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SUMMARY

Whereas most research into Space Motion Sickness has emphasized the
etiological role of altered vestibular functioning, several lines of
evidence indicate that even in the relative absence of vestibu!ar
stimulation, unfamiliar and unexpected optical Information can by Itself
lead to disorientation, performance decrements, bodily discomfort, and
motion sickness. We manipulated the visual environment of 15 subjects

4 by prismatically up-down reversing the field of view, preceded by a no-
prism baseline condition. Methodologically we held vestibular stimulation
constant. Subjects were exposed to seeing the unfamiliar optical motions
and movements they produced by their own eye-, head-, hand-, leg-, and body
movements. Through the reversing prism as saw what Stratton In 1896 called
"the swinging of the scene." Subjects' responses, while performing a
battery of behavioral tests that Included perceptual tasks, equilibrium
tests, fine and gross motor coordination tests, and motion sickness
ratings, were then compared to the no-prism baseline.

We observed (1) dizziness and queasiness, especially during head
movements; (2) poor balance while standing; (3) unsteady equilibrium
while walking; (4) disorientation while moving about and during attempted
precise eye-hand coordination; and (5) associated autonomic activity,
including changes In sweating (GSR), muscle tension (EMG), skin surface
temperature (EDG), and pulse throughout the protocol. We tested for
adaptation by having ks repeat all six visually guided fine motor
coordination tasks; rapid improvement occurred eveh in is who reported
extreme dizziness and queasiness throughout the protocol. The results
demonstrated the prominent role played by unfamiliar and unexpected optical
movement-information In the etiology of disorientation, disequilibrium,
performance decrements, and motion sickness symptoms.

This experimental paradigm Is the first step in our research program
designed to demonstrate the effectiveness of our prism training/adaptation
technique as a safe, noninvasive, and economic countermeasure to the
perceptual and performatcry decrements associated with disorienting
situations and the often attendent motion sickness experienced by ground
and flight personnel as well as by astronauts. Such disorienting situations
include passive transport in moving vehicles over rough or unfamiliar
terrain, turbulent water, air, or In microgravity. Our experimental
paradigm is believed to perceptually innoculate--to pre-adapt--personnel to
the ill effects visually Inherent In disorienting situations, thus
preparing them perceptually, psychologically, and operationally to overcome
the effects of disorientation and various forms of motion sickness.
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PREFACE

This study was initiated by the Crew Systems Effectiveness Branch, Human
Engineering Division, Armstrong Aerospace Medical Research Laboratory,
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research was conducted by Hubert Dolezal, 1960 Lincoln Park West, Chicago,
Illinois 60614. The work was funded by the Laboratory Directors Fund of

AAMRL. The project monitor was Captain Thomas Connon, who has since left
the Air Force and Is in practice In the Dayton area. The final document
was prepared by Hubert Dolezal. Helpful suggestions for changes were made
by Major Melvin R. O'Neal of AAMRL.
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HISTORICAL BACKGROUND

The frequency, duration, and intensity of motion- weightlessness- or
space-motion sickness (SMS), the space adaptation syndrome (SAS),
weightlessness-sickness, and airsickness experienced by astronauts and
flight personnel have generated considerable concern because of their
potential survival hazard during space walks without lifeline and because
of the debilitating effects on in-flight tasks. Blurred vision, bodily
instability, and apprehNnsion have been reported (e.g., Johnson & Jongkees,
1974). Other pertormance-degrading symptoms experienced by astronauts in
microgravity Include the perception of cold or flushing, pallor, sweating,
increased salivation, yawning, drowsiness, sleepiness, depressed appetite,
dizziness, disorientation, headache, stomach awareness, epigastric
discomfort, nausea, and vomiting (Ambler & Guedry, 1966; Dowd, 1973;
Graybiel & Knepton, 1976; Graybiel & Lackner, 1977; Grose, 1967; Guedry,
i968; Homick, 1983; Lackner, 1976; Melvill Jones, 1970; Pitblado &
Mirabile, 1977; Potvin, Sadoff & Billingham, 1977; Ryback, Rudd, Matz, &
Jennings, 1970; Spector, 1974). We will refer to these symptoms
collectively as bodily discomfort.

Control of balance, locomotion, orientation, and performance, whether
achieved on earth or In microgravity, rests on two Important and closely
related perceptual achievements that govern visual stability (Gibson,
1958, 1966, 1970, 1972, 1979; Howard, 1974, 1978; Howard & Templeton, 1966;
Lee, 1978; Richards, 1975; Rycn & Ryan, 1940; Sandstroem, 1951; Schilder,
1935). First, astronauts or flight personnel must accurately distinguish
"movements and events that are self-generated from motions and events

'. originating In the environment. Second, they must achieve a relatively
stable visual world during eye, head, and body movements, an accomplishment
known as visual position constancy (Rock, 1966, 1975; Shebilske, 1977;
Welch, 1978). Astronauts' salf-generated movements and events, as well as
environmental events, generate relative opical Mgtions. whose complex rate
of change characteristics are available at the retina and represent the
visual stimulation and information that guides the astronaut's orientation
and action.

_* Space motion sickness has been assumed to be largely due to the abnormal
stimulation of the vestibular receptors under microgravity conditions. In
order to develop a model system for studying vestibularly Induced motion
sickness, to explore methods of overcoming It, to Identify candidates with
greater or lesser susceptibility, and to habituate personnel prior to
flight, a number of experimental paradigms have been explored. In one of
these, subjects (,Is) were required to execute head movements while sitting
in a (e.g., Stille-Werner) chair that rotates at varying angular velocities
(Ambler & Guedry, 1965; Cowings & Toscano, 1982; Graybiel, 1979; Graybiel
& Lackner, 1977; Guedry & Benson, 1978; Levy, Jones, & Carlson, 1981;
Miller & Graybiel, 1969, 1970a; Toscano & Cowings, 1982). In variants of
this method, is were rotated in either the earth horizontal or vertical
plane with the heaA assuming one of several positions. Different
configurations of these produced greater or lesser degrees of motion
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sickness, dependent on the axis of rotation and the I's head position
relative to this axis (Graybiel & Lackner, 1977; Guedry & Benson, 1978;
Leger, Money, Landolt, Cheung, & Rodden, 1981).

The motion sickness produced by such movements has been shown to be
exacerbated when as are placed in a freefall environment, using parabolic
flight maneuvers in both hyper- and hypo-gravity conditions (i.e., flying
an aircraft In Keplerian parabolic trajectory In which the gravitational
force of the earth Is counterbalanced by the centrifugal force of the
aircraft) (Graybiel & Miller, 1976; Howard & Templeton, 1966, Ch. 16). In
sudden stop vestibulo-visual tests, also studied during parabolic flight,
is In a rotating chair, enclosed In a striped cylinder, were rapidly
decelerated multiple times after being rotated at an angular velocity of
300 0 /sec (Lackner & Graybiel, 1981, 1983). In another experimental
paradigm is executed head movements out of the plane of rotation within a
slowly rotating room (e.g., the Pensacola Slow Rotation Room) (Graybiel,
1964; Graybiel & Lackner, 1983; Guedry, 1965; Guedry, Kennedy, Harris &
Graybiel, 1964).

While all of these manipulations have been shown to produce motion sickness
and have differentiated Is with greater or lesser degrees of
susceptibility, In most cases It has been noted that the effects produced
are partially dependent upon whether is eyes were open or closed,
suggesting that interactions between the visual and vestibular systems are
crucial for understanding motion sickness and SMS (Bock & Oman, 1982;
Dichgans & Brandt, 1973; Graybiel, 1980; Graybiel & Lackner, 1980; Lackner
& Graybiel, 1983; Lackner & Teixeira, 1977; Leger, et al., 1981; Wong &
Frost, 1981). The need to go beyond vestibular considerations in order to
understand SMS has been recognized in a number of recent theoretical
formulations (Collins, Schroeder, & Elam, 1982; Graybiel & Lackner, 1983;
Homick, 1979; Money & Oman, 1983; Pitman & Yolton, 1983; Reason, 1974;
Smith, 1982). Several hypotheses attribute motion sickness to a mismatch
between the visual, motor, proprioceptive, and vestibular activities in the
experimental conditions relative to the coordinated activational patterns
of these systems that the I is accustomed to in everyday experience
(Dolezal, 1982; Dolezal & Held, 1975; Guedry, 1970; Reason, 1978 a,b;
Steele, 1968). In microgravity, the development of SMS can also be
presumed to result from the unfamiliar and unexpected visual, motor,
proprioceptive, and vestibular Interrelatlonships that occur due to
vestibular and visual stimulation (Dolezal, 1982; Homick, 1979).

Several lines of evidence Indicate that even without any alteration of
direct vestibular activation It Is possible to bring about some of the
symptoms of motion sickness by modifying visual experience alone. One
familiar example of this Is the effect created by wide-screen movies shot
from the point of observation of the viewer or conveyance (e.g., a car at
ground level, the wing of a banking aircraft, the tip of a downhill racing
ski, or the bow of a ship in heavy sea). The common denominator In these
Instances is unfamiliar and/or unexpected optical motion Information that
Is discordant with the vestibular, motor, and proprioceptive input of the
stationary observer, and Induces the perception of one's self being moved,
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frequently accompanied by queasiness and postural adjustments (Benfari,
1964; Dolezal, 1983; Dolezal & Held, 1975; Parker, 1971).

More detailed experimental evidence was reported by Stratton in his two
classic experiments on "vision without inversion of the retinal image,"
created by a set of monocular inverting lenses (1896, 1897a,b). He was the
first to describe prismatically induced visual instability and mild nausea
which he attributed to the seen displacement of his field of view; he
called the phenomenon the "swinging of the scene". Several subsequent
investigators confirmed Stratton's observations, including Brown (1928, p.
134), Ewert (1930, p. 351), Kohler (1951, p. 17; 1964, p. 31), Kottenhoff
(1957, p. 153), and Peterson & Peterson (1938, p. 25). Only one subject
denied experiencing a "swing effect" or nausea but reported dizziness and
nausea as an aftereffect (Snyder & Pronko, 1952, pp. 125, 142-143). Each
Investigator observed that the perceived "swinging" stops after 3-6 days of
wearing the lens, mirror, or prism device, and that an aftereffect occurs
upon removing the spectacles. Individuals who don a new pair of eyeglasses
commonly report mild effects of motion sickness, especially during
locomotion, presumably due to altered rates of optical motions in the
peripheral field of view (Lackner & Graybiel, 1983).

