A S8 Ala A0 A0 AR S0 A SV 4955404 Tt Nl T A Tl Tl Yl Sul Sl S L B Bl Wale T [ el Bl e ™ FRaV ERat A s SR B B el S B

AAMRL-TR-85-079

THE EFFECTS OF OPTICAL DISORIENTATION
ON TASK PERFORMANCE AND MOTION SICKNESS (U)

AD-A178 088

HUBERT DOLEZAL, Ph.D.
1960 LINCOLN PARK WEST
CHICAGO, ILLINOIS 60614

THOMAS R. CONNON, OD, Captain, USAF
MELVIN R. O’NEAL, GD, Ph.D, Major, USAF

HARRY G. ARMSTRONG AEROSPACE MEDICAL RESEARCH LABORATORY

DECEMBER 1985

Approved for public release; distribution is unljnﬂted. ,

HARRY G. ARMSTRONG AEROSPACE MEDICAL RESEARCH LABORATORY
AEROSPACE MEDICAL DIVISION

AIR FORCE SYSTEMS COMMAND
WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433-6573

OTC EILE Copy

DR N . ‘-"-"-"'.".'1 R R A A T -“‘\‘ DT AR T A
PR T SR R

......

; )-_--h.\--,.hxmx.si} SRR hh‘hmi’l.hm‘-




e e BEACHA R oSl ¥l ot Reprid LA i Sl il A Sa i Vel thi A b bab e bt i aiee She a0 ST Rha AR S A A R S8 Sar S ITILE gaV 3y TRV FIVFE JWRVNT ERE SRR AN AL B |

NOTICES

wWhen US Government drawings, specifications, or other data are used for any
purpose other than a definitely related Government procurement operation,
the Government thereby incurs no responsibility nor any obligation whatso-
ever, and the fact that the Government may have formulated, furnished, or
in any way supplied the said drawings, specifications, or other data, is
not to be regarded by implication or otherwise, as in any manner licensing
the holder or any other person or corpcration, or conveying eny rights or
permission to manufacture, use, or sell any patented invention that may in
any way be related thereto.

Please do not request copies of this report from Armstrong Aerospace Medi-
cal Research Laboratory. Additional copies may be purchased from:

Nationél Technical Information Service
5285 Port Royal Road
Springfield, Virginia 22161

Federal Government agencies and their contractors registered with Defense
Technical Information Center should direct requests for copies of this
report to:

Defense Technical Information Center
Cameron Station
Alexandria, Virginia 22314
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AAMRL~TR-85-079
This report has been reviewed by the Office of Public Affairs (PA) and is

releasable to the National Technical Information Service (NTIS). At NTIS,
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obtained as required by Air Force Regulation 169-3,

LR
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FOR THE COMMANDER

C S BATES, JR.
Director, Human Engineering Division
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SUMMARY

Whereas most research into Space Motion Sickness has emphasized the
etiologlical role of altered vestibular functioning, several |lines of
evidence Indicate that even In the relative absence of vestibular
stimulation, unfamillar and unexpected optical Informatlion can by Itself
lead to disorientation, performance decrements, bodily discomfort, and
motion sickness. We manipulated the visual environment of 15 subjects
by prismatically up-down reversing the field of view, preceded by a no-
prism baseline condition. Methodologically we held vestibular stimulation
constant. Sub jects were exposed to seeing the unfamiilar optical motions
and movements they produced by their own eye-, head-, hand-, leg-, and body
movements. Through the reversing prism Ss saw what Stratton In 1896 cal led
"the swinging of the scene." Subjects' responses, while performing a
battery of behavioral tests that included perceptual tasks, equllibrium
tests, fine and gross motor coordinatlon tests, and motlon 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 equllibrium
while walking; (4) dlsorientation while moving about and during attempted
precise eye-hand coordination; and (5) assoclated autonomic activity,
including changes in sweating (GSR), muscle tension (EMG), skin surface
temperature (EDG), and pulse throughout the protocol, We +tested for
adaptation by bhaving §s repeat all six visually guided fine motor
coordination tasks; rapld Improvement occurred even In §s who reported
extreme dizzlness and queasiness throughout the protocol. The results
demonstrated the prominent role played by unfamiliar and unexpected optical
movement-information In the etiology of disorlentation, disequlilibrium,
performance decrements, and motion slickness symptoms.

This experimental paradigm Is the first step In our research program
designed to demonstrate the effectlveness of our prism training/adaptation
technique as a safe, nonlinvasive, and economic countermeasure to the
perceptual and performatcry decrements assoclated with disorlenting
sltuations and the often attendent motion sickness experlenced by ground
and flight personnel as wel! as by astronauts. Such disorlenting situations
Include passive transport In moving vehicles over rough or wunfamillar
terrain, turbulent water, alr, or In microgravity. Qur experimental
paradigm |s belleved to perceptually innoculate--to pre-adapt--personnel to
the 111 effects visually Iinherent In dlisorlenting sltuations, thus
preparing them perceptually, psychologically, and operationally to overcome
the effects of dlsorientation and varlous forms of motion sickness.
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PREFACE

This study was Initiated by the Crew Systems Effectiveness Branch, Human
Engineering Divislon, Armstrong Aerospace Medical Research Laboratory,
Wright-Patterson Air Force Base, Ohlo, under Work Unit 6893~01-30., The
research was conducted by Hubert Dolezal, 1960 Lincoln Park West, Chlcago,
Il1inols 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. G'Neal of AAMRL.
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HISTOR|CAL BACKGROUND

- The frequency, duratlon, and Intensity of motlion- weightlessness- or
i%{ space-motlon sickness (SMS), +the space adaptation syndrome (SAS),
ﬁg‘ welghtlessness-sickness, and alrsickness experlenced by astronauts and
A flight personnel have generated considerable concern because of thelr

potential survival hazard durlng space walks without Ilfeline and because
" of +the deblilitating effects on in-flight tasks. Blurred vision, bodily
o Instabliity, and apprehansion have been reported (e.g., Johnson & Jongkees,
5 1974). Other pertormance-degrading symptoms experlenced by astronauts In
& microgravity Include the perception of coid or flushing, pallor, sweating,
" Increased salivation, vyawning, drowsinass, sleepiness, depressed appetite,
dlzziness, disorlientation, headache, stomach awareness, epigastric
discomfort, nausea, and vomiting (Ambler & Guedry, 1966; Dowd, 1973;

o
ﬁé& Grayblel & Knepton, 1976; Grayble! & Lackner, 1977; Grose, 1967; Guedry,
$§t i968; Homlick, 1983; Lackner, 1976; Melvilil Jcones, 1970; Pitblado &

'ﬁh} Mirabile, 1977; Potvin, Sadoff & Billingham, 1977; Ryback, Rudd, Matz, &
A Jennings, 1970; Spector, 1974). We wlll refer to these symptoms
i:g collectively as bodily discomfort.
lfﬂ Contrcl of balance, locomotion, orlentation, and performance, whether
9‘% achieved on earth or In mlcrogravity, rests on two Important and closely
§é§ related perceptual achievements that govern visuai stabllity (Gibson,
b 1958, 1966, 1970, 1972, 1979; Howard, 1974, 1978; Howard & Templeton, 1966;
T Lee, 1978; Richards, 1975; Ryin & Ryan, 1940; Sandstroem, 1951; Schilder,
sa\A 1935). Flrst, astronauts or fllght personnel must accurately distinguish
A movements and events that are self-generated from motions and events
fa-g originating In the environment. Second, they must achieve a relatively
Ny stable visual worid during eye, head, and body movements, an accomp!ishment
:k known as visual position constancy (Rock, 1966, 1975; Shebliske, 1977;
»;) Welch, 1978)., Astronauts' salf-generated movements and events, as well as
s environmental events, generate relatlive optical motlons whose complex rate
R of change characteristics are avallabie at the retina and represent the
%ﬁf visual stimulation and information that guides the astronaut's orlentation
?U' and action.

A

.{~4 Space motlion sickness has been assumed to be largely due to the abnormal
P stimulation of the vestibular receptors under microgravity condltlons, In
jdﬂ; order to develop a model system for studying vestlibularly Induced motion
'Q.. sickness, to explore methods of overcoming It, to Identify candidates with

-:hﬂ greater or lesser susceptiblility, and to habltuate personnel prior to
! $ flight, a number of experimental paradigms have been explored. In one of

these, subjects (Ss) were required to execute head movements while sitting
In a (e.g., Stille-Werner) chair that rotates at varying angular velocitles
(Ambler & Guedry, 1965; Cowings & Toscano, 1982; Grayblel, 1979; Grayblel
& Lackner, 1977; Guedry & Benson, 1978; Levy, Jones, & Carlson, 1981;
Miller & Grayblel, 1969, 1970a; Toscano & Cowlings, 1982). In varlants of
this method, $§s were rotated In elther the earth horlzontal or vertical
plane with the hea? assuming one of several positions. Different
conflgurations of these produced greater or lesser degrees of moticn

éo‘"’ e
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slckness, dependent on the axls of rotation and the S's head position
relative to this axls (Grayblel & Lackner, 1977; Guedry & Benson, 1978;
Leger, Money, Landolt, Cheung, & Rodden, 1981).

The motlon sickness produced by such movements has been shown to be
exacerbated when 9s are placed In a freefall envirorment, using parabolic
filght maneuvers in both hyper- and hypo-gravity conditlions (l.e., flying
an aircraft In Keplerian parabolic trajectory In which the gravitational
force of the earth Is counterbalanced by the centrifugal force of the
alrcraft) (Graybiel & Miller, 1976; Howard & Templeton, 1966, Ch. 16). In
sudden stop vestibulo-visual tests, also studled during parabolic flight,
3s In a rotating chair, enclosed In a striped cylinder, were rapidly
decelerated multiple times after being rotated at an angular velocity of
300°/sec (Lackner & Graybiel, 1981, 1983). In another experimental
paradigm Ss erxecuted head movements out of the plane of rotation within a
slowly rotating room (e.g., the Pensacola Siow Rotation Room) (Graybiel,
1964; Grayblel & Lackner, 1983; Guedry, 1965; Guedry, Kennedy, Harris &
Graybiel, 1964).

While all of these manipulations have been shown to produce motion sickness
and have differentiated Ss with greater or lesser degrees of
susceptibllity, In most cases It has been noted that the effects produced
are partially dependent upon whether Ss eyes were open or closed,
suggesting that Interactions between the visual and vestibular systems are
cruclal for understanding motion sickness and SMS (Bock & Oman, 1982;
Dichgans & Brandt, 1973; Graybiel, 1980; Graybie! & Lackner, 1980; Lackner
& Grayblel, 1983; Lackner & Teixelra, 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; Graybliel & Lackner, 1983;
Homick, 1979; Money & Oman, 1983; Pitman & Yolton, 1983; Reason, 1974;
Smith, 1982). Several hypotheses attribute motlon sickness to a mismatch
between the visual, motor, proprioceptive, and vestibular activities in the
exper Imental conditions relative to the coordinated activational patterns
of these systems that the § Is accustomed to In everyday experlence
(Dolezal, 1982; Dolezal & Held, 1975; Guedry, 1970; Reason, 1978 a,b;
Steele, 1968). In microgravity, the deveiopment of SMS can ailso be
presumed to result from the unfamliliar and unexpected visual, motor,
proprioceptive, and vestibular Interrelationships that occur due to
vestibular and visua! stimulation (Dolezal, 1982; Homick, 1979).

