATING WERE
FRESUCNTLY REPORTED SYMPTOMS. THE FIRST THREE AND SWEATING, ARE COMMONLY
aCPORTED AS ASSOCIATED WITH AIRSICKNESS. HOWEVER, BLURRED VISION AND HEADACHES
aRL NOT SO COMMONLY REPORTED IN THE LITERATURE. THERE WERE A NUMBER OF REPORTS
or "oouveLE VISION, "

TWE SICKNESS WAS OFTEN QUITE PERSISTENTs MORE THAN WALF THE RESPONDENTS
ACPORTED !T LASTED AN HOUR OR LONGER AFTER THE FLIGHT AND FIVE SAID IT LASTED
OvCANIGHT. THERE WERE A NUMBER OF REPORTS THAT IT INTERFERED WITH READING,
psPLR VORK, €TCe, SEVERAL HOURS AFTER A FLIGHT. ALTHOUGH SOME RESPONDENTS
ACPORTED GETTING OVER THEIR SICKNESS AFTER A FEW HOPS, SEVERAL DID NOT; AND THERE
WLAC INSTRUCTORS WHO REPORTED NO SICKNESS THE FIRST MWOURS BUT BECAME S1CK LATER,

SPLCULATIONS AS TO WHAT FEATURES OF THE DEVICE WERE RESPONSIBLE FOR THIS

SICKNESS RELATE TO COMPONENTS OF THE MACHINE AND THE PERCEPTIONS OF THE OPERATORS,

InCSC ARC LISTED BELOW.
A, FIDELITY LIMITATIONS,

|. REFLECTIONS FROM BOTH PLATES, WHEN THE LIGHT IS

NECAR THE GROUND, RESULT IN DOUBLE IMAGES ON THE

X LT

SCREEN,

abe e,
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4,

S.

6.

Te

8.

9.

AT LOW ALTITUDES AND ON APPROACHING THE DECK,
OBJECTS BECOME PROGRESS!IVELY MORE BLURRED AND
APPEAR FOGGY. TEXTURE CUES ARE THEREFORE OF

HO VALUE IN PROVIDING INFORMATION AS TO ALTITUDE.
NEAR THE INDICATED MACHINE LIMITS oF {50 in

PITCH AND ROLL PILOTS REPORTED AN APPARENT PITCHK

or 45° to 60% IN THE LOW=ALTITUDE PLATE,

BOoTH PLAYES YIBRATE DURING YAWING AND TURNS,

THREE (NCOMPATIBLE APPARINT MOTIONS ARE VISIBLE:
INE MAIL M4CT)ON OF THE DAMORAMA, THE MOVIHENT OF
THE PLATE OVERHMEAD WHEM (N CERTAIN POSITIONS, AND
APPARENT MOVEMENTS Pnochzo BY CUST OK LINT ON

THE LENS.

WITH TRANSLATIONAL MOVEMENT, OBJECTS ON THRL FLOOR
OF THE PLATE PROVIDE INTERPOSITION CUESs NO INTER=
POSITION CUES ARE, OF GCOURSE, POSSIBLE AMONG OBJECTS
PAINTED ON THE SIDES OF THE TRANSPARENCY,

THERE 1S A LACK OF ROTATIONAL PITCHING OR ROLL
MOTIONS OF THE COCKPIT} THERE ARE NO KINESTHETIC
AND VESTIBULAR SENSATIONS NORMALLY PRODUCED BY

G=CHANGES IN FLYING AN AIRCRAFT,

.DISCREPANCIES EXIST BETWEEN CONTROL LAG AND CGONTROL

DISPLACEMENT REQUIRED (N THE 2«FHe2 AS CONTRASTED

TC THE HTL

THE COCKPIT 1S POSITIONED WRONG RELATIVE TO THE LIGHT,
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i0. THERE 1S & LACK OF RETINAL DISPARITY = THE SAME

LEF VI

-

IMAGE 1S SEEN BY BOTH EYES.

3 I Be N ADDITION; THERE ARE CERTAIN FACTORS THAT MAY BE g :
H - . ';_ \

= REGARDED AS "PSYCHOLOGICAL™. THIS IS A CATCH=ALL f ;
» - ) \
= CATEGORY BUT iNCLUBES: i
' le DUSPAR!TY BUTWEEN PERCEIVED VISUAL DISPLAY AND Iy
f : N
¥ : -
e EXPECTED VISUAL DISPLAY, THIS AR!SES FROM ALMOST 3
¢ ALL LACKS OF FIDELITY LISTED ABOVE,
¢
3 [
£ 2. SUGGESTION., PERSONNEL COULD BECOME AIRSICK i
& '
G THE DEVICE BECAUSE THEY BECAME ATRSICK IN IT
3:._' '
e EARLIER OR BECAUSE PERSONNEL iN THE SQUADRON
. . 4 :
£ TOLD THEM THEY WOULD. s
.. 1
. i
o 3¢ CLAUSTROPHOGIA, ESPECIALLY IN THE LOW=ALTITUDE -
i 2
* & PLATE, A SENIOR OFFICES% WITH THOUSANDS OF HOURS :
i : !
b OF FLIGHT EXPERIENCE SAID; “THE 2-FH=2 INITIALLY &
;. §
L GIVES ONE THE SENSATION SSLAVED TO CLAUSTROPHOB!A = -
~ .
£ A FEELING OF BEIRG ENCLOSED OR ENTRAPPED IN AN »
x ENCLOSURE WHEREIN ALL LIGHT AND OBJECTS ARE HAZY,
hH
? DULL, AND GENERALLY OUT OF FOGUS. THNIS FLELING
Y
g AUTOMATICALLY IMPOSES A PSYGHOLOGICAL BLOCK TO THE
y
:? PROCESS OF PHYSICAL AND MENTAL EFFICIENCY", A
1 Y

NUMBER OF OTHER HTUel INSTRUCTORS REPORTED SIN!L.A%

A FEECLINGS,
k. . THERE ARE B8ITS OF EVIDENCE TAAT TEND TO RECFUTE OR .
l“ :' . . -
b \ . A
ﬁ . LEND SUPPORT TO THESE SUGGESTED CAUSES. :
; :
3’ -
E

.
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(A) BULURRED VISION, DOUBLE VISION, EYESTRAIN AND

PSR

{MPATRMENT OF READINGe THESE WERE FREQUENTLY

P

RS
)
t

REPORTED BY PILOTS, BUT ARE NOT COMMONLY

LI

REPORTED I THE LITERATURE ON MOTIONSICKKNESS

€’:.‘ !“|",‘ {-

AND AIRSICXNESS. THESE REPORTS SUGGEST THAT
LACK OF RETINAL OISPARITY IS A PRIME CAUSE.
THE FACT THAT SICKNESS WAS REPORTED LESS OFTEN
IN THE HIGHwALTITUDE PLATE ESPECIALLY AT MiGH= )
ALTITUDES SUPPORTS THIS NYPOTHESIS. [T wOULD
APPEAR, NOWEVER, TNAT THIS IS NOT THE ONLY
CAUSE. SOME PERSONNEL TRIED WEARING A PATCH
OVER ONE EYE. ONE INSTRUCTOR SAID THIS ALLOWED .
HiM TO DO PAPERWORK AFYERWARD EVEN THOUGH ME
COULD NOT DO THIS TYPE OF WORK SUBSEQUENT TO
FLYING WHER HE DID NOT WEAR THE PATCH, HOWEVER,
ME AND OTHERS WHO USED TNE PATCH REPORTED UN=
FLEASANT SENSATIONS OR SICKNESS WHILE VEARING T,
() THE wigH PLATE PRODUCED NOTICABLY LESS SICKNESS,
ALTNHOUGK UNPLEASANT SENSATIONS WERE RCPQRTED BY

SUME SUGJECTS IN 1T THIS MAY DE TAREN AS

oy

I'Ty

¥
4

CVIDENCE YRAY THE LACK OF BINOCULAR DISPARITY 13

i

v
.

A CAust., HOWEVCR, YHE FUIZINESS OF YEXTURE CUES

L A
¥

i?’;g"')l'a
o Lod TR

AT LOW ALTITUDES AND PLATE REFLECTIONS ARL EQUALLY

"

TENABLE ALTERNATIVE MYPOTHESES.

<«
PO

L&
b
1Xd

(C) INSTRUCTORS REPORTLD SICKNISS SOMEWNAT NORE FREw

IXIERY L Y -0.‘..:
IR LR P

QUENTLY AND IK A MORE EXTREME FORM THAN STUDENTS,
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THIS COULD BE EXPLAINED ON THE ASSUMPTION THAT
INSTRUCTOR'S EXPECTANCIES ARE MORE FIRMLY rf§50a
WENCE, MORE SENSITIVE TO LACKS OF %nostTv M vHE
t \CHINE, |T COULD ALSO BE ATTRIBUTED TO THE FACT
THAT STUDENTS PROBABLY HANDLED .AE CONTROLS MORE
OF TEN.

SICKNESS WAS EXPERIENCED ONLY WHEN THME DISBLAY
MGVEDs THIS WCULD SUGGEST THAT REFLECTIONS. &€TC.,
WOULD NOY IN THE 'THEMSELVES PRODUCE SICKNESS.
OnLy | OF B SUBJECTS WHO TOOK ORAMAMINE REPORTED
THAT 1T NELPED NIM. SEVERAL SUBJECTS REPORTED
UNPLEASANT SIDE EFFECTS FROM DRAMAMINE,

NTDC REPRESENTATIVES MOVED THE COCKPIT BACK ABGUY
A FOOT ABOUT MIDWAY IN THE TRAINING SYLLABUS,
THIS HAD NO NOTICEABLE EFFECT ON SICXNESS.
ATRSICKNESS WAS REPORTED ™MOST FREQUENTLY IN

PITCH AND ROLL OSCILLATIONS, HOVERING, SND FIGURE
EIGHTSe VERY STRONG A{RSICKNESS WAS REPORTED BY
7 RESPONDENTS IN TURNS ON A SPOT, |T wWOULD 3ELw™
THEN, TO BC HOST CLOSELY ASSOCIATED WITH ROVEMENY
IN THE ROTATIONAL RATKER THAN TRANSLATIONAL FREL=-
Oous. {ATTCHPTS YO MOVER OFTCN WOUND UP “IW

O3CILLATIONS, )

R L Yol

SUGGESTION ALONE PROBABLY DID NOT CAUSE SICKNESS,:
2

ALTHOUGH IT HIGHY HAVE BEFW A CONTRIBUTING FACTOR,
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SEVERAL PILOTS WHO HAD NOT BEEN IN THE MACMINE

OR HEARD ABOUT SICKXNESS INDUCSD Y THE DEVICE,

‘

ENSLS P
!

BECAME SICK AFTER FLYIMNG THE ZefHe2,

P O PP N

o
Ar3 bty

(1) INSTRUCTORS WHO FLEW THE 2=FH=2 AT BeLL AlR=

[ DT NC

.

CRAFT CORPORATION WHEN THERE WERE GAPS IN THE

SCREEN, REPORTED THEY BECAME AIRSICK MORE QUICKLY

-ty e

P

THAN WHEN FLYING WITR THE COMPLETE SCREEN AT

PENSACOLAS

(4) No SICKNESS HAS BLEN REPORTED IN A SOMEWHAT
SIMiLAR ENG!NEERING PROTOTYPE DEVELOPED BY
LINK AVIATION COMPANYe THIS PROTOTYPE IS ¢
ESSENTIALLY 2 SYMBOLIC PRESENTATION CONTAINING
NO OBJECTS OF KNCWN SIZE. THE PILOT FLIES ,
OVER A CHECKERED STRIP, THE SEAT PITCHES AND
{ROLLS. THE SUGGESTIGN HAS BEEN MADE THAT
_PITCH AND ROLL OF THE GOCKPIT OF THE 2=FHw2

. WOULD REDUCE THE SICKNESSe TNE WRITEAS DOUBT

. e g emimes e e

THIS UNPER THE ASSUMPTION THAT SEAT MOTION

L et

WOULD NOT IN ITSELF PRODUCE & REALISTIC SiMUL=
ATION OF GRAVITY FORCES, HOWEVER, IN THE
ABSENCE OF BAYA (T WOULD BE WORTHWHILLE TO

INVESTIGATE THIS HYPOTHES!S.

e #a,

-

FROM THIS LISTING, 1T 13 OBVIOUSLY NOYT POSSIBLE TO PINPOINT ANY ONC FACTOR

o ma po

ITE R . t

‘E AS A SOLE “CAUSE OF SICKNESSe 'IT IS PROBABLE THAT SEVERAL FACTORS ARE RESPONSIBLL,:

- Wty

St z : v

' :° ALL OF THESE MUST BE RELATED IN SOME WAY TO LACK OF FIDELITY IM THE MOVING D1 IPLAY,,
e + i
: 3

FOR INSYRUCTORS REPORT RELATIVELY LITTLT AIRSICKNESS (N NELICOPTER YRALINING,.

Y

A

- at e
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HOWCYER, IT IS VERY DOUBTFUL THAT ANY VISUAL EXTRA=COCKPIT DISPLAY THAT CAUSES

SICANESS AS COMMON, INTENSE AND PERSISTENT AS THE Z2=FH=2 CAN EVER BE OPERAT!ION-
= s

ALLY ACCEPTABLE, WHATEVER (TS MERITS.

RTp AR
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Vi1, LEARNING AND FIDELITY

EADHITTEDLY, “EXPLANATIONS™ AS TO WHY THE 2-FH=2 FAILED TO TRAIN ARE “Ao Hoc",

,,.lo

HOUCVER, WHEN WE COMBINE THE DISCUSSION OF CONTROLS AND FLIGHT PARAMETERS J
t 3

4

-

SECTION || WITH THE INSTRUCTOR COMMENTS CONCERNING PERFORMANCE OF STUDENTS TRAINESD
IN THE 2-FH-2, A NUMBER OF HYPOTHESES ARE SUGGESTEDs WHEN THIS MATERIAL IS
CONSIDERED FROM THE VIEWPOINT OF LEARNING, IT SCEMS PLAUSIBLE THAT STUDENTS
TRAINED IN THE Z2-FH=2 LEARNED A NUMBER orlwaonc HABITS., CONSIDER THE COMPLEX
SKILLS REQUIRED TO FLY AN AIRCRAFT. [N HIS COMPENSATORY SYSTEM, THE FUNCTION OF

THE PILOT IS TO CLOSE SEVERAL LOOPS, TO TAKE CARE OF SEVERAL SUB=TASKS MORE OR

LESS SIMULTANEOUSLY. HE MONITORS AND CONTROLS THE PATK OF THE AIRCRAFT IN THE
SIX FLIGHT PARAMETERS BY CORRELATING HIS ONGOING OBSERVATIONS WITH HIS EXPECTAN=
CIES BY APPROPRIATE MANIPULATION OF THE FLIGHY CONTROLS. HE DOES THiS BY
ODEVELOPING TWO TYPES OF MABITS:
Ae. MONITORING AND RESPONDING PROPERLY TO THE INDIVIDUAL
DISPLAY=CONTROL RELATIONSHIPS = CLOSING INDIVIDUAL
LOOPS,
B. PROPER TIMESHARING BETWEEN LOOPS = COMBINING A NUMBER
OF LOOPS,
WHAT ARE THC STAGES OF LEARNING BY WUMICH THE NOVICE BECOMES PROFICIENT?
{T SEEMS REASONABLE TO ASSUME THAT AN INITIAL STAGE CONSISTS OF LLARNING GROSS
EXPECTANCIES,; (4B, WHAY IT LOOKS AND fEELﬁ LIKE TO FLY A MELICOPTER, THE PILOY
PULLS uP CPLLECTIVE AND SENSES THE AIRCRAFY RISING, HE LEARNS THAT TMERE (38 A
LAG IN RESPONSC TO MOVEMENTS OF THE CYCLIC CONTROLS THAT WIS AIRSPCED INDICATION

. 3
13 Of.LITTLﬁ USE IN SOME NEAR GROUND MANFUVERS, BuT, NI HAS NOY YET LEARNED TO

[
-

CLOSE THE LOOP EFFCCTIVELY.

.

PPN
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LATCR 1N TRAINING THE PILOT BEGINS TO OBSERVE THE D!SPLAY ANO MAN!PULATE
FLIGAT CONTROLS SO AS TO CLOSE THE LOOP EFFICIENTLY. WMILE HE MAY LEARN ONE

.
t0or. A~ Ting (FOR EXAsPLE, CYCLIC AND ASSOCIATED DISPLAY CHANGES) OR scvﬁpaL
3

- .
L 73

at ?":“. CONSIDER THE -TAGES B8Y WH'CH HE LEARNS TO BE A MONITOR=CONTROLLER OF

Ove OISPLAY=CONTROL LOOP. AT FIRST ME MUST LEARN HOW MUCH TO DISPLACE THE CONTROL
70 PRODUCE A GI!VEN RATE ANO ACCELERATION OF AIRCRAFY MOVEMENT IN THE FREEDOMS

TmC CONTROL ©%VERNS, HE MUST LEARN THE CHARACTERISTIC CONTROL LAG AT VARIOUS
s2£3S. FOR ZACH MANEUVER HE MUST LEARN THE CORRECT EXTRA AND INTRA=COCKPIT

v:SUAL PICTURE SO HE CAN RELATE TO IT THE PICTURE HE OBSERVES 8Y PROPER CONTROL

v T T T

wcvEMENTe AT THIS LEARNING STAGE HE.MUST CONSCIOUSLY THINK OF EACH MOVE HE
€rn, AND OFTEN DOES, VERBALIZE WHAT IS HAPPENING TO THE VISUAL PICTURE THE
sGOuNT WE MUST MOVE THE CONTROL. TO DO THIS ALMOST REQUIRES THE PILOT'S FuLL
tiuf. AS LCARNING PROGRESSES, THE MONITOR=CONTROL FUNCTION BECOMES LESS
4TIENTION=DENANDING, LESS TIME CONSUMING, MORE CFFICIENTs HABITS ARE DEVELOPED
el MAKE |7 UNNECESSARY TO CONSCIOUSLY THINK THROUGH EACH MOVE. THE TIME SAVED
Can 8L APPLIED TO LEARNING OTHER LOOPS.

CONTROL OF TWO OR MORE LOOPS IS LIKELY ACHMIEVED AS FOLLOWS: THE PILOT
saxrLLS ALTERNATELY THE CUES THAT PROVIDE NECESSARY INFORMATION AS TO MIS POSITION,
3PCLD AND ACCELERATION, HE MAKES A RAPID JUDGMENT AS TO WHETHER HE MUST MOVE A
COnTRGLe IF HE MUST, HE KNOWS THE APPROXIMATE AMOUNT OF DISPLACEMENT REQUIRED.
hzuc?. ME DOCS NOT HAVE TO WAIT AND WATCH YO SEEC THAT THE PLANE RESPONDS PROPERLY.
IN$TCAD, ME SHIFTS ATTENTION TO THE CUES PROVIDING INFORMATION ON A SECOND LOOP;
WAELS TAL MECESSARY CONTROL MOVES AND CONTINUES IN THIS MANNCR UNTIL THE FLIGHT

)8 %UPLLTEO. THUS, WHEN THE PILOT BFROMES.PROFICIENT, ME MONITORS AND CONTROLS
>
<

- PR Y

STYCRAL COMTROL<DISPLAY LOOPS BY TIME SAMPLING EACHM, QUICKLY CORRELATING HIS

PENCEPTION wiTH HIS EXPECTANCIES SO AS YO ADJUST AND READJUST THE POSITION,
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MOVEMENT AND ACCELERATION OF THE PLANEe DEPENDING ON AIRGCRAFT TYPE, MISSION,
MISSION PHASE, ETU,, THE TIME REQUIRED TO MONITOR VARIOUS LOOPS OIFFERS GREATLY.

THe PROFICIENT PILOT VARIES HIS TIME~SHARING PROCEDURES AS A FUNCT!ON OF SUCH

b
P

T RIICRS

=11

FACTORS sé;uc CAN EXECUTE ANY MANEUVER EFFICIENTLY,

HOW CAN A TRAIRER THAT LACKS FIDELITY FAIL TO PRODUCE POSITIVE TRANSFER,
OR LEAD TO nchrtéc TRANSFER? FOR MOST EFFECTIVE LEARNING, CONTROLS AND DISPLAYS
SHOULD BE LINKED IN THE SAME WAY IN TRAINER AND AIRCRAFT. BUT, CONSIDER THE
DIFFICULTIES ENCOUNTERED BY THE SIMULATOR«TRAINEL Z1LOT IN THE AIRCRAFT, MOVE=
MENT OF A CONTROL LEARNED tN THE SIMULATOR E£ITHER MOVES THE CUES SPECIFYING
PLANE-EARTH RELATIONSHIPS TOO LITTLE OR TOO MUCHy OR AT THE WRONG RATE. THE
HABITS LEARNED !N THE SIMULATOR ARE IHAPPROPRIATE !N THE AIRCRAFT. ONE CRITICAL
HABIT IS THAT OF MOVING THE CONTROL, THEN NOT ATTENDI!NG TO THE INFORMATION
PROVIDED BY ITS ASSOCIATED DISPLAYS. THE PILOT MUST LEARN THIS HABIT SO HE CAN
ATTEND TO DISPLAY EL:ucurs THAT DETERMINE NOW HE MUST MOVE A SECOND CONTROL.
WHILE ATTENDING TO YHESE ELEMENTS ASSOCIATED WiTH }Nc SECOND CONTROL, ME ASSUMES
IMPLICITLY THAT WIS MANIPULATION OF THE FIRST CONTROL THAT BROUGHT THE SIMULATOR
BACK INTO ALIGNMENT WILL PROPERLY REALIGN THE AIRCRAFT, AS THE SIMULATOR LACKS
FIDELITY RECALIGNMENT IS, NOT EFFECTEDs SO; YO FLY THE AIRCRAFT PROPERLY HE MUST
BRLCAK LEARNED HABITS, AND IN DOING SO BRING NAB;TUAL SKILLS BACK YO THE CONSCIOUS
THRESNOLD,

| T WOULD SEEM REASONABLE TO PREDICT THAT THE TIMC REQUIRED TO RELEARN IS
A FUNRCTION OF THE NUMBER QF LOOPS THAT LACK FIDELIYTY AND THE OEGREE OF DISSiINM=
ILARITY BLCTWEEN TRAINER AND AIRCRAFT IN CACM, AND FINALLY, WHEN THE OISPLAY
CONTAOL RELATIONSHIPS ARE PHENOMENALLY DISSIMILAR, NOT ONLY MUST THE STUDENT
RLLEARN TO_MONITOR CACH LOOP PROPERLY, HE MUST, TO VARYING DEGRELLS, RELEARN

TIMC-SHARING NABITS,
- - :
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THE CONCEPT OF THE PILOT CLOSING D!SPLAY=CONTROL LOOPS HELPS TO IDENTIFY
AnD EVALUATE CRITICAL FIDELITIES OF THE 2-FH~2. TO MAXINIZE TRANSFER, THE

PICTURE PRESENTED IN THE 2-FH-2 SHOULD BE SIMILAR TO THAT OBSERVED FROM THE

)

41RCAAFT 'SU THE PILOT CAN LEARN PROPER EXPECTATIONS, THE MOVEMENT OF CoNTROLS
=

ISHTITRS

REQUIRED gHOULD BE SIMILAR IN LAG, SENSITIVITY AND DISPLACEMENT SO YHE PROPER
®ITOR WABITS CAN BE LEARNED; THUS, THE SAME MOVEMENTS THAT CORRELATE OBSERVED
Cul CONDITIONS IN THE 2-FH=2 WITH THE EXPECTED CUE CONDITIONS WILL CORRELATE
THEM EQUALLY WELL IN THE HTL.

WiTH THE ABOVE IN MIND, COMMENTS FROM INSTRUCTORS AND STUDENTS WERE CLASS | =
FiLO UNDER THE CRITICAL LOOPS GOVERNED BY THE COLLECTlVE-THROTTLE, DiRECTIONAL
ContRoL PEDALS AND CYCLIC CONTROL. TMESE COMMENTS SHOULD NOT BE REGARDED AS
PALISL OESCRIPTIONS AND THEY MAY, IN SOME INSTANCES REFLECT EMOTIONAL BiAS,

HOwLYLR, IT 18 BELIEVED THAT THEY ARE REASONABLY ACCURATE,

Y=00rTLE AND COLLECTIVE PiTCH

THROTTLE AND COLLECTIVE PITCH CONTROL THE LIFT AND MENCE, THE ASCENT AND
DLICENT OF THE AIRCRAFT BY ADJUSTMENT OF THE PITCH OF THE MAIN ROTOR AND TMC
PovCR, THE THROTTLE IS MOST FREQUENTLY USED YO COMPENSAYE FOR COLLECTIVE
ADJUSTHENTS .

AMONG THE WORE CRITICAL EXTERNAL STINULUS PATTCRNS THAT ALLOW THE PILOT TO
MAROLL THMESE CONTROLS PROPERLY ARE CUES ARISING FROM THE EXPANDIN; OR CONTRACTING
GROUND PATTCRN, INTERPOSITION AND CNANGES IN INTERPOSITION OF OBJECTS IN TME
VCATICAL TRANSLATIONAL FREZOOM, THE APPARENT MOVEMCNT OF GROUND OBJECTS ALONG
tul CANOPY, *ut S12E OF KNOWN OBJECTS, AND SURFACE TEXTURE AND APPARENT TEXTURE

.

CHANGES WITH CHANGING ALTITUDE. . INSIDE THE COCKPIT THE MOST CRITICAL INDICATION '

“
-

18 Tag RF&Q WHICH I3 YO THE ROTARY WING PILOT “WHAT A(RSPEELD 1S YO THE Fixeo

.-
2

VIRG PILOT+™ IN ADDITION THEREL ARE THT SOUNDS OF THE ROTOR AND ENGINE WHiCM
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VYARY WITH ROTOR SPEED AND HENCE, PROVIDE WELPFUL AURAL CUES.

THE 2-FHe2 DEFINITELY GIVES THE ILLUSION OF FLYING BECAUSE IN A GROSS
SENSE, Yﬂi EXTERNAL CUES "ACT RIGHT", THE EXPANDING AND CONTRACTING GROUND
PATTERN n; PERCEIVED, THE |ﬁrcnposuruou OF OBJECTS, AND AT WIGHER ALTITUDES,
TEXTURE CHANGES OCCUR NATURALLY. HOWEVER, AT LOW ALTITUDES, OBJECTS BECOME
FUZZIER AS THEY ARE APPROACHED. ALSO BECAUSE OF ENGINEERING COMPROMISES REQUIRED
IN THIS MODEL, WHEN ON THE DECK, THE PILOT FEELS THAT HE 1S SITTING TOO HIGH IN
A BOWL. THIS IS ESPECIALLY TRUE WITH THE LOW=ALTITUDE PLATE. THIS MAY IMPAIR
JUDGMENT OF ALTITUDE AND HENCE, THE CAPABILITY OF THE DEVICE TO TCACH MANEUVERS
SUCH AS NORMAL APPROACHES AND VERTICAL LANDINGSe :

THE HOSY CRITICAL FAULT IN THIS LOOP SEEMS TO BE THE RPM INDICATION, IN
THE HTL, THE RPM 1S VERY SENSITIVE, THE CONTINUOUS MANIPULATIONS OF COLLECTIVE
REQUIRED ARE CALLED "MILKING". A YETERAN INSTRUCTOR SAYS: " 'MILKING' IS A
PROCESS WHEREBY RPM 1S BUILT UP BY REDUC!ING COLLECTIVE (with FuLL THROTTLE)

THEN INCREASING COLLECTIVE TO AVOID SETTLING TO THE GROUND. HOWEVER, 'MILKING'
IS USED IN ALL MANEUVERS AT ALL SPEEDS AND ANY ALTITUDEs ANYTIME THE COLLECTIVE
1S DECREASED THE THROTTLE MUST ALSO BE DECREASED TO AVOID OVERSPEEDING THE
ENGINE, ALSO WHMEN COLLECTIVE 1S INCREASED THE THROTTLE MUST BE ADDED TO KEEP

FROM LOSING RPM, T MATTERS NOT IF THE PLANE I3 IN LEVEL FLIGHT AT 500" or 18

MAKING A NORMAL APPROACH OR IN A HOYER 'MILKING' 1S USED TO CONTROL RPM as weLL

AS REGAIN LOST RPM,"

"ONCE SET, THE RPM INDICATION IN THE 2=-FH=2 DOES NOT REQUIRE THE CONTINUOUS
ATTENTION AND ADJUSTMENTY OF COLLECTIVE AND THROTTLE REQUIRED IN THE AIRCRAFT.

A NUMBER OF INSTRUCTORS SAID THAT STUDEWTS TRAINED IN THE 2-FH=2 HAVE A TENDENCY.

-

-~ .
TO IGNORE QPM IN THE HTL LETTING IT GET DANGEROUSLY LOW OR OVERSPLED, ALSO,

THE UNREALISTICALLY STABLE RPM INDICATION REDUCES THE VALUE OF INSTRUCTION IN
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T-ASTTLL COMTROL SINCE TWROTTLE ADJUSTMENTS DO NOT HAVE TO BE MADE TO COMPENSATE

.

r33 (SCLECTIVE CHANGES. CHANGES 'N THE SPEED OF THE ROTOR AND MOTOR PROVIDE

LN <.
$2.% OIFFERENCES TMAT CAN BE USED AS CUES TO MAINTAIN PROPER RPM. Twe SOUND OF
= ' -

sof @373 AND MOTOR IN THE 2<FH=2 ARE REGARDED AS SOMEWHAT LIKE THAT IN THES

TONE OF ThE SOUMND CAN BE ADJUSTED. SOUND AND SOUND CHANGES ARE NOT REGARDED

- -
-

3
*

8~ *NE R LTORS AS ESPECIALLY CRITICAL IN INITIAL HOURS OF INSTRUCT!ON,

.

seegct.onaL ContROL PEDALS

rarctionaL CONTROL 1S EFFECTED PRIMARILY BY 'RUDDERS"™, THE EXTRA=COCKP:T
- C4°:0N 1S THC POSITION OR SWING OF THE PILOT AND AIRCRAFT NOSE ACROSS “wE

sav3savwa OF CARTH AND SKY. WITHIN THE COCKPIT, THE LOCUS OF THE PLANE IN THC

vie SIMENSIGN 1S INDICATED BY THE COMPASS, A COMPLICATING FACTOR IS THE RFQUIRe
ein: £57 SALATLY YARYING AMOUNTS OF RUDDER W!TH POWER CHANGES.
{wL SITUATION INVOLVING THE COMPARATIVE SPEEDS OF MOVEMENT OF THE NOSE OF
euf ZAWa? aND HTL=5S WITH MOVEMENT OF RUDDZRS IS NOT ENTIRELY CLEAR. SOME
' meTILCI0RS AND STUDENTS REPORT THAT THE REACTION OF THE 2«FH=2 TO APPLICATION
ar BoSLR 15 SLUGGISH., THERC 1S GENERAL AGREEMENT HOWEVER, THAT THERE IS NOT
 4_sf1Z1EINT YAW TENDENCY IN THE 2=FH=2 WITH APPLICATION AND REDUCTION OF POWER.
v iwtTRUCTOR SAYS "TORQUE IS A GREAT PROBLEM TO STUDENTS BEGINNING HELICOPTER
tea wins, IT 1S VERY IMPORTANT THAT THE RESPONSE BE THE SAME IN THE 2«FHe2 as
s =g HILe5 OR HTL=B". ANOTHER SaYS "IN GROUNDWORK THE SMALLEST (POWER) CHANGE
P :-47';-5 CAUSES A DIFFECRENT TORQUE LOAD". THIS IS NOT TRUE OF THE 2-FH=2.
Im THE MIGH=ALT!TUDE PLATE INSTRUCTORS REPORT THAT AIRSPEED VARYS TOO MUCH
weiv RuSOLR 15 USED.

IN-SUMMARY, INSTRUCTORS FEEL THAT THE -YAW LOOP GOVERNED BY DIRECTIONAL

25vre0L PLOALS IS SUBJECT TO SERIOUS LACKS OF FIDELITY.
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Cycrt¢c CONTROL

THE CYCLIC STICK CONTROLS THE PITCH AND ROLL OF THE AIRCRAFY AND HENCE,

-

115 TRA?SLATIONAL MOVEMENT |N FORWARD AND LATERAL DIRECTIONS. ExrnA-cocxPIY'é
CUES ARE SIMILAR TO THOSE USED TO MON!TOR FREEDOMS ASSOCIATED WITH TQE COLL£C§}VE.?
EJUT WITH GREATER EMPHAS!S ON THE SPEED AND ACCELERATION OF MOVEMENT OF THE GROUND-;
SXY SANORAMA, INSIDE THE COCKPIT THE MAIN INDICATION IS THE AIRSPEED. AGAIN
THERE ARE A NUMBER OF COMPLAINTS,

THE 15° LIMITS OF THE 2-FH=2 IN THE PITCH AND YAW FREEDOMS DG NOT ALLOW
ENOUGN FREEDOM FOR COMPLETE INSTRUCTION IN TTURNS AND AUTOROTATIONS., THIS IS
EXPECIALLY TRUE WHEN WIND IS ADDED, THE STUDENT LEARNS TO USE "TOO MUcH RUDDER,
NOT ENOUGH STICK". |T 1S ALSO CLAIMED THAT WITH A PITCH OR ROLL NEAR THE LIMIT
of .15%, THE 2-FH=2 ;PPEARS To BE IN A 459 1O 500 BANK, THIS WOULD ENCOURAGE
OVERCONTROL o

THE CycLiC CONTROL N THE 2-Fﬁ-2 IS MUCH MORE SLUGG!SH THAN THE CycL!C
IN THE AIRCRAFT, UNLIKE THE AIRCRAFT THERE IS NO FEEDBACK IN.THE STICK OF THE
2-FH=2,

ANOTHER INSTRUGCTOR HAS THESE COMMENTS ABOUT }az CYCLIC AND CORRESPONDING
AIRSPEED AND GROUND SPEED (NDICATIONS ESFEC!AL;Y IN THE HIGH=ALTITUDE PLATE.
“AIRSPCED 1S PRODUCED ONLY WHEN THE CYCLIC 13 DISPLACED FORWARD. WMEN THE
STICK |S REOUCED TO NEUTRAL, AIRSPEED DROPS YO ZERO. GROUND SPEED OOES NOT
INCREASE IN RELATION TO STICK DISPLACEMENT OR AIRSPEED INCREASEs FOR THIS
RCASON, FORWARD FLIGHT AT ALTITUDES 1S ALMOST INDEPENDENT OF AIRSPELD’ RELATION=
snips®,

IN AaOtraON, THE WIND EFFECTS AND GUSTS ARE NOT REGARDED AS REALISTIC. :

"IN VthICAL TAKE=OFFS THCRE IS NO WAY TO FEEL ORIFY UNTIL YOU ARE PIACT!CALLY

OUT OF CONTROL".
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[N SUMMARY, COMMENTS oOFf INSTRUCTORS AND STUDENTS INDICATE QUITE SERIOUS

Lalxs OF rlDELlTY IN LOOPS GOVERNED BY THE THROTTLE-COLLCCTIVE, THE DlRECTlGNAL*“

~ v
-

CavrroL PEDALS AND THE CvcLic CONTROLS. UNTIL THESE ARE CORRECTED, THE STUDENT :

?,'
JIKLLY LE[RNS CONTROL ADJUSTMENTS DISSIMILAR TO THESE REQUIRED lN THE WMELlCOPTESF

FuRTuER, THE STUDENT COULD HARDLY BE EXPECTED TO LEARN THE CORRECT TIME=SHAR NG

POSCLDURES IN THE 2-FH-2 AS IT EXISTS NOW. LEARNING TIME=SHARING INVOLVES

BAINGING ATTENTION=SHARING HABITS INTO HARMONY WITH THE TIME=SHARING DEMANDS oF

TeC FLIGHT SITUATION. THOSE ELEMENTS OF FLIGHT THAT ARE MOST ATTENTION DEMAND!NG

I#0JLD BL FAITHFULLY REPRODUCED IN SIMULATORS. |F THEY ARe NOT, SIMULATORS CAN

SLY(LOP INLFFECTIVE AND DANGEROUS TIME=SHARING HABITS.,

Tre ABOVE COMHENrS, MANY OF WHICH COME FROM INSTRUCTORS wHO WERE FREQUENTLY

$i2% IN THE MACHINE AND OFTEN HOURS AFTERWARDS, MAY REFLECT NEGATIVE B!ASES IN
YWINOWH AMOUNTS, HOWEVER, IT MUST 8¢ RECOGNIZED THAT THE OEVELOPMENT OF COMPEA-
$4TORY SIMULATORS THAT PRESENT EXTRA=COCKP{T CUES PLACES ADDED BURDENS ON THE

SL81anEn, PECRHAPS THE MOST CRITICAL OF THESE, IF THE SIMULATOR 1S TO sMave

memtwuM TRAINIMG VALUE, IS THe INCORPORATION OF THE CORRECT FLIGHT CHARACTEOBSTICS,

P prear L

.y
RIFEIL R
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VIll, CONCLUSIONS AND RECOMMENDAT!ONS

e

IR
(I

Co%ibsnous
P

LRI

fi $1x=HOUR TRAINING SYLLABUS FOR THE 2rFHe2 AND A FLIGHT CHECK CONSISTING
of COMMON A:Licoprza MANEUVERS WERE DEVELOPED TO EVALUATE THE TRAINING cAbAaILfrnes
of Tuf 2+FHe2 ENGINEERING PROTOTYPE. THE TRAINING SYLLABUS WAS Abutnu:f:néo TO
grontsen HTU=| TRAINEES (EXPERIMENTAL squa:crs). THE FLIGHT CHECK WAS ADMINISTERED
10 TRESE YUBJECTS AND TO E!GHTEEN COMPARABLE CONTROL SUBJECTS wHO HAD NO TRAINING
tw Tne 2=FH=2, MAJOR OUTCOMES WERE THESE:
Ae EXPERIMENTAL STUDENTS PERFORMED NO BETTER THAN CONTROLS
E{THER ON THE FLIGHT CHECK, OR ON TRAINING CHIT SCORES
> FOR TRAINING PERIODS IMMEDIATELY FOLLOWING TRAINING IN
THE 2-FH=2,
Be THE 2=FH=2 GAVE APPROXIMATELY SEVENTY=FIVE PERCENT OF
THE tnsrnucro;s AND STUDENTS UNPLEASANT SENSATIONS SOME=
VNAT SIMILAR TO MOTION SICKNESSe A SUBSTANTIAL NUMBER
OF SUBJECTS REPORTED NAUSEA, VOMITING, BLURRED VISION,
AND OTHER INTENSE AND RELATIVELY PERSISTANT UNPLEASANT
SCNSATIONS . )
Co THe 2-FH-2 Gives THE tLLuslén OF FLYING, HOWEVER,
SUBJECTS REPORY A NUMBER OF SERIOUS LACKS OF FIDEL!ITY
"OF RCLATIONSHIPS BETWEEN con;nou uov:ﬁcurs AND COCKPIT
AND EXTRA=COCKPIT DISPLAYS, THESE DEFICIENCIES ARC KNOWN
BY DLSIGNLCRS BUT BECAUSE OF TECHNICAL PROBLEMS AND LACK

. 3

OF FUNDS HAD NOT BEEN CORRLLTYED WHEN THIS STUDY WAS

LY SN ¥

IRLPRI L I

CONDUCTLD, -
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e

D. FacTtors IN C. ABOVE CONSIDERED, IT IS DOUBTFUL THAT -

A

'Y

THE C-fHe2 AS CONSTITUTED AT THE TIME OF THIS STUDY,

P tu,
T ey

PROVIOED AN ADEQUATE TEST OF THE CONCEPT OF VISUAL

1

(2a7s B Al
L]
Arpteetshe

»Yy
L

FLIGHT SIMULATION,

0

. .).’, LAL TN -

THERE ARE, OF COURSE, AMPLE REASONS NOT TO RECOMMEND THE 2«FH=2 FoOR

SPLRATIONAL TRALINING,

J.gcusSION AND RECOMMENDATIONS

STUDY FINDINGS SUGGEST THAT A REASSESSMENT OF EFFORT CHANNELED TOWARD THE

CLVELOPMENT OF TRAINERS DESIGNED TO PRESENT VISUAL EXTRA=COCKPIT CUES 1S IN

0ROLR, MANY FACLTORS THAT BEAR CONSIDERATION ARE BEYOND THE SCOPE OF TH!S $TUDY:

TuliR IMPORTANCE TO PROJECTED FUTURE PLANS AND OPERATIONS MUST BE DETTRMINED BY

viltTARY PERSONNEL. LET US EXAMINE THE CONCEPT OF A TRAINER DESIGNED TQ PRESENT

!
X

£XTRA=COCKPIT CQUES, AND NOTE ITS ADVANTAGES AND POSSIBLE USES ASSUMING IT Ca

-
KR4
I

8¢ (MPLEMENTED AS A FUNCTIONAL AND REL!ABLE HARDWARE ITEM WITH HIGH TRANSFER

.

