
FPRC/9333

"Ce d)

Q Flying Personnel

, •esearch Committee

1--/ The Retention of Protective Adaptation to Motion /

Sickness Induced by Cross - Coupled

Angular Accelerations

by StC
J. T"Reason M Ei(l:Z7.

Department of _sy

University J .. LL

Ministry of p4Ifence €lOrc. par ment)

(~Feb---75
(Received August 1974)

/4-/10/

Best Available Copy



ABSTRACT

"Two experiments are reported. In the first,
designed to assess the retention of adaptation to
repeated exposures cf graded cross-coupled angular
accelerations, eight young men received eight A
adaptation sessions in alternate directions of IL.
rotation over a total period of 24 weeks. The ff7
results indicated a steady build-up of 'savings'
of protective adaptation as reflected by the
progressive reduction in stimulation required to
achieve an operationally-defined level of
adaptatio_ Ther-e-mwas-a-4orr*apoad` -- deoisde

,oversessions in motion sickness symptomatology
and loss of well-being. Of particular interest
was the fact that adaptation acquired in one
direction of rotation appeared to transfer to the
opposite direction, as well as to subsequent
sessions in the same direction. No systematic
relationship was observed between the initial
rate of adaptation on Session I and the subsequent

\ degree of retention.

\'---The second experiment examined the relation-
ship betweein the 'savings' of adaptation on the
second of two exposures and the time interval
between them. Twenty-five young men were assigned
to five equal groups matched for motion sickness
history@.) he-1-da,2d ay, '7 r4day, i'I (iOad-24-.4nj
groups U'-hore-these1..me referred -tc t-he ieval
betwee -the-f et-end--.conieo• sureasto-.th.-ame
•rededfs_'-c•iyl t •iamz•U•-j7•.,No decline in savings

was observed with increasing time intervall
mean savings on Session II fluctuated around a
value slightly in excess of 50 per qent-.rrespective
of the time elapsed since Session INŽinajly-,a-r
attempt was made to integrate the fin/dings of these
two experiments into a general theoretical statement
concerning the decay of protective adaptation
following both single and repeated exposures to ar
adapting stimulus. \

K Motion sickness; cross-coupled angular accelerations;

retention of adaptation; adaptation Gchedules;

prevention of motion sickness.
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INTRODUCTION

When healthy individuals are suddenly exposed to a rearranged

force environment of the kind encountered aboard a platform rotating

at, say, 6 to 10 rev/min, a very large proportion of them rapidly

become motion sick. However, if the same level of cross-coupled

stimulation is approached gradually via a series of small

step-increments in angular velocity, then little or no loss of

well-being results. Furthermore, the protective adaptation acquired

in this way appears to be retained loug after the adapting stimulus

has been removed. Thus, individuals who have received a single

adapting exposure tend to show reduced susceptibility to viotion

sickness when they subsequently encounter the same kind of atypical

force environment. These observations make it feasible to consider

the prior administration of 'adaptation schedules' in order to

minimise the incidence of motion sickness in astronauts and aircrew

when they eventually meet their respective flight conditions.

Theoretical considerations concerning the possible mechanisms

underlying this adaptation process have been discussed at length

elsewhere (Reason, 1970; Reason & Graybiel, 1972).

The early work In this area (Bergstedt, 1965; Reason & Graybiel,

1970: Reason & Diaz, 1970; Benson, Reason & Dias, 1971) wan primarily

concerned with specifying the optimal stimulus parameters of the

schedule so that the maximum degree of protection might be conferred

with the minimum cost in both time and discomfort. More recent studies

(Reason & Graybiel, 1972b) have been directed towards evaluating the

efficacy of these techniques, particularly with regard to the transfer

of adaptation from limited to generalised activities and from one

direction of rotaLion to the other, and also with the length of time

for which the acquired protection remains effective. Continuing in

this latter vein, the first of the two studies reported below sought

to assess the 'savings' in the amount of stimulation needed to achieve

adaptation in a group of subjects over a period of approximately six

months. It also examined the extent to which adaptation acquired in
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one direction of rotation was effective when the subjects later

encountered the same st:.ualus in the opposite direction. The second

study, using five groups of subjects matched for motion sickness

history, was designed to investigate whether any systematic relation-

ship existed between the 4imount of 'savings' and the length of time

elapsing between two separate exposures to similarly graded cross-

coupled angular acceleraticns.

EXPER(IMENT ONE: METHOD

Subjects

Eight male postgraduate students from the University of Leicester

served as subjects. Their agean ranged from 21 to 26. None had had

any previous experience of the rotating device.