Several Ilnes of evidence Indicate that even without any alteration of
direct vestlibular activation It Is possible to bring about some of the
symptoms of motion sickness by modifying visual experlence alone. One
familiar example of this Is the effect created by wide-screen movies shot
from the point of observation of the vliewer or conveyance (e.g., a car at
ground level, +the wing of a banking alrcraft, the tip of a downhili racling
skl, or the bow of a ship in heavy sea). The common denominator In these
Instances Is unfamillar 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 belng moved,
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frequently accompanied by queasliness and postural adjustments (Benfarl,
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 descrite 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, inciuding 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 sub ject
denied experlencing 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 percelved "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 palr of eyeglasses
commonly report mild effects of motion sickness, especlially during
locomotion, presumably due to altered rates of optical motions in the
peripheral field of view (Lackner & Graybiel, 1983).

The 'visually percelved correspondence between the actual and the observed
rate and direction of head movements was recently studlied in the laboratory
by Wailach and hls co-workers who followed Duncker's (1929) lead; they
concluded that only when the seen relative displacement of the environment
closely approximates that which Is normally produced by head movements s
the environment perceived as stationary (Wailach & 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 visuaily "anchoring" or
stabilizing oneself (principally the eyes and/or head) to a fixed place In
+the environment Is represented by dancers and fligure skaters; thelr visual
"spotting™ during multiple plrouettes and fouettes entails fixating a
stationary object by keeping the head Immobile for as long as possible
during these rapld turns of the body. The head Is then whlipped around,
covering an arc of approximately 360°, regalning visual fixatlon with an
again stationary head. For the experienced dancer the angular veloclity of
the head may be In excess of 500°/sec, decelerating at a rate of 2000°/sec¥
within a one-quarter turn (Osterhammel, Terklldsen, & Zllstorff, 1(970).
The fact that ballet dancers do not experlence vertigo or nausea durlng or
after such turns (Collins, 1966; Tschiassny, 1957), even though they ellclt
powerful vestibular stimulation, demonstrates that visual stabliizatlon can
thoroughly overcome even the most severe perturpations of the vestioular
system, fully preventing any loss of balance or motlon sickness. This
successful malntenance of equllibrium Is clearly due to a /Isual override
of the vestibular system and cannot be attributed to a general hablituation
which can be shown by measures of the 3s subsequent nystagmic threshold
responses to angular acceleraticn (Dix & Hood, 1969).
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The Prism Approach 1o Qptical QRiscrientation

One five week prism adaptation study focused explicitly on the
applicability of a disorientation paradigm to the study of motlon sickness
during space fllight (Dolezal, 1982, Ch. 12). The subject wore spectacles
that up-down reversed hls fleld of view., Normal up-down anrd tilt head
movements, especlally rapld and repeated head movements during locomotion,
ylelded immediate, unpredictable seen destabillzation of the vlisual
environment which was accompanied by perceived unsteadiness,
dIlsorientation, "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 actlions such as misreaching, incompetent pointing, pouring,
pushing, pulling, and erronecus pursuit and compensatory eye-head movement
sequences (Dolezal, 1982, Chs. 7-9, 12).

to this optical up~down reversal was characterized by some
attenuation of nausea during the first 6 hours of prism exposure.
Sweating, tachycardla, 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: $§ improved most quickly his gross
motor coordinations such as visually gulded 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 pursult of rapld events (e.g.,
Intercepting a tennis ball) was not achleved, even after over 200 wakling
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
inltially nausea-creating optical motlons during active head movements
ceased to adversely affect a wide varlety of everyday tasks, Including
walkIing, hlking, blke riding, swimming, water skling, or driving a car.
However, after adapting to up-down reversal for 10 days and more than 125
hours, §, whila still wearing prisms, experlenced severe nausea, vertigo,
and generaliy motion (being moved) slckness while a passenger In the front
seat of a car golng up and down a curvy mountalin road and moving at only
15-35 kms/hr. The S 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 as
got out of the car he was quite close to vomiting. The experlence of
severe nausea was especlally pronounced when the driver shlfted gears,
applled the brakes, or accelerated (l.e., whenever an unexpected rate of
change was Introduced over which § had no control). These force changes
resulted In S experlencing unfamillar and unexpected optical Information,
vestlbular stimulation, and proprioceptive input--being jerked, Joggled,
and bounced in ways he could not antlicipste, counteract, or control. Ten
minutes later while still wearing the same reversing prisms, $§ competentiy
drove the same car without experliencing any noticeable dliscomtort or nausea
(Dolezal, 1982, pp. 317-318).
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The above study showed that optical Iinformation processed by the oculomotor
system represents a critical aspect of motion sickness Induction. When
optical Information conflicts with vestibular Information in its
speclification 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 :xampie of this dominance s
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 thelr usual dlrection and rate of movement during up-
down head movements (Dolezal, 1982, Ch. 7).

The feaslibility of teaching visual control over SMS Is suggested by dual
findings: the evident plasticity of the vestibular system as exemplifled by
the reversed compensatory eye movements and the remarkable control functlon
the visual system exerts. (The aftereffects of 180° phase-reversed
compensatory eye movements in the dark confirm this unexpected vestibular
plasticity and altered visual-vestibular and haptic~-kinesthetic
coordination (Davles & Melv!ll Jones, 1976; Gonshor & Meivill Jones, 1973,
1976; Melvill Jones, 1976; Melvlil| Jones & Davies, 1976; and Melvill Jones
& Gonshor, 1972, 1975)). In additlon to the attenuation of motion
sickness, visually guided control Is reestablished for orlentation,
focomotlon, and most eye-hand-limb coordinations. This Is presumabiy
because the ecologlical constants that continue to be avallable opticaily,
even In the reversed fleld of view, begin to be attended to and thelr
spatial relationships become meaningful once agaln and can thus be
responded to competently. An example of one such constant occurs as §
moves hls head toward his feet; the feet eventually become visible even
though the optical motion Informatlon during the head movement erroneousiy
specifles, "You are ralsing your head".

Donning a reversing prism necessarily creates a complex famlly of
mismatches or contradictory specifications as to §'s motorically,
proprioceptively, audltorily, vestibularly, and nosmically specified
actlons, and the seen result of S's actions which contradicts thls account.
Thus, adaptatlon depends on re-establishing consistencies that validate one
another within and across all perceptual and actlon systems. For example,
even If moving the head towards the feet Inltially looks |lke an upward
head movement during the movement, Its visual meaning becomes consonant
with the end result (l.e., having moved the head toward the feet). In
additlion, even though moving the head toward the feet looks and feels |ike
moving away from the feet, the "felt position™ comes to agree with the
visual meaning change (l.e., "I'm moving my head toward my feet"), Hence,
visual-visual-motor consonance or adaptation Is achleved. 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 raqulrements that govern the
eye movements, eye-head movements, head-eye movements, of varlous types
(l.e., saccadlc, compensatory, optoklinetic or vestlbular nystagmus, and
pursult), and comblnations of eye-I!mb and oye-head-iimb movemonts
(Dolezal, 1682, Ch.ll).
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What 1is novel 1In the above optical dlsorlentatlon approach 1Is the
prominence glven the analysls of the unfamlllar and unexpected optical
Information In mlcrogravity environments and I+s role Iin potentiaily
affording § visual stabllity and physical comfort with competent
equllilbrium, locomotion, orlentation and actlon. Second , broadly
construed, thls approach emphaslizes the domlnance of the visual system In
governing bodlly stabillty. Third, thls approach points out the
adaptabllity to unfamlliar and unexpected Information of the visual system
In learning a new set of visual-visual, visuval~vestlbular, visuvai-motor,
visual-audlitory and visual=-proprioceptive correspondences. Having learned
such correspondences allows the adapted § to cope conf!dently and
masterfully In virtually any unfamilliar environment that inltially creates
mismatches, Including the microgravity of space travel.

It might be noted that whereas none of the 26 astronauts In the 16 Mercury
and Geminl missions experlienced SMS when confined to thelr seats In +these
earller small capsules, astronauts In the Apollo, Skylab, and Space Shuttle
programs began experlencing SMS (33%, 54% and 50%, respectively) whlile
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 (Graybie!, Miller & Homick, 1974). Although astronauts In
all of the flight programs were exposed to similar microgravity condlitlons,
It might be argued that the sailent difference giving rise to the SMS In
the later misslons was as follows: A fully moblle astronaut, while
Initlating purposeful, complex, and full=body movements In pursult of an
In-f1ight task, sees and feels that the amount of force he actually exerted
ylelds an unexpected and hence grossly surprising rate, extent, and
direction of movement, accompanied by discordant optical motlons of the
visual environment. Also, any additlonai relative optical motions that are
not under hlis direct control are seen to be asynchronous with commoniy
experlenced sights. This point extends to the astronaut suddenly floating
In an Inverted orlentation, the craft's movements relative to seen external
surfaces, and any craft movement, seen relative to himself. Moreover, what
Is optically, motorically, vestlbularly, and proprioceptively expected and
achleved 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 (l.e.,
Initlal disorientation, nausea, unsteadiness, general debilitation, and
performance decrements, followed by gradual amelloration and recovery
within =5 days) there are strlking parallels between the experlience of the
astronaut and the prism-wearer exposed to unfamilliar optical Information.

OBJECTIVES

The ob Jectives of this study were: (1) to demonstrate the prominent role
played by unfamillar and unexpected optical motions In producing
disorlentation, bodily Instablillty, performance decrements In visually
gulded tasks, and bodlly discomfort akIn to motlon sickness; (2) to measure
these potential effects objectively by behavioral and physiologlical tests
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as well as by self-reports; and (3) to assess, by means of +thls
exper Imental paradigm of wearing a prlsm that up-down reverses the field of
view, the course of rapid adaptatlion, especlially in overcoming performance
decrements.

RAT IONALE

Whereas research Into space motlon sickness has focused principally on the
etiological significance of altered vestibular Input, considerable research
(reviewed in the background sectlon) points Yo a signiflcant, perhaps even
dominant, role of vlsual Information In controlling orlentation,
performatory competence, and the perception of bodily well-=beling.
Experience from prevlious spacefllights Indicates that changes In vestibular
actlivation associated with microgravity environments per se dlid not produce
SMS when astronauts were constrained from moving (l.e., in the Mercury and
Geminl 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 experlenced in these more recent flights is presumably related +to
the novel perceptual correlatlons of unfamillar and unexpected optical
motions seen by the astronaut when he Inltiates a movement, when relative
motlon of the craft Is seen, and when hls own movements produce unexpected
results. Such experlences have been conceptuallzed as a mismatch between
optical, mctor, vestibular, and proprloceptive Input and output. A
mismatch of comparable Intensity that produces motion sickness Is readily
produced experimentally by wearing a prism that optically reverses the
fleld of view. The demonstration of adaptation In this paradigm (Dolezal,
1982) shows that a person can regaln visual stablllty, performatory
competence, and overcome motion sickness, presumably by learning a new set
of visual-visual, visual-vestibular, visual-motor, vlisual-proprioceptive,
and visual-cognitive relationships,

This paradigm may be useful In Identifylng Individuals with a greater or
lesser ablllty to overcome optically induced motion slckness, afford a
reilable means of assessing medicatlions in alleviating optically Induced
motlon sickness, and may by Itself have a facilitating effect In
alleviating disorlentation, performance decrements, and bod!ly discomfort
assoclated wlth the unfamillar and unexpscted optical-vestibular-motor-
proprlioceptive relation-ships experlenced In microgravity.

