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.Dr, Dean R, Brimhall, Director 3£i

Diviaion of Research ?EL
Civil Aeronautics Administration s

Veshington 25, D. O,

Dear Dr. Brimhall:

;'Eﬁ.\
Attached is a report entitled Studies in Motion Sick- e
-~ Serles A, embodying two reports and a note on rosearch ok
oonducted by 0. R. Wendt, and administered by Wesleyan Univer- b
sity. This report is submitted by the Commlites on 3elaction w

]

and Training of Atroraft Pilots with the recommendation that it
be inoluded in the series of Tecvhnical Reportse lssued by the
Divielon of Reaearch, Civil Aeronautics Adminlstration.
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The studles in motion aickness included in this report,
and in otheras to be discusssd in zubsequent reports, were among -
the earlleat investigationa undertaksn in the research program
of the Committee on Seleehion and Training of Airoraft Plilots,
Sinnoe the aerlier studies were largely explorztozry in charaoter,
‘the experim-ntel findlnps ara sgewowhnt imdted, i part by the
faot that a small nuwbor 27 zaszce was Livolved in spuch explora-
tory roszancvch. Hovevsar, worx in Lhir area bas led to o practical
outooms 1a the fora ¢f the populer parphladt Fliow to Provent Alr

- 5ickness’ W .1ah was distritutol rrie yeurs ego by {the Civil
Aeronauting Adrindstraticu, Mqrrcvef, studles by Dr. (. R,
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FOREWORD

Included in thie report are thrce studies from a series of
investlgatione on motion slckness, adminlstered by Weslsyan
University under a grant-in-aid from the Committee on Seleotion
and Training of Aliroraft Pilots. These studies were designed
for the preliminary and exploratory investigation of postulated
hypotheses in the area of motion sickneans,

Acknowledgmenia are made by the author %o Dr, Chester J.
Hill, Jr. (Wesleyan University), Dr. Stanley J. Alexander
(Portland, Comnecticut), Mr. John S, Helumdck, Mr, C. F. Taylor,
Jr., and Mr, George Everett, ragearch assistante at the time
theae Btudies were carrlsd out, end tc Dr. D, B, Lindsley
(Brown University), and his Staf{ ut the Emma Pendleton Bradley
Home, E. Providence, R, I., who all helped to meke these re-

soarches possible. A portion of the work on the firet study wae
.supported by funds of the Haticnal Youth Administration,
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In the following lnvegtigation the experimonters molscted, by means
of a motion~sickness history queotionnaire and by interview, 19 college
gtudents vho were supgeptible to motion sickness and 20 who had never
besn motion sick to any degree, and vho wers free of illneas or other
physiological abnormelity. KBaech subjeot served three days, taking a
cepsule with breakfast. On day 1 emch roceived 2.5 mgm., bengedrine
sulphate, On deys 2 and 3 each received either a placebo or benzedrine
(1 mgne per 30 1bs. of body weipht). The eubjocts wore told that they
ware gotting tuo differemt “"drugs.® Twice each day (bofore lunch and
after dirmer) each subject comploted a 29=iter questiomnaire corcerning
subjec:ive sffects. Twenty of these items were of the kind, "Have you
drunk (a} mors water than ususl 5 (b) less water thaa usunl
(¢} aame mmount of water as usunl___ T  Questionnaires vers mcored
both in terws of total nucber of abnormal items and in torme of pre-
ponderancs of items in the diraction expooted after bennadrine,

Unider the conditions of the exjoriment the questionnaire method wns
of nluost mo value for the doteotion of drug effecto. There wera as rany
abnormal iters chocked on the placeho day ae on the drug days; and for
the total group the nature of the nbncrmalities reported on the bensedrine
day vns only slightly more in the direcotion of the oxpocted bensedrine ~ -

offooct than on ths placedbe dave -

The group of subjects suosoptible to motion siocknees chocked approxi=~
mately throe tirws ar many cymptoms ag the group of non-=auscopiiblees on
snch of the three exporimsmial days. hen asked to note thoir most
prominent syrptoms tho eusasplidlos wr .%o ln approximately twlce as many

as the non-cugceptivles.

