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ABSTRACT

This chapter describes the motion sickness syndrome, its etiology and incidence. Laboratory and field studies on the
cffects of motion sickness on human behavior and performance ure reviewed. An explanation of 1he debilitaung effects
of motion sickness within the frame of reference of uncontrollability and ‘helplessness’ is proposed. Current treatments

and preventive measures are summirized.

INTRODUCTION

The logistics of modern military operations require
rapid transfer of military personnel by land, sea or
air to the combat zone. The moment a4 human
being boards a vehicle designed to transport him
passively, he incurs the risk of motion sickness.
Though the term sickness is somewhat mislead-
ing—motion sickness is u transient normal re-
sponse to unnatural motion stimulation—there is
no doubt many people experience it us a devastat-
ing condition which makes them highly passive,
apathetic and depressed. The debilitating eflects of
motion sickness. and the subsequently impaired

operational performance, constitute o major threat
to the success of military operations and sometimes
to the soldiers’ lives.

I[n this chapter, we briefly describe the motion
sickness syndrome and its etiology. The extent of
the problem is described by presenting data on its
incidence in the military. We then [ocus directly on
the effects of motion sickness on human perfor-
maunce with a review ol the main laboratory and
field studies. We propose an explanation of the
debilitating effects of motion sickness within the
frame of reference of uncontrollability and ‘hel-
plessness’. Finally, we present current preventive
measures.
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The Motion Sickness Syndrome

Motion sickness s a transient disorder in healthy
subjects exposed to certuin mouon patterns. It is

the normal response to certain abnormal types of

MOLoN in a subject with no organic or Tuncuonal
disorder. Travel sickness. car sickness, seusickness,
airsschness and space sickness are some ol the
forns tken by mouon sickness or kinetosss. Seu-
sichness 1s the Jorm most often encountered. and 1t
1> for that reason that scasickness will be given
spectal consideration in this chapter.

Mouon sickness 1s castly recognized. Ltis charac-
terized by the development of pallor (mainly lucial),
cold sweating, ¢ general leeling ol discomfort, nau-
seiand ultimately by emesis (Tyler & Bard, 1949:
e Wit 1933). One can generally rely on the
appearance of these symptoms. and they exhibit
sequential pattern of development. Pallor and cold
swedt usnally precede the epigastric discomiort and
niusen. which intensify to the point of emesis. A few
mdividuads, however, reuch the cmesis stage so
rapidly that nauseu und other carly signs may not
be encountered prior o emesis. Other individuals
sonmetmes reach severe nauscit bul never vomit:
such subjects usually suffer more (Reason & Brand.
1975,

There 1s another importunt group of symploms
which accompuny sceasickness. These include drow-
simess, sleepiness. apathy and depression. Although
most ol the important reviews menuon the ¢x-
istenee of these symptoms. very few studies deal
with these phenomenua. We discuss this point in
detad later.

Generally. on rewurn to land. seasickness sympto-
nutology rapidly disuppears. Some people contin-
ue to feel o certain amount of genceral discomfort for
dotew hours, whide others report a tumbling or
swinging sensation simiar to that experienced at
sea. This latter phenomenon, "mal de débarque-
ment’. 1s a relavvely non-disabling condition re-
cuarded us 2 process of adaptation 1o the motion of
the ship.

b tiology

Motion sickness 1s a disturbance caused by certun
motion patierns. A wide variery of moton condi-

tons cun produce motion sickness: the monon of

swings, ships, airplanes, automobiles. and cven
triins. Both the verucal-linear component und the
combination of angular acceleranons with head
movements are very provocalive, The common
characterisuc of all the conditions which cause
motion sickness is varying acceleration. That as, for
motion to produce motion sickness. the aceelera-
ton of the subject must be chuangmyg winh, ume
(Money, 1970).

The vestibular labyrinth in the inner ear acts as
sensor for ucceleratioh. The otolith vrgans register
linear accelerations, while the semicircular cunals
react to angular accelerations. It hus been shown
that motion sickness does not occur i individuils
Jacking the labyrinth (Graybicel & Johnson. 1903).
These fucts led some researchers and car, nose und

throat specialists to argue thut overstimulation ol

the vestibular system causes an unnaturally large
mflux of neural messages mto this arca of the
brainstem, which is responsible for chiating the
charucteristic motion sickness reaction (De Wit
1933: Jongkees, 1967).

However. a closer examination of the conditions
which produce motion sicknesy reveals that the
oversirmulation theory s un oversimplitication of
the issuc. It has been shown thut other senson
svstems may be involved in cliciting mouon sick-
ness. Witkin (1949) reported that movement of the
visual held without movement of the body cun
produce motion sickness. A wide cinema sereen and
some swtic fhight simulators (which include o furge
moving visual display i are also provocauve (Miller
& Goodson. 1960: Kennedy & Frank. 1984 Sinn-
lurly. proprioceptive stimuliation cun also produce
a sensation of mouon and mouton sickness (Blee.
19811,

It seems that the inreraction between vestbular
information and the other senses. in particulur
vision. is highly relevant in expluining motion sich-
ness. 1t is known that the incidence of seasickness
on u ship’s bridge is lower thun 1t is below deck.
When on the bridge, one can see the outside world.
and thus there is agreement between the informa-
non conming from the eves and (rom the vestubulas
svstem. Below deck, the mdividuat™s whole visual
world Is moving with him, thus providing lam wiek
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the mistaken impression that he is not moving in
relation to the outside world.

