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SUMMARY PAGE

THE PROBLEM

A A Ilest battery designed primarily to assess vestibular function has been used for

several years to evaluate individuals referred to our laboratory, Because some of the
test conditions have proved to be nauseogenic to some individuals, methods of assess-
ing disturbance during these procedures have been used to pursue u second goal, viz,,
the estimation of motion sickness susceptibility, This report, which focuses on the
latter goal, is a retrospective comparison of results on three tests obtained from two
"groups of subjects, one of which was a group of Navy and Marine aviation personnelwho had suffered multiple attacks of airsickness.

"FINDINGS

Results from three laboratory tests of motion sickness susceptibility indicated
that there are substantial differences between the airsick group and the unselected
comparison group on observer ratings and individual self-ratings of motion sickness
symptoms. The provocative stimuli in each laboratory test as well as suggestions con-
cerning how multiple tests may prove effec live in predicting motion sickness are dis-
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INTRODUCTI ON

A test battery designed primarily to assess vestibular function has been used for
several years to evaluate individuals referred to our laboratory. Because some of the
test conditions have proved to be nouseogenic to some individuals, methods of assess-
ing disturbance during these procedures have been used to pursue a s"cond goal, viz.,
the estimation of motion sickness susceptibility, This report, which focuses on the
latter goal, is a retrospective comparison of results on three tests obtained from two
groups of subjects, one of which was a group of Navy and Marine aviation personnel
who had suffered multiple attacks of airsickness.

PROCEDURE
4

$SUBJECTS

Subjects were 127 male Navy and Marine Corps officers and enlisted men. The
airsick group consisted of 47 officers who, during training, had experienced airsick-
ness on several occasions and had been referred for this reason. The comparison group
consisted of 80 enlisted men who had volunteered to serve as experimental subjects.

METHOD

The tests being compared were the Brief Vestibular Disorientation Test (R1VOT),
the Tilted-Axis Rotation Test (TART), and the Visual-Vestibular Interaction Test (VVIT).
The three tests were part of a battery of clinical tests given to both groups. The order
of test administration was TART, BVDT, and VVIT, with a minimum intertest rest inter- I
val of 4 hours, The main purpose of testing was evaluation of individuals referred,
and this precluded experimental design manipulation such as counterbalancing the
order of test admInistration, et cetera. Subjects were typically tested over a 2-day
period. In a few cases, scheduling restraints or equipment failure prevented com-
pletion of all tests,

In the TART the erectly standing subject- was securely fastened in a litter device
capable of rotation about an axis that could be varied in orientation relative to grav-
ity (6,7). The subject was blindfolded and tested in a darkened room. In the first
trial the subject was accelerated at 25 deg/sec 2 in a clockwise (CW) direction with
the axis of rotation vertical, i~e., aligned with gravity (Figure 1). The acceleration
was terminated upon reaching 60 deg/sec (10 rpm), and this constant velocity was
maintained for 90 seconds. Following the constant velocity period, the subject was
decelerated at 25 deg/sec2 to a stop, The second trial was identical to the first, with
the exception that rotation started in a counterclockwise (CCW) direction. In the
third and fourth trials the axis of rotation was tilted 30 degrees off-vertical (Figure 1);
and with the axis remaining tilted, the rotation velocities and accelerations as des-
cribed in Trials 1 and 2 were repeated. The subject was always stopped in the nose-
up position. In the fifth and sixth trials the subject remained tilted at 30 degrees
off-vertical and again was accelerated at 25 deg/sec 2 . A constant vei )c;ty of
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102 deg/sec (17 rpm) was used for this pair of trials. The interval between trials was
approximately 5 minutes. Miller and Graybiel (10) used a similar stimulus in connec-
tion with studies of motion sickness.

Aside from the nature of the stimulus, several factors may have influenced signs
and symptoms of motion sickness in this test. Eye movements recorded during this pro-

* cedure as a part of the over-all evaluation are not considered in this report. However,
it is pertinent to note that mental arithmetic was used to maintain alertness because of
its influence on nystagmus recordings (5,14), and that mental arithmetic may reduce the
probability of motion sickness in a short exposure (6). Possibly counteracting th= ,.,el-
iorative effect of mental arithmetic is the fact that each subject was informed that he
could stop the test at any time and that he should stop if vomiting was imminent. After
each trial the experimenter visually and verbally inspected the subject regarding his
condition.