A sorparison of the xinds of eyrptdma repoiied by susceptibdles and
non~nusgoptibles on benzedrine end placebo days chowedd (L) that of the
19 suscoptiblen, 12 reportad e rxoqter excess of benzedrine symptoms on the
bensodrine day, 3 on the placets daya 1 ruported no diffaroncey and 3 '
reported no symptonms on elther fay3 nnd (25 that ¢of the 20 non-susceptibles,
2 roported a greater oxseus oi benrzirine cywptons on tha bengedrine day,
6 on the placobo day, & ruposiad po difforoncos ond 8 roported ne synptond

on olthor daye.

e .

7
. !

LS

' Lk g L-:-;::-ff" T ‘

. . !
. . ooy
w e 'sghﬁ
A = e . ‘ L
Foolme et e R taee ok

P2 aGE



A RTUnL

.
AT

GF CHFE L URSIUNTY:
OROLHIITL LWL 7 OV T

EH R O M

AU AN I £

T
P2 LRI L

Ly - i
AT T
i - R |
Lo Soaeliata
v L3
-
e ]
Lok, A
.

1




«
)f""x 4-».

A STUDY OF THE SUBJICTIVE £77eU%S OF 3MALL DOSES OF BENZEDRINE
SULPHATE ON TADIVIDUALS SUSCEPTIBLE AND THOSE
NON=-SUSCEFTIDIE TU WUTION 3ICKMBSS, ING NG

OBSERVATXOMS (4 PSVCIHOGENIC ufMPTOUS

IAITODUCTION

The precent investigation was an sxploratory study designed to securs

partial tests of two hypothases ralating to the nature of susceptibllity to
motion -siokness.

The ons hypothesis wns that susoeztibility to motion sickness 1s
agscoleted with sonsitivity to eplusphrine and epinephrins~like uubatanooa;3

The discovery of a hyper-reactivity to benszadrina sulphate would be a
partial verification of the hypoihesis in that 1t would reveal a difference
in the physlology of eurceptibles and nenegusseptibles,

The other hypothesis was that zusceptibility to motion sickness iz agso~
ciated with a tendenoy to the develcpmant of psychogenle symptoms (1.e., those

produced by suggestion), This hypothesls would be verified if the susceptibles,

on plecebo daye, showed a largar number of symutome than the non~susceptiblea,

The experiment was doeigned to sompars the reactione of extremes from
the college student ropulation, soeleoted to ropresent those most susceptible
and thoes least suscsptible to motion slokaesa, Complete verifiocation of
the hypotheses would have been attained if no subjeot iIn the non~susceptible
group showed as much reaction as any subjest in the susceptible group. This
awtooms is, however, limited by the reliability amd velidity of the method
of meleotlon of esusceptibles and nomwsusceptibles, by the rellability and

validity of the method of determining symptoms, and by the validity of the
drug sohedule for the present purposes.

S - -
e .‘_I? w 3} -+ - PR ;?‘,{;—"‘: B
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1this 1s one of m meries of inveetigations into the nature of suscep~
tibillty to the nauseating effecis of motion done with the support of grants~
in-ald from the National Researsch Council Comrittes on Selection and Traiming
of Alroraft Pilots and administered by Wesleyan University. A major portion
of the work of the study here reported was supported by funds of the Natlonal

Youth Administration. Mr. Georgs Everstt assiasted in the conduot of the in-
veatigation,

2For a semi-techniocal review of inweatigntions on motion sickness in

" aviation, mees Wendt, G. R. Moilon sickness in aviation. K.R.C. Divislon of

Anthropology and Psychology, Comnitise on Seleoctlon and Training of Alroraft
Pllots, May 1944,

3For an experimemtnl test of the hypothesls that excesess of epinephrine
in tho blood utroam facilitato motion sicknaas; 8063 Doroua. Roy M,

. Eshington, D. 0.101111 Mronautioa Adminiatration

. Diviajon of Research, Report No, 5, November 1342,
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The entire student body of w.nleyan Univorsity oomplotod a qmtionmiro

inventory of history of motion sicknesd, The extremes of the group wers re-

examined by means of the sams questionnairs or interviewed, or both, Twentyw
ons "gusaeptibles” and 22 "non-susceptibles” with clean medical records were
called together in a group and told the general objesotives and epecifio proe
cedures of the experiment, After signing a pledge to conform to the rules
each recelived a sheet of instructionas, three envolopoa,‘ sach contalning one
capsule, and six "drug effect questiomnaires." On three days of their own
choice (tha lagt two required to be aonsecutive) the capsule indiocated for
that Hay was taken wlth breakfast, Befores lunch and after dirmer on each day
a oopy of the drug effect questlonnaire was completed., On day 1 all subjects
received 2.5 mgm of bensedrins sulphate, On day 2 half of the susceptibles
end half of the non-pusceptibvles received 1 mgm of benzedrine per.30 lba,

of body welghts the other half recelved plasedo, On day 3 the drug and plagebo
groups were reversed. Ninstesn sugceptidles and 20 non-swsneptibloa completed
the eéxperiment and signed a pledge that they had adhered to 21l rules,