The visually perceived correspondence between the actual and the observed
rate and direction of head movements was recently studied In the laboratory
by Wallach and his co-workers who followed Duncker's (1929) lead; they
concluded that only when the seen relative displacement of the environment
closely approximates that wh;ch Is normally produced by head movements Is
the environment perceived as stationary (Wallach & Kravitz, 1968, p. 299;
see also Wallach & Floor, 1970; Wallach & Frey, 1969, 1972; Wallach &
Kravitz, 1965a,b; Wallach, Frey, & Romney, 1969).

A notable example of learning a technique of visually "anchoring" or
stabilizing oneself (principally the eyes and/or head) to a fixed place in
+he environment Is represented by dancers and figure skaters; their visual
"spotting" during multiple pirouettes and fouettes entails fixating a
stationary object by keeping the head Immobile for as long as possible
during these rapid turns of the body. The head Is then whipped around,
covering an arc of approximately 360*, regaining visual fixation with an
again stationary head. For the experienced dancer the angular velocity of
the head may be In excess of 500°/sec, decelerating at a rate of 2000°/sec*I

* within a one-quarter turn (Osterhammel, Terkildsen, & Zllstorff, 1970).
N The fact that ballet dancers do not experience vertigo or nausea during or

after such turns (Collins, 1966; Tschlassny, 1957), even though they elicit
powerful vestibular stimulation, demonstrates that visual stabilization can
thoroughly overcome even the most severe perturbations of the vestiwular
system, fully preventing any loss of balance or motion sickness. This
successful maintenance of equilibrium Is clearly due to a v'isual override
of the vestibular system and cannot be attributed to a general habituation
which can be shown by measures of the is subsequent nystagmic threshold
responses to angular acceleration (Dix & Hood, 1969).
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S~ The Prs AJpgoc_ ±2 Opticail Disorientation

One five week prism adaptation study focused explicitly on the
applicability of a disorientation paradigm to the study of motion sickness
during space flight (Dolezal, 1982, Ch. 12). The subject wore spectacles
that up-down reversed his field of view. Normal up-down and tilt head
iovements, especially rapid and repeated head movements during locomotion,
yielded immediate, unpredictable sen destabilization of the visual
environment which was accompanied by perceived unsteadiness,
disorientation, "light-headedness", sweating, tachycardia, trembling of the
limbs, and a strong inclination to vomit. Behavioral disorientation and
confusion were characterized by a general slowing of all body movements and
by incompetent actions such as misreaching, incompetent pointing, pouring,
pushing, pulling, and erroneous pursuit and compensatory eye-head movement
sequences (Dolezal, 1982, Chs. 7-9, 12).

Adaptatio to this optical up-down reversal was characterized by some
attenuation of nausea during the first 6 hours of prism exposure.
Sweating, tachycardIa, and nausea disappeared following a subsequent 4-hour
nap. Gross motor movements, especially walking, improved markedly following
this period of sleep (Dolezal, 1982, Ch. 12). Overall, improvements of
performatory competence varied widely: a Improved most quickly his gross
motor coordinetions such as visually guided pointing and reaching for
stationary objects during fixations and after saccades; executing correct
eye-head sequences was his next accomplishment; fine eye-hand coordinations
adapted last; correct eye-head-arm pursuit of rnapi events (e.g.,
InterceptIng a tennis ball) was not achieved, even after over 200 waking
hours of exposure and hundreds of practice trials, spread over a period of
2 weeks (Dolezal, 1982, Chs. 7, 8, Appendix A). Repeated exposure to the
initially nausea-creating optical motions during active head movements
ceased to adversely affect a wide variety of everyday tasks, including
walking, hiking, bike riding, swimming, water skiing, or driving a car.
However, after adapting to up-down reversal for 10 days and more than 125
hours, a, while still wearing prisms, experienced severe nausea, vertigo,
and generally motion (being moved) sickness while a passenger In the front
seat of a car going up and down a curvy mountain road and moving at only
15-35 kms/hr. The I was driven for 45 minutes, followed by a 20 minute rest
stop, 20 more minutes in the car, a 90 minute stop, and then a final 35
minutes in the car. There was no remission In severity of nausea, and ds I
got out of the car he was quite close to vomiting. The experience of
severe nausea was especially pronounced when the driver shifted gears,
applied the brakes, or accelerated (i.e., whenever an unexpected rate of
change was Introduced over which I had no control). These force changes
resulted In 5. experiencing unfamiliar and unexpected optical Information,
vestibular stimulation, and proprioceptive Input--being jerked, Joggled,
and bounced ;n ways he could not anticipate, counteract, or control. Ten
m minutes later while still wearing the same reversing prisms, I competently

V• drove the same car without experiencing any noticeable discomfort or nausea
(Dolezal, 1982, pp. 317-318).
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The above study showed that optical Information processed by the oculomotor
system represents a critical aspect of motion sickness Induction. When
optical Information conflicts with vestibular information in its
specification of the rate and direction of head and body movements, the
observer uses the optical information to adapt, suggesting visual system
dominance over vestibular input. A specific xample of this dominance is
that vestibularly "driven" compensatory eye movements--the so-called
vestibulo-ocular reflex--were "overridden" by prismatically up-down
reversed afferent optical information In which compensatory eye movements
physically reversed their usual direction and rate of movement during up-
down head movements (Dolezal, 1982, Ch. 7).

The feasibility of teaching visual control over SMS is suggested by dual
findings: the evident plasticity of the vestibular system as exemplified by
the reversed compensatory eye movements and the remarkable control function
the visual system exerts. (The aftereffects of 1800 phase-reversed
compensatory eye movements In the dark confirm this unexpected vestibular
plasticity and altered visual-vestibular and haptic-kinesthetic
coordination (Davies & Melvill Jones, 1976; Gonshor & Melvill Jones, 1973,
1976; Melvill Jones, 1976; Melvill Jones & Davies, 1976; and Melvill Jones
& Gonshor, 1972, 1975)). In addition to the attenuation of motion
sickness, visually guided control Is reestablished for orientation,
locomotion, and most eye-hand-limb coordinations. This Is presumably
because the ecological constants that continue to be available optically,
even in the reversed field of view, begin to be attended to and their
spatial relationships become meaningful once again and can thus be
responded to competently. An example of one such constant occurs is
moves his head toward his feet; the feet eventually become visible even
though the optical motion Information during the head movement erroneously
specifies, "You are raising your head".

Donning a reversing prism necessarily creates a complex family of
mismatches or contradictory specifications as to I's motorically,
proprioceptively, auditorily, vestibularly, and nosmically specified
actions, and the seen result of a's actions which contradicts this account.
Thus, adaptation depends on re-establishing consistencies that validate one
another within and across all perceptual and act!on systems. For example,
even if moving the head towards the feet initially looks like an upward
head movement during the movement, Its visual meaning becomes consonant
with the end result (i.e., having moved the head toward the feet). In
addition, even though moving the head toward the feet looks and feels like
moving away from the feet, the "felt position" comes to agree with the
visual meaning change (i.e., "I'm moving my head toward my feet"). Hence,
visual-visual-motor consonance or adaptation Is achieved. This account Is
elaborated to show how hypothesized visuomotor program mechanisms change
their control parameters to allow for such adaptations to these novel
(mismatched) Input-output and output-output rs.e.Lremats that govern the
eye movements, eye-head movements, head-eye movements, of various types
(i.e., saccadic, compensatory, optokinetic or vestibular nystagmus, and
pursuit), and combinations of eye-limb and eye-head-limb movemonts
(Dolezal, 1982, Ch.ll).



What Is novel in the above optical disorientation approach is the
prominence given the analysis of the unfamiliar and unexpected optical
Information In microgravity environments and Its role In potentially
affording . visual stability and physical comfort with competent
equilibrium, locomotion, orientation and action. Second, broadly
construed, this approach emphasizes the dominance of the visual system in
governing bodily stability. Third, this approach points out the
adaptability to unfamiliar and unexpected Information of the visual system
In learning a new set of visual-visual, visual-vestIbular, visual-motor,
visual-auditory and visual-proprioceptive correspondences. Having learned
such correspondences allows the adapted i to cope confidently and
masterfully in virtually any unfamiliar environment that initially creates
mismatches, including the microgravity of space travel.

It might be noted that whereas none of the 26 astronauts In the 16 Mercury
and Gemini missions experienced SMS when confined to their seats In these
earlier small capsules, astronauts in the Apollo, Skylab, and Space Shuttle
programs began experiencing SMS (33%, 54% and 50%, respectively) while
freely moving around in these larger space vehicles (Homick, 1979, 1983).
During Skylab flights, for example, SMS lasted for 3-5 days for the 5
affected crewmen (Graybiel, Miller & Homick, 1974). Although astronauts in
all of the flight programs were exposed to similar microgravity conditions,
It might be argued that the salient difference giving rise to the SMS In
the later missions was as follows: A fully mobile astronaut, while
Initiating purposeful, complex, and full-body movements In pursuit of an
In-flight task, sees and feels that the amount of force he actually exerted
yields an unexpected and hence grossly surprising rate, extent, and
direction of movement, accompanied by discordant optical motions of the
visual environment. Also, any additional relative optical motions that are
not under his direct control are seen to be asynchronous with commonly
experienced sights. This point extends to the astronaut suddenly floating
In an Inverted orientation, the craft's movements relative to seen external
surfaces, and any craft movement, seen relative to himself. Moreover, what
is optically, motorically, vestibularly, and proprioceptively expected and
achieved are mismatched, creating very evident visual feedback that Is
discordant with the astronaut's terrestrial experience. In terms of the
Immediate effects of exposure and the time course of adaptation (i.e.,
Initial disorientation, nausea, unsteadiness, general debilitation, and
performance decrements, followed by gradual amelioration and recovery
within 1-5 days) there are striking parallels between the experience of the
astronaut and the prism-wearer exposed to unfamiliar optical information.

OBJECTIVES

The objectives of this study were: (1) to demonstrate the prominent role
played by unfamiliar and unexpected optical motions In producing
disorientation, bodily Instability, performance decrements in visually
guided tasks, and bodily discomfort akin to motion sickness; (2) to measure
these potential effects objectively by behavioral and physiological tests
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as well as by self-reports; and (3) to assess, by means of this
exDerlmental paradigm of wearing a prism that up-down reverses the field of
view, the course of rapid adaptation, especially in overcoming performance
decrements.

RATIONALE

Whereas research Into space motion sickness has focused principally on the
etiological significance of altered vestibular input, considerable research
(reviewed in the background section) points to a significant, perhaps even
dominant, role of visual Information In controlling orientation,
performatory competence, and the perception of bodily well-being.
Experience from previous spaceflights indicates that changes In vestibular
activation associated with microgravity environments pi sa did not produce
SMS when astronauts were constrained from moving (I.e., in the Mercury and
Gemini programs); however, 33-54% of astronauts developed SMS when moving
about freely In the much more spacious Apollo, Skylab, and Space Shuttle
crafts.