A simtlar phenomenon might be observed in
children travelling in the rear passenger seat ol a
car, who often develop symptoms of motion sick-
ness because they cannot sce the cnvironment
outside the vehicle. It is suflicient to seat these
children a few centimetres higher to prevent motion
sickness. Money (1970) reviewed a number of
studies conducted on the role of vision. In his
summary, he states that the incidence of motion
sickness can be reduced by 50-90Y, by correct use
of visual information.

On the basis of such observations. the Briush
psychologist J.'T. Reason formulated the sensory
rearrangement theory (Reason & Brund. 1975).
This states that the sensory systems involved
producing motion sickness are the so-called spatial
senses: the vestibular system, vision, and non-
vestibular proprioception (i the joints, muscles
and tendons). The basic assumption is that all those
situations which provoke motion sickness are char-
acterized by a condition of sensory conflict, in
which the signals from the spatial senses are incom-
patible with one another and conscquently are at
variance with what we have come to expect on the
busis of past experience.

The Extent of the Problem: The Incidence of
Motion Sickness

It is rather difficult to estimate the incidence of
motion sickness among the general population.
because the occurrence of sickness is dependent on
many different factors: the individual’s susceptibi-
lity, the type and magnitude of the stimulus, as well
as the criterion used to define motion sickness. Any
person with normal vestibular function can suc-
cumb to motion sickness, if the type of motion is
appropriate and continues for a sufficiently long
mme.

Seasickness

Reports on the incidence of seasickness vary from
P12, (Tyler, 1946) 1o 10U°, (Chinn & Smith, 1953).

Holling, McArdle, Trotter (1944) ranged it between
159, and 70Y,. To avoid confusion. we quote exarn-
ples of the seasickness percentages reported while
referring to the question of the criteria employed
and vessel size.

Chinn (1963), who was responsible for a large
post-war research project aboard American mili-
tary transports making the North Atlantic cross-
ing, summarized his studies as follows: “During
moderate turbulence, about 259, to 30%, bcecome
sick to the point of vomiting.” While vomiting is the
observable ultimate sign of motion sickness, it is
clearly not the only one. Some persons might feel
severe malaise and pronounced nuusca, but never
reach the point of vomiting (Reuson & Brand.
1975).

In a recent British study, two thousand sailors
serving in the Royal Navy were asked to indicate
the frequency of episodes of motion sickness (Pethy-
bridge, 1982). The ‘episodes of motion sickness’
were not limited to vomiting. The results indicated
almost 70, of Naval personnel sufier from seasick-
ness episodes, especially when serving on smuller
vessels, One of the advantages of this report was
that it compared incidence of sickness in 14 differ-
ent types of vessel. On the basis of a mathematical
model developed n that study, it was shown that
episodes of seasickness were negatively related to
ship size.

Many navies now employ the Fast Attack Mis-
sile Craft (FAC). because of their relatively low cost
and high effectiveness. However, the small size of
these craft and their high speed render them un-
stable at sea. and therefore very likely to provoke
seasickness. For example, 62° of the sailors abourd
the Israeli SAAR Missile Boats (300-500 tons)
reported episodes of emesis. while 80, experienced
nausea on their first cruises (Rolnick. 1984, 1983).

Itis generally agreed that some kind of adapta-
tion to scasickness takes place as experience is
acquired at sea. However, data from lsruel (Rol-
nick. 1985) and from Britain (Pethybridge, 1982)
indicate that although some reduction does veeur
in the incidence of seusickness. more than 50, of
the sailors continue to suffer [rom episodes of
seasickness after one year’s service at sea. This by
no means implies such a high incidence occurs on
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every cruise. 1f the seu is very calm, lewer sailors
might sufler. However, the duta from the Israeli
studies reveal that even a very low sea (1-3 in the
Beaufort scale) can provoke a high incidence of
scasickness (Rolnick, 1985: Gul, 1974; Keinan er
al., 1981; Rosenbaum & Rolnick, 1983).