TRAINING VALUEs AMONG ADVANTAGES ARE THESE:

Ae T ALLOWS MORE FLEXIBILITY IN TRAIMING, T ALLOWS
USE OF TECHMNIQUES OF INSTRUCTION IMPOSSIBLE YO
IMPLEMENT IN AIRCRAFYe ACTION CAN BE FROZEN AND
CRITIQUED: STUDENT = INSTRUCTOR COMMUNICAT(ONS
CAN BL FACILITATED,

B. TiMg REQUIRED TO MANg WARM UP PLANES, TO FLY 7;
TRAINING SECTORS EYTC,, CAN BE EL!MINATED.

Co T CAN BE USED TO SIMULATE ESPECIALLY OANGEROUS

. ATTITUDES AND MANEUVERS THAT CANNOT BC PRACTICLD

LR N T

R R L RS

IN THE ALIRCRAFT,
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D. TRAINING 15 NOT HAMPEREC BY CLIMATIC CONDITIONS,.

THE VALUE OF TRAINERS PRESENTING EXTRA=COCKP!T CUES WIiLL DEPEND ON TN;IR

.

USEFULNESS TO FUTURE OPERATIONS. THEIR USES ARE NOT CONFINED TO ROTARY WIRG

Ard

TR»:NQNG. AMORG POSSIBLE USES ARE:
l.- TO TRAIN HELICOPTER PULOTS, WHO, UNLIKE THOSE
STUDIED HERE, HaVE LITTLE OR NO FIXED WING EXPERIENCE.
2. To TRAIN PILOTS IN NUCLEAR POWERED AIRCRAFT WHERE
RADIATION EXPOSURE MUST BE MINIMIZED.
3., TO TRAIN TEST PILOTS PRIOR TO INITIAL TEST FLIGHTS
IN NEQ AIRCRAFTY.
4. TO PROVIDE TRANSITIOM TRAINING IN FIXED WING AIRCRAFT,
5. Tovraaau FOR E£5PECIALLY CRITICAL OPERATIONAL MISSIONS.
THESE ADVANTAGES AND USES CONSIDERED, 1T IS FELT THAT FURTHER INVESTIGATICN
AND STUDIES SHOULD BE SERIOUSLY CONSIDERED. DEVIGES LIKE THE 2-FH~2 ARE NEW IN
CONCEPY AND LIKE THE FeRST PLANES, TiME AND PATIENGE WILL BE REQUIRED TO DELVELO®
MODELS THAT WILL ACCOMPLISH THEJR INTENOED NiSS!ONS. lF, AFTER CONSIQERATION
OF ALL PERTINENT FACTORS, IT {35 OECIDED YO CONTINUE CFFORY IN THIS FICLO, THE
FOLLOW!ING RECOMMINDATIONS ARL MADE:
Ae DEFINT QUANTIYATIVELY ANO PRECISELY THE LACKS OF
FIOELITY, DETERKING WWIGH OF THESE CAN BE CORRECTED S AND
WHICH ARE APPARENTLY INMERENT IN TME POINY SOURCE PROe- .
JECTION TECHNIQUE. |IT WAS THE IMPRESSIGN OF YTHE WRITERS
THAT MANY FIDCLITY LACKS THAT ATTENUATED THE TRAINING

VALUL CF THE 2-FH~2 CAN 8 CORRECTED BY HKOWN TECHNIQUES.

[\

..
PR A Kol

8, ESTABLISH AND INVESTIGATE HYPOTHESES AS YO GAUSES OF

1t

PR Y
'
[

MOTION SICKNESS BY CXPERIMENTATIONR * f6 VARIOUS REDUCED




CUES SITUATIONS, ETC., AND BY COMPAR!ISON OF THE

ENGINEERING FEATURES OF 2=FH=2 AND SICKNESS SYMPTOMS

st

PRODUCED BY 1T WITH PRESENCE OR ABSENCE OF SYMPTOMS

"1,“
e gL

ENCOUNTERED IN OTHER PRGJECT!ION SYSTEMS.

Ce 6£V:LOP A METHOD OF EVALUATING THE MECHANICAL AND
TRAINING CAPABILITIES OF VARIOUS PROJECTION SYSTEMS
TO SIMULATE ROTARY WING AND FIXED WING FLIGNY, THIS
FIELD 1S STILL TOO NEW 7O SETTLE ON ONE SYSTEM OF
PROJECTION,

MOST OF THE ABOVE SHOULD BE ACCOMPLISHED BY A TEAM CONSISTING OF PHYSIC
SCIENTISTS, PERSONNEL FAMILIAR WITH LEARNING PRINCIPLES AND PILOTS WORKING !
.CLOSL CONSULTATION, THIS VILL MELP TO ASSURE THAT RESEARCH HOURS ARE ALLOCA
€9 DLVCLOPHENT AND INVESTIGATION OF FEATURES OF THESE DEVICES THAT ARE MOST

CRITICAL YO THE ACCOMPLISHMENT OF THE PURPOSES FOR WHICN THEY ARE DESIGNED.

PCE TR TL IR U
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TownsEND, JoHN C. AND FLEXMAN, RALPK Eo SUGGESTED WAYS OF IMPROVING
INSTRUCTIONS IN THE PRIMARY PILOT TRAINING PROGRAM, Sawn A.‘.‘To'.“c,
TeExas: ©DasiC PILCT RESTARCH LABORATORY, AIR FORCE PERSORHNEL AND
TRAINING RESEARCK CCNTER, AIR RESEARCK ANO DEVELOPMENT COMMAND,
Goopreulov AiR Forct 8asg, Texas, 29 Decemser 1954, (ResgsRcw Revigw
AFPTRC=-TR=54-126, )

I

A A A

159

DY AN R



ety 118 I-'."r;

APPENDI X F

MOTION SICKNESS QUESTIONNAIRE AND RESPONSES

QUESTIONS AND ANSWERS ARE SUMMARIZED OM THE FOLLOWING
PAGES, WHERE APPROPRIATE, RESPONSES ARE BROKEN DOWN IN
TERMS OF STUDENTS IN THE HTU=| rROGRAM, INSTRUCTORS, AND
INTERESTED PARTIES. INTERESTED PARTIES ARE SQUADRON (Ne=
STRUCTORS OTHER THAN THOSE WHO INSTRUCTED STUDENTS IN
THE 2-FH..20 : -
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MOTION SICKNESS IN THE 2-fH-2

THE FOLLOWING QUESTIONS ARE ASKED N ORDER TO GATHER AS HMUCH FACTUAL (NFORMATION
AS POSSIBLE ON THE PROBLEM OF MOTION SICKNESS. THE DIRECT CONCERN, OF COURSE,

IS TO DIAGNOSE I1TS CAUSES SO THAT IT CAN BE PREVENTED IN THE 2=-FH=Z2 AND SIMILAR
TRAINERS ;THAT PRESENT VISUAL DISPLAYS, THE VALUE OF THE INFORMATION OBTAINED
HERE WLlLl~- DEPEND ON HOW ACCURATELY YOU CAN RECORD YOUR E£XPERIENCES.

YT
Ll

= : <
CONSIDER EACH QUESTION AND ALTERNAT!IVE RESPONSES BEFORE ANSWERING. ALL QUESTIENS
WILL NOT BE APPLICABLE TO EVERYONE; PLEASE ANSWER AS MANY QUESTIONS AS APPLY TO
YOUR OWN EXPERIENCES. '

MAKE MARGINAL COMMENTS TO QUESTIONS THAT DO NOT PROVIDE ADEQUATE COVERAGE AND/OR
WHEN ALTERNATIVES DO NOT DESCRIBE YOUR OWN EXPERIENCES PROPERLY. YOUR COMMENTS
ARE ESPECIALLY SOLICITED ON QUESTION 26 WHICH REQUESTS OPINIONS ON ASPECTS OF
SICKNESS NOT COVERED IN THE QUESTIONNAIRE.

FILL N BELOW
Dave
A, Namt B. RankK
C. NUMBER OF FIXED WING FLIGHT HOURS
FIXED WING HOURS ToraL
0~ 250 3
250 « 500 16
500 - 1000 9
1000 - 2000 | 2
2000 « 3000 !
3000 « 5000 3
D. NuMBER OF HELICOPTER FLIGHT HOURS
HELICOPYER MOURS Torvar .
0- 50 19
50 - 150 0
150 - 300 - _ 0

e % far

arivge s
[
8
[ ]

w
8

500 « 1000 6 )
1000 - 2000 8
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2.

3e

4.

5.

Ao
8.
Ce.
Oe
€.
Fo
Ge
He

le

QUEST!ONNAIRE ON MOTION SICKNESS

WHAT WAS YOUR INITIAL FEELING ABOUT FLYING THE DEVICE JUST PRIOR TO YOUR

FIRST HOP IN IT?

Y

v By

i VERY STRONG ]

R OBJECTION TO FLYING IT WAS = =

STRONG 5 MODERATE 8 Nowt gg_ WANTED TO“FLY |

AFTER FLYING THE DEVICE A FEW TIMES HOW DID YOUR FEELINGS ABOUT JT CHANGE?

YOU LIKED IT = =

9_ MucH more 11

DID YOU FLY THE DEVICE AGAINST YOUR wiLL?

S Yes 30 No

DiD YOU FEEL ANY TENDENCY TO SICKNESS WHILE FLYING THE DEVICE?

6 CONSISTENTLY 4 MOST OF THE TIME §_ SOME OF THE TiME

i% ONLY OCCASIONALLY E. NEVER

IF YOU EXPERIENCED ANY DEGREE OF MOTION SICKNESS, PLACE A CHECK [N ONE COLUMN
FOLLOWING EACH MANEUVER ACCORDING TO THE PARY T PLAYED IN CAUSING SICKNESS

OR TENDENCY TO SICXNESSe

HoveRr

VERTICAL TAKE~OFF
VERTICAL LANDING

TURNS ON SPOT

Para, HDG. SQuARES
CONSTANT HCADING SQUARES
Ficure Cianrs

CLtAaING TuR~s

[ 4
NORMAL APPROACH

TENDENCY TO SICKNESS

VERY
STRONG CONSIDERABLE  StigHT  NONE

2 3 s m
0. 4 125
e _2 7 %
3 10 5. 1
T T R T
T S S 1
8 5 4 20
e & 120
S S T
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R
(TABLa CONT, #FROM F=3) szio;a CONSIDERABLE  SLIGHT  NONE
Jo AUTOROTATIONS - 1 o 6 29
AL

Ke GLIDING Tua;S 9 _2 & 28
Lo OSCJLLAchﬂé-FORE AND AFT 1 _5 7 16
M. OSCILLATIONS=LATERALLY __g_ .12_ 4 14
6. DO YOU THINK THIS SICKNESS WAS AN ACCUMULATION EFFECT PRODUCED BY SEVERAL

OF THE ABOVE MANEUVERS?

26 Yes 1 No

{F 30, LIST THEM AND EXPLAIN.

Te WMAT PERIOOS AND HOW QUICKLY AFTER A FLIGHT STARTED DID YOU FIRST NOTICE A

TENOENCY TO Sicxness? (USE BACK OF PAGE |F MORE SPACE 1S NEEGED.)

How SO0ON AFTER STARTING PERIOCD

Perioo No. OF RESPONDENTS 0 = 1QMIN,d I = 20 MiNe 21 = 30 Min
| 14 9 | 2
2 13 8 ! i
3 8 2 4 i
4 4 3 0 0
] 3 2 { o
- 6 3 2 ! 0
7 f { 0 0
8 2’ | | 0
9 | 0 0 0
o { 0 1 0
H ] 0 ) ’ 0
2 L o L o
Tora. . 52 - 28 12 ’
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Lt

2.y e
..u=l|‘ LU

FROM YOUR OWN EXPCRIENCE, DO YOU THINK THIS SICKNESS CORRELATED WITH

Ao

ALCOHOLIC INTAKE THE NIGHT BEFORC: 2 Yes ] ProBasLY 15 No

E NOo ORINKING

Bao coLDS, STOPPED NASAL PASSAGES: 2 Yes 1 Prosasuy _l_% No
16 No colos =

- ANY OF YOUR FOOD OR SOFT DRINK INTAKE PRIOR TO FLYING THE DEVICE:

Fooo: 2 Yes 20 No; Drinx: 2 Yes 30 No

"LIST ANY MEDICINE YOU TOOK WITHIN [2 HOURS PRIOR TO FLYING DEVICE.

PLACE A CHECK BESIDE ALL OF THE WORDS BELOW WHICH DESCRIBE HOW YOU FELT.
QUALIFY ANY CHECKS THAT YOU FEEL ARE NOT CLEAR.

ML o:zthcﬁs 12 mneapacue
__5 NERVOUSNESS 0 iNsomnia
__4 OROWSINESS O  NIGHTMARES
_12  BLURRED VISION O PAINS OR TINGLING
_11_ sweaTing 0 DraRRHEA
0 _oRy mMouTH 0O _consTiPaTiON
3  WEAKNESS O _ TROUBLE URINATING
__ 5 _ TIREDNESS -0 sSKIN RASH
_ 0 TINNITUS (RINGING IN EARS) _6_ vomiTiNg
I3 verTico -5 _ noousLt vision
_18  Nauzea —=_ OTHER (ExPLAIN)
- 8 "BUTTERFLIES" IN STOMACH

COMMENTS: ’

l.
2.
3.

4.
S.

GENERAL LIGHT FEELING ALMOST LINKE DRUNK,

EYES WERE SLOW TO FOCU3 SIX HOURS AFTER MOTI!ON SICKNESS,
A

. EXTREMC AMOUNT OF SALIVA, SLIGHT FEELING OF MELANCHOLY, LIGHTNESS IN
STOMACH, - . \ ;

.

s
Al
3

.

NoT aBLE TO 00 WHAT | wantTED 70 DO. !

UNABLE TO FOCUS EYLS PROPERLY SEVECRAL HOURS AFTER FLIGHT,
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{0s PLACE A CHECK BES!OE THE APPROPRIATE WORDS YO SHOW WHAT HAVE BEEN SOURCES
OF SUCH SICKNESS FOR YOU IN THE PAST., QUALIFY ANY YOU CHECK WHICH YOU
FEEL ARE NOT CLEAR.

ey

3 auvo . Q  SHIPS ON QUIET SEA

”"
o

TRAIN SHIPS ON ROUGH SEA

S ERT N

| SMALL BOATS AIRPLANES (SMOOTH FLIGHT)
4 AS A STUDENT PILOT AIRPLANES {ROUGH FLIGHT)
(F1xzo wing)
HEL ICOPTER STUDENT
O AS A FIXED WING'

INSTRUCTOR HELICOPTER INSTRUCTOR

oTHER (EXPLAIN)

NEVER

lle WITH WHAT FREQUENCY DID YOU EXPERIENCE SICKNESSES CAUSED BY THE 1 TEMS
CHECXED IN QuesTion (0%

CONSISTENTLY
MOST OF THE TIME
SOME OF THE TIME
I RFREQUENTLY

RARELY

|

-
4
4
5

12de COMMENT ON YOUR ANSWER TO QUESTION || @ =

le 1IN cagin OF HUP OURING AUTO ROTATIONS} AT NAVIGATION TABLE AND TAlL
SECTION OF P4Y-2; ACROBATICS IN SNJ (PARTICULARILY THE BACK 3EAT); IN
AIRCRAFT WHEN WITHOUT VISUAL REFERENCE TO THE HORIZON.

2. AS A FLIGHT STUDENT, |'VE BLEN “WRUNG=OUT" BY INSTRUCYORS IN FIXED
VING A/C; I'VE GOTTEN SICK A FEW TIMES ABOCARD 3KHIP DURING ROUGHM
WEATNER AND HEAVY SEAS.

3. HAPPENED ON 2 OCCASIONS IN FLYING EXPERIENCE. MosTLy ove (! ecLtcve)
TO CONCENTRATION ON A VERY SMALL PATTERN OF INSTRUMENTS; YRYING T0O
HARD TO CORRECT SMALL ERROR AND LOSING SIGHT OF WHOLE PICTURE,

4, ) CROSSED THE ATLANYIC IN 1953 ON ‘A DESTROYER. | WAS SICK FOR ABOUT
JO 0aY5 UKTIL | GOT ADJUSTED TO THE CONTINUOUS MOTION,

% )~

(e

. ;
S. .ONLY ONE TIME = TNE INSTRUCTOR WAS FLYING AND WE WERE DOING TURNS ON *
THE SPOT = WE DID ABOUT CIGHT IN A ROW, -




- 13. CHECK YOUR PRESENT AGE.

0 15 -20
3 10 20 - 24 =
T 7 25-29 -
$o — &
6 30 - 34
3 35 - 39
0 40 pLus
14, HOw MuCh DO YOU WEIGH?
15. HOW MUCH DID YOU WEIGH WHEN YOU EXPERIENCED MOST OF THE MOTION
SICKNESS?
16. L1ST aNy ORUGS (TABLETS, PILLS, ETC.) WHICH YOU MAVE TAKEN TO COMBAT
MOTION SICKNESS.
DRAMAMINE 6 ; BONAMINE | 3 DBENZIDRINE 1
§Te IM WHAT QUANTITIES WERE TMESE DRUGS TAKEN AND AT WMAT INTERVALS IN
RELATIONSHIP TO YOUR ENTERING THE OBJECT CAUSING SICKNESS?
( 3 NOURS PRIOQR TO FLIGNT I 3 1 arn 2 PILLS 2 3 AFTER | GOT SICK !

I PiLtL 30 « 45 MINUTES PRIOR TO NOP |
18, WHAT EFFECTS DID THESC DRUGS MAVE ON YOU? (SEC LIST QUESTION 9 FOR SUGGEST!ONS

19, DO YOU MAVE ANY PCRSONAL REMEDIES (NON=MEDICAL) FOR PREVENTING 31CKNESS.
LisT ano/or expLain,

le FORGET 1Y, BE OPTIMISTIC,

2. YES, IN THE TRAINCR | CONCUNTRATED ON FLYING A GOOO MOP AND | SEEWNED
YO FORGEY HOW | FCLTY,

e | BELIEVE THAT TO A NIGH DEGREE IT IS A RESULY OF MENTAL ANYICIPATION,
| HAVE SCEN AND HEARD MANY PEOPLE EXPRESS THEIR FLAR OF SEASICKNESS, ETu,,
BEFORE THEY EXPERIERCED 1Y AND WHEN THEY ACTUALLY ENCOUNRTECRED 1T THE

RESULTS WERE BAD, e

4. IN THE TRAINER IT HELPS TO CONJI ALY SHIFT YOUR GAZE. (LOSE CYLS wunEW
FEELING TIREO. : " :
- C L v N
Se V1ISUALIZC THE PATTERN OF FLIGHY AND NAVE ORGANIZED SCAN OF PANCL OR ;
cockei T, Vo .
(‘ 6. NONT CXCLPT TRYING TO REALLY ruf‘u&sgur INTO THE PITTURE AND PRETEND |

WAS REALLY FLYING,.

.
-




20. DiID YOU CVER HAVE TO STOP A HOP OR LESSON IN THE 2=FH=2 BECAUSE OF SICKNESS?

9 Yes 20 No

2], HOw LONG AFTER LEAVING THE 2-FH-2 0ID YOU FEEL 1TS CFFECTS?

STUDENT INSTRUCTOR INTERESTED PARTY TOTAL

(MMEDIATE CESSATION 5 2 2 -9
| wouR ' 5 - . - | - 5
4 HOURS ! 2 | 4
8 HOURS | 2 ! 4
12 HOURS ! - - | .
OVERNIGHT : 1 2 2 5
LONGER THAN ANY OF ABOVE _ = - = -
ToTat 14 8 6 28
22, DESCRIBE ANY LASTING EFFECTS YOU HAD. ‘

}Jo LIGHT DIZZY FEELING
2. UNCOMFORTABLE
3. VomiTeD

4. | COULD STILL SEEM TO SEE THE SCREEN AND FEEL MOVEMENT FOR ABOUT ONE
HOUR AFTER A HOP,. .

5. SENSATION BEHIND EYES; SLIGHT NAUSEA.
6. STRONG DESIRE TO 0O NOTHING BUT SLEEP,

T. | NEVER MAD LASTIRG EFFECTS EXCEPT FROM THE TRAINER, - | ACTUALLY MHAD
MORE NAUSEA AND DIZZINESS AFTER | 29T HOME AT NIGHT AND HAD FLOWN THE
TRAINCR ThaT MORNING THAN SHARTLY AFTER THE FLIGHT.

8. SLEEPY, TIRED, DISINTERESTED IN FOOD, AND JUST PLAIN FELT UNFIT TO LIVE

wiTH FCR B 70 |D HOURS AFTER Lﬁﬁ?tnc THE 2-FH=2,
[

ND 4.
9. LIGHT HEADINESS AND SLIGHT HWE} e,

¥

23, WEZRCITHEY DIFFERENT FROM THE IMMEDIATE EFFECT3?
" . I 28 .

e

EE——

How? '

3 Yes _9 __ No .“""fv

oy

IMMEOIATE EFFCCTS WERE SICKNCSS AND HEADACHESy; LASTING EFFCLCTS WEREC NAUSEA

AMND OI1Z21INESS,
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24, HOW MUCH TIME HAVE YOU HAD IN THE 2=FH~27

STUDENT INSTRUCTOR [INTERESTED PARTY ToT:.

A 0 - 30 minuTES - - - - -

; 30 - 60 MINUTES - i 4 % [
= -

- | = 3 HOURS - . - 1 i 1

4 - 5 wours BT 2 - 17

7 « 12 HOURS 2 } - 3

I3 = 20 HOURS | ! 2 é

20 - PLUS HOURS - 3 2 5

ToTaAL I8 8 ] 35

25. YOU WERE == '
. 10 AN INSTRUCTOR IN 2=FH=2 PROGRAM.

{8 A STUDENT IN 2~FH=2 PROGRAM,

S5 AN INTERESTED PARTY IN 2=FH=2

3 OtHer (ExPLAIN)

26. DISCUSS ANY ASPECTS OF SICKNESS YOU ENCOUNTERED WHICH YOU FEEL ARE INCOMPLETYE
COVERED ABOVE. (USE BACK OF PAGE iF NECESSARY.,)

LR VR
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* Kellogg, R. S., Kennedy, R. S., & Graybiel, A.

Motion

sickness symptomatology of labyrinthine defective and normal

subjects during zero gravity maneuvers.

1965, 36, 315-318.

=

Labyrinthioge defective (L-D) and normal subjects were flown

through 1cro-gravity mancuvers and their motion sickness sympto-

matology observed. The L-D subjects showed no signs of motion
sichocss, whereas 64 per cent of the normal subjects developed
syoptoms, The absence of functional labyrinthine mechanisms
appreciably decreased, and probably completely eliminated suse
pectibility to motion sickness during 2ero-gravity manecuvers,

THE PRIMARY OBJECTIVE of this investigation

was to compare the functional symptoms of two
groups of subjects during exposure to the force environ-
ment in a C-131B aircraft flying through standardized
Keplerian trajectories. One group of subjects was made
up of persons with bilateral labyrinthine defects (L-D),
while a second group had normal vestibular function
{normal subjects). A secondary objective was to com-
pare the findings obtained in this environment with
those obtained earlier on some of the sume subjects ex-
posed to standardized acrobatics, wave action at sea,*
cerivlis acceleration in a slowly rotating room and cen-
uipetal force ina counter-rotating rcom.?

A survey of the pertinent literature has not disclosed
any report dealing with exposure of L-I subjects to
weightlessness. There are o few reports describing their
participation in other types of experimental flights hut
0o comment was made regarding symptoms of mation
sickness.”*

Persons with normal vestibular function have been
exposed to weightlessness in a variety of experiments.
The experiment which has been used most extensively
is the parabaolic flight which produces weightlessness
periods of 10 to 60 seconds, preceded and followed by
high positive-G loads. In these Bights subjects were
either “restrained™ ' or “free floating.™ Gerathewoh!
has summarized his experience at the USAF School of
Aviativn Medicine in which 16 subjects were exposed to
a total of 300 parabolas, during which six of the subjects

«developed motion sickness. Von Beckh,! sumumarizing
the expericnce at Hollomon Air Force Base, reported
that six of 18 subjects became motion sick during zero-
gravity flights in a T-33 jet aircraft. Loftus* has sum-
marized the extensive experience of two groups of sub-

-

Thiv rescarch was conduited jintly by the Human Engineer-
iag Divion, Behavioral Sciences Laboratory, Aerospance Medical
Research Laboratories, Aerospace Medical Division, Air Ferce
Systerms Command, Wright-Pattenon Air Force Base, Ohio, and
the U. S. Maval School of Aviaticn Medicine, U. 5. Naval Avia.
tion Medical Center-34, Pensscola, Florida. This paper has besa
atloged by the Aerospace Medwal Research Labotstones as
AMRL-TDR-84-47.

Aerospace Medicine, -

-

1,03
LI

. -
jects at Wright-Patterson Air Force Base. In the first
group 45 persons participated in zero-G flights and 23
vomited on one or more Hights. In the second group 90
persons participated, 21 vomited and 23 others reported
nausea. Of the total of 44 who vomited 60 per cent
experienced a recurrence of nausea in the evening of
the day they were motion sick.

Three generalizations may be drawn from these ex-
periences with parabolic flights: {1) the incidence of
motion sickness was greater when subjects were “free
floating™ as compared with being “restrained,” {2) sus-
ceptibility to motion sickness is generally lower with
increased flight experience and (3) weightlessness was
not the only variable and the motion sickness produced
may have heen influenced by the other Hight stresaes,
particularly the positive G's.

More prolonged exposures to weightlessness have
been experienced in other types of flights, namely, the
X-15,** the suborbital and the arbital Bights. From the
information available only Cosmonaut Titovs:!™** experi-
enced symptoms characteristic of motion sickness. The
fact that Glenn® reported slight scusickuess while in a
life vaft after impact points up the lack of transfer from
whatever adaptation to unusual force environments he
acquired in flying to the enviranment at sea. '

METHODS

Subjects—The 8 L-D subjects tested ranped 1 age
from 20 to 48 years. The principal clinical findings an
these subjects are snmmarized in Table 1. The tests of
otolith function revealed sufficient variance to raise the
question of residual function in same instances.

The 19 normal subjects were made up of two groups.
student subjects and regular subjects. The former con-
sisted of nine healthy medical students, 2) to 25 vears
old. A tenth candidate was nat allowed to participate
because his susceptibility to motion sickness under other
circumstances indicated undesirable complications might
ensue. The regular subjects consisted of 10 enlisted
men, 18 to 21 years old, who were assigned to the Naval
School of Aviation Medicine for the express purpose of
participating in experiments. All 19 subjects were free
of functional disorders, defect or disease of the sensory
organs of the inner ear as detennined by history, avdio-
gram and the caloric test. ;

The Force Environment—The force environinent of
the zero-gravity sirplane is described elsewhere. A
typical flight procedure, for convenience termed :
“maneuver,” consisted of a shallow dive lollowad by a

.
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TARLE L CLINICAML TINDINGY AND RESULIS OF FUNCTIONAL TVSTS OF AURICULAR ORGANS OF SIN ~UBJECTS WITH

LABYKIN FHINE DEFECTS

flntory
of NMotion
Subet Aee Etiology Age of Oneet Sichnew
AY 2 Menincitis 1203 ey, e, bus®
i a1 Meningrtn ¥ None
¢ b Meningitis 3y Nene
n g Meningits | YN Nowne
I o Meninaitis kR21% Nene
¥ 8 Maunidectomy [T None

*Sheht nausea: “occarionally long trips.”

TS Tt iy a—r—gy MeEmT S w TTEA=m
Heanng Caleric Cimaterrolling
Theervhold Tt Trelex
3 L R L (rain. ol arc)
130db 135db Nee N i
{45db H5dh *Nrx Neg .
[R4%:Y (RN None None % ..
Rone Nowe Nope Noor = PR
Nore Now« None Nowe &5 z
Noae t60dh Niume None % bt

lr.]

No vertige or odnervable restacmus when tvmpanum icrigared with cold water (437 10 6°C). Numerah refer tn mvitaginaqrams obhtained
dutine armgation with eahl watee for thiee minutes: I questionable vertical nydaemus, 2 questiorahle mstacnus. 3. miniuel ayttaemus

Neutin o cOunterroiling ranee {9 ssbjects) 286 to 485 Minutes of Arc,

putlup generating 2.3 G and a pashover into a ballistic
trajectory with approximately 10 to 12 scconds of
weightlessoess, Recovery inmvolved a pullup generating
abaut 2.5 G Unless interrupted a flight sequence con-
sisted ol 0 maneuvers.

Procedure—The subjects were thoronghly briefed re-
garding the nature of the experiment and were indoe-
trinated in safety procedures, They were seated in air-
Jine-ty pe seats and restrained by seat belts, The infor-
mation sought was obtained with the aid of four ques-
tionnaires, The first questionnaire dealt with the fitness
of the subject to participate and with his estimate of his
concern and expected performance in relation to others.
The second questionnaire was used by the experimenter
andd consisted of a eheckaff list with rating scales of the
signs and sviptoms of maotion sickness. The third and
fourth ruustiannaires were used te assist the subject and
eaprerimenter in the final evaluation immediately after
the tivhit,

RESULTS

As indicated in Table 1T only two symptoms were
reported {or the entire group of LD subjects and these
sy iptans were harely detectable. The L-D's as a group
were essentially symptom free. They enjoyed the flight
andd grasped every oppartunity to fly as an assistant av
passenger. In thuse additional flights they appeared o
en,. v the experience of free-Boating.

The nanmal subjects were ranked in order of decreas-
ing suspeptibility to the functional symptoms of metion

sickacss. Four of the 10 regular subjeets (Table D)
were regarded by the experimenter as less fit than nor-
mal althongh they rated themselves as “fit 7 All exeept
one regular subject completed the series of 40 manen-
vers. This subject requested termination becanse of
severe discomfort. There were individual differences
among the regufar subjects but these differences wer
not predictable from their own estimate of concern or

- performance. Of particular interest were the effects in

the case of L whose veratim report follows:

“Immcdiately after the flight I notived no unordinury after
offocts except a little difficulty walking and u slight nausea. This
Loted for about an hour after the llight. Evenvthing was fae
until late Friday (Jday of flight) night. Al approsimately 10:43
I notived dilBeulty in walking whin [ was wetting ready to turn
in. {Since about 8:00 I was watching T\' and anticed pathing.)
Whenever 1 would take 2 step, my (oot wonkl wem to keep fall
e, When § lay in my bed 1 soemted] to la toning from side to
sithe. 1 know § wasn’l braine T wan holding on to my bed.
Sevsal times 1 ot out of bed and walked ta the hathroom and
while in the bathmom would walk up and down weing i it
woull stop. It wemild top for a while and start up avain. 1 went
to shep and when 1 wole up 1 {elt nanmal untl approrimately
16 when it stanted again. § noticed it the mowt when | woukl
etz {rom one extreme to the other, fe., from very bright licht
to a place of ahade, from a warm space into a cold spuce or vice.
versa ar when 1 would 2and up rapidly. Saturday, amund noon,
I went tn town and it seemed o get wone. When T would sit
dowe it would have a drong effact. This lasted until that { Satur-
thay) aight, vacylog from a peint of drong offect 10 3 weak one
ang at times it would disappear entirely. When gaing to sleep
Saturday night 1 felt fine. Sunday maming | notued it very
dightly every once in a while, thea it wemed to clear up com-

TABLE J1. FINDINGS IN SIX SUBJECTS WITH LABYRINTINNE DEFECTS EXPOSED TO WEIGHTLESSNESS IN PARABOLIC

FLICHTS
o v o= SN o5 o 20 Y am eIy St Wi RSV PRS L, iy
- =
* : -
T Po3
] . 3 - -
I S R . - I
3 [ % 2 b . . N y S
w. R me w ] 2 by ¢ (] = - 3 a H
PR | . : -3 - % & s E x -~ = - ” - £ -
ARSI SRS S S SR BA A SR T B :
TS L B I S SN S A S-S B A S : .
3 ¥ Iy 3x 2% " w > & 72 4 & = g € & <
\ Vo Sk 8 Act o Yo 0 o o o o Ne 1 o Nt Appdeatde  }
1ra :
© \'n Yo 1 Ave Q Ve Q v [¢] 0 0 Ns o o Neot Apidwaide A
t e LY H Av+ [¢) Ve 4} [v) 9] [4] [¢] Ne [+] [+ Net Vnawitde
n Ve N L] Avd 4] Vi Q [¢] o H (] Ne (4] (¢} Net Apmtwratate
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CABEE B CENDINGS IN CIEN D REGULAR SERJLOTS ERPOSLE TO WELGHTTLERSNESS IN PARABOGLIC PLIGITES

. = . PR
S S TS 7R = f
5 E E R %3 - Sz ; ; - et €
“E o aE G EZ o zz 8§ ¢ E oz 2 H T &
: PR $9 %38 ED is T § e e 3 & —:.§ & g
& Fy g Sy Bes E: % £ 3 3 2 $f E; %
z v ) ES L g~ 2 e: 2 €3 -
P ¥ 33 2t iz iy fd EE s & 4} 3 i3 &5 &% :
G 19 Ve Ve mwo A Not 13 1 I m M Y Ml 12 Siew .
: 458 =
" 1 Yis = Slicla. ¥ Av Yeu [ 1 o bi4 1 (o) Yes 1 13 Rapid =
I Lew —
I ) Yes Slight- it Av Yo 133 s 1 I 1 1 Yo 1 12, X
Iy Less 436 ’
] ~n Yes AY ) Av Yes o o (o} 1t 1 1 Ne 1 1 Rapid
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MOTION SICKNESY OF DEFECTIVE NORMAL SUBJIFECTS DURING ZERO GRAVITY MANEUVERS—RELLOGEG, ET AL,

TARLE N0 FININNGS N ONINE STUDENT SERJECTS ENI'OMD 10
VARIOUN FORCE ENVIRONMENTS
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permity avoidance of stimulation to the semicirculac canals

parsbolic flight. A listing of the student subjects symp-
tomatology is given in Table V. Since the L-1 subjects
showed no symptoms in any of the force environments
these subjects are not included in the table. The student
subjucts, ranked in order of susceptibility to symptoms
in the C-131 aircraft, show the same general trend of
susceptibility which accurred in the other force environ-
ments.

DISCUSSION

Subjects with hilateral vestibular defects not only
failed to show or report symptoms of motion sickness in
parabolic flight Imt actually enjosed the experience.
The likelihooad of obtaining similar results in six normal
persons with minimal flight experience is small. We
assume the L-D subjects were representative of Jabyrin-
thine defective subjects in general and that loss of vesti-
bular function in the L-)) subjects was responsible for
their lack of symptoms.

The. inadence of symptoms in the normal subjects
corresponds ¢’=sely to the results reported by Loftus
Although Loftus reported a 31 per cent incidence of
svmptoms as compared to 64 per cent in this study, he
used voniiting as the only indicator of motion sickness.
The pereentages would very likely have been in even

closer agreement if other symptoms had been consid-*

ercd.

Apparently symptoms such as the ones Titov experi-
enced in arbital flight may be ascribed to vestibular
function. That 1w other participants in orbital flight
did not expericace symptoms might have been due
cither (1) 1o low hasic susceptibility, (2) to transfer of
adaptation acquired in other types of flight or accelera-
tion devices, (3) to the fact that weightlessness is not a

. strong precipitating factor or (4) to a combination of
these. Our fndings indicate some persons are resistant
to motion sickr & when making transitions in and out
of the waigl-tas state, whereas the majority of naive
persons with a normally functioning labyrinth are highly
susceptible. Although tliere is some evidence that ex-
perienced pilots' are resistant to vestibular sickness in
weightlessness, there is little actual proof of transfer of
adaptation. We beliove if weightlessness is a factos in

Acronpace Maodicine o April 1963

precipitating. symptoms of motion sickness it is not a
strong factor.
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PSYCHOPHYSIOLOGICAL EFFECTS OF TRAINING IN A FULL VISION SIMULATOR

I. INTRODUCTION

In rgsponse to a series of reports that pilot trainees had, on occasion,
experienakd dizziness, fatigue, nausea, motor imbalance, and flash-béck of
visual experiences after periods of extensive training in the Simulator for
Air-to-Air Comhat (SAAC), the Tactical Air Command (TAC) requested the Air
Force Human Resources Laboratory's {AFHRL) assistance in studying these
responses. These effects were experienced by students participating in the
TAC Air Combat Engagement Simulator II (TAC ACES II) course (F-4000Z 00 AL)
provided at Luke AFB, AZ. A previous study of these responses was carried
" out by B. Hartman, School of Aerospace Medicine Brooks, AFB, Texas. Hartman
revealed some significant psychophysiological responses and made '
recommendations with respect to platform motion and training procedures to
reduce these negative reactions. Reports of simulator sickness in the A-7
moving base simulator were also investigated by R. Kellogg and were found to

PR ERAT

be frequently experienced by the pilot trainees. Accordingly, an
experimental program was instituted to study these psychophysiological
responses in the SAAC simulator.

