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and Training of Aireraft Pilots with the recommendation that
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slon of Research, Civil Aeronauties Acministrationm.
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This report is the third of a ssries desoribing linvesti-
‘gations on motion siokmess zdministered by Wesleyan Univerasity
under grants-in-aid from the National Regearch Council Commlt-
tees on Selection and Training of Airoraft Pilots. These stu-
diea were designed to investigate and ocoapare certaln physlo-
logleal and peychological charzoterlistics cof subjeots suscep-
tible and non-susceptible ito motion sicimess.

Acknowledgment is due to co-worksers, students, and others
who alded and participated in these investigations.
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STUDIES IN MOTION SICKNESS

Serdies C

1
GCIRCULATORY ARD RESPIRATOHY RESPONSES TO CULD AND TO
BREATH HOLDING IN INDIVIDUALS SUSCEPTIBLE AND
NON-SUSCEPTIELE TO MOTION SICKHESS
by

J. S. Helmick
G, R, Werdt
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SUMMARY

This investigation represents one of several experiments carried out
et Wesleyan Univergity on the relation of motion-sickness susceptibility
to the cold preesor test (immerslon of hand or foot in ice water) and to
the effects of holding the brsath for a short period. Reactivity was
messured by blood pressure, pilse rate, and breathing changes. 7The ex-
periments were concelved to tast the hypothesis that susceptibility to
motion sicimess is & condition resulting from so-called "vasomotor in-
stability.”™ In the present experiment twelve subjects highly suscept-
ible to motion sickness were comparad with twelve who had never bean
motlion sick, The present resultes indicete that there were no signifi-
ocant average differences in reactivity to either cold or breath holding
among susoepiibles end non-susceptibles according to blood preessure,
pulse rate, or breathing rats., Comparisons were made of reactions to
cold from immersion of the hand and immersion of the foot, Immersion
of the foot was more painful eccording to the subjects! rankings and
ylelded somewhat greater blood pressure responses. The test-retest
reliability of blood pressure reactions reszulting frog hand irmersion
was represented by nn r s ,76 for systolic preesure and .57 for dia-
stolic pressurs, while for foot stimulation the corresponding filgures

were .43 and .59. The correlation bestween the two methods, hand and

foot, wers .68 for systolic pressures and .56 for dlastolic, There
were no significant correlations betwsan blood pressure riees to oold
and to breeth holding., The obteined correlations wera r = ,10 for sye-
tolic pressure rise and .19 for diamtolic pressure rise.

Thess data appeared to be sufficient to reject the hypothesis that
there is a relationship between motlon susceptibility and responeiveness
to cold or breath holding, The data incidentally indiocated that, eas em-
ployed in this study, the ¢old prossor teat was somewhat less reliebje
than previocua reports had indicated, and furthermors that. the high cor-
ralation claimed betwsen oold pressor and hreath holding tests by pre-
vious workers was not confirmed.
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CIRCULATORY AN RESPYIRATORY RESPOHSES TO COLD AND TO
BREATH HOLDING IN INDIVIDDALS SUSCEPTIBLE AND
NON-SUSCKPTIBLE TO MOTION SICKNESS

INTRODUCTION

Thia roport pressuts the results of an investigation concerned with
the relationship of motlon-sicknessl susceptibility tc vasomotor insta-
bliity. The stody wmas conducted by Mr. J. S. Helmick and Dr. G. R. Wendt
at Wealegyan University, under the auspices of the Nationul Research Coun-
o1l Committee on Selection end Training of Aircraft Pllots., Differences
in reactivity te cold and breath holding in terms of blood pressurs, pulse
rata, and breething rate variables for ircividials susceptible and non-
 suBceptiblo Lo motion slckneas were axamined .,

The cold pressor teet as originally devised by Hines and Brown? was =
dasigned for the deteotion of cases of potential hypertension. The test
has not ordinarily been applied to differentiate among normal subjects,
Previous investigaiions of ita relisbility heve been concerned mostly with
test-retest reliability when applied to diagnesia of normality or abnormal-
ity. - _ .

fhe pro=sdure of the teat as reported by Hines im to determine the
maxinum rise of blood prespure producad by a standard cold stimulationg
joe water at 4.0° C. epplied tc the hand for one minute., The subject restc
in the supine position for 20-60 minutes during which ths blood preasure
is taken until it has reached a bass line &nd has spparently ceased io
drop. The hand ias then pleced in ice water to a line just sbove the
wriast while blood pressure resadings are teken at 3(-second intervals,
continuing for two minutes after removal of the hard from ice water, The
groateat obtainad risea In systollc &nd disetolic pressures are taken as
the index of response. Onlinarily a response of more than 20 mm, Bg.
aystolic pressure or 15 mm, disstolic pressure is regarded as being hyper-
reaction, The assumption involvad according to Yiaes is ",. that such a
rise in blood prassure rasuliing from a given etimulus is an index of
vascular resciivity."3 Hines and others have presented evidence that a

1ffor other studies of motion eickness conducted by Dr. G. R. Wendt

and co~workers under the auspleoes of the Committes on Selection and Train~ .

ing of Airoraft Pllots sea: Wendt, G, R, sickness in eyistion.

NRC Diviaion of Anthropology end Psychology, Committee on Selectlon and

Training of Aireraft Pllots, May 1944. Wandt, G, R, Studles 1n wmotion
» Weshington, D. C.: CAA Divﬁsionjof Research, Re~

gicknesp, JSerles 4
port Ko, 40, December 1944, Wemit, G. R. itd;liﬂa_mp.&m_uiknnga
Serdes B. Washington, D, C.: CAA Divismion of Research, Report No, 60,

L.

Apri) 1946,

2Hinaa, E. A,,Jr., and Brom, G. E. A standard test for measuring
vasomotor resctions. Proe, Staff Meet., Mayo Clinie, 1932, 7, 322-335.

3Hinas, E, A,,Jr., and Brown, G. E. [Rid.
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high degree of reactivity so measured is associated with essentlal hyper-
tensjon. Children of hypertensive parants ternd to be hyperreactors, and
hyperreactora tend to develop hypertension. Moat hypertensive individusls
are hyperreactive. :

The breath holding test was devised by Ayman and Goldshine® as & test
of wvascular reactivity believed to bs fully equivelent %o ths cold pressor
test, The seated subject waes allowed to rest until his blood pressure had
ceased to drop, Thsn without over~breathing, the breath was held volun-
tarily in exhalation for 20 seconds, Exactly at the end of 20 seconds the'
systolic blood preasure was taken. After another rest the same process
was repeated and the diastolic pressure was taken. Ayman and Goldehine
contarded that the breath holding and cold preasor tests gave substantielly
the same results, This result hes been confirmed by others.

PROGCEDURES

The procedures of the prepent experiment wers designed to duplicate
the essential featuree of the cold pressor and breath holding teste as pra-
viously used., Eowever, somewbat more elaborate data were cbtalned by se~
ouring pulse rate and breathing records. Investigation of the stimlation
cf the foot by cold water was also added. Several changes in technique
wore introduced . in the interest of standardization of procedures and in
order to make possible the simultaneous study of cold pressor and breath
holding teste, The general procedure wag to have each subject rest on a
bed for 30 minutes, after which recorders were applied and stimilations
glven at fixed intervals during a period of 23 minutes. Cold pressor
teats were given at 4, 8, 12, and 16 minutees and a breath holding test at
20 minutes, A counterbalanced order of stimulaticn was used with differ-
ent subjectc eso thet possible progressive changes were controlled.

A, L aneln leg. Ths prooe~
dures ware ccnduated by an axperinemter and an asuiatant The subjects
raclined on bsds during the testing. The men came on a staggered time
schedule between 7:30 P.M. and 10 P M., 80 that while one subject was rest-
ing for 30 minutes date were being taken on the other, Towerd the end of
the rezt period the recorderts were applied and edjusted. Four minutes of
resting record were taken to establish & base line and then the first cold
prassor stimilation applled for one minute., This was repeated on hand or
foot at 8, 12, and 16 pinutes.,? Breath holding for 20 seconds began ab
the 20th minute. This test wes not repsated.

AAymhn, 0,, and Goldshine, A. D, The breath holding test: a eimple
stendard stimulus of blood preasure, Argh. Int, Med., 1939, €3, 899~906.

Sprevious experimentaticn hed’ indicated that three minutes was suffi-
clent time between stiwmulation perlods for all pulse rates and blood pres~
surea to return to their approximate bhsse lines,



Ezoh subjzet hed two cold stimull presented to the hand and twe to
the foot., The order of these was prodetermined so that susceptibles and
non~-svuscaptibles wars equally reprasented in the various stimulus sequences.
Two from each group served under each of the six pogsible combinations of
, hand, hsnd, foot, foot; that 1s, four sublects went through the sessions
with the stimulation in the order of hhff, and four under each of the other
orderg: hfhf; hffh; ffhh; fhfh; and fhhf, In most cases the four subjects
used for any one order of stimulations were run in the samé evening, two
supceptibles and two non-susceptibles, and in general the two groupe of
Bubjegts were distributed among the various arrival times (7:30, 8, 8130,
and 9).

B, ] SEQr B 18 1. As atatod above the cold pres-
sor atimulation wes bsgun at @ fixed time rather than in relation to a
base line judged by the experimenter., This change in the technique of
Hines was regarded as essential for proper experimental standerdization,
In other respacte ths technique of hand stimulation was the same as theirs,
The hand was placed in ice water for one minute, removed, blotted falrly
dry, and placed in a sack of turkish toweling. The technique for the foot
‘was similar, the foot being lowered into a pail of lce water at a conven-
ient helght beside the bed and Immersed up to the ankle, removed after one
minute, dried, placed back on the bed, and coverad. Water temperatures
were recorded, They varied from 2.2° C, to 4.4° C. The average for the
hand was 3.,6° C, and for the foot 3.,1° G,

C. . ) - B The breath holding test waa con-
aidarablv modified from the original procadurea of Ayman and Goldshine.
The subjects wore supine rather than seated., Intrapleural pressure was
standardized rather than being allowed to vary. Standardlization of pres-
spure wag obteined by having the subject blow very slowly after exhalation
through a tube connected with & water manometer, keeping 1t &t ome inch of
pressure for 20 seconds. Each subject wse given some preetice with this
device during the rest period so that the problem~solving aspects of the
sltuation were reduced to & minimum., Such a eystem used with a very slow
leak wmas emay to maintain at constant pressure and required only a mini-
mum volume of air output for maintenance of the pressure. The procedurs
in this study appeared tc be experimentally more desirable than the orig-
inal which allowed the subject to determine his omn intraplewral pressurs,

D. Records. Three classes of racorde taken were auscultatory measures

of systolic and diastolic blood pressure, photokymographic records of
pulpe rate end breathing, snd a ranking by the subject of the relatlve
amount of pain experilenced from each of the four cold pressor stimulations.

1. Ausoultatory blood proseura meesuras., A cuff was applied to the
opposite arm from that used for cold stimulation, MWeasures were taken et
" 30-second intervals throughout the experimental session. Systolic pres-
sure was raecorded at the first sound heard and diastblic pressure at the
last change in sound from a sharp to s dull beat. Certain difficulties
were experienced in reading diastolic pressure since the application of
the ice water changed the character of the sounds somewhat in eome sub-

=
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Jeots, In all cases there was about a 20-pecond lag between the systolic
reading and the diastolic reading. Pressure readings were dictated by
the experimentsr and recorded by the assistant. The timing of resdings
was such that one set of pressures was rscorded slightly before the begin-
ning of the cold stimulations, another about half way through, and a third
Just at the end of stimulation. The readings for breath holding were so
timed that the systolic reading was usually taken about half way through
the 20-second period and the diastolic reading about at the end. The tim-
ing of these readings was controlled by watching a clock and recorded on
the atrip of record by eleotromagnetic signal markers.

2. TDhotokvmographic records. Pulese records were obtalned from the
leg opposite to that used for cold stimuletion., An inflated rubber ocuff
was fastened arcund the ankle and ita volumetric changes with the pulse
recorded on a continuously rumning photokymograph. Respiration was re-
corded by & thoracio pneumograph operating a mirror-beering tambour. A
record of the pressurs in the blood pressure ounff was made by means of a
T-joint in the tube to the cuff whersby the air pressure operated a ayl-
phon bellows whose degres of extension was recorded on the photokymograph
paper., 3Signal magnets were used to indicate the onset of the stimull and
the time of reading systolic and diastollc blood pressurss.

E. Subigcts. Twenty-four male college students were seleoted from the
total student body of Weszleyan Universigy on the basis of thelr reaponses
to a motion sickness history inventory.,® Subjects were selectsd from the
extremes of the population. The susceptibles were those who had exper-
ienced regent motion sickness on moving devices, The non-susceptidbles
were those who had never under eny circumstances been motlon slck.

RESULTS

A. Cold vrepsor test. The available data on the cold pressor test were
the blood pressure readings, pulse records, breathing recocrds, and subjec~
tive reports of relative pain. Each of these will be taken up in turn,
indioating the obtainad results from susceptibles and non-susceptibles
and reliabllity figures where applicable.

1. HBlood pressureg. The blood pressure data were handled in two ways,
the first, the standard method used by Hinds (maxinmim systolic and dlastolic
ripés) ;"tho second, by continuous plotting of systolic and dlastolic blood
pressure readings. The procedurs of the first method was as follows. The
bage line for each test was taken as the average of ths three readings Im-

mediately before the beginning of atimulation. The difference between this

base line and the highest reading within 30 seconde after atimulation was
taken as the maximm rise., The prooedure for the sacond method wes the
following. The entire record of each subject was first plotted on a con-

6 ' L
For a copy of this inventory =zee: Wendt, G. R, Studles in motion
flckness, Serdes B. P. 54.



tinuous graph ahowing the course of blood pressure throughout the experi-
ment, The levele of succespive readings were connected by etreight lines.
These graphs wera then combined into group sverages for susceptihles and
non-suBocdptibles. Sinos the readings for these subjlects wersa not taken at
exactly comparable times and were usually not made exaotly on the minuve
or half-minuts, it wae not feasible ¢a derive group averages direotly -fcom
the rew data. Instead by refersnce to tha individual graphs the points
wers detarmined at which the graph crossed the minute mark and that value
used for ocomputation of group averages. This procedure somewhat reduces
the average maximm rise from its true value, since the maximum point on
the individual's curve seldom fell exactly on the minute mark.