The ultimate objJective of this work Is to provide a framework for preparing
crew members psychologlically, perceptually, and physiologically for the
microgravity conditlons In flight and also provide the basls for design-
modiflcations of spacecraft that would stablllze the visual environment of
astronauts and obvliate the development of SMS.
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METHODS AND MATERIALS

sub Jects. Flfteen college~educated sub jects (9 men, 6 women) participated
as pald volunteers, All were between the ages of 20 and 45; for men, the
mean age was 28.% years; for women, 27.7 years. All §s had blnocular,
uncorrected or contact lens corrected aculty of 20/40, as determinsd by
prebas=!|ine Snellen chart measurement, with 11 Ss at 20/20 or better. Ss
had to demonstrate an understanding of the Instructions by accurately
recounting the test protocol and by meeting the ciriterla for head movement
accuracy and sitting stlll during physlological recordings. All Ss were
healthy. Persons were excluded from participation in the study If they
(1) were physically unsuitable as determined by Miller & Grayblel's (1970
b) health questionnalre; (2) were pregnant or menstruating; (3) had a
history of anemla, asthma, back probiems, bronchitis, glaucoma, clotting,
heart conditlion, abnormally high or low blood pressure, thyroid, or selzure
disorders; (4) had Inner ear difflculties or a history of severe problems
with dlzziness, vertigo, falnting, nausea, car or plane slckness; {(5) had a
history of neuroioglcal or psychiatrlc Illness; (6) used or abused drugs,
Including medication at the tIme of +the experiment, especially
antihlstamine preparations; marijuana cou!d not have been used for one
month, LSD for two years and no alcohol Ic beverages for at least 24 hours
prior to testing; (7) had a history of gastrointestinal disease such as
ulcers, migraine headaches, present ear Infectlons, common coid, actlive
slnus condltlon or any active disease state,

lnformed Consent. The health and welfare of Ss was safeguarded In 5 ways.
Filrst, Ss were Informed as to the true and exact nature of the experiment
verbally and preprinted on a Statement of Informed Consent that iIncluded a
copy of Princlple 9, Research with Human Partliclipants, from the APA Ethlcal

of Psycheologlists, 1981, pp. 637-638, and the freedom to
dlscontlnue participation at any time and yet be pald for thelr
particlpation for that session. All 8s read and signed this form. Second,
a health questlionnaire allowed only healthy persons to serve. Third, $'s
behavior and discomfort ratings were closely observed to detect any
Inciplent unease so that testing could be terminated before any § reached
a8 level of frank sickness with vomiting. Fourth, provisions for post-
exper imental rest prlor to operating a blke, motorcycle or car were made
avallable, encouraged, and compiled with by all §s; transportation, though
unnecessary, was also available. Flfth, the experiment was approved by the

Committee for the Protectlon of Human Subjects of Northeastern IlllInols
Unlversity, Chicago, IlilInols.

Protocol
Table | glves a quick overview of the conduct of the experiment. An

explanation of each test procedure follows,

Table |

11
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28
28
30
3
32
33
34
35
36
37
38
30
40
41

for Baseline (No Prism) and Experimental Conditlon (With Up-Down
Reversing Prism) for the Short Sesslon (27 steps) and the Long Sesslon

steps) [ 1]

Step Description
MSRS/pre-exper Imental [2]
Pre—-Exper Imentation Questionpalire
Helmet donned by § [3]
Physlological hookup [4]

MSRS 1

Physiologlcal 1

One Leg Balance Test 1
Eye-Hand Coordination Tasks 1 [5]
Head Movement 1: 40 bpm [6]
MSRS 2

Physlologizal 2

Walking Task 1 [7]

MSRS 3

Physiolegical 3

Head Movement 2: 60 bpm

MSRS 4

Physloiogical 4

Head Movement 3: 80 bpm

MSRS 5

Physlological 5

Walking Task 2

MSRS 6

Phys!ologlical 6

One Leg Balance Test 2
Eye~-Hand Coordlinatlon Tasks 2
MSRS 7

Physlologlical 7

END OF SHORT SESSION

Head Movement 4: 80 bpm

MSRS 8 during last 2-1/2 minutes of HMs
Physlological 8 during last 2 minutes
MSRS 9 folliowing 5 minutes of HMs
Physlological 9

MSRS 10

Physlologlcal 10

Head Movement 5: 100 bpm

MSRS 11 during last 2-1/2 minutes of HMs
Physlologlical 11 during iast 2 minutes
MSRS 12

Fhyslologlcaj 12

MSRS 13

Physlcloglical 13

END OF LONG SESSION

12

3 locatlon
sitting
sltting
sitting
sitting
sitting
sitting
standing
sitting
standing
sitting
sitting
walkling
sitting
sitting
standling
sitting
sitting
standing
sitting
sltting
walking
sitting
sitting
standing
sitting
sitting
sitting

standing
standIng
standing
standing
standing
sitting

sitting

standIng
standing
standing
sranding
standing
sitting

sitting
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Eootpotes to Table 1

[1] Note that prlor to thls laboratory session each § has fllled out
the preliminary health questlonnalre, Statement of Informed
Consent, the Motion Experlence Questionnaire, and the Pensacola
Motlon Sickness Rating Scale. Details are described below.

[2] MSRS 1: Motlon Slckness Rating Scale; gliven 7 or 13 times.

[3] Helmet: Helmet with plaln acryllc (Baseiine/Control Condition)
or with up~down reversing prism (Experimental Conditlion) were
put on by §; S's fleld of view was restricted to 115° x
28° In the horizontal x vertical plane and worn by $ from
Step 3 to end of session.,

Roas [4] Physlologlical responses (skin temperature, pulse, GSR, EMG)
%55; pre-exper imentation hook-up or 2 minute recording, measured 7 or
Wkl
Y 13 times.
a;izl:g’
‘ng [5] Six Eye-Hand Coordination Tasks performed with the dominant hand
;r%; only; glven twlice.
LW
Ao [6] Head Movement: (HM) 1. Up-down and right~left tilt onto the
'ﬁgu shoulder; Head Movement/Eye Movement task that was done for 5
,ﬁpk minutes at 40, 60, 80, or |00 beats per minute (bpm) to a
".""} metronome; given 3 or 5 times.
LR
ihfﬁﬁ (7] Walking Task I: without shoes; glven twice.
"-{:‘:f
3&}5 Information/Pretralining Session. At least 24 hours prlor to testing, all
;h%i Ss were Informed as to the rationale of the research and filled out our
N preliminary health questionnaire, Statement of Informed Consent, the Motion
1{. Experience Questionnaire (Miller & Grayblel, 1970, Appendix A), and the
:"Q Pensacola Motlon Slckness Questionnalre (Moore, Lentz, & Guedry, 1977;
'&sﬁ Reason & Brandt, 1975). $Ss also recelved pretraining on our 5-point Motlon
m N Slckness Rating Scale (MSRS), making judgments of bodily comfort-discomfort
4 J as described In detall beiow, and on the Head Movement/Eye Movement Task.
{=t{ 3s then recelved a pre-experiment Instructlion sheet that Included asking Ss
oy to abstain from the Intake of alcohollc beverages for 24 hours, food for 3
id%g hours, and to rescheduie If they Ingested any medicatlion 24 hours prlor to
v&ii elther of thelr two sesslons.
‘#ﬁ?; Yideotaping. We used & camera (RCA CKC 020) set on a tripod In a fixed
» e position reiative to § and a cassette recorder (RCA YKP 900) to record both
a3 Baseline and Experimental sesslions. Tho videctaping served the focliowing 5
?‘¢ functlons: (1) Independent conflirmation of all timings recorded by the
{ Q; exper Imenter during the study, Including the One Leg Balance Test and the 6
f‘:« Eye—-Hand Coordination Tasks; (2) conflrmatlon that Ss met the criterlia for
\awf head movement precision; one § did not and thus dld not contribute ‘o the
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e data pool; (3) confirmation that Basellne and Experimental sesslions were
B
B conducted as nearly ldentically as possible; (4) a rich source of data for
Waw‘ analyzing Individual behavioral components during all phases of the study;
 ¥$'; and (5) preservation of post-session Interview data.

- Rata Transfer and Computer Analysis. We transferred the data from the
-.;@& physlologlical monitoring equipment to a Cyber malnframe computer (located
N at VYogelback Computing Center, Northwestern University, Evanston, IL).
WK Correlational, Chl Square, and several forms of MANOVA analysis were then
‘ﬂ&r made possible by the expertise of a Vogelback Computing Center staff
’ﬁ&' member .

RN

%

RO Basellne Session

The purpose of the Basellne Sesslon was to famlllarize Ss with (1) wearing
the 1.35 kg (2 Ibs, 14 oz.) helmet; (2) looking through a restricted 115°
horizontal x 28° vertical fleid of view; (3) reporting perceptions of
comfort-discomfort on our Motion Slickness Rating Scale (MSRS)  from
different body parts; (4) having sensors attached for recording 4 autonomic
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, 6C, 80, and |00 metronome beats/minute; (8) walking
normally through the laboratory and hall; and (9) video/audlo (VCR) taping
of the experiment (13 of 15 basellne and 15 of 15 experimental sesslons
were recorded).

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

(1) Ss gave pre-sesslon MSRS ratings to determine |f they could serve;
rating any body reglon as a "number 3" (moderate discomfort) necessitated
rescheduling to avold the possibility that §'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 physlologlcal
recordings, In order to evaluate the magnitude and direction of a
relationship between Ss' perceptual Judgments of motion sickness dlscomfort
and applicable physiological Indicators. Ss were asked to rate, on a 5-
point scale, the Intensity of discomfort they perceived, associated with
various body reglons.

Motion Sickness Rating Scale: Body Reglons: [-3. Head: rate perception of

dlzziness; headache; drowslness; 4, Throat: rate discomfort; 5. Chest
Reglon: rate dlscomfort; 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. 3s were also encouraged to make spontaneous verbal report
whenever a change was noticed. lntepnsity Dimenslon: | = no discomfort ("I
feel fine™); 2 = sllight dlscomfort, dlzziness, headache, queasliness, change
In temperature, or tenseness, etc.; 3 = moderate dlisccmfort, etc.; 4 = high
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discomfort, etc.; 5 = extreme discomfort, efc. On perceived body
unsteadiness | = steady; and 2-5 = slightly, moderately, highiy, and
extremely unsteady, respectively.