I1. METHODS

Training Course

The course of training for the TAC ACES consists of an intensive week of
air-to-air combat engagements in which each pilot has the experience of
flving against each member of the group. During the course, each student
receives approximately 12 hours in the SAAC (the equivalent of approximately
550 simulated combat engagements). The students do not fly any airborne
missions during this program. In addition to their time in the simulator,
the students receive approximately 25 hours of orientation, briefing,
miﬁti-medfj training and engagement debriefings. The training program was
designed tb provide the student with an intensive experience in the mechanics
of air-to-air combat in a short period of time.
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Subjects

The subjects used in this study (N=48) were combat ready F-4 pilots who
were selicted for the advanced simulation training. No special selection %
beyond tkeir participation in the training program was used. Table 1 shows a=
breakdown of pilqt experience in flying and simulation.

TABLE 1. PILOT EXPERIENCE DATA

N %X of Ss

F-4 Flying Experiencé
Fore than 1,000 hours 15 31.3
500-1000 hours 9 18.8
Less than 500 hours 24 50.0

Visual Simulator Experience
Prior SAAC training 8 16.7
Other visual simulators 11  22.9 *

Dasign

An individual interview technique was employed to gain information from
each pilot. The interview took place on the afternoon of the fourth day of
the five-day training program. Tape recordings of each interview were made.
Results of analysis of these tapes were summarized on worksheets and
frequencies of various types of responses were tabulated.

Facilities

The simulator used in this study was essentially a two cockpit device,
oriented 55 as to allow one-on-one air-to-air combat. The facility
(describedéin detail in Kelly et al.) has a full screen visual display system

~ with an eight-channel mosaic of CRTs which provides a field of view + 148
degrees horizontally and + 150/-30 degrees vertically. The computer
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generated image is provided by a dual raster, monochrome television system
using one raster for the background (simulated terrain and sky) and one
raster for projecting an opposing aircraft image. Using the two cockpit
complex,, the trainees can thus engage in air-to-air combat. -

»

‘.
‘e

r

Arq tee)

ITI. RESULTS

L8 RS R

The results show that a very high p#oportion of these experienced pilots,
exposed to intensive training in the SAAC, exhibit some degree of aversive
symptomatology. Some 87.5% of the group described some forms of response to
the simulator which was considered to be a perceptible change from normal
(Table 2).

The most prevalent symptom was clearly nausea, which was reported by
79.2% of the Ss. The range of severity of symptoms was from mild or barely
detectable to severe, bordering on emesis {vomiting). None of the subjects
in this study vomited, but it should be pointed out that in the Hartman study
cited above, two cases of emesis were reported. The largest proportion of
occurrences of nausea took place in the simulator during the first 1-2 days
of training. There was a marked reduction in nausea later on in the week.
In addition, the occurrences of nausea outside the simulator were more
frequent from 5-30 minutes after training than on-half to 10 hours after
training. It appears also that a sleep period between exposures to the
simulation greatly reduced or eliminated symptoms of nausea.

Profuse sweating also occurred in 26 of the Ss (54.2%). Of this group,
22 (84.6%) of those exhibiting this symptom) experienced this cendition in
the cockpit. The other four Ss experienced this problem within 5-30 minutes
after emerging from the SAAC. 1In all cases, the sweating experienced was far
greater than normal for a comparable amount of work.

Balance problems, like “sea legs“ or motor dyskinesia were next in
frequencf. occurring in 60.4% of the Ss. The highest proportion of
dyskinesia occurred not in the simulator, but shortly after leavingethe
simulator cockpit. It should be noted that 14.6% exhibited symptoms as much °
as one-half to 10 hours later.

1o, 540 1% 1ot

176




DELP] L L AT

WP

(20°s2)
. 3304244y U}
0643497 padudpJadx3 aaey

. (%5°21)

- - - - - - Swo3dwAS oN

) {X6°22)

v 1°¢ 1°e - £°8 €L (SSauaJemy [Ruojjeniis

30 $S07 °*ssaujzzig

‘suza ‘saydepeay) JayigQ

) (%0°52)

$°01 1°2 b°01 1°2 - -  bujusanauey jo uopiesuas

(%X2°S)

2°62 £°8 €L 1°¢ 172 1°2 buguuids jo uojjesuss

. \%9°09)

9° 1 (AR 4 1° 42 €L ¢t - swalqo.d 3due| g

(X2°$S)

- - £'8 - A% (2N AL buyjeamg asnjoug

(ss J0 %2°6¢)

1°2 Al 4 " £°8 4 L°91 L1 easneN
LEL | -1 A339M ¢-1 L] | -1 SWo3 dUAS

LLY $A™] Ly sheg Ly sAeqg Led160|0ysAydoyorsy

JVVS 4933V SJIH Q1-2/1  JVVS 4933V UiW 0E-G  JW¥S U} IL1uyM
SNOILJIY3Y ¥VINGILSIA/TVNSIA 2 378Vl ity

TR R

177




The sensation of spinning or being rotated in some orthoginal plane was
experienced by 26 (54.2%) of the Ss. These symptoms occurred anywhere from
.5-10 hours after training sessions in the SAAC by 14 of the 26 subjects
(53. 8!) =

14 Ye

‘t“ 'p

Twelée of the Ss (25%) reported kiresthetic sensations typical of var%ousiﬁ
maneuvers (i.e.,, roll etc.) after having completed one or more training
sessions in the SAAC., These reactions were spaced over a wide time period
subsequent to leaving the cockpit and included some strong sensations of
flying specific maneuvers which had been flown i the simulator. These
sensations persisted for the entire week of training for 10 of the 12 persons
who experienced them,

Some 11 (22.9%) of the Ss experienced the additional symptoms of one or
more of the following: headache, “leans", dizziness (produced by the Barany _
cha1n) and momentary loss of situational awareness.

The visual perception reactions to the SAAC training are summarized in
Table 3. As can be seen, 17 of the Ss (35.4%) reported not unusual or
otherwise disturbing visual-attentional difficulties occurring during the
training period. Another 17 Ss (35.4%) reported noticeably “vivid" visual
reactfons including daydreams, dreams, and recall of the missions with more
vivid than usual visual components. Virtually all of this group attributed
these reactfons to the highly distinctive visual scene presented by the
SAAC, However, another 17 Ss (34.4%) reported some degree of highly vivid
involuntary visual flashback of the SAAC visual scene. These visual
flashbacks were accompanied in all cases by kinesthetic sensations described
as if they were flying a climbing roll.

In addition, 17 of the Ss (35.4%) reported persistent attentional
difficulties, chiefly in the evenings, during the training week., The Ss
generally described these problems varfously as an inability to focus on
written material an inability to concentrate on anything for more than 3-4
minutes, Qandering attention, etc. These problems tended to be dercribed in
conjunctiéﬁ with the Ss attempting to work on written materials,
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Finally, five of the Ss (10.4%) reported periodic, temporary inversions
of their visual field during the week. These would typically occur in the
evening while the Ss were resting, watching TV, etc. in their quarters. For
example,.one of the Ss reported that while reading in the TV lounge, he
momentarijy dozed off and when he awakened, he had the perceptual sensation %
that the=TV set was located on the overhead and that his body had rotated i
hackward; by 90°. Others reported complete inversions of the visual field
similar to those described by Graybiel and Kellogg (1967) while flying zero
gravity maneuvers.

The subjective reponses of the pilots with respect to fatigue in the
simulator as opposed to the aircraft are detailed in Table 4.

TABLE 4. SUBJECTIVE RESPONSES WITH RESPECT TO FATIGUE,
SIMULATOR VS AIRCRAFT

N
Mental Fatigue
Greater in SAAC 38 79.2
Same 2 5.2
Greater in F-4 8 16.7
Physical Fatigue
Greater in SAAC 10 20.8
Same 4 8.3
Greater in F-4 34 70.8

It 1s clear that the simulator flights produce greater mental fatigue (in
the majority of cases, 79.2%) as compared with flight in the afrcraft,
16.7%. On the other hand, physical fatigue is reversed, with 70.8% of the
pilots exﬁériencing more in the aircraft than in the simulator, 20.8%.

”
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IV. DISCUSSION

It is clear from the interviews with the F-4 pilots that significant
psychophysiological responses to complex simulation are taking place.
Although?&he Titerature on motion sickness is quite voluminous (see Money,
1970, foiha review), only a relatively modest number of studies have been
performed'specificaYTy on the subject of simulator sickness (Mi11ef and
Goodson, 1960; Barrett and Nelson, 1965, 1966; Barrett and Thornton, 1968;
Reason and Diaz, 1971), Inasmuch as severe sickness can be produced in a
complex fixed based simulator, it seems clear that such sickness is not
caused solely by vestibular overstimulation from the gravitoéﬁertii] field
presented to the pilot. The etology of simulator sickness appears to follow
the “sensory conflict" theory which has emerged so prominently in recent
formulations (see Reason and Brand, 1974).

In the present study, a version of tha sensory conflict theory may be
envoked to explain the occurrence of simulator sickness. It is krown from
the animal work of Henn, 1974, that purely visual stimuli are capable of
driving the vestibular nuclei in the same way that gravitoenertial forces
drive the vestibylar system. Thus, when the pilol is exposed to complex,
wide screen moving visual presentations, his vestibular system gives him the
sensation of moving in space (linear and circular vection). The highly
trained pilot has developed a neural program of expectancy with respect to
gravitoenertfal flight patterns. When he is presented with maneuvers in the
simulator, in the absence of true vestidbular input, there may thus be a
neural mismatch between his highly trained acceleration sensing system and
the zero input from the vestibular system, when there is no real motion.
This neural mismatch or sensory conflict may in large part be the cause of
the experieiced simulator sickness.

It would follow from the above discussion that, the more highly trained
the pilot, the greater would be his vulnerability to simulator sickness,
since histﬁighly developed percept of aircraft motion is so finely tuned.
converselg, a novice pilot would have less difficulty with simulator sickness
since he has not yet developed a neural expectancy of the motion/vision
comp'ex. This result seems to be borne out by the preliminary investigations
of . Kellogg (cited above), in that the more experienced A-7 pilots tend to
be more reactive to simulator sickness.
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From the standpoint of symptomatology, nausea was the most pfevzlgnt,
followed by dyskinesia, profuse sweating, sensation of post flight spinning
and maneuvering and other reactions such as headache and loss of situational
awareness. These are al) symptoms which are characteristic of conventional
motion s?ckness. Therefore,. the sensory conflict theory, which is generally
acceptedzas the underlying cause of motion sickness, appears to be_dfrectly
app]icabfe to simulator sickness. Nausea, as experienced in the simulator
was indistinguisﬁable from nausea produced inflight. A very interesting
finding was that a few of the pilots who had never experienced nausea during
their flying careers, experienced it for the first time in the simulator!
The implication here s that the simulator produced for them the strongest
sensory conflict situation they had yet encountered.

With respect to dyskinesia, a significantly high proportion of the
subjects experienced this difficulty. Such motor imbalance takes place when
there has been a strong sensory conflict or when there has been a sustained
vestibular or kinesthetic input, which continues to affect the subject even
after cessation of the stimuli. Tt would seem that both of these conditions
are operative in the case of simulator sickness. Since the occurrence of
this symptom is in large part directly following the simulator flight and
normally of short duration, it would appear to follow a hibituation pattern
similar to post rotatory after nystagmus.

The visual perceptual responses to simylation are quite interesting., It
appears that the visual and perhaps the psychomotor system are driving the
vestibular system in such a way as to produce quite striking perceptual
i1lusions. Involvement of the vestibular system {s further implied in that
severa) of the subjects reported that while experiencing reactions like the
inversion 11lusion, if they shook their heads, the {11lusion would be
eliminated., The act of shaking their heads may be akin to recaging the
internal gyros and putting the visual perception back on track. There must
be a complex interplay of cognitive, visual, vestibular and kinesthetic
factors 1dithe formation and alteration of these visual perceptions.
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ﬁ]ong this same line, it was noted that from a visual standpoint, two
functions carried out during the training were stressful to the pilots. The
first was the simylator freeze, which is instantly stopping the visual scene
movement, and ingress into the simulator while the visual scene was being
presenteé. The freeze mode-evoked consistently negative comments by the
pilots. oFor example, if the pilot were in an active attack on the other
afrcraft”and at the moment of firing the guns or releasing the rockets a
freeze took place, the pilot felt a greét deal of dissonance and in®*some
cases, spatial disorientation. Many of them felt that such freezes were
instrumental in producing their symptoms of simulator sickness. During
ingress to the simulator, they also felt a sense of dissonance at being
confronted with a full blown active visual scene.

A i)

A high percentage of the subjects exhibited profuse sweating and unusual
fatigue, which appeared to be much greater than would be expected from the
amount of physical exertion required in the simulation. The high cognitive
and motor work Toad was probably the cause, along with the sensory conflict
discussed above. The pilots were clearly aware that flying the simulator,
which could not produce G forces as were produced in the F-4, was not as
physically demanding as the aircraft. However, the massing of complex
workloads produced a resull which was clearly a stress response and resylted
in profuse sweating and fatique.

V. RECOMMENDATIONS

It seems clear that with the continued development of complex wide screen
simulators and with their ever expanding role in flight training, that
attention to the problem of psychophysiological responses to simulation
require more attention, The dynamics of the production of simulator sickness
needs to be studied in much more detail, so as to develop methodologies of
reducing its negative offects of training. The following are secific areas
of recommendation which the authors agree could reasonably be made at this
point in gime. ‘
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(1) Inform the Pilot Population: It is believed that if the pilot
population has a greater awareness of the potential reactions of the kind

described in this report, they will be better equipped to deal with them when

they occur. To this end, a dissemination of this information could he ~
institutéﬂ through wing level briefings, flight surgeon briefings znd througﬁf
the genegél pilot literature. A thorough briefing on this area is strongly é-
suggested for each of the TAC ACES II courses given at Luke AFB, | -

(2) Situation Freeze: Since the simulator freeze has been identified as
a strong producer of symptoms, its judicious use is recommended in any
complex simulation.

(3) Ingress: Since ingress with the simulator visual system turned on
appears to stress the pilots, a system is recommended which allows the visual
to go on only after the pilot is in the simulator and ready to go.

(4) Post Flight Caution: Tt is further recommended that caution be
exercised when flying directly after exposure to complex flight simulation.
Post simulator flight reactions may interfere with the ability of the pilot
to perform to full capacity. - F

8t
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Kennedy, R. S. 2F87 (#5) Aircraft Operational F1i ht
Trainer, Trip report of sickness. Unpublished memorandgm, Naval
. Biodynamics Laboratory, New Orleans, LA, 6 March 1981.

NBDL:0L: iah

650
. - 6 March 109°1
MEMORANDU o
from: *COR R. §. lggnnedy. Adninistrative Assistant to Sclentiffc Director E}
To: “Commandlng Offlcer, Naval Biodynamics Laboratory, New Orlezns. LA =
70189
Via: Sclentific Olrectorqz
Subj: 2F87 (#5) P-3C Aircraft Operatlional Flight Trainer, trip report of
sickness
Enel: (1) Roster of FASODET personane! who assisced project team
Ref: (a) CO NBDL ltr to NAVAIRSYSCOM Cod= 413 .
(h) Wiker, Kennedy, McCauley, Pepper, Aero Environ and Space Med,
1380, 51

(c) Fregly, 1968, Aero Med 39

(d) Fregly, Graydiel, & " Swdth, 1972, Aerv Med 43

{e) Coward, Kellogg, Castore, USAFRL Report TTAC . Attach, Mec 1979
(f) ™ller & Goodson, Aero Med 1960, 31

(8) Schroder, & Col’in« FAA AM 79~9, 1979

{k) Money, DCIEH Tech Memo, 80-C—~44, 1980

1, Traintng at the facility, (FASODET) involving the moving base slavia~ + ‘¢
of two maln types - coupled {to the tactical tralmer) and uncoupled. ..So.:
two-thirds of all missions are uncoupled (i.e., 12-15 4 hour hOpq/wc:'
Hncouvpled flights fnvolve mainly take-offs and landiags. A denefl. ol ihte
trainer is that take-offs and landings can be more rapldly recycled than lr
actual flight, Coupled flights occasion minimal visually displayed Iaierrse
tlon {night tlwe at sea, etc) and evoke negligidls reports of Lllness. Many
fiight englneers report discoafort during uncoupled misalons. The sympton:
they report resemble motion sickness (reference (:7).

2, A tean formed hy threce peramons frou NTEC and one each from McNonnell
Douglas and NRDL, convened 4n Rrunswick, 10 February, in an attempt *¢ allev - :
the symptoms of motion sickness experienced by flight enginears. Za these 2°2°
uncoupled fifghts (reference {a)). An intt{al evaluation wvas conducted of the
optical louvers originally suggested by NBDL (reference (a), after vhich a
baffle vas Jesligned, Test end evaluation deta concerning efficacy of the
baffle ware collected betwcen 11-19 Feb by we, Data collaction asei{stance was
provided during the first weeck by Lt. Crosby (NTEC) and in the second week by
TDY Williams {FASO). Evaluations were conducted using simulator eickness
symptomatology repurts, (refarence (b)) postural equilibdriuvm (standing and
valking) ecores (references (c)and {(d)) aud pilot opinlon forwmau.

N .

caa ¥l b

3. The hﬁpornn“:. findings are:

s, éoncerntng the louver: The optical geoametry of the s{mulator {s such
that {t wvas not possible to place the filters at the image plane of the CRT.
Thus, the cugputer generated {mage was droken up due to epherical and chromatic
aberrationa. An optictst from NTEC (Dennis Braglia) vas proviged with a

sample of the materfal and will evaluate {t fucrther and then coamunicate those

o -,
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findings t© 3M. I will probably participate in these discussions. It L3 my
opinion that when properly milled and placed in the right position on the CRT,
this material might be used either in the 2F87 (#6) presently undergoing
acceptance testing at Singer-Link, or in the planned updates Ffor 2F87 (#'s
1,2,3 or 4), should those simulators employ the same visual display geometry
as ls 5.and 6.

b. Baffle/occluder ~ this was somewhat NBDL's design also, slthough all
menbers of the team {includiang FASODET Brunawick) participated in the installa~-
tion. After initisl fabricatinn, wainily by McDormell Dougia3z, it was poesible
subsequently to install or remove the baffle in five wminutes, FEstiuated cost
of materisl ftor thls fix is §4.50 including the paint. Preliminary evidence
suggesta that with the occluder: (1) motion sickness symptomatology in flight
engineevs 1z vastly reduced or eliminated; (2) the design propertics of the
occluder are such that pilota snd co-pilots report no interference in viewing
- the vigual displays {sickness had not been a major problem for them previously);
and {3) flight engineers do report a desire for a diaplay of their own., The
success of the present dbaffle recommends a consideration of that option. In
{te present form, with the flight engineer's seat in the extreme forwa=d
position, the baffle oceludes up to 100X of borh pilot's and co-pilot's view °
of their CGI. When the engineer‘s seat is in {ts typical positicn (third
detant), only 10-20X of each CGI is visidle, but this reduction {u field of
view sppears to convey gocd advantages also, It {8 nct unreascnable to consider
that sepscation to this extent may obviate the binocular rivalry which may be
occasfoned when the two CGI displays fall nn the two disparate retinge of the
flight engineer. Since bdoth displayes image objects at infianity, everything on
both displays {e {n focus, but £all on differen retinal locl in the two eyes.
The depth diatortions vhica may result from these displays, particularly
during turning motions, where the lack of concordance between the two displays
is woet noticeable, may contribute to the motion sickness prodlem perhaps in
vavs sinflar to what has been obaerved with visually coupled systems. Binocular
rivalry &ad depth 1llusions may wake the simulator sickness La ‘the 2F87C
related sore to problems belleved to occur in other simulators which also have
tvo separete CCIs (viz., Lesnps, S-3, etc.) In additlon, the simulator sickness
{s etiologically different frou the sickness and symptoms which are reported
in point source projection and multiple CRT systems (e.g., 2ES and the USAF
sisulator at Willtams, reference (e)).

c. Postural disequilibrium appears to de & significant consequence of
sisulator exposure and seems not to have been reported previoualy. 1In these
present studies, the following generalizations may bte communicated further
provided nev experiences do not contradict the preliminary evidence:

(1) Flight engineers are ataxic immediately after flight follouing

no-baffle conditicns, particularly but not necessarily, whea inertial motion

ves experienced during the previous four hours; a difference that was statils-
tizally etgnifticant (p .04). The decrement resembles that reported by persons

wvith elevated blood alcohol levelas, (reference (g)).

R YA R
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(Z} Pilots flylng in left seats are more ataxic post-flight than
co-pilots flying in right seats. The geometry of the simulator is such that
the pllot has twe G. displays, one forward and one side looking, The co-pilot
has only the forward display. .

i el

(3) Persoas with recent flight experience (particularly whean coupled
with sleep loss) heve revealed baseline postural disequilibrium performances
at or below the 5th perceatile for this population. Recovery is sometimes
found when the baseline testing is performed 24 hours later,

(4) Fligats of one hour or less appear to have no effect on postural
equilibrium,

{5) Flight englineers with more than 2500 hours occasionally exhibit
postural disequilibrium baseline scores at or below the 5th percentile. It is
- well known that texic agents and environmental stresses which affect the '
cochlen also affect the vestibular apparatus (e.g., nolse, hyperbaria, stre-
ptomycin sulfate). Mogt flight engineers with more than 2500 £flight hours
exhibit hearing losses. They may have vestibular defects too. In this regard,
reports from the Canadian simulator (Aurora) reveal far less simulator sickness
thaa has been reported with our 2F87C. Important differences between the U.S.
and Canadian situatifons are: (a) their cockpit lighting is low temperature
white, while ours Is red; (b) they have no side panel CGI for the first pllot,
and (c) their flight engineers frequently have more than 5000 flight hours.

It 1s felt that the side window for the pilot probably contributes to his
greater ataxia but it i{s not believed a factor {n the flight engineer's sickness.
The cockpit lighting may modify the adaptive lumlnance of his retina such that
more photopic than scotoplc levels are available in the Aurora. The influence
of this factor on overall gimulator performance should be studied. It is not
known to what extent this factor coatributes to the greater sickness of pilots
in the Aurora (reference (h)) and greater sickness of flight engineers in
2F87C. fThe very high flight times in reciprocating engines in’'this population
can be suspected to result i{n some sensory loss greater than may be seen in
persons with average lower flight times (viz, flight engineer trainees at NAS
Brunswick)., Conccrmitant loss of auditory and vestibular sensitivity may
convey protection from simulator sickoess as {t has been shown to do for other
forms of moti{on sickness. If so, then it may be difficult to estimate the
true nauseogenic properties of various simulators unless care {g taken to
evaluate the poaitive function of the octavomotor nervous system (particularly
the nonacoustic labyrinth) in the persons on vhich the data are based.*

eg 1 b

*This factor day explain why the present simulator reports more symptoms in
seeningly less experienced personnel--counter to what has been customarily

found {n simulator slckness elsevhere (L.e., more flight hours lead to--more
#lckness~-because of an experfence x cue conflict interaction (cf. reference (f)).

.
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It follows “logically that visual acuity loss may also afford some protection
from simulator sickness and although most crew members have 6/6 corrected
vision, degraded visuals might also produce fewer problems. This factor may
also be important Iin explaining why such a range of opinions 1s available
coacerning whether or to what extent simulator sickness occurs‘'in the 2PC87.

(6) The fidelity of the visual scene elther due to acuity loss in
operators or detuning the simulated visual scene should be studied for its
effects. According te “conflict”™ (or "correlation™) theory of motion (and
sinulator) sickness, greater conflict would occur betwen high fidellity inputs
(e.g. visual and inertial) when not concordant (spatially or témporally) than
between lowv fidelity inputs. An alternative explanation following the modu-
lation transfer functiocn studies would suggest that wide field of view, low
spatial frequency inputs (e.g., stimulating rods and peripheral vision) would
be more disruptive than small, high spatial frequency visual diaplays. These
- relationghips warrant further discussion.

A, Presently data are being collected by persons in the PASODET at NAS,
Brunswick., Flight engineers are being tested before and after their four hour
flights on a non~interference basias with their training. The major objective.
is to determine whether motlion sickness aymptoms and ataxia are less by statis-—
tical test after the no-baffle versus baffle condition. When sufficient data

are available, they will be communicated to AIR 413 and at that time, permission
will be requested to report these findings f{n a technical report or at a
scientific meeting.

5. The following recommendations are made:

a. The basic deaign of the occluder should be adopted as an ad 1l4b
option to be employed at the discretion of flight englaneers to reduce pr. problens
of motion sickness.

b. The training requirements for VFR vs IFR for flight engineers should
be revieved i{n order to be able to consider the utility of a lov fidelity won-
ochrome CRT for the flight engineers. The occlusion of the pilot and-co-piloet
visuals wich concomitant success of removing motion sickness was & necessary
first step towards evaluating this option,

¢. The postural disequilidriua which appears to be occasloned dy exposure
to this enviromment should be studied further. The purpose in this study was
to use equilibrium as a sensitive prodbe for effects. . It {s not known vhether
the postural disturbancea observed are symptomatic of more general {ncoordination’
(e.g., fine ‘or gross motor control) and vhether certain conditions might not
snplify the effects (e.g., sleep loss, alcohol, red versus vhite 1light, lapover-
fshed sensory conditions). Other questions include: The amount of tiwe required
for return to baseline levels? Do all moving enviponments produce like changes?
Do {ndividual differences exist? Should particular sctivities be avoided?

o 1 Lo
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7. Enclosure (1) contalns a liast of persons who facilitated the conduct of
this project. In particular, TDCS Thomson and TDI Willlams provided day-to-day
direct agsistance and TDCS McDine and LT Pluto offered overall help including
staying after normal working hours when required. I belleve that this project's
succegs depended principally on their cooperation and propose that this be
communicated to their commanding officer. If you will entertain such a proposal,

I will draft what I feel would be an appropriate letter Qf’jjjji:fisigﬂ-—_.
. R. S. KENNEPQ
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NAVTRAEQUIPCEN 80-C-0135-4500.1

SUMMARY

> -
> A few fightar grews using tha Nave's 237 A~ Tormbat Menei-
veg;;; S:m'_*'c* (ACK3) have exz.rienced =:v- ological effecss
51n1;ar to meticon sickness syr-Ioms. - - .

- . .

K
A cuestionnalire was cesigrmed o collsez 2tz =0 define the

incidence and severisy of :n;> "simeleator sickrass.” The

questionﬁa:rﬁ wae given To €65 tircrew werdars £ an individeal
basis. The sample tmsluded pezLenrants Sre- ot Te4oand -l

squadrons at NAS Cceazna.
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susceptibdilicy increases with exverience level-.
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Twenty-seven percent
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A recent USAT study revea ed <hat &F
who used the simulator Zor a**-*o -2ix ecom:
sirmulator sickness symptoms. The SAAC ci2f
the tvpe of display used and the wmarner ol us

At the time of the study, the
installecd at NAS Oceanza in \ovenb er
February 1980.

Significant changes in the length or imtencicy ~5 «vrin’-.
in the 2E6 ACMS may be accompanied bv correspave oy c*ﬂﬁwer <=
the occurrence of simulator s-ccncss Tursher e"a-iﬁ:::on o
simulator sickness rates shoulc be purszec whi- & Lnal=l
culum is defined and modlfica*io 1S to the simulotory [sudh a:
addition of ground growth cues) are mace.
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NAVTRAEQUIPCEN 80-C-0135-4500-1

SUMMARY

; A few fighter crews using the Navy's 2E6 Air CZombat uaneg-
vering Simulator (ACMS) have experienced physiological effedts
sxmllar te motion sickness symptoms.

.11;1 3

A questionnaire was designed to collect da=a to define the
incidence and severity of this "simulator sickness." The
questionnaire was given to 66 aircrew merbers on an individeal
basis. The sample included participants from both F-4 and F-l4
squadrons at NAS Oceana.

-—— e v =

Twenty-seven percent (2 8‘ of the alrcxews experienced vary-
ing degrees of "simulator sickness" dur ing, and/or after use of
the 2EA Air Combat Maneuvering Simulator (ACMS). S-xfy one ue*-
cent (11) of those experiencing symptoms reported perszs*ence of
the symptoms from 15 minutes up to 6 hours after a simulacor
session ended. The data compiled in this study ‘udicates that
susceptibility increases with experience levels. The h:shest
incidence rate occurred among those adrcrew me~hers '27\ wWith mare
than 1500 flight hours (47 nercen“) as compares to .8 nercent for
44 crew members with 1500 or fewer £light hours.

A recent USAT study revealed thar 22 percent of aircrews
who used the simulator for air-to-air combat (SAAL) also reporte
simulator sickness symptoms. The SAAC d~f‘ers from the 26 in
the typs of display used and the manner of use.

At the time of the study, the Device 2Z6 was a new. simuiator,
installed at NAS Oceana in November 1979 and commissioned in
- February 1980.

Si nlfxcant changes in the length or intensity of training
in the Z2E6 ACMS may be accompaniec by corresponding changes in
the occurrence of simulator sickness. Further examination of
simulator sickness rates should be pursued when a training curs
culum is defined anc modifications to the sismulator (such as the
addition of ground growth cues) are made.
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. FOREWORD -

: In March 1980, it was reported that a few Navy personnel?l
weres experiencing some unsteadiness and discoafort while flying
the Air Combat Maneuvering Simulator (ACMS), designated Devicé
2E6. The discomforting symptome described, especially when not
associated with real motion, are usually referred to as ''simula-
tor sickness" to differentiate them from true metion sickness.

Recognizing the need for pursuing this matter further, this
study was initiated by the Naval Training Equioment Center
(NAVTRAEQUIPCZN) to determine the extent of the problem.

CDR Charles Hutchins of the Naval Alr Systems Command (COMNAV-
AIRSYSCOM) (AIR 340F) provided financial support for the study.

Results, obtained through questionnaires administered to 65
aircrew menbers from F-4 and F-14 squadrons, indicated that 27
percent (18 crew members) reported varying symptoms and degrees
of simulator sickness. Although some pllots reported similay
symptoms while flying airevaft, this gtudy deal: primarily with
simulator induced problems. However, some opinions concerning
mantal and physical fatigue experienced in the similator compared
to actual aircrafv ACY training scrties, were alse solicited.

In an attempt to compare the 2E6 axperiences with thosa in
a similar device, the NASA, Langley Research Center, Vir§iﬁia was
contacted in reference te the Differertial Maneuvering Simulator
DMS) located at thelr facility. Detsiled documentaziom of simu-
lator sickness had not been kept on this simulator, but a NASA
representative stated that out of &00 to BOO pilets who have
operated this device, he could only reczll two who experienced
extreme simulator sickness, The effects on these piless were so
disorienting that they conuld not complete the traianing sessions,
Unfortunately, less dramatic symptoms such as fatizue, headaches,
excessive sweating, and othevr minoy discomforts were not
docunented.

This brings up the gquestion of the definition of "silanlacer
sickness." The term has been usaed rather locsely snd has ia-
cluded symptoms as mild as sweating or a slight disorienzation,
to more severe physical reactions including nausea znd vomiting.
Between these extremes are symptams such as vertigo, dizrminess,
and visual, mental, or general pliysical fatigue. In some cases,
the symptoms persist for several hours after leaving the simu-
lator. In assessing a simulator for its adverse eflects on the
trainee population, it is important to be specific about the
type cf "sickness" it produces. In sume cases, the symptox:s .
may be minor and cf a transient nature, and ne worse than would
be experienced under operational flight conditioms.

There are several hypotheses that have been advanced in an
effort to explain simulator sickness. It is prohablg safe to
state that not all instances of this phenomenon can be explalined
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by any one hyporhesis. One of the most favored explanations is-
that it is the result of conflict of sensory cues; for example,:
the conflict between the apparent motion seen on a visual display
and lack of any corresponding real motion of the simulator. v
Another instance would be excessive time lag between the simu-"
lator control system and tne corresponding movement in the visual
display. Situation freeze also imroses sensory confliec on the
pllot. In these cases, the visual and proprioceptive (bodily
feel) senses are not in phase. This imbalance can create a
perplexing state that may be manifested in some of the symptoms
dlscussed above.

McDonnell Douglas Astronautics was also contacted to deter-
mine the manufacturer's experlence with the dome sirmulator type
systems representative of Device 2E6. Although varied pooula-
tions (e.g. exverienced and Inexperienced pilots, civilian and
military digniraries, foreign visitors, etc.) operated the
simulator, McDonnell emrleyees could not recall any incidents of
simulator sickress. All of their simulator missicns, aowever,
had been highly structuvred in procedures and of less than 30
minutes duration per session.

Another similator system with different characteristics was
also investigated. This was the Air Force's simulator for air-
to-air combat (SAAC) which has produced sickness in 88 percent
of the users. A direct comparison c¢f the SAAC data to that cof
the 2E6 should be made with reservation, however, sirce tralning
on this device is very intensive over a short period of time
(approximately 12 hours of actual simelator use over a four-day
period) and the visual systems are of different types (dome pro-
jection real image vs ''pancake window'" virtual image display on
SAAC). This comparison is useful in some respects, however,
since it demonstrates that despite the high incidence of discom-
forting sensatioms, it continues to be used for training. The
consensus of Tactical Air Command (TAC) pilots who have partici-
pated in the training program is that the temporary discomfort
brourht on by these symptoms is & small price to pay for the
kind of combat training provided by the davice. Another useful
- bit of information gained from this simulator corroborates the
adaptation phenomenon. Most occurrences of nausea experienced
on the SAAC took place during the first ome or two days of
training. There was a marked reduction in nausea later on in
the week.

1

There are two recommendations already in effect at the 2E6:
simulator complex that are designed to reduce the incidence of :
sickneéss. One is limiting the time duration of individual i
sesgions to 30 minutes. The second is flooding the simulator
stea with light before visual system freeze.

With no detailed'training syllabus available for guidance,

operation of the Dev'ce 2E6 is being conducted in a non struc-
tured manner. It has ht2eu noted that the length of individual
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sessions vary and in somec cases may be excessive. Uninterrupted
time and specific tasks in the simulator, of course, are impor=
tant: considerations in evaluating the severity of the problemZ=
Oncegistructured curriculum is adopted, the incident of simulator
sickgess can be studied Zurther and perhaps reduced by curricdlum
refinement and/or other changes in use. Therefore the integcra-
tion of a comnrehensive training sv.labus into the Jevice 225
program 1s essentia. tO .1S aSSESSMENT OL SiMulator SLCKNess in
thilis simulator. '

-
-

The fleet is currerncly establishing & Fleet Project Team to
coordinate and direct efiorts related to all ACM training objec-
tives and recuirements. OCne effort will be directed at integrat-'}
ing the 2F112, 2E6 and TACTS (Tactical Aircrew Combat Training
System) syllabi.

The NAVTRAEQUIPCEN,with contractor support,will continue
monitoring the ocecuxrrence of simulator sickness on devices 2E6
andwhen a structured training program goes in:zo effect and
the new device modi lcations (e.g. zvounc-growth) are incorpo-
rated into the Dev:i:2 " I6. At the conclusion of this study,
anocher report will be issued with recomrendations for a2llevia-
tion of simulator sickness if any is found under the new cizcum-

stances.
ozl d’:é'.;,

JOSEPH A. PUIG
Sclienzific Officer

LI B
*
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SECTION I

.
-
-

INTRODUCTION

-

o
]

’r-! :’:h.l : -'

Introduction of wide-angle visual simulators into the
operational and training comrmunities of military aviation has
been accompanied by reports of aircrews experiencing "simulator
sickness." U.S. Navy aircrews have reported symptoms such as
nausea, dizziness, headaches, and disoriented feelings while
operating Device 2E6, Air Combat Maneuvering Sirmlator (ACMS).
Reports of both delayed reactions and persistence of symrtoms

_after leaving the trainer have raised concern over possibie

" {mpact upon flight safety and negative training. This report
details the methods and results of a short-term project under-
taken to assess the rate of occurrence and the degree of severit

of simulator sickness experienced by individuals who have fliown
the 2E6.

The 2E6 ACMS cousists of two fixed-base, tandem crew cock-
pits, eazh surrounded by a 40-fcut dome which approximates a
360-degree field of view. Vuisual scenes are created by project-
ing aircraftr, missil: and earth/:ky scenes onto the cdomes. A
more detailad description of the 256 is provided in Appendix A.

. "'ci'lu
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SECTION II
: ~ BACKGROUND

Occunrence of "motion sickness™ symotoms in flight
simulators has been reported in various simulators using
wide angle visual systiems (e.g., Miller and Goodson, 1960,
and Coward, Kellogg and Castore, in preparation). The
concern over the possible impact upon flight safety has
prompted articles dealing with spatial disorientation (e.g.,
Porter, 1979, and Coward, Kellogg and Castore, 1979).
Although the phenomenon has been known for years,
identifying the reasons for "simulator sickness" is a
difficult task. The causes are complex and, most probadly,
interrelated. While precise reasons for "sirulator
sicknesas™ are not fully understood, research efforts are
establishing a knowledge base which may somedzy provide the
design specifications or procedures necessary Lo mitigate or
eliminate the problen.

Prior research efforts have documented many of the
types of %“simulator sickness" conditions occurring in the
2E6. Four studies in particular provide insight into issues
specific to the 2ES and contribute to a dbetter understanding
of the problem as a whole. A& brief deseription of each
study follows, including a short synopsis of pertinent
conclusions as they relate to the 2E6.

First Study
Puig, 1971

Puig (1971) provides a review of the problems
associated with simulator sickness in a paper entitled The
Sensory Interaction of Visual and Motion Cues. In this
treatise, Pulg states that an individuzl senses movenents
and accelerations by means of his visual system. He also
receives and senses this information from within his own
body through proprioceptive cues (i.e., through muscles,
joints and inner ear). . The visual and proprioceptive cues
{nteract with each other. "Motion can be sensed visually
and proprioceptively. Acceleration cannot be sensed
visually, however, until !ncreasing velocity is noted.
Conversely, the proprioceptive sense, though insenzitive to
velocity, {s quite sensitive to accieration.” Puig states
that the body relates visual and "kinesthetic" (feel) and
“vestibular®" (balance) cues %0 interpret comdinations of
motion and/or accelerations. When an individual uses a
fixed-base simulator, his eyes will sense motions and/or
accelerations from the moving visual displays, while his
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proprioceptive senses (particularly the vestibular) indicate
that he is not moving or accelerating. The normal sensory
interactions are disrup?ed and internal conflicts arise
resulting in feelings of "uneasiness™ or "simulator
sickness,"™ Thus, "it ‘is nct the visual {llusion of motion
per se5 but the visual sensation of apparent acceleration
and/or" change in direction that triggers off the ini<ial
feeling of discomfort." ,

Puig further states that in addition to sensory
conflicts, poor visual fidelity may also be a contributing
factor in simulator sickress., Y.,.in the presence o¢f a
well-structured visual d’s“lay, therefore, the visual mode
"will be the primary overriding input. With a poor visual
reference, however, the moLion cues fvestibular response)
will tend to take priority. In si uations where the visual
and motion inputs are sensed as being equally demanding,
they will be reinforcing or contradictory depending upon
whether the cues are in or out of phase.”