Group average curvesz of two kinds were derived. The first was, as
stated above, plotting sequentially the blood preasure readings. In these
curvaes, shown in FPigure 1, each point is determined by readings from aix
subjeots made on the hand and six readings mede on the foot. DBy the sec-
ond method, the resulte of which are shown in Figure 2, all of the reed-
ings were brought together for the first stimulation of the hend, all for
the second stimulation of the hand, for the first stimilation of. the foot,
and the second stimulation of the foot, B0 that four ssparate sets of
curves were darived.

The data on meximum rise in aystolic and diastolic blocd pressure for
sach subjest are shown in Table 1, while the group averages ahowing con-
tinuous reaedings are shown in Figurea 1 and 2, Inapectlon of the table
and the figures appears to justify the following statements about the re-
sults,

@. The resting blood pressures of the subjects were bstween 130~

135 mm, Hg. systollc and betwsen 80-8:5 mm. Hg, disaetolic. Thess base linen

are slightly high, which may ts either the consequencq of chance faotors
in palsction of subjects or mey indicate the presence of some apprahsnsion
on the part of the subjects. The non~susceptibles show a slightly higher
blood pressure than the susceptibles. This is a reversal of the trend
characteristically found among such subjerts and may be attributed to
chance factors in the selection of sudbjects,

b, Comparison of susceptibles and non-susceptibles in terms of
saximum rise shows emall and statistically insignificant differencdes. The
non=susceptibles according to mean rises were mors reactive, This it will
be noted-is in a direotlon contrary to our original hypothesis. For the
non-pusceptibles the hand stimmlation produced systolic and dimstolic pres-
sure rises of 8.2 and 11.5 mm. Hg., respectively. .The corresponding figures
for susceptibles were 8.1 and 10.1. The same set of four figures with the
foot were 13.4 and 15.4, 12.6 and 15.1,

o. The reaction to immersion of the foot was greeater then that to
immersion of the hend. Considering all 24 subjects, the mean systolic pres-
sure rises were 8.1 for the hand and 13.0 for the féoot, while the respective
mean diastolio preasures were 10.8 and 15.2. ,
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TARLE )
(Cold Pressor Tests)

MAXTMUM BLOOD PRESSURE RISES

Footl 'Foot2
Digs.  Sys. Dias.

gva.

3337 3 n...
5699&2&986 8

TRl ol ok o i
» & & = 0O o @ 2 » @
ull 0 O 0 00 0 WD ~F
AN H A A~ A
&~ T e o I

o S
o L] L}

s M G
COgYaNn YT

777 3 3773 3

48%896366725
3 ? )3 77
65 62 3 0602
% © 7111

L]
- nl 77333733

809688D53m13

-t (N N~ N0 o W = o
~t o0 lul

16.8

13.9

12.9 4

12,1

8,2

10.9

8.2

Av, rise

33.70,.77 nl _.Im.
071).__. Q Cc w
123m1u. mlall

3 7337 ?37

Y- 8095808722

— N

377. [ R 7.nu

M4854668&
-l

3 77373 n..-a.) 7

773 nl 7733

065?%66}48 H..__/

77777 33 3
00.4 66873“72

H g

~ASHYRI

9.9 8.5 10.3 12.5 o9 12,7  15.2

7.6

Av, rise

16

12,7 .45 13.3

8.35 11.2

10,4

7.9

Total group
Av,

#31] pimms quantltiss are treetad as 0°s in dstsrmining

average rises.



d, Tha duts were rearrenged to see whathsr successive stimula-

~ tions of the hand or foot gave greater reaction than whea a stimulation
of one member was separated before lts second trlel by stimulation of the
other membsr, The aystolic/diastolic rises are as follows: hand follow-
ing hand, 9.0/10.8; hand following fuot, 7.8/11.3; foot following foot,
13.6/15.5; foot following hand, 17.6/16.2. Inspection of thess figures
shows that in three cases pressure rises were less when the same member
was re-stimulated on the next trial, whila in one case the preasure rise
was greater,

o. The test-retesi reliabilities of the cold pressor test eval-
uated in terms of the maximum blood pressure rises are shown in Table 2.
These reliabllities are considerably higher tlian are cbtained with many
other typaes of circulatory measures but are not high enough to justify
putting high rellance on this tast for purposas of individual dilagnosis,
It should, of course, bs recalled that these were derived from only 24
subjects aslected from & Lomogeneous heslthy population.

TABLE 2

TEST-RETEST RELIAE%LITIES OF COLD PRESSOR TESTS
K-z 2¢)

Svetolic  Disstelle

hand, ve, band, 276 .57
foot, va, foot2 b3 _ <59
hard,,, va. footys, e§8 256

- 2. Pulee rates during cold stimulation. The pulse rates were counted
in 20=-second intervals directly from the photokymographic records of each
subject. The obtained frequencies were then plotted on graphs similar to
those prepared for blocod pressure readings, Group averagees for the suas-
coeptiblea and non-susceptibles weres obtained by direat aversging of read-
ings. This could be done hecause the measurements wore made on identical
time intervals. Figures 3 and 4 show the data obtained from these ansly-
ees, the first showing sequentisl readings during the experimental peried,
the second showing pulse rate changes during the two stimulations of the
hand and during the two stimulations of the foot. The resulte appsar to
be as follows;

a. The resting pulse rates were higher for the non-susceptibles.
This may be regarded &s a chanue finding in sas much ge it raverzes the
situation nmore commonly found with such groups of subjecta.

b. Compariason of the ahift from lowest to highest mean pulse rate
during the four cold pressor cyclea shows that in each case the change in
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tha susceptible group was greater than in the non-susceptible group. How-
ever, in view of the rather large differsnce in bass lines one cannot safely
conclude that this represents a greater reactivity on the part of the sug-
oeptibles, .

¢, Inspection of the curves in Figure 4 shows a conaidmbl& graater
inoreass in pulse rats after stimulation of the foot than atimulation of
the hand, The pulse rate rise was approximately 2.5 beats per minute in

. 4he case of the hand and 7.5 in the cese of the foot.

3. Breathing rates. Respiration rates were measurad in 20-sscond in-
tarvals and the eversge curves for susceptibles and non-susceptibles plot~
ted, Filgures 5 and & show the obtained resulis according to the same
mathods used in the case of blood pressures and pulse ratea, It may be
noted by inspsotion that the susceptibles showed a faster mean breathing
rate and that their average curve showed fower variations correlsted with
the stimulation,’ The response to immersion of the foot was somewhat
greater than that to immersion of the hand.

4. Skhiective ranklog of relstlve paln. At the end of the experiment
each subject was asked to rank the psinfulness of the four stimuli from
1l to 4., Ten of the subjects gave such rankings from 1 to 4, while four-
toen indicated that they could not distingulsh between the two hand stim-

"ulations or the two foot stimulations or other pairs. Every subjeot, how-

aver, found at lezst two levels of painfulnesa, The mean rank order of
the four stimulations was as follows: the second immersion of the foot
had a mean rank of 1.6; the first of the foot, 1,9; the first of the hend,
3.1; and the second of the hand 3.3, It may be seen that the atimulaiion
of the foot was definitely more painful than the stimmlation of the hand,
This fact may be correlated with the greater changes in blood pressure,
pulse rate, and breathing following stimulation 'of the foot, Further
analyasis of the data in order to discover whether the amount of pain re-

. sulting from e stimulus was corralated with the extent of blood preassurs

change was unsuccessful ir revealing such s correletion., Pain rank and
blood pressmire were compared for the two hend stimulations as & pair and
the two fool stimulations as a palr. This showed about a&s many casee of
disegrecpent; as agreement. Furthernore, althcugh fourteen subjects re-
ported inabllity to distinguish the pain betwaen some of the stimulations
there wers nsvertheless max;ked diffarences in tlood pressure reactions,

B. Breath 20lding test. The resulia of the breath holding test will be
but briefly presented because the data lack completeness. In the absencs
of a repsat measure slwwing rellability 1t is not posslble to give an ade-
guate interpretation of the oblained results. Furthermore, since the
systolic blood pressura readings were takean only about ten seconds after
breath holding began, the teclniques wers not the same as those established
by the originsl iuvestigatora.

Mo measures of breathing ampiitude were made, Also thers was such
irregularity in the bresthing rate records that 1t did not seem worth-
while to subject them tu an extensive analysis,
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It wap apparent that blood pressure and pulse rate changes in responsu
to breath holding were small, The main rise in pulse rate associated wiik
the breath holding teat came before the teast and must, therefore, bs con-
aidered ths result of expectation. There were no evident differences in
the responsivensss of susceptibles and non-susceptibles as judged by in-
speotion of hlood preasuras and pulse rate curves. The results with
breathing retes wers oomparable to those with the cold pressor test.

Pravious investigators have regarded the breath holding test es being . .
wholly equivslent to the cold pressor test. This finding was not confirued.
The Pearson product=moment corralation coefficients of blocd pressure cheangesa
during breath holding and cold etimulation (average of both responses to im-
mersions of the hend) were r = .10 for aystolic prsssure rices and r = .19
for dlastolic pressure rises, These results do not encourage ons to regard
thess two tests a8 measuring the same thing. Bowever, in the absence of &
breath holding test reliability determination thers is no sure way of Judg-
ing whether thia result was due to the method or due to the laek of a phye~
iological ralationship, The absence of large pulse rate changas in the sub-
Joots indicates, however, that the holding of the breath vas without signifi-
cant circulstory effect.

INTERPRETATION

The present subjects were selected from s group susceptible to meticn
sickness and from a group non-susceptible tc motion slckness in order to
test the hypothesis thet motion sickness is a consequence of vasomotor in-
stability., They were then compared according to thelr reaction to testa
commonly accepted as being measures of such instabllity. The obtained re-
sults showed no reliable differences in their reactivity, the actual 4if-
ference being slightly in a direction opposite to that predicted by tha
hypothesis., In order for the rssults of thiz investigation to be poslitive
it would have been necessary to obtaln an alinost ccmplete lack of overlap
in the reactiona of the two groups. It mey therefore be concluded that,
to the extent that these tests are valld measures of vasomotor inatability,
motion sickness susceptibility i= not a result of vesomotor instability,

Subsidiary results on reliability of the cold pressor test and on the
ralationship of the breath holding test tc the cold pressor test indicate
a nead for furthsr experimentation in thia flsld. In view of certaln changes
in technique made by the authors in the interests of experimental design, the
interpretation of the differences between these studies and those of sarlier
investigations should await further experimental work.
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' ' STUMMARY

This is one of a saries of studles in which certain physlological re-
actions in indiwviduals gusceptible amd non-susceptible to wmotlon sickness
were compared experimentally. In the present experiment five susceptibles
and five nen-susceptlblee served ae aubjscts on sach of six days during
which their reaciions to epinephrine (adrenaline), to acetyl-beta-methyl-
sholine (mecholyl), to iyparvantilation, to breath holding, and to immer~
aion of the foot in ice water were studled., The experiment constituted
an indirect approach to the problems of whether susceptibility is a mate~
ter of blood chemistry, of abaormal senaitivity to one or another of ths
substances released at autonomic nerve endings, or of vasomolor insta-
bllity. ‘

All of the measures employed in this study have been used by the
suthors and other lavestigators in previous or suvnsequent studies, For
this reason it sesms wise to withhold conclusione about the present data
and to rafrain from presentation of reliabilitlies of differences, sincas
the results of all studies taken togethar are negative for each of the
neasures employed. The data available from the pressnt etudy for compar-
ison of susceptibles and non-susceptibles are as follows: rasting res-
piration, blood pressures, pulse rate, perspiration end salivation; re-
sponse of the same variablas to mecholyl and to sdrenaline, and response
of the cireulatory and respiratory maasures to immersion of the footi in
ice water, to breaih holding for tventy saconda, and to hypsrventilatlon
for three minutes. Various observational date such as dermographia; ab-
dominal nolses, eto., ware recorded but aone yisldad date which were
methodologloally adequate for use. ‘
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EXPERTMENTAL COMPARISON OF VARIOUS AUTONOMIC | ’
RESPONSES IN INDIVIDUALS SUSCEPFTIELE AND RON-
SUSCEPTIBLE TO MOTION SICKNWESS

INTRODUCTION

This study 1s one of a nmumber undertsken to explore the physiological
correlates of motion-siciknese surceptibility. Other researchss in the area
of motion sicknesa carried out in the Wesleyan laborstory under the auspices
of the %ommittoo on Selection end Training of Alreraft Pllots have besn re-
ported.

In the present experiment susceptible and non-susceptible subjects ware
selocted from the extremes of the population to mes whether they tandad to
be dlestinct groups in respeot to certain phyasiological conditione. An ate-
tempt was made to test a variety of hypotheses concerning the ralationship

~of the autonomic nervous aystem to susceptibility, of blood chemistry to
susceptibility, and of vasomotor instability to susceptibility., Adrenaline
and mecholyl were used to test whether susceptibles tend to be abnormelly
ssneitive to one or the other of these autonomic subatances. Mecholyl, it
nay be racalled, is & drug very simllar in its physiological effecte to
acetylcholine, which 1s the pubstance produced at certaln autonomic nerve
endings, Hyperventilation and breath holding vary the CO, content of the
blood, and the posslbility of this factor being related to motlon-siokness
susceptibility was investigated. The cold pressor testl was used in an
attempt to determine vasomotor instability whioch has been consldersd also .
as a possible condition of susoceptibility,

FROCEDURES

A. Generspl deagriptign, BEach subject went through asix seesions at one-weal:
intervals, cach session belng 45 minutes long. Continuous records of res-
Ppiration and pulse were taken and intsrmittent neasuremente made of leod
pressures, sweating, and salivation. At intervels during cach sessicn &
teat was made of response to immersion of the feot In lee water, to breath
holding and to hyperventiletion, During two sessions an injection of
mecholyl was made and during four sesslons an injection of adrensline.