Ss!' behavior and MSRS ratings were closely observed to detect any
Incipient unease so that testing could be terminated before any § reached a
level of frank sickness with vomliting. $s who reached "4"™ and "5" levels
on the MSRS were asked to stop the ongoling actlivity, to sit down, maintaln
a stationary head and to close thelr eyes untlil they felt better and their
ratlings of dlscomfort, especlally "head dlzzy", "stomach queasy™ and "body
unsteady,™ returned to a moderate ievel.

(2) Ss' level of compllance with pre-experimental _ Instructlions was
monitored by the Pre~Experimentatlon Questionnalire (Grayblei & Miller,
1970, Appendix B), gliven minutes prior to serving in both the Baseline and

Exper Imental Session.

(3) The controi helmet, adjustable to any head slze, was then put on by
each § and worn by 7 S§s for 65-75 minutes (Short Session) and by 8 §s for
85-100 minutes (Long Sesslion). The helmet contalned a rectangular, plaln
(nonreversing) block of clear acrylic. This helmet was worn only In the
Basel ine (Control, No Prlism) condition.

(4) The four sensors that detect autonomic changes were then attached to $.
Repeated measurements of 4 physiological variables were made to assess
whether any changes were rellably assoclated with the effects of engaging
in the Head/Eye Movement Task wlth and wil‘thout up-down reversing prisms.
These I[ndlcators Included electromyographic (EMG) activity, electrodermo-
graphlc (EDG) activity, pulse rate and skin surface temperature. The EMG
and EDG monltors 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, traditionaliy called the Galvanic Skin Response (GSR). Blood
pressure was monltored by an Industrial and Biomedicai Sensors Corporation
automated blood pressure and pulse rate monitor, model SD-700A. Skin
surface temperature was measured by a Bio-Medical Instruments/Sel f
Regulation System mode! 1820 monitor. All autonomic signals fed Intc a
control unlt and then Into an Apple || Plus computer. A program computed
means, standard deviations, low, high, and slope values for all four
physlological varliablies every 20 seconds, 6 consecutive times during each 2
minute recording sesslon, and printed thls data.

Skin surface temperature was measured by taping the sensor to 3's
nondominant (left hand for all Ss) |Ittle finger. Pulse was monitored by
clipping the optical pilethysmographic sensor to 8's ring finger. Skin
conductance (GSR) was measured by attaching the 2 dry electrodes with
velcro strips to the second underside pad of the middie and Index fingers.
EMG was monitored by affixing the three sensors to §'s left cheek, Just
above the Jaw; §'s masseter muscle thus became the princlpal recording
slte. SkiIn surface- and EMG surface electrode preparation and attachment
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.ﬂﬁﬁ, was affected as described In Basmajlan & Blumenstein, 1980. All recording
R devices were checked for rellability of recording at this point, fresh
f;‘éﬁ batterles having been Inserted prlor to each session for each 3.
;';il (5) Whlle still seated § was Instructed to look straight ahead with eyes
:3& open throughout the sesslon and to glive baseline ratings on the MSRS.
Ny {

\‘ (6) Physlological measures were then recorded for 2 minutes (six 20 second
- - bins or perlocds) as soon as § could adjust himself comfortably and slt as
: ﬁ;i stlil as possible without moving, Including not talklng, swallowing,
. smiling or making body adjustments of any kind to minimize EMG artifacts.

N

LY
* gl (7) The One Leg Balance Test was administered. Ss wore no shoes. Ss were
- asked to fixate straight ahead and to support the body flirst on thelr
s right leg (ipsllateral to thelr dominant hand) and then on their left leg
JW%; 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 § raised
3 ;. the second leg off the ground untll 3 had to put It down because of loss of
i balance. $s were allowed repeated attempts untl| each reported that he had
% glven an optimal performance or until 15 false starts had occurred,
whichever came flrst. 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 unlts (seconds or
false starts) were reconclled.

(8) Six Eye/Hand Coordination Tasks were glven to ailow us to evaiuate
differences in visually guided, flne motor, eye~hand coordinatlion for the
reversing prism vs. no-prism condition, All §s were seated In front of a
z table with a 20" x 20" surface. S used only the dominant (right) hand for
: all tasks. Following verbal Instructlions that allowed sight of the ob jects
and task requirements, S was asked to look straight ahead and to place his
hand in a constant starting position down by hls side. On the
exper Imenter's signal, $ was to complete each task as quickly as possible,
the experimenter recording total duration to completion In seconds. Errors
were not counted agalnst $s 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 box that had contained the item originally,
whichever was most approprlate.

The order of task presentaticn-~Task #1-#6-~followed an increasing order
of difficulty for ail Ss. The flrst 3 tasks were standardized Balley
Infant Scale of Mental Development Items. Flirst, § was asked to drop 10
small 1/2* cubes singly Into a small hole In the center of a contalner
after removing the top, emptying out the cubes and replacing the top.
Second, S 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, §
was asked to bulld 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%® dewvp box. S had to place
the 8 blocks on the table first hefore starting to bulld the tower. The
fourth fline motor coordination task was for § to exchange one "AA"™ slze
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battery In a 4-1/2" x 2-1/2" calculator for another. Under visual guldance
S needed to remove the cover, replace the battery and cover and turn It on
to test whether the battery had been iInserted correctly. 3§ then needed to
place the calculator and battery back on the table In its origlinal
position. Flfth, § was shown a standard 13" x 13" checker board fully set
up for play with round, 1" dlameter, plastic black pleces closest to 3§,
red ones furthest away. § was asked to replace these exactly, Including
the crown emblem facing upwards toward §. The experimenter then deposlted
all pieces by handful into a 5-1/4" x 6-3/4" x 2-1/2" deep box from which §
needed to retrieve them. Sixth, § was asked to place, from a tray, 2-1/2"
long plastic pegs Into thelr respective holes In a "Score 4," 8" x 8" game
board and then to place one plastic bsad on each of the pegs. The accuracy
of the sxperimenter'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 reconcliled.,

(9) The Head Movement/Eye Movement Task was next. While 3 stood, she
moved her head up—down (chln-to-chest positlion), til%ted her ear toward her
right and then left shoulder continuoucly for 5 minutes to a metronone set
at 40 beats/mlinute. § was also directed to look In the directlon of each
head movement. § typically completed one successful U-D-R-L head/eye
movement sequence wlithin 5-10 seconds of the start signai. Once § had
establ ished a correct rhythm as to the direction, extent, and frequency,
the experimenter started the stopwatch. Every 15-30 seconds § was told the
elapsed and remaining time and encouraged to malntain a correct rhythm.

(10) § then sat down to glve the MSRS for a second time.

(11) Immediately thereafter, S was asked to sit stlll while physiologlical
mezsures were taken for 2 mlnutes for the second time.

(12) The Walking Task foliowed. § was unplugged from the recording
equlpment and asked toc walk the length of the I|aboratory and of +the
ad Jacent 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 fol lowed
for a third time. (14) Physlological measures were taken for a third time
as In (11), (1%5) The Head Movement/Eye Movement Task fol lowed, again for 5
minutes; this time the metronome was set at 60 teats/minute. (16) The MSRS
was followed by (17 physlological measures for a fourth time. (18) The 5
minute Head Movewent/Eye Movement Task was performed at 80 beets/minute,
(19)followed by the fifth series of MSRS, and (20) physlologlcal measures.

(21) The Walking Task followed for a second time, as In (12). (22) The MSRS
and (23) 2 minutes of physlological recording followed, for a sixth time.
(24) The One Leg Baiance Test foilowed a second time, as In (7). (25) The
Eye-Hand Coordinatlion Tests followed for a second time, as In (8). The
Short Sesslon ended with &8 seventh taking of the (26) MSRS and (27)
physlological measures.




T TR ST I EMIE SRR ST R TR OO TR T T T W M T U N M N M MUY MW U W LW E WL W N s W U T W T W Wt WY W 5 8 T MY e f ke sy e P U 1 asm e b

The Long Session added 14 more steps to the Short Sesslon. (28) First, §

*5§' once agaln performed the Head Movemeni/Eye Movement Task at 80
N beats/minute; (29) 2-1/2 minutes after the onset, whiie S continued moving
_:g, her head, 3 gave the MSRS (for tha 8th time) and Immediately thereafter,
1?;- (30) for the last 2 minutes of the head movements, physlologlical measures

vere taken for the 8th time. (31) As soon as § stopped her head movements
and stood stili the MSRS was administered a 9th time, (32) followed by the

B 9th, 2 minute physiologlical recording sesslon. (33) Immedlately
LA thereafter, § sat down and gave the MSRS for the {0th time, (34) followed
N by the 10th physiologica! measurement.

_!‘i (357 S then stood up to perform the Head Movement/Eye Movement Task at 100

,'T*V beats/minute with the 11th-13th (36-40) MSRS ratings and physlologlicai

W measurements following as above, (41) ending the Long Sesslon with the
R 13th physiologlcal recording while S was sitting.

)

‘?] Each 3, whether he had served In the Short or Long sesslion, was asked
T Informaily to describe the similarities or dlfferences of his perceptions,
;;a: thoughts, and feellings during the session with any experlences before

A participating In our study. |f no spontansous comparisons were made, S was
ae asked more dlrectly abour |lkening his experlences to beling on a boat or

. ship, to rolier coaster, carousel, elevator, plane, or car rldes, to
-3 panoramic movies, etfc. $s were also asked If they had experlenced any

'fj‘ bodily perceptions that we had not even asked about on the MSRS. Ss were

42 asked about the differences In thelr experlences during and after the Head

o Movement/Eye Movement Tasks, comparing up~down with tiit movements, the

' different rates of movement, the One Leg Balance Task, 6 Eye-Hana

*, CoordInation Tasks, and Walking Task.

'}%

L Experimental Session
Sl
‘{{ The Experimenta! Sesslon was held at least 48 hours after +the Baselline
) Session. The range of time separating the two was 48-168 hours with a mean
X of 112 (4.7 days) and a median of 122 hours (5.] days). The passage of at
0 least 2 days ensured recovery from fatigue or other aftereffects that may

[N have resulted from the Basellne Sesslon. The Experimental Sessions,

.jﬁ whether short (27 steps) or long (41 steps) were as Identical to the
L Basel Ine Sesslons as possible In all respects, with the exception that all

{ 3 3s wore & helmet contalning a glass prism that optically up~down roversed

£ the fleid of view.
N

o< RESULTS
P
Lok

R Yisual Stabltity and Bodlly Dlscomfort
‘o Correlations Between Autonomic Measures and Motlon Sickness Rating Scale
,iﬁ Rat lngs. In order +to examine these In*errelatlonships among percelved

K bodlly changes and autonomic reponses, the correlatlon matrix presented In

o

Table 2 and In Table 3 was constructed.