Another potential complicating factor regarding
simulator sickness mentioned by Puig involves a study
. (Olive, 1969) which correlated physical and redi-=zl data of
1,000 Naval aviators over a twenly-year period. Th
analysis indicated that susceptibility to vertigo and
disorientation increase with age.

In reviewing previous research efforts, Pulg reported
ten hypotheses whicia have been advanced in an effort to
explain simulator sickness:

1. Conflict between the apparent motion seen on the
visual display and lack ¢f any corresponding real
motion of the simulator.

2. Optical distortion (both static and dynamic) in the
visual display, particularly of vertical odbjects; the
synthetic presentation of a visual scene whick is a
distorted representation of a real environment.

3. Poor resolution.

4. Rapid changes in brightness (flicker).

5. Wide field of view.

6. A highly structured field of view (too much
dotail).

7. A poorly structured field combined with peripheral
flicker.

8. Excessive lag between simulator control and
corresponding movement in the visual display.

Q. High frequency vibrations which disrupt
accommodation.

10. Projection screen~to-observer distance
insufficient for infinity focus of the eyes, producing
conflict between actual distance of the display and the
apparent distance of the screen,
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Pulg concludes by emphasizing the necessity for
considering the sensory interactions between the visual and
vestibular apparatus when designing simulators with visual
displays.

Secondetudy
Miller and Goodson, 1960

Miller and Goodson examined simulator sickness
occurring among Navy nellicopter pilots. During the early
stages of visual flight simulation development, the Navy
procured the 2-FH-2 helicopter simulator. The device was
“built by Bell Aircraft Company in conjunction with De-Fiorez
Company of New York and installed at Ellyson Field,
Pensacola, Florida in February, 1956. Two projectors
provided 260 degrees azimuth by 75 cdegrees eleva“tion display
coverage. The upper projector displayed the sky scene while
the lower projector depicted the near terrain, the far
scenery and a portion of the sky. The cockpit was
fixed-based. Significant occurrences of simulator sickness
symptoms resulted fros using the 2-FH-=2.

In an attempt to identify some of the possible causes
of the simulator sickness symptoms, Miller and Goodson
mentioned that previous researchers suggested the symptoas
were a result of internal conflicts resulting from the _
absence of real motion accompanied by the presence of visual
cues designed to give the impression of movement. While
admitting this might have been a contributing factor, they
generally dismissed this hypothesis as a major
consideration. They felt the slight accelerations and
decelerations in a helicopter were too imperceptible to
cause symptom onset, They suggested instead that the
underlying problem involved conflicting visual cues
resulting from distortions in the visual display rather than
a conflict between visual and proprioceptive cues. Major
findings included:

1. Sixty percent of the instructors reported sickness
as compared to 12 percent for the students.

2. Sometimes the {ll feelings did not occur until
several hours after simulator usage.

3. One i{nstructor had to get out of ils car on his way
home to regain his equiliidbrium,

4. Some instructors, after much simulator time, would
6.rorience significant discomfort from merely looking
& .he simulator. .

5. Even those individvals who did not report sickness
symptoms became very fatigued after simulator use; this
condition often lasted throughout the day. ‘

6. Lag in the simulator at times resulted in
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overcontrol, sometimes leading to loss of control. The
loss of control procuced a violent maneuver; the more
violent the maneuver, the greater the degree of
simulator sickness.

7= Instructors s=itting as passengers during these
conditions were more prone to simulator sickness than
iT they were at the controls. '

Miller and Goodson concluded their study by saying the
simulator sickness problem became so serious that it was one
of the chief reasons for ciscarding the device from the
operational inventory.

Third Study
Reason and Diaz, 1971

In Reason and Diaz's study the effects of simulator
sickness upon experienced automoblile drivers as compared to
passengers was examined. Reason and Diaz theorized that the
major underlying cause of simulator sickness results fron
what they termed "sensory rearrangement." That is, an
- individual in his real-world experience learns to
subconsciously associate visual scenes of motion with his
proprioceptive senses of corresponding accelerations. An
individual retains these associations in his "spatial memory
store." The more experience a person has in these .
real-world experiences. the stronger the association that {s
stored in his memory. Thus, when real-world experienced
individuals are placed in a simulator enviroament in which
visual scenes of motion and acceleration are depicted
without the accompanying acceleration forces, "unfulfilled
expectations” occur. These experienced individuals expect
to feel acceleration forces in conjunction with the visual
scenes. When this does not occur, internal conflicts arise
which can initiate onset of simulator sickness symptoms.
Under this theory a novice would not be expected to be as
apt to get sick as an experienced individual since the
novice has not developed the "spatial memory stores."

Reason and Diaz felt the Miller and Goodson study
partially bore out this theory by the findings that
instructors experienced a five times greater incldence rate
than their students. In a further i{nvestigation of the
"sensory rearrangement® theory, Reason and Diaz examined

individuals with automobdile driving and passengédr experience

in an automobile driving simulator .in which the individuals
viewed a ten-minute driving scene as passive observers. The
exper{ment used a 6 x 12 foot screen located six feel away
from the subjects. Major findings included:

1. Twenty-eight out of the 31 individuals exhibited
some form of simulator sickness,
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2. Active participazion in the control of the vehicle
{3 not necessary in order to induce simulator sickness
symptoms.

3. :Women were significantly more susceptible to
simalator sickness than nmen.

4. «The more the driving arnd passenger experience of
indtviduals the higher the degree of simulator
sickness. .

5. Evidence suggests that driver experience exerts a
more powerful influence on simulator sickness than
passenger experience.

Fourth Study
Coward, Kellogg and Castore, in preparation

In a study conducted on subjects training ACM in the
Air Force Simulator for Alr-tc-Air Combha%t (SAAC), at Luke
AFB, Arizona, Coward, Xelloggs and Castore repcrted a
simulator sickness incidence rate of 88 percent in the
subjects interviewed. The SAAC is an ACM training syvste=
that utilizes cathocde ray tudbe (CRT) displays to provide a
near 360-degree field of view to the trainee. The six
degree of freedom motion bYase was not used during the
training of the subiects interviewed in the Coward, et al.,
study. The SAAC consiats of two F-4 cockpit trainee
stations, instructor operator stations and debrief stations.
Capabilities include simulation of 1vi ACM in an integrated
mode or in an independent mode with each trainee flying
against an instructor controlled or computer programaned
target.

The SAAC students were reported to have high levels of
operational experience; 50 percent had over 500 flight hours
and 31 percent had in exceas of 1000 flight hours. The SAAC
subjects participated in one week of intensive training and
experienced approximately 500 engagements in 12 hours of
simulator time. The most prevalent symptoms reported vere
nausea ~ 79 percent; motor dyskinesia - 60 percent; and a
sensation of being rotated in some orthogonal plane - 54
percent. Significantly, the study also reported persisienze
of symptoms up to ten hours after completion of simulator
training and delayed reactions after training, such as
visual "flashbacks" in as many as 33 percent of the
subjects. Delayed reactions were also reported by the
agbjeots involved in the Miller and Goodson study addressed
adbove. : .

L4
-
-
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SECTION III

R METHOD

W

The conduct of the study included the administration of
a questionnaire presented curing individual interviews. The
questionnalre (a conv is irncluded as Appencdix B) solicited
information cdoncerning experience levels in ACM flight
training, experience in visual simulators and the type and
degree of severity of sickness symnioms. The. interviews
were conducted in sguadron sSpaces away from the simuvlator
complex. Each individual was carefully briefed concerning
confidentiality of any information which he provided.

K] '.:‘ 4

The sample of subjects was 3selected on the basls of
availability and experience in the use of the 256 ACMS. The
Commanding Officers of the four squadrons involved were
briefed thoroughly on the confidentizlity and content ¢f the
questionnaire and were includec as subjects in the
interviews. A totzl of 66 sublects were interviewed. The
group included 65 individuals from four separate fighter
squadrons and one test pilot from the Naval Alr Test Center --
(NAVAIRTESTCEN), Patuxent River, Maryland. All subjects were
exposed to the 2E6. through squadron training programs or as 2
result of personal interest in the device, with the exception
of the NAVAIRTESTCEN test pilot., The experience level of the
subjects ranged from 250 to 4000 flight hours; &ll were opera-
tional fleet aircrew members. The training they receivec con-
sisted of four flight missions of one hour duration anc was
generally designed as a structured prelucde to an Air Combat
Maneuvering program. The simulator "instructor" operator
position was normally assumed by a peer, alrcrew member, or
training device operator (ID).

R

. ..\|Qn. ..
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SECTION IV

RESULTS

The, study indicated that 27 percent of the aircrew
members interviewed experienced some degree of simulator
sickness symptoms. Table 1 provides a breakdown of the
subjects according to aircrew designation, tyojes of aircraft
flown and extent and related numbers of symptoms
experienced. Of the total subjects interviewed, 39 were
Pilots and 27 were Radar Intercept Officers (RIOs). The
flying experience of the subjects and ¢the rate of occurrence
is presented in Figure 1. The highest incidence rate ¢f
simulator sickness occurred among those aircrew members (22)
with more than 1500 flight hours in which 47 percent of the
subjects reported some degree of symptoms (Figure 2).
Forty-four aircrew members had 1500 or fewer fligh% hours
with 18 percent reperting sickness symptoms. (Note: As
flight hours increase, N decreases and reliability
decreases.) The rate and type of symptor occurrence is
reported in Appendix C.

_?"1 :-..I,‘

The severity of symptoms ranged from mild to severe.
In several cases subjects terminated the training sessions
because of the severity of sickness onset. None of the
subjects reported emesis, but several reported loss of
appetite until after a sleep period; in each of these cases,
the symptons subsided completely after a night's rest., The
most common symptom reported was dizziness which occurred in
17 percent of the subjects interviewed (Figure 2); vertigo
and disorientation were reported by 11 percent of the
subjects; "leans" and nausea were noted by nine percens.

Although each subject was asked if he experienced
“flashbacks" or "visual replays™, no occurrences were
reported among the 66 aircrew members interviewed. Subdbject
number 7 (Appendix C) is an Air Force exchange pilot flying
with the Navy who {s a graduate of the USAF SAAC training
program. During his SAAC training he experienced visual
"flashbacks™ but did not experience these symptoums when
training in the 2E6. The subject reported, during the
course of his SAAC training, "seeing the checkerboard
pattern of the SAAC background display painted on the inside
of my eyelids™ when lying down to sleep. The symptoms
terminated after the last day of flying in the SAAC and did
not recur. (These reported simulator s{ckness synptoms are
consistent with findings from Coward, Kellogg and Castore;
discussed in Section II.) Subject number 7 stated the SAAC §
CRT display was much harder on the eyes than the 2E§
display. He experienced no simulator sickness symptoms
during his six hours of 2E6 use.

L

»~
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TABLE 1. DATA SUMMARY

Sixty-five total individuals interviewed from four fighter squadrons plus
one NAVAIRTESTCEN test pilot.

Number of Aircrew Members Interviewed
and Reporting Sickness Symptoms

Aircrew Number Number Reporting Percentage

Position Interviewed Sickness Symptoms Reporting Sickness Cateqory
Pilots 21 9 42.9% . )
R10s 16 . 3 18.8%

Pilots 18 5. 27.8%

RIOS 1 1 9.1% F-14
Pilots 39 | 14 35.9%

RI0s 27 4 14.82 TOTAL

Il A
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Mental Zatigue was reported as t.ing the same, greater or
less than actual ACY £light training by ecual numders of the
subjects. However, as repcrted in Tabdle 2, 83 percent of the =
subiects interviewed reported physical fatigue as bYeing equal to”
that egperienced fn the 2air curing ACH tralining., All Sus +hree .

percent of the sublects interviewed reported perspiring less or >

much less than in actual flighz, the exception being profuse

sweating accompanied by nausea for scme of those incividuals
expevriencing simulator sickness,

——ly

There werc some unigue symptoms reported. These were "eye-
ball iitter," =ized fecling, loss ¢f denth perception, krees
weax, and fullness of the stomecn. One aviator reporting ere-
bail jitter" had particirated in tests to exanine the cause of
this phencmenon in centrifuge experiments. The occurrence of
this unigue symptom mawv dem~-otrate a preconditioned bocy Tespomnsse

23

which was transferred from rne centrifuge to the Iiwed-tarze
simulator.

Only two subect reported delavel weactioma I whi
onset occurred after teaving the trainew. However, 61 perce :
thnse experieneing symptoms xeported persistence oI the sympiCws
from 15 minutes up to six hours.

Another sublect of speclal interes:, due to his Intensive
expusure to the ﬁEé, is revorsed individually (sudiect number 13).
Re is 2 test »ilot with 340C hours of £light time concucting
tests on the simulated aircraft medels usilized In the .70, His
experiznce in the 2E6 consisted of four hours per cay fer fivz
consecutive days. His symptoms were descriled 2s seveTe, with
nausea bordering on emesis, and pevsistine until aftex a night's
sleep. The symptoms were most severe alter the secomd day's
training and dissipated over the next three cays. 3He zttributed
the lessening of symptonm saverity ¢to breaking his mission invo
30 to 45 minute perinds with 30 minute brea®s anc becoming I~mil-
far with the visual system. At the end of the £1£:h cay, the
subject reported mild disorienting feellngs that persistes umtil
bed time. Specifically, tha subjiect stated he would net Ily on
a day in which he particivated in » 2E3 training vexried. Thls
experience relates closely to findings by Coward et al., ceailng
with intensity and length of traini=ng.

Possible Simulator Sickness Causes
The “reset"! function was reported by 33 pevcent ol the !

. . s . 4 - S
subjects experiencing symptoms as bdeing tne most prodal.e
cause -of symptom onset. Performing loops anc nose hiZ™ :

ligeset" - the freezing of the simulator visvel display
and returning to & new set of initial conditionms.
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TABLE 2. INTERVIEWEE OPINIONS CONCERNING RESULTING
2E6 MINTAL AND PHYSICAL FATIGU=

Mental Fatigue in Relationshio to Actual Afrcraft ACM Training Sorties

Greater in 2E6 33.3%
Same in 2E6 _ 33.3%
Less in 2E6 33.3%

Physical Fatigue in Relationship to Actual Afrcraft ACM Training Sorties

Greater in 2E6 11.1%
Same in 2E6 .. 83.4%

Less in 2E6 o e 5.5%

L A B I
-
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attitudes without visual altitude references was reportad
by an. additional 44 percent as being a contributing

factdr to the onset of symptoms. The twilight environment
of the display was also reportsd to be disturbing by -

20 pércent of the subjects. .

sEA e .
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T CISCUSSION
e
DIFFSAEZNTES AVMCONG 225 U322 GROUPS
Fiight experience, aircrew Dosition {(functinn'. an?
type of zire-aflt 211 reveaxled certain relatiicnonine &o
sizulztor siguness syusceprtidility.

The hvoothesis advance?d by Miller and Soodsor 71272).
that evoer.onned aviztens are more susceptiible %¢ al=zwlizior
sickress than thelr less experienced counterpar<is s
supporied by the results ol the present study. Jviators
with more than 1500 hours of flying erxnerierncr g nizilnse 2
sym-tom occev-rence rate of 50 percent, wall2 avis 2ore viih
1500 ncurs or less sustained a sympton occurrence raze of 27
perrert, The sicnificant disparity bdetween the two grovrs
may indica%e a greater degree of conflict derween vizual 2n?g
proprioceptive senses because of increased preconfitlcnirg
gained through airborne experience. Physiological %ocy
changes resulting from physical aging may aZso e a

a

contributing factor to this phenomenon, sSince Luose wie
‘- more flight hours naturally tend to fall intc older 23e
groups (Puig, 1971).

Aircrew Position (Function)

More pilots (36 percent) reported simulator sickness
symptoms than RIOs (15 percent). <These findings supzert
Reason and Diaz's (1971) observations from an automobile
driving experiment which indicated those with driving
experience might be more susceptible to sirmulator sickness
than those with only passenger experience. Two hypotheses
may account for these differences:

1. Internal body conflictis arise between the visual
scenes and the "G" force and acceleration cues,

Pilots, particularly in tactical aviation, learr %o
rely heavily upon "flying by the seat of the pants" <o
perform their mission. This requirerzent stems from the
necessity to focus nearly 100 percent of the visual
attention span outside the cockpit in order to maneuver the
aircraft- to the "piece" of the sky which will accomplish the
desired tactical objectives. During critical flight
regions, slow airspeed or nose high maneuvers, changes in
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"G" forces and accelerations serve to warn the pilot to

momentarily focus his attention "inside" the cockpit and
concentrate on controlling the aircraft to avoid -
out-of-cantrol flight conditions., Thus, pilots are
preconditioned to react to "G" forces and acceleration cues
recelved through their "feel™ senses. Since the "G" force
and acceleration cues received by the "feel"™ senses do not
correspond with the visual scene represented in the 2E5,
conflicts may arise when pilots see visual scenes which
initiate anticipatory signals from these senses. The
oconflict between feel and the visual scene may be greater in
experienced individuals. Because of the increased
conditioning of the "feel"” senses in these individuals, the
degree of uneasiness or "simulator sickness™ may Iincrease.
This hypothesis is further supported by the fact that 44
percent of the aircrews reported loops and nose high
attitudes as a contributing factor to the onset of simulator
sickness symptoms. During vertical maneuvers, the airspeed
tends to decay rapidly which requires sensitivity to subdbtle
"G" force and acceleration cues to recognize when to focus
one's attention inside the ccckpit. It follows that absence
of these cues in these situations might induce feelings of
anxiety and contribute to conflicts between the visual scene
presentations and the interaction of the internal "feel®
senses of the aircrews, thus, inducing simulator sickness
symptoms.

14

'o,.:-r ART MY

2. RIO and pilot training differences tend to make R'Os
less susceptible and pilots more susceptible to simulate
sickness.

Another contributing factor to the low number of
simulator sickness reports for the RIOs may be their type of
training background. During the undergraduate portions of
the RI0 training pipeline, they are tasked with conducting
intercepts in the dback of a T=39 aircraft with no access to
windows for relating aircraft maneuvers to visual scenes.

It has been reported’ within the community that this
operating environment is very concducive to air sickness and
individuals are "washed out" of trairing in this phase if
they cannot overcome the negative effects of these symptoms,
The remaining individuals have been conditioned to "deny"
the conflict between the visual senses and the sensations
created by *G" forces and accelerations in the performance
of thelr missions., This is just the opposite of pllot
vraining which requires developing {ncreased sensitivity to
thg "G* forces and accelerations to perform their prescrided
role.

The above discussions must remain hypotheses since
there are confounding sources in the data. For example, in ,
the "real world" and {n the simulator, a RI0O must perform a . -
different type of visual timesharing task than does a pllot.
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¥ also could account for the c¢iffererces Seitwean RIN and
pilct sickness rates.

Aircraét Type
E 3

The data indicates that F-d aviators got sick mereé
often than F-14 aviators. Forty-three rercent o2 ¢the F=4
pllots experienced symptoms while oniy 28 nercen:t ¢f the
F-i1U4 pilots reported sickness symptoms., Tnis result ma2y be
related to differences in zircraft fiigh% characteristics or
to varied training aporoaches.

It should also »e noted that many potentially
confounding factors may have influenced %these preiininary
findings: For example, F=1L aircrews had net ured the 23
in over 90 dzys at the time of the intervicws while tre 7=
aircrews hacd utilized the 2E6 within 20 days of the condae
of the interviews; therefore, memory degay cculd have
resulted in fewer repor<es casas 0f Feis plircrew tic¥nens,
Also, other factors such as age, which misht allect rezilis,
were not analyzed. Further aralysis 15 requirec »efor» Tlir=
conclusions can be drawn.

L
o

DIFFERENCES BETWEEN THE 22§ AND SAAC

This preliminary effort revealed that fewer Indiv.<uals
are reporting simulator sickness in the 26 than in The if:-
Force SAAC. Simulator sickness occurred in 27 percext c¢f
2E6 subjects and their sympioms appeared less severe zhan
the 88 percent sickness rate reported in the SiAC {CTowarz,
Kellogg and Castore, in preparation). Differeaces in
utilization of the simulators, fidelity, degree of
realism/capability and visuval display hardware make 1
impossible to precisely cdetermine why these differences are
occurring at the present time. FHowever, a prelirinary
cross-comparison of these differences may provide scxe
insight into the problern.

Manner of Use

The subjects experiencing simulator sickness in the
SAAC were generally expcsed to the simulator through a
well-defined, intensive syllabus and experienced more hou-s
of training in a more compressed period of time. The
greatest number of 2E6 sudlects, nearly 50 percent, had five
or less total hours of simulator time, taken in one hour
time blocks in a five to ten day period. 1In comparison, the
SAAC subjects received 12 hours of simulator time in a flve
day period. Additionally, the SAAC subjects experienced

.

217

__Best Availzblie Copy




NAVTRAEQUIPCEN 80~-C-0135-4500-1
1

their training in a concentrated, structured environment,

while the 2E6 subjects trained in a more conventional

setting.:. These differences in the training programs might

account for some of the disparity between the 2E6 and SAAC

in the percentages of aircrews reporting simulator sickness.
E 3

Only one of the 2E6 aircrew members interviewed
experienced the intensity of simulater usage which the SAAC
aircrews experienced (Subjiect 19, Appendix C).
Significantly, he was the only subject interviewed whose
symptoms persisted until after a full night of rest. He
also experienced the greatest variety of symptoms and the
most severe episodes of nausea.

Fidelity

Miller and Goodson (1960) reported the low fidelity of
the visual display in the 2-FE-2, specifically the
distortion apparent in the visual scene, as a primary
contributor to the onset of symptoms. The 226 display,
however, while having a low degree of structure in the fileld
of view, has very little distortion. I! is felt that low
structure in the field of view does not induce significant
occurrences of symptoms. However, low light levels, flicker
and a nondescript background may play a limited role in
initiating simulator sickness onset.

Realism/Capability

The "ground growth" and “progression" features of the
SAAC (not currently installed in the 2E6) enhance the
realism by providing visual cues representing changing
altitude and velocity. While these features are highly
desirable for ACM training, they may provide the trainee
with a greater degree of conflict between the missing
proprioceptive cues and the enhanced visual motlcn cues. It
is possidble, that if these features were to be incorporated
in the 2E6, some increase in the incidence rate of simulator
sickness may occur.

Visual Display Hardware

Differences in visual display hardware appear to
account for variations in symptoms, also. The 2E6 projects
model images onto a domed screen 20 feet from the aircrews.
Aircrews observe indirect image displays reflected from the
dome screen. The SAAC on the other hand, surroundcs the
aircrews with large CRT displays located three to four feet
avay from the aircrews. SAAC aircrews view direct light CRT
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displays collimated acz infi.zty.' Interestingly, ome-third of the
SAAC-.aircrew members from Coward's study (in preparatica) we- =
portéd instances of Inveluntary "fias-backs'. or nftew fmagne'i

f?ll§wing Saac trainirg sessions. BPut, out of 66 TI5 urexs Imges-
viewgd, no instances of flashbacks wcre reported. . 1y

Numerous crossing attacks.referred to as "high-zngle gunm-
shots” were practicsd on the SAAC. Ceonsidering Yourz's 11877)
studies at tie Massachusetsts Instituie of Techmolozy o veriri-
eral viewing, this Is an important point to ‘consicer in ava.-
uating the occurraiice of simulator sickness im the FAAS.

The Advanced Simulator for Pilot Tralning (ASTT, Toca%esd -

LT

Willisms AFE uses the same type of visval display as the Iuke
SAAC. During on-site Cliscussions with ASPT tevsomnel., exre-iLgnl’ °
of trainees in rhe ASPT were reported as similar €pn those cxue-
rienced in the SAAC. Although incicence rates for £h2 ASPY -+ .r-
not available, a2 tape 0of one subject's expsrience “n the ASTT wuac
reviewed in which a2 cdescribed sympiom occurrence, seveariz. o~
persistence nearly identical to those of SAAC trzinses.

Certain emounts of simulator sickness may 2cecur Im &l0 <X~
ulators utilizing wide-2ngle visual systems., It is fels, now-
ever, that the training benefits which can be dexrived Irom <re.s
dynanic visuzal displays far outweigh the negative impact werl!-
ing from the sim:laror sickness phenomena. Ixperimental L. LTT.-
tory research efforts are continuing to try £o cdetermina the
piatform motion requirements for wide-field wisual 2ieplar sir
ulators (e.g., Younz, 1977). It may be feasitle some Zdar =2

correctly mate motion/force platforms with visval disnplay =ve-
sentations and mitigate incidents of simulator sicxness, I . the
meantime, applied research efforts which can more thorouzhly
compare operational equipment and user differences might %=
capable of more accurately ascertaining the intermal :>Cy - -
tions which lead to the onset of simulator sicxness. Once :nesc
internal body functions have been positively icdentifisl, sim
lator design engineers may be able to construct simulniors w™:
will reduce or eliminate this problem.

Since the Air Force study on SAAC was completed, <heve hac
been significantly less apprehension and simulatcr sigmaesz amers
the students. This is probably the result of a new bdriefing -rec-
cedure that was initiated %o familiarize them wita the o=>sler.
After they were briefed on what to expect in the sizul.estor, th:s
students seemed to feel more comfortable anc deitax slle tC coze
with: the discomfort, especially after being told that o<thers
were affected also but that they adapted readily with tire.
essence, they were told: "The symptoms are wvery transieni ard .
you will adapt to it (the simulation).'" (Personel cecmmmnices:

with Mr. Robert E. Coward.)
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APPENDIX A.

- - DESCRIPTION OF 2Ef

the 2E6 Air Combat Maneuvering Simulator (ACMS) was in-
stalled at the Naval Air Station, Oceana, Virginia and became
operational ‘in November 1978, The device is cdesicned to
provide close~-in Air Combat Maneuvering training. The device
has two trainee stations (pilot and NFO in tandem cockpit
configuration) located inside each of two 40-foot domes which
provide a 360-degree fieléd of view (see Figure A-1). Inside
the domes are sky-carth projectors that project a blue sky
and green~brown earth displays separated by a white haze band.
The cockpits in the domes are mock-ups of the F-4J and F-1l4A
and are interchangeable. Each cockpit is fixed-based with
spatial orientation provided by computerized control of the
sky-earth projector. There is no provision to simulate visual
altitude cues or relative direction and velocity progression
over the terrain.

Each dome is also provided with a missile projector,
capable of displaying one missile in flight at a time, and
target projectors capable of displaying two aircraft
simultaneously. Four cathode ray tube projectors in each
dome project a maximum of two targets and accurately
?imulate target altitude and range, froxz 300 feet to 25,000

eet.

An Instructor Operator Station (IOS) associated with
each dome (or trainee station) provides control for that
station in the independent mode or for both stations in the
integrated mode. 1In the independent mode, all activity
occurs in a single dome; the integrated mode requires an
interaction of activity between domes. 1In either mode, a
pillot can fly against a computerized bogile, if desired.

In either the independent or the integrated mode, the
Instructor Pilot (IP) can choose computer control of a
programmed target (adversary) or “"choose to fly" the
adversary himself from a modified throttle and stick at a
control station located at the I0S (see Figure A-2). Each
I0S and trainee station i{s operated by an independent
computer system., Figure A-3 provides a functional diagram
of the complete 2E6 ACMS.

A normal training mission consists of seven to ten
engagements in a 30 to 4% minute pericd with each engagement
lasting two to four minutes. At the bdeginning of each
mission, the IP selects airoraft and adversary type, initial
conditions (airspeed, altitude, heading), weapons, fuel
loads and othar mission specific criteria. The mission can
b2 frozen in ti{ime and restarted from that pcint, reset to

« the initial conditions, or resest and new initial conditions
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Figure A-1. Air Combat Maneuvering Simulator, Device 2E6




Ui bty bag

224

NAVTRAZQUTPCEN  80-C-0135-2502.1
* Figure A-2. Instructor Cperator Station
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selected. During the reset function all mission conditicnrs
are reset, including spatial orientation; the sky/earih
display "snaps"™ bacxk raplidly to the zero gegrees pltch, roll
and yaw. '

&

Debrief of the mission is availatble at an inceperdent
console and -display svstem, allowing extensive review and
hard copy extraction of selected parameters. Up to 15
minutes of replay alsc is available within the dome, During
replay, all ¢raining displays and conditions are repnlayed
with tre exception of aircraft contrcl movenment.

226
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APPENDIX B

SIMULATOR EFFECTS QUESTIONNAIRE

Introduction

T

e
lhis@uestiqnnaire is designed to provide information pertinent to a
study of the design and use of visual full-mission simulators such as the
2E-6 AMS. The focus of the questiommaire is on reported cases of physio-
logical symptoms similar to motion sickness or other forms of discomfort

associated with similator use in both the Navy 2E-6 and the Air Force Simu-
lator for Air-to-Air Combat (SAAC).

The study is funded by Naval Air Systems Cormand through the Naval
Training Equipment Canter., Pexrmission to circulate the questiamaire has
been obtained from Comander Fighter Wing ONE. All information provided is
confidential to this study.

The questiormaire items are directed at four categories:

General background informatiom.

Discussion of any discomfort or symptoms associated
during use of the 2E-6.

Discussion of any discanfort or symptoms which may
ocar after 2E-6 use.

General questions related to the application of the
ZE-6 in A training. ‘
The questiommaire will take approximately 30 mirates., We are very
interested in your opinions. Very little information exists relative to
the physiological effects of high technology sirulator usage. Please be as

specific as you can and feel free to add ay cooments you might have about
the questicmaire or the general topic.

227
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How mny-total flying hours have you accumulated? °

what airCraft types are you now current in?

How many hours do you have in each?

Are you an Aviator or Naval Flight Officer?

How much experience have you gained in the 2E-6?

What was the average length of each period?

Was your first exposure te the 2E-6 a result of a structured training
program or personal interesi?

What was the type of program end the amownt of 2E-6 use?

Have you had experience in visual similators other than the ZE-6?

Which simulators?

How much time in each?

For what purpose?

Did you experience any discomfort or symptoms of motiom siclmess in any
of these trainers?
Please describe the syrptoms you experienced in each trainer?

Did y>u experience any other physiological effects such as profuse
sweating while in these trainers?

228
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EFFECTS WHICH OCCURRED DURING 2E-6 USE

Uszi_:g 2 flight simalator such as the 2E-6 présents aircrews with very
distinclive visual cues, The lack of motion and the high ficelity of the
synthetic vieusl display orovided by the ZE-5 have been noted as being a
possible source of discemiort reported by aircrews, or what the Air Force
has termmed "'Similator Sickness''. The impact of the synthetic visual cueing
is of great interest. The following questions seek to exerrine your opinicns
of visual simulator use of the 256,

ZIRrEY

5. Did you experience an acequate introcuction to the 28-6 as a part of
your first rssicn?
How long were you in the dome on yowr Sirst mission?

Did you break your first training session into 1 or more training periods
in the dome?

6. Did you experience sycptors of motion sickness or discomfort that you
attributed to training in the dome cn your fiyst mission?

Row long were you in the dome whem vour sympicms cccurred?
What symptams did you experience?
Nausea?
Dizziness?
Laans?
Feeling of being disoriented?
Vertigo?
Headache?
Visual problems such as focusing?

7. Have you experienced discomfort or symptoms of motion sickness Aring
successive missions?
What were the symptoms?

Specifically, did you experience any nausea while in the 2E-6? ‘
Do you now experience these symptoms when in the doe?
If not, after how many nission/howurs did the syrptome subhsice?
In what order did the symptors subside?
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If you experience symptoms of discamfort or motion sickness in the
trainer, can you identify a specific maneuver or smu.a"or function
that u.su&.ly initiates symptom onset?

1

(M

0’.;' ?"o,-

Did t:he aircrew merber you were tra,.ruag with get sick on the same
mission that you did?

Was the 2E6 fully operaticnal or were there any known discrepancies
on the flights in which you experienced your discamfort or syrptoms?

On missions which you experienced symptoms or discomfort, were you
flying against the computer or arother aircrew?

While training in the 2E6, are there any particular distractions which
interfere with your concentration on the tasks required to perform ATM?

When in the 2E6, how much do you perspire as ccopared to an actual ACM
training flight?
Much more More Sane Less © Muych less

———
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NAVTRACQUIPCEN  €D-C-0135-4500-1 -

EFFECTS THAT OCCUR AFTER USING THE 2E-6

After using the 2E-6, have you ever experienced any discorfort, visual
after effects or other syrptoms?
Phat were your symptoms?

What aspects of your simulater experience de you think cavsed the
syrptams?

After using the 2E-6, have you experienced any difficulty in reading of

other CRT displays or any other type of cisplays?
Reading books?
Watching T.V.?
Focusing difficulty?
Headaches?
Dizziness?
Lleans?

1f you experienced visual after effects (i.e., revlay of visue® sequences,
flashbacks) that you associated with 2E-6 training, how long efzer the
training session did they occux?

What activity were you engage¢ in at ocowrrence?
Please describe in detail the characteristics of the visual a‘ter effects.
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The follaring questions are pertinent to effects that occur after %
missions ih the 2E-6, £
11, Generally, how 'do you feel afier completing a 2E-6 rrssion as conparec
to an ACM training flight?
More Fatigued Szre Tess Faticued
Physically
Mentally




NAVTRAEQUIPCEN 80-C-0135-4500-1

Have you ever experienced flashbacks of any sort associated with any
other activities or training?

Have the gffects noted abcve_subsided?

How long éfter your last training session did they subside?
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NAVTRAEGUIPCEN 80-C-0135-4500-1 .

GENERAL QUESTTONS REVATED TO 2E-6 TPATNING

. .' . ) T o
Thet items below are of a general natire, but are importent Zor.mm

K& L0

understafiding of how simulator cheracteristics affect sircrews. The answers
could irpact the future design anc implementation of simlaters such z= the
2E-6.

15. Can you identify any ceviaticn from your normal ACM cockpit scan when
training in the 2E-67 '

16. When attempting to achieve a high G turn do you have the sensaticn of
really pulling G? If so, what articles of fllght gear
were you wearing at the time?

If not, have you flown in the 2E-6 with your normal flight gsar on?

17. While training in the 2E-5, do you perceive & fferences in your ability
to focus when transferring from cutside the cockpit to inside as com-
pared to inflight ACM training?
Can you cite examples?

18. Prior to your exverience in a visual mission simulater, what was you
opinion of training AQY in a simulator?

What is your opinion now?

Do you see any difficulty in flying after a simulator cission? _
If so, why?

Provision of your name, brgaxizatim and phone murber on the cuestion-
natre {s wluntary and would only be used if information you provide on the
questionnaire indicates further research is desired.

Nae Organization
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NAVTRAEQUIPCEN 80-C-0135-4500-1 -

Emesls

Flashbacks

-~

| AR/

Ground growth
Ground progression

Independent mode

Integrated mode

Kinesthetic

Leans

Motor dyskinesia

Ocular

Proprioceptive

Reset function

Vertigo

Vestidbular

- exposure to simulator visual scenes.

GLOSSARY
Vomiting.

Retinal after-images whiech ocecur following?

{

CE R

The expansion or contraction of ¢the backe
ground visual scenes to simulate descents
or ascents in altitude.

The movement of the background visual
scenes in relation to the observer to
simulate movement over the ground.

Permits the Instructor Operator Station
(I0S) to control only one cockpit trainer,

Permits the selected Instructar Operator
Station (I0S) to control both cockpit
trainers interactively.

Literally "feeling of motion®; refers to
the sensitivity of movements of parts of
the body (e.g., arms, legs, tongue and
eyeballs) in relation to the whole due to
the excitation of receptor cells located in
the muscles, tendons and joints of the
body.

A false sensation of bank or tilt.

Impairment of an individual's power of
voluntary locomotion.

Of or pertaining to the eye.

The sense of position, movement, pressure
and equilibrium. It i{s divided into two
ma jor subclasses: Kinesthetic and
Vestibular.

The freezing of the simulator visual dis-
play and returning to a new set of initial
conditions.

False sensation of bodily position and/or
movement, -

Involves the perception of spatial move-

ments and spatial orientation of the bdody
as a vwhole, resulting from excitation of

receptor cells located in the nonauditory
ladbyrinth of the ear.
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SUMMARY PAGE

THE PROBLEM . " .

4
What are the possible factors which contribute to "motion sickness”" in the.
2-FH-2 Hover Trainer?

FINDINGS

A review was made of the development of Device 2-FH-2, including two evalua-
tions. These evaluations pointed with no little concem to tha problem of "motion
sickness" experienced in the simulator,

The writers feel that the hypotheses offered by others to the effectthat these
symptoms were elicited by the conflict between visval cues of motion and static physie~
logical cues is fu'se. The problem seems to lie in one or a combination of several
modes of distortion: There exist both static and dynamic distorfions in the projected
scenery; there are errors in the perceived directional changes of motion; and there
are dynamic errors in the perceived angular ratz of motion. These distortions are
pointed aut herein ond suggestions ore made as to how they might be allevioted.
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INTRODUCTION

In 1952, the Be!l Aircralt Corporation wa: awarded a controct by the Specic’
Devices Cepter of the Navy for the development of o device to aid research in *reining
helicopter [ lots by means of simulated visual contact. The contract specified also that
the device Was to furnish realistic training for helicopter pilots in hovering and avto-
rotation flight maneuvers. The de Florez Company of New York City was engoged unde”
sub-contract to develop a method of attaining the required visual real’sm and tc design
and construct the essential components demonstrating the capabilities of the methoc
devised.

The hovering operation of the device was first demonstrated in December 1954, ao*
the Bell Aircraft Corporation, Wheatfield, New York. In April 1955, o demonstration
of combined hovering and two- projector method of autorotation was held for representa-
tives of the armed forces.

After certain improvements were made in the original device, it was instalied at
Helicopter Troining Group One (HTG-1), Ellyson Field, Pensacola, Florida, in February
1956. A modification kit (composed of a light source demagnifier, autorotation transpar=
ency, and o transparency storage rack) whizh wos added in July 19568, completed the
device, and it was subsequently referred to as Device 2-FH-2.

It should be made clear at this point that the function originally intended for Device
2-FH-2 was to make possible the investigation of certoin problems including those in-
volving visual contact encountered in flight training. !t was also to provide a means of
evaluating the point-source system of visyol presentation ond to provide troining in outo-~
rotation ond hovering maneyvers in order to permit comrelation of its characteristics stotis-
tically with human subjects. ‘

DESCRIPTION OF DEVICE 2-FH-2

The three principal components of the device are the projection system, the cockpit,
ond the computer, These components are presented schematically in Figure 1,
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Proiection System

-

The piojection system developed for this device is bosed on the assumption thar
the comLination of a small diameter point source of light and a trensporency olate
containing special scenery can provide a realistic terrain perspective and motion pre-
sentation, Through the use of this technique, a realistic, non-programmed, wide-
angle, presentation of scenery in excess of 26C° azimuth by 75° elevation has been
achieved.