The SMS experienced in these more recent flights is presumably related to
the novel perceptual correlations of unfamiliar and unexpected optical
motions seen by the astronaut when he initiates a movement, when relative
motion of the craft is seen, and when his own movements produce unexpected
results. Such experiences have been conceptualized as a mismatch between
optical, motor, vestibular, and proprioceptive input and output. A
mismatch of comparable Intensity that produces motion sickness is readily
produced experimentally by wearing a prism that optically reverses the
field of view. The demonstration of adaptation in this paradigm (Dolezal,
1982) shows that a person can regain visual stability, performatory
competence, and overcome motion sickness, presumably by learning a new set
of visual-visual, visual-vestibular, visual-motor, visual-proprioceptive,
and visual-cognitive relationships.

This paradigm may be useful in identifying Individuals with a greater or
lesser ability to overcome optically Induced motion sickness, afford a
reliable means of assessing medications in alleviating optically Induced
motion sickness, and may by Itself have a facilitating effect In
alleviating disorientation, performance decrements, and bodily discomfort
associated with the unfamiliar and unexpected optical-vestibular-motor-
proprioceptive relation-ships experienced In microgravity.

The ultimate objective of this work is to provide a framework for preparing
crew members psychologically, perceptually, and physiologically for the
microgravity conditions in flight and also provide the basis for design-
modifications of spacecraft that would stabilize the visual environment of
astronauts and obviate the development of SMS.

10

U



METHODS AND MATERIALS

Sikbts. Fifteen college-educated subjects (9 men, 6 women) participated
as paid volunteers. All were between the ages of 20 and 45; for men, the
mean age was 28.3 years; for women, 27.7 years. All as had binocular,
uncorrected or contact lens corrected acuity of 20/40, as determined by
prebasellne Snellen chart measurement, with 11 Is at 20/20 or better. as
had to demonstrate an understanding of the Instructions by accurately
recounting the test protocol and by meeting the criteria for head movement
accuracy and sitting still during physiological recordings, All Is were
healthy. Persons were excluded from participation In the study if they
(I) were physically unsuitable as determined by Miller & Graybiel's (1970
b) health questionnaire; (2) were pregnant or menstruating; (3) had a
history of anemia, asthma, back problems, bronchitis, glaucoma, clotting,
heart condition, abnormally high or low blood pressure, thyroid, or seizure
disorders; (4) had Inner ear difficulties or a history of severe problems
with dizziness, vertigo, fainting, nausea, car or plane sickness; (5) had a
history of neurological or psychiatric illness; (6) used or abused drugs,
including medication at the time of the experiment, especially
antihistamine preparations; marijuana could not have been used for one
month, LSD for two years and no alcoholic beverages for at least 24 hours
prior to testing; (7) had a history of gastrointestinal disease such as
ulcers, migraine headaches, present ear infections, common cold, active
sinus condition or any active disease state.

In mednQgJnt. The health and welfare of as was safeguarded in 5 ways.
First, as were Informed as to the true and exact nature of the experiment
verbally and preprinted on a Statement of Informed Consent that Included a
copy of Principle 9, Research with Human Participants, from the APA Ethicl

orinJi. Qt Eiyholoalsts, 1981, pp. 637-638, and the freedom to
discontinue participation at any time and yet be paid for their
participation for that session. All as read and signed this form. Second,
a health questionnaire allowed only healthy persons to serve. Third, .'s
behavior and discomfort ratings were closely observed to detect any
Incipient unease so that testing could be terminated before any i roached

a level of frank sickness with vomiting. Fourth, provisions for post-
experimental rest prior to operating a bike, motorcycle or car were made
available, encouraged, and compiled with by all Is; transportation, though
unnrcessary, was also available. Fifth, the experiment was approved by the
Coumittee for the Protection of Human Subjects of Northeastern Illinois
University, Chicago, Illinois.

Table I gives a quick overview of the conduct of the experiment. An
explanation of each test procedure follows.

Table I

11



Protocol for Baseline (No Prism) and Experimental Condition (With Up-Down
Reversing Prism) for the Short Session (27 stepsý and the Long Session (41

steps) E1]

Jita J_ S±R D23cciptLon a IQoI..Lon
1 MSRS/pre-experlmental E2] sitting
2 Pre-Experimentation Questionnaire sitting
3 Helmet donned by j [3] sitting
4 Physiological hookup [41 sitting
5 MSRS 1 sitting
6 Physiological 1 sitting
7 One Leg Balance Test 1 standing
8 Eye-Hand Coordination Tasks 1 [5] sitting
9 Head Movement 1: 40 bpm [61 standing

10 MSRS 2 sitting
11 Physiological 2 sitting
12 Walking Task 1 [7] walking
13 NSRS 3 sitting
14 Physiological 3 sitting
15 Head Movement 2: 60 bpm standing
16 MSRS 4 sitting
17 Physiological 4 sitting
18 Head Movement 3: 80 bpm standing
19 MSRS 5 sitting
20 Physiological 5 sitting
21 Walking Task 2 walking
22 MSRS 6 sitting
23 Physiological 6 sitting
24 One Leg Balance Test 2 stand ing
25 Eye-Hand Coordination Tasks 2 sitting
26 MSRS 7 sitting
27 Physiological 7 sitting
END OF SHORT SESSION
28 Head Movement 4: 80 bpm standing
29 MSRS 8 AuLUn last 2-1/2 minutes of HIfs standing
30 Physiological 8 durlrng. last 2 minutes standing
31 MSRS 9 following 5 minutes of HMs standing
32 Physiological 9 standing
33 MSRS 10 sitting
34 Physiological 10 sitting
35 Head Movement 5: 100 bpm standing
36 MSRS 11 during last 2-1/2 minutes of HM1U standing
37 Physiological 11 during last 2 minutes standing
38 MSRS 12 s~anding
39 Physlological 12 standing
40 MSRS 13 sitting
41 Physiological 13 sit t ing
END OF LONG SESSION

12
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---- tn1frj to Table I

[1] Note that prior to this laboratory session each a. has filled out
the preliminary health questionnaire, Statement of Informed
Consent, the Motion Experience Questionnaire, and the Pensacola
Motion Sickness Rating Scale. Details are described below.

[2] MSRS 1: Motion Sickness Rating Scale; given 7 or 13 times.

[3] Helmet: Helmet with plain acrylic (Baseline/Control Condition)
or with up-down reversing prism (Experimental Condition) were
put on by a; a's field of view was restricted to 1150 x
280 in the horizontal x vertical p~ane and worn by a from
Step 3 to end of session.

[4] Physiological responses (skin temperature, pulse, GSR, EMG)
pre-experimentation hook-up or 2 minute recording, measured 7 or
13 times.

[E5 Six Eye-Hand Coordination Tasks performed with the dominant hand
only; given twice.

E6] Head Movement: (HM) 1. Up-down and right-left tilt onto the
shoulder; Head Movement/Eye Movement task that was done for 5
minutes at 40, 60, 80, or 100 beats per minute (bpm) to a
metronome; given 3 or 5 times.

[7] Walking Task I: without shoes; given twice.

Information/Pretraining Session. At least 24 hours prior to testing, all
as were Informed as to the rationale of the research and filled out our
preliminary health questionnaire, Statement of Informed Consent, the Motion
Experience Questionnaire (Miller & Grayblel, 1970, Appendix A), and the
Pensacola Motion Sickness Questionnaire (Moore, Lentz, & Guedry, 1977;
Reason & Brandt, 1975). is also received pretraining on our 5-point Motion
Sickness Rating Scale (MSRS), making Judgments of bodily comfort-discomfort
as described In detail below, and on the Head Movement/Eye Movement Task.
I s then received a pre-experiment instruction sheet that Included asking is
to abstain from the Intake of alcoholic beverages for 24 hours, food for 3
hours, and to reschedu9e If they Ingested any medication 24 hours prior to
either of their two sessions.

Vitdeotapjg.. We used a camera (RCA CKC 020) set on a tripod In a fixed
position relative to a and a cassette recorder (RCA VKP 900) to record both
Baseline and Experimental sessions. The videotaping served the following 5
functions: (1) Independent confirmation of all timings recorded by the
experimenter during the study, Including the One Leg Balance Test and the 6
Eye-Hand Coordination Tasks; (2) confirmation that 'is met the criteria for
head movement precision; one i did not and thus did not contribute to the

13
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data pool; (3) confirmation that Baseline and Experimental sessions were
conducted as nearly Identically as possible; (4) a rich source of data for
analyzing Indivldual behavioral components during all phases of the study;
and (5) preservation of post-session Interview data.

QAt& IransfIr nd CgQW.•• U • An&y.XL5. We transferred the data from the
physiological monitoring equipment to a Cyber mainframe computer (located
at Vogelback Computing Center, Northwestern University, Evanston, IL).
Correlational, Chi Square, and several forms of MANOVA analysis were then
made possible by the expertise of a Vogelback Computing Center staff
member.

The purpose of the Baseline Session was to familiarize as with (1) wearing
the 1.35 kg (2 lbs, 14 oz.) helmet; (2) looking through a restricted 1150
horizontal x 280 vertical field of view; (3) reporting perceptions of
comfort-discomfort on our Motion Sickness Rating Scale (MSRS) from
different body parts; (4) having sensors attached for recording 4 autonanic
changes; (5) performing the One Leg Balance Test; (6) performing 6 visually
guided Eye-Hand Coordination Tests; (7) executing the Head Movement/Eye

* Movement Tasks to 40, 60, 80, and 100 metronome beats/minute; (8) walking
normally through the laboratory and hall; and (9) video/audio (VCR) taping
of the experiment (13 of 15 baseline and 15 of 15 experimental sessions
were recorded).

The Baseline Session consisted of the following 27 (Short Session) or 41
(Long Session) steps:

(1) Ss gave pre-session MSRS ratings to determine If they could serve;
rating any body region as a "number 3" (moderate discomfort) necessitated
rescheduling to avoid the possibility that S's results from then on were
confounded with pre-existing discomfort (e.g., a headache). The MSRS was
used several times, each time preceding 2 minutes of physiological
recordings, In order to evaluate the magnitude and direction of a
relationship between as' perceptual Judgments of motion sickness discomfort
and applicable physiological indicators. is were asked to rate, on a 5-
point scale, the Intensity of discomfort they perceived, associated with

•* various body regions.