Apparatus

The subjects were seated In a cylindrical rotating compartment,

1.5 m in diameter, with their z-aEes aligned with the axis of rotation.

A full description of the Leicester Rotating Device has been given

elsewhere (Reason & Diaz, 1970), bat its principal features are shown

diagrammatically in Fig 1.

For this study, the interior of the device was illuminated and the

subject's field of view was restricted by heavy curtains drawn around

the inside periphery of the compartmont. During rotation, the external

lights were turned off so that the subject was unable to derive any

visual cues as to his speed and direction of rotation. These visual

conditions were identical to the Internal Visual Reference (IVR) mode

discussed in an earlier experiment (Reason & Diaz, 1970).
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Procedure

Each subject received eight rotating sessions, four in the clock-
wise (CW) and four in the counter-clockwise (CCW) direction, and the

direction of rotation was alternated from one session to the next.

The first four sessions were each separated by an interval of one

week, then there was an interval of six weeks followed by two more

sessions at one-week intervals. Then came a gap of 12 weeks followed
by the two final sessions, again separated by an interval of one week.

The procedure in each session was essentially the same as that

described for a previous study (Reason & Diaz, 1970). Briefly, each

subject executed controlled head and body movements at each of five

1-rev/min increments in the angular velocity of the device; that is,
rotation commenced at I rev/min and proceeded via a series of 1-rev/min

step-increments up to a terminal velocity of 5 rev/min. The head
movements were grouped into sequonces of eight: four 'down' movements

in each quadrant (front, back, left and right), and four 'return'
movements to the upright position. With each movements, the head

passed through an arc of 900.

At the completion of each movement, the subjects made one of two

possible responses: either 'Yes' meaning that they had det•=ted some
unusual sensations due to the Coriolis vestibular reaction (Guedry,

1965), or 'No' meaning that they were unaware of the cross-coupled

angular stimulus; in other words, that the subjective feedback

accompanying the head motion was identical to that experienced in a

stationary environment. At each velo'city step, the head movements
were continued until each of 16 consecutive responses (Q complete

sequences) was negative, and the subject was judged to be symptom-free.

When this nrbitrary adaptation criterion had been reached, the speed

of the device was increased by I rev/min, and the procedure repeated

until the adaptation criterion at the terminAl velocity of 5 rev/min

had been attained. At this point, the device was brought slowly to a

hAlt, and the subjects were required to continue the same head motiort

until the poet-run a' ptaLion criterion had been reached.
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Measures

The principal measure of adaptation was the total number of

sequences executed prior to the adaptation criterion at the terminal

velocity (5 rev/min). This included all the sequences, at all

velocity steps, in which an affirmative response had been elicited, and

provided an index of the amount of stimulation required to neutralise

the subjective components of the Coriolis vestibular reaction.

The Well-Being Scale (Reason & Graybiel, 1970b) was used to

measure per-rotational discomfort. This was a numerical index of

well-being based on a scale from 0 ('I feel fine') to 10 ('I feel awful,

just like I'm about to vomit'). These ratings were given verbally at

the end of each sequence of head movements, and so provided a continuous

indication of the subject's overall state of well-being.

In addition, at the end of each rotational session, the subjects

were given a Symptom Score based on the extent and severity of the

motion sickness reactions experienced during and immediately after the

run. A full description of the way in which the Symptom Score is

arrived at has been given elsewhere (Reason & Diaz, 1971).

EXPERIMENT ONE: RESULTS AND DISCUSSION

The discussion of results will be in two parts: the first deals

with the group data and their implications; the second with individual

differences in the retention of adaptation. This division is

convenient because these two aspects of the results appear to have

distinct practical consequences. First, with regard to the prevention

of motion sickness, we need to know for h'ow long the protection

conferred by an alaptation schedule remains effective for the average

individual. Second, with regard to the prediction of individual

ousceptibility, we need to know how individuals differ in the extent

to which they retain protective adaptation.
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Mean total sequences (N 8) executed prior to the adnptation
criterion at 5 rev/min on eight test sessions.
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Group DIta

(1) Adaptation to Crose-Coupled Angular Accolerationo

Fig 2 shows the mean total number of sequences required to attain

the adaptation criterion at 5 rev/min for each of the rotatiornl

sessions. Table 1 shows the percentage 'savings' in the mean iotal

number of sequences on Session 2-8 as compared with Session 1.