Unlike conventional projection systems, this system does not depend basically
upon wide angle lenses. Projection of the scenery is obtained by the emission of
light from a high intensity, extremely smoll diometer source. As the rays of light
from this source pass through a transparent film depicting a partict 'ar scene, the scene
is very much enlarged and projected on o specially contoured screen. Motion of the
scenery is obtained by the displacement of the transparency relative to the light source.,
Two separote, overlapping, projectors are used in Device 2-FH-2: the terrain pro-
jector and the sky projector. The terrain projector is used to depict the near terrain,
the far scenery, and o portion of the sky, The sky projector continues the sky to the
upper limits of the screen (Figures 1 and 2). The point source lamp which was found
to be most suitable was an OSRAM, high pressure, mercury arc lomp. This lamp was
used in conjunction with a specially devised demagnifier composed of a wide operture
camera lens, a microscopic condenser, a mirrar, and o dispersion tip.

Two transparencies were included with the original device. The low altitude plate
(0-55 feet) projected a simulated area of 780 feet by 780 feet. The high altitude plate
(0-500 feet) simulated are area of 3,000 feet by 3,000 feet. The movement of the .rons=
parencies is accomplished by means of six integroted servo systems. These systems are
capabie of producing three translational and three attitudinal freedoms. Thus, relative
motion between the trunsparency and the lomp is used to ochieve changes in the pro-
jected picture which describe what a pilot would see if he were actually flying a
helicopter.

The remaining component of the projection system is the scteen, the general shope
of which is shown in Figure 1. The screen is constructed of fiber gloss sections which
are surfoced with gloss beads to ensure o high reflection foctor. The final shape of the
screen was determined by Dr. Francis Murray of Columbia University and wos designed
so as to minimize irregular illumination, errors in velocity judgment, distortions of size
ond distonce, and to provide as correct ocular convergence as possible.
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Cockeit

The cdckpit contains the usial flight controls and essential flight instruments in
as realisticon environment as possible (see Figure 3). The instrument panel is similar
to that found in the HTL-5 helicopter. However, only the following instruments have
been activated: the manifold pressure gauge dual techometer, airspeed indicator, alti-
meter, and compass. An intercommunication system is provided between the instructor
and trainee. Dynamic effects of vibration and rough landing jolts are produced by
rotating eccentric weights of the vibration system within the cockpit framework. These
are the only motions actually experienced in the cockpit., Two instruments, the computer
reset and the freeze switch, not conventionally found in helicopters, are located at the
base of the instrument panel in the simulator, The computer reset provides a five-second
period in which the pitch and roll angles and all of the attitudinal and translational
velocities for the projectors and computer are returned to zero. This function has been
found beneficial to the novice at various stages of training. The freeze switch stops
all computer activity with the exceptions of manifold pressure, engine rpm, and rotor

m‘

.4,«;' b:‘"‘u?’ 1

Two speakers are mounted in the cockpit behind the pilot to provide simulated
engine noise. The noise frequency shanges with engine rpm.

ComEurer

The purpose of the computer is to take inputs from motion of the cockpit flight
controls ond produce electrical outputs representing the angular and translational
velocities an actual helicopter would assume from similar control inputs. The computer
consists of many electromechanical components such as: summing amplifiers, integration
servos, position servos, resolvers, functional potentiometers, relays, demodulators, and
servo amplifiers, In addition, various regulated and unregulated power supplies, which
furnish the power to do the computation, are located within the computer,

A more detailed description of Device 2-FH-2 may be found in references (1) and
(2.

PREVIOUS STUDIES
The preliminary demonstrations of the 2-FH-2 at the Bell Aircroft Corporation
indicated thot the simulation of actual flying conditions was quite realistic. Although

their tests were admittedly inconclusive, there was some evidence of positive transfer
of training from performance in the 2-FH=2 to that in a helicopter.
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it was found, however, that a large number of observers (mostly helicopter pilots)
experienced some degree of vertigo during these demonstrations. The feeling of vertigo
was found bo be worse when the affected operator lost control of the device. The
comments of the workers involved in these demonstrations suggested strongly that the
cause of the vertigo."did not stem from incorrect visual presentation, but rather from
the lack of associated effects on the body." (1) The similarity of the equations of
motion in the 2-FH-2 presentation to those in actual helicopter motion supports the
hypothesis quoted above in that it demonstrates that the real and simulated motions
were indeed of the same order.

.fn-l LA NER

It was subsequently concluded that these induced feelings of vertigo do not indicate
a lack of training ability of the device. “Rather it indicates a lack of completeness in
the simulated environment and in addition to the visual requirements, helicopter pilots
require body accelerations to complete cue inputs. This effect was not ignored in
early planning, but early demonstrations indicated satisfactory illusion of flight was
attaincble with its omission. It now appears that future operational trainers might be
improved, or at least be granted easier acceptance by seasoned helicopter pilots, by
the addition of body motion to sotisfy developed visual and inertial motion sensing.
But, it remains to be proven that the inclusion of approximated body accelerations will
enhance the training capabilities of the device for non-pilot or non-helicopter pilot
trainees and thus be econamically justified.* (1) It was thus concluded by the Bell
Aircraft investigators that it would be an improvement in future simulators if o compatible
body-projector motion could be praduced.

Following installation of the Device 2-FH-2 at Ellyson Field, an evaluation study
was conducted by Havron and Butler, representatives of the Psychological Rexearch
Associates. Only ¢ brief summary of this evaluation will be presented ot this time.

The purpose of the above evaluation was “to determine to what extent the device
was useful in initial stages of helicopter training and what problems arose os o result of
the exposure of students to a number of hours of practice in the device prior to flight in
an operational helicopter.” Thirty~six subjects were used in the study and were dividad
evenly into experimental and control groups. A special training syllabus was devised
for the experimental group slated to receive training in the simulator. Subsequently, o
rating form was devised which served as a criterion upon the completion of the study.
The criterion appearing on this form consisted of the five helicopter maneuvers which
were considered to be the most critical and the most difficult,

l,z: Rplbec-e Il
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The experimental procedure was as follows: All subjects were first given their A-1
fomiliarization flight and their ground school training. The experimental group was then
given twelve thirty-minute training sessions on the simulator totaling six hours. Follow=
ing this, both the experimental and control groups were given training in the HTL-5, up,
through the fifth training period (a-5). Finally, both groUps were given a test hop in
the HTL.-5 in which the five maneuvers contained in the rating scale were groded by
experienced instructors. )

el b

The results of enalyzing these data demonstrated that there was no significant
difference in the performance of the two groups. This lack of significance wos not con-
sidered to be surprising in view of the fact that the student learns the basic maneuvers
in about ten hours anyway and usuclly has little difficulty in doing so.

The fact that the performance of the experimental group was found not to be
superior to that of the control group may be attributed to @ number of factors, e.g.,
lack of fidelity of controls, Until these factors are corrected, the student may be
likely to learn adjustments on the simulator which are dissimilar to those required in
the helicopter. Haovron and Butler (3) stated that the deficiencies concerning the lack
of fidelity were known to the designers but that "because of technical problems ond lack
of funds, had not been corrected” at the time of their evaluation. In view of this, it
is unfortunate indeed that the 2-FH-2 was installed and declared finished when known
deficiencies were left uncorrected. Inasmuch as simulation of this nature is inherently
complex, o negative evaluation, no matter how thoroughly qualified the recommenda-
tions are, might well have a deleterious effect on future investigation along similar
lines. It is fortunate that Havron and Butler gave o stmaightforward report of what they
felt to be the reasons for the lock of fidelity and the subsequent ineffectiveness of the
instrument as o training device.

As was mentioned previously, during the early demonstrations of the 2-FH~-2 at
the Bell Aircraft Corporation, It was noted that a numbar of individuals experienced
vertigo, nausea, and similarly unpleasont sensations. Similar experiences have been
encountered in connection with other visual contact flight simylators (e.g., the F-151
Aerial Fixed Gunnery Trainer). In the Havron and Butler study a questionnaire revecled
that twenty-eight of thirty~six respondents experienced some degree of sickness. These
respondents included instructors, students, and other personnel experienced both in the
2-FH-2 and the HTL-5. The more experienced instructors seemed to be the most sus-
ceptible to these unpleasant sensotions. Most cases of sickness were reported in the
early stages of the experiment. It was clso revealed thot the "motion sickness* usually
occurred in the first ten minutes of o given training session. Interestingly, these feel-
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ings of sickness were frequently felt for several hours after leaving the trainer and, in
some cases, individuals reported no immediate sickness but became sick later in the
day. This sczcalled motion sickness became such a serious problem that it was felt thot
unless it canbe remedied in some way the utilization of such simulators as training de-
vices would be limited considerably.  The Havron-Butler study lists a large number of
possible causes for this sickness and discusses them in detail. Consequently, they will
not be reiterated at this time,

In spite of the problems encountered in their evaluation, Havron and Butler con-
cluded in general that a visual contact simulator can indeed prove to be an extremely
useful instrument in @ number of different areas of aviation. Some of the advantages of
using such a simulator as opposed to using actual aircraft are: safety for the aircroft and
the pilot, independence of weather, training for special missions, minimizing radiation
exposure in pioneer studies in nuclear powered aircruft, ond the possibility of large
economical savings. These advantages can be realized, however, only if the existing
problems of fidelity, motion sickness, control characteristics, and other difficulties are
overcome.

As is emphasized in the Havron-Burler report the most pressing problem to be faced
at present in the 2-FH-2 is that of simulated motion sickness, Obviously this limits the
efficacy of the machine in both its role as o research tool and as a hover trainer. Conse-~
quently, the Naval School of Aviation Medicire was asked to review the problem and
make recommendations which might alleviate this problem.

PROCEDURE

In an attempt to become more familiar with the device, the authors first interviewed
@ number of individuals acquainted with it: operation and some who had been present
during previous studies. Following a fomiliarization “flight® in the simulator, a brief
flight in the HTL~5 was mode by the writers and three other members of the staff of the
Naval School of Aviation Medicine in order to make comparisons.

Next, several of the instructors who had been used in tha Havron -Butler evaluation
study were interviewed. One of these men hod been so badly disoriented in the simulator
that he was later forced to stop his cor, get out, and walk around In order to regain his
bearings enough to continue driving. An interesting point here is that severa! hours had
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elapsed since he had “flown" the simulator, and he was well on nis way home before
these effects were experienced. There were many similar cases in which no particular
ill effects wete felt while "flying” but in which such symptoms as headache, dxsonentu-
tion, and dszznness occurred later.

Finally, it was decided that two men, Y and G, should learn to operate the 2-FH-2
for the purpose of later running subjects. The former, however, was forced to discontinue
this after six hours of training because he began to have severe symptoms of motion sick~
ness. G became fairly proficient in flying the simulator with about thirty hours of train-
ing. The only ill effect he reported was a marked fatigue experienced after each "hop".
It may be well to note here that four men from Ellyson Field, who were checked out on
the 2-FH-2 ot the Bell Laboratories were able, after four hours in the simulator, to
successfully hover the HTL-5. This is accomplished usually within about two hours in
the helicopter training program, Also, G had the opportunity later to fly the HTL-5.
With some fifty hours of experience in the simulator he was able to fly maneuvers re~
quired of a man with about ten hours in the Training Command. It should be understood
that neither the group of four men nor G had the advantage of a programmed syllabus of
instruction on the simulator. The task was nearly one of trial and error.

S E AN

The decision was made at the start as to what was probably the most obvious and
accessible facet of the problem: the distortion of distance cues provided by the lack of
retinal disparity and convergence. A black patch wom over one eye would eliminate
these cues and thus any distortion which might have been present due to them.

The subjects used in this experiment were ten U. S. Navy enlisted men, stationed
at U. S. Naval Air Station, Pensacola, whose ages ranged from 17 to 21 years, They
were divided into two equal groups. Each of the men was given four hops in the simula-
tor which consisted of the maneuvers reported by Havron and Butler to most frequently
provoke "motion sickness." These maneuvers were practiced by G for approximately
six hours in an attempt to standardize the "flight plan.*  They were used in the follow-
ing crder: 1) an orientation flight around the limits of the areq; 2) hover at approxi=
mately 5 feet above the runway; 3) fore and aft oscillations; 4) turns on a spot; 5)
lateral oscillations; 6) landing. Group A was gliven two hops without the patch, follow=
ed by two hops with the patch; Group B was given two hops with the patch, followed
by two hops without the patch. Each man was interviewed ond given a questionnaire
upon the completion of each hop in an effort to determine the nature and degree of the
effects which he exparienced.
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No statistical difference was found between the two groups, nor was there a differ~
ence due tothe presence or, absence of the patch, However, two very definite con-
clusions were drawn: 1) A great many more than ten subjects are needed to distinguish
cases of actial sickness from malingerers and from subjects who have accepted a suggested
sickness, 2) A means much more reliable than the questionnaire is needed to determine
both the existence and the degree of sickness.

At this point the writers estimated that a period of about two years would be required
to evaluate systematically all properties of the simulator which might contribute to motion
sickness. They were informed, however, that due to space demands and maintenance
problems the machine could not be committed for more than four months. The problem of
maintenance had already been forcefully brought to the writers' attention: The machine
required about three hours repair for every two hours of operation. [t was thought advis-
able therefore to spend the available time in an attempt to localize the trouble spots and
make recommendations for further research, rather than to begin the project with little
hope of being able to finish it,

DiSCUSSION

With the Havron and Butler Report, the Bell Engineering Report, the Special
Devices Maintenance Manual, and the machine itself at their disposal, the writers began
an attempt to pinpoint the trouble areas of the 2-FH=2. These reports were used as
general references and while in some cases similar findings were made, the following re-
sults were found independently of previous investigations.

PHYSIOLOGICAL CUES

At first glance a “flight" in the 2-FH-2 appears to be so simllar to an actual flying
situation in the Bell HTL-5 that it is rather difficult to account for the fact that there is
so much difference in their respective effects on the operators, In trying to account for
these differences, the first thought of those most concerned with the simulator wos that
the basis lay in the conflict between the visual and physiological cues of motion. Inas-
much as the seat in the simulator does not move, the cues of motion are received from a
visual source without the expected accompanying physiological ‘use. This conflict moy
indeed be one of the elements contributing to *motion sickness, “ but its relative impor-
tance in the complexity of contributing factors 1s rather doubtful, Aviators are quite often
called upon to choose between two or more conflicting cues without any resulting sickness.
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Any physiological cue to motion is elicited only by changes in rate of motion, i.e.,
acceleration or deceleration, and these changes in rate are normally almost impercept=
ible in the HTL=5. Furthermore, the instructors know what to expect, whereas the
student, hcmng had essentially no experience in helicopters, has not had the opportunity
of bu:ldmg up such expectancies. Instructors, however, report that they must relax in
order to "feel" these cues of motion. Now, since virtually all of the students are very
“tense” in at least their first two or three hops in both the simulator and helicopter, it
becomes a difficult to account for the fact that 10 to 15 per cent of the students experi-
ence "motion sickness” in their first few hops. In considering the above, one is led to
believe that the basic problem is concerned with conflicting visual cues, rather than

a conflict between visual and proprioceptive cues.

CONTROLS

One of the most difficult problems in learning to fly helicopters is that of over-
controlling. This is due primarily to the slight (one to two seconds) lag between move-
ment of controls and the student's recognition of response by the aircraft, The helicopter
begins its directional movement as it makes the required attitudinal adjustment, whereas
the simulator executes the full attitudinal odjustment before beginning a directional
movement. The characteristic increases the lag in cyclic control to two to three times
that of the HTL-5. Since the only way for the simulator to assume a nose down attitude,
in preparation for forward flight for instance, is to shift the scenery upward on the screen,
an illusion is produced of flying backward. This, in turn, encouroges even greater over-
controlling. In at least one instance this situation of negative feedback has coused an
experienced helicopter pilot to completely reverse his cyclic control, For example, he
began to correct for undesired forward movement with back cyclic.

In overcontrolling, the pilot soon begins to "chase® the aircraft and often loses
control of it completely, Obviously, this loss of control produces a violent maneuver.
The more violent maneuvers were found to produce a greater degree of “motion sickness "
Subjects have reported that they are more prone to b..come sick when sitting as o passen-
ger with nothing to do than when they are actually “flying" the simulator. This may well
account for the reports that a higher percentage of instructors than students become sick,
since the students have the controls the majority of the time.

In on effort to remedy the problem of overcontrolling it is suggested that an instru-
ment indicating the position of the cyclic be installed. This will provide the student with
o means of immediate feedback as to cyclic position, This instrument might be in the form
of anoscilliscope,an auditory tone, or a spring loading system in the cyclic itself.
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TRANSPARENCY

Movement of the transparency plate provides the cues for all attitudina!l and
directional movements except those in the vertical plane. All these movements are
well coqumafed with the controls and, with the exceptioh of the turning movement,
are quute satisfactory. Quite often, when effecting o tum on a spot or some similar

- maneuver, the transparency begins to shudder. This in turn causes the scene on the
L screen to shake violently and resemble an ecr?hquoke. Subjects have reported that this
contributes to the "motion sickness "

B

The main point of reference used by aviators in visual flying is the horizon. In the
simulator, an image projected from the square transparency plate upon the round screen
produces an illusion of @ horizon with corners. The horizon rises up to o peck corres-
ponding to a corner of the plate, and then begins to drop off. This is somewhat disturb-
ing to the pilot in his effort to stay oriented.

In the present location of the simulator at Ellyson Field, it is nearly impossible to
keep the transparency free from dust, Subjects have reported that this dust provides a
distraction in the scene; however, this is thought not to be of major importance since
the dust particles remain in @ constant pasition relative to other objects in the scene.

The scene presented by the transparency may be too complex. [t is not uncommon
for an individual, upon Finding himself in @ strange situation with o multitude of stimuli
bombarding him, to experience a degree. of nausea, dizziness, et cetera. An example of
this may be found in the case of a newcomer in a lorge city, or o stranger at a big porty.
Havron and Butler support this idea in noting the difference betwaen ill effects suffered
while using the complex lowaltitude plate and those suffered while using the much simpler
high altitude plate. Perhaps it would be of benefit to simplify the mass of stimuli with
which the pilot must deal,

Alio, it is suggested that the three dimensional objects, especially the ones near-

' est the landing field, be removed from the transparency plate. In addition to their con=
tribution to comploxlty , they appear tremendously distorted from simulated positions of
low altitude and short range, Movement in the vertica! plane is provided in the simulator
by vertical movement of the light source, When the pilot is perfforming precision maneu=-
vers near the hangar, for instance at about 5 feet, the light source is far below the top of
the hangar on the transparency. This couses the hanger, which should be approximately
35 feet 1all, to loom up on the screen to an apparent height of 75 to 100 feet., This
height varies, of course, with the altitude and distance from the hangar,
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A second transparency provides the top portion of the picture, i.e., sky ond cloudss
A problem here is that the two pictures overlap opproximately 2 feet. This fusion of fhe-

pnctures,_prowdes an obscure band across the screen just cbove the horizon, =
LIGHT SOURCE"™

The picture presented on the screen is dim and blurred. This may be a function of
the light source, the screen surface, or the transparency. Whatever the source these
properties should be modified since blur gives the impression of motion, and this may
well be a contributing fuctor to the motion sickness invelved. This impression of motion
may also be a foctor causing poor performance by o student in that, during hovering
maneuvers, one must respond to the slightest impression of movement.

The Bell Engineering Report recommends that the light source be 24 inches above
the eyes of the observer in order that optimum petspective and clearness may be obtained
at a simulated altitude of 3 to 5 feet. The source moves a distance of 7 inches during the
scope of operation, but at a simulction altitude of 5 feet, it is 9.8 inches lower than the
recommended distance from a subject 5 feet, 11 inches tali.

As is mentioned above, this projection system is distorted in that the usual cues for
retinal dispority and ocular convergence are lacking.

An alternative method of projection is suggested in the Bell Engineering Report (1).
The method is composed essentially of two polarized light sources appropriately separated
10 0s to project two images onto a specylar reflecting surfoce. If the observer is wearing
properly adjusted polarized goggles, the illusion of depth is produced by virtue of the
fact that the images do not originate from the same source. This method consequently
decreases the severity of the screen centour requirements. Although this system has
certain advontuges as mentioned above, o serious shortcoming is that the observer must
keep his head perpendicular to the plane of polarization on the screen ot oll times or
the effect is destroyed.

SCREEN
Two of the primary foctors to be considered in the design of the screen are housing

and light retum. In an effort fo avoid problems in these respects, however, the designers
have created other, perhaps more tericus problems. Let us first comsider the size of the
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screen, From the cockpit, the furthest point upon which a pilct is called to focus is

obout 12 fest. The closest point on the screen is about 6 feet from his eyes. This differ-
ence of abogt & feet represents, in the scene, o distance of @ matter of miles. Obviously,
the represented distance to an object in the scene is some exponential function of the
actual distaAce to that given point on the screen. Therefore, any movement of the head
will increase or decrease the represented distance to an object in an exporiential monner,
and any correction effected by increasing the radius of the screen would alleviate this
problem in the same manner.

4 AR

If it were possible for the light source and the pilot's eyes to be at the same point,
the ideal shape of the screen would be spherical. However, this is not possible. Thus,
a deviction in the shape of the screen from that of a sphere was made in an effort to
correct for the distance from the light source to the pilot's eyes, This deviation may or
may nat have achieved its purpose. In view of the fact that, at its present site, the light
source is several inches too low and the cockpit has two seats with the focal point of the
screen between them, it would be rather difficult to determine the adequacy of the in-
tended design.

In referring to Figure 1 the reader will note that at the bottom of the screen, the
curve is nearly flat and that it Is greatly cccelerated about halfway up the screen and
flattens out again at the top. In the area of greatest curvature, projected scenery appears
to be slightly "squeezed in,* This causes a great deal of distortion during pitching and
rolling maneuvers. Alsw, in straight and level flight scenery appears to be accelerated as
it passes that area of the screen.

Becausa nelther of the seats Is located at the focal point of the screen, o porallax is
perceived by on cbserver from either seat, For example, from the left seat, as the curvo-
ture of the screen increases upward, all objects appear to slant to the left. As the tronsi-
tion is made in the curvature of the screen from occeleration ta deceleration, a transition
is also being made in the direction of the parallax. An cbject then appears to be slightly
bowed and squeezed in at the point of greatest curvature in the screen, and finally oppears
In true vertical perspective in the flat portion at the top. However, clouds are the only
objects which are usually presented in the upper portion of the screen. Thus, virtually
all of the stimuli which provide important cues to the pilot are distorted,

There is a similarly varying distortion evident In the loteral plane. Figures 4 and 5
are time exposures taken of a scene from different locations in the cockpit of 1he 2-FH-2,
Figure 4 was taken from a point directly under the light source. Figure § was taken at
opproximately the same height from a point 2 feet to the right of the light source, It is

.




i, LIIAD0D 40 IAIS THON WO¥d MAIA
S 34693

-'l!“ll’.’( _— ‘

7SS UON SR
.. > N o ﬁ“.uww u
A

.8 W,

< /3.3
s ACH

..ﬁ 2 g
e .&.xtu\..._. uh.,r.w....mwa.
ey

A,. s 22 . . 3 ..... % v . ... ”.. . ..... .,W... .MM.. “

¢ . e
DN EER 3

-~

o e e B ealXARY .

N LTRN

.

m
Y

254




b b LIdAD0D 40 ¥IINID WOUd MIIA
v 34N914

g!

A0 o T A
< ...%mm. mﬂl« .m.r

& h.a&.

IS N ']

e\ ?
~.-WN ¥ )

i
L e R el s

-
.

255




2% A e

N ;.
‘ &
g

-‘I ('.:-

apparent. immediately when compormg these figures that a considerable amount of dis=
tortion {8 produced when the scene is viewed from points other than directly under the
jight sogrce, If this distortion were constant, the observer would likely be cble to
adapt. Unfortunately, however, the degree of the distortion is changing continually
with movements of either the scenery or the observer's head, Since these distortions ;
are due to the offset position of the seats, the only area free of parallox is that aree on '
the screen which is aligned with the observer's eyes and a vertical line from the light
source. The greater the distance from this area to a point being attended, the greater
the distortion will be. Thus, a pilot perfforming a turn on a spot to the left, may observe
that a fence post or telephone pole which slants about fifteen degrees to the left, grod-
vally approaches the vertical as it approaches this area of the screen, and then begins
to slant to the right. If this parallax contributes to the cause of "motion sickness”, one
may readily account for the fact that a greater percentage of instructors get sick than
do students; the instructors have learned to scan the visible area constantly, whereas
the students tend to fixate on a particular area of the screen and simply to attend to that

portion of the scene which comes into this area.
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Any cues which remaln ot a fixed position with respect to the screen will be per-
ceived as conflicting with the cues of motion which are projected upon the screen. Dust
presents a greater problem here than on the transparency, and it is much more difficult
to remove. An attempt to vacuum the screen resulted only In making more definite
streaks on it. This problem con probably be alleviated only by resurfacing the screen.

. Also, there are several large oll spots on the lower portions of the screen which were
made while lubricating the overhead transmission.

SIS AL gl > iy g

SN e Loy,

-

Another refarence point on the screan which remalns fixed is the line between the
upper and lower sections of the scresn, Unfortunately, this line sarves also os a very
good reference cue to the horlzon; during stralght and level flight it is situated just
above the horizon. This factor may contribute to faulty leaming as well as to mation

sickness in the 2-FH~2,

R N

A number of individuals have commented Indepandently that the apparent movement
of the scenery in the 2-FH-2 {4 considerably more rapid than the corresponding movement
observed from o halicopter, The cause of this effect 13 not clear. it may be howavar the
ond result produced by certain foctors discussad previously such as blurring, distorted size
perspective, distorted movement parallax, etc.  This problem has been recognized and .

discussed in the Ball Alrcroft Engineering Report (1). :

-7, B
e T N e

L

™ ledw.hf',.._ﬂ'!\“'.\ \ Y "y

256




. REFERENCES -
&
B g ¢ 1. Siggel + V., Final engineering report ~- Device 2-FH-2 ressarch tool for helicopto};
. IR - flight simulation. Report No. 00-989-001. Buffale, N, Y.: Bell Aircraft
. Corporation, September 1956, -
.- ’ 2. Hand Book of Maintenance and Operation and Parts Catalog for Device 2-FH=-2
Research Tool for Helicopter Flight Simulation. NAVEXOS P-1551. Port

Washington, Long Island, N. Y.: U. S. Naval Training Device Center,
Augwt 1956.

3. Havron, M. D., and Butler, L. F., Evaluation of tralning effectivenass of the
2-FH-2 helicopter flight tralner research tool. Technlcal Report NAVTRA-
DEVCEN 1915-00-1. Port Washington, Long island, N. Y.: U. S. Naval
Training Device Center, April 1957,

Dy - - Smon > opors oA PRy AANMN'T g 2P e el N
PN N IR AR W WA e )

. KR ' ‘ 257



Miller, J. W., & Goodson, J. E. Motion sickness fn a
helicopter simulator. Aerospace Medicine, 1960, 31, 204-212.

(] XX X% 3%

Motion Sickaess in a Ielicopter Simulator
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1 IMULATION of eperational air-

craflt s become an inereasing-

Iy important aspect of it
training. A recaet vepori by Lybrand
and his associates® points out the faet
that as the eomplexity and cost of
modern weapon systemis inerease, the
availvility of these aircrafl for tran-
sitional (light training  will decrease,
They say further that “the loss of a
pilot and aircraft in a training acci-
dent not emly costs in tenns of money
and m':'m]m\\'cr, Lut also in terms of
deereased overall operational capahil-
iy, Still, adequate training must he
accomplished ; the use of Mlight simu-
laters 1o make up the deficit in air-
eraft  availability <“caniol  be  over-
lovked.” One nmst keep in mind, how-
ever, that realistic simulation is not
the goal in itself, but simply & means
of facilitating a training program.
- The impression is sumetimes given in
the literature that realism per se is the
single mnst desirable feature in a sim-
olation device. Gibson amd  Smith?
state in-a recent report that “an ob-
jection ean be made to this eriterion
of success for a (raining device or
simulator, The sensory inputs ncces-
sary {or realism may nt be the same

From the Kresze Fye Irstitnte, Deteoit,
Michigan and _the U, 8. Naval School of
Nviatom Moldicine, Pensavola, Florida, D,

as thuse necessary fur correct percep-
tiem of the enviromaent wnd for adag.
tive bwhavior with respect to it. Ia-
stead of aiming to reprsluce the in-
puts for a sutisfactory illusion, the de-
signer should aim o reproduce the
inputs that are cspecially relevant for
the performance in question.”

The 2-FH-2 Wdicopter  simuelator
was desipned by the Bell Nircraft
Company in conjunciion with the De-
Florez Company of New York, 1t was
installed at Helicopter Training Group
Oune, Ellysun Fichl, Pensacola, Florida
in Febomary, 1936, The function orig-
imaly intendal dor the device was to
make pussible the insestigation of ofr-
tain problems including these involy-
ing visual cuatact encountered in heli-
copter flight training. [t was also o
provide a means of evaluating the
point-source system of vizual presen-
tation, and to provide training in auto-
rotation and' hovering mancuvers,

DESCRIPTION OF RMMULATOR

The three principal components of
the simulstor ave the pmjection sys-
temy, the enckpit, amd the computer.
These companents are prosentwd sche-
nidically in Figure 3. The device has
Leen described in detail in reports by
Seigel* and others?

v Miller is now in the Humzn Unelors Seetion, AT H s s et st =eaTher feclion
¥ Hughes Aireraft Company, Fullertun, Calic Projection System. Th." P m’.‘ vt -
o fornia, . system developad for this device s
¥ Presented on April 29, 1959 at tie 30th  Laged on the agsumption that the come
: apmial mecting of the Acro Melical Asso- " . .

. cialion, 1.os Angeles, Culifornia, bination of a small diacler joint

Arspeace Memerse

Jest Avzilable Copy .
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source of light aml a transparcncy
pirte ccotaining special scenery ean
provide a realistic terrain perspuctive
and motion presentation  (Fig, 2).

Two tragsparencics were included
with the original device. The .Jow
altitwde plate (0 to 35 feet) projected
a simulated grouwml area of 780 fect

Fig. ). Schema of Relt 2-FI1-2 helicapier «imnlator.

Through the use of this techmique, a
realistic, non-programmel, wide-angle,
presentation of scenery in cexcess of,
20° azimuth by 75° elevation has
Iven achieved. .

Unlike conventional projection sys-
wmz, this system docs unt depend
tasically upon wide angle lenses. As
the rays of 1ight cmitted from the
i*int source pass through a transpar-
vt film depicting a particular scene,
the scene is projected on a specially
wmtoured screen. Molion of the scen-
rry is oblained hy the displacement
of the trausparency relative to the Eght
smrce.  Two separate  overlapping
irojectors are used in this device:
the teemin projector and the sky pro-
jrctor, The termin projectar is usd
W depict the.mear terrain, the far
wenery, and a portion of the sky.
The sky projector continues the sky
o the upper limits of the screen.

Mancu, 1060

by 780 fect. The high altitude plate
(0-500 fect) simulated an arca of
3,000 feet by 3.000 fect. The move-
ment of the transparencies is accom-
plished by means of six integrated
scrvo systems, These systems are cap-
able of producing three transiationat
and three. attitudinal freedoms. Thas,
rclative motion between the transpar-
ency and the lamp is used to achieve
changes in the projected picture which
describe what a pilot would see if he
were actually flying a helicopter,
The remaining component of the
projection system is the screen, the
general shape of which is shown in
Figure 1. The screen is constructed
of fiher glass sections which are sur-
facedd with pluxt heads 1o cnsure a
high rellection factor. The shape of
the screen was designed to provide ax
correct ocular convergence as possible,
and to minimize errors in velocity
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cockpit,. Two instrumients are swit com.
vetionally found in helicopters, he
computer veset and the frevze switey
are Waatesl at the base of the imtru..
ment paned in the shoulator, The cnny.

Judgment; irvegular illumination, amd
distortions of size and distance,

Cockpit.—The enhpit eontains the
usual flight controls and essential Night
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Fig. 2. Projection system of 2 FI1.2 hlicopter sinmulator.

instrinnents in as realistic an envir-
onment as possible (Fig. 3)." The in-
strument panel s similar to that {oawsul
in the HTL-5 helivupter, [Towever,
only “the following instomnents have
heen  activated:  mamifoll  pressure
gauge, dual tachometer, airspeed dieli-
cator, altimeter; and compass. An in-
“tereommunication system i< provided
for the insiractor and trainee, Dy
oamic offcets of vilmtion and reuch
lanlinge jolts are proshces] by rotat-
ing eecentric weights within the cuck-
pit framework, These are the ouly
miotions  actually expericneed in the
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priter reset provides a five-sceond pe-
ried in wiich the pitch wmvl roll angles
aml all of the attitu:linal and transla.
tional velovities for the projectors and
comprter are returned o zer, This
function has been foml 10 be beae
ficial 10 the studunt at varions stage.
of training, The freere switeh stops
all eomptter activity with the exeepe
tions of manifohl  pressure, engine
ep, aml rotor rpm,

Two speakers are mowntal in the
coekpit behind the pilat to peuvide
simulated engine nedse, The noise fne
quency changes with eugine rpm.
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Computer~The purpose of the
computer is fo take inputs from move-
wents of the cockpit flight controls
and produce clecirical oulputs repre-
senting the angular and transJutional
velocitics  that  an actual  helicopter
would assume fromn shailar control
inputs.
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piluts, sexperienced some  degree of
vertigo during these demonstrations.
The feeling of vertigo was found to e
worse when the affccted operator lost
cuntro] of the device. The conunents
of the woilers invalved in these Jdem-
onatiations sugpested strongly that the
cause of the vortigo “did not stem
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ig. 3. Cockpit of helicapter simulator,

DISCUSSION

The preliminary demmstrations of
the 2-F11-2 Ly the manufacturer in-
dieated that the simulation of actual
fiying conditions was quitc realistic.

- Although their tests were admittedly
inconclusive, there was some evidence
of positive transfer of training from
performance in the 2-FH-2 to that in
4 helicopter. .

It was found, however, that a large
muniber of ohservers, mostly hiclicopter

Manca, 1960
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from incorrect visual presentatiun, but
rather from the lack of associated cf-
fects on the body.” Havren and NRut-
ler arrived at the same conclusion
in a subscquent reportt,

The primary purpose of the evalu-
ation by Ilavron and Nutler was *. . .
to determine to what extent the de-
vice was uscful in initial stages of .
helicopter training and what problems
arosc as & result of the exposure of
students to a number of hours of



WLy~

LR 4 I TR ]

MOTION SICRKNESS MILLER AND GOODSON

practice in the .device prior to flight
in an operational helicopter,” It was
found that there was no significant
difference in the subsequent perform-
ance in a holicopter butween students
trained on the simulator and those re-
ceiving no such training, A question-
maire, however, revealed that twenty-
cight of thirty-six respondents experi-
aiced some degree of sickness, These
respondents incluled instructors, stu-
deuts, and other personnel expericnced
in both the 2-FH-2 and the HTL-S.
The nore expericnced  instructors
seented 1o be those most susceptible to
‘unpleasant sensations. Most cases of
sickness were reported in the early
stages of the experiment. It was also
reveaded that the “motion’ sickness™
usually occurred in the fivst ten min-
utes of a given teaining session. Tn-
tervstingly, these fetlings of sickness
fraquently were felt for several hours
after leaving the trainer, and, in some
cases, individuals reported no inune-
diate sickness but became sick later
in the day. This so «called motion
sickness became such a scrious prob-
ley that it was felt that ualess it could
be raunadied in some way the utiliza-
tion of such simulators as training
deviees would qonsiderably be Timited.
‘The Butler-Havron study lists a large
uumber of possible causes for this
sickness and discusses them in detail.

Alter familiarizing themselves with
the physical components and opem
tion of the simulator, the present
writers atiempled to locate soime of the
possible causes of the “motion sick-
ness’ As mentioned earlier, no pro-
vision for producing actual motion
was included in e gimulator, Pre-
vicus jnvestigators have suggoested that

this absence of real movement accom-
panied by the presence of visual cues
designed to give the impression of
movement produced a conflict situa-
tion. This conllict was thought to be
the primary cause of the “motion sick-
ness.”  The lack of accompanying
bodily cues may indeed be éne of the
clemnents contributing to “mation sick-
ness,” but its relative importance in
the complexity of cantributing factors
is rather doubtful. Any physiologic
cue to motion is clicited only by
changes in rate of motion, that is, ac-
eeleration or deceleradion, and these
changes i rate are uonmally almost
tperceptible in the IITI-S. ‘The
lack of such barely pereeptible cues
can hardly he thought to canse a von-
flict great enough to praduce such se-
vers symptons.

An inteeesting feature of the symp-
tnuns is that the il {eelings semetimes
did not cume on unlil saeral hours
had clapsed. On one uccasion an ine
structor had to get out uf his Gr
the way home and walk arvund in
grder to regain his equilibrivm, Other
instructurs decame conditioned to the
simulator to the extent that the very
sight of it made them sick. The senioe
anthor found that after any apprecia-
ble time in "flight” in the simudater
it was indecd pleasund te get out as
soon as possible.  Fven those imdiv:
iduals who did not beeame il reportel
that they usually felt very tired after
a run. This fatigunl fecling Lasted
frequently thronghouwt the day. Ap:
proximately 60 per vent of the instruc
tors reparted symploms of “mutied
sickness” while only abaut 12 per cont
of the stwclents reported similar ov
pericnces as a result of a “hop™ in 1w
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simulator, It is probably truc that

wome students would not report such.

fedlings as readily as would the in-
structors because of fear that it would
It.is wn-
likely though that this factor would
account for the large differences found.

It s possible then that the lasic
problem underlying the “muotion sick-
ness” reported  involves  cenflicting
vistid cues rather than a conflict dne-
tween visual amnd proprioceptive cues,

One of the most difficult problems
wncountered when learming to fly heli-
copters is that of overcontrotling. This
is due primarily to the slight (one to
two steonds) lag hetween movement
of contruls and the studenl’s recogni-
tion of the respomse by the aircraft,
The helicapter begins s directional
wovement as it makes the reguired
attitudingl - adjnstoent,  whervas  the
silat o exeentes the full attitudind
adjustinent before beginning @ diree
tional sovement. This chavadienistic
inerviaes the Ty in cyclic control to
two to three timee that of the TS,
Sinee the enly way for the simulator
o assmne A nose down attihele is (o
shift the seenery upward on the &ereen,
an illusiem is produced of flying back-
ward. This, in turn, entonrages cven
preater over-controdling. In at Jeast
mie gty this situntion of negative
feadliack dis eansed an exprrirnced
helivoptes pilot to completely  reverse
his cyclic cantral.

In overcentrolling, the pifot svon be-
2iug (o “chase® the aireraft and often
Joses control of it completely. This
loss of control produces a violent ma-
wuver. The wmore violent maneuvers
were funnd v produce a greater de-
gree of “mntion sickness.” Instrvciors

Mancy, 1900
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have reported that they are more prone
to beeone sick when sitting as a pas-
senger under these conditions  than
when they are actually “flying” the
simulator,

The main point of reference used
by aviators in visual contaet flying is
the horizon, In the simulator, an
inage  projected  from the  squave
transpavency  plate apon the  round
screen prduces an illusion of a hori-
ron with corners, The horizon rises
up to a peak corvesponding to a carner
of the plate, amd then beging o drop
off. This is disturbing o the pilot in
his effert to stay oriented.