M• ion • i•kLnSessaLing Sca[e: BQd,• RegJins: 1-3. Head: rate perception of
dizziness; headache; drowsiness; 4. Throat: rate discomfort; 5. Chest
Region: rate discomfort; 6. Stomach: rate queasiness; 7-8. Body
Temperature: rate change to warmer or colder during the performance of any
protocol tasks; 9. Muscles: rate degree of tenseness; and 10. Body: rate
unsteadiness. 5s were also encouraged to make spontaneous verbal report
whenever a change was noticed. Intensity Dimension: I = no discomfort ("I
feel fine"); 2 = slight discomfort, dizziness, headache, queasiness, change
In temperature, or tenseness, etc.; 3 = moderate discc4nfort, etc.; 4 = high
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discomfort, etc.; 5 = extreme discomfort, etc. On perceived body
unsteadiness I = steady; and 2-5 = slightly, moderately, high~y, and
extremely unsteady, respectively.

Is# behavior and MSRS ratings were closely observed to detect any
Incipient unease so that testing could be terminated before any I reached a
level of frank sickness with vomiting. as who reached "4" and "5" levels

on the MSRS were asked to stop the ongoing activity, to sit down, maintain
a stationary head and to close their eyes until they felt better and their
ratings of discomfort, especially "head dizzy", "stomach queasy" and "body
unsteady," returned to a moderate level.

(2) Is' level of compliance with pre-experimental instructions was
monitored by the Pre-Experimentation Questionnaire (Graybiel & Miller,
1970, Appendix B), given minutes prior to serving in both the Baseline and
Experimental Session.

(3) The control helmet, adjustable to any head size, was then put on by
each I and worn by 7 as for 65-75 minutes (Short Session) and by 8 Vs for
85-100 minutes (Long Session). The helmet contained a rectangular, plain
(nonreversing) block of clear acrylic. This helmet was worn only In the
Baseline (Control, No Prism) condition.

(4) The four sensors that detect autonomic changes were then attached to a.
Repeated measurements of 4 physiological variables were made to assess
whether any changes were reliably associated with the effects of engaging
in the Head/Eye Movement Task with and wlhout up-down reversing prisms.
These Indicators Included electromyographic (EMG) activity, electrodermo-
graphic (EDG) activity, pulse rate and skin surface temperature. The EMG
and EDG monitors were J & J's models M-52 and R-72, respectively. The J &
J EDG Model R-72 provides two modes for measuring the electrical activity
of the skin: Skin Conductance and Skin Potential. We measured Skin
Conductance, traditionally called the Galvanic Skin Response (GSR). Blood
pressure was monitored by an Industrial and B~omedical Sensors Corporation
automated blood pressure and pulse rate monitor, model SD-700A. Skin
surface temperature was measured by a Blo-Medical Instruments/Self
Regulation System model 1820 monitor. All autonomic signals fed into a
control unlt and then Into an Apple II Plus computer. A program computed
means, standard deviations, low, high, and slope values for all four
physiological variables every 20 seconds, 6 consecutive times during each 2
minute recording session, and printed this data.

Skin surface temperature was measured by taping the sensor to I's
nondominant (left hand for all ýs) little finger. Pulse was monitored by
clipping the optical plethysmographic sensor to its ring finger. Skin
conductance (GSR) was measured by attaching the 2 dry electrodes with
velcro strips to the second underside pad of the middle and Index fingers.
EMG was monitored by affixing the three sensors to Its left cheek, just
above the jaw; Vs masseter muscle thus became the principal recording
site. Skin surface- and EMG surface electrode preparation and attachment
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was affected as described In Basmajlan & Blumenstein, 1980. All recording
devices were checked for reliability of recording at this p'-int, fresh
batteries having been Inserted prior to each session for each J.

(5) While still seated 1 was Instructed to look straight ahead with eyes
open throughout the session and to give baseline ratings on the MSRS.

(6) Physiological measures were then recorded for 2 minutes (six 20 second
bins or periods) as soon as I could adjust himself comfortably and sit as
still as possible without moving, Including not talking, swallowing,
smiling or making body adjustments of any kind to minimize EMG artifacts.

(7) The One Leg Balance Test was administered. Is wore no shoes. -as were
asked to fixate straight ahead and to support the body first on their
right leg (ipsilateral to their dominant hand) and then on their left leg
for as long as they could or for 120 seconds each, whichever came first.
The experimenter timed with a stopwatch the duration from the time .S raised
the second leg off the ground until a had to put It down because of loss of
balance. is were allowed repeated attempts until each reported that he had
given an optimal performance or until 15 false starts had occurred,
whichever came first. The number of false starts was recorded. All
timings by the experimenter were Independently checked against the VCR
recordings by a research assistant. All differences of 3 units (seconds or
false starts) were reconciled.

"(8) Six Eye/Hand Coordination Tasks were given to allow us to evaluate
differences In visually guided, fine motor, eye-hand coordination for the
reversing prism vs. no-prism condition. All 's were seated In front of a
table with a 20" x 20" surface. . used only the dominant (right) hand for
all tasks. Following verbal Instructions that allowed sight of the objects
and task requirements, I was asked to look straight ahead and to place his
hand In a constant startinq position down by his side. On the
experimenter's signal, a was to complete each task as quickly as possible,
the experimenter recording total duration to completion In seconds. Errors
were not counted against as and any Item dropped on the floor was replaced
by the experimenter to Its last position on the table or was put
consistently Into the tray or 5ox that had contained the Item originally,
whichever was most appropriate.

The order of task presentation--Task 01-16--followed an Increasing order
of difficulty for all as. The first 3 tasks were standardized Bailey
Infant Scale of Mental Development Items. First, a was asked to drop 10
small 1/20 cubes singly Into a small hole In the center of a container
after removing the top, emptying out the cubes and replacing the top.
Second, a was asked to remove 6 pegs In a pegboard, to place the pegs on
the side of the pegboard furthest from him, and to replace them. Third, J
"was asked to build a tower of 8, 1-1/4" cubes from a pool of 12 cubes
symetrically arranged in a 5" x 6-1/2" x 2-1/2" deep box. ;q had to place
the 8 blocks on the table first before starting to build the tower. The
fourth fine motor coordination task was for . to exchange one ""aw size
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battery In a 4-1/2" x 2-1/2" calculator for another. Under visual guidance
S. needed to remove the cover, replace the battery and cover and turn It on

to test whether the battery had been inserted correctly. a then needed to
place the calculator and battery back on the table in its original
position. Fifth, I was shown a standard 13" x 13" checker board fully set
up for play with round, I" diameter, plastic black pieces closest to a,
red ones furthest away. a. was asked to replace these exactly, Including
the crown emblem facing upwards toward S. The experimenter then deposited
all pieces by handful into a 5-1/4" x 6-3/4" x 2-1/2" deep box from which I
needed to retrieve them. Sixth, J was asked to place, from a tray, 2-1/2"
long plastic pegs into their respective holes In a "Score 4," 8" x 8" game
board and then to place one plastic bead on each of the pegs. The accuracy
of the experimenter's stop watch durations were Independently checked by
the computer operator who noted the on-off times to the nearest second that
appeared on the monitor. Differences of more than 3 seconds were checked
against the videotape and reconciled.

(9) The Head Movement/Eye Movement Task was next. While I stood, she
moved her head up-down (chin-to-chest position), tilted her ear toward her
right and then left shoulder continuously for 5 minutes to a metronone set
at 40 beats/minute. I was also directed to look In the direction of each
head movement. I typically completed one successful U-D-R-L head/eye
movement sequence within 5-10 seconds of the start signal. Once I had
established a correct rhythm as to the direction, extent, and frequency,
the experimenter started the stopwatch. Every 15-30 seconds _I was told the
elapsed and remaining time and encouraged to maintain a correct rhythm.

(10) 1 then sat daown to give the MSRS for a second time.

(11) Immediately thereafter, I was asked to sit still while physiological
measures were taken for 2 minutes for the second time.

(12) The Walking Task followed. I was unplugged from the recording
equipment and asked to walk the length of the laboratory and of the
adjacent hallway, a total of 60 yards, while moving his head up and down
and then to return and seat himself In his chair. (13) The MSRS followed
for a third time. (14) Physiological measures were taken for a third time
as in (11). (1.5) The Head MovemenT/Eye Movement Task followed, again for 5
minutes; this time the metronome was set at 60 beats/minute. (16) The MSRS
was followed by (171 physiological measures for a fourth time. (18) The 5
minute Head Movement/Eye Movement Task was performed at 80 beats/minute,
(19)followed by the fifth series of MSRS, and (20) physiological measures.

(21) The Walking Task followed for a second time, as In (12). (22) The MSRS
and (23) 2 minutes of physiological recording followed, for a sixth time.
(24) The One Leg Baiance Test followed a second time, as in (7). (25) The
Eye-Hand Coordination Tests followed for a second time, as In (8). The
Short Session ended with a seventh taking of the (26) MSRS and (27)
physiological measures.
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The Long Session added 14 more steps to the Short Session. (28) First,
once again performed the Head Movement/Eye Movement Task at 80
beats/minute; (29) 2-1/2 minutes after the onset, while a continued moving
her head, a gave the MSRS (for tho 8th time) and Immediately thereafter,
(30) for the last 2 minutes of the head movements, physiological measures
were taken for the 8th time. (31) As soon as a stopped her head movements
and stood still the MSRS was administered a 9th time, (32) followed by the
9th, 2 minute physiological recording session. (33) Immediately
thereafter, S. sat down and gave the MSRS for the 10th time, (34) followed
by the iOth physiological measurement.

(35) j then stood up to perform the Head Movement/Eye Movement Task at 100
beats/minute with the 11th-13th (36-40) MSRS ratings and physiological
measurements following as above, (41) ending the Long Session with the
13th physiological record!ng while _a was sitting.

Each J, whether he had served in the Short or Long session, was asked
informally to describe the similarities or differences of his perceptions,
thoughts, and feelings during the session with any experiences before
participating In our study. If no spontaneous comparisons were made, a was
asked more directly about likening his experiences to being on a boat or
ship, to roller coaster, carousel, elevator, plane, or car rides, to
panoramic movies, etc. Ss were also asked If they had experienced any
bodily perceptions that we had not even asked about on the MSRS. as were
asked about the differences In their experiences during and after the Head
Movement/Eye Movement Tasks, comparing up-down with tilt movements, the
different rates of movement, the One Leg Balance Task, 6 Eye-Hana
Coordination Tasks, and Walking Task.

V ExperlM~ntal%.L aL~

The Experimental Session was held at least 48 hours after the Baseline
Session. The range of time separating the two was 48-168 hours with a mean
of 112 (4.7 days) and a median of 122 hours (5.1 days). The passage of at
least 2 days ensured recovery from fatigue or other aftereffects that may
have resulted from the Baseline Session. The Experlmental Sessions,
whether short (27 steps) or long (41 steps) were as Identical to the
Baseline Sessions as possible In all respects, with the exception that all
Is wore b helmet containing a glass prism that optically up-down roversed

v, the field of view.