18
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Table 2
Correlation Coefflclents (r) and signiflcant p Values for Physlological and
Motlon Sickness Rating Scale Yuiues for Individual §s In Basellne (No Prism)
and Experimental (Reversing Prism) Condition
BASELINE (No Prism) EXPERIMENTAL (Reversing Prism)
S Head Stomach Body Un-  Head Stomach Body Un-
# Dizzy Queasy steady Dizzy Queasy steady
Yarjable [y )] c (p) c (p) L (p) c () L {p)
2 Mean GSR .99(.001)
High GSR .99(.001)
Mean Temp .80(.02)
High Temp +79(.02)
3 Mean GSR .75(.03)
High 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)
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(.G2) -.69(.04)
? 8 High EMG .54(.03)
- 9 Mean Temp -.68(.005)
S High Temp -.85(.001)
;ﬁi:
l,:l
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Mean
High

Mean
High
Mean
High

Mean
High
Mean
High
Mean
High

Mean
Mean
High
Mean
High

Mean
righ
Mean
High
Mean
High

Mean
High

Temp
Temp

GSR
GSR
Temp
Temp

Pulse
Pulse
GSR

Table 2, cont.

BASELINE (No Prism)
Head Stomach Body Un-
Dizzy Queasy steady
c (pl c (p) £l
-.51(.04)
-c51(o04)
«84(.001)
.83(.001)
.57(.02)
.59(.02)
.70{.004)
.70(.004)
-.85(.001)
-085(0001)
-o64(|009)
--63(001)
.60(.02)
.60(.02)
-.53(,03)
-.50(.04)
20

EXPERIMENTAL (Reversing Prism)
Head Stomach Body Un-
Dizzy Queasy steady
c () r (p) L ()
.66(.01)
.66(.009)
.75(.,003) .54(.04) .68(.007)
.76(.002) .53(.04) .6S5(.007)
.63(.01)
.60(.02)
«81(.05)
.96{.001) .75(.03) .85(.008)
.96(.001) .75(.03) .86(.007)
~.72(.003)
-.72(.003)
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Table 3

Correlation Coefficlents (r) and significant p Values for P-ysiological
and Motion Slickness Rating Scale VYalues for Group (N=15) Data In the
Baseline (No Frism) and Experimental (Reversing Prism) Condition

BASELINE (No Prism) EXPERIMENTAL (Reversing Prism)
Head Stomach Bcdy Un-  Head Stomach Body Un-
Dizzy Queasy steady Dizzy Queasy steady

C(p) C(p) C (p) c (p) c (p) L {p)

Mean Pulse .16(.03)
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 varlables (head dizzy,
stomach queasy, body unsteady) that were hypotheslized to be most |lkely
related to the physlological events measured. Each measurement period
consisted of 20 seconds. Each recording session lasted 2 minutes. All 15
8s underwent the same 7 physlologlcal recording sesslons following
activities described In the protocol; the last 8 9s underwent an
addItional 6 sesslons (13 In all). Only Mean and High values collected
during the 2nd measurement perlod In each of the 2 minute recording
sessions were used. Data from the flrst measurement period had to be
disregarded for two reasons. First, §s exhibited a very high rate of body
movements during the flrst 20 seconds after sitting down--even afier
Indicating they were ready for sitting quletly for 2 minutes—-thus creating
artiticlally high (EMG) scores. Second, In several Instances the recording
equipment was not able to collect data free of artifacts. This was true
foliowing plugging § back Into the recording machinery after the Walkling
Task which Ss did twice In each the Baseline and Experimental conditlon.
Data from the 3rd through 6th measurement perlods were deemed too far
removed In time from the time Ss gave the MSRS ratings to be consldered
optimally valid to establish the extent to which §s could Judge thelr
autonomlc nervous system events.

Table 2 presents Pearson r correlation coefficlents and thelr respective p
values for each Individual §; Table 3 shows  and p values for all s
combined, &again for both the Baseline and Experimental conditlons. Two
correlations were examined. Flirst, the mean values of each of the 7 or 13

21
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» fh recording perlods of $'s pulse, GSR, EMG, and skin temperature were
e compared with the corresponding values for the 3 MSRS varliables, head

Ly dizzy, stomach queasy, and body unsteady. Second, the same was done with

. fﬁ the high values. Each value for each variable was basellne-corrected, that
R Is, was arrived at by deducting from It its respectlive baseline value that
A each § achleved on the flrst measurement occaslon within that condition

B (t.e., before § engaged In the Balance Test, Eye~Hand Coordination Tasks,
head movements or walking). Hence the values are ylelded by deducting
Physiological 1 (Step 6 of the protocol) from Physiologlical 2,

b Physlological 1 from Physiological 3 and so on through 7 for 9s 1-7 and
- Physlological 2-13 for Ss 8-15 and by similarly deducting MSRS 1 (Step 5 of
o the protocol) from MSRS 2-7 and 2-13. These comparlsons yielded 15
" Indlvidual §, and 24 group, Pearson r correlatlon coefficients for each the
Basel Ine and Experimental condition.
- 8 Yisual Stablility and Physlolgical Measures. Table 4 presents the autonamic
23 Table 4
:6¥~; Mean and High Values of 4 Physlological Measures (Pulse, GSR, EMG,
! Skin  Temperature) and respective F Test for all 8§s (N=15) for all
"”: Recording Perlods (df=14/274) and for Baseline (No Prlsm) vs. Experimental
> (Reversing Prism) Condition (df=1/274)
2 source of Yarlation
oS¢ (Basel Ine vs.
Exper Imental)
: Measures E E
Mean Pulse 1.82% 1.72(NS)
3
LW High Pulse 4.34%n% .00(NS)
3
~ Mean GSR 19.62%xx 7.94##
b .\
N Hligh GSR 18.41#%n 5.47%
bl Mean EMG 2.04% 9.36%*
f::'
pe High EMG 2.25%% 14,23%x%
o Mean Temp 10, 75% % 21.12%%%
High Temp 11,1304 15,1 1%%%
»
. *p<.05 ®xp<.01 kx#p<c. 001
N
b~
= 22
®
Y
D en
N P A AR A" o o e
i . 9.4 .( .'U‘M 19 ' N o‘_:'q. ':e‘.'::’ "‘ \( "»"h '\')‘ "‘u """"""""""""""""""




PO “acg " T Tv Y Jadk Duloab ol el R A b a0 ate aba Rba Ahe Al f¥a Sii dita s- R doldt Bl Fof it aat Bt fod Rt e Rt BAT g 2t RV SR AT S ot SVR TR R

.
,.%'

Atgtyl

ek
e
B

ay

fﬁkﬂ measures that proved slignificantly dlfferent from chance by F test for
f“?f differences among 9s across all recording periods (df=14/274) and for the
jr'f Basellne (No Prism) vs. the Experimental (Reversing Prism) condition
‘ags (df=1/274). Agaln, the Means and High physliological values used for the
e comparison were taken from each of the 7 or 13 recording periods; each
,ﬁﬁh value was basellne-corrected, that ls, derived by deducting from it its
@ﬁ& respective basellne score: Pbysiolcglcal 1 (Step 6 of the protocol) from
bR Physiologlcal 2-7 and 2-13,

‘ot
Z; Yisual Stabllity and Bodily Discomfort. Our MSRS was used to assess 10
ﬂ.} parameters of Ss' perception of comparative bodily comfort/discomfort on a
ﬁh' 5-point scaie where 1 represented "| feel fine™ and 5 extreme discomfort.
'fb&’ Three of these parameters (head dlzzy, stomach queasy, body unsteady) were
co consldered, on emplrical grounds, to best represent 3s? awareness of the
‘“*r discomfort experienced. Table 5 presents the mean basel Ine-correctad MSRS
,‘il..‘

i

) ()
b

:ﬁg; Table 5

Iﬁ?ﬁ

ﬁﬁ; Motion Sickness Ratlng Scale. Mean MSis ratings for all Ss  for all
o Protocol Steps and respective F Test (dr=1/14) for Basel Ine (No Prism) vs.
X Experimental (Reversing Prism) Conditlon

<
wng Mean basel Ire-corrected F Test for Ratings in
Bkl MSRS Ratings for all Ss Basel ine vs. Experli=-

‘ g
'.5 mental conditlon

) MSRS Parameter Baseline Experimental E
o

A H 36 %

3 ead Dlzzy .03 1.1 16.60
:l:g‘i

D
Sl Stomach Queasy .0 .6 11.15%%

L,

) \'ﬁ‘

.l ?

Body Unsteady o .7 8.61%%
R

aak Total o .8 15.02%%

"‘,n

i‘fi'\

'5.' 1

-l #xp<.01 *xec 001

A
o ratings for all 8§s for all protocol steps (Steps 5, 10, 13, 16, 19, 22 and
x{k 26 tor the Short Sesslon, adding Steps 29, 31, 33, 36, 38 and 40 for the
e Long Session) and F ratlo (df=1/14) for the Base!lne (No Prism) vs, the
R ExperImental (Reversing Prism) cond!tion,

§. 4
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Yisual 3tabllity and Contro! of Balance
One Leg Balance Tast. Duration of Standing on Elther Leg. The One Leg

Balance Test was used to assess §s' comparative visually guided controi of
balance. The total duration §s could support thelr bedy on the right leg
and left leg In the Baseline (No Prism) vs. the Experimental (Reversing
Prism) conditlon was compared by analyslis of variance. Table 6 shows these

Table 6
One lLeg Balance Test. Mean Durations (In secends) all Ss could stand on one
leg, and respective F Test (df=1/14) for Baseline INo Prism) vs.
Experimental (Reversing Prism) Condition.

Mean Duration (In Sec.) F Test for Duratlons

for all §s Basel Ire vs. Exper|-
mental Condlition
Baseline Experimental E
Baiance Right Leg 52 5 21.00%%%
Balance Left Leg 67 7 34 ,05%%%
Balance R & L Leg 119 12 28,12%%%

###p<, 001

mean duratlons and one main effect that was significantly different from
chance (df=1/14) (l.e., the length of time §s stood on one leg in the
BaseiIlne vs. the Experimental conditlon). §s stood signiflcantly briefer
durations (on average, only 6 seconds) while looking through the up-down
reversing prism than they did while fooking through plaln acrylic goggies
(on average, a full 59 seconds). Natural log transformation of the
duration Ss were abl!e to support themselves on elther leg ylelded F ratios
greater than those shown in Table 6. (The anaiysis by F Test of the time at
which the Balance Test was performed, 1st ve. 2nd occaslon [Step 7 vs. Step
24 of the protocol], showed no significant differerces for elther the right
or left leg for elther the Bzselline or Experimental condltlon. Similarly,
the rlight leg vs. left leg differences for duration of balancing proved
nonsignificant In either condlitlon.)