Airsickness

Airsickness mncidence 15 very high in the first stages
of aircrew training. Data from the British Royal Air
Force indicate 76%, ol flying cadets suffer bouts of
airsickness, and that 18, of this group suffer o
such an extent as to warrant abortion of at least
one training flight (Reason. [968). A recent longitu-
dinal research project conducted at the US Naval
Aerospace Medical Research Laboratory
(NAMRL, Pensucola) documented the incidence
and scverity of airsickness in naval flight officers
during basic and advanced training, and in fleet
readiness squadrons. Seventy-four per cent of the
cadets reported being airsick, and 399, vomited on
at least one flight during basic tramning. This high
incidence continued during advanced training, but
was significantly lower m the fleet readiness squad-
rons (Hixon, er al, 1979, 1980, 1983). A survey
conducted in Israel, using the sell-reports of Israch
Air Force flight cadets. revealed that 46“, ol the
subjects experienced nausea at least once during
the first five flights (Fox & Arnon, 1988). 1t should
be borne in mind. however, that during training the
self-report method may be underestimated. due to
the candidate’s desire 10 conceul his problems
(Dobic, 1974).

Other members of the crew have more pro-
nounced episodes ol airsickness. A recent study
conducted by the US Air Force reported the [re-
quency of airsickness in aerial gunners as 769, and
in electronic warfare officers, 37¢, (Geeze & Pier-
son, 1986). These crew members do not have any
control over the motion stimulation they experi-
ence. This may be one ol the main reasons for the
higher incidence in these groups as compared to
pilots. (The influence of controllability will be dis-
cussed later.) The problem 1s most acute in air
transported troops, since these personnel are not

flight trained. and some of the operations involve
low level fiight through turbulence. without an
adequate external frame of relerence.

Other forms of motion sickness

A recent report {from lsrael (Lerman, 1987) s
probably the only one to deal with motion sickness
in tanks. In this report, it was found that 20", ol the
investigated subjects experienced nausea. while
40%;, complained of lethargy.

Simulator sickness is a relatively new pheno-
menon, occurring in flying sunulators which use
wide field visual displays. This 1s one of the cases in
which 1is the absence of motion which produces
sickness. 1n the first report on simulator sickness
over thirty vears ago, Harvon & Butler (1937)
found that 77¢; of the users reported some motion
sickness symptoms. Other investigalors report an
incidence ranging {rom 279, to 88, (Kennedy &
Frank, 1984; Crowley, 1987; Gower ¢t al.. 1987).

Space motion sickness was observed eurly in the
Soviet manned orbital {light program. and has been
consistently reported since then (Matsnev ef al.,
1983). No symptoms were reported by Americin
astronauts in the Mercury and Gemini spacecrallt.
However, the disorder was reported by Apollo
crews (Homick & Miller. 1975), and by hulf of the
crew members on the space shuttdes (Homick.
Reschke, & Vanderploeg, 1984,

THE EFFECTS OF MOTION SICKNESS
ON HUMAN PERFORMANCE

The motion sickness literature is charactenized by a
number of inconsistent findings concerning human
performance under motion sickness condinons.
While the results of some carefuliy controlied la-
boratory studies are inconclusive (though ob-
viously, the act of vomiting itsell momentarily
precludes the performance of most tasks). other
studies and recent field studies indicute that perlor-
mance 18 indeed impaired as @ result of motion
sickness. We try to account for these inconsistent
results using a psychological frame of reference.
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11 is sometimes difficuli to differentiate between
dircct motion cffcets and motion sickness effects on
human pcrformance. Let us thercfore briefly dis-
cuss these direct effects of motion—specifically ship
motion—on performance.

Direct Effects of Motion

Ship motion can be categorized under threc hcad-
ings according to its cficets on humans: (a) the
effects of impact and high accelerations, (b) vibra-
tion cllects. and (c) the effect of tilting. In reality.
this catcgorization is not always as distinct, as ship
motions arc very complex.

Impact effect. These are high accclerations which
arc produced as the ship meets the waves. usually
appearing in the vertical axis (footward-headward,
+ Gz). Vesscls producing these accelerations are
usually small and fast. ranging from specdboats to
ships weighing scveral hundred tons. Such im-
pulscs. which somctimes rcach several G. are highly
cxhausting. since they require constant awarcness
and muscle tension. They usually cause perfor-
mance deficit. and can sometimes produce physical
injury (Arwas & Rolnick. 1984).

Vibration effects. The vibration is a low amplitude.
high frequency movement resulting from the flexi-
bility of the ship’s body and the work of the
cngines. Though there are individual differences in
the subjective reaction to vibrations. performance
is usually reduced under these conditions. Visual
performance decrcases mainly at between 10 and 25
Hz. and manual dexterity is reduced at 5 Hz or less.
Sec Chapter 18 for a comprchensive review of the
effects of vibration and high accelerations.

Tilt cffecrs. Pitch and roll cause man and other
objccts not fastened down to move in all directions.
This represents a salety problem. and disturbs
performance and well-being. Visual performance in
particular can be severely affected by thesc angular
accelerations (Neumun. [976).