RESULTS

RatLin. In order to examine +hese Interrelationships among perceived
bodily changes and autonomic reponses, the correlation matrix presented In
Table 2 and In Table 3 was constructed.
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Table 2

Correlation Coefficients (r) and significant p Values for- Physiological and
Motion Sickness Rating Scale Vblues for Individual Is In Baseline (No Prism)

and Experimental (Reversing Prism) Condition

DAUJELE I& Prism) ~ EZELIMLEAL (Rovr-ipna Pr-Lml

Head Stomach Body Un- Head Stunach Body Un-
IDizzy Queasy steady Dizzy Queasy steady

Yarlble L i~l r il r c.i~ r a .1 r 9

2 Mean GSR .99( .001)
High GSR .99(.001)
Mean Temp .80( .02)
High Temp .79( .02)

3 Mean GSR .75(.03)
H~gh GSR .72( .03)
Mean EMG -.72( .03)
High EMG -.77( .02)

5 Mean GSR .92(.002) .88( .004)
High GSR .92(.002) .89(.004)

6 High Pulse -.82( .01)
Mean GSR -.96(.001) -.96(.001)
High GSR -.97(.001) -.97(.001) .67( .05)
Mean EMG -.78(.02) -.78(.02)
High EMG -.76(.02) -.76(.02)
Mean Temp .90( .003)
High Temp .91 (.002)

7 High Pulse -.68( .05)
Mean GSR .96(.001) .69(.04)
High GSR .96(.001) .68(.05)
Mean Temp .78(.02) -.69( .04)
High Temp .80(.02) -.69( .04)

8 High EMG .54( .03)

9 Mean Temp -.68( .005)
High Temp -.85( .001)
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Table 2, cont.

BASELINE Lhi Erism] EXFER MENTAL (Reersnr Pfjzm)

SHead Stomach Body Un- Head Stcmach Body Un-
-- Dizzy Queasy steady Dizzy Queasy steady

Variable r- i PI rr- rr

10 Mean Temp -. 51(.04)
High Tomp -. 51(.04)

11 Mean GSR .66(.01)
High GSR .66(.009)
Mean Temp .75(.003) .54(.04) .68(.007)
High Temp .76(.002) .53(.04) .69(.007)

12 Mean Pulse .84(.001)
High Pulse .83(.001)
Mean GSR .63(.01)
High GSR .60(.02)
Mean EMG .57(.02)
High EMG .59(.02)

13 Mean Pulse .81(.05)
Mean EMG .70(.004)
High EMG .70(.004)
Mean Temp -. 85(.001)
High Temp -. 85(.001)

14 Mean Pulse -. 64(.009)
High Pulse -. 63(.01)
Mean GSR .60(.02) .96(.001) .75(.03) .85(.008)
High GSR .60(.02) .96(.001) .75(.03) .86(.007)
Mean EMG -. 53(.03)
High EMG -. 50(.04)

15 Mean Temp -. 72(.003)
High Temp -. 72(.003)
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Table 3

Correlation Coefficients (r) and significant p Values for P'ysiological
and Motion Sickness Rating Scale Values for Group (N=15) Data in the

Baseline (No Prism) and Experimental (Reversing Prism) Condition

B L 1 PrLsi EXPERIMENTAL (RnvesIng Prism)

Head Stomach Bcdy Un- Head Stomach Body Un-
Dizzy Queasy steady Dizzy Queasy steady

Mean Pulse .16(.03) -. 24(.002) -. 15(.04) -. 25(.001)
High Pulse .18(.02)

Mean GSR .15(.03) .22(.005) .14(.05)
High GSR .15(.03) .25(.002) .17(.02) .16(.03)

Mean EMG .30(.001) .29(.001) .34(.001)
High EMG .35(.001) .30(.001) .37(.001)

Mean Temp .28(.001) -. 27(.001) -. 35(.001) -. 22(.005)
High Temp .27(.001) -. 22(.005) --. 30(.001) -. 17(.02)

The covarlation Is described for each of the 4 autonomic measures (pulse,
GSR, EMG, skin temperature) with 3 (of the 10) MSRS variables (head dizzy,
stomach queasy, body unsteady) that were hypothesized to be most likely
related to the physiological events measured. Each measurement period
consisted of 20 seconds. Each recording session lasted 2 minutes. All 15
'Is underwent the same 7 physiological recording sessions following
activities described In the protocol; the last 8 Is underwent an
additional 6 sessions (13 In all). Only Mean and High values collected
during the 2nd measurement period in each of the 2 minute recording
sessions were used. Data from the first measurement period had to be
disregarded for two reasons. First, Is exhibited a very high rate of body
movements during the first 20 seconds after sitting down--even after
Indicating they were ready for sitting quietly for 2 minutes--thus creating
artiticially high (EMG) scores. Second, In several Instances the recording
equipment was not able to collect data free of artifacts. This was true
following plugging I back Into the recording machinery after the Walking
Task which Is did twice in each the Baseline and Experimental condition.
Data from the 3rd through 6th measurement periods were deemed too far
removed In time from the time Is gave the WRS ratings to be considered
optimally valid to establish the extent to which Is could Judge their
autonomic nervous system events.

Table 2 presents Pearson r correlation coefficients and their respective p
values for each Individual Ij Table 3 shows r and p values for all Is
combined, again for both the Baseline and Experimental conditions. Two
correlations were examined. First, the mean values of each of the 7 or 13
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recording periods of -'s pulse, GSR, EMG, and skin temperature were
compared with the corresponding values for the 3 MSRS variables, head
dizzy, stomach queasy, and body unsteady. Second, the same was done with
the L values. Each value for each variable was base lIne-correted, that
Is, was arrived at by deducting from It Its respective baseline value that
each j achieved on the first measurement occasion within that condition
(i.e., before a engaged in the Balance Test, Eye-Hand Coordination Tasks,
head movements or walking). Hence the values are yielded by deducting
Physiological 1 (Step 6 of the protocol) from Physiological 2,
Physiological 1 from Physiological 3 and so on through 7 for 5s 1-7 and
Physiological 2-13 for as 8-15 and by sirmllarly deducting MSRS 1 (Step 5 of
the protocol) from MSRS 2-7 and 2-13. These comparisons yielded 15
Individual 1, and 24 group, Pearson r correlation coefficients for each the
Baseline and Experimental condition.

"Visual Sat y andLt PhysJo.gicaL MeasureA. Table 4 presents the autonomic

Table 4

Mean and High Values of 4 Physiological Measures (Pulse, GSR, EMG,
Skin Temperature) and respective F Test for all _s (N=15) for all
Recording Periods (df=14/274) and for Baseline (No Prism) vs. Experimental

(Reversing Prism) Condition (df=1/274)

Source Qi Ygraour

(Baseline vs.

Experimental)

ME E

Mean Pulse 1.82* 1.72(NS)

High Pulse 4.34"** .00(NS)

Mean GSR 19.62*** 7.94**

High GSR 18.41*** 5.47*

Mean EMG 2.04* 9.36**

High EMG 2.25** 14.23***

Mean Temp 10.75"** 21.12***

High Temp 11.13*** 15.11"**

*p<.05 **p<.01 ***p<.O01
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measures that proved significantly different from chance by F test for
differences among Is across all recording periods (df=14/274) and for the
Baseline (No Prism) vs. the Experimental (Reversing Prism) condition
(df=1/274). Again, the Means and High physiological values used for the
comparison were taken from each of the 7 or 13 recording periods; each
value was baseline-corrected, that Is, derived by deducting from it its
respective baseline score: Physiological I (Step 6 of the protocol) from
Physiological 2-7 and 2-13.

YUsu&L §tjb..LLIty = lLLIy DIscomfort. Our MSRS was used to assess 10
parameters of Is' perception of comparative bodily comfort/discomfort on a
5-point scale where 1 represented "I feel fine" and 5 extreme discomfort.
Three of these parameters (head dizzy, stomach queasy, body unsteady) were
considered, on empIrical grounds, to best represent as' awareness of the
discomfort experienced. Table 5 presents the mean baseline-corrected MSRS

Table 5

tlon aianmJ a Ratina Scale. Mean MS\i \dtings for all as for all
Protocol Steps and respective F Test (ir=1/14) for Baseline (No Prism) vs.

Experimental (Reversing Prism) Condition

Mean basellne-corrected F Test for Ratings in
1SRS Ratings for all Ss Baseline vs. Experi-

mental condition

MSR Enrmeter Baseline ELpermnj t L E

Head Dizzy .03 1.1 16.60***

Stomach Queasy .0 .6 11.15**

Body Unsteady .1 .7 8.61**

Total .1 .8 15.02**

**p<.01 ***<.001

ratings for all Is for all protocol steps (Steps 5, 10, 13, 16, 19, 22 and
26 tor the Short Session, adding Steps 29, 31, 33, 36, 38 and 40 for the
Long Session) and F ratio (df=1/14) for the Baseline (No Prism) vs. the
Experimental (Reversing Prism) cond!tIon.
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Visualn. 5±tab..LLýh end. Control Qj E1kD=2

Qn U L B aanc Ia.t. DuratLon of Standing on UtbA. J=. The One Leg
Balance Test was used to assess as' comparative visually guided control of
balance. The total duration a•s could support their body on the right leg
and left leg In the Baseline (No Prism) vs. the Experimental (Reversing
Prism) condition was compared by analysis of variance. Table 6 shows these

Table 6

Qna fIg gJan Tes It. Mean Durations (in seconds) all Is could stand on one
log, and respective F Test (df=1/14) for Baseline (No Prism) vs.

Experimental (Reversing Prism) Condition.

Mean Duration (in Sec.) F Test for Durations
for all as Baseline vs. Experi-

mental Condition

Balance Right Leg 52 5 21.00**

Balance Left Leg 67 7 34.05e**

Balance R & L Leg 119 12 28.12**

***p< .001

mean durations and one main effect that was significantly different from
chance (df=1/14) (i.e., the length of time a.s stood on one leg :n the
Baseline vs. the Experimental condition). =.s stood significantly briefer
durations (on average, only 6 seconds) while looking through the up-down
reversing prism than they did while looking through plain acrylic goggies
(on average, a full 59 seconds). Natural log transformation of the
duration as were able to support themselves on either leg yielded F ratios
greater than those shown• In Table 6. (The analysis by F Test of the time at
which the Balance Test was performed, 1st vs. 2nd occasion [Step 7 vs. Step
24 of the protocol], showed no significant differerices for either the right
or left leg for either the Baseline or Experimental condition. Similarly,
the right leg vs. left leg differences for duration of balancing proved
nonsignificant in either condition.)