The scene preseuted by the trans.
fareney may be toue complen. Tt is s
uncommon for an ddividual, upan
funling himsell in o strange situation
with a multitude of stimuli bumbarnd-
g him, o experience a degree of
wanea and  dizziness, Jlaveen awl
Rudler suppont this e in noting the
dilfaience betwevn ill effects sufferad
while using the low altitude plate con-
taining a complex of seenery and those
suflered while using the much simpler
high alutude plate. Perhaps it ‘woull
be of beneht 1o simplify the mass of
stinnli with which the pilot must deal.

Alser, it iz suggested that the three
dimensivnal objects, eyseciatly the ones
ncirest the landing fichl, be removed
from the transpareney plate. In addi-
tiem e their contribution 1o comples-
iy, they appear tremendously distort-
ed from simulated pozitions of low
altitade aml short range. Movemunt
in the vertical plane is provided in the
simulitor by vertical movement of the
light source. \When the pilot is per-
forming prccision mancuvers near the
hangar, {or instance at about § fect,
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the light source is far below the top
of the hangar’ on the transparency.
This causes the hamyar, which should
he approximately 35 feet tall, to loomn
ap o the serven (o an apparent height
of 78 te 1O feet, This height varies,
of course, with the altitide and dis-
tance from the hangar,

The pictuve veesented on e sereen
is dims anei Llicred, This may be a
function uf the ligit source, the sereen
surface, or the transparency.  What-
ever  the  swmree,  these  prapertics
should be neddified since blor gives
the impre~~ion of pwtion, and thus
may well be a vontrilating factor to
the motion sickuess involved,  This
impressing of motion may also be a
[avtor eausing ponr perfonmance by
a stwdent in that, during hovering ma-
peuvers, one must respond  to the
slightest i:apression of movement.

Suother wapeet of the projection
system which must be considered s
the size of the screen. From the cock-
pit, the furthest point wpon which a

pilot s called 1o focus is ahout 12

fect. The closest point on the sereen

is aboul 6 feet from his eyes This

differcuce of about 6 fect represents,
in the scene, a distance of a matter of
miles. The represented distanee to an
object in the scene is some exponen-
tial function of the actual distance to
that given point on the screen. There-
{ore, any movement of the head will
increase or deerease the represented

. distance to an objoct in an expoaential

manner, and any correction effected
by increasing the radius of the screen
wouki alleviate this problem in the
same mamner, .

If it swere possible for the light
source and the pilot’s eyes to be at the

same point, the ideal shape of the
sereen " would Le spherical, IToweyer,

this is not pussible, “Thus, a deviationg -

in the shape of the screen from tly
of a sphere was made inan o 1
corvect for the distance frian the Yighe
source to the pilit's eyes. In refer.
ring to Figure 1, the reader will neg.
that the curvature at the boattom of -
screen is nearly flat, that it is great),
aceclerated about halfway up il e
creasges again at the op. Tn the are,
of greatest curvature, projected seey.
ery appears to be slightly “squees!
in.” This causzes a great deal of i<
tortion aduring  pitching and  rollin:
mwaneuvers, Ao, in straizht and heye?
flizht, movement of the wenery ap
pears o be acceleratal as it passes thea
arca of the screen,

Becanse ncither of the seals is 1o.
rated at the [oeal point of the sereen,
a parallax is perecived by an observer
from citlier seat. For example, fron.
the left seat, as the curvature of the
sereen increazes upaanl, all objects
appwar 1o slant to the left. As the
transition is made in the curvature
of the screen frum aceeleration to
celeration, a transition is alse bein:
made in the direction of the parallax.
An objeet then appears to be slightiy
bowel and suevzed in at the point of
greatest curvature in the screen, and
finally appears in true vertical per
spective in the flat portion at the tep.
However, clowls are the only ohjects
which arc ucually presented in the
upper portion of the screen. Thus.
virtually all of the stimuli which pro-
vide important cues to the pilot are
distorted,

There is a similarly varying distor:
tion evident in the lateral plwne.

AERoapAcE Mrutrxd
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Figurcs 4 and § are time cxposure
photographs made of a scene from
different locations in the enckpit of the
2.71-2. Figure 4 was taken {rom »

MOT!ON SICKNESS - MILLER AND GOOLSON

than dircctly under the light source.
If this distortion were constant, the
observer would likely be able to adapt.
Unfortunately, however, the degree of
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Fig. 4 (aboze). Forwurd view from center of cockpit of heli-

copier simulator.

Fig. § (belmw). View from right side of cockpit of helicopter

simulator.

point dircctly under the light source.
Figurc § was miade at approximately
the same height from a point 2 fect
to the right of the light source. N
is immediately apparent when compar-
ing these figures that a cousiderable
amount of distortion is produced when
the scene is viewed from points other

Mancys, 1950

the distortion is changing continually
with movements of cither the scenery
or the obscrver's head. Since these
distortions arc due tv the offset posi-
tion of the scats, the only arca free of
parallax is that arca on the screen
which is aligned with the observer’s
cycs and a vertical line from the light
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MOTION SICKNESS- MILLER AND GOODSON

source. The greater the distance from
this arca to a- point being attended,
the greater the distortion will be.
Thus, a pilot perfenning a tin on a
spot to the left, may oheerve that a
fence post or telephone pole” which
slants about fifteen Jdegrees to the left,
gradually appreaches the virtical as it
approaches this aren of the sereen, and
then hegins to slnt to the right.

A number of individuals have com-
mented indepeadently that the appar-
ent movement of the seenery in the
2-FH-2 is conciderably  more rapid
than the eorresponding movement ah-
serveed [y a helicopter, The reason
for this is oot clear. 10 may be howe
over the end result produced by cer-
tain factork discussal previonsly such
as blurring, distorted size perspective,
and distortad movanent parallax.

Vertigo and concomittant symptoms
probubly are caused Ly a combination
of several visual distoHions. As was
pomted out earlicr, snme of these dis-
tortirns are continually changing with
movements of the head, hedy aml/or
transparency thereby producing a to-
tally unrealistic clastic environment.
Static’ distortions can often be ‘wler-
ated amd ‘even adaptad to. Dynamic
distortions on the other hand’ present
a difficult pill to swallow, Tn designing
a nog- pwgmnmlul'\isu.ll presentation
using a point light source system,
these factors of dynamic  distortion
should be taken inlo account, The
“madion sichness” problem in the 2-
F11-2 avas one of the chicl reasons
for discarding it as an operational
fMlight teainer,

KUMAMARY -

Simulation of operational aircraft

has become an increasingly importa
aspect of flight training for reasons
of cconomy, salety, expediéncy. In
1956 a helicopter simulator was de-
signed and installed as a training de.
vice in Densacoln, Florida, for the duzd
purpese of evatuating a point souree
system of optical grojection and as o
possible means of facilitating the train.
ing of hiclicopter pilots. During the ini-
tial stages of utilization a wumber of
probleme aroze enncerning the Jdesicg
bility of employing this device as a
training instrument,. One of 1the mnst
serious diflicultivs enemmteral was thie
of so called “motiun sickness™ in a4
cockpit that did not actialiy move, The
prodifem becaane so scerivus that it was
one of the chief rcasnns for discun-
tinuing the use of the simulator.
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.- FLICGHT SIMULATOR MOTION SICKNESS
IN THE AURORA CP 140 FDS

iMost of the alrcrew converzion and continuation training for
the Ayrora afrcraft is going to be don= in a flight simulator, with
resulting benefits to aircraft availability for operations, and with
savings in aircraft maintenance and fuel, A very elaborate simulator
is therefore needed, and the CF140 FDS includes such advanced
features as a wmotion platform and a computer-generated visual
display. With the "motion"™ and the “visual” came simulator motion
sickness. :

The Magnitude of the Problem

On conversion course #1 (conversion of aircrew from the Argus
to the Aurora), & of the 6 pilots experienced some motion sickness
while flying the simulators On the gecond and most recent course,
conversion course #2, only 2 of 8 pilots experienced some motion
sickness in the simulator. Three additional persons, in additien to
pilots on formal conversion courses, have experienced scme degree of
motion sickness while working, observing, or flying in the simulatcr.
One of these three was a flight engineer.

The sickness varied in degree from slight discomfort to mild
nausea; no severe nausea was reported and no vomiting vas reported.
The problem appears to be the creation of & negative attitude early
{n the training, not a prolonged physiqil“inpq#inent to learning.

In mest individuals who experienced the sickness, it occurred
only on the first one or two simulator exercises. Subsequent
exercises were flown syamptom-free.

The Cause of the Sickness

The standard theory of motion sickness (1,2) is that it is
caused by a mismatch or conflict in sensory inputs, i.e., a conflict
in sensory information either (a) between two simultaneous inputs or
(b) between the pattern of inputs being sensed and the pattern
expected on the basis of past experience. In & simulatur with visual
there is, in several gituat.ons, an unavoidable conflict between
visual information and inforr.ation from the body's inertial receptors
(the vestibular receptors of the inner ear, pressure receptors in
skin, and receptors of muscles, tendons and joints)s For example,
(a) during a turmn of 180 degrees while taxiing, the visual will show
the turn of 180 degrees and ths eyes will sense a turn of 180
degress, but.the body's inertial receptors will not sense such a turn
because the simulator duas ~ot in fact rotate through 180 degrees.
The pilot might {eel that the visual scene is rotating too fast for
the rotation that he is “really” (inertially) undergoing. The motion
platform can only partly compensate for the lack of real rotation in
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yaw., The conflict between the sense of vision (saying “we rotated
through 180 degreas”) and the inertial senses (saying “we did not
rétate") promotes the feeling of nausea and other signs and symptoms

of motion sickness. |
b It i{s perhaps valid (3,4) to say that the brain niatakenly

interprets the mismatch in sensory inputs as a situation caused by
ingested "poisons, saying in effect, "My vision tells me that my
inertial receptors are providing false information; my inertial
receptors are exceptionally susceptible to malfunctions caused by
polsons, and therefore 1 have probably been poisoned; probably
something I ate; therefore, if the condition pereists, vomit.”

There are many such situatfons in & simulator wit. visual.
Another example is (b) a level coordinated banked turn. During such
a turn the visual scene will show the degree of bank (and usually the
visual scene rotating against the turn), but the increased resultant
acceleration, g, that experienced pilots expect in such a turn will
of course be aissing. 1f the visual shows low altitude and a
noticeable high ground speed as well as a large angle of bank and a
high rate of heading change, then the absence of large g forces will
be particularly striking: the sense of vision will say to the pilot,
"We are definitely pulling g", and the inertial senses will say “We
are not pulling g”. (Some simulators provide an inflatable pilot's
seat,” and when g is “pulled” the inflation pressure is reduced and
the pilot sinks into the seat. This adde realism and helps to fool
the pilot, but it does not, for purposes of motion sickuness, fool the
itertial receptors in the inner ear. Even if the pilot conaciously
“feels” g, the lack of real g on the inner ear can cause sickness.
For reasons not understood, the inertial receptors of the inner ear
play the major sensory role in moticn sickness, and in fact, people
vithout inner ears are totally {mmune to all varieties of motion
sickness).

There are also sensory conflicts {n simulators with visual
during rolls into turns, rolls out of turus, pull-ups, bunts,
accelerations, decelerations, etc, all for the reason that the oormal
inertial input to the body during such manoeuvres is not fully
provided by the motion platform.

It is interesting that almost,all of the pilots who experienc-
ed sickness i{n tke simulator, when asked (in Major Bisang's survey)
what they felt was causing the sicknees, replied that it was “con-
flict® or lack of "coordination™ or “correspondence” between vision

TR

and wmotion. This 1s precisely correct, and that it was almost h
univorsally understood by the pilots is a tribute either to the !

quality' of their instruction {n aviation medicine or to their :

percepiiveness.
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Prognoexl:;l and Experience of Other Simulator Users

The simulator sickness was a serious problem om conversion
course #1, but was less so on course #2. With some variability or
noise that apparent development should continue. It is safe to pre-
dict that the problem will not be eliminated completely, because
other long-term users have not eliminated it, and the structure of
human beings demands that sickness occur in the circumstances of
these simulators, but the sickness can be much reduced by users deal-
ing with it properly. The process of reducing the problem has
already been started by the users. The users were surprised by the
sickness when it appeared with such a high incidence on conversion
course #1, and it was a worrisome development. By avoiding the
recognized worst sickness-producing wmanoeuvres, the problem was,
apparently, alleviated during conversion course #2. Further
experience will enable the users to further diminish the problem.

In the experience of other users of simulators with visual,
the incidence of simulator sickness is surprisingly high, considering
the population that is exposed to the stress, but the severity of the
sickness is much less than in real flights (1), and the speed of
habituation is also surprisingly high (a few hours until near-i{mmun=-
ity is acquiréd). Appaerently, everyone who operates a simulator with
a large visual has a motion sickness problem to some extent, although
with "night-only visual simulation”™ the problem is slight. The con=-
sensus 1s that the motion sickness problem is uorse in :imulntorl
with wider fields of view in the ‘visual. “Enquiries ‘were made con-
cerning “visual simulators” for airliners, and for the P3, Al0, F4,
Fl4, and Fl6 eircraft, and all of them were causing some degree of
wotion sickness {n some of the pilots. The occurence of motion sick-
ness in simulators with visuals that are both swmall and “night=
only” is quite rare.

The worst problem seems to be in an Fl4é simulator which is
causing disorientation as well as motion sickness. Peculiar sensat-
dons occur after flying the simulator, and pilots ara required to
have one night's rest after the simulator before flying real air-
craft.

It 1s of interest that one of the users who has a “beautiful

motion systen™ always leaves it turned off becaulc it really doesu't
contribute anything to the training™.”'”Hé d1d'not know whether the
motion system made the motion sickress problem worse or better. It
appears that most users with wide field visuals consider the motion
base ‘useful for pure instrument £iying only, and most turn it off for
VFR flying (in some cases hccause it is thought to aggravate the the
motion sickness problem). In general users seea to dislike the
motion systems for o variety of reasons, some of theam unrelated to
motion sickness., One user felt that his motion sickness problem was
wuch relieved by conscientious maintenance of the motion base.
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On the basis of theory 1t can be predicted that, when they
arrive for training on the Aurora, the “pipeline” pilots (pilots with
relat{vely litrle experience and without operational experience on
any kind of afrcraft) will on average have less susceptibility to
simul@tor sickness than the very experienced pilots who have flown
the simulator up to now, in spite of the fact that susceptibility to
motion sickness generally decreases with age {n adults. The reason
for this prediction is that the pipeline pilots are less susceptible
to the kind of conflict labelled (b) above, in which pilot experience
{8 necessary to the erpectation of a pattermn of sensory input. The
pipeline pilots, because they have less experience, should have less
prominent (and less effective) expectation of what the patterns of
sensory input should be in an aircraft such as the Aurora. When an
inappropriate or inconsistent pattern of sensory input 18 presented,
the inexperienced pilots should be less able to recognize it as such,
consciously or otherwise.,

Consistent with the above prediction on the basis of
theory, in one of the earliest reports {5) of simulator sickness, in
a U.S. Navy helicopter simulator with visual, it was noted that the
problem was worse in the instructors than it was in the students.
Similarly, the U.S. Navy found that several instructors suffered
nausea while .evaluating a modern P3 simulator, called the 2F87F,
vhereas two subsequent classes of students reported only more minor
symptoms of motion sicknees (6). It is probably reasonable to expect
that the Canadfan CP 140 FDS staff will, with experience, reduce the
potion sickness problem to the relatively small proportions currently
found on the American 2F87F.

Specific Suggestions

It {s recommended that, aside from careful maintenance of the
sotion base, no adjustment or alteration or addition to the FDS
pachinery be made in response to the motion sickness problem unless
it s found that adjustments {n the way it is used are ineffective in
reducing the problem to liveable propo:tions. The users will of
course, in response to simulator sickness, make their own sdjustments
in the way the simulator is used, on the basis of their experience
and their objectives, as they have done already. The users have
implemented a carefully designed trainiy: programme, and some of the
following suggested procedures would, to some extent, compromise the
effectiveness of that programme because they involve doing some of
the more difficult flying tasks before the easi¢r ones have been
learned. It might be decided to try those compromising procedures
only ‘in those rare students who reveal an unusually high susceptibile
ity and unusually slow habituation. Some of the suggested procedures
can be implemented for all students, with little inconvience and
vithout decrement in learning.

Until habituation has provided tmmunity, i.e., for the first 2
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or 3 exercises:

Cetf&hc student seated and organized before turning on the visual.

1) Xep to a minimum the number and magnitude of turns during taxi=
ings

3) Keep to & minimum the amount of turbulence in flight.

4) Use the freeze mode and resetting mode as little as possible.

5) Use the night visual rather than the twilight visual,

6) Use mostly instrument flying in layer cloud and not too much clear
hood flying. .

7) Keep to a minimum the number of steep turns.

8) Keep to a minimum the number of times the pilot 18 required to
make head movements, especially large nodding movements during tur—
bulence or during changes of aircraft heading, vertical speed, or
alrspeed. Head wmovements during real or perceived accelera-
tions are peculiarly effective in provoking motion sickness (7).

9) Whatever {s seen or perceived to be the cause of the sickness
should be minimized.

10) To promote rapid habituatiom, use frequent exposures to the stress
(once or twice daily with no days off until habituation {is
achieved), increasing the stress gradually with each exposure.
The exposure to the stress should always cease before the nausea
becomes severe. The key to rapid habituation is having frequent
episodes not beyond the point of moderate nausea, with complete
recovery between episodes.

11) Antimotion sickness drugs can be prescribed by an M.0. and will
help prevent the sickness without impeding the habituation process
(although most antimotion sickness drugs tend to make the patient
slow and sleepy).

12) Try turning off the motion base, as a last resort.

It {s recommended that the FDS staff have frequent interaction
with American military users of similar equipment. Such interaction
would facilitate the exchange of current (nformation about practical
aspects of dealing with the problem.

For further assistance with this problem, for points of clari-
fication or curiosity, or for any motion sickaess problem in the simu-
lactor or in flight, please call DCIEM (416) 633~4240 ext 233, Dr. Ken

Money. .
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The Sensory Interaction of Visual and Motion Cues

1L grace

M. JOSEPH A, PUIG

Research Psychologist, Human Factors Laboratory, Naval Training Device Center

Effective training design requires that the significance of cue interoctions be established. Care must bs
taken to incorporate into the training device not only the cues required for training specific icaks, but the

essential combinations of cues as well,

This poper Wiscusses visual and motion interaction from the standpoint of: (1) illusions and spatici
disonentation; (2) spatial onientation troining; and (3) simulator sickness.

Experience with flight trainers has shown that
motion cues are perceived and used
differently when external visual cues are displayed.
Motion can be sensed visually and
proprioceptively., Acceleration cannot be sensed
visually, however, until increasing velocity is
noted. Conversely, the proprioceptive sense,
though insensitive to velocity, is quite sensitive to
acceleration.

Highly signficant interactions take place when
the visual and proprioceptive senses are stimulated
simultaneously. As a result, a secondary stimulus,

presented at the samc time as a stimulus of -

primary importance to a control task, may act as a
distracting cue or as & source of confusion.
Conversely, a secondary stimulus may supplement
the primary one and aid in performance of the
task.

Related to the problem of whether a secondary
cue will inhibit or enhance the primary cue is the
effect of the secondary cue upon the sensory
threshold leve! for the primary cue.
Experimentation has produced human sensory
threshold data which can be applied to simulator
design. However, sensory thresholds which have
Leen determined for a particular sense modality
must be wused with caution in practical
spplications, because of the influence of other
stimuli acting simultaneously on other sunses, The
sombined effect of several cues could radically
shift the sensory threshold level for any or all of
the :stimuli. The resultant sensory interaction
should be given primary consideration in the
design of traininyg devices.

Since much of the following discussion is
dependent upon descriptions of the human
sensory system, some of the terminology will be
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defined. There has been some confusion
concerning the terminology used in sensory
psychology. This has resulied from the inability to
distinguish clearly between closely related sensory
functions and from the arbitrary grouping of these
functions under different names, depending upon
the classification scheme used. For instance, under
the term somesthesis. are included the sense of
movement (kinethesis) mediated by joints,
muscles, and tendons; visceral sensations, touch,
pressure, and other skin sensations. The term
somatic senses is also used in reference to these
senses and is used interchangeably with
somesthesis.

To confuse the issuc further, we have the
classification by Sherrington (1906). According to
this scheme, the human receptor system can be
divided into three groups: (1) zxteroceptors,
(2) interoceptors, and (3) proprioceptors.

The exteroceptors mediate such sensibilities as
touch, superficial pain, temperature, tactile
discrimination, vision, and audition,

The interoceptors underlic general and special
interoceptive (visceral) senvibilities. General
interoceptive sensibility includes perception of
hunger, thirst, respiratory movements, and visceral
pain.

The proprioceptors mediate such sensibilities as
sense of position, sense of movement, pressure
sense, and equilibrium. The proprioceptive system

may be divided into two subclasses: the
kinesthetic and the vestibular. Kinesthesis (literally
“feeling of motion™) refers to the senitivity of

movements of parts of the body in relation to the
whole (for example, arms, legs, tongue, and
eyebulls) due to the excitation of receptor cells
located in the muscles, tendons, and joints of the
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body. The vestibular sense involves the perception
of spatial movements and spatial orientation of the
body as a whole, due to the excitation of receptor
cells located in the non-auditory labyrinth of the
edr (Croso, 1967).
® THE VESTIBULAR SYSTEM

The sensory information which conflicts most
frequently with visual perception is that
originating in the vestibular apparatus of the inner
ear. This apparatus consists of two sets of sensors,
one in each inner car. One set, the semicircular
canals referred to as the six “spirit levels™ of the
body by William James (1948) acts as the chief
receptors for rotational acceleration. The second
sct, the otolith organs (utricle and saccule),
responds primarily to gravity and linear
acceleration. The semicircular canals and otolith
organs intecconnect and are filled with a fluid
called endolymph. Currents are set up in the
endolymph as a result of head movements and the
resultant pressure triggers off the nerve impulses.
In steady rotation the semicircular canals become
habituated so that when the rotation is stopped, a
sensation of rotating in the opposite direction is
felt. This can persist for a relatively long time, up
to 30 seconds or more. The otolith organs,
however, cannot be habituated, and as long as the
linear acceleration continues it will be sensed.

Under the influence of complex motion
stimulus there appears te be an interaction of
linear and angular accelerations on the vestibular
receptors. In such situations the duality of
function of canal and otolith mechanisms becomes
hazy. The two organs no longer contribute
separately but appear to behave a8 & unit in sensing
the motion stimuli (Benson snd Bodin, 1966).
This is not surprising, considering the structural
continuity of the two tensors. There is evidence
that the semicircular canals are stimulated to some
degree by position and linear acceleration (Wendt,
1951). In addition to pomible vestibular
crom-coupling effects, interactions presumably
take place between the vestibular and somesthetic
senses (Smode, 1971).

The vestibular apparatus senses the orientation
and movements of the head, then stabilizes the
eyes, thereby maintaining clear vision. The reflexes
that stabilize the eyes during head movements are
the results of the united control of the muscles of
the eyes by four separate sources: vestibular,
visual, neck muscle-receptor, and cortical (Wendt,

1951).
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THE VISUAL SYSTEM

The visual system appears to lack
proprioceptive feedback regarding moderate
motions and the position of the eyes. The exaét
direction of gaze of the eye is known only by
reference to the position of the object being
observed and the observer’s orientation in space.
In the absence of a structured field, the observer
rapidly loses the sense of direction of his gaze. An
example is the autokinetic illusion—the apparent
motion of a fixed point of light being fixated in
the dark.

An illusion which serves to illustrate vividly the
interaction between the visual and vestibular
systems is the oculogyral illusion. This effect is
associated with prolonged passive rotation and,
like the autokinetic illusion, also involves apparent
motion of a visual target. Under flight conditicns,
it is difficult to differentiate between apparent
motion of a visual target. Under flight conditions
that resulting from autokinesis, but both
contribute to disorientation (Clark, 1963).

Tiling the head about one axis while it is being
rotated about another axis (Coriolis effect) can
modify sensations of turning and cause illusions
(Stewart and QClark, 1945). Other effects
conducive to spatial disorientation are listed in
table 1.

THE VISUAL AND MOTION
CLOSED-LOOP SYSTEM

Many experimental studies have tried te prove
that in making spatial judgments, more reliance is
placed on visual than on proprioceptive cues or
vice verss. However, a survey of the literature,
particularly the studies of Witkin and Asch (1948),
indicate that both senses interact to the extent
that the result is & derivative of their combined
actions. When the two senses sre in accord,
perception of apatial orientation is correct. When
the sensations are in conflict, however, the
outcome is a compromise. The perception is then
unstable and incorrect.

The human organism stimulates himaelf as he
acts, and this stimulation, in tumn, affects his
action. The process is circular and has been ®
compared to the feedback of servomechanisms
(Wiener, 1961). In the wopds of Norbert Wiener,
“The central nervous system no longer appears as a
self<ontained organ, receiving inputs from the




TABLE 1. FLIGHT SITUATIONS CONDUCIVE TO DISORIENTATION

Subjective experience

-

: Actual situation ({alse perception) Causc “
& s
" Level tum Straight flight Rate of change is insufficient
. to stimulate semicircular canals.
Level turn Ascent Resultant forces on otoliths
are equivalent in both situations
Recovery from a level turn Descent Resultant forces on otoliths
are equivalent in both situations
Protracted turn Straight and level Rate of change *s insufficient
flight to stimulate semicircular canals.
Left turn and head is bent Falling to right Stimulus is resultant of com-
forward suddenly bined motions (Coriolis effect).
Skidding in & flat tun Banking in opposite Resultant forces on otoliths
direction are equivalent in each case.
Maintenance of straight and Gradual turning Rotary stimuli from yawing
level flight by successive actions are curnulative due to
corrections endolymph inertia.
Straight and level flight Tuming Misinterpretation of resuliant
parallel to another aircrait of the two motions.
but at difterent speed
Straight and level flight Tilting or banking Misinterpreting the row of
at night approaching « lights as the true hotizon dead
row of ground lights at an ahead.
angle to the direction of
fight
Level flight after a slow Continuing tilt and lean Rate of change is not sutli
recovery from sudden in oppouite direction to cient to stimulate perception
roll compensate (“The of recovery movement.
leans™)
Ascent ot descent be- Level of flight Erroncous use of a titled
tween two cloud banks. cloud layer as the horizon
Aircraft attitude tilted refecence
~from true hosizontal.
" Gradual ascent or descent Level flight Forces are not sufficient to 1

*

stimulate otoliths.
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TABLE 1. FLIGHT SITUATIONS CONDUCIVE TO DISORIENTATION (Cont'd)

. N Subjective experience
% Actual situation ({alse perception) Cause
Slow bank Leve flight Forces ave not sufficient to
stimulate otoliths.
Bank, correctly shown by Tilt in opposite direction Reversal of figure-ground
atlitude indicator and increase true angle relationships of attitude indi-
excessively in attempt to cator resulting in control
cofrect response to horizon bar
instead of miniature aircraft
Approaching a fixed Approaching or following Autokinetic illusion
external light (e.g., star a moving light (e.g., tail
of beacon light of other aircraft)
Approaching fixed Object is approaching Misinterpretation of relative
external object motion
Approaching the lights of One aircraft approaching Visual cues from angular
two aircraft which are separation are equivalent in
scparating rapidly both situations.
Following lights of two Seeing one aircraft which Visual cues from angular
siscraft in parallel will be near or distant separation are equivalent in
Gigit depending on amount of both situations.
separation
Appeoaching familiar Approaching strenge - - Temporary dissociation oe
terrsin ternain : impairment of memory,
fatigue,
Approsching strange Approaching familiar Temporary dissociation oc
Servain termuin A impairment of memory,
fatigue.
Propeticr rotating Propeller standing still Stroboscopic lusion produced
nomally during meandit during mooalit sight by moonlight streaming
adght flight fligh: through propeller blades and
reflecting back onto propeller
Flight in propefier-driven Disoricntation renging Flicker vertigo caused by sun-
sircralt or helicopter from mild irritation to light streaming through idling
nausea; even complele propeller of helicopter blades.
: confusion and (Light flashes at & frequency
: unconsciousncss between seven and
) thirteen Hs.)

Source: Mudificd after Vinacke (1947)
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senses and discharging into the muscles. On the
contrary, some of its most characteristic activities
we explicable only as circular processes, emerging
from the nervous system into the muscles, and
ge-entering the nervous system through the sense
argans, whether they be proprioceptors or organs
¢f the special senses.™ The interdependence of
the spatial behavior of the body with visual and
proprioceptive motion feedback is shown in
figure 1.

The importance of the integration of these
three feedback loops is dramatically shown by
persons suffering from ataxia, a disorder
characterized by a marked disturbance in the
coordination of voluntary movements. A person
afflicted with locomotor ataxia cannot walk
without constantly looking at his feet and the
ground. If blindfolded he cannot walk, or even
stand. Such a person has lost an important part of
his kinesthetic sense and must depend on his
vestibular and visual senses to guide his actions.

Figure 1 may be expanded to iliustrate the
man/machine reletionships in a simulator
incorporating a visuzl display and s motion
system, as shown in figure 2. By reference to this
disgram it can be seen that the operator of a
simulator which incorporates a visual display and a
motion system has three primary inputs: visual,
kinesthetic, and vestibular.

=N

THE CONTROL TASK

In piloting tasks, visual observation ¢f
instrument panel displays, the external environment
as seen from the cockpit, and sensations of motign
provide the primary cues upon which the pilot bass
his motor responses. Variations in the
gavitational-inertial forces affect the pilot through
the motion sensors of his vestibular
system. The pilot’s visual function and his sense of
orientation are, in turn, sffected through these
sensors. As a result of the interconnection of the
vestibular and oculomotor control systems, effects
produced on the pilot’s visual system, in tum,
influence the response of his vestibular system and
his sense of onentation (Peters, 1969). The
interplay between these two anatomical systems
finally results in the effective, or inelfective,
control of the aircraft or flight simulator. It is this
interplay between visual and motion cues that
makes the smulation problem particulady
difficult. In analyzing a specific flight situation, it
is important to diflerentiate bhetween the
visually-induced effects and those resulting from
motion. Then, it must be known how these cues
react in combination. In cases where both visual
and motion cues are being presented
simultaneously, unless the cues are reaslistic in both
relative intensities and temporal factoms, their

SPATIAL KINESTHETIC
BEHAVIOR STIMULATION
OF THE BODY

VISUAL
STIMULATION

VESTIBULAR
STIMULATION

(AFTER GIBSON, 1950) .

Fgure 1. Visual sad proprioceptive feedback,
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VISUAL VISUAL FEEDBACK (VELOCITY) VISUAL
2. SYSTEM (EVES) DISPLAY
_::‘ N
r HUMAN OUTPUT SIMULATOR SIMULATOR | "
OPERATOR CONTROLS DYNAMICS 2
KINESTHETIC | CONTROL
RECEPTORS FEEL
4
— MOTION FEEDBACK MOTION
YA ] (SEAT PRESSURES/TACTUAL CUES)|  SYSTEM
| fsemi-cimcutar] [ ovours L ioraviry & unear accen
| [ canas ORGANS [T rex
MOTION FEEDBAC!
(R SR ——
(ANGULAR ACCEL}

Figure 2. Visual oad motion closedloop system,

interactions may provide contradictory
information and/or produce effects which are not
representative of the operational situation being
simulated.

ILLUSIONS AND SPATIAL
DISORIENTATION

The illusions experienced in fight arise
primarily from stimulstion of the vestibular
system and from wisual phenomena. THusions
anising from visud phenomena refler to illusory
perceptions of onentstion of motion resulting
from errontous interpretation of visval
information, are distinguished from visual
phenomena cawed by compensatory eye
movements and eye reflexes caused by stimulstica
of the vestibular system.

Research in vestibular physiology has shown
the importance of the vestibule in producing
motion sickness and spatial disorientation. An
example of this is shown by the fact that those
deal people who show no vestibular sensitivity do
not get sick (Wendt, 1951) and are less susceptible
® disorientation than normal individuals (James,
1948) (Olive, 1969).

A study comelating physical and medical data
from 1,000 avistors over a 20.yeas period was
made by the Amencan Inutitute of Biosciences
(Olive, 1969). An analysis of the data indicated
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that disotientation and vertigo are responsible for
early problems of failure of (light training, and for
many aircraft accidents, and that with increasing
age, problems of disorientation and vertigo
increase.

Peters (1969) states that although kinesthetic
and auditory perceptions are involved in some
illusions, they sce of secondary importance. The
isaue i complicated, however. There is evidence to
indicate that humans can detect linear motion
more accurately by the kinesthetic senses than by
the vestibufar. Although there is little doubt that
the vestibular apparatus provides considerable
information on linear acceleration, a simple
expeniment will show that these are limited in
their application. Armstrong (1952) has desenibed
the experiment as follows: “If the head & tumed
on its vertical axis 90 degrees to the left or right
and the body subjected to a forward linesr
acceleration, the labyrinth should be stimulated in
such a manrer that the motion would be
interpreted as being lateral instead of forward.
Actually, this does not occur, the body motion
being correctly interpreted, and this must arise
from somatic sensibilities. This tomatic sensing of
motion has been recognited for years by pilots
who Aplly referred 10 it aa ‘flving by the seat of
the panta™.”

Further evidence of how sensory interaction
can affect perception has been demonstrated by
experimentation. Wapner, Wemer, and Chandler




(1951) had subjects aline a luminous rod to the
gravitational vertical in a dark room. It was found
that if a loud tone was presented to one ear or if
tﬁg chair was tilted approximately 30 degrees from
the vertical, the rod was misalined by several
degrees. Apparently, suditory or kinesthetic inputs
influence perception of the vertical.

The inability of the mind and body to
differentiate clearly between sensations arising
from different sensory organs is not necessanly
detrimental to simulator design. It can sometimes
be helpful in providing illnsions of realism. An
example is in the use of a dynamic seat, also
referred to 25 2 Gseat. This device is designed to
peoduce a feeling of motion by controlled pressure
redistributions across the contact surfaces between
the body and the seat. The pressure vanations can
be produced by pneumatic or hydraulic inflation,
direct mechanical deflection, or changes in tension
of the seat covers. The sequence and magnitude of
the pressures can be computer<ontrolled to
umulate the somatic cues experienced during
particular mancuvers. As it is introspectively
dilficult to distinguish vestibular from somesthetic
sensations, this approach has been proposed as an
inexpensive solution te the problem of simulating
molion in a training device.

SPATIAL ORIENTATION TRAINING

A major causal factor of aviaion-instrument,
westher accidents is spatial disorientation. This
generally occurs when the pilot unexpectedly loses
visual relerence to the ground, horison, or & cloud
layer, and a3 a result loses control of the sircraft.
Some flight tituations in which disorientation may
oceur are listed in table 1.

SIMULATOR SICKNESS

A factor which favors the inclusion of motion
= part of a total simulation system is the
inhibition of simulator sicknem. It has been
observed  that symptoms resembling motion
sicknes develop when operating simulators that
include a visual system providing apparent motion
without sccompanying real motion. Jt has been
suggested that the attempt to interpret the visual
cues in the absence of corresponding physical
motion cues is one source of conflict that
produces this effect. This canrot be the case
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according to Gibson’s (1950) theory, which
postulates that the ahsence of cues does not
constitute a conflict of cues. An example @
support of: this is that the sheence of some cued
inhibits motion sickness, as shown by the fast
(mentioned earlier; that deaf-mutes lacking
vestibular perception do mot get motion sick.
However, we are not really considering the absence
of cues. There are inertial stimuli which tell the
individual that he is not moving, despite the visual
cues which imply motion and/or a change in this
vertical reference. This seems to be where the
conflict arises. Experience has shown that in that
it 5 aot the visual illusion of motion per s2, but
the visual sensation of apparent accelerstion
and/or change in direction which triggers off the
initial feeling of discomfort. Witkin (1949), in &
rotating room experiment, indicated that the
greatest  discomf{ort occurred at the point of
reversal of direction of movement, that ia, at the
position of greatest anguler acceleration. Thia
should not be wurprising as the inner ear

. extremely sensitive to any force acting on the

body (gravity, for cxample) and to any
accelerstion of the body, but is not sensitive to
uniform motion. One might hypothesise that the
cause is related to the increase in neural activity
from eye movements following & changing visual
scene  which is contrast.d with the static
physiological cues from the proprioceptive sysiem.
However, it is generally very difficult to isolate the
causes of simulator sickness snd it is even pomible
to develop simulstor sickness in a static steation
such a3 in a room tilted from the inertial vertical.
According to Steede (1963), in these cases of
visuslly induced symptoms, the cause appesss to
be overatimulation of the inner ear.

The following hypotheses are some that have
been advanced in an effort to explain simulator
scknes:

1. Conflict between the apparent motion seen on
the visual display and lack of any comespoading
rea! motion of the simuistor.

2. Optical distortion (both static and dynamic)
in the vhusi display, particulatdy of vertical
objects; the synthetic presentation of & visusl

- scene which is a distorted representation of a real

environment. ,
3. Poor resolution. iy
4. Rapid changes in brightnees (ficker).

5. Wide field of view.
6. A highly structured wvisual field (1oo much
detail).
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7. A poorly structured field combined with
peripheral flicker.

8. Excessive lag between simulator control and
corresponding movement in the visval display.

9. High-frequency vibrations which disrupt
accommeodation.

10. Projection screen-to-observer distance
wnsufficient for infinity focus of the eyes,
producing conflict between actual distance of the
display and the apparent distance of the scene.

Iteme 6 and 7, above, appear somewhat
contradictory. This may have resulted from
different interpretations of the term “structured
field.™ Benfari (1964) veported that vertigo was
most common when there was 3 combination of &
poorly structured field and peripheral flickes. He
found that motion and flicker could be integrated
in a highly structured field without inducing
vertigo. Benfan ale found that flicker or poor
stracture by itself had no apparent effect. In his
report, a poodly structured feld was defined as:
“(2) having a figure-ground contrast ratio of less
than 2:1, (b) having poorly-acticulsted objects in
the field, (c) lacking a definite frame-of-reference
such as an horizon or vertical border, and
(d) having a relatively homogeneous textural
gadient.”

An important factor in these experiments was
that a 165-degree cinedome projection screen was
used. This wideangle ecreen produced a
“compelling illusion of confinement by the
boundaries of the visual field. Subjects who stood
outside the boundanes of the cinedome were not
affccted as strongly by the vertige inducing
stimuli® (Benfan, 1964). Items 6 and T are,
therefore, related to item 5 (wide field of view),
and it is apparent that most of the {actors listed
sbove are, genenally, interrelat-d.

When a definite fzm: Ui refcrence b missing, it
i difficult to distinguun the visual field from what
Gibeon calls the “visval wordd.™ Gibson states that,
“In some flying maneuvers, in amusement park
devices, in a special type of vertigo, and in o
number of expenmental situations, the visual
world and the visual field cannot be distinguished
from one another and same illusory frame of
relcrence~s mon-gravitational vertical-may then
dominate perception. The experience is
disconcerting and unpleasant. It & in these
situstions that one loscs equilibrium.™

Is two independent studies conducted on the
2FH2 Hover Trainer (Bell Helicopter Simulator)
the fint inveatigaton (Havron and Butler, 1957)

concluded that the basic problem resulted from a
conflict between visual and proprioceptive cues
due to a lack of cockpit motion. The second team
(Miller and Gobdson, 1958) concluded that the
basic problem was caused primarily by conflicting
visual cues produced by a combination of several
optical distortions in the display.