The BVDT procedure, described in detail by Ambler and Guedry (1-3), involved
passively rotating an erectly seated subject, with eyes closed, at a constant 90 deg/sec
(15 rpm). After 30 seconds at constant velocity the subject made head movements of
45 degrees (Figure 2). The subject was directed to assume a new head position every
30 seconds according to the following order: head right, upright, head left, upright,
head right, upright, head left, upright, head forward, upright. On completion of this
sequence (rotation time - 330 sec) the chair was stopped, and the subject was in-
structed to open his eyes after the sensation of movement had subsided. I

In the WIT (11) the erectly seated subject was passively and sinusoidally oscil-
lated* at 0.02 H: with a peak angular velocity of 1 155 deg/sec. The axis of rotation
was vertical and the subject was encapsulated within a chamber (Figure 3) which re-
mained completely dark until presentation of the visual display. The visual display
(17.5 cn x 17,5 cm) shown in Figure 4 was mounted at eye level approximately 86 cm
in front of the subject and was illuminated by two small light bulbs on either side of
the subject's head and shielded from his eyes. Voltage was adjusted so as to achieve
an illumination of 0. 165 ft-L on the white ground of the display, as measured by a
MacBeth illuminometer. Height of each individual digit was 0.48 cm, while the width
averaged about 0.32 cm. In visual arc the subtended digit dimensions were 13 min x
20 rnin. Spacing within and between rows and columns was 1.27 cm.

The subject was instructed to use the coordinate system to find the corresponding
digit embedded within the matrix. Once the digit was located, the subject's task was
to verbally report it along with the next two digits below it. (See Appendix A for
instructions.) Coordinates were issued via a taped cassette recording every 7 seconds,
with a total of 42 taped commands.

Following each test the subject completed a brief self-rate questionnaire con-
cerning his reaction to the test and was rated by observers for symptoms of motion
sickness. The rater and self-rate items were identical for BVDT and TART; however,
theie were some minor modifications to these items on the VVIT. The self-rote items

*All subjects had near-perfect performunce on the matrix task during a pre-experiment
stationary trial.
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were based on a 7-point scale, wii'h I indicating favorable or no reaction and 7
indicating extreme reaction. The self-rate items were: like/dislike, no stomach
effects/strong stomach effects, no dizziness/strong dIzziness, no sickness feelings/
strong sickness feelings, steady/very unsteady, no temperature change/feel hot or
cold, and not sweatinq/wet. For the VVIT the steady/very unsteady itern was replaced
with no headache/bad headache.

The rater items were based on a 10-point scale, with I indicating little or no
effect and 10 a very strong effect. The rater items were: pallor, sweating, facial
expression, unsteadiness, slow recovery, and over-all reaction. For the VVIT two
additional items were included: pretest anxiety and disorientation. One observer
"rated symptoms in the VWIT and TART, whereas three raters (average) were used for
the BVDT, The raters were aware of subject classification (airsick referral versus
comparison subject).

"RESULTS

Since it is not uncommon for subjects to terminate the TART prior to its comple-
tion, the rater and self-rate scores wern weighted with respect to the number of trials
completed (Figure 5). Rater and self-rate scores of individuals completing six trictk
were multiplied by 0.65, since approximately 65 percent of comparison subjects com-
pleted six trials. In a similar manner the scores of individuals completing five trials
were multiplied by 0.73, four trials were multiplied by 0.90, and three trials were

4 multiplied by 0.98. Subjects who were unable to complete an off-vertical trial (third
trial) were assigned their raw scores. This method of weighting rater and self-rate
scores on the TART is arbitrary and may need future revision.

Summary data for the airsick and comparison groups, including conventional
t-test comparisons, are presented on an item basis in Tables I and II. There was a
significant difference between the comparison and airsick groups on all rater items
(Table I) with the exception of pretest anxiety, pallor,* and sweating on the VVIT.
There was a significant difference between the groups on all self-rate items (Table i1)
with the exception of the hot-or-cold to no-temperature-change item on the BVDT.
Total score cumulative distributions for each test are presented in Figures 6, 7, and 8.