‘Records taken. Three kinds of records were taken, contimuous photo-
kymographio records, intermittent mdasurements and intermittent olinical

1sees Tendt, G. R, Motlon sickness i@ aviatiop. NRC Division of Au-
thropology and Paychology, Committee on Selegtion and Training of Alrcraft
Pllote, May 1944. Wendt, G, R, Gtudies in motion gickpess, Serjes 4, Fash-
ington, D. G.: CAA Diviaion of Reaearch Raport No. 40, Decembar 1944.
Wendt, G. R. § B “ gickr ries B. Washington, D, C.; CaA
Diviaion of Research, Report No. 60 April 1946

Thia teat was described in the firet raport of Series C.
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cbaervations,

1. Ehetokypographlc rocords.

a. wo A reapiretion record from the chast was mede with
d Byrd Compeny pneumograph (which offars relatively slight resistance to
‘breathing), operating a pneumatic tambour with a mirror on the dlaphragm,

b. Pulpe rate apd vasocongtriction. A metal tube was slipped over
one finger and the pulse wvariletion recorded from a mirror-bearing tambour,
A small lesk in the system filtered out volume changes, making this a meas-
ure of pulse arplitude ani pulse rate,

¢, BRlood pressures. In order to synchronize the intermittent meas-
urements with the photokymographle records a racord of the pressure in the
blood pressure cuif wss taken. In order to gat an indication of the time
when the sy=tolic blood pressure reading waes taken a pulse record was mede
from a sscondary cuff atiached to the wrist below the pressurs cuff,

d. Siens) parker. This was used to indicate onset and cessatlon
of stimull and for synchronizing the experimenter's notes with the photo-
ymographic record,

2. Iatexmittent ragorde.

a, Blood pressures. Systolic ard dlastolic pressures were deter~
mined by the anscultatory method,  Betfore, during, and immedlately after
stimilation periods these were made at approximately 30~second intervale,
During relatively quiet perlods they were made at about one-minute intervals.

b. Sweating. Sweal production on the forehead and axilia were meas-
urcd by placing a two-inch aquares gauze pad. for four mimuteson the forehead

"and at the axilla. These were woighed on a Jolly balance before smd efter

epplication to determine the total woight of molature retained, This proce-
dure hag en obvious defect. It 13 probably not proper to compare individuale
on the basis of a particular population of sweat glands found on the region
of the forshead or axilla teasted,

c. Sallvation. A rough indication of salivary production was ob-
tained by placing a dental ebsorbent roll umder the tongue and welghing it
bafore and after it hnd been in place for 30 seconda. It is questlonable
whether this technique has sufficlent relisbility for present purposes in
a8 much as 1t samples far too short a time period and probebly does not
measurs falthfully the production during that perlod.

d, Various otbher measures and cbservations wero made ez followat
mouth tempsrature by the ordinary clinicel thermometer, heart sounds, and
abdominal noises by auscultetion, skin color and shivering by observation,
and skin flare after stroking by observation. Subjective reports wers alaso
recorded. .


http://auaaultat.org

G. Qrdey of procedyre. When the szobject errived, he removed hie clothes
and lay supine on & matiireas. He was partizlly covered by a sheat. Five
mimuiaes were spsat in getting a repor® eoncerning hie conduct during ths .
day and the day befors, aml two minutes on making varlous observations of .
skin cclor, abdominai nclass, aic, X

When the subjeet had been lying quiatly for at least seven minutes,
the photokymographic records ware staried. At the same time blood pros-
sure records ware bagun. The following tabls shows the sequence of atim=
uli thereafter:

agem ot P E

4

-

Line Qrder of Procedurs <
A -~ start recordis. . i
9t ~ place foot in lce water up to ankle for one mimute. N
124,00 - hold bresath ir sxpirstion for 207, !
150171 ~ reet perlod wlthout recoriaz or observations. !
17¢ - start repgords. 3
I7t-211 ~ gauze ped on forensad. i
17130"~21 730" -~ gauze pad at gxilla. e
20121730 ~ gauze woll under btongue, o
221 - inject mecholyl or adrenaline, ' .=
281-28"30" - gauze roll under toague, }

30!,.341

J0'30"~24'1307

gausze pad on forehead. . g
gauza pad at axille. i

31310300 ~ gauzs roll under tongue. ‘ :
35351307 - gauze roll under tongue. - - , A
391421 . ~ hyperventilats 30 timas per minute, -
45" ~ ond of esseion. *
To make this procedure run mmoothly reguired the continuous services of i
three experimentera. - Iy

D. PBrug acheduvie. The following table ahows the drug aschedule used: 3
Weak 1 - subcutanecus mecholyl, 1 mgm. per 25 1hs. body welght, oo
Weak 2 - subcutanecus adrenaline, 0.1 cc. of 1:1000 solutlon for each o

50 1bs. of body weight. .
Week 3 - subcutansous mecholyl, dosage as for week one, *
Week 4 - intramuscular adrenaline, dosage as for week two. (The results -

Noek 6 - adrenaline as during week 5.

E

of week two had shown that suboutansous adrenaline took sffect K3
too slowly and irregularly to constitute a good sxperimental 4

E
procedure. The same thing ocourred with intramuscular adrena- %
1line so that for the subsequent weeks intravenous injection
mas used.) -

fleek 5 - Intravenous adreraline, 0.1 cc. of 1:10,000 solution for sach

50 1bs. of body weight.

. The experiments were done batwean 4 and

«  Sther experimental gopditlons g
6130 P.M. It should be noted that the subjects were presumably hungry at T

thls time and some of the results may have been affected by this factor, o
The room was dark and quiet. It had no special temperature control, so 8

g
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that the room temperatures varied from 73-81° F. Relative lmidity was al- -
ways below 60%., The experiment was conducted diring April, May, and June
of 1941,

F. gSubjects. The subjecte selected were five people with a history of
susceptibllity to motion pickness dating bmok to chiidhood and being still
present, and five people with a history of complete fresdom from motion
sickness. The subjects had medical records which showed good health and
underwant a genersl physical cxurination lmpediately before the boginning

of the experimeat.

Since physiological measures of the kind hers used are considerably .
affected by nervousness sbout axperimental procedures, considerable trouble
to reduce this factor was taken, All.of the subjects had served in at least
three other exporiments in the sane rrogram and most hed served in at least
four, Each had alsc been interviewed twice in the laboratory, had undergons

physical examination at the handas of one of the experimentiers, and had rsceived

a hypodermic¢ injection of saline #olutlon to reduce apprehension about thia
matter. The subjeote received f1fty cents for each session and &8 bonus of

‘ten dollare if they completed the six =easione according to the rules set

up.

The subjects were required to regulate their slesping, eating, drinking,
smoking, coffes intake, axerciss and activity sccording to a set of rules
prescribed by the experimenters. Their heelth wes cheoked each week before

the experiment bégan.

KESULLS

A considerable proportion of the data gathered on theae subjects will
not be presented for a variety of reasons. The data from the respiratory
traoings and from pulse amplltude as reocorded fxom the finger have not
been measpured. In view of the generelly negative Pesulis of this seriee
of experiments it does not seem worthwhile to undertake these tasks, Cer-
tain other dats were not measured or were rejectod because of lnadeguacies
of method, obvicus inconsistencles in the responss of the subjects froa week
to week, or unavoidable incomplaetensss of the records. Among these dats are

- the records of foreliead sweeting, mouth tempsratures, flare tesis, the sub-

Joctive reports, most of the elinical obsarvations, and moat of the meas~
ures efter use of adrenaline and during hypervemtilstion. Some of these
vill be commented on below, Certain other data from this study which have
bean tabulated by the experimenters are not presonted.’ Perticular etten-
tion is drawm to individuel curves of blood pressures and pulse rates for

. each subject durlng sach session,

Detailed procedures and unpublished data from this study are on micro-

film in the files of the Committee on Selection and Training of Adrcraft
Pilots.



A. Ropting records. Table 1 below shows for each subject the resting biocod
pressures, pulss rate, salivary production, and recorded sweat production
from the axilla. The blood pressures and pulse rates show the baze line ob-
tained from the seventeanth to the twenty-first minutes., Sallvary productlon

.is in grams of saliva scvaked up by the dental roll during the test mads at

the twentleth minute, Sweat production 1s the cimilar measure beginning
during the sevenisenth minute, Ii will De obasrved that the measures taken
from susceptibles aud non-susceptibles overlap considerably in all diastribu-~
tions., It may, therefore, be stated that these data do not give aupport te
a conclusion that the two groups of subjects differ in thsae respecis.

1

TABLE 1
MEAN RESTING MFASURES (SIX SESSIORS)

Systolie Diastolic Axillary
blood blood Pulss Salivation awoat
subject LTSESUre = DRE9AS8ULS Late
-1 15 T4 65 1.42 09
2 140 75 &7 73 .28
3 130 . 86 a7 .93 1.32
4 115 77 &, .38 78
5 115 76 69 - .80 13
Maan 123 77 .6 70 85 W51
Sop-Susceptibleg
6 124 7 7L 1.12 -
e 110 73 53 1.81 .17
8 122 78 68 A5 .38
9 140 78 70 WA <84
10 127 66 63 2,53 .80
Mean " 1246 74 ' 65 1.28 49

I

B. Rasponse to mesholvl. The deta from individuel subjects showing varicus
physiclogical responses to subcutaneous mecholyl are presented in Table 2,
where changes in blood pressures, pulse rates;sweating, end salivation are
shomn for Week 1 and Week 3 whon mecholyl was injected, The figures shown
in the case of blood pressures represent the chunge from the bass line dur-
ing the seventeenth to twenty-firsf minutes to ths lowest recorded blcod
pressure during the four minutes follcwing the injection., Pulse rate changese
wera determined from the same bese period to the highest recorded rate., It
mey be noted that these figures would be chengsd somewhat if average pres-
sures and average rates after mecholyl were computad. The figures for axil-
lary sweating show the change betweon the normal record taken beginning at
seventesn minutes and ths record after mecholyl taken buginniag with the
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thirtieth nimute. Selivary chenges represent the average increase during
the first three tastz following the injectlon as compared with the teat be-
fore injection. The fourih tsat was omitted because of incompletensss of

- records.

The response to mesholyl in all subjects was lowersd systolic and diss-
tolic blood presaure and increased pulse rate. All subjects also showed
sweating end selivetion nccording to clinlcal observations and subjective
reports, but the reccrded measures in s few instances fail to revesl this.
These inconsistencies ars attributed to the defects of the recording methods.

TABLE 2
RESFONSE TO MECEOLIL
Susgeptibles Axillary Axillary Salivary Salivary

Blood Blocd Pulse Pulwe sweat pweat output, outpul,
pre ure pressure rate rate graua grans gramg  grams

drop increase lncrease increzse increese incrsase increase

Subjects &ﬁﬁﬁz_ll (Wapk 3) (Peek 1) (Weak 3) (Heek 1) (Reek 3) (Nesk 1) (Week 3)°
1 -~ 7/-12 - 5/-12 +20 +28 0 +0.2 +1.23  +1.8
2 -15/-14 =20/-24, + 3 +14, +1,1 +0.1 +0,17 +3.33
3 “12/~27  -12/-12 *24, +20 +1.3 +0.5 +0.20 42,53
4 -16/-18 =15/-16  +24 - +26 41,0 +0,2 +0.12 40,23
5 - 4/-9 -16/-21h 413 +23 +0,1 +0.4 +0.43 44423
%ean -10.8/-16 =13.&/-15.8 +16.8 +22 +0.70 +0.28 +0.18  +2.42

ugn~Sgsggpggglgg : | '

6 - 7/-13  <U/-12 439 +25 s175 +0.2 42,23 +3.93
7 - 6/-9 -18/-8 +28 +48 +0.5 +1.2 +1.23  +8.73
8 ~ 5/-23 «15/=32 450 +43 +0.4 +2.9 +2,37  +5.,70
9 ~20/-30 -18/-27  +30 +53 +0.6 +Q.9 +2.,63  +7.07
10 - 3/-1§ -20/-25 +23 +27 +0,1 0,2 +3,77  +5.73

Hean - 8/-18 -17/-20.8 +34 +39 +0,67 +1,00 +2.45. +6,23

In the case of each measurs except axillery sweating the recorded response
in ths third wesk was on the average grester than during the first week, This
same result was later cbtained in enother inveatigation. It may presumably be
attributed to & neutralization of the effects of mechkolyl during the firet
week by apprehension on the part of the subject.

By inspection it is evident that the distributions of the decreases in
blood pressure in susceptibles end non-susceptibles are overlapping. The
mean changes ares roughkly similaer., On the other hand, the mean pulse rate
increases among the non-susceptibles were almost twice those recorded from
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the susceptibles. If one takee the average pulse rate changes of both weeks,

it is evident that the highest increase among the suaceptibles was 25, which
is tke same &8s the least increase among the non-susceptibles. However, in
vies of the fallure to confirm this result in a later experiment 1t should
not be taken as an indicatlon of difference betwsen the groups,.

Weasures of sweating and =zalivation show lerger response for the non-
susceptibles, except for exillary sweating during week )l in which the two
groupe are equael. In view of the defects of these rscords and fallure to
confirm the result in a later experiment this camnnot be regarded as estab-
lished,

C. LEffocts of adrepaline. Four sessaions were run for each subject during
which adrenaline was injected, The first two of these were rejected from
the data because subcutanecus and intramuscular injection proved to be 1n-
effactive in elielting large physiological changes, After intravenous in-
jection there vas & vory large systollc blood pressure change which was,
however, so extremely rapld that one can have no assurance that the serisl
auscultatory method rzcorded the sotuazl highest point. The peak systolic
pressure was ordinarily reached during the first minute with a total dura-
tion of pressure increase rarely running as long as three minutea. The most
cosmon response of the diastnlic pressure was a transient increase in preas-
sure followed by & fall, Tzble 3 shows the maximum recorded increases in
systolic and diastolic pressures by comparison of the seventesn to twenty-
one minute base line with the peak pressure in the first two manutes follow-
ing the injection. The data are showm saparately for Taek 5 and Week 6, It
ig evident to inspectlion that the distributiona of susceptibles and non-
sueceptibles are sinilar.

TABLE 3

RESFONSE TO ADRENALINE

Susceptibles
' Bload prews- Flood pres-
sure rises pura rises
bieck (Vigak 5: (Week 6)
1 +54,/+17 +55/ 425
2 146/ 29 744430
3 256/t 8 42/ 0
4 4307 +10 +20/+10
5 2727+ 7 +84,/+20
Mean +4,5/ v14 , +55/417
Nog-Supceptibles
6 145/ 416 ~ 2427+ B
7 +50,/ + 9 45/ O
8 54,7432 : +68/ 110
g 58/~ 7 #587 ©
10 70 07412
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Pulse rates after initravencus adrenalins show rapld shifts under the ini-
tial action of the drug which are complicatad by Lbe reflex effeots of in-
creased blood pressure. The average ciuves showed & transient lncrease
lasting about one nminute, followad by a decrease lasting sbout thres minutes.