A similar situstion was encountered in an
automobile driving simutator manufactured by the
Goodyear Aerospace Corporation, in use at the
Injury Control Research Laboratory, U.S. Public
Health Service, in Providence, Rhode Island. Many
subjects (40 to 50%) experienced simulator
sickness on this device, and the cause was genenally
attributed to the lack of a mobtion aystem.
Howcver, it was noticed that the optical pickup
and vidicon camera, which were suspended on the
end of s movable carriage above an 87:1 (HO
gauge) scale terrain model, vibrated as the gantry
moved shout. This vibration was magnified
through the optical relay system and transmitted
to the projection screen. Although the picture
jitter was not too obvious, the observer's eyes were
constantly shifting in an effort to atabilixe the
scene. It was subsequently believed that this was
the cause of the simulator sickness, rather than the
lack of real motion. Coincidentally, on the 2FH2
Hover Trainer there was also picture jitter
produced when executing a tum or other abruptly
changing mancuver. Subjects reported this s &
contributing factoe to the simulator sickness
experienced on this device, However, since picture
jitter coincided with the turning or other sudden
maneaver, it could have been the Hlusion of
scceleration due o the simulated maneuver, rather
than the jitter, which produced the feeling of
malaise. It would appear difficult to isolate the
cause in this case. Another possibility &s that jitter
snd the aspparent accelenstion were both
contnbuting facton.

Recently, a new gantry drive mechanism, which
virtuslly eliminated picture jitter, was installed on
the Goodycar driving simulator but simulator
sickness persists in the device. The Injury Coatrol
Rescarch Laboratory plans to incorporate a
dynamic seat inta the simulator, which will move
during scceleration, braking, and tuming, in
further efforts to eliminate the problem (Lewis,
1969).

An interesting sspect of the 2FH2 Hover
Trainer study was thet a higher percentage of
instructors became sick (607%) than students (12%)
(Miller and Goodson, 1958). Three hypotheses
were offered to account for this:
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RECOMMENDATIONS AND
RESEARCH ISSUES

1. Before incorporation of a motion system for
the scl= purpose of preventing simulator sickness,
it mudt be definitely ruled out that the problem is
not strictly a visual one. If it is a discrepancy in
the presentation of visual cues (distortion) the
addition of motion will not remedy the situation
and may only aggravate it. Hall and Parker (1967)
reported that in one Air Force, high-performance,
tectical aircraft simulator (without a visual
display) the motion systern was not used often
because it was unnecessary for what it taught and
it tended 20 make the students nauseous (motion
sick). :

2. Experimentsd studiss should be conducted to
providc conclusive evidence to support (or reject)
some of the hypotheses that havs been advinced
regarding simulator sickness. A relatively
straightforward study which may yield
information of practical importance is one which
would contrzat the effects of a dynemic visual
system with and without real motion. it would
attempt to ahow that the sickness produced by the
perception of apparent modon on a visual display
san be negated by the addition of real motion.
Sinacori’s (1969) validation atudy of grourd-based
simufstion attacked thic problem as a side iasue.
Unfortunately, only one subject was used in the
primary evaluation, end ss the susceptibility to
simulator sicknesm shows wide individusl
differences, it would appear premature to make
generalizations based on the results denived from a
small sample. Coniinustion of this experimental
work, using a large sample of both experienced
and inexperienced pilots, should be encouraged.

3. A study should be conducted to determine the
effects of wide versus narrow feld of view displays
s a contributing {sctor to simuletor sickness,

& It may be found that visually-induced
{(apparent) motion and real motion cannot be
“mixed,” but that the real motion must
sccompany the spparent motion synchronously in
order to svoid imulator sicknass. Visually induced
uniform motion may be an exception.

S. Detziled mensurements of pilot head and eye
movements dusing varicus steges of fixed and
moving buse smulstiore should be made and
compared with fight data. This type of
investigation may provide an explanation of the
function of the ocular counter<oll reflex and it
welation, if any, lo simulator sicknesa,

6. Pilot instrument training is a known technique
for preventing or recovering from spatial
disorientation. In addition to instrument training,
spatial onentation training should be employed to
familiarize the pilot with the causes of the illusions
experienced during disorientation, and to train
him on countermeasures to prevent or overcome
the effects of the misleading cues which cause the
phenomenon.

7. Physical training is another area which merits
consideration. Vestibular training by Soviet
cosmonauts made it possible to raise their
vestibular stability. Passive exercises were
conducted several times & week alternated with
special sctive exercises as par. of generz! physical
truning. All cosmonauts showed higher vestibular
tolenances to rotation after training (Yuganov,
et al., 1966).

SUMMARY

No sensory system is completely isolated from
the othen. As a result, simuitaneous stimulation of
scveral senses will produce an interactive effect.
The crganization by the nervous system of various
scnsations into meaningful perceptions it en
extremely complex process. It is not strunge,
therefore, to find that st times ‘there are
misinterpretations  of cues leading to dfulse
perceptions.

The eensations which conflict most frequently
with visual perceptions are thoee originating in the
vestibular systern of the inner ear. Sensory
interactions between the visual and vestibular
pparstus are very Imporiant to coasider in
simulator applications which couple a visual
dizpley to a modun systesn.

There are three general types of ecceleration:
Unear, engrlar, and redial. The vestibular system
sctver to serue these accelerations in conjunction
with the somatic senses. Although the eyes are
stabilized by inputs from the vestibular apparatus,
the visual system appeans to lack proprioceptive
feedback of its own. The direction of gare is
known only by reference to what is being lovhed
st. In the presence of a wellstructured visual
display, therefore, the visuel mode will be the
pimary, overnding input. With a poor wvisual
seference, however, the motion cua will tend to
take prionity. In situstions where the visual and
motion inputs are sensed 8 being equally
demanding, they will be reinforcing or
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1. Subjects are more prone to become sick when
sitting as passengers than when they are actually
“flying™ the simulator (students had the controls
the majority of the time). The fact that vehicle
operators rarely become sick and passengers often
do can be explained by the conflict of cues
hypotheses. As the operator receives direct
feedback from the vehicular controls (Barrett and
Thomton, 1968), and is also in an optimum
position for viewing the outside environment, he
can anticipate what is to happen and doe avot
experience conflict. On the other hand, the
passenger who does not have these references may
become ill.

2. Visual distortion is more apparent to an
expetienced pilot, who is ceutinually sc- nning the
scene, than to a student who tends to fixate one
particular area of the screen. Yet in order to
teduce the tendenty to experience vertigo,
Sinacori (1967) instructed bis simulator pilots to
sar the total display frequently and to avoid
staring at a particular point on the display. Thisis
but one of the many paradoxes to Le found in the
literature of simulator sickness.

3. There was probably no cue conflict fo: the
student pilots, since they had not leamned the
specific motion cues which wre characteristic of
helicopter operation. Converscy, the instructor
pilots experienced cue conflict m a result of the
absenct of the proprioceptive sensations which
they had been highly trained to interpret and
respond to. Fitts (1951) found that visual control
@ very important while an individual is learning o
new perceptual-motor task but ds performance
becomes habitual, proprioceptive feedback or
“feel™ becomes more important, This is readily
spparent in learning to typewrits, to play a
rusical instrument, and in leaming many other
skith.

Habituation is siso & factor applicsble to
simulator xickness. In some cases, instructonm may
find that they adapt to the simulator after gaining
cxperience in operating the device, and
subsequently will not suffer any ill effects. As an
&id to reducing the effects of simulator sickness in
a point light source simulator, Sinacon (1967)
recommended the {ollowing procedures:

1. Wearing eyeshades which prevent direct light
and extrancoun teflections from entering the

pilot's eyes.
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2. Instructing the pilot to close his eyes during
startup and shutdown procedures when
exaggerated simulator visual motion occurs.

R h

3. Frequent rests.
4. Frequent scanning of the total display and
avoidance of staring at a particular point dunng‘l
precision hover or maneuver.

S. Instill high motivation in the pilot.

A study by Northrop Norair Division (Sinacori,
1969) addressed itself to the issue of simulator
sickness as part of an investigation to determine a
ground-based simulator’s capability 2o produce
data representative of visual flighe. A jetlilt
V/STOL aiicraft simulator using & point light
sour~e visual display with a rotational, 3 degree of
freedom notiou base, was used as the test vehicle.
Fixed buse operation of this simulator induced
pilot nauses and reduced pilot-vehicle performance.
Use of the motion system greatly reduced or
ehiminated the nausea and produced rasults
comparabie with flight results.

Another interesting aspect of this study was tie
attention paid to head movements which were
found to be related tu vehicle motions.
Measurenients showed that compensatory head
movemernts occurred during lateral quick-stop
maneuvers when peak bank angles exceeded 5to 6
degrees. The head counterolled in order to
reduce the total inertial rolling of the head during
moving base operation. Dunng fixed base
operation, the head movement was reversed; the
head tended to follow the visual scene which
moved in the opposite direction to what the reai
motion would have been. The same pattem of
head movements shown during moving base
operation was observed by Sinacodi for five other
pilots while they performed the same mk during
flight in a helicopter.

Head movements may have some bearing on the
higher incidence of cickness involved with
wide-angle visual displays as compared to displays
having narrow fields. However, wide-angle displays
wually have more distortion than narrow.field
displays, snd, possibly more important, the pilot
loies all sense of a stable reference in a wide angle
system since the edges of the projection screen are
not in the immediate field of view. Which of these
tuee factors is the most important—head
movements necessary to scan a wide field,
distortion, o loas of a stable reference? Or, do
they ail intersct to produce vertigo!




contradictory depending upon whether the cues
are in or out of phase.

In conclusion, it may be stated that effective

“training design requires that the significance of cue
“interactions be established. Investigators can be
*misled by trying to extrapolate the results of
single-variable experiments to complicated
applications where many varizbles are present.
Care must be taken to incorporate into the
training device not only the stimuli required for
training in specific tasks, but the essential
combinations of stimuli as well. In addition, it is
important that the perceived pattern of cue
combinations actually represent those of the
operational environment,
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Simulator sfckness in passive

Commgttee, Ministry of Defence, July 197r. (AD 753 560)

]

(1)

ABSTRACT

Fifteen women and sixteen men were given a 10-
minute 'ride' in a fixed-base car simulator with a
moving visual display (Sim-I1-Car), These exposures
wvere standardised, and included a considerable amount
of implied (but not actusl) vestibular stimuletion.
Approximately one half of the gubjects wore 'dlinkers'
vhich reastricted their field of viev to the dynamic
visual display. The principal findings were:

(1) Some measurable decline in well-being wvas reported
by 28 of the 31 subjects; (2) Women were significantly
more susceptible than men; (3) Both previous passenger
and car driving experience correlated poasitively with
the degree of disturbance produced by the simulator;
but diriving experience appeared to exert the greateast
influence upon susceptidbility; and (4) Exclusion of
the atatic featurea of the field of viev appeared to
have no effect upon susceptibility. These resulta

wvere interpreted in the light of the ‘sensory
rearrangement' theory of sotion sickneass.

Y .
oo

-,
)

¥il

Notion sickness susceptibility; simulator sickness susceptidility; -

sensory conflict,
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b

INTRODUCTION

-

It is now well estadlished that a form of notion sickness,
aouettnea called 'aimulator sickneas', can bte produced by the operation

% AT

of tixed-baao vehicle simulators incorporating an appropriately moving
visual scene (ﬁiller & Goodson, 1960; Sinacori, 1968; Barrett &
Thornton, 1968). One explanation for this phenomenon has been provided
by the 'sensory rearrangement' theory of motion sickness (Reasmon, 1970;
_ Reason & Diaz, 1970) which argues that the\eaaentinl provocation comes
from a mismatch between the total pattern of inforaation'boing
signalled by the basic orientation senses - the eyes, the veatidular
system, and the non-vestibular proprioceptors - and that held in store
from previous stimulus exposures. Thus, motion sickness is thought to
be triggered by a conflict between the prevailing inputs from the
spatial senases and those expected on the basis of prior experience;
with the all-important proviso that the current sensory influx must
include a changing velocity stimulus of the sort normally detected by
the vestidular aystem.

Within the terms of thias theory, simulator sickneas is presumed
to arise from the absence of vestibular signals in the presence of
visusl information which, in conditiona of actual vehicle motion, would
be accoapanied by corroborating signals from the semicircular canals
or otoliths as well as froa the non-vestibular proprioceptors. The
basic sssumption that efsulator sickness is due to the unfulfilled
expectations of a vestidular input created by the seen motiocn ie
partially borne out by the experimental finding (Miller & Goodsoa, ©Op
cit) that experienced vehicie operators are considerably more
susceptible to this disorder than trainees, or those wvith 1ittle or o0
previous experience of reul vehicle sotion. This is presuzadbly because
the oxpcctntionn of the former are more firmly eatrenched than those
of the latter, and hence conflict more drastically with the 'rearranged’ _
sensory inputs encountered in the aimulator. N
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The present investigation differed from previous studies of
sinulator mickness in that it employed passive rather than active .
observers. zThe car simulator used in this experiment was controlled =

.’ﬂ :I_'t'. N

by the inve%tigator while the subject, seated beside him, passively
observed the dynamic visual display through the *windscresn'. The
question which inte}eated us was: 'How much does the abasence of aztive
vehicle control influence susceptidbility to simulator sicknesa?' 1If
a relatively high incidence of symptoms were observed in this passive
mode, then it would be reasonabdle to assume that the sense of
involvenent created by actually handling the controla was not
essential, or even particulerly influential, in producing sickness.
And on theoretical grounds, there was no reason to suppose that
'passengsrs’ would be any the less susceptible than ‘drivers’,
provided that they paid cloae attention to the moving visual ascene
(cf. 'Cinerama sickneas').

In addition to utudiing the ineidence of simulator aickness in
passive obaervers, this investigation also considered the effacts of
three variables which, on a priori grounds, were likely to influence
suaceptibility. These vere:

a. Sex. There is a vealth of evidence (see Reason, 1968) to
shov that women are generally sore prone to most conventional
forus of motion sickness than men, and it vas expected that
sizilar sex differences in susceptibility would bde revesled in
the present experiment.

be. Restriction of vision. Approximately half of the subjects
wore 'bdlinkers' wvhich restricted their field of view to the
screen displaying the moving visual scenc, It was thought that
eliminating the 'unrealistic' aspects of the environment - such
as the .tutiﬁnary aurroundings - might enhance susceptidility.
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T~

_ €+ Previous car experience. The subjects' prior experience as

;'both car passengers and drivers was measured, From previous

i'findinga. it vaa egpocted that the degree of doth kinds of

" experience would be positively related to the amount of disturbance
created by the simulator session; although it was of theoretical

interest to discover which of these two forms of experiencs,

passenger or driver, would have the greater influencs.

METEOD

Subjacta

Fifteen female and sixteen male undergraduates and technical staff
vere used as subjecta. Their ages ranged from 17-23 years, the modal
age being 19, The majority of the subjects were volunteers from a
‘firet year Paycholegy degree course, the remainder being junior
techniciane. All the subjects were asked to complete a Motion Sickness
Questionnaire (i'SQ) at the completion of the experiment (see Reason,
1968, for details of *he MSQ and ascoring proceduras). The mean MSQ
score for the women vas 53.4, and for the men, 44.9.

Subjects were slso aaked to estimate how many hours per wveek, on
aversge, they spent as car passengers and car drivers, Comparative
mean experiences for woaen and men were:

a. Voamen as passengers: k.1 hours a week
range O-14% hours a week.

b. Vomen as drivers: 1.5 hours a week
range O-12 hours a week.

¢e MNen as pasaengers: 3.5 hours a week
range 0-10 hours a week.

d. Men as drivers: 2.0 hours a week
range 0-10 houra a week.
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émm. driving sizulator was the Sim-l-Car, a %oint light source
device manufactured by General Precision Systems of Aylesbury, Bucks.’
It wvas a closed loop system which relied for its visual display oz a
point light source projection system. The body of the simulator was
made up of A-40 components and fascia. 1t was instrumented with
standard car controls: steering wheel, gear lever, clutch, accelerator,
brske psdals, handbrake, and key-operated ignition. Two seats were
aituated side by side in the car body ‘mock-up'. The simulator wvis
also equipped with a sound source which, when turned down to its
lovest volume, provided a fairly coavincing background ncise and
'tickover',

The visual display vas presented to the occupants of the car on
a 6 x 12 ft rear projection screen located just abead of the tonnet
at a distance of 6 £t froa the driver and subject. The dispiay
consisted of the refracted image produced when the illumination frem
a high intensity point source of light passed through a transparent,
circular 'Plexiglass' disc. A roadway network, compriaing a wvinding
petimeter road vith intersecting transverse roads, vas painted on to
the surface of the diec. Added 'realisn' was provided by trees
{fashioned from cotton wool and wire), perspex buildings, and a
stationary toy bus. The impreasion of vehicle movement was created
by the controlled motion of the road disc beneath the stationary
light source; the motion of this disc was governmed by the speed and
direction cootrols of the car in a realistic fashion.

The overall effect was that of driving on the perimeter track and
intersecting roads of a deserted airfield. The optica were such that
the car alvays sppeared to be driving into a vintry sunset. Froa the
invéatigator'c point of view, the grestest realiss vas achieved vith
a combination of low, 'twilight', {llumination and feirly high apparent
speeds. In aldition, the display characteristics were mont satisfactory
on & lefthand (anti-clockvise) circuit of the perimeter track. However,
right turns vere made at junctions on the transverse roads.
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Procedure

Subjects sat in the passenger ssat of the simulator, snd wvere
told that t;ia expariment was part of general investigation designed
to evaluste the simulator as a training device. They were informed
that it could, on occasiona, produce mild éymptoma of travel sickness
such as dizriness, queasiness, and nausea. The purpose of this
particular experiment, they were told, wvas to find out how many people
were affected and to what extent. To this end they were asked to keep
their eyes fixed on the screen ahead and to ignore any distractions in
the room around them.

Each subject was then driven over a standard course for a period
of 10 minutes. The course vas chosen both to maximise the reslistic
features of the device (i.e. high average speed and lefthand circuits
vhen on the perimeter road) and to include a large amount of implied
vestibular stimulation (i.e. sharp cornering at speed, rapid scceleration
and braking, stoppinre and starting). During the run, the only source
0f illumination was that from the vigual display itself.

At the end of the run, subjects were asked to rate their general
otate of well-being (at that time), to descride their syzptocs (if any),
and to rate the realisn of the car sismulator. Details of the rating
acales and ayeptoa scores are given in a aeparate section delow.

Reatriction of Viaion

Aa mentioned earlier, approximately one~half of the subjects were
provided wvith 'blinkers' to screen out all but the moving display from
the field of view. The 'blinkers' consisted of an oval rubber tube
vhich was held by ths sudbject over his eyes. One and of the tube was
moulded to fit the nose and forehesd. Subjects vere instructed to
adjuat the chape of the tube so that it excluded all dut the projection
screen froa the visual scene. To avoid unneceassary eye-strain or
preasure headache, they vere instructed to hold the 'dlinkers’ very
lightly against the face.
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Experimental Measures

H

The é;incipal dependent measures were the Well-being Scale
(Reason &.;Gra,ybiel. 1970; Reason & Diaz, 1970), and a Symptom Score
derived from a standardised symptom check-list. The well-being
estimates were made on the basis of an eleven-point category scale,
ranging from 0 « '] feel fine' to 10 - 'I feel awful, just like I'a
about to vomit', To obtain the Symptom Score, subjects were asked
vhether they had experienced any of the following symptoms either
during or immediately after the run: dizziness, bodily wvareth, headache,
increased salivation, stozach awvareness, and nausea. Two further
synptoms were mentioned by subjecta during the post-run interview:
dry mouth and drovsiness. In addition, the presence and degree of
pallor and cold eweating were assessed by the investigator. To
achieve the overall Symptom Score, the presence 0f any of these gigns
or symptons waa categoriaod an 'aild', *moderate', and ‘meveres'. A
score of 1 vas given to 21l reactions clsssified as *=ild', 2 to those
clasaified as 'moderate', and 3 to 'severe' reactions. The final
Sysptom Score for each subject was obtained by susming these individual
wveightings.

In addition, the subjects were asked to rate the re¢aliss of the
Sin-1~Car on a X0-point escale from O -~ "Hot at &ll like & real sar',
to 10 = 'Just like a real car', it the coapletion of the iaterview,
subjects were usked to fiil im the K.

RESULIS
Incidence

In three subjects only did both the Well-deing Ratirg and the
Synptom Score indicate & complete abgence of sny ill-effects. The
remaining 28 aubjects raporéed varying degreea of disturbance ranging
fron »ild dizeinece to the presence of a)l listed reacticns including
severe nausea, Ons sudject gave a well-being rating of 30 and asked
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for the run to be atopped after 9 minutes because she felt close to
fainting. A percentage breakdown of the proportion of subjects
reporting inch kind of reaction is sbown in Table 1.

-y

Teble )
Percentage of Vomen, Men, and Total Sample Reporting each Sign
or Symptom.
(N215) (N=16) (Na31)
Signs and Symptoms % Women % Men £ Total
Dizzineas 4 é9 n
Bodily warmth &7 50 48
Beadache : 53 33 &S
Stomach avareneas g3 n &2
Naucea 80 5 k2 pite \arse 5%
. Pallor . 5 S W) P S A G
Sveat 33 &S 29
Increased salivation b ) v 19
Dry acuth 13 ° 6
Droveiness ? 0 3

From Table 1, 4t is clear that the moat frcqutntly oceurTing
sysptom wvas ditziness, and this was true for both sen and women. The
pext most frequent syupltoms were bodily werath, headache, stosach
avareieas, aid nsuses. %The only reslly sarked discrepaicy detwaen
the oexes wis in the presence of pallor, sogething that wvas detected
far more often in women than in men.
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It {8 also clear from Tsble 1 that all but one symptom, increased
ulivntion; occurred nore frequently among the women, a discrepancy
that vas predicted on the basis of known sex differences in
suacoptihi;ity. A pore detailsd analysie of these sex differencea is |

given below.

Sex differences

Table 2 shows the mean Well-being Ratings and Symptos Scores for
men and women. Nann-Whitney 'U' tesis calculated for both measurce
indicated that women were considerably more disturbed by the simulator
then the men; W-B Ratings, Uz48.5; p.O1l (one-tailed teast); Symptoe
Scores, Us65.5; p<.025 (one-teiled test).

Tadle 2

Mean ¥Well-Being Ratinga and Sysptom Scores for Men and VWomen

Vozmen Men
Nean Range Nean Range
Well-Being Rating b7 00 1.7 05
Sywptom Score 6.6 0-18 3.1 0=7

*The higher the Well-Being Rating, the
sare severe the disturbance. The same
is true of the Symptom Score.

In view of their msrked differences in susceptidility, men and
wozen were treated separately in sll subssquent analyses.
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The Effect of 'Blinkers’®

Tnhlc:-ﬁ shows the mean Well-Being Ratings and Symptom Scores for
female and;male subjects with and without blinkers. For neither sex
did the reastriction of vision make any significant difference to the
degree of disturbance produced by the similator rids. In view of this,
the presence or absance of blinkers wae i{gnored in subsequent analyses.

Table 3

Kean Values for Subjects with and without 'Blinkers’

With (N=7) Without (Na8)
Vomen
Well-Being Rating kb 5.8
Symptom Score 6.8 6.5
With (N=3) Vithout (Ka8)
Men
Well-Being Rating 1.1 1.8
Symptom Score 3.0 3¢5

The Etfects of Previous Car Experience

Srearsan rank order correlation coefficients were ccaputed
between the tuvo sickness measures and the average time per week spent
as & car driver aud passenger. This vas done for sen und vosen
separately, and the results are sumsarised in Table &. s
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Table b

froce

4

Refations between Degree of Sickness ené Previous Car Experience

rite

Vomen Ns15

rho
¥ell-B:ing Rating/Driving experience +0,51¢
Well Being Rating/Passenger experience +0.22
Symptow Score/Driving experience +0,50*
Synptos Score/Passanger experience +0. L35

Men Nx16

rho
VWell-Being Rating/Driving experience +0,.32
Vell-Being Rating/Pasasnger experience +0.05
Symptoz Score/Driving experience «0. 43
Symptom Score/Passenger experience =0,.12

(*indicates p<.05)

Realiee Ratings

For women, the mesn realisn rating vas 5.8, the sodsl value 6,
and the range 2-9. The pattern for men was very similer: a mean of
5.6, a »odal value of 7, and a range from 2-8.

Casual inapection of the data suggested that there vas a segative
relationship between the realism ratings and the two messures of
sickness. Yo check this, rank order correlation coefficienta were
computed, and are set out in Table 5.
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( Table 5
Bg}a&ioas Letween the Depree of Sickness and the Realisn Rating T
: 1
V¥omen =
P ' rho
. Vell-Being Rating/Resliss Rating 0,31
éz Symptom Score/Realism Rating +0.01
£ Men 7
2 rho
¥ell-Being Rating/Realism Rating -0.46°
B Sympton Score/Realiss Rating ~0.34
i
Predictive Value of MSQ
B
¢ To assesza tha value of ths KSQ for predicting individual differences

{n susceptidility to simulator sickness, rank order correlations vers
i coaputed belueen the total HSQ score and the two sm2asures of sinulator
g sickness. The resulting coefficients are shown in Table 6.

Pable 6

Relaticas botwedn the Degree of Sicknes: and MSQ Score

PRPRES P i S R g Y
L T i e R

i Nosen

?é tho
£ MSQ/Vell-Baing Rating 40,10
i | NSQ/Syaptoa Score +0.15
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view obtained from the front of a laterally stable train moving at

constant npéed slong a perfectly straight track. Ia this investigation,
it vas:certainly true that manoeuvres auch as cornering at speed, .
traveliing fast along a winding stretch of road, and sudden braking
vera the onea'qoat frequently cited as responsible for loss of well-

being.

41

The rather surprieing {inding that the presence of the 'blinkers’
had no effect upon susceptibility to simulator sickness is of
particular interest since it suggeats that cognitive factora, such as
the knowledge derived from aseeing the stationary surrounds, ploy little
or no mart i the production of symptoas. Evidently, the presence of
incompatible elements in the visual acene docs not appreciably reduce
the nauseogenic properties of the dynamic visusl display.

Both this wud the demcnsiration that passive observers are equally

prone to sicknéau ‘point to the involvament of a fairly low-order &

ventral mechanien: one that is wore attuned to signals frua the
velatively primitive orientotion senaes than to aubtls nuancea of
cognition. Such a concaption {m very much in actord with the ‘pensory
ssarrangenant- theory of motion sickaess in which paychogenic factors
are congidered te Yé of mecundary izportance only. The essence of
ihis theory ja thut symptoms wre fyiggered {exactly how is nce
ucderatood) by {uconsiastencies batween the preveilicg influx froa the
spatial 2enses and storal traces ficm comparable axposures {n the
peat. If the brain contse couderned with integrating apstial inpute
has coae to ‘expect' {on ¥t . Lawis of prior experience, thit is,
tarvugh the piecess of porceptual adaptation) that a parcicular
acvement of the visusl scene wiil be correlated with specilic
vestibular inputs, then the abrer.e of thesc vestibular signals on a
subsequent presentation uf the same visual stimi us will evoke the
syaptons of motion sickneas. Why these reactions should take the
particuler form that they do, end what functional purpose they serve,
{8 not understocd: bul there secems little doudbt that unfulfilled
tvestidular expectations' are the primary cause.
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Two factors ll:a. clearly did influence susceptibiluty were aex and
péevioua car travel experience. That women were more disturbed by the 1
aimulator than men was not surpriaing considering that women are known
to succuab more readily tc most forms of motion sickness. But this :
tinding does not bring us any nearer to understanding why these sex
differences exist. Are women simply more liable to present the nausea
ayndrome than men? I it linked in some way to their hormonal mshe-up?
Or do the differences in suscoptibilitf originate from the spatial

integrating centre itself?, These important questions remain unanswered.

Equally predictable, though perhaps less difficult to understand,
is that susceptibility to aimulator sickness, both for men and women,
vas positively related to the amount of previous experience with car
travel, both as passengers and as drivers. This general relationship
can be explained, as stated earlier, by suggesting that, in experienced
travellers, the atored stimulus traces are more firmly consolidated in
the 'gpatial semory store', However, on the basis of this argument
it vould be expected that driver experience siiould count for more than
passenger experf{ence because, like the subject in the present
experizent, the car driver is forced to maintain the ‘eyes-forvard'
sode of looking: whereas the passenger is not constrained in quite the
sazs way, i.e. sone of the tizme he will be looking out at the roed
ahead, but at other times ho will be glancing cui of ths wide vindows
or vithin the car. By coaparison, therefore, the car driver has a
much better opportunity of building up stisulus traces appropriate to
the sisulator situstion, and so ahould be more disturbed by the
rearranged sensory inputs {n the gimulator. Do the present findings
support these predictions? Exaxmination of the correlation coefficients
displayed in Table 4 showa that, for both men snd women, the
relationahips between the two weasures of simulator sickneas and
drivcr‘oxperionce were bettsr than those wvith pasaenger experiencej
althcugh, except in one instance, these were also poecitive, The asall
sazples used in this experiment, and the relatively limited range of
driving experience of the gubjects, wean that a great deal of reliance
cannot be placed on these particular data; but they do confors with the
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argunenta iet out above, If such a finding were replicated using larger
nunbers ang a wider range of driving experience, it would provide very

strong support for the 'unfulfilled expectation' aspect of the sensory 4
rearrangenent theory.

tadont e o

Two other findings are worthy of brief cozment, First, the rather
curious fact that those subjects who were most disturbed by the ‘4’,,4"'
simulator ride tended to rate the device as being less reslistic than
those who were relatively unaffected. Were they ‘punishing' the
. sioulator (or the investigators) for making them sick? Or was it that
1 they were not normally car sick so that the preszence of unfamiliar

Tttt ALY mlbes

reactions like dizziness and nausea rendered the simulator less like
the real thing? It is bhard to asy. But whatever the cause, it casts
soze doudt on the validity of the realism ratings per se.

Secondly, it is clear from the coefficients displayed in Table 6
that the NSQ (a personal history inventory) would not have been
particularly successful in predicting the degree of simulator sickness.
Howsver, the relationships were much higher for men than women; and
for both eexes, they were higher with the Syamptom Score than the Well-
Being Ratings. Congidering the very imprecise nature of the xeasures,
correlations of this order are perhapa the best that can be expected.
At best, the NSQ is a very blunt funstrument, and its greateat —
usefulness is in screening out highly susceptible individuale. 1t ia
known to be far leas effective in discriminating between individusls
of moderate susceptidility (Reason, 1968). '

Finally, vhat are the practical implications of these findings?
So long as fixed-base simulators incorporating dynavic visual displays
continue to be used extensively for training, information thal throvs
soue light on the origins of the distressing and tize-wasting condition
of 'sisulator sickness' can slvays be put to good use. But, perhaps
more importantly, these results reveal a little more of the general
égghlningg‘involvod in the production of the motion sicimess phenomenon,
and it 4s only froa a .l<\r underatanding of thoco!égh;}fifﬁi"ﬁ?SEiii;E]
that effactive preventive measures can be foroulated.
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FRINCIPAL FINDINGS

Some decline in well-being was reported by 28 oI the 31 unselected
cts passively exposed to a 10-minute ride in a closed-loop car

4

-

2o 'Women were aignificantly more susceptidble than men.

3.
posit
ride.

#il

Previous car experience, both as passenger and driver, correlated
ively with the degree of disturbance produced by the simulated
However, there was some evidence to suggest that driver experience

exerted a more powerful influence upon susceptidility to sinmulater
sickness.

L

*Blinkers' vhich excluded the static features of the surroundings

appeared to have no effect upon susceptibility.
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| TR value indicales the aircraft landing trials saved for every
S (’ faneditond trral in the simuletor.

Tt exampies 1 and 7 show that the value of one landing trial in the
wittilator raages from 1,18 to .79 Tanding trials in the P-3 aircraft. These . -
atrerent TER values ar> most likely the result of a combination of the variables
listea balow: S ! ,

b I

1. 7 C-1 training was conducted using a block syllabus; C-2 used an

integrated syllabus.

<. A mure stringent criterion was imposed on C-2.
4. (-2 had several poor perfurmers who increased the group average.

frespite the differences, however, the data show that transfer of landing
practice 1n the simulator is high,

A comparison of the landing trials of the C-3 and E groups (TER example 3
. 3bove) indicates the value of landing pattern airwork. Under training conditions
which did not permit flare or touchdown practice in the simulator, a training
benefit did occur. In this example one landing trial in the simulator saved
.57 landing trials in the aircraft.

The study results indicate that simulator practice in landing pattern
airwork and the final phase of landing transfers positively to the aircraft.
This transfer occurs even though VP-30 instructor and student pilots universally
agreed that the 2F87F does not “handle" like the aircraft during the final
phase of landing. The question of greater training effectiveness as a function
of improved fidelity was not addressed in this study It is a topic worthy of
further investigation.

EFFECT OF LIMITED FIELD OF VIEW ON LANDING PERFORMANCE. A major concern of
pilots is the limited field of view of the rigid model board. They 5uspect
thic reduces the training value of landing practice in the simulator since
V\SudT cues in the periphery are absent. However, the belief that a wide angle
~al capability s required for effective training is not supported by the
data in the present study nor by a number of other studies. For example,
Arastreng® employed a Varsity aircraft configured such that the field of view
of the pilot was limited to Y00, Armstrony reported that ianding performance
n the aircraft was almost unaffected by loss of peripheral vision, even

/ ine reader is cautioned not to interpret the TER as a constant; it is not
necessarily linear with increased training, and it varies as a function of
previous practice,

B D. Armstrong. Flight Trials to Discover Whether Peripheral Vision is
Meeded for Landing.  Royal Alrcraft Establishment Technical Report 70205.
1070 Ministry of Av1at1on Supply, Farnborough Hants.
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doter pmor vivibilaty conditions, Roscoe? configured a Cessna T-50 such that
tun windshield of the airplane was replaced by an aluminum sheet through

stich a periscope was installed. An image was projected from the periscope

e on 8 inch screen with a field of view from the pilot's eye of a maximum

ot 30 deqrees horizontally and vertically. Roscoe found that both eaperienced
and inexperienced pilots -could make safe takeoffs and landings by periscope ¢
using 3,variety of techniques and under a variety of conditions. Based on
these afrcraft data and the data from this study, it is reasonable to conclude
that high fidelity simulutors do not require “wide" angle visual systems to
provide effective landing training.

FINOINGS
\\
Tne findings of this study are summarized below:

1. The E group who received no flare or touchdown practice during
simulator landing trials required significantly more landing trials in the air-
craft to attain proficiency than did the C-1 and C-2 groups who received full
landing training in the simulator (37, 17, and 28 landings, respectively).

2. The group that received no simulator training, C-3 {the fly only
group), required significantly more landing trials in the aircraft to attain
proficiency than did the E group. Practicing landing pattern airwork in the
simulator contributes positively to landing performance in the P-3 aircraft.

3. The C-1 group required fewer total simulator and aircraft landings to
attain proficiency than did the aircraft-only trained group (C-3). This
suggests that the task learned in the simulator transfers significantly to
subsequent aircraft landing performance.

4. The TERs computed from the landing data show that landing practice in
the simulator provides a training benefit under the three different training
conditions examined,

N7

5 S. N. Roscoe, S. G. Hasler, and D. G. Dougherty. “Flight by Periscope: Making
Takeoffs and Landings; The Influence of Image Magnification, Practice, and
Various Conditions of Flight." Human Factois. 8. 1. February 1966. pp. 13-40.
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SECTION IV

T EEEREE
»

CONFLICT OF VISUAL AND MOTION CUES

The addition of visual simulation to high fidelity flight simulators has
produced instances of physiological discomfort during and immediately after
training in the device. This has presumably resulted from cue conflict when
visual motion cues are present ir. the absence of cockpit motion cues. This is
particularly so with wide-angle visual systems. During the series of TAEG 74?/
stuaies evaluating the 2F87F simulator, several VP-30 instructors. reported .
neusea and general disorientation when the visual system was operative whi]eéhé;x
the cochpit motion system was off. Consequently, the issue of motion sickness
relating to simulator training was examined as a part of the second study in
this report.

QUESTIONNAIRE ASSESSMENT

) To assess the prevalence of motion sickness with the cockpit motion system
of 7 and the visual system on,.a motion sickness questionnaire (MSQ) used by the

naval Aerospace Medical Research Laboratory (NAMRL) was submitted to instructor

nilots and pilot trainees. This questionnaire is reproduced in appendix A,10

The questionnafre was administered to-stﬁdents and instructors of classes
7803 and 7805. Class 7803 received simulator training without cockpit motion;
class 7805 received simulator training with cockpit motion.

The data from th??e two groups were compared with published data on student
Naval flight officers!! and with data on a group of college males.l2 Comparisons
among these groups are shown in tables 8, 9, and 10.

The data in table 8 are compiled from sections A and B of the motion
sickness questionnaire. Appendix B provides the scoring procedures used for
sections A and B of the MSQ.

10 1he u5Q was modified for this study by Dr. F. E. Guedry of NAMRL. In additfon,
Dr. F. E. Guedry and Dr. J. M. Lentz conducted a computer analysis of the
MSQ data collected during this study.

n J. M, Lentz, G. L. Holtzman, N. C. Hixon, and F. E. Guedry, Jr. Normative

Data tor Two Short Tests of Motion Reactivity. NAMRL-1243, 1977, Naval
Rerospace fledical Research Laboratory, Pensacola, FL.

1 .
0. 1. Reason. An Investigation of Some Factors Contributing to Individual
vVariation in Motion Sickness Susceptibiiity. FPRC Report 1277, “T368.

Hintstry of Defense {Air Force Dept), London.
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i le there are s*atistical differences between the C and £ groups, the
jravtivai differences ure small, Sunulator training time wac the seme for all
wtudentn,  Tor both gioups, the average was about 12 hours per student as first
pilat. A comparison or the C and F groups' average trials to proficiency for
cach task shows the largest differences to occur in Aborts, Hulding, TACAN/VOR,
and Normal Landings. Of these, Aborts and Holding appear to have the only true
differences. TACAN/VOR and Normal Landings trials for the C group would be
essentially the same as for the £ group if all the:C students had been trained
to proficiency. =

Based on these data, it appears that the lack of simulator cockpit motion
mey have a slight adverse effect on training in Three and Four Engine Aborts.
The differences in the Holding task are difficult to explain particularly in
terms of motion as a training variable.

[FFECTS OF NO-MOTION SIMULATOR TRAINING OM SUBSEQUENT AIRCRAFT PERFORMANCE.