Inter- and intratest correlations on total scores for the compai ison and airsick
groups are presented in Tables Ill and IV, respectively. It is apparent that the group
of control subjects (Table Ill) have '-ighly significant infer- and intratest correlations.
Inspection of the data from the airsick group (Table IV) reveals a different residIt. In
this instance, the rater and self-rate scores are significantly correlated wirh each
other within each of the laboratory tests; however, only one intertest correlation was
significant, BVDT rater to VVIT rater.

*Subjects are not visible to the rater during the VVIT, and the observer's ra&!rgs are

based upon a view of the subject about mrin after the exposire is completed. Ratings
of pallor in this test are based upon post-exposure observation.
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DISCUSSION

There are differences in the provocative stimuli used in the three tests, although
methods of assessing disturbance in the tests were very similar. The BVDT assesses
signs of disturbance produced by Coriolis cross-coupling stimuli. Such stimuli set off
semicircular canal responses in a pilane at right angles to concurrent otolith signals (8).
In some individuals this stimulus induces an immediate fear reaction, sometimes accom-
panied by nausea and vomiting. ýn other individuals initial reactions may not be strong,
but nausea builds up with successive stimuli. By contrast, early in an exposure to the
TART stimulus, there is usually little or no immediate disturbance but rather mild inter-
est in the perceived body movemmt, which differs from that expected by the subject.
However, as rotation is sustaine(l, the initial relatively comfortable experience gives
way, in a number of individuals, to a mild nausea which then may build rapidly into
motion sickness. The exact nature 9 f the TART stimulus is still in question; however, "I
according to classical vestibulir theory, as off-vertical rotation commences, the semi-
circular canals and otolith ortians would yield "concordant" signals of rotation. After
rotation has been sustained for about 40 seconds, the semicircular canal input would
have returned to near baseline level, yet nystagmus is augmented throughout off-
vertical rotation and persists far beyond its expected decay (6,7). It is possible that
tthe augmented response as well as the nauseogenic effects that develop during this
prolonged (90 second) rotation is attributable to otolithic modulation of the spontane-
ous ampullary nerve input (cf. Benson, ref. 4, for overview of alternatives). More-
over, during each deceleration from the four periods of off-vertical rotation that con-
stitute this test, the semicircular canal signals and otolith change-in-position signals
are in direct opposition, and once rotation has stopped, otolith position signals sup-
press effects of, and are discordant with, the semicircular canal postrotational input
(4). Effects of deceleration tend to exacerbate symptoms that may have built up
during the rotation period, but the rest period between each rotation provides some
time for recovery. The TART stimulus differs from the BVDT stimulus in that it typical-
ly does not produce imr mediate indications of disturbance or fear, but rather is one
that seems mild at first and then may gradually become nauseogenic. In both the
BVDT and TART there is reason to suspect that central integration of discordant canal
and otolith information is elementary to the provocative nature of the stimulation.

The VVIT procedure differs from the BVDT and TART in that it involves a nauseo-
genic visual-vestibular conflict. During low-frequency sinusoidal variation in angu-
lar velocity, like that used in the VVIT, vestibular nystagmus peaks and is in many
subjects sufficient to degrade visual performance for some interval during each half-
cycle. Visual inspection of different parts of any sizeable display is accomplished
with saccadic ..y3 movements. When the saccades of vestibular nystagmus are super-! imposed on those of voluntary fixation shifts, errors in eye positioning occur; and

when the nystagmus slow phase velocity is sufficient, blurring of vision also occurs.
Inspection of complex visual displays under these circumstances is nauseogenic al-
though the motion stimulus itself with simpler displays or in darkness is generally not
disturbing. With this type of stimulation, the nausea tends to build gradually with
successive cycles, even though the visual blurring is evident as soon as it occurs.

16



The visual-vestibular conflict is a periodic exposure to the kind of disturbance that
many people have experienced while reading in an enclosed moving vehicle. It is
comparable to one kind of visual-vestibular conflict that seime Naval Flight Officers
experience in the performance of their duties.

The high rater/self-rate intratest correlations for all tests in both groups suggest
a substantial agreement between observer ratings and subjects' self-ratings of motion
sickness and tend to negate the possibility that one group was any more or less likely
than the other to purposefully bias their self-reports. The significant differences
between airsick and comparison groups provide further validation of the BVDT, pre-
viously validated primarily against a pass/fail criterion (1-3), and also suggest that
the TART and VVIT may be useful in evaluating individual susceptibility t-o motion
sickness.