One Leg Balance Test: Number of False Starts. Table 7 shows the mean

number of false starts with respective F Test and the Chi Square analysis
which compared how often $§s as a group put thelr leg down before
successfully supporting thelr body on the other leg (rumber of false
starts) In the Baseline (Mo Prism) vs. the Experimental (Reversing Pr Ism)

3

33 condltlon. (Additional analysls of the time at which the One Leg Balance

&: Test was performed, 1st vs. 2nd occasslon [Step 7 vs. Step 24 of the

EQ protocol] showed that In the Experimental Conditlon Ss as a group made
significantly fewer false starts for both legs combIned [F=11.16, p<.005,
df=1/42] and for the rlight teg only during the second administration

24
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Tabie 7

One Leg Balance Test. Mean Number of False Starts (FS) made by all §s

before standing stlil and respective F Test based on Log Transformed Data

(df=1/14) and Chi Square Test for Basellne (No Prism) vs. Experimental
(Reversing Prism) CondlItion.

Log Dats Ch! Square Test for #
Basel Ine of FS for Baselline

Mean £ of ES for all Ss vs. vs., Experimental
Experi- Condition
mental Chi
Basellne Experimental E Sqa df
False Starts 1 5 25,65%%#% 24 .,30%% 10
Right Leg
False Starts 0 3 49 ,69%xx 28.30%x% 9
Left Leg
False Starts 2 8 69,.54%n% 32.83% 16
R+ L Legs
#%p<,01 ##%p<,001

compared with the first administration [F=15.88, p<.001, df=1/42]; also a
significant dlfference from chance was found for the main effect of Tlime
(F=15,03, p<.005, 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 elther right or left leg was found In the Baseline
Condition.) Natural Log transformatlion of these fzlse start scores were
deemed most appropriate for this analysls of varliance.

Optical Disorientation and Yisually Gulded
Elne Meotor Coordination

Eye-Hand Coordlnation Jasks. |n order tc assess $s' comparative visually
guided performatory competence, 6 Eye-Hand Coordinatlon Tasks were used.
Table 8 shows the mean durations for all Ss for all 6 tasks for both
BaselIne and Experimental conditlons; It also presents the Low, Hlgh, and
Range scores across all Eye~-Hand Coordination Tasks for all Ss.

The analysls of variance shown In Table 8 Indicates that both malin effects,
Time at which the 6 tasks were performed (1st vs. 2nd occasion: Step 8 vs.
Step 25 of the protocol), and Condlition (Basellne vs. Experimental), as
well as the Time x Conditlon Interaction effect--the Experimental Condition
showed (performatory adaptation) changes over time whereas the baseline
condition dld not--were significantly different from chance (df=1/14) for
all tasks. A further F ratlio analysls, also presented In Table 8, revealed
that the duration for all task performances decreased significantly
(df=1/42) only during the Experimental conditlion, that Is, 3s took less

25
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: Table 8
R Eye-Hand Coordipation Yasks. Mean Durations (In seconds) to Complete al! 6
»:ﬁb: Tasks for all §s and respective F Test (df=1/42); aiso F (df=1/14) for Time of
5¢' Performance (Time 1 of Basellne & Experimental Cond. vs. Time 2 Basellne &
343. Exper imental Cond: Step 8 vs. Step 25 of the protocol); Conditlon: Basel ine (No
:ﬁﬁ: Prism) vs. Experimental (Reversing Prism) Condition, and Condition x Time
MY Interaction
LN
f&%' F, for Time of Performance,
:&H Mean Duratlon (In sec.) for all Ss Basel ine vs. Experimental
jbab Low, High, and Range Scores across Conditlon, & Condition
(e all Tasks for ail Ss x Iime !nteraction
- Basellne Conditlon
o Time 1 vs. vs. Ex= vs. Time
N Task Basellne Exper Imental 2 of per- perimen- Inter-
_.':“. t Condition Condition formance tal Cond, action
deigh
Ao st 2nd Mean F  1st 2nd Mean F F F F
wl
‘“.
T | 17 16 16 .07(NS) 68 41 54 18.07%%% 12 64%% 54 .88%%%x g 72#%
".‘h‘
-
;’j& 2 14 14 14 ,00(NS) 57 29 43 37.83%%%k 20 54%%X 51 46K%K 24 60R*%
f\-' >
' 3 22 19 21 .00(NS) 354 82 218 25.54%#% 14 04%% 23 Qo%** 13 g5%%
P
53?: 4 34 23 28 .41(NS) 118 58 88 11.34%* B.33%% §7.50%%%k 4 74%
SN
E : 5 54 51 52 ,03(NS) 201 136 168 16,25%%% 16 ,27%¥% 54 . 27%¥% 14 30%%
M
D) 6 92 88 90 .03(NS) 302 203 251 28.46%%% 25, 06%%X 83 91%*% 22 84%%#
f}f
1% W
.p*;g Mean 39 35 37 ,06(NS) 183 92 137 36.86*%% 26 ,52%%% 57 ,08%%% 24 123 %%
O’J
-kgjd tow 11 10 1" 28 18 23
0¥
%f : High 121 120 121 1188 292 740
e
[sﬁw Range!10 110 110 1160 274 717
»
Y #p<.05 *%p<.01 A%%p<,001
fﬁ‘; time to complete the 6 tasks the second time they perforned them In the
fsﬁ7 Exper Imental Conditlon. Natural Log transformation of the duratlon $s
eﬂg required to complete each of the 6 Eye-Hand Coordination Tasks ylelded F
?::h ratios that were signiflcant at or beyond the levels shown In Table 8 for
b all comparisons of the 2 maln effects, namely, Time at which each {ask was
. performed and Conditlon (Basellne vs. Exper Imentai), and tor = thelr
iy Interaction (Time x Condltion).
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DISCUSSION

Dizziness, queasliness, sweating, cheanges In muscle tension and skin
surface temperature, poor balance while standing, unsteady equllibrlium
while walking, and disorlentation while moving about and during preclse
eye-hand coordination were all observed reliably and to a slignificant
extent In a sample of 15 men and women under the Influence of the main
Independont variable~cluster of thls study: seen unfamliliar optical motions
and movements engendered by eye-, head-, body-, ieg-, and hand movements
while looklIng through an up-down reversing prism attached to $'s head.

More specifically, the following resuits demonstrate the prominent role
played by unfamli|lar and unexpected optical motion-information:

(1) We observed sign!{icant covarlations for 13 of our 15 Individual §s for
thelr ratings of dlzzlness, queasiness, bodlly Instability and the
magnitude of thelr physlological responses including pulse, GSR, EMG, and
skin surface temperature (Table 2).

(2) We found modest but signliflcant covarlations for our 15 §s as a group
for their ratings of dizzliness, queasiness, and bodily instabllity and the
magnitude of thelr physliologlcal responses Including pulse, GSR, EMG, and
skin temperature (Table 3).

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

(4) Sign!flcant Individual differences exist among the §s of our sample
relative to al! the physiological and MSRS parameters (Tables 2 & 4),

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

(6) §s dlisplaved significant loss of control of visually directed body
balance In the Experimentai (Reversing Prism) Condition as reflected first,
In the One Leg Balance Test where Ss were able to stand, on average, only
1/10th as long as In the Baseline {No Prism) Condition and, second, In the
fact +Yhat 3s made an average of 4 times as many false starts while trylng
to stand on one feg !n the Experimentai Conditlon (Tables 6 & 7).

(7) Profound vlsuo-motor dlisorlentation was documented by significant
performance decrements In visualiy gulded actlons; $§s took 3-16 times as
ilong in the Experimental (Reversing Prism) Condltion as In the Baseline (No
Prism) Condltion to perform the 6 Eye-Hand Coordination Tasks (Table 8).

(8) We also found substantial, rapld 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) Conditlion In up to 1/4 of the time; on
average, only 65 mlnutes elapsed between the first and second try.

Ss as a group conslistently and homogeneously exhibited the following
behavlors:

(9) Durling the Experimental (Reversing Prism) Condition every § stood more
shaklly and for less time than they had during the Basellne (No Prism)
Condltion (One Leg Balance Test); moreover, every § made more combined
false starts durling the Experimental Condition.

(10) Similarily, all but one § took substantially more time to complete
each of the 6 visualiy gulded, fine motor coordination tasks and

(11) Ss completed esach task more quickly when dolng it the second time,
exhibliting a quick form of learning or adaptation on the Eye-Hand
Coordination Tasks.

(12) All 3s were unsteady while walking and

(13) Ail 9s were disorlented whiie visually locating their chair and while
sitting down; these problems In gross motor performances were only
notliceabie during the Exper imental (Reversing Prism) Conditlon.

Correlations Between Autonomic Measures and Motion Sickness Rating Scale
Ratings: lndividual S Data

One rationale for this study was to determine whether, and to what extent,
S's perceptions of bodily dlscomfort corresponded to actual autonomlic
nervous system events that occurred cliosely In time. The data presented In
Table 2 show that the relationship between MSRS values and values of
physiologlcal response measures was sizeable (extent) and Idlosyncratic
(direction). The magnitude of such relatlonships accounted for between
25%-98% of the varlance (r values ranged from -,50 to .99; respective
p values ranged from .05 to .001. The suggestion Is clear: S's high or low
values on the MSRS (head dlzzy, stomach queasy, and body unsteady) were
rellably assoclated with high or low values on the physlologlical measures
(pulse, GSR, EMG, and skin temperature). Generalizatlons a&bout the
dlrection of such relatlonshlps requlires further analyls, however.

In the Experimental (Reversing Prism) condltion, 13 of our 15 $s displayed
a signiflcant correlational relatlionship between changes In one or more

of thelr 4 physloiogica! responses and one or more of thelr 3 MSRS ratings;
r values ranged from .53 to .99, wlith slignificance levels ranging from
<.05 to <.001, accounting for 28%-98% of the varlance. Overall, 20 Mean
and 23 High physlological Indlces proved signiflcant, suggesting that
: alther the Mean or High value may be used for future Investigations. Two
physlological Indicators--GSR and sklin temperature--correlated most
frequently with S's MSRS ratings. 10 Mean and 11 High GSR Indices proved
signlficant. The behavior of 10 of the 15 §s exhibited such a co-
varlatlion. For 6 Ss we found a signlflcant, dlirect relationship between