. The mean initial incrsase for susceptibles and non-susceptibles respectively

were 7 and 20 beats per minute during Week 5, and 14 and 21 beats per minute
during Week 6. These mean increasea are taken from the average summated
curves of each group of subjects ratner than from the indlvidual maximel
polnts, '

D. Gold pregpor test. The affects of lmmersion of the foot in ice water
on the systolic and diastolic peak blood pressure rises are shown in Table
4 for each subject for each week, along with subjeot averages and weekly
averages of all sutjecte. The incresses shown are those from the bese line

- in the four mimates precedlng the test when comperad with the peak points

in the two minutes after the heginning of the teat. The syotolic pressure
rises in the two groups, whils showing some msan difference, overlap in
thelr distributions. In the case of dlastolic pressures there is also a
difference of means with considerable overlap. In both aystolic and dias-
tolic pressures the mean rise wis greater in the non-suscepiibles.

TALLE 4

COLD PRESSOR TESTS '
SYSTOLIC AND DIASTOLIC FRESSURE RISES -
FOR EACH OF SIX SESSIONS

Susgeptibles . .

subjects ke - 2 . e S Averagesg
1 15/31 14/20 13/18 20/23 10/15 0/6 12.0/18.8
2 -5/ 8 4l 4 50 4/ 3 4/ 8 L/5 4e3/ 406
3 -20/28 30/33 22/31 . 19/38 25721 15/27 21.8/29.6
4 6/10 7/15 5/ 3 05 6/ 6  4f2 4.7/ 6.8
‘5 20/8 1210 2/ 8 5/ 5 /15 0/4 6.5/ 8.3

Averages 13.2/17  13.4/16.4 9.4/12 9.6/14.8 9/13  4.6/8.8  9.9/13.6

Non-Suscepiiblas
6 17/36 - 30/50 38/52  26/60 32/50 20/45  27.2/48.8
7 20/16 22/18 16/16  20/30 22/20 12/23  18.7/20.5
8 14/14 6/16 10/  10/17 5/ 8 0/11 7.5/13.3
9 20/15 15/36 26730 30/42 20/ 14/35  20.8/29.8
10 14/23 W/ 7 g8/8 s/1 10/10 6/10 9.5/11.5

Averagss 17/20.8 17.4/25.4 19.6/24 18.2/32 17.8/21.8 10.4/24.8 16.7/24.7
15.1/18.9  15,4/20.9 14.5/18 13.9/23.4 13.4/17.4 7.5/16.8 13.3/19.2
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There i8 & susgesticn in zhe nata tial ths rucorded peak systelic pres-
sura rise decreased siightly durdny the sxperiment. The verificstion of
thie finding weuild require s more ohjective method of hlood pressure deter-
mination than thu cuscdltatory one.

The pulse rate chengos resulting frem cold stinuletion were a transient
increase followed by a decrease. The masn initlal incresse for slx sessions
among the susceptibles was 3 beats per wimita and among the non-susceptibles
10 beats per mimute, ss judged by the pepk poilnt of the summated curves of
each group.

E. Byeath bholding. The physiologicel consequences of breath holding as
recorded in the exporirert were slight. JThere were meapn increases in sys-
totic and diastolic blood presgures of orly tw> to taree mm, Hg, There
¥ad an anticipatory inersase ip pulse rais loliowed by pulse retardation
during end after breath bholding. In view of the difficulties in interpre-
tatlon of such effecte deteilsd datn sre not presented.

F. Hypervaptllativp. The resudtz during the three minutes of over-treathing
are incomplota due to diSCicuities of resording. Blcod pressure observa-
tlona were interferad with and pulss rate determinatlops were intermittent.
During %5 of the 60 sessicns a pulee cete determinetion was possible, These
incomplete dats ehownt 2 nulwse iuvrease of 40 por mirute in the suaceptiblar
and L2 per winute in tha non-guscaptibles,

Ons susceptible developed Jacksonian seizuree from hyperventilation dur-
ing sach measion for six weuks and one non-susceptible developed such &
seizure during the second week. The rsmaining subjeots davelopad only smal}
pusocular twitchings, stiffnese of the fingers nnd toes, and occasional shiver-
ing. It may be noted that.these data are probebly dsfective in that they
wers recorded at a late hour of the afterncon when the subjects were begin-
ning to get hungry. Variations in hour of employing subjects or in amount
of food taken may be presumed to have affuated the results of over-bresth-

insu
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In bhis pivdy Sive aubJesSs swsdrantitie {o rosicn asickness and Tivs non-
susceptlile & rotlon ciordgos wers daicohed [rvna hks extremes of ithe populs -
tlon to Ceternine 1¥ wher Lardel W0 oo d.6i-ot eroups in respact to certalrn
physiologlosl cerditlane.  The renclionn f tis (3o groups to edransline,
moshiciyl, wo hypersonbtilebtior, %o broeth holling, sud to immearsion of the
fool in loce water nery studinad,. Thip wme- an whhexpt to dotermine indirectly
if wohian siciavens sugractid iy w5 ranber of Dlcod chasmistry, of ab-
norwal genasitivily to oo oy opathnrs ol The pubarences released at sutonomls
nerve ardiings, o of vacowstor Anftahildidr,  aosel differencss boiween the
two groups ir tarms of hw ove webio tavuestigessd wers rob evident,
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A SECORD EXPIERIMENTAL. COMPARISON OF AUTOROMIC HESPOKRSES
_ IN IFDIVIDUALS SUSCEPTIBLE ARD
¥OF--SUSCEFIISLL T0 MOTIOR SICKNESS
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SURIARY

This is one of & ssrlee of studlepg in whioh cerialn phye~
iclogical reactlons ir individaale susceutlble and non-suscaps
tible to motion sickness wars compsred, 1t differed {rom pre-
vicus atidiss irn that experimeutsal corditions were mors carefully
controlled, wore objective rocording ol respouves was employed,
and cartsin nsy neasures were investlirated . Eleven suscepii-
bles azd iyelve non-suscoptibles sarved ss subjeocts on aach of
two days during which the following wars shudled: dJdermograpiia,
¢old pressor tesl, bresth bkolding tast with positive and thean
with nagative pressurs, reaction tw injection of mscholyl, and
raaction to tilt oo the tilt table. Dats on reepiration, pulse
rate, variability of pulee duration, blond prasturs, skin tem-
peratury forehssd swacting and saliveiion wers recorded, The
tindings presented inciuds masns and atandard deviations of
response and changes 'n response frow cay i te day 2, tead
reliabilities, test iatercorrelations, and differgnces between
‘susceptibles ard non~susceoptibles. keliatllities snd intercor-
roletions are in muny raepects loser than would be expacited
from tests so cowwonly usad clinicaliiy-. kona of the measuras
servod to distinguish bebtwsen susceptivles and non-susceptibles,
aither us single teate or 28 a whole, with the possible ezcap--
tlon of pulse duration varlabiliity and dey 1 to day ? chunges
from hebliuation %o the conditicnn of wus expariment.
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A SECORD EXPERIMENTAL COMPARISON OF AUTONOMIC RESPONSES
IN INDIVIDUALS SUSCEFTIBLE ARD
HON~SUSCEPTIBLE TO MOTION SICKNESSL

INTRODUCTION

This is one of a series of investigations in which variocus "autonomic
tests" were applied to individuals susceptible to motion slckness and to
those not susceptible to motion sickness. The present atudy was designed
to repeat under more adequate control those measurss which hed previcusly
given prorise of revealing differences between susceptibles and non-sus-
ceptibles,

Pﬂocmugm:sz

A. Gepera) description. FEach of 11 suscaptibles and 12 non-susceptibles
went through two expsrimental sesaione consiating of approximately a half
bour of rest and indectrination followed by 40 minutass of recording. Con=-
tinuocus graphic racords of rulse and resplretion and serlal grephic rec-
orde of systolic and dlastolic blood pressures were made while the subjlect
lay on his back on a tilt teble. At intervels during each session a test
was made of reactlon to akin stimulation (dermographia)}, reaction to im-
mersion of the hand in ice water {cold pressor test), reaction to breath
holding with increased intraplsurel pressure, reaction to breath holding
with decreasad intrapleural pressure, rozction to a subcutaneous injec-
tion of mecholyl, and reaction %o tllting to the. vertical pestura. iInter-
nittent measuremente were made ol zkin temperatures, aalivary output and
sweat produstion from the forehead.

In the following description ol recortding methods, procedures, experl-
.mental] conditlons end subjecis, ihe same outline will be followed as in
the second report of leries C in ocder to facilitate compariscon.

B, Hecordsp taken. Ihrece types cf recorda wsre taken.

1. Photokvmographle records. Resplraliocn wms racorded from the chast
by msans of a Byrd Compaoy pnewmograph opsrating a mirror-bsarlng tawmbour.

Pulse was recorded by means of anr iaflated cuff fastened about the anklse,
connectsd with a amirror-banring tambour. A signal-markor was used to indl-
cate cnset and casepation of stimuli and to synchronize with aeparataely ra-
corded blocd pressuxre records. The paper spsed of the photokymograph was

5 inches per minute,

e T -

IAn eerllier Jovestigotion wndertaken to exvlore the phyéiological gor-
ralates of motlon sicknsss surceplibllity in the ares with which this re-
port 18 concernsd has bson descrlbad in the second study of Serlas G,

2
Other details of mothod smployed 1p tids study are on microfilm in
the filea of the Ccomittee on Selection snd Traini-g of Alroraft Jilote,
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Twice durdng each sesclon a ¥Mi~asgoad period of rocord at 1 inmeh pey
poond wes teken £0 Ghat Aincividua’ 7rlge duratiorlu pepld be memaured.,

2, Ssrdsl blood praspursg. Blood pressure records wers zade by =
device desjgned and construciosd by F. A, lebster and loaned tc the ex-
perinenters.” This ylelded a graphlc determination of systolic and dias-
twlic pressures at 30-gecond intuervain. A pressure cuff on the upper arm
mas automaticelly inflated and slowly deflated. The pulse sounds below
the cuff affected & microphone strapped to the erm. The microphone gc-
tuated a frequoncy-tunad amplifler the output of which operated & record-

‘ing pen pounted .on the end of e metal arm which indlcated cuff pressure.

By manipulating the amplifier frequency and output controls a point could
be found which ylelded & meximelly sharp cut-off of the pulse at diastolic

- nwezgure. Systolic pressuras wars read at the firat pulas sound; disstolic

areasures et the final sbarp drop in emplitude of pulse somwds. Systolic
end diastollo readings ware 5 to 20 secornds apert, depending on tha magni-
tvda of the pulae prassuvre.

3. Intermittent rocords. OSwant production was measured by applying
a 2" x 4" geuse ped to the foreheed and covering it with a rubber dam
bandegs. The welght of ths ped was determined on a Jolly belance bafore
and after application. OSelivary output rete was determined by having the
subject expectorate into a suction tube. Skin temperature resdings were
nade- by means of B tharmocouple and galvanometer readable to the nearest
0.05% G4 These wore taken frem the tip of the tongue, the forehead, the
inner aspeot of the lef forasame and ths paln of the left hand.

C. Stimulatlon proceduren, Observatlons werse made of the latency and
duration of rad dermographia resvliing from skin stimilstion on the chest,
asing he oalibrated stimuletor deseribed by Patek end Weiss.5 The cold
pressor test wae applied by immerning the right hand in lce.mster for one
minute to the level of the wrist. Breath holding tests were applied using
the same water manometer with en air leak described in the first report of
Saries C, by meane of which intrapisural pressure could be controlled. A
Z0~pecond test was made at incresmazd positive pressura, equivalent to 3
inchss of wnter, and ansther ut nasstive preasurs equivalent to 3 lnches
of water, Mecholyl was injected subcutaneously, 1 mgm, per 25 pounde of
body welight. Reection to posturel change was studled by tilting from hori-
sontal toward vertical through €5¢ and meintaining thet poature for 3 min-~
utes,

The followlng order shows the saguence of stinmuli., Before the onsat
of recording, the subjeot aspeant 30 minutea in the exparimental room far

- s B R

" .
"No published description of iLair devico is awvailabla,

;’Thia equipment was loaned by F. E, Helser.

“Patek, A., and Neiss, S, Tests of tonus of the autonomic nervous
gystem in arterial hypertension. New Englend J. Mad. 1931, 205, 330.
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adapfation9 indoctriﬁﬁtion, and instruction in the technique of each of
tha testa. Thls wae dermigned to reduce variadility end to minimize the
sffecta of psychological fecltora.

EHps Grier of regedure

0* - phteri recorders and e&pply dermographlia stimulator.
1? ~ taks siin temperatures.

3 =b¥ - gollect total salivary outpat.

6120%-650" - fapt record of pulss duretlons.

8r40"=9%40" - hanmd in ice wafer.

13120013440 « hold breath with pomlitive presaurs.
16°20"-16140" - hold breath with negative. prassure.

18¢ = take skin temperatures '

19¥45"=-20"15" = fast record of pulas durations.

224 30" = inject mecholyl.

22150%=341 =~ gollect total selivary sutput.

23%=3430" -~ pad on foreshead for measurement of sweat,
35¢ ~ take skin temperaturas.

3400 -« mova subject to vertical posture. .
FASL = and of reconds,

D. Qther experimentsl ¢ jops. The oz eriments were done batwsen 3130
and 6:00 P.M_ during the pericd April 22 % Juis 25, 1942, Each subject;
perved for two seasgions. Tha intervels hetween sesslons differed scue~
what as folluws: 3 days for two subjects, 5 deys for two, 6 days for sii,
7 daya for nine, and 9, 10, 20, and 30 dsys for one each, A sound-shilelded
room was ussd, Room tamperatucs varied From 6% o 8% Fj; humidity veried
frox 31% to 71%; for oniv 3 eegalons wua the mmidity sbeve UK. There
wors thraee exparimeaters in the reom thrcughoub ezeh wession,

B, Sybjegts. Subloects vara selecled by ocosioareire and interviws on
the bagis of hisdory of wotion sicitiezy., Pnn suseeplibles were thoss wita
& histery of lenp standing and recsnd wmcvlier siclhers; the nen-suscertibles
had hMatories of coymviaha Mreedom Frow velion aicknces. The subjecis tisre
in goced hewlth end urdervant a genoral physical exexination before the ex-~
pariment. Fourtasa rvsceptlbdles wora nesd, buld only eleven of them com-
Pleted boih sgsuiose, hirisen aon-sudceniibies ware used, of whom twalve
somplated both sarsicos.  Ths subjlosts wore Tequirsd 1o regulete their
sleeping, eating, drindng, smeking, culifee intaka, and sctirvity accorcting
to & sst of 7ulus nrescribed bv us.  Thsir lmelth nas chsocked cack wosk ba-
fora the axperiwont begsn.  The mbjects wore given u Finsncial reward.