Table 1

Percentage 'Savings' in Stimulus Exposure to Adaptation over Sessions 2-8

Session Number Time after first Percentage of savings in
exposure sequences to adaptation
(weeks) criterion

(re: Session 1)

2 1 30

3 2 43
4 3 55

5 9 60

6 10 63

7 22 70

8 23 69

With repeated exposures to the adapting stimulus, it can be seen

that there was a steady decline in the number of head movements

required to neutralise the subjective components of the Coriolia

vestibular reaction, at least up to Session 8. As indicated in

Table 1, the came data may be expressed in a different way: in terms

of the percentage of -'vings in required stimulation relative to the

initial exposure. This increased from session to cession in a

negatively accelerated fashion, apparently reachsng aaymptote in
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,e3:zion 7. It seems reasonible to assume that these increases in

cavirngs roflected the developing strength of the protective adaptation

ai3 it waG retained anq further consolidated from one cession to the

next.

Coing beyond this general statement of our group adaptation

results, there were two findings of particular interest which promise

to have important practical and theoretical implications. The first

was that no spontaneous remission of adaptation resulted from eithcr

the six-week or the twelve-week periods without exposure to the

adapting ctimulus. On the contrary, there was actually some increase

in savings following these two lengthy intervals - a phenomenon which

appeared to have something in common with the reminiscence effects

reported in early memory studies (Woodworth & Sch'osberg, 1954). Be

that as it may, the first four sessions were clearly sufficient to

induce a relatively enduring degree of adaptation which, with the two

'top-tip' cessions after six weeks, remained intact for both

directions of rotation over a total period exceeding five months. We

have no information regarding its retention beyond this point, but it

seems highly probable that it would take a very log time, if at all,

for these subjects to return to their initial state of susceptibility.

This finding, in pqrticular, suggests the potential of adaptation

schcdulos for both the preventioi of motion sickness, and its reduction

in long-standing cases (see Dobie, 1974).

The second finding of interest was the extent to which adaptation

appeared to transfer to the opposite direction of rotation. This was

enpecially noticoable in Session 2 in which there was a 30 per cent

savin- in sequences relative to Session 1, and in which there hid been

no prior experience of that particeiflar direction of rotation. However,

the •ame tendency was present to a leaver degree thro•ihout: with the

exception of Scn::ion 8, the sequences i eeded to attain the adaptation

criterion on each nession were alwiys fower than those required for

the precedinF mesion in the opposite 1 krection of rotation. Thus, by
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Fig 3. Mean maximum well-being rating and Symptom Score on the
eight test sessions.
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alternating the direction of rotation of the adapting sessions, it

appears possible to provide a generalised protection which remains

effective for both directions over long periods of time.

(2) Motion Sickness Reactions and Well-Being Ratin,&

Fig 3 shows the mean Symptom Score mnd the mean maximum Well-Being

Ratings for each of the eight rotational sessions. Both of these indices

were such that the higher their values, the greater was the degree of

disturbance.

The motion sickness reactions observed in this study never

exceeded the Malaise III level of severity (Graybiel, 1968); that is,

subjects never went beyond the experience of nausea to the point of

vomiting. Over the first four sessions, indications of motion

sickness diminished in much the same way as the number of sequences

needed to attain the adaptation criterion. Up to Session 4, therefore,

the absence of subjective Coriolis phenomena appeared to be closely

linked with reduced susceptibility to the nauseogenic stimulus.

However, immediately after the 6-week interval, there was clearly some

reduction in the level of protection against motion sickness, while

the same remission did not occur for the illusory sensations of

motion accompanying the head movements. Increases in the Symptom Score

on Session 5 (relative to Session 4) occurred in 5 out of the 8

subjects, but only in one case was this increase of any magnitude.

Although these differences between the degree of apparent adaptation

to the subjective Coriolis phenomena and that to motion sickness were

small, thcy suggest the need for caution in using the presence or

absence of illusory sensations as an index of motion sickness

protection. Fbr most situations, this relationship between protection

and the subjective phenomena appears to hold good; but exceptions do

arise as shown by the present data.

Curiously enough, the same spontaneous loss of motion sicknese

protection did not occur on Session 7 following the 12-week interval.

A:-
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But, on Session 8, 5 of the subjects showed increases in motion sick-

ness reactions, suggesting some loss of protection relative to

Session 7. In all cases, how eyer, these increases were comparatively

slight.

Individual Differences

The individual patterns of 'savings' in per-rotational sequences

to criterion shown in Fig 4 reveal no systematic relationship between

the initial level of adaptability on Session 1 and the subsequent reten-

tion of adaptation. A previous study (Reason & Graybiel, 1972) has

shown that rates of adaptability assessed in a single session are

positively and significantly correlated with both motion sickness b

history and the degree of per-rotational symptomatology. But, from

the present data, it is clear that if we want to make predictions

concerning an individual's future susceptibility to, say, airsickness

on the basis of his adaptive capacity, we need to know not only the

characteristic rate at which he first acquires adaptation, but also

the extent to which this protection is retained with the passing of

time.