Studies on the Effects of Motion Sickness on
Human Performance

Laboratory studics

Two types of simulator have been used lor Jabora-
tory studies investigating the cflects of motion
sickness on performance: rotating environment de-
vices and ship or vertical motion simulators. The
most important research using the rotating envir-
onment was conducted in the Pensacola Slow
Rotating Room. The nauseogenic stimulus here is
the combination of head movements and rotation
(the ‘Coriolis eflect”). The movement of the head
about an axis which itsclf is being rotated produces
incrtial torque. stimulating the semicircular canal
as though the head was turning about a third axis.
The cfect is that the subject is surprised by a
sensory input signaling the head is doing something
other than the expected movement. Hence the
information from the semicircalar canals does not
correspond to the movement of the visual ficld, or
the information from the otolith apparatus. I is
this cxtreme discrepancy that causes motion sick-
ness to develop quite rapidly (Guedry & Ambicr.
1972).

The Pensacola studics are of particular interest
because they were conducted over prolonged peri-
ods (up to a month). The tasks which were tested
included grip strength. ataxia tests, ball tossing.
dart throwing. card sorting. opening combination
Jocks. dial setting. arithmetic computation. and a
conceptual reasoning (est. In one of these studies
(Guedry et al., 1964), four subjects were rotated for
two weeks and their performance was measured
before exposure, during rotation. and immediately
after exposure. An extensive battery of performance
tests was administered. No scrious performance
deficits were detected. Clark & Gravbiel (1961)
exposed six subjects for two days in the slow
rotating room. Thec gencral picture [rom this study
is inconclusive. as the authors themselves noted:

0The comparisons showed frequent occasions when
severe svmptoms were associated with poor perfor-
mance. or. indeed. no performance. On the other
hand there were also many cases in which high
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performance was assoctated with such symptoms s
nausea. dizziness, general malaise, and even vomit-
my. These comparisons further support the notion
that canal sickness may reduce a subject’s motivdtion
toa very low level, but if the subject is willing or able
to try. he can usually make good scores. (our 1talics)

In a third study, Graybel er al. (1965) exposed
uvialors Lo rotation for 12 days and used considera-
bly more stressful stimuli than those in previous
experiments. Although all the subjects experienced
motion sickness. none fuiled 10 carry out all of the
tests. “Alter making allowance lor practice elfects
and time-1o-time variance, it is obvious that signifi-
cant changes in performance were either absent or
small.

Some of the earlier studies using ship or vertical
motion simulators were conducted in the Psycholo-
gy Department at Rochester University (Alexander
et al., 1945, 1955 Johnson & Wendt 1964). In these
studies, subjects were exposed 1o wave-like motion
for 20 minutes. and were then put through eight
performance tests. Only one task was aflected by
motion sickness.

Most of the controlled laboratory studies have
been conducted on the ONR (US Oflice of Naval
Research) ship motion generator. Abrams ¢t al.

(1971) used this device 10 study the effects of

various sea conditions on human behavior and
performance. Four groups of subjects were trained
on vartous tests. and were subsequendy  tesied
during 64 hours of exposure 10 simulation of vari-
ous seua states. An addivional group, not exposed 10
motion, provided baseline data. Performance data
were collected on simulited operational tasks and
psvchological tests. Moton itsell did not have «
significant effect on performance. 11 was only when
motion sickness occurred that performance deficits
were found. Morcover. the authors noted that
“these performance deficits were related 10 the
subjectsy” desire 1o erminate the experiment’,

A later study (Malone, 1981) deals with the eflfect
of simulated ship motion (Surface Effect Ship) on
crew habitability. US Navy volunteers were sub-
jected o 40 hours in u closed motion generator.
Performance tasks representasuve of shipbourd ac-
tivities were administered, The *... degredauon in
performance due to mechanical interference was

not judged 1o be significant.. During the tme
subjects expericnced motion sickness. tush perfor-
mance generally ceused as subjects becume unuble
or unwilling to continue therr assignment.”

Field studies

Most data from ficld studies are derved from
surveys and retrospective evaluations. Bused on
these studies, it is generally agreed that scasickness
degrades performance (Reuson & Brand. 1975:
Wiker, -Pepper, & McCauley. 1980). A recent sur-
vey conducted in the Brinsh Navy revealed that
80%, of seasickness sufferers report a decrement in
their ability to work (Pethybridge. 1982). Gal
(1974) asked 118 sailors in the Israch Navy about
their ability to perform their duties while scasick.
He found that 207, were totally incapable of doing
their job, while 43¢ could perform therr duties. but
1o standard that was unsatislactory. Similar re-
sults were obtuined i Robhnck s studies (1984,
1985 Rosenbuum & Rolnich. 19831 In some of
these studies. evaluation of performance was car-
ried out by the satlors™ oflicers or by therr fellow-
satlors (the peer rating technique).

Very few experiments (incontrast with the re-
trospective surveys) have been conducted under
real sea conditions. Brand (1967) examumed subjects
i a life-raft exposed to the wiaves, They found large
performance deficits i the groups exposed 1o sca-
sickness. Warhurst & Carasanm (19695 evaluated
the effects of ship roll on performance abourd u US
Navy vessel. The authors chose a very muld sumu-
lus which did not produce clear symptoms of
motion sickness. as they were nterested o the
‘more subtle effects on performance resulung from
long ume exposures of the subject o such (roll)
motion’. Performance was observed by the scient-
ists who accompanied the crew on the voyvage
Unfortunately, no clear data are provided i this
report. However, their conclusion was thut “Roll
motion is stressful to all shipboard personnel™. and
that *An intensity of roll which causes a build-up of
fatigue may allow unimpaired performance for u
eiven time. alter which performance may be sharply
degruded by an “energy deticit™. Questonnaire
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data showed a clear decrement in motivation as a
function of duration of exposure to roll motion.