v &L
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ﬁbﬂ: (Increases In) head dlzzy ratings and (increases In} GSR vaiues; two of
j&k‘ these $Ss also exhiblted Increases In GSR along with Increases In stomach
LI queasy ratings, and one of them also showed Increases In body unsteady
3¥¢, scores along wlth Increases In GS5R. One § showed only a correlation
;@}‘ between GSR and body unsteadlness. In summary, 8 §s displayed a direct
‘-wﬁ covariation of GSR with thelr MSRS values: electrodermal activity Increased
¥ along with an Increase In thelr head dlzzy (n=6), stomach queasy (n=3),
4?¢ﬁ and body unsteadiness (n=2) ratings. Thus, GSR showed itself as a reliable
R predictor of percelved bodlily dlscomfort and vice versa.
A
JSQ‘ The second most frequently found co-varlate under conditlons of optical
.ﬂ? disorlentation proved to be skin surface temperatur: (for 6 Ss). The
'Qﬁ behavior of 4 §s exhlblited a correlation between skin temperature and
O Judged body unsteadiness. Two $s showed a direct relationship, two an
Inverse relationship, with skin temperature decreasing as body unstead iness
.ty Increased, suggesting perhaps, cold sweating. Tiw other Ss showed a direct
gﬁf relationship between (lIncreases In) skin temperature and (Increases In)
;ﬁr; queasiness. Flnally, 2 3s produced a correlation between (Increases In)
;’ﬂ dlzziness and skin temperature; one of these was an inverse relationship
*&g: where skin temperature decreased with corresponding Increases In dlzzlness
S0 values. |In summary, 6 Ss displayed a relationship of skin temperature with
" their MSRS values: along with Increases In MSRS values went iIncreases or
ﬁﬁj decreases In skin temperature; dizzy (n=2), queasy (n=2), unsteady (n=4).
,5;- Third, pulse co-varled dlirectly with increased body unsteadiness values In
D one §, and inversely (pulse decreased) with (Increases In) dizziness Iin one
' S, and with (increases In) body unsteadiness In one S. Fourth, EMG values
: Increased In one § as hls dlzzy values increased and decreased In another $
R as her dlzzy ratings increased.
A
:23 These results suggest the !lkellhood of (!) characteristic motion sickness
A susceptibllity proflles which further implies, when also considering Table
R 4 results, that (2) our physiological Indicators--GSR, skin surface
) temperature, EMG, and pulse--and our Motion Sickness Rating Scale may well
EXh be good predictors of motlion sickness susceptiblility. Much more data Is
. avallable from +this study and remalns to be analyzed; for example, we
1 focused on 3 of the 10 MSRS parameters and on oniy 2 of the 5 avallable
Qr computer generated physiolcglcal summary statistics and on only 1 of 4
KA additional measurement periods during which summary statistics were
1% collected. Thus the 708 remalning MSRS scores and 90% physlological values
S may contain further useful answers.
~Y
ﬁﬁ One hypothesis that emerged from the correlational data for Individual §s
38 In the Experimental (Reversing Prism) Condlitlon Is that a gilven § responds
s, characteristically to the novel, unfamillar, and disconcerting optical
.. information produced by the up-down reversing prism condltion, both In
o terms of that person's perception of bodlly dlscomfort and actual
Lo physiological changes. Such covarliations suggest that Indlividuals or
3%' distinct subgroups of flight personnel and astronaut tralnees may need
:Qﬂ tallor-msde tralning schedules that fit +thelr proflle of responding.
N Perceptual and physlologlical pre-adaptation training procedures could then

be desligred for optimal results.
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One appllication of the data on physlological Indicators to microgravity Is
to collect relevant basellne data for a glven trainee and provide each
tralnee with a simple (e.g., wristwatch) monitor that would thus signal and
predict Inciplent SMS In time for the tralnee to decrease or dlscontinue
eye—, head-, or body movements, and to stabllize himself visually relative
to the craft to obvlate SMS onset. What we need to know here Is (1) hcw
great a change In a glven physliologlcal Indlcator can be safely Ignored and
(2) how much time does the Individuai have before his performance will be
affected by SMS. Future research needs to define In further detall what
constltutes such relevant basellne data for specifled trainees and the
contigulty relationship between physlological indlcators of motion sickness
and dlisorlentation, performance decrement, and percelved bodily discomfort.

The following questions warrant further analysis of our dota. What
proportion of Ss who reported Increases In dlzzlness, 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 S's physlological behavior and  MSRS
Judgments during the Baseline {No Prism) Condition relative to the
Experimentai (Reversing Prism) Conditlon. Flinally, a closer look needs to
be given to potential changes that occurred In the physiological measures
of two groups of Ss: flrst, Ss who almost fell down while walking and who
were vislbly unsteady, especlaliy during the Balance Test, yet provided #1
("I feel flne™) ratings throughout on all 3 MSRS Indicators (the
experimenter had to physically support the entlire body of one of these $Ss
while walking, otherwise he would have falien down); are some Ss less aware
than others of physlologlcal events? Are some culturaliy "prohibited™ from
expressing moderate or high discomfort under clrcumstances such as ours?
Second, we need to look carefully at the physiologlcal behavlior of those $Ss
who seemed steadler throughout and also consistently gave #1 ratings.

Correlations Between Physlological Measuraes and Metlon Sickness Ratlng
sScale Ratings: Group Data

Table 3, as Table 2, descrihes the covarlation of each of the 4
physlological measures (puise, GSR, EMG, and skin surface temperature) with
3 (of tha 10) Motlon Sickness Rating Scale varlables (head dizzy, stomach
queasy, body unsteady) except that |t does so for all 15 $s as a group. The
extent of the correlatlion coefficients and thelr corresponding levels of
signiflicance suggest that §s' perceptions of bodily discomfort did, Indeed,
correspond to actual autonomlc nervous system events that occurred closely
In time. The data of Table 3 show that the magnltude of such relatlonships
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 2%-14% of the varliance. Giroup r
vajues wers |low even for the Experimental (Reversing Prism) CondItion
because flrst, all computations Included 3 §s who reported zero change In
thelr MSRS scores, regardiess of thelr autonomic nervous system behavior
and second, because Indlvidual §s responded Idlosyncraticaliy. The
direction of the relationship between MSRS scores and physlologlical
measures showed a conslstent pattern for our sample, even though
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individuai §s dlisplayed both direct and Inverse correlations on a glven
comb inatlon of varlables,

In the Experimental (Reversing Prism) Condltlon, $9s as a group produced
Mean Pulse values that correlated significantly and Inversely with ail 3
MSRS values. Thus, as Ss as a group reported high dlzziness, queasliness,
and unsteadiness scores, their mean pulse rate decreased. The extent of
these correlation coefficlents was modest, r=-.24, -.15, and -.25, but
statistically significant at the .002, .04, and .001 leveis and accounted
for 2§-6% of the variance. Similarly, Ss as a group produced Mean and High
skin temperature values that correlated significantly and inversely with
all 3 MSRS scores. Thus, as Ss as a group reported higher dizziness,
queasiness, and unsteadiness scores, their Mean and High skin temperature
decreased. The extent of these correlation coeffliclents ranged from r=
-.17 to r=-.35; +they were significant at +the .02 to .001 levels and
accounted for 3%-12§ of the variance. '

Ali group values for both Mean and High EMG values were positive and
significantly correlated with all 3 MSRS measures during disorlentation,
Thelir extent ranged from r=.29 to r=.37; all were signlficant at the .001
level and accounted for 8%-14% of +the varlance. Thus, as dlizziness,
queasiness, and judged body unsteadliness [ncreased, so d!a 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
disorlentation. Thelr extent ranged from r=.14 to r=.25; they were
significant at the .05 to .002 level and accounted for 2%-6% of the
varlance. The exception was mean GSR and body unsteady scores.

Perhaps the most remarkable flInding is the fact that of 24 possible
correlatlons between our 4 physiologlcal 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 elther Mean or
High values adequately represent our physlologlical parameters; 11 Mean and
9 High values proved useful.) The conciuslion appears warranted that all 4
physlological measures are good predictors of percelved bodlly dlscomfort
In our visual dlsorlentation paradigm. A comparison of Tables 2 and 3
strengthens the concluslon that pulse, GSR, EMG, and skin temperature all
are useful In assessing percelved bodily dliscomfort, typlcally associated
with motion sickness and 5MS, be |+ dizziness, queasliness, or bodlly
unsteadlness, and vice versa. Consequently, both our physlological
Indicators and Motion Slckness Rating Scale represent useful cross-check
toois., Other group similaritles and dlfferences for physliocloglcal-MSRS
correlations wlil require additional (Rounds 2 and 3) anaiyses of the
avallable but untapped data base.

Yisual Stablllty and Physlological Measures

Another rationale for this study was to find out whether any physlologlcal
Indlcators were rellably assoclated wlth dlsorlentation, bodlly
Instabllity, nausea, and performance decrements typlcally reported by some
astronauts and fllght personnel and whlch we successfully simulated by our
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cptical dlsorlentation paradigm. The analysis presented In Table 4 shows
that 3 of the 4 parameters are Indeed useful: Mean and High scores for G3R,
EMG, and skin surface temperature found In the Experimenta! (Reversing
Prism) Condition differed signlificantly from those in the Basellne (No
Prism) Condltlon., Data presented In Table 4 also confirms our previous
conclusion that Indlvidual Ss responded differently from one another on ail
physlologlcal varlables. Mean and High GSR responses, Mean and High
Temperature scores and HIigh Pulse scores were all significant at p <.001.
High EMG responses also differentiated §s at the <.01 level and Mean EMG
and Mean Pulse scores did so at the <.05 level. Overall, it Is clear that
all 4 physlological measures were confirmed to be useful tools In future
Investigations for proflle-analys!s of Individual tralnees.

Yisual Stabllity and Bodlly Discomfort

The results of Table 5 show that as a group and across all rating
opportunities, $Ss responded significanily different In the no prism
Basel Ine and reversing prism Experimanta! Condition on all 3 of the 10 MSRS
parameters we chose to look at. indicators of the novel optical motlon-
Information during and folliowing § movements were dizzlness (<.00l !evel of
significance), queasiness (p <.01), and perceived unsteadlness (p <,01).
Table 5 also shows overall means for the 2 conditions of the study. The
Basellne (No Prism) condition mean was computed on 138 scores for each
parameter, the Experlimental (Reversing Prism) condition mean on 124 scores
each. The MSRS scores appear |low because they are basellne-corrected,
that Is every rating had deducted from It its respective baseline rating
score., Nevertheless, the dlfferences between the Basellne (No Prism) vs.
Exper imental (Reversing Prism) conditlon proved to be statistlcally
significant for all MSRS parameters (head dizzy, stomach queasy, body
unsteady). The data show +that even as a group §s consistently Judged
themselves to be dlzzler, queasier, and more unsteady, relative to the no
prism control sltuation, durling the visual disorlentation and Instability
created by head-, body-, and iImb movements while lookling through an up-
down reversing prism.

The conciuslon seems warranted that our Motlon Sickeness Rating Scale Is a
useful tool for assessing the types of bodlly dliscomfart characteristically
assoclated with motion sickness and with SMS. As such, It represents a
Sl helpful adjunct to the use of physlological and performatory indices, such
; $i as those we have already shown to be rellable In any SMS pre-adaptation or
Rt training program for flight personnel and astronauts. Glven that the MSRS
was glven 7 times (Short Sesslon) and 13 times (Long Session), addltional
statistical analyses are desirable to discover which protocol condition
affected $S's perceptions of bodlly discomfort least and which most and how
these differences compared to physiologlical changes over time,
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Yisual Stablility and Control of Balance

One leg Bal.ice Test. Malntaining one's equlllbrium In relation to the
immedlate envirorment is a vital component of mainvaining visual stabllity.

When optical motlons wore generated by an unfamiliar relatlonship between
head movements and their Initlaily unpredictable seen consequences, body
balance was compromised and Instabllity resuited. Table 6 shows that
stan..ng on one leg proved so difficult while looking through the up-down
reversing prism that §s stood, on average, only 6 seconds on elther leg
(range=1-34 seconds) In the Experimental (Reversing Prism) Cond!tion
compared with an average of 59 seconds (range=8-120 seconds, our selected
maximum) In the Control (No Prism) Condltion. This dIfference was
signlficant at the <.001 level. The data Indicate that the One Leg Balance
Test Is an effective method for dlfferentliating our optical disorientation
condition from an environment In which the seen rate and direction
characteristics of optical motions and movements are famillar and

predictable.