Judging from the present results, an accurate assessment of this

important characteristic of retentiveness would require a minimum of

three repeated adapting sessions. Previous research (Reason &

Graybiel, 1972) indicates that a reliable measure of individual

adaptability on a single session can be obtained very quickly at

Mi angular velocities up to 3 rev/min. Our present estimate, therefore,

is that three adapting sessions, each to 3 rev/min and each separated

by about 24 hours would provide an adequate measure of retentiveness.
From normative data collected previously, it is likely that the total

testing time for all three sessions would not exceed an hour and a

half; 50 per cent of the normative sample (N=70) attained the adaptation

criterion at 3 rev/min in 5 sequences (40 head movements or less

(see Reason & Graybiel, 1972)).
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Individual pattern of initial adaptability and subsequent
retention of adaptation. .
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EXPERIMENT TWO: METHOD

Twenty-five male subjects, drawn from the same population as those
above, were used as subjects. None had had any previoua experience of

the rotating device. After completing the Motion Sickness Questionnaire

(Reason, 1968), the subjects were assigned to five equal Croups that
were approximately matched with regard to motion sickness history
(Mean MSQ scores for the groups. 30, 29, 30, 29, and 31).

Each group was exposed to two rotational sessions in the

Leicester Rotating Device, all sessions being in the CW direction of

rotation. The basic procedure during each session was the same as

that described for Experiment 1. The major difference between the two

experiments was that each subject received only two exposures to the
cross-coupled stimulus (both being in the same direction), but the

time interval between them varied from group to group. Thus, the five

groups can be labelled as follows: 1-day group, 2-day group, 2-day

group, 14-day group and 21-day group, where all the subjects in any one

group had the stated interval between the two sessions. The measures

were the same as those in Experiment 1, namely, the total number of

head movement sequences executed prior to the adaptation criterion at
the terminal velocity of 5 rev/min, Well-Being Ratings recorded at
the end of each sequence, and a Symptom Score computed at the end of

each session.

EXPERIMENT TWO: IRSULTS AND DISCUSSION

The results for Experiment 2 are shown in Table 2. Table 3
indicates the mean percentage of savings for each group in the total

number of sequences on Session II relative to Session I. Table 4

summarises a covariance analysis for the total number of sequences data.
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SS,,.- of Results for Urverifnt 2

Total no. of sequence@ I&x.IuMh
prior to adaptation at Well-Being Syrpton Score

5 r'v/lin Rating

I* 1ie I II I II

27 12 5 4 14 4

90 30 4 5 10 16
GROU 35 23 3 4 4 2

S 9 4 2 3 4 3

36 11 3 2 1 1

S 39.4 16.0 3.4 3.6 6.6 5.2

48 34 4 2 6 3

50 29 6 5 13 11
26 16 7 8 11 10

COUP 18 4 4 4 12 5

23 5 3 0 4 0

S 33.0 17.6 4.8 3.8 9.2 5.8

16 8 5 4 7 9

26 22 5 2 11 5
S 9 1l 4 0 0 0

GOUP 42 15 5 2 3 1

26 12 0 0 3 6

S 23.8 13.6 3.8 1.6 4.8 4.2

- n n 0 0 0

8 7 2 0 5 1

S 48 12 6 0 10 1

GROUP 36 9 8 9 16 6

17 6 0 1 1 1

22.2 6.8 3.2 2.0 6.4 1.8

46 20 5 5 11 12

43 28 5 2 14 2

21 DLY 8 6 1 1 0 1
MEUP 7 2 0 0 0 0

8 4 0 1 2 2

i 22.4 12.0 2.2 1.8 5.4 1.4

I 7n7T Indicate first and useoond rotational esmions
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Table 3

Mean Percentage of Savings in Total Number of Sequences &xecuted
in Session II

Groups Mean percentage of savings
(re: Session I)

1 day 59.4

2 days 46.7

7 days 42.8

14 days 69.4

21 days 46.4

Inspection of Table 2 shows that, with one exception (in the 7-day

group) all the subjects required fewer head movement sequences to

reach the adaptation criterion at 5 rev/min in Session II than they

did in Session I. Although slightly less consistent, the same pattern

of reduction in Session II also held for motion sickness susceptibility

as indicated by the Well-Being Ratings and Symptom Scores. From these

data it is clear that a substantial proportion of the protective

adaptation acquired in Session I was still intact during Session II.

This finding was consistent with earlier observations (Reason & Di•z,

1970; Reason & Graybiel, 1972).