The US Coastguard recently conducted a scries
of experiments to assess effects of ship motion on
crew performance (Wiker er al., 1979; Wiker. Pep-
per. & McCauley. 1980). Since this work might
serve as a uscful model for further research. we shall
describe it in some detail. The main study involved
three types of vessel: 2 378 [t endurance cutter. a 95
[t patrol boat. and an 89 ft semi-submersible plat-
form. The three vessels stcamed side by side
through slight scas. Six different tests were admin-
istered. it first being demonstrated that they were
applicable to within subject design (see the PETER
Project. Kennedy. & Bittner, 1980, p.19). After a
one week familiarization period. the battery of tests
was administered for six consccutive days in the
following manner: two days of testing at the dock-
side. followed by three davs of testing at sea. and
cancluded by a final test at the pier. The results
were very clear. Although each of the vessels en-
countered the same waves. motion sickness oc-
curred only on the 95 {t patrol boat. The 89 ft semi-
submersible platform (a radical change from tradi-
tional monohull ship design) produced only very
minor levels of sickness. equivalent to those pro-
duced by the much larger endurance cutter (Wiker.
Pepper. & McCauley. 1980). Accordingly. perfor-
mance deficits (as compared with the dockside)
were found only on the 95 ft patrol boat. and were
observed n all of the tests. These performance
deficits were also associated with a profound
change 1 mood. which again manifested itsell
mainly on the 95 ft patrol boat.

A study conducted in the USSR (Sapov & Kules-
hov. 1975y assessed the cffects of seasickness on the
eflicicney of the crew of a surface vessel. They found
significant decrements 1in physical. mental. and job
performance. The effect was mainly on the quality
of performance.

Many different tests cvaluating _performance
have been used in these studies. This fact accounts.
at lcast partally. for the conflicting findings. These
tests measured different types of ability: cognitive,
visual. auditory. motor. cte. 1t is generally agreed
that visual and motor tasks might be more suscept-
ible to motion cflects than auditory and simple

cognitive tasks (Neuman, 1976). Some of the tests
used required the exccution of hecad movements.
The exccution of hcad movements under motion
conditions can aggravate motion sickness. and the
use of such a task is thercfore more problematic.
The length of the task is also of importance. Some
of the tests used lasted only a few minutes (such as
the complex counting and mathematical tests in the
Pensacola studics). while others continued for
hours. such as the Radar tests in the Surface Effect
Ship Study (Malone. 1981).

Many of the performance tests were designed for
the specific experiment. These were constructed in
order to simulate cxisting operational systems. such
as sonar or radar target detection. missile tracking.
cte. Such tests do not usually have well-established
normative data. and cven more important, very
little i1s known about the reliability of the tests. 1t s
possible that part of the ambiguity regarding per-
formance under motion sickness conditions can be
attributed to the lack of standard and rclhiable
performance tests. The nced to develop reliable
performance tests has recently been emphasized by
Kennedy. The PETER Project (Kennedy &
Bittner. 1980) was designed to develop such a
battery of tests. some of which have already been
used in motion sickness rescarch (Wiker, Pepper. &
McCauley. 1980). The use of such a reliable battery
of tests should help clarify the issue of performance
under motion sickness conditions.

HELPLESSNESS UNDER MOTION
SICKNESS CONDITIONS

Up to this point. it would appear from the review
that the findings presented in the literature arce
somewhat inconsistent. While many of the labora-
tory studies are inconclusive. most of the data from
the less controlled studies at sca suggest perfor-
mance may be seriously impaired under motion
induced sickness.

Using a psvchological frame of reference, Rol-
nick (1984) argued that thesc conflicting results can
be explained using the ‘learned helplessness theory”
(Seligman. 1975). This theory provides an explana-
tion for the debilitating consequences of expericnc-
ing uncontrollable cvents in humans and animals.
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According to this hypothesis, learning that out-
comes ure uncontrollable results i three deficits:
motivational. cognitive. and emotonal. The mot-

vational deticit consists of retarded inmation of

voluntary responses. und is seen das & consequence
ol the expectation thut any response will be {utile,
The cognitive deficit consists of difliculty 1n learn-
ing thut responses produce outcomes. Finally, the
lcarned helplessness model argues that the de-
pressed aflect s also a consequence of learning that
outcomes ure independent ol response.