Another method we use ‘ur assessing visually guided stabillty was to count
false starts, that Is, the number of times §s stepped back on the ground
with the second ley before they were able to support themselves and assert
that they had maintained thelr balance on one ieg as long as possible.
Table 7, as Table 6, shows a slignificant (p <.001) between-groups
difference for the Ilog transformed data. |In the Basellne (No Prism)
Conditlon 3s made a mean of 2 false starts (range=0-~6) whereas In the
Experimental (Reversing Prism) Condltion Ss made a mean of 8 false starts
(range=0-15, our selected maximum). The Chl Square analysls also conflirms
the Control-Experimental group dlfferences at the <.01 level of
significance. In the Experimental Condition Ss 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 rellable anclllary
method to the One Leg Balance Test to assess tralnees' capacity to
Initlally respond and later adapt to conditions of dlisorientation that
create visual Instablility. The rate of adaptation to regain control of
equllibrium and bodliy balance that optimlzes performatory competence can
thus be objectively measured.

Qotlcai Disorlentation and Yisually Gulded Flne Motor Coordinatiop
Eye-Hand Coordination YTasks. Undoubtedly the must |lfe-threatening and

consequentiy most pressing problem facing fllight personnei and astronauts
Is not experlences of bodily dliscomfort per se, such as nausea, but
destabllizatlon of the self that Is so severe and/or long lasting that the
performance of vital, Inflight tasks |s adversely affectod. Tasks that
require qulick and accurate coordination are of spaclal Interest.
Accordingly, we chose tasks that slimulate--Iin the reversing prism
conditlon--the novel demands for visual guldance In locating (e.g., a
speclfic switch on a complex display), and In manipulating small oblects
during repalr Jjobs while moving freely, unpredictably, and In any possibie
orientation In the spacecraft in microgravity., Movements made by the
astronauts yleld unexpected physical and hence at flrst also unexpected
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seen results, not perceptually and motorically uniike the effects the
reversing-spectacle wearer experiences as a result of formerly normal up-
down, tI1lt, and dlagonal head movements: It took longer to locate,
identlfy, and to manipulate objects. Overall, for the prism wearer,
competent visuo-motor activitles were hard to execute and control; hand
movements especlally were hard to repeat and predict, and seeing them
procduced addlitlonal 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) Conditlon when
compared wlth the Baselline (No Prism) Condltion for the mean durations for
all 6 tasks combined, when considering the first time the tasks were
performed In each condition. As a group, Ss todk from between 15-39
seconds (medlan=20 seconds) to stack 8 cubes In the Basellne (No Prism)
Condition and ther needed from 1-20 minutes--from 55-1188 seconds
(median=313 seconds})--while looklIng through the up~down reversing prism.
Each of the 6 visually gulded fine motor coordination tasks differentiated
Ss' coordination skllls with and without optical up-down reversal: each
task took significantly longer to complete when 9s were optically
disoriented. Overall, the F Test proved significant at the <.001 level
when comparing the Baseline (No Prism) and Experimental (Reversing Prism)
conditlon; all tasks comblned, rellably differentlated Ss' Baseline and
Experimental conditlon performances at the <.001 level of significance.
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~§Q The degree of optical disorientation Initlally produced by reaching, and
R 22 manipulating relatively small objects while looking through an up-down
: reversing prism, may be appreclated by a description of the first 3 tasks
Ss performed. All three are items from the standardized Balley Scale of

_%@} Mental Development. First, putting 10 small square beads In a box that has
hﬂd a lld with & hole In It that Just accommodates the beads, Is a task a
gl typlical 12.9 months old Infant (range 10-17 months) can perfcerm. During
KN the Basellne (No Prism) Conditlon our §s took a mean of 17 and 16 seconds
_)' durling the 1st and 2nd administration, respectively, to complete the tasks.
"t During the Experimental (Reversing Prism) Condltion §s tock 68 and 41
£f~. seconds during the 1st and 2nd administration, respectively. Second,
L, placing 6 pa3gs as fast as possible on the tabie and replacing them In the
A pegboard |Is a task a typical 16.4 month old toddler (range 13-20 months)
faﬁh performs In 70 seconds, a typlcal 17.6 months old (range 14-22 months) does
S In 42 seconds, a typlcal 20 months old (range 16-29 months) does In 30
22N seconds, and a typlical 26.6 months old (range 19-30 months) completes In 22
I{& seconds. During the Baseline (No Prism) Condltlon our 3s needed a mean of
':}1 14 seconds during each administration to complete the task. No S needed
’ﬁju longer than 20 seconds. During the Experimental (Reversing Prlism)
TN Conditlon 9s needed 57 and 29 seconds during the 1st and 2nd
- . administration, respectively. 6 S§s needed longer than 70 seconds (mean=86
S seconds) the 1Ist time. Third, stacking 8 cubes |s a task a typical 30
g months old (range 22-30¢) can perform successfully. Durlng the Baselline
ﬁ#ﬁ {No Prism) Condition cur Ss needed a mean of 22 and 19 seconds In the 1st
e and 2nd administration, respectively. Durling the Experimental (Reversing
(e Prism) Condlitlon $s needed a mean of 354 and 82 seconds In the 1st and 2nd

administratlion, respectively.
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Rapid Perceptuo-Motor Adaptation During Optical Rlsorlentation In Spite of
Motlon Slckness

Use of the 6 Eye-Hand Coordination Tasks also helped answer the question
wvhether motion slickness produced by optical disorientation affects speed
(as an Index of accuracy and smoothness) of performance. An analysis by
time revealed that there were no signiflcant differences for any of the 6
Eye-Hand Coordlnation Tasks, when the first and second admlnistrations were
compared In the Basellne (No Prism) Condition. Only 2 seconds separated al!
tasks, averaged over all S§s. On the other hand, signiflcant differences
existed for each of the 6 tasks In the Experimental (Reversing Prlism)
Cond itlon; when comparing how much more qulickly Ss as a group completed any
given visual coordinatlon task on the second adminlstration, 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 Indlvidual $s
made gains of up to 89% on some tasks. These results taken together
clearly Indlicate fast learning or perceptuo-motor adaptation even under
conditlons of extreme optical disorlentation. Note that only 65 minutes
separated, on average, the 1st and 2nd time Ss attempted the Eye-Hand
Coordination Tasks In the Experimental! Conditlon.

One of the mcst Interesting findings of the study was that several $s gave
hlgh and extreme (#4 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 WalklIng Tasks to prevent frank slckness; when this
group of §s then performed the 6 Eye-Hand Coordination Tasks, they too
improved thelr task performance dramatically even though they contlnued to
report high or extreme motion sickness ratings. S #14 was typical of this
group. Prior to attempting the 6 tasks the second time he reported extreme
dlzziness, queasiness, and unsteadliness; immediately following complietion
of the tasks he reported extreme dlzziness, and hligh gqueasiness 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
Ss. These Ss notliced the!r enhanced competence and reported It during
and/or following the sasslon, expressing surprise that they could do so
well despite thelr high or extreme malalse. These flindIngs suggest that
measureable adaptation durling optical disorlentation occurs even If motlon
slckness symptoms are experlenced, provided Indlviduals contlinue to work on
the tasks at hand as best they can.

While some Ss were dolng thelr performance routines we continued to measure
physiologlcal Indicators to see |f there were any physiologlcal changes
during the process of adaptation. Data yet to be analyzed Includes looking
at the dlfferences between some $'s pulse, GSR, EMG, and skin temperature
during the head movement sequences, following the head movement sequences,
while standing and then while sitting. Such comparlsons of the long (41
steps) and short (27 steps) protocol sesslon should yleld Information about
physiologlical differences durlng peak periods of stress (as measured by our
MSRS Indlicators, especialiy head dizzy, stomach queasy, body unsteady),
Immediately foliowing peak stress perlods, and during subsequent periods ot
qulescence.
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,':.' Qualitative Data: Post Session Intervlews from Yideo Recordings
"

Yideo taping the study provided valuable confirmation of the data we
analyzed statisticaliy, especially data recorded by the experimenter during

“q the experiment. All timings and false starts documented during the One Leg
A Balance Test and the 6 Eye~-Hand Coordination Tasks were checked agalnst the
. video tape Independently, for accuracy. The videotape also confirmed that
L only one § did not meet the criteria for head movement precislion and that
» Basellne and Experlimental Sesslions were conducted as nearly Identically
A as possible. The qualltative data recorded on tape of the post~session
) Interviews point out the Idlosyncratic perceptions Ss had relative to the
, conditions of +the Experimental Session. Further analysis Is needed to

0 determine If patterns exist in the Indlividualistic perceptions of how our

Ss responded and adapted.

Some Ss reported that "balancling took a lot of concentration;™ "I was

. concentrating on seeing." One described the experlence by saying: "When |
j: was looking straight ahead, | felt llke | was falling off Inslde. |
oy couldn't keep my head from falling off." Another response was, "I didn't

feel unsteady on balancing; | Just couldn't do it."

Eight of the 15 §s sald that stacking the 8 cubes was the hardest Eye-Hand
Coordination task and during the tasks 8 of the 15 Ss felt mostly

=

i "frustrated." (These were not the same 8 who chose the block task as the
. hardest.) One admitted to not followlng Instructions: "Tense and frustrated
. - with blocks. Would catch myself doing things by touch, especlally the

pegs." (This 9§ had the fastest tIime, most comparable to her Basellne
speed.)

The experimenter asked regarding head movements, "What was the most
difflcult,"” and "How did you feei?™ 7 of the 15 Ss sald that the fast head
% movements (80 or 100 bpm) were the most difflcult, dlIsconcerting, or
disorienting. Of those who found the fast head movements most difficult,
some attributed the diffliculty to dlzziness, some to nausea, and one to

¥ dlzziness and nausea. One § said: "Stopplng the head movements helped as
3: tfar as feellng sick but | was still nauseous." Another sald: "| stopped
A tocusing on head movements. I Just went Inside, stopped payling attention.
a Two or three times durlng head movements, | found myself watching, and It
] was kind of disorlenting and confusing.®™ (This § reported only #1 ratings
. [l.e., "I teel fIne"] on all MSRS Judgments considered In our analyslis.)

1

Six of the 15 3s sald they felt maximal unsteadiness during the walkling

A portlon of the session. Even +those who agreed, however, reported
g Idlosyncratic perceptlons.

x Other tftactors reflected In the data are the degree of dlfficulty or

frustratlion experienced, the order In which problems occurred, the
Immedlate aftereffects of each task, and the manner In which each 3

R
¥, reported himself/herself to be makling attempts at adaptation. Clearly,
™ addit'onal analysls Is des!rable of our approximately 50 hours of VCR
. tapes and of notes the exper imenter took durlng the sesslions.
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