Most of the individual items on both rater and self-rate forms significantly dif-

ferentiated the comparison and airsick groups. For the self-rate scale the "like/dislike"
item appeared to be the best differentiator of the groups, whereas the "feel-hot-or-cold"
item was least effective. For the rater scale the "over-all" i, i appeared the best,
whereas "sweating" was perhaps the least effective discriminator of the groups. Inade-
quate air conditioning cont-rol may have contributed spurious variation.

The inter- and intratest correlations within the comparison group would seem to
suggest that the three tests are, at least in part, measuring the same characteristic

P, and thus, to some degree, may be redundant. The r~orrelations between the BVDT and
WVVIT for the comparison group have been confirmed in tests on a separate group of 50

officers in flight training (12) and in another group of 299 Naval Flight Officers (9).
The same laboratory tests on airsick referrals suggested a different conclusion. In this
case the intratest measures were strongly related, but the intertest correlations were
generally not significant.

The low, generally insignificant, intertest correlations in the airsick referral
group is a curious fact. An immediate statistical presumption would be that the scores
of the airsick group were restricted in rang,, thereby yielding insignificant intertest
correlations. However, if severely restricted ranges were the sole explanation, then
intratest (rater/self-rate) correlations should also be substantially lower in the airsick
group, but they were approximately of the same magnitude and they remained highly
significant statistically (P < .001). There is, however, a difference in the distribu-
tions of "airsick" versus comparison group scores. All comparison group distributions
are skewed toward the low end of the distributions (Figures 6,7,8). The number of
subjects in the airsick group is relatively small for estimating the distributions of
scores, but perusal of these distributions indicates that there was a considerable range
of scores among airsick referrals on each test, but very few scores felI at the low end
of the distributions.

Our experience with individuals participating in procedures involving these
kinds of motion stimuli suggests several interpretations from among many possibilities.

17
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Individuals exposed from time to time to any one of these stimulus situations vary
somewhat in their reactions. It is possible that the typical airsick referral is an
individual who has a high probability of exhibiting and experiencing strong reactions
on any given exposure, but who also may be only slightly disturbed on some occasions.
This would account for the high intratest (rater/self-rate) correlations in the airsick
referral group and the lower and generally nonsignificant intertest correlations in this
group. Why, I-hen, have we found the fairly high intertest correlations in the coni-
parison group? It appears that a sample, unselected with reference to airsickness,
will nnturally include a preponderance of individuals who have low probability of
exhibiting high reactivity during any given short exposure to provocative motion
stimuli. Since the comparison group was obtained w'tfhuut reference to airsickness,
it would naturally also include some individuals who are "airsick types," and who
therefore woulk have a high probability of giving high scores on two of the three tests
and occasionally on all three tests. Thus there would be a strong anchoring of cases
at the low end of each continuum and yet sufficient range at the high end to yield
signiFicant intertest correlations in comparison groups. Another factor that may be
operating in the airsick group is suggested by occasional individuals who seem excep-
tionally disturbed by one stimulus mode and yet are undisturbed by other stimulus
modes. This nas been apparent to a pronounced degree in a few individuals tested;
in one or two laboratory personnel who evidenced this profile, the specificity of dis-
turbance seemed to be an enduring characteristic. It is possible, then, that some air-
sick referrals are specifically disturbed only by certoan idiosyncratic parameters of the
total motion stimulus, and hence only by one of our several different tests. This would
introduce additional intertest variability into the airsick group and, coupled with the

4. other possibilities suggested above, could quite easily account for the relatively high
intratest correlations and low intertest correlations in the airsick group. It should be
n•ted that either of these interpretations indicates that several tests of motion reac-
tivity would be advantageous over a single test in any effort to predict airsickness
susceptibility. In 'his connection, deriving a score for each subject by simply sum-
ming all scores (ra er and self-rate) on all tests provides a more definitive separation
of the airsick grou i from the comparison group than does any single measure. With
this score, only th o members of the airsic.k group had a score as low as the mean of
the comparison gr,)up.