Qne Lo&qI anne Iglej: .•umk g El5g S•. r~ts. Table 7 shows the mean
number of false starts with respective F Test and the Chi Square analysis1: which compared how often is as a group put their leg down before
successfully supporting their body on the other leg (number of false
starts) in the Baseline (No Prism) vs. the Experimental (Reversing Prism)
condition. (Additional analysis of the time at which the One Leg Balance
Test was performed, 1st vs. 2nd occasslon [Step 7 vs. Step 24 of the
protocol] showed that In the Experimental Condition Is as a group made
significantly fewer false starts for both legs combined EF=11.16, p<.005,
df=1/42] and for the right leg only during the second administration
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Table 7

Qne Lea DAw& jut. Mean Number of False Starts (FS) made by all is
before standing still and respective F Test based on Log Transformed Data
(df=1/14) and Chi Square Test for Baseline (No Prism) vs. Experimental

(Reversing Prism) Condition.

"Log Data Chi Square Test for I
Baseline of FS for Baseline

R n of a fo AUll 5a vs. vs. Experimental
Experi- Condition
mental Chi

Baseline Experimental FS A

False Starts 1 5 25.65*** 24.30** 10
Right Leg

False Starts 0 3 49.69*1* 28.30*** 9
Left Leg

False Starts 2 8 69.54*** 32.831* 16

R + L Legs

**p<.01 ***p<.001

compared with the first administration EF-15.88, p<.001, df=1/42]; also a
significant difference from chance was found for the main effect of Time
(F=15.03, p<.O05, df-1/14), and for the Time at which false starts were
made with the right leg (F=21.12, p<.001, df-1/14). ) (No significant
difference for either right or left leg was found In the Baseline
Condition.) Natural Log transformation of t hese false start scores were
deemed most appropriate for this analysis of variance.

OQtiLcJ. Disorientation Wj Vis Guided
Ejn Motor Coord•Ina±[n

Eye-an CAoordLnatLion Tasks. In order to assess I•s' comparative visually
guided performatory competence, 6 Eye-Hand Coordination Tasks were used.
Table 8 shows the mean durations for all i.s for all 6 tasks for, both
Baseline and Experimental conditions; it also presents the Low, High, and
Range scores across all Eye-Hand Coordination Tasks for all is.

The a.nalysis of variance shown In Table 8 Indicates that both main effects,
Time at which the 6 tasks were performed (1st vs. 2nd occasion: Step 8 vs.
Step 25 of the protocol), and Condition (Baseline vs. Experimental), as
well as the Time x Condition Interaction effect-the Experimental Condition
showed (performatory adaptation) changes over time whereas the basel ne
condition did not--were significantly different from chance (df=1/14) for
all tasks. A further F ratio analysis, also presented In Table 8, revealed
that the duration for all task performances decreased significantly
(df=1/42) only during the Experimental condition, that is, as took less
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Table 8

Eye-Hand CgLQrf•nALQoA..Tasks. Mean Durations (in seconds) to Complete al! 6
Tasks for all as and respective F Test (df=1/42); also F (df=1/14) for Time of
Performance (Time 1 of Baseline & Experimental Cond. vs. Time 2 Baseline &
Experimental Cond: Step 8 vs. Step 25 of the protocol); Condition: Baseline (No
Prism) vs. Experimental (Rgversing Prismn) Condition, and Condition x Time

Interact ion

F, for Time of Performance,
Mean Duration (in sec.) for all as Baseline vs. Experimental
Low, High, and Range Scores across Condition, & Condition

a TasL kIs for aLL Ss. tm e r act in
Basel Ine Condition

Time 1 vs. vs. Ex- vs. Time
Task Baseline Experimental 2 of per- perlmen- Inter-
_ C•ndItLon Cond it±ion frmn a l Cond. actiL~on

Ist 2nd Mean F Ist 2nd Mean F F F F

I 17 16 16 .07(NS) 68 41 54 18.07*** 12.64** 54.88*** 8.72**

2 14 14 14 .00(NS) 57 29 43 37.83*** 29,54*** 51.461** 24.60***

3 22 19 21 XO0(NS) 354 82 218 25.54*** 14.04** 23.09*** 13.851*

4 34 23 28 .41(NS) 118 58 88 11.34** 8.33** 17.59*** 4.74*

5 54 51 52 .03(MS) 201 136 168 16.25*** 16.27*** 54.27*** 14.39**

6 92 88 90 .03(NS) 302 203 251 28.46*** 25.06*** 83.91**f 22.84***

Mean 39 35 37 .06(NS) 183 92 137 36.86*1* 26.52*** 57.08*** 24.12"**

Low 11 10 11 28 18 23

High 121 120 121 1188 292 740

Range110 110 110 1160 274 717

*p<.05 **p<.01 a**p<.O01

time to complete the 6 tasks the second time they perforned them In the
•.5.'.: Exper imental Condition. Natural Log transformation of the duration as

required to complete each of the 6 Eye-Hand Coordination Tasks yielded F
ratios that were significant at or beyond the levels shown In Table 8 for
all comparisons of the 2 main effects, namely, Time at which each lask was
performed and Condition (Baseline vs. Experimentai), and tor their
Interaction (Time x Condition).
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DISCUSSION

Dizziness, queasiness, sweating, changes in muscle tension and skin
surface temperature, poor balance while standing, unsteady equilibrium
while walking, and disorientation while moving about and during precise
eye-hand coordination were all observed rllably and to a significant
extent In a sample of 15 men and women under the Influence of the main
Independent variable-cluster of this study: seen unfamiliar optical motions
and movements engendered by eye-, head-, body-, leg-, and hand movements
while looking through an up-down reversing prism attached to a's head.

More specifically, the following results demonstrate the prominent role
played by unfamiliar and unexpected optical motion-information:

(1) We observed sign!ficant covarlations for 13 of our 15 Individual as for
their ratings of dizziness, queasiness, bodily Instability and the
magnitude of their physiological responses including pulse, GSR, EMG, and
skin surface temperature (Table 2).

(2) We found modest but significant covarlations for our 15 Is as a group
for their ratings of dizziness, queasiness, and bodily instability and the
magnitude of their physiological responses including pulse, GSR, EMG, and
skin temperature (Table 3).

(3) Measureable changes from baseline levels were found In as as a group
in physiological responses including GSR, EMG, and skin temperature (Table
4).

(4) Significant individual differences exist among the Is of our sample
relative to all the physiological and MSRS parameters (Tables 2 & 4).

(5) We found that as a group, ast perceptions of bodily discomfort differed
substantially from baseilne levels as reflected In ratings of dizziness,
queasiness and bodily Instability on our MSRS (Table 5).

(6) as displayed significant loss of control of visually directed body
balance In the Experimental (Reversing Prism) Condition as reflected first,
In the One Leg Balance Test where is were able to stand, on average, only
1/10th as long as In the Baseline (No Prism) Condition and, second, in the
fact that is made an average of 4 times as many false starts while trying
to stand on one leg In the Experimental Condition (Tables 6 & 7).

(7) Profound visuo-motor disorientation was documented by significant
performance decrements In visually guided actIons; iLs took 3-16 tImes as

* long in the Experimental (Reversing Prism) Condition as In the Baseline (No
Prism) Condlilion to perform the 6 Eye-Hand Coordination Tasks (Table 8).
(8) We also found substantial, rapid adaptation In fine motor coordination;

.s completed the Eye-Hand Coordination Tasks on the second attempt In the
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Experimental (Reversing Prism) Condition In up to 1/4 of the time; on
average, only 65 minutes elapsed between the first and second try.

Is as a group consistently and homogeneously exhibited the following
behaviors:

(9) During the Experimental (Reversing Prism) Condition every I stood more
shakily and for less time than they had during the Baseline (No Prism)
Condition (One Leg Balance Test); moreover, every 5. made more combined
false starts during the Experimental Condition.

(10) Similarily, all but one I took substantially more time to complete
each of the 6 visually guided, fine motor coordination tasks and

(11) as completed each task more quickly when doing it the second time,
exhibiting a quick form of learning or adaptation on the Eye-Hand
Coordination Tasks.

(12) All Is were unsteady while walking and

(13) All Is were disoriented while visually locating their chair and while
sitting down; these problems In gross motor performances were only
noticeeb~e during the Experimental (Reversing Prism) Condition.

CorrelatiLon Between Auonoig HlSJursnds n= MotLon Sickness BRLing Scale

BaiLngs: Individual. DAj:

One rationale for this study was to determine whether, and to what extent,
a's perceptions of bodily discomfort corresponded to actual autonomic
nervous system events that occurred closely In time. The data presented in
Table 2 show that the relationship between MSRS values and values of
physiological response measures was sizeable (extent) and idiosyncratic
(direction). The gnitujd.j• of such relationships accounted for between
25%-98% of the variance (r values ranged from -. 50 to .99; respective
p values ranged from .05 to .001. The suggestion Is clear: I's high or low
values on the MSRS (head dizzy, stomach queasy, and body unsteady) were
reliably associated with high or low values on the physiological measures
(pulse, GSR, ENG, and skin tempera+ure). Generalizations about the
direcn of such relationships requires further analyls, however.

In the Experimental (Reversing Prism) condition, 13 of our 15 Is displayed
a significant correlational relationship between changes In one or more
of their 4 physiologica! responses and one or more of their 3 MSRS ratings;
r values ranged from .53 to .99, with significance levels ranging from
<.05 to <.001, accounting for 28%-98% of the variance. Overall, 20 Mean
and 23 High physiological indices proved significant, suggesting that
either the Mean or High value may be used for future investigations. Two
physiological Indicators--GSR and skin temperature--correlated most
frequently with I's MSRS ratings. 10 Mean and 11 High GSR Indices proved
significant. The behavior of 10 of the 15 Is exjhibited such a co-
variation. For 6 as we found a significant, direct relationship between
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(increases In) head dizzy ratings and (increases In) GSR values; two of
these as also exhibited Increases In GSR along with Increases in stomach
queasy ratings, and one of them also showed Increases In body unsteady
scores along with increases in GSR. One a showed only a correlation
between GSR and body unsteadiness. In summary, 8 as displayed a direct
covarlatlon of GSR with their MSRS values: electrodermal activity increased
along with an Increase in their head dizzy (n=6), stomach queasy (n=3),
and body unsteadiness (n=2) ratings. Thus, GSR showed itself as a reliable
predictor of perceived bodily discomfort and vice versa.