Our suggestion is that the deecrement 1n perfor-
mance iy found mainly i tield studies, where the
situations give rise 1o percepuon of uncontrollabi-
ity and helplessness. The sailor is exposed for o
long tume to aversive sumulaton over which he has
no control. Thus he develops apathy, passivity and
depression. These psychological responses are asso-
crated with w low performance level. Laboratory
studies, on the other hand. normally involve volun-
tary parucipation. and more important, the subject
usually knows he can terminate the experiment
whenever he wishes to do so. In these cases. there
might be no percepuion of helplessness. and there-
fore no performance degradauton.

Literature dealing with scasickness always men-
tnons some kind of helplessness at sea. Deseriptions
cmphasizing not only the nausea syndrome. but
also another svndrome characterized as “psychic
depression”. can be found in studies from the period
o World Wars | and [l. Byrne (1912) stated:
“Psychic depression s frequently so extreme. and
cerebral functons so completely arrested. that seli-
control becomes an impossibility. Many of the
numerous cases ol suicide that oceur at sea have for
their immediate cause this psychic depression.”
Quix (1922) defined psychic disorders - scasich-

ness as 4 Cstate of depression mantfestng atself

through stow ideation, Lick of tnchination 1o work,
abuli. weakness, fatigue. a feeling of uncasiness,
and apathy that can lead o melancholy.” Hill
(1936) stated “sleep has an important bearing. so far
unexplained.  upon the  problem of  scasick-
ness ... The generalized inhibiuon which accom-
panies iU is not limited to the period of sleep. but
usually continues lor some time afterwards, Drow-

siness. apathy .0 are signs of mouon sickness.,

Schwab (1954) pointed out that motion sickness
‘involved a farge number of mimor symptoms thut
build up before actual nausca and vomiting oceur.
The first symptom is rather a subjective one. and is
described as an uneasy feeling with @ certain
amount of lack of interest in the task being done.
the book being read. or the person with whom one
is talking.” Wendt (1944). who was one of the
pioncers in the laboratory rescarch of motion sick-
ness, wrote that there is a “subchnical phase™ in
motion sickness which involves mild emotional
depression and loss of motivation. He hypothesized
that the loss of-motvaton aficcts subjects” motor
coordination and mental efficiency.

Perhaps the best documentation of the helpless-
ness experienced under motion sickness conditions
15 provided by the diary writien by one of the
researchers conducting an experiment in the slow
rotating room. who waus exposed 1o 4 mouon
sickness situation along with his subjects. The
lfollowing extract ts taken from the expenmenters’
log book (Graybiel & Knepton. 1976).

w decreased ubihity 1o concentrate and swift
recall from memory . oword selecuon s slower
than usual.

SLam i stupor - drowsy and mattenuve stale)

after o hours (exposare) enurely lethargie, foss
of will power ... unable 1o concentrate on subedt
matter. 4 hours later. sull lethargics drowsy . sleepy.
ditficult 1o carry on mental acuvies

I am lethargic and apathetics with no desnie o
tulk or tunk.

Gravbiel & Kuepton (1976). who quote ths diary.
suggest this is an example of what they werm “the
sopite syndrome’. centered  around  drowsimess.
which “does not always precisely it what the sub-

ject experiences. The subject someumes loses inter-

¢st in the work ... und indicates his desire to stop.”
Other signs of this syndrome are Jack ol parucipa-
von in group activities and o disinclination o
cither physical or mental work. The authors sug-
gest the sopite syndrome muy be experienced i the
virtual absence of other symptoms. or after other
symptoms have disappeared. Therefore they con-
clude this syndrome 1s independent ol the nauscu
syndrome. and must be explained by other fuctors.

In o comprehensive review of studies on motion
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sickness. Money (1970) claims “the fecling of mental
depression 15 very severe in some individuals

~and it is not unusual to hear someone recall
that during motion sickness he wished to die so
that the misery would end. It is possible that the
mechanism that produces this depression is also
operative 1n longer lasting mental disorders. Tt is
therefore surprising that no attempt has been made
to reveal the nature of this mechanism that conven-
iently gives rise to a severe but readily reversible
depression ..

Although the “depressive syndrome” mentioned
above can be considered as simply another symp-
tom of motion sickness. some obscrvations suggest
it can be separated from the “nausca syndrome’.
Our claim 1s that it develops in subjects in whom
the seasickness situation gives risc to the perception
of uncontrollability and helplessness. In these cases.
a significant decrement in performance can be
cxpected. In agreement with this assumption is the
finding that decrement in performance at sea (as
cvaluated by the peer rating technique) was not
corrclated with physiological signs of scasickness
such as emesis. cold sweating and pallor. but was
significantly correlated with the feelings of helpless-
ness (Rolnick. 1984,

Controllability 1s a verv broad-ranging term
(Thompson. 1981). Its relevance to motion sickness
will be presented below. both in the sense of direct
control over the motion stimuli and over the gen-
cral situation at sca.

Motion sickness usually occurs under passive.
uncontrollable motion. When on board a ship or
an aircraft. or in a car. we are exposed 1o uncon-
trollable accelerations and arc hable to develop
motion sickness. On the other hand. we rarely
become sick when performing active. controlled
movements.