The usefulness of this total score approach is limited due to the inclusion of
self-rate scores which can be subject to biased reporting. For instance, most students
in aviation training programs are highly motivated individuals who want to "fly" and,
as a result, work diligently for the opportunity. The practicality of self-ratings is

S~subject to doubt, especially if these highly motivated students suspect that their self-

rates (reports) on motion sickness susceptibility tests could result in attrition from the
flight program. This bias was probably not operating in either of our groups because
of the testing circumstances.

In their current form these tests do not assess after-reactions, adaptive capac-
ity, or adaptive retention. The lctter two characteristics, according to Reason and
Brand (13) are partially independent of one another and hence important factors to be
assessed. Recent data on after-reactions to provocative tests (9) have shown that in

18
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some individuals, strong motion sickness symptoms persist for several hours after ex-
posure. One recently tested individual evidenced only minor symptoms during and

j immediately following the BVDT; however, these symptoms increased in severity to
the point of vomniting approximately 30 minutes after the test. This individual later
attrited from the in-flight stage of flight training due to airsickness problems. After-

reactions, and adaptive capacity and retention, are important concepts that need to
be developed in future studies.
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VVMT Instructions 4

This is a psychological experiment to find out facts about how humans function on certain A
tasks. Here is how the experiment works, You will be shown a matrix of digits similar
to the one below:

K G A F I H E J L C B D

2 5 4 8 6 4 2 1 8 9 6 2 2

9 5 2 8 4 3 8 1 2 4 1 4 6

10 4 8 2 1 1 4 9 5 8 5 2 1

4 2 6 8 7 4 5 1 5 9 8 4 2

12 6 4 5 8 6 9 9 2 1 4 8 1

7 4 9 8 4 4 2 1 8 9 2 5 6

1 6 3 6 9 4 8 2 9 8 1 5 2

"5 5 8 6 2 1 9 4 8 3 6 5 4

3 8 2 1 9 4 2 4 9 8 1 6 5

8 6 5 4 2 9 3 5 1 9 5 4 6

6 2 4 1 5 8 6 2 5 8 2 1 3

11 5 8 4 6 2 9 1 6 2 5 9 4

Notice that a sequence of letters and numbers appears at the top and leff, respectively,
of the matrix. Notice also that any digit' Inside the matrix can be specified in terms of
a column letter and row number. During tee experiment you will hear a "Ietter-number"
every seven seconds. This "letter-number" will refer to a letter along the top margin of
the matrix and a number along the left margin. Your job will be to find the digit inside
the matrix which is beneath the letter and to the rigt± of the number. Then you must
call out this digit an•d h--e next two digits directly underneath it In the column, Let's
take an example. Suppose you Ileard "E-7." You would go down Column E and across
Row 7 and find the dlgot "1" inside the matrix. Then you would call out, "One, two,
four," l"he object' wt'l be to get as many correct numbers as possible. However, If you

run out of lime on a particular set you muIt go on to the next set' since you will get credit
only for the currenut' answer. It Is important that- you Lfr'our hardest In this experiment.
The numb(,r matrix you will see during the experiment vW'IITe-dirTl illurinatc,. You
must not' lean forward to ;ee the display beftter or use your fingers to find the digits.

ki • Instead, you should sit up straight' in the chair. It is hnpoil'ant that you keo your head
still and in fhe cho r's headrest while the chair 15 moving; ojterwise you may become
motion sick,

If you have any que'stions, please save them until the eqperimtrvter is ready ior you.

A-)
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A test battery designed primarily to assess vestibular function has been used for several
years P'o evaluate individuals referred to our laboratory. Because some of the test condi-
tionz have proved to be nauseogenic to some Individuals, methods of assessing disturbance
during these procedures havo been used to pursue a second goal, viz., the estimation of
motion sickness susceptibillty. This report, which focuses on the latter goal, is a retro-
-.pective comparison of results on three testt obtained from two groups of subjects, one of
'whfiih of Navv and Marine aviation gersonnel who had suffered multinle -j
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Results from three laboratory tests of motion sickness susceptlbility Indicated that
there are substantial differences between the airsick group and the unselected comparison
group on observer ratings and individual self-ratings of motion sickness symptoms. The
provocative stimuli in each laboratory test as well as suggestlons concerning how multiple
tests may prove effective In predicting motion sickness are discussed. X\
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