The second most frequently found co-variate under conditions of optical
disorientation proved to be skin surface temperatur- (for 6 as). The
behavior of 4 as exhibited a correlation between skin temperature and
Judged body unsteadiness. Two as showed a direct relationship, two an
Inverse relationship, with skin temperature decreasing as body unsteadiness
increased, suggesting perhaps, cold sweating. Tv other as showed a direct
relationship between (increases In) skin temperature and (increases in)
queasiness. Finally, 2 as produced a correlation between (increases in)
dizziness and skin temperature; one of these was an inverse relationship
where skin temperature decreased with corresponding Increases In dizziness
values. In summary, 6 Is displayed a relationship of skin temperature with
their MSRS values: along with Increases In MSRS values went Increases or
decreases in skin temperature; dizzy (n=2), queasy (n=2), unsteady (n=4).
Third, pulse co-varied directly with Increased body unsteadiness values In
one J, and Inversely (pulse decreased) with (increases In) dizziness in one
1, and with (increases In) body unsteadiness In one a. Fourth, EMG values
Increased in one j as his dizzy values increased and decreased In another
as her dizzy ratings Increased.

These results suggest the likelihood of (I) characteristic motion sickness
susceptibility profiles which further implies, when also considering Table
4 results, that (2) our physiological indicators--GSR, skin surface
temperature, EMG, and pulse--and our Motion Sickness Rating Scale may well
be good predictors of motion sickness susceptibility. Much more data Is
available from this study and remains to be analyzed; for example, we
focused on 3 of the 10 MSRS parameters and on only 2 of the 5 available
computer generated physiological summary statistics and on only 1 of 4
additional measurement periods during which summary statistics were
collected. Thus the 70% remaining MSRS scores and 90% physiological values
may contain further useful answers.

One hypothesis that emerged from the correlational data for Individual Is
in the Experimental(Reversing Prism) Condition Is that a given j responds
characteristically to the novel, unfamiliar, and disconcerting optical
Information produced by the up-down reversing prism condition, both In
terms of that person's perception of bodily discomfort and actual
physiological changes. Such covarlations suggest that individuals or
distinct subgroups of flight personnel and astronaut trainees may need
tailor-made training schedules that fit their profile of responding.
Perceptual and physiological pre-adaptation training procedures could then
be designed for optimal results.
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One application of the data on physiological Indicators to microgravity is
to collect relevant baseline data for a given trainee and provide each
trainee with a simple (e.g., wristwatch) monitor that would thus signal and
predict Incipient SMS In time for the trainee to decrease or discontinue
eye-, head-, or body movements, and to stabilize himself visually relative
to the craft to obviate SMS onset. What we need to know here is (1) hcw
great a change In a given physiological Indicator can be safely ignored and
(2) how much time does the Individual have before his performance will be
affected by SMS. Future research needs to define in further detail what
constitutes such relevant baseline data for specified trainees and the
contiguity relationship between physiological Indicalors of motion sickness
and disorientation, performance decrement, and perceived bodily discomfort.

The following questions warrant further analysis of our data. What
proportion of Is who reported Increases In dizziness, queasiness, and/or
unsteadiness, showed corresponding changes In pulse, GSR, EMG, and/or
skin temperature? Another question of interest for future analysis Is the
consistency-relationship between I's physiological behavior and MSRS
Judgments during the Baseline (No Prism) Condition relative to the
Experimental (Reversing Prism) Condition. Finally, a closer look needs to
be given to potential changes that occurred In the physiological measures
of two groups of Is: first, as who almost fell down while walking and who
were visibly unsteady, especially during the Balance Test, yet provided #1
("I feel fine") ratings throughout on all 3 MSRS Indicators (the
experimenter had to physically support the entire body of one of these is
while walking, otherwise he would have fallen down); are some is less aware
than others of physiological events? Are some culturally "prohibited" from
expressing moderate or high discomfort under circumstances such as ours?
Second, we need to look carefully at the physiological behavior of those is
who seemed steadier throughout and also consistently gave 11 ratings.

lat Between hl.i.Q.ial. Mesres ad MNotion Slcknns Rating
Scale RtEings: Gru QnAJ

Table 3, as Table 2, describes the covarlation of each of the 4
physiological measures (pulse, GSR, EMG, and skin surface temperature) with
3 (of the 10) Motion Sickness Rating Scale variables (head dizzy, stomach
queasy, body unsteady) except that It does so for all 15 is as a group. The
extent of the correlation coefficients and their corresponding levels of
significance suggest that Is' perceptions of bodily discomfort did, Indeed,
correspond to actual autonomic nervous system events that occurrod closely
in time. The data of Table 3 show that the imgn•Lgud•ude of such relationships
between MSRS values and values of physiological response measures was
modest: r values ranged from .14 to .37 (respective p values ranged
from .05 to .001), accounting for between 25-14% of the variance. Group r
values were low even for the Experimental (Reversing Prism) Condition
because first, all computations Included 3 is who reported zero change In
their MSRS scores, regardless of their autonomic nervous system behavior
and second, because individual Is responded Idiosyncratically. The
driection of the relationship between MSRS scores and physiological
measures showed a consistent pattern for our sample, even though
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Individual Is displayed both direct and Inverse correlations on a given
combination of variables.

In the Experimental (Reversing Prism) Condition, as as a group produced
Mean Pulse values that correlated significantly and Inversely with all 3
MSRS values. Thus, as Is as a group reported high dizziness, queasiness,
and unsteadiness scores, their mean pulse rate decreased. The extent of
these correlation coefficients was modest, r=-.24, -. 15, and -. 25, but
statistically significant at the .002, .04, and .001 levels and accounted
for 2%-6% of the variance. Similarly, Is as a group produced Mean and High
skin temperature values that correlated significantly and Inversely with
all 3 MSRS scores. Thus, as as as a group reported higher dizziness,
queasiness, and unsteadiness scores, their Mean and High skin temperature
decreased. The extent of these correlation coefficients ranged from r=
-. 17 to r=-.35; they were significant at the .02 to .001 levels and
accounted for 3%-12% of the variance.

All group values for both Mean and High EMG values were positive and
significantly correlated with all 3 MSRS measures during disorientation.
Their extent ranged from r=.29 to r=.37; all were significant at the .001
level and accounted for 8%-14% of the variance. Thus, as dizziness,
queasiness, and judged body unsteadiness increased, so dia muscle tension.
Finally, all but one group r value for both Mean and High GSR values were
positive and significantly correlated with all 3 MSRS measures during
disorientation. Their extent ranged from r=.14 to r=.25; they were
significant at the .05 to .002 level and accounted for 2%-6% of the
variance. The exception was mean GSR and body unsteady scores.

Perhaps the most remarkable finding Is the fact that of 24 possible
correlations between our 4 physiological Indices, represented by Mean and
High values, and our 3 MSRS scores, 20 were significant, 10 at the .001, 2
at the .002, and 3 at the .005 level. (It also appears that either Mean or
High values adequately represent our physiological parameters; 11 Mean and
9 High values proved useful.) The conciuslon appears warranted that all 4
physiological measures are good predictors of perceived bodily discomfort
In our visual disorientation paradigm. A comparison of Tables 2 and 3
strengthens the conclusion that pulse, GSR, EMG, and skin temperature all
are useful In assessing perceived bodily discomfort, typically associated
with motion sickness and SMS, be It dizziness, queasiness, or bodily
unsteadiness, and vice versa. Consequently, both our physiological
Indicators and Motion Sickness Rating Scale represent useful cross-check
-tools. Other group similarities and differences for physiological-MSRS
correlations will require additional (Rounds 2 and 3) analyses of the
available but untapped data base.

VisuglSa biiyAdPyligl Measures

Another rationale for this study was to find out whether any physiological

indicators were reliably associated with disorientation, bodily
instability, nausea, and performance decrements typically reported by some
astronauts and flight personnel and which we successfully simulated by our
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optical disorientation paradigm. The analysis presented In Table 4 shows
that 3 of the 4 parameters are indeed useful: Mean and High scores for GSR,
EMG, and skin surface temperature found In the Experimental (Reversing
Prism) Condition differed significantly from those In the Baseline (No
Prism) Condition. Data presented In Table 4 also confirms our previous
conclusion that Individual Is responded differently from one another on all
physiological variables. Mean and High GSR responses, Mean and High
Temperature scores and High Pulse scores were all significant at p <.001.
High EMG responses also differentiated is at the <.01 level and Mean EMG
and Mean Pulse scores did so at the <.05 level. Overall, It Is clear that
all 4 physiological measures were confirmed to be useful tools In future
investigations for profile-analysls of Individual trainees.

Visual itabLLLty and Bodly Discmfort

The results of Table 5 show that as a group and across all rating
opportunities, is responded significantly different In the no prism
Baseline and reversing prism Experimenta! Condition on all 3 of the 10 MSRS
parameters we chose to look at. Indicators of the novel optical motion-
Information during and following I movements were dizziness (<.001 level of
significance), queasiness (p <.01), and perceived unsteadiness (D <.01).
Table 5 also shows overall means for the 2 conditions of the study. The
Baseline (No Prism) condition mean was computed on 138 scores for each
parameter, the Experinantal (Reversing Prism) condition mean on 124 scores
each. The MSRS scores appear low because they are baseline-corrected,
that is every rating had deducted from It its respective baseline rating
score. Nevertheless, the differences between the Baseline (No Prism) vs.
Experimental (Reversing Prism) condition proved to be statistically
significant for all MSRS parameters (head dizzy, stomach queasy, body
unsteady). The data show that even as a group is consistently Judged
themselves to be dizzier, queasier, and more unsteady, relative to the no
prism control situation, during the visual disorientation and Instability
created by head-, body-, and limb movements while looking through an up-
down reversing prism.

The conciusion seems warranted that our Motion Sickeness Rating Scale Is a
useful tool for assessing the types of bodily discomfort characteristically
associated with motion sickness and with SMS. As such, It represents a
helpful adjunct to the use of physiological and performatory Indices, such
as those we have already shown to be reliable In any SUS pre-adaptation or
training program for flight personnel and astronauts. Given that the MSRS
was given 7 times (Short Session) and 13 times (Long Session), additional
statistical analyses are desirable to discover which protocol condition
affected Its perceptions of bodily discomfort least and which most and how
these differences compared to physiological changes over time.
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JY~ual StabilityJ and Control oI Balan

QM •U Bai-aI2J1. Maintaining one's equilibrium in relation to the
immediate environment is 3 vital component of maintaining visual stability.
When optical motions wore generated by an unfamiliar relationship between
head movements and their Initially unpredictable seen consequences, body
balance was compromised and instability resulted. Table 6 shows that
stanL;ng on one leg proved so difficult while looking through the up-down
reversing prism that as stood, on average, only 6 seconds on either leg
(range=l-34 seconds) in the Experimental (Reversing Prism) Condition
compared with an average of 59 seconds (range=8-120 seconds, our selected
maximum) In the Control (No Prism) Condition. This difference was
significant at the <,001 le',el. The data indicate that the One Leg Balance
Test Is an effective method for differentiating our optical disorientation
condition from an environment In which the seen rate and direction
characteristics of optical motions and movements are familiar and
predictable.