The role of controllability in motion sickness was
studied in the laboratory by Rolnick (1984). Sub-

Jjects were exposed to well-known nauscogenic mo-

tion stmuli  (‘Coriolis” and  ‘sudden _stop’
techniques). Two cxperimental conditions were
used. In onc. the subjects could control the motion
stimuli by means of a joystick: in the second. they
were exposed passively to the same motion stimu-
lus. The results indicated that those subjects who
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did not have control over the motion stimulus felt
stgnificantly worse than those who did have con-
trol. A similar phenomenon might be obscrved in
cars and aircraft. Although the driver or pilot is
subjected to the same accelerations as the pas-
sengers. the former rarcly suffers from motion sick-
ness as does the passive passenger (Fukuda, 1976).

Sailors at sca cannot have direct control over the
motion stimulus. However. it has been shown that
cven pereeived control. or simply the beliel that onc
has control. might reduce the behavioral and emo-
tional reaction to aversive stimulation (Thompson.
1981). Rolnick (1980, 1984) showced that sailors
who had more pereeption of control over their
military service felt less helpless at sca. 1t was also
demonstrated that if a sailor believes there 18 some-
thing he can do te reduce his sickness. he s less
helpless and performs his duties betier.

Seligman recently emphasized the importance of
attributions in lcarned helplessness (Abramson. Sc-
ligman, & Tecasdale, 1978). Roscnbaum & Jaffe
(1983) suggested the magnitude of helplessness is
influenced by people’s attributions about their abi-
lity to control their internal reactions to stressful
situations. Following this reasoning. Roscnbaum &
Rolnick (1983) showed that sell-control ability. as
measurcd by Rosenbaum’s scale (Rosenbaum.
1980). can lessen the decrement in performance
under scasickness conditions. Similar findings were
reported by Gal (1974). who found an ‘active-
coping’ personality disposition was positively cor-
related with level of performance under motion
sickness conditions.

In summary. motion sickness generally does not
have a direct efiect on performance. However. as an
uncontrolled. aversive cvent. it can give rise o a
profound helplessness reaction which is manifested
through cognitive. emotional and motivational dcf-
icits. When the subject perceives he has no control
and is helpless. performance deficits occur. On the
other hand. a sensc of control and certain persona-
lity dispositions can lessen these manifestations of
helplessness. and thus reduce the effects on perfor-
mance. regardless of the severity of the nausca
svndrome. Thus controllability and helplessness
might serve as mediating variables between motion
sickness symptoms and the level of performance.
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PREVENTION AND TREATMENT

There are various approaches to reducing the sa-
lience of motion sickness in the military: human
factors engineering; personnel selection; the use of
drugs: behavioral meuns; desensitization, behavior
therapy and biofeedbuck. None of these measures
can completely prevent the development of motion
sickness, but each may significantly reduce its inci-
dence and severity, or delay the onset of symptoma-
tology.

Human Factors Engineering

Eflective measures in the design of any vehicle can
reduce provocative motion. In regurd to naval
craft, one can consider special hull design and
motion attenuation devices. among others. Critical
stutions should be located near the ship’s effective
center of rotation (Bitiner & Guignard, 1985),
where one can prevent the vertical displacement
componeni of the ship's angulur acccleration. This
component is one of the main sources of seasick-
ness (McCauley. et al., 1976). Secondly, aligning the
operator with the longitudinal axis of the ship’s
hull may result in lessened motion sickness eflects
and mmproved performance (Bittner & Guignard.
1983). Third, an external visuul frame of reference
should be provided. This principle 1s derived irom
the sensory rearrangement theory, and has been
suggested by many authors (Reason & Brand.
1975: Money. 1970). Rolnick & Bles (1989) demon-
strated that an artificially generated wide angle
projected horizon can prevent performance deficits
under ultung conditons.

Personnel Selection

Most navies and air forces select their personnel
from a large pool of candidates. It 1s therefore
possible to reduce the salience of motion sickness in
the military by the application of selection proce-
dures which will identify highly susceptible person-
nel. Various tests have been examined as predictors
of motion sickness susceptibility. In contrast to an

early hypothesis (De Wit, 1953), it is now agreed
that the commonly used clinical vestibular tests
(bused on caloric or rotatory stimulation of the
semicircular canals) are not useful in differentiating
between susceptible and non-susceptible candi-
dates (Guedry, 1978; Dobie. 1974). Similarly, per-
sonality tests are not a useful predictor of
susceptibility (Reason & Brand, 1973). although
suscepuibility is correlated 1o some extent with
factors such as neuroticism (Wilding & Meddis,
1972: Guedry & Ambler, 1972), introversion (Kot-
tenhof & Lindahl,” 1960) and hypochondriasis
(Marschall & Rolnick, 1986). However, these corre-
lations are quite low, and are not useful for practi-
cal purposes.