Table 4

Summary of Covariance Analysis Sequences Data

Source Sum of df MeanSquares Square

Time 154.89 4 38.7 1.11 (Not significant)
intervals

Error 661.91 19

816.8o 23
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More surprising, however, was the fact that there won no

appreciable decline in this retention of protective adaptation no the

interval between the two exposures was increased. The mean cavings

on Session II appeared to fluctuate around a value slightly in excess

of 50 per cent, irrespective of the time interval (see Table 3).

In addition, the analysis of covariance (see Table 14) yielded a

non-significant F ratio. A possible explanation for these results

is given below.

THEORETICAL CONSIDERATIONS

Taken together, Experiments 1 and 2 provide us with some clues as

to the way in which the level of protective adaptation falls following

the cessation of an adapting stimulus. In this section, we will

attempt to integrate the findings of both experiments into a general

theoretical statement concerning the rate of decay of protective

adaptation following both single and repeated exposures to an

adapting stimulus.

In Experiment 2, our failure to demonstrate any decline in

protective adaptation with increasing time after the first exposure

would make sense if it were assumed that adaptation decays in an

approximately exponential fashion with the most rapid rate of decline

occurring immediately after the end of the first exposure; and where

the rate of decay levels out subsequently to some intermediate value.

If this were so, then the results of the second experiment could be

explained by suggesting that our range of time intervals, from 1 to 21

days, was such that it only allowed us to sample this relatively stable

level of retained adaptation. This argument has been expressed

diagrammatically in Fig 5.

Indirect evidence to support this notion of an initially rapid

rate of decay comes from a three-day adaptation study in the Pensacola

Slow Rotation Room where subjects on a predetermined schedule were

required to continue making controlled head movements well beyond the
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adaptation criterion at each velocity step (Reacon F, ;rnybiel, 1'',h).

It was observed that short rest periods of 5 to 10 m.iinuuto, where the

head was immobilined, frequently resulted in the reinstatement of the

Coriolis subjective phenomena during the first few nequences after

the pause. In other words, even these very short intervale of

inactivity were sufficient to cause a marked loss of protective

adaptation - despite the fact that they had been preceded by a larr.e

number of adapting head movements. This loss of adaptation was even

more apparent after a night spent resting and sleeping at the sae

rotational speed. When the head movements were resumed the next

morning at the same angular velocity, several sequences were required

before the subjective phenomena were once again neutralised.

The design of Experiment 1, although complicated by alternating

directions of rotation, allowed us to examine the retention of

adaptation following repeated exposures to the sane stimulus. Fro=

the data shown in Fig 2, particularly the rate at which the number

of sequenceas to criterion declined with each repetition of the

adapting stimulus, it can be argued that the rate of adaptation decay

decreases as a function of the number of proceding exposures. More

precisely, we can hypothesise that the time-constant of adaptation

decay following a given exposure increases with the number of

exposures that preceded it, as shown diagrammatically in Fig 6.

Although we only have slight evidence for this, it is also

likely that the time-constant of adaptation decay increases in a
negatively accelerating fashion with repeated exposures, as shown in

Fig 7. Put in another way, this means that although the amount of

protection measured at some point following the last exposure increases
with the number of preceding exposures, it is unlikely that it will

ever remain permanently at the 100 per cent level. In othsr words,

there is always likely to be some loss of adaptation, albeit very

small, no matter how many times an individual has been exposied to the

adapting stimulus. However, it should not be assumed that 100 per cent

savings with regard to the Coriolis subjective phenomemn is neceonary
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to gErantee protection ttgainct motion aickneos. It ic clear froz tre

many previous inveatintV.ona in this area that a moderate degree nf

these Coriolis phenomena can be tolerated without risk of acsociated

symptoms.

Though speculative, these theorectical considerations are open

to empirical test. However, even if the rate of decay of protective

adaptation is far more complhx than indicated above, the findings of

these two studies augur well for the prophylactic value of adapt~tion

schedules.
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Two experiments are reported. In the first, designed to assess the retention of
adaptation to repeated exposures of graded cross-coupled angular accelerations,
eight young men received eight adaptation sessions in alternate directions of
rotation over a total period of 24 weeks.

The second experiment examined the relationship between the 'savings' of
adaption on the second of two exposures and the time interval bet-.3sn thou.
Twenty-five young men were assigned to five equal groups matched for notion
sickness history: the 1-day, 2-day, 7-day, 1'r-day and 21-day groups, where these
times referred to the interval between the first and second exposures to the some
graded cross-coupled stimulus.
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adaptat ion schedules; prevention of notion sickness.