Another method we usp '1r assessing visually guided stability was to count
false starts, that Is, the number of times as stepped back on the ground
with the second le, before they were able to support themselves and assert
that they had maintained their balance on one leg as long as possible.
Table 7, as Table 6, shows a significant (p <.001) between-groups
difference for the log transformed data. In the Baseline (No Prism)
Condltion Is made a mean of 2 false starts (range=O-6) whereas In the
Experimental (Reversing Prism) Condition ýs made a mean of 8 false starts
(range=0-15, our selected maximum). The Chi Square analysis also confirms
the Control-Experimental group differences at the <,01 level of
significance. In the Experimental Condition Is as a group made fewer false
starts the second time the balance test was administered. The implication
here too Is that counting false starts is one useful and reliable ancillary
method to the One Leg Balance Test to assess trainees' capacity to
Initially respond and later adapt to conditions of disorientation that
create visual instability. The rate of adaptation to regain control of
equilibrium and bodily balance that optimizes performatory competence can
thus be objectively measured.

gtjcjlL D Isorlentation And Visually fidgd fine M C•QDrd1.LtioJn

Eygm.Hand CoordJoai~n ITasks. Undoubtedly the most life-threatening and
consequently most pressing problem facing flight personnel and astronauts
Is not experiences of bodily discomfort gnrL sa, such as nausea, but
destabilization of the self that Is so severe and/or long lasting that the
performance of vital, Inflight tasks Is adversely affectod. Tasks that
require quick and accurate coordination are of splcial Interest.
Accordingly, we chose tasks that simulate--In the reversing prism
condition--the novel demands for visual guidance In locating (e.g., a
specific switch on a complex display), and In manipulating small objects
during repair jobs while moving freely, unpredictably, and In any possible
orientation In the spacecraft in microgravity. Movements made by the
astronauts yield unexpected physical and hence at first also unexpected
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seen results, not perceptually and motorically unlike the effects the
reversing-spectacle wearer experiences as a result of formerly normal up-
down, tilt, and diagonal head movements: it took longer to locate,
identify, and to manipulate objects. Overall, for the prism wearer,
competent visuo-motor activities were hard to execute and control; hand
movements especially were hard to repeat and predict, and seeing them
produced additional visuo-motor disorientation. The data presented In
Table 8 are unequivocal. For example, the range is 10 times greater (110
vs. 1160 seconds) for the Experimental (Reversing Prism) Condition when
compared with the Baseline (No Prism) Condition for The mean durations for
all 6 tasks combined, when considering the first time the tasks were
performed in each condition. As a group, as took from between 15-39
seconds (median=20 seconds) to stack 8 cubes in the Baseline (No Prism)
Condition and then needed from 1-20 minutes--from 55-1188 seconds
(median=313 seconds)--while looking through the up-down reversing prism.
Each of the 6 visually guided fine motor coordination tasks differentiated
as' coordination skills with and without optical up-down reversal: each
task took significantly longer to complete when as were optically
disoriented. Overall, the F Test proved significant at the <.001 level
when comparing the Baseline (No Prism) and Experimental (Reversing Prism)
condition; all tasks combined, reliably differentiated as' Baseline and
Experimental condition performances at the <.001 level of significance.

The degree of optical disorientation Initially produced by reaching, and
N manipulating relatively small objects while looking through an up-down

reversing prism, may be appreciated by a description of the first 3 tasks
as performed. All three are items from the standardized Bailey Scale of
Mental Development. First, putting 10 small square beads In a box that has
a lid with a hole In It that just accommodates the beads, is a task a
typical 12.9 months old Infant (range 10-17 months) can perfcrm. During
the Baseline (No Prism) Condition our as took a mean of 17 and 16 seconds
during the 1st and 2nd administration, respectively, to complete the tasks.
During the Experimental (Reversing Prism) Condition -s took 68 and 41
seconds during the 1st and 2nd administration, respectively. Second,
placing 6 pgs as fast as possible on the table and replacing them in the

Spegboard Is a task a typical 16.4 month old toddler (range 13-20 months)
performs In 70 seconds, a typical 17.6 months old (range 14-22 months) does
In 42 seconds, a typical 20 months old (range 16-29 months) does in 30
seconds, and a typical 26.6 months old (range 19-30 months) completes in 22

-.. seconds. During the Baseline (No Prism) Condition our as needed a mean of
14 seconds during each administration to complete the task. No I needed
longer than 20 seconds. During the Experimental (Reversing Prism)
Condition as needed 57 and 29 seconds during the 1st and 2nd
administration, respectively. 6 is needed longer than 70 seconds (mean=86
seconds) the 1st time. Third, stacking 8 cubes Is a task a typical 30
months old (range 22-30+) can perform successfully. During the Basel ine
(No Prism) Condition our Is needed a mean of 22 and 19 seconds In the 1st
and 2nd administration, respectively. During the Experimental (Reversing
Prism) Condition as needed a mean of 354 and 82 seconds In the 1st and 2nd
administration, respectively.
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Use of the 6 Eye-Hand Coordination Tasks also helped answer the question
whether motion sickness produced by optical disorientation affects speed
(as an index of accuracy and smoothness) of performance. An analysis by
time revealed that there were no significant differences for any of the 6
Eye-Hand Coordination Tasks, when the first and second administrations were
compared In the Baseline (No Prism) Condition. Only 2 seconds separated all
tasks, averaged over all as. On the other hand, significant differences
existed for each of the 6 tasks In the Experimental (Reversing Prism)
Condition; when comparing how much more quickly as as a group completed any
given visual coordination task on the second administration, compared to
the first, mean durations decreased by at least 32% and by as much as 77%,
with an improvement of 50% averaged over all 6 tasks. Some individual as
made gains of up to 89% on some tasks. These results taken together
clearly indicate fast learning or perceptuo-motor adaptation even under
conditions of extreme optical disorientation. Note that only 65 minutes
separated, on average, the Ist and 2nd time Is attempted the Eye-Hand
Coordination Tasks in the Experimental Condition.

One of the most Interesting findings of the study was that several is gave
high and extreme (14 and 5) dizzy, queasy, and/or body unsteady MSRS
ratings, and two of these requested or were requested not to perform
further Head Movement or Walking Tasks to prevent frank sickness; when this
group of is then performed the 6 Eye-Hand Coordination Tasks, they too
Improved their task performance dramatically even though they continued to
report high or extreme motion sickness ratings. a #14 was typical of this
group. Prior to attempting the 6 tasks the second time he reported extreme
dizziness, queasiness, and unsteadiness; Immediately following completion
of the tasks he reported extreme dizziness, and high queasiness and
unsteadiness. Nevertheless, his performance Improved by 46% (mean duration
went from 184 sec. to 99 sec.), very close to the improvement mean for all
as. These as noticed their enhanced competence and reported It during
and/or following the sassion, expressing surprise that they could do so
well despite their high or extreme malaise. These findings suggest that
measureable adaptation during optical disorientation occurs even if motion
sickness symptoms are experienced, provided individuals continue to work on
the tasks at hand as best they can.

While some as were doing their performance routines we continued to measure
physiological Indicators to see If there were any physiological changes
dur•ing L& the c s of adaptation. Data yet to be analyzed Includes looking
at the differences between some a's pulse, GSR, EMG, and skin temperature
during the head movement sequences, following the head movement sequences,
while standing and then while sitting. Such comparisons of the long (41
steps) and short (27 steps) protocol session should yield Information about
physiological differences during peak periods of stress (as measured by our
MSRS Indicators, especially head dizzy, stomach queasy, body unsteady),
Immediately following peak stress periods, and during subsequent periods of
qulescence.
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Qualiti L PJVo Session inEgzytfInteLre Video Re••aQtisngi

Video taping the study provided valuable confirmation of the data we
analyzed statistically, especially data recorded by the experimenter during
the experiment. All timings and false starts documented during the One Leg
Balance Test and the 6 Eye-Hand Coordination Tasks were checked against the
video tape Independently, for accuracy. The videotape also confirmed that
only one I did not meet the criteria for head movement precision and that
Baseline and Experimental Sessions were conducted as nearly identically
as possible. The qualitative data recorded on tape of the post-session
Interviews point out the idiosyncratic perceptions as had relative to the
conditions of the Experimental Session. Further analysis Is needed to
determine If patterns exist in the individualistic perceptions of how our
.as responded and adapted.

Some Is reported that "balancing took a lot of concentration;" "I was
concentrating on seeing." One described the experience by saying: "When I
was looking straight ahead, I felt like I was falling off inside. I
couldn't keep my head from falling off." Another response was, "I didn't
feel unsteady on balancing; I Just couldn't do it."

Eight of the 15 Is said that stacking the 8 cubes was the hardest Eye-Hand
"Coordination task and during the tasks 8 of the 15 as felt mostly
"frustrated." (These were not the same 8 who chose the block task as the
hardest.) One admitted to not following Instructions: "Tense and frustrated
with blocks. Would catch myself doing things by touch, especially the
pegs." (This a had the fastest time, most comparable to her Baseline
speed.)

The experimenter asked regarding head movements, "What was the most
difficult," and "How did you feel?" 7 of the 15 as said that the fast head
movements (80 or 100 bpm) were the most difficult, disconcerting, or
disorienting. Of those who found the fast head movements most difficult,
some attributed the difficulty to dizziness, some to nausea, and one to
dizziness and nausea. One a said: "Stopping the head movements helped as
far as feeling sick but I was still nauseous." Another said: "I stopped
focusing on head movements. I just went inside, stopped paying attention.
Two or- three times during head movements, I found myself watching, and It
was Kind of disorienting and confusing." (This a reported only 11 ratings
[l.e., "I feel fine"] on all MSRS judgments considered In our analysis.)

Six of the 15 is said they felt maximal unsteadiness during the walking
portion of the session. Even those who agreed, however, reported
Idiosyncratic perceptions.

Other factors reflected in the data are the degree of difficulty or
frustration experienced, the order In which problems occurred, the
Immediate aftereffects of each task, and the manner In which each a
reported himself/herself to be making attempts at adaptation. Clearly,
additional analysis Is des!rable of our approximately 50 hours of VCR
tapes and of notes the experimenter took during the sessions.
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