Various simulators which produce motion sick-
ness. or actual exposure 1o sea or air conditions. are
the most practical techniques for predicting motion
sickness susceptibility (Guedry. 1978: Rolnick, Ar-
wus. & Lubow. 1986; Bles, de Jong, & Oosterveld.
1984: Lentz, 1984). While personality inventorics
are not useful in predicting susceptibility. they may
be very important in predicting the tendency to
develop helplessness and performance  deficits
under motion sickness conditions. As has been
mentioned earlier, there is some evidence that “self-
contro!” and "active coping’ are corrclated with
level of performance under mouon sickness condi-
tons (Rosenbaum & Rolnick. 1983: Gal. 1974).

Drugs

Many pharmacological preparations are efiective
in preventing or delaying the onset of moton
sickness symptomatology. The most effecuve drugs
used against mouon sickness are scopolamine and
antihistaminics such as dimenhvdrinate (e.g. Dra-
mamine). promethazine, cyclizine. meclizine and
cinnarizine. Both the antihistaminics and scopola-
mine have central nervous system depressant prop-
erties. None of them is entirely specitic against
motion sickness. All have side effects, such as
drowsiness and sedation. which substantially limit
their use by military personnel.

A transdermal application of scopolamine has
recently been introduced. Studics conducted in our
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laboratory and by other investigators have shown
that this method of administration is highly effec-
tive against motion sickness. and is not associated
with a decrement in performance abilities (Price. er
al. 1981 Attas er al.. 1987 Gordon et al.. 1986). A
combination of scopolamine and svmpathomimet-
ics such as amphetamine or ephedrine. which are
also highly effective against motion sickness. have
been found to prevent undesired drowsiness and
scdation (Wood er al.. 1984). Other frequent side
clfeets of scopolamine are dry mouth and blurred
vision. and there have been occasional reports of
hallucinations and toxic psychosis (MacEwan, Re-
mick. & Noonc. 1985). Because all of the side cffects
mentoned may significantly impair performance,
this 1ssue must be taken into account when consi-
dering the use of cach pharmacological treatment
in military personnel.

The effect of drugs on adaption is not completely
understood. [t 1s possible scopolamine can affect
the normal process of adaptation (Marion. et al.,
1985: Wood er al.. 1986). This fact may constitutc a
serious disadvantage in chronic users such as naval
crew members,

Behavioral Measures

The main rule n this preventive approach is to
attempt to mimimize the mismatch between the
information coming from the various motion sen-
sors (sce Etiology. above). Intra-labvrinthine con-
flicts can be reduced by preventing unnecessary
hcad movements. either by special mechanical
means or by adopting a supine position (Johnson
& Mayne. 1952). Visual incrtial conflicts can be
avoided by controlling the direction of gaze.
Aboard ships. it is useful to obtain visual informa-
tion from the outside world. In cars and trucks. it is
important to maintain a forward-looking dircction
(Rcason & Brand. 1975).

There are many observations in support-of the
notion that engaging in an attention-demanding
task can alleviate the symptoms (Corrcia &
Guedry. 1967). Although other experiments (Rol-
nick. Golan. & Rosenbaum. 1986) show it 1s some-
times auite difficult to divert onc’s attention from

the symptoms. many sailors find this cognitive
technique to be the most effective (Rolnick. 1984),

Desensitization, Behavior Therapy and
Biofeedback

There 1s a normal process of adaptation to motion
sickness conditions. Reason & Graybiel (1970)
suggested the application of ‘adaptation training’
for future astronauts as a means of preventing
space motion sickness. Dobic (1974) initated a
desensitization program in the British RAF. This
program. which has been running for more than ten
vears now. is based on gradual cxposure (o various
provocative stimuli. Aircrew grounded duc to sc-
vere airsickness arc referred to this desensitization
program. According to the British data. their suc-
cess rate (return to active flving) is more than 807,
(Bagshaw & Stott, 1985%).

It is not clear whether such desensitization train-
ing might be useful in reducing seasickness. since
the spectrum of stimuli at sca is extremely wide.
while it 15 known that the adaptation process is
highly stimulus specific—namely. 1t docs not
transfer from onc stimulus to another (Reason &
Brand. 1975). The biofeedback approach suggests
that rather than concentrating on the sumulus. it
might be more uscful to focus on the response: i.c.
the training should be focused on tcaching the
individual a new competitive response to the mo-
tion stimuli. In accordance with this suggestion.
many navics and air forces now employ various
kinds of behavior therapy to help military person-
nel cope with motion sickness. Levy. Jones. &
Carlson (1981) described the USAF program. in
which pilots were provided with a combination of
relaxation training and biofecdback. They noted an
84° rate of return to flying duty for previously
disabled aircrew. Cowings & Toscano (1982) at
NASA/AMES conduct a similar program for as-
tronauts. Their work indicates that biofecedback
training can help prevent motion sickness pro-
duced in a vertical oscillator. Research in this
direction continues in the German Air Force
(Kemmler, 1984) and in the US Navy (Dobic et al..
1987). with promising results.
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