RESIULTE

In this expzricent & large numver ol voriables wag erployed. Howewsr,
an exhgustive trepimant cf tho date ham vot bsen reda. The purposes ol
whet follows will be to presand {a) & sieieneat of procedurss used in work-
ing up the deta, ruciuding a oresenteilcn of means ard standard dewiatlons
£y tha entirs grouvr nf subjuets (N » 221, (b) e preseatation of the cor-



e,

relations between two applicetions of the same measurss (reliebility of
tests), {c) a display of certein interrelationships botween the meesures
as revealsd by corralation coefflclents, (d) a presentation of differ-
ences in responses of susceptibles and non-susceptiblse, and (o) an at-
tenpt to find patterns of rasponse in the two groups of subjocts,

A

For purposes of the presentation

- Ergoeduras in analygls of romultis,
of results the msthods of saelsction and aombination shown balow ware used.

Moans and standard devlations of tho distribution of the 23 subjects ars
included. ‘

£ulse ratos

1.

2.

3.

50

Normal resting rate. The mean of slx sucoessive 20~second perioda
was taken, 17'40" to 18%40" incluaive and 21' to 21°20" inclusive.
(Beats psr minute.) Hean, 7D.3; standard deviation, 9.2.

Riee during cold pressor, The hlghest reading during the tiae of
cold pressor stimuletion ms teken and the average of the two resd-
ings preceding the =ald prassor subtracted {rov it. Mean, 4.7
etendard deviation, 3.5.

Drop after cold pressor. The mean of the two readings preceding
the cold pressor tesl was subtracted from tha lowest reading fol~
lowing the peak reached during cold pressor stimulation. Mean,
7.2; standard deviation, 4.3.

Antlcipation of injeotion. The normal reading was subtracted from
the highest reading immedistely preceding the injection of mecholyl
or following it before a noticesble drop and continued rise (due to
dmg). um’ 7::5" standard dmation, 500-

Mocholyl effect. The normal reading was subtracted from the meen
of ths 30 periods from 24' to 33740" inclusive. Mean, 17.0; stand-.
ard deviation, 6,9, '

$:1t affect. The mean of the six periods, 34'40" Lo 36'20" inclu=~
sive, was subtrectsd from the maxiwmm reading following the tilt.
Mean, 15.2; standard deviation, 6.6,

flood prosgureg

7.

Normal, The neans of the ten systolio and of the ten diastolic
blood pressure resdings precsding the cold pressor (3!307 to 8%
inclusive), Blood pressurs in mm, Hg., Mean, 111.7/74.3; stand-
ard deviation, 8.0/5,9. .

Rise during cold pressor. The normsl reedings subtracted from the
highest readings during or immediately after the cold pressor test.
Mean, 13.1 syst./20.9 diast.; standerd deviation 4.7 syst./8,7 dlast.



9.

10.

13,

Changes in responge

14.

15.

17,

.into a total for both days. Meam, 19.1; standard deviation, 8.4.

Rise during breath holding, positive pressure. The highsst read- F
ings during or immediately after breath holding minus the mean of i
four readings preceding (11' to 12'30" inclusive). MNean, 7.1 syst./
9,1 dlast.; standard deviation, 4.0 syst./5.9 diast, | o
Anticipation of injection. The mean of the six rsadings before

22% was subtracted from the highest reading immediately before i
the injection or within two minutes after, for both systelic and .
diastolic, Mean, 8,1 syst./9.3 diast.; standard deviation, 4.6

syat./4.7 dlast,. . .

T -

Mecholyl effect, The mean of the six readings befores 22! was sub- LT

" tracted from the average of the twenty readings frem 24' to 33'30"

fnclugive, (The same period a8 used for pulse rate determination.) ;
These means show an average loss in pressuree, viz.: Nean, 2,9
ayst./12.4 dimst.; standard deviation, 3.4 ayst./7.5 disst.

Drop in pulse pressure sfter tilt. The total of tha five disatolic
readings preceding the tilt were asubtracted from the total of the
five systolic readings for the ssme period. The same procedure

was followed for the five rsadings after the injection, from 37!
30" to 39'30" inclusive, Tnls latter total was subtracted from

the former giving the total drop in pulse presaura. This proce-
dure was followed for cach dey end the resulting totals comblned
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Hsan period difference in pulse duration. The avarsge of the suc-
ceseive differences in pulse duration for each strip of fast rec-
ord was divided by the averege duration for that period., The four
averages {or each individual were totaled. Mean perliod difference
in pulse duration in seconds, msan .06l; standard dewiation, 028,
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Normal pulse rate drop, dey 1 - day 2. The normal reading for day
1 was subtracted from the rorusl reecing for day 2. Mean, 0.2
standard deviatlon,- 3.2, C

Mesn neriocd difference in pulse durction; record 1 - record 2.

The total »f the first recoris for both days combined was sub~
tracted frow the total of the seeond rocords, Meen, 0023 stand-
ard davistion, .004. :
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Pulse rate anticlipation of injectlon, drop day 1 = dey 2, The
value for the first day obtained aa above waa subtracted from the
value for the seccnd dey., Mean, 0.7; standard deviastion, 3.8,

L
I AP

Pulaa rate mecholyl effecit, incrouse day 1 - day 2. The value Ior -
the first dAgy obtalned es abovse wes subtraztsd from the value for el
the second dey. ¥ean, 1.9; standard deviatlon, 2.8. -

B,



18. Blood pressure anbiclyaticen i injfectlon, drops day 1 - day &
The value for the firsi day obitsined as sbove wns subiracted
from ths wvelus for the secormd day for both syslolilc end .dius-
tolie. Heen, 0,04 syst.’l.5 dissi.; stenderd deriatdon, 4.5
ayst./5.0 diast,

19, Blood pressurs effect of mechol:l, drops day ) ~ day 2. The
value for the first day obtained &8 above was subtracted from
the value for the sacond day for both systolic and dleatolice,
Mean, 0.7 syst./2.0 dlast,; siandard devietion, 3.6 syst./4.8
diant,

Reppiretdop rates

20, Normal. The total muwber of cyzles frow E' to 12%, 14' to 15°,
from 17° to 18%, and 35! tc 39' ses taken, This value was ob-
tained for each day api the total of the two daye taken as the
final velue, Cycles per minute, moan, 16.0; standard deviation,
3.00

21. Drop in normel, day 1 = duy 2. The value for the first day ob-
tained as above was subirected from the value for the second day.
Meen, 0.2; standard deviation, 1.1,

sallvation

22, Norreal. Total amount in wl prodaced in three minutes. Day 1
and day 2. Hemn, 2.4; standard devlation, 2.2,

23. Hecholyl., Total amount in ml produced in 11'10". Day 1 and
dey 2, Wean 57.0; stendard deviatlon, 27.7.

2, Inocrease in normal, dey 1 and cay 2. The value for the first
day obtained &s abovs wam aurtracted from the value for the
second day. MWean, 0.%3; standaid devietion, 0.75.

25, Increase in mecholyl responcs, day 1 - dey 2. The value for
the first day obtainad as above was eubtraoted from the velue
for the second day. Mean, 8.7; standard deviation, 14.5.

skin temporaturas

26, Palm, The first reading in degroes Centigreds was uaken each
day and the total for the two days combined, Mean, 33.443
standard deviation; 1-10,

27. Forehsad minus palm. Th2 veiue for the palm for each day ob-
tained as above wan subtractad fyow the average of the first
two readings for the forehead. This was done for sach day
and the total for the two days combined was the walue used.
Kean, 0,623 szandari daviation, 1.07.



Ferspiraticn

28. decholyl. The amount of changs in pad welght In scale nnite wae
inken esach day, Tne finsl valne was the totel for the two days
combinad {grams x [378). Mean, 4.8; stendard deviation, 5.1,

29. Change, day L ~ day 2. The walue for the first day cbtained as
sbove was subtracted from the value for tie second day. Mesn,
(3.73 standard deviation, 1.9.

B. Jest-rotost rellshilities. Table 1 shows Pearson product-momeni cor-
relation coerficlents for the testis during sesalon 1 va. thoae dLring seg- -
Blon 2 for a number of variables.

TAELE 1
TEST-RETEST CORRELATIONS

(N = 23)
Yarlables X
Pulss rate, normal o713
Mulsa rate, risa during cold preasor 215
Fulse rate, drop after cold pressor . ' ) «95
Pulse rate, increase Jn anticipation of injectlon o31
Pulse rate, inorease after injection o173
Pulse rate, increase sfter tilt ole3
Systolic blood pressure, normal <57
Diastollc blood pressure, normal <01
Systolic blood preseure, rise during cold prassor ~.09
Diaatolic blood pressure, rise during cold preagor AL

Systolic blood pramsure, change after positive prassure braath holding .00
Diastolic blood pressure,change after posltiva pressure breath holding .15

Systolic hlood prassure incresse In anticipation of iInjection -0l
Diastolic blood pressure, increase in anticipation of injection =, 06
Systolic blood pressure, changs from mecholyl ‘ MTA
Iisstolic blood prassure, ochange from mecholyl : A
Drop in pulss pressura after tilt a 20
Respiretion rate, normal T
Salivation,; mormel .80
Sallvation after mecholyl . AT
Falm temperature, wormal, ) measure 02
Difference beiween forehaad ‘and palm .06
Tongue tezperature, 2 measures . hdy
Persplraticn =fter mecholyl <78

Table 2 showa some rellebility figures and interccrre’aticns of the deta

on mean pariod differsnces in auccssalve pulse duretions, There was one very

deviant sublect so figures are rchiown wi*" aad without hire,
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TATE. L 3

CORRELATIONS OF MEAN PZRICH DIFFERFNCE IN PULSE DURATION

N 'ﬂ?

MFD {absclute) first 13 cyclea va. mext 13 cyeles.
1, record 1 LA

NPD (lbaolnto) firat 13 cycles va next 1! .cycles,
day 1, record 1 CeAT
MFD (absolute) vs. pulse duration (D) using all records .3
¥PD/D using all records, day 1 ve. al) day - et

MPD (absolute) record 1, day 1 + record 1, uay 2 ve

record 2, dnyl*reoordz,dayd .92
¥FD (nbsoluta) vs. MPD/D ueing all cycles )

L
o8
N

. 92
8

The data in Tebles 1 and 2 indicate that with thess healthy subjecis
usad under carsfully controlled conditions, measurea of autonomic activity
ere not vory consistent when made abont a week apart. This fact in its
omn right would argue atrongly against ths pomsibility of finaing that
such meesures might oonsistently differentiate batween lndividuails sus-

' captible and thoss pon-suscaptible to motlon sickness.
. N . |

C. Intercorrelations of meagsurep. Table 3 shows certain intercorrsla-

tione calculated from the combined data of tha 23 syubjacia.

TABLE 3

INTERCORRELATIONS OF VARIABLES
(N » 23}

Pulae rate, normal vs,
Pulse rate riss in enticip. imnject.
Systolic blood pressure, normal
Diastolic blood pressurs, normal
Reapiration ratie, normal
Mean perdcd dlfference of pulse cduratlon

Polpe rate rise during cold pressor test va.

‘ Pulse rate drop during cold pregscr test
Systolio blonxd pressure rime during cold preaaor test
Pulse rate rise during tilt

Puise rate drop during and after cold pressor test va.
, Systolic blood pressurse ripa curing cold pressor test
o Pulass rats inoreese in anticlip. injeot.

~.13

<36
T {}8
<07

"-:.03
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Pulas rate increase in anticip. inject. vs.

Pulsa rate incrsass mecholyl

Diaatolic blood pressura, normel

Puleges rate lnerease durlng tils

Systolic blood pressure incresas anticlp. inject,
Diaatolic blood preasure increass antlcip. inject.
Pulee rete charge, duy l~day 2, antleclp, inject,

Fulge rate increase after mecholyl va.

Pulse rate increase during tilt
Systolic blood pressurse after nscholyl
Diastolic hlood pressurs after mechclyl
Zallivatlon aftar mecholyl

Farsplration efter mecholyl

fules raté incresess during tilt vs.

Dlestolic blood preasure incresss during positive
pree, braath holding

Pulse preasure drop durlng tilt

Syatolic bldod vresgure; normal vs.

Mastclic blooed pressure., normal
Respiration rate, nomai

Systolic blood pressure rise during cold prosser teat va,

Dlastolic blood presmr3 rira ¢2ld presucr tast

Systolis hlcod pressuras riss poelilve rnressura
breath holding

Systolic blood prersure rigs enlidrlir. dufect,

Diastolic blood preasure rise cold presscr taat va.

#imgtolioc blood pressure risa positive pressuce
breath holding
Piamstolic bloed pressure rise entlielp. inject.

Systolio blood pressure rise poasitive pros. bresth holding va.

Diastolic blood pressure rise positive pressure
breath 2olding

Systolie blood pressure rise anticlp. injaot; v8,

[iastoilc blood pressure rize anticip, inject.

Syetolic blood pressvre chengs efter mocholyl ve.

Diaatolle blood prassure changs afier mecholyl
Selivation after mecholyl
Perspiration after mecholyl

Diastollo blood prepsure change after mecholyl wvs,

Salivation after mecholyl
Perspiration after meaiw’yi

¢10
<27
<28
"072

"'049
@929

40
305

052
“Il?

-84
13

16

<27
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Mean period difference pulss duratlon vs.
Change in mean period difference, record 1 ~ yecord & ~. Q4

- Pulse rate (normal), change day 1 - day 2 vs.
Change pulse rate, day 1 - day 2 anticlp. inject. ~c32

Pulse rate after mecholyl, chunge day 1 -~ day 2 .
Change day 1 - day 2, syetolle blood prassure ,
after mecholyl =10

Systolic blood preseure anticip. injoct., change
day 1 ~ day 2 va. ‘
Diaatolic blood prassure anticip. inject., change

ﬂlﬁ’ 1 - da-y 2 . 019

Diastolic blood prassure after mecholyl, change day 1 - _

2 vs,

Salivation after mecbolyl, chaage day 1 = day 2 -,58
Respiration (normal) vs, - .

Reapiration, normal, changs day 1 - day 2 ‘ 215
Salivetion (mermsl) vs,

Salivation, normal, changs day 1 - day 2 022

Salivation after mecholyl wIA

Salivetion efter mecholyl ws,
' Perspiration after mocholyl 033

Palm temperature vs, . : .
Palm minus forshead temperatures = 89

Perspiration after mesholyl vs.
Perspiration aftar mecholyl, change day 1 ~ day 2 025

Inspection of the above table shows many expscted interrelatlons and
suggests a mmber of interesting hypothesss concerming the interplay of
chemical, mechanigal, and psychological factors in production of the re-
sults. On the other hand, it shown that in some respects the data indi-
pate an abssnce of closs relationship whére such had been expected.