“The effect of training in the simulator without cockpit motion on later student
rerformance was examined. In the initial planning only those tasks were selected
in which performance presumably would be affacted by the variables of motion.
The following analysis considers only those tasks. An analysis of variance (f
test) with repeated measures was used. The measure employed was Aircraft Trials
to Proficiency for the following tasks:

Abort Four Engine
Abort Three Engine
. Instrument Tasks

Wy —

Holding

Non-Prec App TACAN
VOR

NDB

LOC

Prec App GCA

ILS

Ingt Proceduyres

- 2

T - O

1. Landings

a, Nommal Lundings
h. Approach Flap Landings
t. Three-Ungine Landings

5. Engine Feailure After Refusal

/ Ms shown in table 7, no significant differences obtained between training
frethods (F=3.21), and no significant interaction effect occurred betwean training
«welhat ond task (E=1.91). Trials to Proficiency were affected more by variance
of sludents within groups than by training method. The only statistically
siyniticant finding was that certain tasks require more aircraft training

trials than do others (F=201.43). This, however, is obvious.
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T40LE 8. DATA COMPILED FROM SECTIONS A AND B OF THE MOTION SICKNESS
QUESTIONNAIRE (RESULTS RCLATE TO HISTORY OF MOTION SICKNESS)

. e ——— - .————

|
Class 7303 Class 7805 NFO Group College Group

.g .
dumber "of Students 26 21 552 150

Moan Hotion Sickness 20.80 - 12.80 15.99 28.00
Susceptibility Score

Stancard Deviation 17.10 15.80 18.78 20.00

]

4

Tahle 8 shows the no-motion group (Class 7803) to be average in terms of
motion sickness susceptibility as dstermined by MSQ methods. The scores for
this group indicate less susceptibility than those of college males but more

» cusceptibility than those of the NFO and class 7805 groups. The mean of the

<

no-motion group was increased stightly by one student who had 2 score of 73.7
{(highly susceptible to motion sickness).

Table 9 presents data compiled trom section C of the questionnaire. for
esse in interpretation, each question is stated followed by the appropriate
data from classes 7803 and 72805. Question 5 also inc}gdes published data of
Lentz and Collins for comparison with the VP-30 data.

Responses to questions 2 and 3 suggest that the no-motion group is about
average for military aviation in that the percent of individuals indicating
song degree of airsickness under provocative flight conditions s average to
above average. This finding is consistent with previous studies. Question 4
incicates about 10 percent of the group experience dizziness episodes in everyds,
life. Again, this is average or slightly above average for military aviators.

Question 5, percent taking antimotion sickness medication, is average
compared with a college group. Considering the extensive axposure to motion of
class 7803, this percentage is beiow expectations. However, the percentage for
Class 7805 is even_lgwer,

— -

—
Juestions 6 ggg_z_gzt_hasoé’upan items used by Hutchins and Kenneﬂy.14 The
Tteis are YeyIrded as good predictors of airsickness. Their report, howggggg\\

does not give percent of individuals replying in each answer categorys .
cannon sense look at the responses from classes 7803 and 7805 suggests that /?f
some sludents regard themselves 3s “poor risks" in motion sickness studies., ¢
Several individuals admitted experiencing sickness feelings when viewing el el

13 J. M. Lentz and W. E. Collins. “Motion Sickness Susceptibility and Related

Behavioral fharactaristics in Men and Women.* Aviation Spacs Environmental
Medicine. 48, 4, pp. 316-322, 1977,

14 C. W. Hutchins and R. S. Kennedy. "Relationship Between Past History of

Motion Sickness and Attrition from Flight Training.“ Aerospace Medicine,
36, pp. 984-987, 1965. '
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wide-screen movies involving external views from within moving vehicles (see
qu-sticn 8). Overall, both aroups seem about average for pilots in reacard to
susceptibility to motion sickness. Sections A, B, ard C indicate that class
7803 contains enough individuals with some history of motion sickness to serve-
as & reasonable test group for testing the prevalence of motion sickness with
the cockpit motion system off and the visual system operating.

Table 10 presents data compiled from section D of the motion sickness
aucstionnaire. Table 10, part A, presents (1) grouped responses of class 7803
for the six questions of oart A, {2) the scoring procedure for part A, and (3)
comparisons of motion sickness symptoms for class 7803, class 73805, and two
groups of student Naval flight officers from a study by Lentz, et a1.l1é
tentz collected normative data for these Naval flight officers on two tests of
motion reactivity. These two tests were the brief vestibular disorientation
test {BVDT) and the visual vestibular interaction test (VVIT).

s &
Section D, part A, indicates that the simulator exposure produced little £
- evidence of motion sickness efther during or after simulator training. Most of
‘the affirmative answers were in reference to (3 55 or drowsiness.” This may
be a sign of motion sickness, but it may also be attributable to 1) nrolonged
simglator sessions or (2) time of day of the session., OfF the symotoms that
could be related to motion or the lack of it, three students reported headache
and five reported mild unsteadiness.

The mean of the no-motion group is considerably lower than the mean of the
BVOT and VVIT comparison groups who were exposed to “"provocative stimulation.”
Thus, the no-motion students and instructors rated their 4-hour simulator
exposure a5 less physiologically disturbing than the comparison groups rated
their 1Q-minute exposure to the WIT or their &6-minute exposure to the LVDT.

Section D, part B, which asked each {ndividual to give his opinion of the
simylator, may be the best set of questions in the gquestionnaire because they
directly address the point of interest. If the responses from section 8 are
converted to a four point rating scale where 1 = Not At All, 2 = Somewhat, 3 =
Koderately, & = Very Much So, the mean for question Bl for class 7803 is 2.96
closest to “Moderately.* Question Bl for class 7805 is 3.7 ¢losest to “"Very
Kuch So." For Question B2, the mean for class 7803 was 1.77 closest to
*Somewhat." The mean for class 7805 was 1.14 closest to "Not At A11l." For
auestion B3 the mean for class 7803 was 3.2 closest to "Moderately.” Class
780? was not scored on question B3 since they did not fly the simulator without
aotion.

Based on student and instructor responses on the Pensacola Motion Sickness
Tuestionnaire, simulator training with and without cockpit motion produced
tittle evidence of motion sickness either during or after simulator fliohts,
from the present results, it appears that the students and instructors both
strongly favor having the motion cues available.

16 Llentz, Holtzman, Hixon, and Guedry, op. cit.
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SINACORI, J. B. V/STOL Ground-based Simulation Techniques. Prepared by Northrop Corp.,
Norair Division, Hawthorne, CA for U. S. Army Aviation Materiel Laboratories, Fort
Eustis, Virginia, USAAVLABS Technical Report 67-55, Nov. 1967.

Summary: A study of various kinds of simulators has been made to determine thsir capabil-
ity to produce data representative of visual flight. Four simulations of a jet-lift
V/STOL aircraft were conducted using the same pilot. Control characteristics and airframe
parameters were maintained constant (as closely as possible), and the same ta:ks were

used by the pilot in each evaluation. The resulting data were compared with flight re-
sults from the same airgraft. The simulators used different displays, motion modes, and

instrumentation, and the results are discussed in the light of the characteristics of
each simulator.

The results show clearly that in order to produce quantitative data representative of
flight results, the display must have a yuality level compatible with the task being per-
formed. Specifically, a precision hovering task requires a high resolution display, while
a translation {or transition task) can be performed with a display of much less resolution.
The display content i3 important, particularly for the precision hovering task where

height holding is required. For flight simulation of large translational movements,
cockpit motion did not appear to affect the results, however, for precision hover and
small, quick posftion changes, cockpit motion appears to be important in that it assists
the pilot in detecting small drift and improves his ability to control vehicle attitude.
The absence of cocpit motion when using a point source visual display for the presentation
of visual information can cause vertigo and loss of performance,

The study “hows that valid V/STOL flight simulation can be accomplished and that quantita-
tive and subjective data which closely compare with flight results can be obtained,
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lar flight increased. Verligo was especially annoying to the
pilot during attitude reversals or hovering. The pilot felt
he could do betier with cockpit miotion cues.

\ f. Pilot vertigo was induced as the time duration of a particu-
|
L

1.

"g. The pilot felt that he could not perceive small drift motions
and therefore down-rated the controllability accordingly.

h. Power spectral znd probability density distributions of the
pilot's stick inputs are presented in Figures 6 and 7. Note
" that they are lower than the {light values except during
attempted hover where the energy at ¢.6 Hz in the simulated
flight is larger than flight.

Critique

The unacceptability of the attitude control is the result of the
pilot's not being able to bring the vehicle to an acceptable hover
either at high or at low altitude. At high altitude, hover is
difficult anyway; but at low altitude, the realism of the display
was destroyed by the excitation of the transparencies’ natural
frequencies and the loss of resolution. The large relative posi-
tion thresholds which exist at this scale also prevent an accept-
able hover. If a hover cannot be achieved, then a lateral
maneuver is not possible.

The control is acceptable for large translations away from the
ground because the errors generated during attempted hover
are nol serious when applied to a large translation maneuver
such as translating down the runway at an aititude of 100 feet.
This is because the longitudinal plane assumes importance
during the maneuver and the lateral excursions resulting {rom
poor roll control are small compared to the large longitudinal
motion. In other words, sideslip angles are maintained within
acceptable limits. ‘

The reduced pilot activity {see Table 1) is caused by the inability
of the pilot to perceive small motions, thereby causing him to
adapi a "loose” control technique. In other words, he sees little
and therefore does little.

- —

Pilot vertigo may bx caused by the conflict between the some-
times “fair” visual cues acquired during attempted hover and
the highly trained xinesthetic sensations which are expected but
not felt because the cockpit is fixed, Inadvertent pilot head
motions were observed {requently.

-~
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3. The power speciral density of the pilot's lateral stick deflection
verifies this point, as the attitude closure was being effected at
frequencies of 1.0 Hz. The closures for flight occur at frequen-
cies of 0.5 Hz, while the various other simulators' closures are

_ between these values but closer to the lower one.

GENERAL CRITIQUE

Effect of Motion

It has been observed that overcontrol tendencies exist with the fixed-
base simulators, while for all other quantities constant, this does not
occur in the moving-base simulators or flight. The visual display fre-
quency response of the fixed-base simulators is sufficiently high that
this is not a factor in the overcontrol problem (see Appendix 1). The
onset of vertigo for the fixed-base simulators using the point light
‘source type of display is established. The indications are, therefore,
that significant pilot lead can be generated through the rotary motion
cues. This is illustrated in Figure 16, which contains several root
loci of pilot attitude closures. A pilot model consisting of lead and a
time delay represented by a first-order Pade’ approximation (ref-
erence 4) is included. Note that varying pilot-gaim can produce closed
loop roots which may vary considerably in damping ratio at nearly the
same frequency and pilot gain. The observations from the fixed-base
simulation indicate that closed loop roots exist at frequencies of 3. 5
radians per second with a damping ratio of 0.1 to 0.3. Such a closure
would be represented by the dark crosses on Figure 16. The root locus
shows, however, that the complex roots may be moved to the left if the
pilot lead time constant TL is increased to 0.4 second at constant pilot

gain. The resulting damping ratio is then 0.5, This is approximately
what is observed in flight. Compare the time histories of Figures 11,
15, and 17. The same absence of motion which results in decreased
pilot lead could cause the conflict between the visual and kinesthetic
cues which can cause vertigo (reference 5). Note that in all the simu-
lators with motion, no overcontrol or vertigo tendencies have existed.

Figure 18 serves to illustrate the effect of introducing another closure.
In this figure, the effective closed loop transfer function of the pilot-
attitude controller is combined with the additional airframe transfer
function relating side position and bank angle. Pilot attitude gain Kp

and lead time constant are fixed, and the locus is plotted for various
values of the linear pilot gain K p"

y
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Closed loop roots are shown for a particular pilot linear gain. Note that
the position closure is lightly damped and of low frequency. This root
location may be improved if the attitude closure roots were more heavily
damped.

An examination of a power spectral density distribution for the lateral
stick (Figures 3, 4, 6, 7, 9, 10, 13, and 14) shows dominant resonances
at frequencies of 0.1 to 0 3 Hz and 0 5 to 1. 0 Hz which correspond to the
root locus just described. A comparison of power spectral density from
flight or a moving-base simulator with those from a fixed-based simulator
shows that'a more dominant peak occurs at frequencies of 0.5 Hz for the
fixed-base simulators, verifying that the attitude closure is lightly
damped. It is probable also that cues working on the involuntary aspects
of the perceptive /reactive system can be used by a highly skilled VTOL
pilot. The latency time for the detection of linear accelerations is below
the period of the position loop roots. This suggests that a highly skilled
pilot could use linear acceleration cues supplied by his vestibular sys-
tem. For the VTOL aircraft near hover, a linear acceleration is very
nearly equal to attitude change times the acceleration of gravity. There-
fore, this cue may be used as a sensitive attitude cue.

Effect of Display

It has been shown how the display can cause position holding performance
to decrease. An examination of the power spectral density distribution of
a simulator with a poor display reveals that the levels are generally '
lower than in flight. [ This points to the hypothesis that a correct attitude
closure is not possible unless sufficient position cues exist. This is be-
cause, without correct position information, it is not necessary to control
attitude accurately and the "drifting" kind of performance is observed.
The position cues, therefore, are important both in content and in dynam-
ics/{ They not only must provide the pilot with excellent information
regarding his position and attitude in space, but also must provide him
with the correct derivatives of his spatial coordinates, This means that
the thresholds must be considerably less than the expected R, M., S. levels
of these coordinates and below the pilot's visual threshold,

———

Nearby vertical towers with markings enhance a pilot's ability to perceive
vertical motion. Familiar objects and known grid lines also help. The
three-dimensional aspect of the point light type of visual display not only
serves to give the pilot more information due to the wide field, but also
allows him to scan for the most rapidly changing coordinate. _Pilot scan
rate was found to be high for the visual hovering task. Target fixation
___c_i_u__xjﬁng_greci%ton hovering attempts often led to degraded performance
which could be restored by briefly scanning once more,
\——0—‘
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Overcontrol tendencies in roll and overshoot in lateral position during
maneuvering were cbserved. Inadvertent head motions were also ob-
served. The vertigo tendency was nearly suppressed by both pilots.
This was accomplished by introducing several factors:

1. The wearing of eyeshades which prevented the direct light from
the transparency from entering the pilot's eyes and which also
shut out the extraneous surface reflections of the transparency.

2. The adoption of a procedure where large simulator visual
motion such as that occurring during startup and shutdown was
not observed by the pilot simply by instructing him to close his
eyes during those times.

3. Frequent rests.

4. The frequent scanning by the pilots of the total display and the
avoidance of staring at a'particular point during a precision
hover or maneuver, ‘

5. Pilot motivation.

Control Utilization

Control moment utilization was studied to provide additional data on
which to base conclusions, Also, this parameter is of fundamental im-
portance for designers of V/STOL vehicles. It can reveal information
regarding pilot control inputs, since it represents the final cutput of
essentially a filter which receives the piiot control motions.

Since the X-14A vehicle is nearly neutral, it has nearly zerc rotary
damping on all axes, and the rolling moment of the reaction control

1xC> is nearly equal to
the rolling acceleration p. The error {s small and therefore these
quantities are used interchangeably throughout this section in units of
acceleration, radians per second squared.

system divided by the roll moment of inertia (

Table I contains the measured R. M. S, values of p for all simulators
and flight test. Note that the ratics of the R.M.S, values of p to JSR

during hover are nearly constant, However, these ratios for Simulator
D (all motion) and flight test are different from the ratios for all other

simulations. The results clearly show that the measured ratio of

313




-

- t

}
U. S. Navy Message from COMPATWINGSLANT, Brunswick, ME, to CNO,
Washington, DC. 2F87(F) SER MO § FE and co-pilot display.
RigJTIat April 1980. :

R 3318597 APR B0
F¥ COMPATWINGSLANT BRUNSWICK ME :
Sudy: 2FATLF) SER NO 5 FE AND CO-PILOT DISPLAY
TO €O wWASHINGIAN OC

[iiFU CIMNAVAIRSYSCUM WASHINGTON DC CUMNAVAIKLANT NORFOLK VA
CTMPATAINGSPAC MOFFETT FIELD CA COMPATWING FIVE BRUNSWICK ME
FASOGTRAGRULANT DET BRUNSWICK ME

UNSLAS  //NOLS51/4/

CNI FIR IP 594, NAVAIR FOR AIR 41335 AIRLANT FOR 31181
SudJ: 2F3T(F) SER NO § FE AND CO-PILOT OISPLAY

A, PHRONCON CNO CAPT FUNDERBURK/CPWL CAPT BISHGP OF 1 APR 80

1, DURING THE INSPECTION OF 2F87F #5 AT SINGER/LINK BINGHAMTON
NEW YORK, CHANGES TO THE PROPOSED CGI VISUAL DISPLAY WERE NOTED,
AD IDENTIFIEU 8Y THE FLEET PROJECT TEAM AS POSSIBLE WEAKNESSES -
IN THE NEw TRAINING DEVICE, THESE DEFICIENCIES WHICH PRECLUDE MIN-
IMALLY ACCEPTABLE FLEET TRAINING AREY A LACK OF A VISUAL DISPLAY
FOR THE FLIGHT ENGINEER AND A LACK OF A FORWARD QUARTER WINDOW
DISPLAY FUR THE CO=-PILOT.

2. IN VIEW OF THE DIFFERENT REQUIREMENTS OF THE FLEET COMPARED TO TKE
FRS AND THE ASSOCIATED IMPACT ON ISD AND PQS, THE FULLOWING TRAIN-
ING NEEDS AND REQUIREMENTS ARE SUBMITTED: '

A, TRAINING NEEDS:

(1) THE CO-PILOT'S SIDE WINDOW DISPLAY IS CONLIDERED ESSENTIAL
FOR FLEET CO-PILOT TRAINING, PATRON PLANE COMMANDER RIGHT
SEAT WURK, AND INSTRUCTOR PILOT TRAINING, THE PPC AND IN~-
STRUCTGR RIGHT SEAT WORK ARE CONSIDERED THE MOST OIFFICULT
TRAINING EVOLUTIONS THE P=-3 COMMUNITY ENCOUNTERS,

(2) FRUM A PSYCHO/PHYSIOLOGICAL STANDPOINT, THE FLIGHT ENGINEER'S
CENTER WINDOW IS ESSENTIAL TO THE FLEET NEEDS TO ENHANCE THE
TRAINING ENVIRONMENT FOR THE FLIGHT ENGINEER, AT THE PRESENT,

3 :
(413(2) 00 o INFU FOR CONNAVAIRSYSCOM WASH(T) 01551/ 1/007%
5$39(1) FC(1) 0lil) 008(1) 04(1) I

1. RTD:00Q=-000/COPIES 0007

026728/094 1 OF 3  MATA2811 094/23:442 0318592 APR 80
CSNIAUIB08102 COMPATWINGSLAN
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UUUUUUUUUUU LUy UYUUUUUULULUU UYL UULUULY
u UNCLASSIFIED U
(VIVIVISIS IS W1V INR TSIV IOLS IO RN I VIR WIO AN IO U IWAR IV IO N IR0 1N (O 1V

2FB7 1 THRU & HAVE A VISUAL DISPLAY FOR THE FLIGHT ENGINEER,
SQ NU DDCUMENTED CASES OF DEGRADED TRAINING OR MOTION SICK~-
NESS EXISTS, DURING THE IN-PLANT INSPECTION AND INFORMAL USAGE .
ON=S1TE» EVERY ENGINEER HWAS COMMENTED ON THE FEELING OF DIS~
GRIENTATION BEGINNING AS SOON AS ONE HALF HOUR AFTER TAKING
HIS PLACE IN THE COCKPIT, THIS IS CRITICAL, IN THAT NORMAL
TRAINING PERIODS WILL BE OF 3 TO 4 HOUR DURATION,
B. TRAINING REQUIREMENT:
(1) IN THE PRESENT 2F87(F) TRAINERS, THE PILOT AND THE CO-
PILOT ‘HAVE A FORWARD D]SPLAY ONLY, TAEG REPORTS GENERATED
SINCE ACCEPTANCE OF THE FIRST 2FB87(F) HAVE POINTED TO THE
PRUBLEM OF LACK OF PERIPHERAL VISION IN THE LANDING PHASE.
THIS WAS IMPORTANT IN THE FRS DUE TO THEIR TRAINING OF RE=~
PLACEMENT PILOTS LANDING FROM THE LEFT SEAT, THE PROBLEM
ENCOUNTERED IN THE FLEET 1S THE TRAINING GF PILOTS FOR RIGHT
SEAT LANDINGS AND RUNWAY WORK, THE REQUIREMENT TO ACCOMPLISH
THIS TRAINING IS CONTAINED IN THE CURRENT PILOT PQS FOR
PATRUL PLANE SECOND PILOT, PATROL PLANE COMMANDER, AND
INSTRUCTOR PILOT, THE ABILITY OR LACK OF ABILITY TO HANDLE
THE AIKCRAFT FROM THE RIGHT SEAT HAS BEEN THE SUBJECT OF
NUMERQUS SAFETY REPORTS SUBMITTED BY THE P3 COMMUNITY,
THESE REPORTS COVER EVERYTHING FROM MINOR INCIDENTS TO MAJUR
ACCIDENTS,
{2) IN ORDER FOR THE P3 FLIGHT STATION TO WORK AS A TEAM, EACH
MEMBER MUST BE ABLE TO GIVE HIS TOTAL ATTENTION TO THE TASK
AT HAND, IN THE CASE OF THE FLIGHT ENGINEER, THIS MEANS TO
MONITOR HIS INSTRUMENTS AND ASSIST THE PILOT IN ANY TASK
THAT REQUIRES HIS ACTIONS, IT IS FELT THAT THE POTENTIAL
DISORIENTATION CAUSED BY THE INCOMPLETE VISUAL DISPLAY,
COMBINED WITH THE MOTION CHARACTERISTICS OF THE TRAINER» WILL
PLACE UNNECESSARY DISTRACTIONS AND FATIGUE UPON THE FLIGHT
ENGINEER, DEGRADING HIS CONTRIBUT{ON TO THE TEAM EFFORT,
AS WtLL AS HIS INDIVIDUAL TRAINING, WITH THE PRESENT AND
FORECAST SHORTAGE OF FLIGHT ENGINEERS, IT IS IMPERATIVE THAT
THE ENGINEERS WE DO HAVE ARE TRAINED TO THE HAXIMUM», IN THE
BEST ENVIRONMENT POSSIBLE. IN 2F87(F) #5, THIS ENVIRONMENT
DOES NUT EXI!ST, IN OROER TO PLACE THE ENGINEER IN A REDUCED
FATIGUE SITUATIDON IT IS ESSINTIAL THAT HE BE ALLOWED TO
TRAIN IN A DEVICE THAT DOES NOT INCREASE THE CHANCES OF
SPATIAL DISORIENTATION, THIS CAN BE ACCOMPLISHED BY ADODING
A VISUAL DISPLAY AT THE FORWARD CENTER WINDOW.
C. CAPABILIVIES REQUIRED:
(1) FORWARD QUARTERS CO-PILOT WINDOW TO ALLOW THE CO-PILOT,
PPC, IP TO GAIN THE PERIPHERAL VISION REQUIRED TUO PROPERLY
OPERATE THE AIRCRAFT IN THE LANDING PHASE,
(2) CENTER FORWARD VISUAL DISPLAY ~ TO HELP RESOLVE THE
INADEQUACIES DISCUSSED ABOVE,
Do QUANTITIES AND COST: '
{1) THESk FIGURES HAVE BEEN SUBMITTED 8Y THE CONTRACTOR, AND ARE
HELD BY NAVAIRSYSCOM,

B 028728/094 2 0F 3 MATA2811 094/23:441 0318592 APR 80
SR C5V:iaulBoBlO2 - COMPATWINGSLAN
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E, IHITIAL TRAINING CAPABILLITY:

: (1) IT I> REQUESTED THAT THE IMPROVEMENTS BE MADE PRIOR TO FULL
Te TINE FLEET USE WHICH IS PROPUSED TO BE NOVEMBER 1980,

|\ F. ONGOINGL/RELATED EFFORTS: NONE

§ 3. CPAL POC: CAPT BISHOP (CF) AV 476-2598
for

] 028728709 3 GF 3 MATA2811 094/231442 0318592 APR b0
| CSViaUlBuBlug CONPATWINGSLAN
’ UUUUUUUULULULUUUUULULUUULILUYULULULY

v UNCLASSTFL1ED u

UUUUUUUUUULUULLULY  IWUUUUUULUULUUY
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“‘"’"“U S. Navy Message from FITRON ONE TWO FOUR to RUWFVAA/
COMFITAEWWINGPAC, San Dfego, CA. F-~14 WST 2F 112/WAVS
aircrew read;ustment. October 1981.
. O3 08 €8 85 % LR 0y 65 BF 8 38 B8 83
RCUTINE s UNCLA'SSTFIEDGS ' \

X84 08 84 08 ¥6 S8 3E 0 55 s 06 8B B

#Y o001t 297 003019

!

-

\

RTTUZYUw RUWFSGGSU 90 2970032 UUUU--RUCLAFA .

INR ULULU

R 2120052 OCT 81

FM FITRCN ONE TWO FOUR

T0 RUMFVAA/COMFITAEAWINGPAC RAu DIEGO CaA

INFO RUWFAAB/COMNAVAIRPAC SAN DIEGO CA

RUCLMFA/NAVTIRAEQUIPCEN ORLANDO FL

ey ——

VhNCLAS  //7NO3I5C/H/

SUBJ: F-=14 WST 2F112/wWAVS ATRCRZW READJWL TMENT .

A, COMFITAEWHINGPACNOTE 375075750 CH-1 G 11 JUN 81727 AUG 81 )

1« RFF A PROMULGATES GUIDELINeS FOR AIRQREW READJUS TMENT PERIODS

AFTER uSE OF F-14 WST 2F112/WEVS. FI14 FLEET PROJECT TEAM (FPT) AND

OTHER INPUTS WHICH RESULTEL IN RESTRICTIONS IN REF A WERE BASED UPON

LI®ITED EXPERTENCE WITH 2F112/wAVS AND SEVERAL PRELIMINARY PHYSIOLOG-

ICAL STUDIES CONCERNING FIXED-BASE « FULL V ISUAL FLIGHT SIMULATORS,

2. INDIVIDUAL DEBRIEFS OF ALL FITAEWNINGP AC 2F112 USERS HMAVE BEEN

CONDUCTED ON THE WHOLE RANGE OF CIVICE FIDELITYe UTILIZATISN: TRAIN-

ING USESs AND PHYSICLOGICAL EFFECTS. BASD UPON COMMENTS OF A LARGE

USER SAMPLE SPACE AND INFORMAM. FPT LIAISON WITH AUTHORS OF STUDIES.

CITED ABOVEs RECOMMEND RESTRICTIONS REF A BE MODIFIED AS FOLLOWNS:
(1) DISCUSSION: SOME AIRCREWS HAVE EXERIENCED SENSORI&O‘TOR

PAGE 02 RUWFSGGS09Q UNCLAS

DIFFICULTIES AND SICKNESS AFTER "FLIGHT® IN THE 2F 11 27uWAVS.,

SYRPOONS CAN BE WIODE RANGING AND VARY SINIFICANILY BETUEEN

INDIVIDUALS. AVIATION PHYSIQG OGISTS AND N AVAL AEROSPACE MEDICAL

RESEARCH PERSONNEL CLASSIFY THIS PHENOMENIN AS REVERSE SENSORY CON-

FLICTe EFFECTS ARE MOST PREVALENT ON THE FIRST EXPOSURE TO THE

VISUAL SYSTEM, \

{2) ACTION: THE FOLLOWING GUIDELINES ARE SET FORTIK:

{A) AFITER "FLYING™ THE 2?112/"&‘/5 FOR THE FIRST JIMEs AN
IRCR w . AN . f
LRION CF 'WELVL_( 12) HOURS. TH2S PERIOD SHOULD

NIGHY’S SLEE P,

(8) N SUBSCQUENT "FLIGHNTS™ IN THE 2F112/0AVSe INDI\HUUAL

AJRCREW JUDGEMEN Ct—m PBIMR TO ACTUAL FLIGHT

REGARD ING ADEQUATYE RTADJUSTHMENT., A MININUM OF TWO (2) HOURS SHALL BE

ORSERVED BETWEEN EXITING 2F) 12/WAVS AND aAC TUAL FLITHTS
' {CY " YRE DEVICE WILL BE STRRTEUXNU STOPPED (FROZEN) IN A

WINGS-LEVELe NOSE~ON - HORIZON (EARTH HORI 20NTAL) ATTITWDE. 1IN

ADDITION ‘HE‘VISUAL SYSJEN WILL BE SECUREQ AND WHITE DOME LIGMTS.

NCLUOE A GOOD
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B 2s Ge B8 B8 25 ¢ B8 $¢ 238 ¥S B3 PE A

f’f /6'u11~£ s UNCLASSIFIETD e

(A ERIEIEBRIRIEEEIN.NINIETNTET]

WItL BE YURNED ON BZFORE CREWMEN EXIT THE COCKPITS,
(D) A MINIMUM OF TORSO HARNESS AND ANTI-G SUIT WILL BE

PAGE 03 RUWFS"GS5090 UNCLAS
UWORNe FUL FLIGHT GEAR MAY EE WORN.
3« AT PRESENTy REF A RESTRICTS DEVICE UTILIZATION. USLRS ARE
HESITART TO LET ATRCREWMEN FLY THE CEVICE AND NOT ®&E ABLE YO

© SCHEDULE THEM FOR FLIGHTS THAT NIGHT. HMWEVERs ABOVE RECOMMENUATIONS
ARE PASTED UPON A CONSICERED EVALUATION OF ACTUAL AIRCREWw READJUST=-
MENT RELUIBED FOR SAFETY., SUCH ACTION SHOULD INCIDENTALLY ZMPROVE
TEVICT GTILIZATION .
5T
#5090
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Wenger, J. €. Motion sfickness in the P-3C Fleet Readin
Trainer at Naval Air Station, Brunswick, ME (Memora:::m
NBDL:60:5ah;6500). New Orleans, LA: Naval Biodynamics
Laboratory, 14 January 1980. :

From: Coamanding Of f{cer, Maval Biodynamics Lahoratory .
To: Cormander, Naval Air Systems Command (AIR-413), Washington, NC 20361
Subj:' Hation Sickness in the P=3C Fleet Readiness Trainer ac n»vnl AMr
Station, Rrunswick, Maine
Ref: (a) - Phonncon bntscen CHR Ashburn. Naval Air Systems Commind (ATR=4113)
and CPR Xannedy, Naval Biodynamics Taboratory, (dee-60) of
4 Dec 1980

{(h) COMPATWINGSLANT Brunswick, ME, MSGC 0318597 APR &0 to CNO

{¢c) Phonecon between Dr, Rohert Kellopn, ACM Simulator staff,

Willtiams AFR and CDR Kennedy, Naval Riodynamics Lahoratory

(Code=A0) of 1 Feb 1980

(d) DCIEM Technical Communication No. ARN~-C-44 nefcnce and Civil
Institute of FEavirnnmental Medicine, Downsview, Ontario, fanadn

(c) HNHaval Air Development Center Report No. NARC=77274-50, 30 Sept
1977

(£) Chapter by Coarad Xralt (pp. 363-385) in Pevcimlopy from Rescarch
to Practice Fd. by M. L. Pick, Jr., M. ¥, Lefihowltz, . R.
Qtnncr A. Stelnschaeider, and W, W, Stevenson, Plenun Press:

1978

1. PReference (a) requested Navalk Riodynimics Lahoratory (NBDL) to (nvestiuate
the P=3C Fleet Readiness Trainor (FRT) at Naval Afr Station, Rrunswick, ‘aine
and to recommond wavs to alleviate simulator sickness in that system. Simulator
s{ckness 1n the Prunswick FRT {s experionced by virtually all flight enaincers
but not by the pilots and copilots. Reference (b) initially called attention
to this problem. 1In order to hetter assess the Rrunswick FRT, N Kennedy,
LCDR Carter, and Nr, Ritiner, members of the NADL staff, (irst visited the
P=3C FRT at MAS Jacksuvuville, which (s virtually {dentical to the anc at
Rrunswick but has a mndel board visual display whereas the Branswick FRT has
computer penerated imagery (CGI). . The Jackronville FRT docr not protuce
appreciable antion sickness, They alsoe witneased a demoartration of an $=3
FRT at Cecfl Ticld which has a versfon of CGT, hat also prorduces nepligible

motion sickness.

2. The simulator sickness experienced by flipht ennineers In the Arunswick
P~3C FRT {s of classic form and rcsembles simulator slckness expericnced {n
other traintnn devices c.a., velerences (c) and {d). These flight engineers
" oxperience and reacl to the optically fnduced distortions and {llurlon which
alfter a Jatent period of ahout 30 minutes give rise to the Fullaving effects:

dizziness, yawnina, burpinn, confus{on and headache, salivation, stomach
awareness, cextreme unsteadiness, and nausea. Maving the head appears to
apgravate the problem. Tralning missions are routinely ahorted after fliphe
times of only 40 minutes. The postural disequilibrium resalts {n safery risks .
vhen exiting the trafaer. Horeover, {mncdlately after a training gesslon

flipht enpincers suffer npots hefore the eyes, headache and feelinps of dig=
orientation. There {8 the suppestion of lonper ranpe (hours) effects so that
flyinpg and driving may bte contrafndlcated up to 48 hours.
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Lo The canse(n) of (hsae svEptoms shons i e elimdnared for the Tol fonwin .
feasons,  The flieht cusineves are at ri- witen walking on the Tadders at the
exit of the simulater following trainin: © cause of extreme unstend i aess
intuced by the snimulator. The students 'ecome reluctant tn take mare: tralning
after this cupericnce.  Additionally, the symptoms of stoulator si-ven-:

rediice the effeativencss of the flight enaincers and hence jeopardize Lie
flipht crew In ceal fifphts that follow the tralning on the game dav, . Tralata;
Is probably less e(frctive hocause the Flight engincers attend to Lhelr malaine
rither than to the flight betag simulated.  Sehedulfing probhlems duc to Ullness
result in lost cruew tim on the simulator follnslnv abortsx,

4. Tt is pruposed the follewing FRT stimuli lead to the €flipht cnuineerx’
simulator sickness. The most ohvious cause of the sickness Is the SAT viowed
off-axis. This conclusfon twas reached for the following reasong: (1) sickness
accury even without simulator motion at Brunswick; (2) =silckness {s nat prevalent
fa an identical simulatne witheut CCY (with or without motion) at Jacksoaville,
and (3) sicknes:s is ant experienced hy the pilat and copilot whn view the 217
-on=axis, Off-axisvvivding"(thé flight enpincers® view) of the GGl includles

the follovine characturistice. The scone Us optically compressed indhaar! ane
expanded outhoard. This kind of distortion nf the viswal scene. is Lnown Lo
produce disarientation and nansea. Furtheracre, only the flight ennincer we -,
tie outer cdyes of the two CRL's. The CCL cdpes appear Lo be outside of the
windscreen (hence they seem far away), yet the edpres scem to move {n the
eppmsite diraction of any head movement (hence they scem to he nearhy)., Thin
Xkind of perceptual conflint {s also known to produce disoricntation and nausra.
Finally, durlng a turn the horizan appears from the flight enpinenr’s scat 2o
hreal: and riar faster on the side with the clevated wing, A braken horizon s
truly a distressing poresption waich ean only exacaerhate nausea and disnoriont-
Note that only the CGL fn front of the pilat and coptlot are favalved

ation.
The CGCT an the sides of the Flight deek are

{n these nanseating perceptions,
veridlcal and appear reassuring for all the crew.

S. It may prove nccessary to nmdectake an R&D propram to attain a deeper
nnderstanding of simulator sickness and how (L can he avaided. The fallowing
are rocommended as “quick™ and “intermediate”™ solutions to the Imaendiatre

prohlem at Rrunswick., a.) The E{rst Is to occelnde the fliaht ensincer's viow
of the pilot and copilol's €CI1. This has been shown to reduce hut not elfslnazte
the simulator sicknese according to reference (h). Tn our opiaion, the sane
effect can he ohtalaed with “Light Control Film™ manufacturced hy Lhe Induetrial
optics Division of the 31 Company (Product Taformatfon, (A12) 733-54%4),

Other countermeasures may fnclnde minia{zing head movement, roconnitinn of

carly sipgns of mation sfcekness (burpine, salivation, ynunlng. sveatliap),
{ncreased montal concentration hy flipht engincers on the tark at hand,
uze of the simulator In a flxed hase mode for Flight vnpincers with mlnlntl
flisht hours. e.) The (ntermediate Fix would he to install a third CGLU in
fronr of the flight engincer, This should ant be visthle to the plinr and

copllot.

an:l

{t L8 the separateness of the displays which plves cine to the
prohloms cltad hinrein, The separate displays provide conflicting sinnalv to
the peripheral viston af Clipht enpinenrs.  Perhaps a television protoct fon of
CGl fmages on an appeoxinmately curved serien wauld combine the advantapes of
CGY (low malulenance enst, proncaphic varsatility) and model=hoard vigual
simulaclons (o4 continunus wide=screen perspective), refarance (e).

h. 1In part,
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7. Two othee shortcomings of the CCv (whieh are congldered ;u hwe of minar
Impoctance in the present slmulatfon! ‘wwame apparcent darfnn the fnvestipations
and deserve comment. First, the visi:! GG movement and the platform moénmnnt.
are fnftlated by the same electronic «ipgnal which {s {mplem:nte:l lmmedlnLcIQ
on the CGU display hut {s {mplemented with delay in the platford movement rdue
to the dynamics of hydranlie systems. Hence the platform movement toneds o
lag the visual scene movement. This kind of stimulus lag Ls°not present in
the regl P=3C so that trainces may be learning to expect InaﬁprOpr'atﬁ com-
hinacfons of visnal movement stimuli. This problpm cian he solved by usliag
fcedback from actual movement at the <imulator to {nit{atc movement of the
CGI's. A second prublem s that the CGT produces very definfte cues that the
{mages are only a few fcet away, slthough the CGT are simulating ob jects
thousands of feet away. These depth cues are duc to binocular vision. This
can be ver{fied by viewlns the CGT with one cyc open and the:other cys closed,
then opening the clonsed cye and closlng the {nitially opened’one. When this
is donec the CGT appcar to jump, as do all nearby objucts. Ohjects that are
teally thousands of feot away do not jump, The effects of this misleadinpg cuc
{n the simylation are difficult to surmise, but the effect may h~ important
when teansition to actual flipht is caonsldered (refercnce (£). Perhaps these
two errors of simulatinn should be favestigated further. 1ITt.fs tins recaqmen=
dation of MANL staff members that first priority he gplven to solutioas of the
scrious simulator sickness problem of flight engincers in the P=3C FRT at
Rrunswick. Thls s especfally true hecause the RBrunswick simulator is a
prototype, so timely actfon will avoid the simulator sickness prohlem in other

P-3C FRT's that arc yet unidelivered., .

Copy to:
CNO (O1r=59)
CHRIMIED (MFD 3-()

CO IMRDC
(\\
' cer
“‘\n’ ?" .
i - }
L
ne
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