D. APy sumaantibles and pop-susceptibles. In this eectlon are

displayed mean figures for susceptibles and for non-susceptlbles for
sach of a number of variables, The probabilities of the reliabiiity of

the obtainsd differences have in wost cases not been computed and are in
no oass presented. Refersnce to the atandard deviations in Section A in
most oases ylelds a convincing demonstration that the small obtained dif~
farences do not indicate that we are dealing with two populations of sub-

,
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jects. The hypothesis of this investigation, set up to compare subjects
from the sxtremes of the total population with respect to susceptibility,
requires a alear separation of the group on the experimental measures in
order to yiald a useful result.

Skin temperatures are shown in Table 4. Respiration rates appear in
Table 5. These are besed on different time pericda then the rates in Sec-
tion A, selacted to show the data in greater detail, Table 6 shows sali-
vation, parspiration, and latency of dermographias. Selivation s the total
of two days, rather than the mean, as is perspiration. The latr 1s shown
in soale units on the Jolly belance, where 1 unit squals 0,378 grams. Dura-
tlon of red dermographis 1s not shown because the records were incompleta,
Table 7 shows various aspects of the blood prassure levels anxd responsas.
Ag in the case of the pulse rates, time periods were selectad to show the
data 1in greater detail and for periocds ylelding maximm discrimination be-
tween atimuli. Table 7 containe no date on responses during breath hold-
ing becaute .f their low level, Ths summated curves of all 23 subjecta
show systol:o/diantolic changes of +6/+7 and +4/+2 for positive and nega-
tive pressure stimuli, Table 8 shcws pulse rates, also for selected time
pericds, Lay-to-day changes are here shown for the combined group.

TABLE 4

MEAN SKIN TEMPERATURES

) Suacaptibles Fop-Gusceptibles

Hoan normal tongue temperature, readinge )

L+ 2 for daye 1 *+ 2 36,18%, 36,31%C.
Mean normal forehead temperature, readiugs

1 +2fordaysl *+ 2 34,65 34,.61
Mean normal foreara temperature, rssdinge

1 +*2 for days 1+ 2 3,035 33. 7
Mear normal palm temperaturse, readings )

1+ 2 fordays 1+ 2 3.4 33.59
Mean tongue temperstura after mecholyl,

dﬂyﬂ 1+ 2 36021 36016
Mean forehead . temperature after mecholyl,

days 1+ 2 o 34026
Moan forearm temperature af'ter mecholyl,

days 1 + 2 3447 .12
Mean pslm temperesturs after mscholyl,

days 1 « 2 33.95 33.92
Uesan change in tongus temperature, day 1 %o

day 2, readings 1+ 2 =, 3090,
Moan change in forehead temperature, day 1 to

day 2, readings 1 + 2 = 2b
Maan change in~loresrm temperaturs, day 1 to

day 2, reedinga 1+ 2 = 3 14

‘Mean change in palm temperature, desy 1 to day 2

readings " * 2 4,60

~ Y.
e o e T

L o
RSl
rarat

T e TE

1

e e ]

TR

e

s
P T SN Y

el b & S

o,

L g e,

-~

L



[ L
E T

AN ATOPTAAT TS HATWE
{Syclaa pop FALSwe)

Sugsaptitles Nog-dvacoptibles

Rapting rates, minubtee 10-12, ceys 1 + 2 15.9 16.6

Resting ratss, wizutaey 35-26, days i + 2 16.1 17.1

Rates after tili, minutee 37-32, days 1 + 2 4.5 1.4

Retes during cold, miuute 9, azys 1 + 2 €3 18.90
TARLE 6

SALIVATION, PFREPIRATION, DERMOGRAPEIN LATEHNCY

Suaceptibles Ben-Jusceptiblea
Tctal sailvetion per subjocst. minutes

3t inml, days 1l + 2 2.37 2.43
Tota. salivaticn per enbjest after pacholyl,

deys 1 + 2 62.34 51.82
{otal perapiraticn per suniazeh after nech:iyl,

days 1 + 2 4.9 4.7
desn latency of der:wgrzphia {socondus),

dm 1 + 2 lgl.“"’# 20(*5

Msan pericd diifersaces in sucesasive puise duwatlons for ths two
groups wore oasloulated fror the firat 26 cveleas of each of the four rec-
ords, The means ware 0.0.% msoonds and .46 seconds respastively for
gsuscaptibles and noa-ruscapiiblas, but one.susceptible with a velue of
0.18 played a large pexrt in dstermining this. Tea out of 12 nor-sus-
ceptibles wers at or below the yedlan of the suscoptlblea, closely grouped
together at the low en” of the scale {0.02-0.05),

The varlebles shovn in Secfion 4 wero tebuleted tc snow the mesn re-
sponae of suscaptibles and ¢f non-suaceptibles. The variables on which
tha susceptiblss were nigher- and luwer then the non~suscepiiblass (zes
Section A} waere ss followss higmer = 3, 4, 5, 7 (systolic), 8, 9,
(systolic), 11, 13, 15, 17, 18 syitolic,,l9, 20, 22, =3, 25, 27, 28,
29; lower = 1, 2, 6, 7 (dlastolic), ¢ (diastolics 10, 12, 14, 15, 18
{diastolic), 21, 24, 26,

E. HRespopee patterng. The date indicate that few of the tests show prom~
ise individually of distinguishing botween susceptibles and non-sascapti-
bles. An anaelysis was nade to determine whether all of the tests teken
togetiaer (Section A) would gucceed any better, Thars ars two poasible
approachas to this. First, it is possible to assigr to sach sutjach &
total "score" indlcating “he sonsistency of his position in tho suscepti-



TABLE 7

) MEAN BLOCD FRESSURE
{mm. lg. Systoliz/Diastolic)

Susceptibles Egn;ﬁnnsnniihlﬂa

Bean resting levels, 17:-22", day % 117/74 111/71
Mean resting levels, 17'-22', day 2 111/76 109/74
Kosn level after mecholyl, 25'-29°¢, day 1 105/57 108/52
Mean level after mecholyl, 25¢-29', day 2 103/54 102/59
Msen resting levels, 17'~22°, days 1 + 2 114/75 110/72.5
Hean levels after mecholyl, 251~29f,

days 1 + 2 . 104/55.5 105/60.5
Mean levels befrrs tilt, 35t-36¢40", :

days 1 *+ 2 113/71 110/70
Mean levels after tilt, 38°:40"-407,

days 1 * 2 110/86 107/87
Mean cold pressor riss, days 1 + 2 +13/+20 - +11/+20

TABLE 8

MEAN PULSE RATES
(Beats per Minute)

Susceptiblea Non-Susgeptibles
Hean resting rate, 17'-22', days 1 + 2 €9,0

71.9
Bean rate afioxr mechol¥l, 267-33", deys 1 + 2 88,3 88,8
Mean rats hefors tilt, 35"-36%°40", days 1 + 2 79.3 82.0
Maan rate afier tilt, 38'40"-40",days 1 + 2 Ba. g 92.3
Mean resting rate 17!'-22'; day 1 0.8
¥ean resting retg 17'-22%, day 2 700
Kean rate after mecholy1l 26%-33!, day 1 8. T
Heen rate after mecholy?,267-33%, day 2 90.%

ble or non-susceptible portion of the dlstributioas of test scoves. 4s
a short-cut method of doing this we counted for each subject the number
of tests on which he lay on that silde of the mean which according to

our original hypotheses was the susceptible pide. The resuit was

that the mean "scors" for the eleven suegeptidbles was 17.2 tests out

of 36 on the suaceptible side of the mean, while the mean score for

ths non-susceptibles was 16.4 tests on the susceptible side of the mean.
This should be evaluated in termn of the fact that out of 36 prediotions
we were right in 22 cases, wrong in 14, s to whether the susceptibie or-
non-gunceptible mear would be the larger. A somewhat beiier separation
of susveptibles and non-susceptibles resulted from tallying them on the
basis of whethsr thay fell on the susceptible or non-susceptible side of
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the mean {or medien) bazing the d1vision on chtalnsd roeults rether than
on hypothesis. Such an analysis is obvicusly contemlnsted and the resulte
ere, therefors, not rresanted.

The other approach is by mesns of the test Intarcorrelationa, amd would
conaist ideally of a factor anulysis. The expsrimenters emplayed a very
rough short~cut procedure of tallying for 180 pairs of testa (out of 1260
pogsible pairs) the frequencies of casas {out of 23 subjacts) where both

‘testa of the selected pair classified incdividuals on ths same aide of the

distribution (susceptible or non~gusceptible side), This was dope on the
baeis of both hypothstliocal and obtained rosults and on the hasis of both
meanz and medians., The palrs selected were all the pairs involving normel
pulee rate and pules rate rise during cold pressor stimulaticn, all inter-
relations among blood preasures, all interrelations among day 1 to day 2
changas and other ecatlering measures. The average number of subjecte
(out of 23) who were classifisd on the zame side of the mean (when the
susceptlble and nen-susceptible sidas of the mean were chossn sccording

%o our original hypotheses) for the 180 salected psirs of tests was 11.1,

SUMMARY

This study is enother in & ssries of investigatione in which cartain
physiological reactions in individuals susceptible and non-susceptible to
wotion sickness were compared, Reactlon to the cold presser toest, to the
breath holding test, to ths injection of mecholyl, and to tilt on the
til% taeble were examined under coutrolled conditions. On anslysis none
of the variables investigated showed chenges which appeared to suggest
consistent physioclogical dlfferancaes between the susceptible and non-sus-
captible groups.
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STUDIES OF SOMATIC, PHYSIOLOGICAL, AND
PSYCHOLOGICAL CORRELATES OF HISTORY OF
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SUMMARY

This paper consiasts of brief reports of methods anmd
results of early attempts to dlascover somatio, physiologil-
oal, and psychological corrslates of hiestory of motion sick-
ness, Resmilts on wore than 200 variables are presented,
showing their frequency of ocourrence as related to history
of motion sicknees, Some of the varlables were obteined
from parsonnel records, some from laboratory investigations,
and some frow questionnaires, In gemeral, the jurpose of '
this paper has been to give indications of whet may be ex-
pected from furthor research.



STUDIES OF SOMATIC, PHYSIOLOGICAL, AND
PSYCHOLOGICAL CORRELATES OF HISTORY OF
MOTIOF SICENESS

INTRODUCTIOR

This paper coneists of reports of early attempts to dlacover somatie,
physiologioal, and psychologioal correlates of history of motion siclmess,
The general technique was to adminiater a gquestlionnaire on history of mo-
tion sickneas to groupe of college students and, after selecting the ex-
treme cases of susceptibility and non-susoeptibllity, to compare them on
other measuree, These other measures wers selected to test the very oumer-
oug hypotheses which various workers have offered concerning the nature of
susceptibility, viz,: that it 1a endoorinological and assocolated with
certaln somatotypes, that it results from peor motor coordination, from
poor coordination of visual, kineathetic and vestibular control, from
vasomotor lnstebility, from inadequate vascmotor reflexes, from nervous-
ness, low threshold of etartlo or fear reaponses, etc,

The purposea of this paper are to present the author's methods of ap-
proach to the problem of the naturs of suscepiibility to motlon sickness
and enough samples of data to give an indicstlon of what may be expected
from future research., A complete summary atatemant of firdings presented
in semi-popular form was prepared in 1942.} This report did not include
detalls of method nor quantitative statememtsz of results,

, REPORT OF MAY 29, 19412

A. Procedyreg. The total 1940 student body of Wesloyan University (8 = 624)
took s motion-sickness history questionnaire? emd then the highest fifty

and lowest fifty with respeot to susceptibllity took 1t agein. From these
20 susoeptibles and 20 non-susceptibles were selected who gave the moet
extrepe consistant reports. FEach came to the laboratory individually

for measurements and tests lasting about 45 minutes:. The messurements

and tests used and the sequence of edministering them were as followa:

1. The subject, while seated, was 1n;truet§d in the proc¢edures.

2. The subject, still gested, supplied data on age, on stste of
heslth snd on eleep, meals, number of clgarettes smoked, etec.

iWendt, G. R. Motion piokpeps in gyiation, HNRC Division of Anthro-
polegy and Psychology, Committee on Selection and Tralning of Alrcraft
Pilots, May 1944.

2This study was conducted with the aesistance of D. D. Bellls, Jr.

Wendt, G. R. Studl tion e Series B. Washington,
D. C.1 CaA Division of Reasarch, Report No, 25, April 1946, p. 31,

r.
L mds .=



LT

e T

LR e

o

=

DT S g )

T

g
T

3., Systolio and diastolic blood pressures were determined bLy the
usual auscultatory method {msubjeot still uent.od)

4. Subject removed clothes {except umderttar), was welighed and meas-

" ured for standing beight and sitting height,

5. Subjest took pursultmster test. Used Xoerth pursuitmeterd with

- 3/4" target 3%"off-center operating clockwise st 1 r,p.s. Total conteot

time summated by 1/100 second eleciric stop-cloek. Subjest standing}
albow at side., 5ix 30-se2zond trials with 45~second reats. Preferred
and non-preferred hande alternated as follows: FPNPPNN,

6. Subjéot *asted on ¥Wiles' ataxiameter.® Took = cme-minute trial
while blindfolded, a two-minute rest, then a one-minute trial with eyes

opéR.
7. Blood pressures were agaln taken (seated),

8. Response to revolver shot,6 .22 calibre, extr: loud blank, Sub-
Jeot was blindfolded, kneee slightly flexed, arme semi-flexed #o as to
hold betwsen the hands a Byrd Company pneumograph to reoord are movements.
Photokynographle recordings were obtalned of thoraclc and abdominal breath-
ing, pulse from the threat, pulse amplitude from the finger by means of a
finger plethyemograph with g slow leak, amount of body crouch by record-
ing any lowering of the poaition of the head, and movement of the hands
holding the pneumograph. Record started 30 seconds before shot and stopped
30 seconde after. :

9. Measure repeated on startle reasponse after one-minute rest.

20, Tilt table test.’ Subject was placed in vertical position while one-
minute record was taken, tilted to horizontal for a five-~mimute record, til-
ted to vertical for e thres-minute record. Photokymographlic records wers ob-
tained of pulse from throat, pulse amplitude from the finger (as above) with
the arm held in = sling at heart level, thoracic and abdominal breathing,

Some of the reoorded data are nct reported in this study for various
reasonst (1) the ataxiameter data because of a slight but unknown amoumt
of slippsge of the recording dials, (2) the body-orouch and hand stesdi-
ness data becaunse of inconsistencles in the direction of response emong

Aoerth, . 4 pursult apparstus: eye-hand coordination. Pgychol.
¥enogr. 1922, No, 140, 288-292, :

5!110;, W, R, Statie equilibrium as a useful teet of motor control.
4o Judugty, Hyg. 1922, 3, 316-331.

6Landis. C., end Hunt, ¥, A, The gtgrtle pattern. New York: Farrar
and Rmm, 1939, P 168,

MMcPariend, R. A., Graybiel, A., Liljencrants, E., and Tuttle, A. D,
An avalysis of the physiological and psyochological characteristios of two
undred oivil airline pilots. J, Avigt. Med. 1939, 10, 160-210,
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the subjects, (3) the pulpe amplitude data because extreme constriction
during the startle obsarvations made the records illegible, and (4) the
tilt observaticns beoause the task of measurement waa prohibitively large.

B, Repultp. The major results of this investigation sre displayed in
Table 1 in terms of the group aversges of suscaptibles hnd non-suscepti-
bles, As a general observation 1t may be noted that there are smell d4if-
ferences between susceptihles and non-susceptibles on blood preasure and
pulse measurss consistent with those obtained in cother studiea in this
series, and small differences in the othsr variablas. The amounts of
these diffarences are in some cases so emall as to fall within the margin
of arror of the messuremént, are in some too small to be of physiologilocal
consequence, and in some (respiration) inconsistent with the results of
later studies. The over-all result is that differemnces of a clinically
eignificant megnitude did not appear.

The differences in oigarstts smoking are conaistent with questionnalire .

studiea, The difference in improvement in pursuitmeter scores is sugges-
tive for further studies but should be oconfirmed by further inveatigations.

TABLE 1
AVERAGE RESULTS FROM SUSCEPTIBLES AND NON-SUSGEPTIBLES

susceptibles Fop-Husgeptibles
1. Rumber of msubjeots 20 20
2, Median age (range 17 to 22 years) 19.8 years 19,7 years
3. Mean standing height 177 em, 178 on,
4. Mean sitting height 50.0 em, 28,8 om.
5. M¥ean weight 161.5 iba. 155 lba,
6, Mesn ratlo Ht, in ocm/Wt, in 1bs 1,10 1.15
7. No. of cups of coffee before
axperiment (total) _ 10 cups 1, cups
8., No, of cigarettes during day of
experiment (total) 51 cigaretteslO) cigarettss
9. Fursultuweter, mean total contact 23.9 seos. 28,1 secs.
time and standard deviation T A1 + 20,9
10. Pursultmeter, mean improvemrent
from lat to best trisl 648% LE6TR
1l1. Mean systclic blood pressurs '
first determination (m: Bgos 12903 R 124#7 i
and standard deviation + 1.8 + 3.0
12, Mean systolic blood preseurae,
second determination (mo. Hg.) 125.1 mm,  122.7 mm.
and standard deviation + 2.8 % 2.3
13, Mean diastoile tlood pressure,
first determinstion (mm. Hg.) 79.1 mm, 30,7 mm,
and standsrd deviation 4 1.9 t 2.4
1li. HMean diastolic blood pressure
second determination (mm. ngS 78,5 mm, 76.8 mn,
and standerd deviatlon £ 2.2 X 2.5
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TABLE ) {Continued)
AVERAGE RESULTS FROM 'SUSCEPTIBLES AND NON~3USCEPTIBLES

' Susceptibles Hon~Suscevtihles

15, MNean pulse rate befora firast

startle , 97 C.Ps min, 95.2 B.P oin,
16, Mean pulse rate after first .

startle ‘ 91.7 o.,p. min. 89 ec.p. min,
17. Hean pulse rate before second .o

startle -7 92.8 e.ps nln, 91.6 o.p. min,
18, Mean pulse rate sfter second :

startle 90,5 a.p. min, -87.1 ¢.p., min,
19. MNean pulse rate during last :

rin, at horizontal 6509 8.P» min, 64.6 o.p. ain,
20, Nean pulse rate’ during last :

min, at vertical 93.5 c.p. min, 97.4 o,p. min,
21. Kean respiration rate befors ]

startle, lst measure . 209 o.p. min, 19.6 o.p. min,
22, Hean respiration rate after )

ﬂtﬂrﬂﬂ, lst meaaure . 19,5 0,.Pu uln.. 1903 O.P. min,
23, Mean respiration rate before

'mﬂo’ 2nd meapure 19.9 CoPe min, 19,0 QP rin.

» Kean respiration rate after -

2 startle, 2nd measure 19.8 o.p. min, 18,7 o.p. min,
25, HNean respiration rate in hori-

sontal glitidn (5 min,) 18,5 o.p, min. 16.9 o.p. min,'
26, Mean respiration rate in verti-

[ cal mlizion (3 m.) 1598 C.Ps nin, uu6 CsPn m-

3

REPORT OF MAY 29, 19408

A, mﬁ?ﬁ'm. Host of the 1939-40 student body of Weslsyan University
(¥ =~ 594) took a motion sicknass history questionnaire (Ses, Train, Car,
 Airsickness Questionnairs, February, 1940) and the papers wers scored to
indlicate fresedom from history of sicimess. They were then ranked in order
of susceptibllity and varicus comparisons made between the extremes of the
distribution, susceptibles and non-susceptibles. Data wers thken from
college records: the personnel office, testing bureeu, dean'a office,
college physician, and departaent of physical education, No check was
nade of the acouracy of thess records., In addition, measures of stand-
ing height and sitting height were mads in the labormtory.

B, Regylts, Some results of this study ars shown in the following tabu-
- lations. Ths group size differs for the warious comparisons, from com-
parison of 40 susoeptible with 40 non-suscsptibles to comparlsons of €0
of each. '

8'rhil study was oarried out by D, D. Bellis, Jr,



1. Sopatotvpe. The 50 most susceptible wore comparsd with the 50
least susceptible in height and in height-welght ratio. The results are
shom 1n Table 2. )

TABLE 2

HEIGHT AND HEIGHT-WEIGHT RATIOS FOR
SUSCEPTIBLES AND NON-SUSCEPTIBLES

20 Sugceptibles 20 Ron-Susceptibles

Median height 69,7 Anches 71.8 inches
Median ratio: Ht. (inches)/Wt. (1lbs,) ALB ohy5

A peatter diagram of Ht./Wt. ratlos on susceptibility scors for all
594 ceses shows no svldence of correlation between the two verlables, The
median ratios in going from the most susceptible to the least show no tremd
whatever, viz.i A2y 94503 WAAN uABS; 64759 OMO’ 0435, o440, 0445, 04503
odebidyy obh5y AShy Jhb5, 456, 450, 450, .455. A soatter diagram of height
against sickness acore glves a similar result,

Forty of each of the above groups of 50 wera measured for standing
haight and sitting height. The median sitting Ht./stapding Ht. ratios
wera:s susceptibles, .527, non-gusceptibles, .526.

2. Medical regorgs. The seme 50 susceptibles and 50 non-susceptibles

- ware comparad on the basis of medical racords. The results are shown in

Table 3. The small dlffsrences in blood pressure are consistent with

other investigatione, No other Gilference is & matier of consequence ex-

cept smoking-hehits. The latter probably reflsct personality factors.
TABLE 3

MIDICAL RECURES

20 Supceptiblea 50 Nop-Busceptibles

Mean syatciic blood pressurs, mna, Hg. 118.5 116.8
Mean dissiolic VLlood pressure, mm. Hzg. 73.9 T4
Mean spacific graviiy of urine -0r80 1.0186

1
Wours glesses {no:. of cases) 24 24,
General appesrance good (no, of cases) LB 48
Sarious illnewz in laat 12 monthe
(no. of casspal FA
Total no. of days egpect in c¢ollsge in-

1

firmary, 103040 29 26
Total visits to college infirnary, 1939=40 140 . 138
Total ne. of recorded diseases during iife 181 200
Recorded thet student swokee {no. of casea) 14 . 28

i, :
Hi
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3. Svorts history. Ths sume students were compared on the basie of
. thelr records ia required physical education courses end college srortis.
Nesleyan students were allowsd to ckoose from 4l-difforent sports and
nade five. cholces during each of the first two years. OUnly one of thesn
atudents chose more then six aports; the mean mumber of cholces by the
susceptidblas was 3.8 sports, by the non-susceptibles was 3.6 sports (med-
janss 4.3 and 4.0). Table . shows sports elections classification by

type of sport,

TABLE 4
ATHI.ETIC FREFERENCES*

Ho. of elections FKo. of dlections by

spexk : by susgepilbles  _noncsuageptiblos
Bandball 16 6
Toush football 20 8
Crosa-country 5 2
Volley ball 3 0
Sof% ball 5 3
Intramural basketball 12 8
Self-directed activity 6 5
Bedminton 3 . 3
Soooer 6 6
Baseball 8 8
Wrestling 8 8
All basketball 14 16
Squash 23 26
Tennis 32 33
Swisming 18 19
Football _ 11 13
Fencing . 2 4
Track 9 13
Golf 7 10
Intercollegiate baskatball 3 g
Boxing ‘ 0 3

*In this table a sport is given a valne of one elsction whether
the individual has slected it once or more than once.

ale ] - 8. The same groups of 50 susceptl-
bleu l.nd 50 non-mceptiblaa nro eonpared on the basla of thelr recorded
Chio Stats Intelligence Test? performance at time of college entrance.
The records were in terms of standard acorea where 50 was tha collsge
nsan over & perlod of years, 10 was the standard deviation, Ihe median

9Pu'bl:|.lhod at the Ohio State University, Colwmmbus, Ohio,
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standard score of the susceptibles was 56, of the non~susceptibles, 50,

For comparison of college grades it seuméd desirable to control the fac-
tor of college class. Table 5 shows the medlan gredes during the preceding
samester of the 20 most susceptible and 20 least susceptible in each of 3 '
cluse;i ‘(Group 5 containe grades from 73.3 to 78.3%, group 4, from 78.3 %
tO 83. Q. ,‘-‘

TABLE 5
MEDTAN COLLEGE GRADES

, Eusgeotibles Nop-Suscoptibleg
20 sophomores 4ol ho3
20 juniors 4.2 54
20 aenlors 4.8 5.7 2
60 men FANA 5.4 :
ad
. . . ¥
5. Qg]a;ﬂ.?_elmnm. The susceptible juniors and seniors in the ebove -
?'roup (N < 40) were compared with the non-susceptible juniors and senlors
B < 40) on basis of college course electlions (total semester hours in each .
department). The results are displayed in Table 6, -
TABLE 6
COUHSE ELECTIONS . .
(Total Semester Hours) ok
Bepartment susceptiblen Fop-Susceptibleg i
Art 51 18 .
Astronomy _ 87 4B ‘
Biology 237 241 .
Chemistry 297 382 :
Classics 63 2), ;
Econi, & Social Science : 486 507
Engligh 657 726
Ethice and Religion 111 63
Geology 116 g9
Gernan 229 252
Government 225 258
History 384 Ly
Nathematics 2.9 216
Music 78 42
Philosophy 108 72
Physica &4, 66
Paychology 171 129

Romance Languages 387 : 258
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S, FParspnality test zgores. The 50 most susceptible and 50 leest
supcertible wore conpersd on the basis of recorded scores on the Allport-

Vornon Scale of Valuesl( and on the Rarnreuter Paracnality Inventory.lil
The recorded values scores were standard s=cores with a standard de-
viation of 10, The modiane of the two groups ars shown in Table 7.
TABLE 7

ALLPORT~VERNON. SCALE OF VALUES
(Medilan Stendard Scores)

Yalue suscepiiblos Non-OSusceptiblos
Theoretical . 45 46
Keoncrle ‘303 475
Aesthetic 39 34

Social 43 o 41 ol
Foiitical : 48.8 53
Religions . 475 40

Ccuparison on the Bernrauisr for the same groups was in terms of etand-
erd scores based on national percentil» norms., Medlans of the two groups
ere shom in Teble 8,

TABLE 8

' BERNREUTER PERSONALITY INVENTORY
" {Modian Stendsrd Scores)

goale . Suscentibles Nop-Jusceptibles
Reurotic tendency (Bi-B) . 65 56
Salf-pufficiency (B2-S) 40 6
Introversion-extroversicn {B3-1)} 67.5 &,
Dominance-submission (B4~D)} _ 71,25 3.2
Confidence (F1-C) - 56.3 48
Snciability (F2-8) 37.5 L 34,7

These sama two tests were tben subjected to rough item anelysis by tal-
lying for thess 100 subjects ths response frequency for sach item, The itams
zhich showsd the highest diffarential between responsez of susceptiblee and

105 b1 1shed by Houghton Mifflin Co.

Vpublished by the Stanford University Press, Stanford, California.
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non~susosptiblas ware latar included in an axperimental quoationmira.]‘z

2 report has recently been preparad showing the ability of certain of
thuse ilt-gm to predict airsickness in naval flight tralning among 971
cadets, ’ f,

STUDIES OF 1940-41

During 1940-41 extenaive studies of scmatic, physiological, aud paycho-
logical correlates of motlon~esickness suscepiibllity were nede, 'The re-
sulte have been reported slsewhers in susmary fora. The following data
ropresent only small parts of the available information, selscted because
they add to previous studies or illustrate points of spsciel interest.

The procedures wers those of the preceding studies, consisting in the
administration of motion sickness history questionnaires followed by com~
pllation of blographical and other data,

ROLE . s, Gy Lpthid. 1w 82 D QLoD ~B LGRS JLD! .‘ ' m
class which sntared Wosleyan University in September of 1940 took s mo-
tion=sicknesa history questionnaire (Experimental Questionnaire ¥Form,
June 1940),15 and variocus tests., Table 9 shows median test scores for
sach of sevaral degrees of susceptibility. The t{gts here reported were
from ths College Entrance Exampination Board Taests+“ of ver and mathe~
matical ability, rative Test Service achievement tosts,l7 and the
Iowa Reading Test.l8 The degrse of susceptibility was determined by

1¥erat, G. R, 0D, oit.; po 5. (Pootnote 3 of Report IV in this
series.) -

1941. Progress report files of Committes onletion and Train-
ing of Aircraft Pilots. Also: Wendt, G. R. Qp, git. {(Footmote 1 of Re-
port IV in this asries,) "

15A copy of this questiomnsire is found in: Wendt, G. R, JIbid.,
P' 35- .

16

- Published by College Entrance Examination Eoard, Princeton, N. J.

17Published by Cooperative Test Service, New York City.

18publishad by Burea: of Educaticnal Research and Service, Univer-
alty of Iowa, Towa City, Iowa.
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TAELE 9

MEDIAR TEST SCORES
(Standard Scor» Units)

Hotlon~Sicknass
] 1 2 3 4 5 6 7 8
Group Fell H=dQ )4 Mz)6 Fz38 Ngd5 Hz56 Hxl9 Tetal N
Varbal aptitude 53 54 4B 4B 45 4T 46 47 184
Poreign Literatura 56 56 4T 46 4T 4B 4B 48 195
English Wechaalcs 57 62 53 5 .52 5, 52 53 195
English Fxpression 55 49 AT 4T 4B 50 47 4B - 195
Iowe Reading L6 53 51 46 50 52 48 48 195
Foreign Languages : A8 4B 51 56 51 5% 48 46 195
Kathamatical aptitude 47 48 52 47 47 50 50 50 LEO.
Mathematical achievament 43 43 43 43 45 47 46 45 135
Saclal studiea 54, 4B 52 46 A6 54 A7 B4 195

Fine arts 49 4B 43 41 45 4T 46 48 195

ecores on the hlatory qunstionnniro.lg Group 1 contained the most. suscepti-
ble students, Group 8 the lesast susceptible. The mumbers of casas show
for each group are maxima; 8lightly differsnt numbers of studénts tock sach
test. The total class had 199 students, but not every student took every
teat. The last column shows the motual total K for each test, All test
geores are in standard deviation units where 50 is the mean and 10 the
standard deviation,

The elight superlority of thls group in verbal aptltude and English
achigvement may be a parallel of the slightly higher Ohlo State Intelli-
gonce Test scores of ths proceding study.

B. Helght aod woight. Height and woight data were collected by question-

‘naire, There wers 187 complete reports, Tahle 10 shows the median figures

for each of five musceptibility groups. It may be remarked that the median
age of each of these groups did not differ by more than )} months from the
median of all,

C. Correlation of motion-sickness history with biographical data, The
Experimental Questlonnaire Form of June, 1940,20 consisted of 3, questions
dealing with history of motion sickness foliowed by 107 questions on var-
jous blographical, medical, and psychological matteras which previous stud-
iea had dndicsied as being reletsd to motion sickness (see Report of May

19ror other data on these aubjoets see: Wendt, G R Op, oft., p. 3.
(Footnote 3 of Report IV in this series.)

20gendt, G, R. Ibid., ps 35.



TABLE LO

HEOTAN HEIGRT, MMDIAN WEIGHT, ARD BT /MAT.
(At. in inches, Wt. in 1bs.}

Hotlop-Sickness Susceptibllity ,
i 2 3 4 5 .
H430 Bxd2 Nadl NS4 §=17
Median Ht. (inckes) 69.5 70.6 69.4 69.2 68,7
Nedian ®t. (1bs.) 157 150 150 153 156
Htu/"ta . cMO \453 nlhso nm el&%

29, 1940,1n thia section), An item analysis of questions 35-141 was made
on & group of subjects (Wesleyun frashmen N = 199, Non-Wesleyan students,
N » 243, student airplane pilots, Il = 197) by dividing them into seven
dogroas of susceptlibility as measured hy response to questions 1 to 35°21
Graphs were conastructad to show for each item the frequency of response
in relation to dagres of susceptibility. On the basis of inspection of
the graphs those l1tema were selected which appeared to show the greatest
differsnces between susgeptibles and non-susceptibles and the most regu-
lar relationship to degree of susceptibllity. 4 scoring ayatem was de-
vised, based on these judgmentz, in which each itsm asscolated with sus-
ceptibllity was given a plus weight of 1, 2, or 3, the magnitude depending
on tho apparent discriminative capacity of the item, and in which each
ltem assoclated with non-susceptibility was given a minus weight of 1, -
2, or 3. The scores aasigned tc each itsm are shown in Table 11. Ques-~
tions and ifems which do not appear in Tabls 1] were not used in scoring.

To the extent that the method of inspeciion is a proper, resliabls,
and valid method of judging the slope of a graph, the scores shown are
confirmation of ths eerlier explorstory stuiles rerorted in the preced-
ing section of this paper. In gemeral. thz itsme then salected as prob-
ably assoclated with history of motion gicknuss were found to be so asso-
clated in this study.

The questionnpires of four groups of subjects wers then scored by the
method shown in Table 11. Three of thasa groups ware the ones compoeing
the critericn group used in derivetion of tbte scoring key, the other was
& new group., Coalficilents of correlation were then computed between the
score on the items deeling with history of moticn sickness and the score
on the items shown In Table 1l. Table 12 shows the obtained r's, The
firet four values, deorived from the criterdon groups used in key construce
tion, are contaminated valuse. (Howswar, aas preceding .parzgraph,)

...3 %@mmonly stat.sd that motion aickness ig tzm resnlt of fear and nervounm

Ll —. Eaad

“ Muiler descriptions of thaee groups of aubijects are conteinsd ins
Moadt. G, R Qpa glb. Pp. 36, (Fontmcte 3 of Report IV in thim series.)
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£ TABLE 11

§ SCORING WEIGHTS ASSIGNED TO ITEMS ON EXPERIMENTAL

¥ QUESTIONNAIRE FORM, JUNE, 1940%

PR

Quention It.n Question Ttem

: 25 a-2, d+2 _ 73 a+3, d-2 .

z 36 a®3, bel, e-2 7 b2

3 - 41 arl 75 atl

& 42 atl ' i e+l

e 43 a+2, c+2 78 a+l, o+l

i i, a+2, b1, c+2 79 a+l

® 45 a+3, b3 80 a+l, b1

45 a-2, c+2, d+3 82 as2, b-1

N 48 a+3, b+2, o=2 83 a+l

. 50 a+2 84 a+l

by 52 a+2, b+l, e-1 97 a-1, b+l

2 53 a+l, b+l 98 ‘842, be2, 642

o 54 a-1, b1, c+2 100 a-1l, b+l

S 56 a~l, d+2, es2 102 a-1l, b+1

% 57 a+3, b+3, e-1 ' 104 a+l, b-1

58 a+3, be3, c-2 105 a+l, b1

b 5% a+3, be2 . 106 a+2, b-2

i 80 bel, o-l 113 b+l

£ 61 a3, bl e-1 1ns b+l

3 62 a+l, c-1 , 124 a*l

- 63 a+2 129 b+l

b 64 b1 135 a+2, b-2

EL 65 a+3, b=2 . 136111 bl '

SR 66 043, b2, e-1 1361V bel

A €7 a+3, W2, c-1 136V atl

b &8 a+3, b+1, d-1 1371 a+2

o 13771 asl -

Eoo : .
§;_ . "For questions see: Wendt, G. R. Mm%m_mu
i Washington, D. C.: CAA Divisioh of Research, Report No., 60, April 19,6,
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p. 35.

ness. This belief is pometimes extended to inglude the belief that suascep-
tibles are unsuitable for military duty. As one approach to the valldity
of this hypothesis we investigated the frequency of perticipation by sus-
ceptibles and non-susceptibles among five classes of Wesleyan students in
sports regarded by us as "punishing® sports; e.g., football, wrestling,
boxing, and oross pcountry. For sach class we determined tho median suscep-
tibility soore, based on the motion~slciness history questionnaires, and
then counted the sporte-participsnte who were sbove and below the medlan.
There were 77 partioipants who were less nmoptibla than the olass medians
and 75 who were more susceptible.

E. Voticu-sickness histery of misraige oases. Reurologiste familiar with
migraine ossss clain to have observed that these individuals are suscepti-
ble to motion sickness. Through the ocoperation of Dr. James C, Pox, Jr,,

- i
SRR
I3 fra



TABLE 12

RELATION OF MOTION=SICKNESS HISTORY TO
QUESTIONNAIRE SCORES

Groyp Eupber of Cepes 1.
Weasleyan freshmem, Sept., 1940 199 49
Non-Nesleyan students 243 «58
Student pllota 197 32
Combined groups 639 55
Wosleyan freshmen, Sept., 1941 : 210 <40

of the New Haven Hospital, the nemes and histories of 25 cases were ob-
tained where the dlagnosis of migraine seemed most certain. By corres-
pondence and Intorview it was possible to get motion-eickness histories
from 18 of them, and assigr scores on the basis of these hlstories.

These acores wsre then compared to the distribution of scores obtained
from the 639 collega students mentioned in the preceding section by find-
ing the porcentage of collegs students who excesded sach migraine case in
susceptibility score. Tha reésults were a3 follows; three migraine cases
were exceeded in susceptibility by 90% of the students, one by B85% of the
students, two by 66§, one by 59%, cne by 50%, two by 5%, two by 4%, and
five by 2%. Since half of these fell helow the fifth percentile in sus-
coptibility, the result is suggestive. It cannot, lh wever, be considered
definitive.

STUDIES OF REACTION TO BODILY ROTATION

A mmber of studies of reections to bodily rotation of susceptible
and of non-gusceptible subjectsz was undertaken., Thres seis of data are
presanted hare, The rcltation method wae similer in each study, but the
recorded data diffsred.

The rotating chair was %tho one originally built by Raymond Dodgoazz
The subject sat upright with the head fixed in the normal upright posi-
tion. The cheir was motor-driven at 30 r.p.m. Acceieration covered a
period of approxdmately 2 seconds and was constant during this period.
It vus eutometically controlled., Deceleration covered & perlod of ap-
proximately 1,/3 second. It wes menually controlled.l3

e

o ak b

2,

Tor a deseription of the chalr see: Readd, . . The form of the
veslilvler sys-movement reapense ip man, Perehol . Meonogr. 1926, Fo, 212,
311-328.

“Jor further deteils of nethodology se5 alcrolila records of pro-
cedures in ths files of the Comitiae ca Selzcticn znd Training of Air-
craft Pilote,
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Tan auaceptibla and alne non-auaceptibla collega students taok
part in the following experiment., Wlth syes blindfolded each was avcel-
erated to 30 r.p.m., keph at that speed for 5 minutes, stopped and kepit
still for 10 minutes, thon again rotated for 5 minutes and again kept
still for 10 minutes, By means of a manual switoa the subject signalled
the onset and caeseation of periods of apparent rotation, both durlng actual
rotation and during quiet pericds, £Pulse amplitude and pulse rate were
recorded but are not reported here.)<? .

3..
“
b
flw

Under such atimulation the most typicel response sequence is (1) an
initial sensation when acceleration or deceleration begins opposite to the
diraection of rotation and lasting from 20 to 50 seconde, {2) a period of
no spparent movement, (2) a psriod of apparent rotation oppusite tc the
initial ssnoetion lasting for var,*ng periods up to 5 minutes. Each aub-
Jeat gave four such sequences, two following the acceleration perlods, and
two following the decelerstion periods, The data here reported are the
nean totsl times followlng each stimulus during which a sensation of rota-
tion was reported by each subject.

The mean durations of the raported sensstions of rotatlon for the nine
subjects without bilstory of mo%ion sickness were 34, 63, 67, 82, 84, 97,
98, 109, and 174 seccnds, ylelding a group mean of B9 seconds, For the ten
subjects with history of motlon sickress the mean {imes were 774, 89, 95, 98,
99, 111, 129, 137, 140, and 187 seconds, yielding a group mean of 116 seconds,

The author is inclined to stiribute the grouy differences to differences
in attitude on the part of the subjects, When sensations of rotation bacome
very faint, differences in attitude toward the instructions may lutroduce
differences in report. ‘

: : ' ap 05.26 Pivé
suﬂcaptibla and five non—sunoaptible oollago atudants want through the atim-
ulation procedurs described above while eye-movement records wore made by
means of the Dodge mirror Sgcordar for photographlng horizontal eye-move-
ments through closed lids. Bagnification of records was such that one
angnler degree of sye-movement produced sbout 3 mm, of movement on the
records, The subjects also sBignalled periods of apperent rotatlon.

Under these conditicns the records showed a nystagmus beginning at ac-
osleration (and at deceleration) amd lasting for 28 secomtis to 50 seconds.

2htarried out with the aesiatance of J. S. Relmick.

25hese findings have been reported in summary form in the progreas
report c¢lted in Footnota 13 of this saction.

260urriod out with the assistance of J. S. Helmick.

27por a description of this method see: Wendt, G. R. Methods of re-
oording action. Areh. Pavehol., M. T., 1938, No. 228,
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At terminetion of the initiasl nystagmus an inverse nystagmus began lasting -

for varisble periods, but ordinarily continuing during the entire period
of observation. Since theae subjects wers kept alert by being required

to report sensations of rotation, there was little or no evidence of habli~
uation in the original phase of nystagmus, although the inverse phasas were
obviously affected.?8 Only the duration of the originel nystagmus is here
reported. This can be determined with a high degree of precision by use of

the Dodge mirror recorder, For each subject there were four determinations.

The mean of the four response durations for each of the five subjects was
ee follows: susceptibles 32, 32, 37, 40, and 42 seconds; non-susceptibles

31, 33, 37, 37, and 46 seconds. The group means ars in each case 37 mec-
onds.

of 29 aubjecta was rotatad 1n the apparatuﬂ deucribed abavo. Tha lart oye
was bandaged while the right eye obeerved a oylindricel white cardboard
shiald attached to the chair sbout 14 inches from the eyas. It covared
about 125° of wisual arc vertically and 160° horizontally. A horizontal
black line at eye-lavel preccribed the fixation height while 3 vertical
black lines spaced 20° of visusl arc apart served as inhibitors of nystag-
mus., The field was illuminated by a 15 watt Mexda lamp placed over the
head. The room was dark. Each subject wes rotated at 30 r.p.m. for 3
minutes and then stopped while nystegmus was cbserved and timed by a stop

watch, After a 5-minute rest a pecond rotation begen and the observation
wes repeated.

The subjscts were studente of Middletown High Scheol, ssalectad by ques-

tionnaire. Sixteen had never been motion sick; thirteen reported history of
sickneas and recent sickness,

For sach subject the mean nystegmus duretion of the two stimulations
wa3 determined, These wera comblingd intc mesans and standard deviations
for the susceptible and non-susceptible groups. For the susceptibles the
mean was 19.6 seconds with a standerd deviation of 6.8; for the non-sus-
captibles the mean was 14.9 seconds with a standerd doviation of 5.0, The
crition) ratio of the difference was 2.04.

28For details of habituatlon see: Wendt, G, R. An interpretation of

inhibition of conditioned reflexes as competiticn betwean reaction systems.
Earchol . Rev., 1936, 43, 258-281.

2%arried out with the assistenco of Hugh Stsples.
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