%ﬁigwm' The eriteria for ssleotlon of subjects whre as
follows: on-ausceptibles were individuals who could not recall having

ever been motlon sick to ary degree on any vehiple or device. (2) Susceptibles
were individuals who had a hietory of motion sickness since ohildhood and who
stated that they were still subject to motlon slckness on one or wmore vehicles

or devioces at the time of the investigation. History of motion sickuess was

" determined by a qusstionnaire inventory (see Appendix A ) wsed first as a

soreoning -test and- then repoated for the extremes of the population under

-conditions where a pladge of acouracy was required, (Tesleymn University

students operate under a susosssful Honor System.) 8ix who wers not wo re~ -
examined were interviewsd instead. Momt were both re-examined and interviewed,
the interview taking place while they ware in the laboratory to serve as sub~
Jeote in other expariments in thig ssrles, Each subjeot wag persconally age 5
quainted with ome or both of the experimenters, The oorrect olassification

of our subjeots, within the limits of our definition, does not seem open to
question. If "susceptibility” and "non-susceptibility™ were to be redefined

as prediotive concepts, some subjects might ahift, It is our opinion that direot
validation, by exposing each gubject to various kindg of motion, would confirm
the olaesifioation of mlmost all of the gusveptibles (eince there is no reascn
for doubting the acouraoy of thelr report thet they have bsen recently slok)
but only of a majorlty of the non-susceptibles (since furthsr experisnce might
show that some could be made motion siok). {3) The collegs physioian re~
viewed the mediocal resords of sach subject and only cases without 1llness or
physiclogical abnormality were selected..

« Before getting the aubjects together the body-welght of
esch was determined and drug dosages propared. In large mnulla envelopes, one
for sach pubjeot, were placed (1) a ahest of instructicns, (2) three amall, ,
sealsd envslop#s, each contalning a plagle carsule and labelled "Day 1, Day 2, |
axd Day 3,;" (3) six coples of a drug effect questiommmire, with slx addreseed, .
stamped envelopes,and (4) %wo pledges to be elgned, one at the beginning and :
one At the end of the expariment, .

ALY prospective subjects were then called togethsr and in 30 minutes were
told the general objectives of the study and its specifio roquirmonta. The
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requirsments (nes Appandix B} eausTned car.ain goderul matters of conduot
(aat;pg, elesping, use of cihwr druga, proLibitl n of dlecusslon with others)
and spocific instruotlons about takiag the cursule (4% broakfast time) and
returning two drug effect quaotionnaires esch duy (one before lunoh, one afier
dinner). Each subject rooslved his onvelops of Lnshrucilons end materiale and -
signed an agreement to adhere to all rvles. 7The remalnder of ithe proocedure '
was completed on their own inittictive ascording to the irstructions. A signed
pledge that the capsules had btsen takem Booording %o instructions and that all

rules had been adhored t mes raturnsd vith the last drug effect queationnaire, -

Bengedrine domage. On elther day 2 or day 3 each subject received 1 agm
of benzedrine sulphate por 30 1lbs, of body weight, 1.e, a 150-1b. subjéot re~

oeived 5 mgm. A milk sugar plucabo wns given on the alternate day. A 2.5 mgm
dose of benzedrins was glven on day 1 to detest any subjects with extrems sensi=
tivity to the drug. (It should bo asiod that ¥ mgm 1s a soall dose for the
average gubjoot and poaslbly bselox the threshold for identifiable subjective
effeots.! ’ :

The subjects wers told thoy vere getting two differemt "drugs." Tholdrug
offoct questionnaire required ths: o raport what they thought they had {taken.

In the 120 queatlonnaires of the non-guaceptibles all but 6 reported "no ides,™ .

“fdon't knows" or "none," In the 114 gusstionnalres of the susceptibles all but

19 paid the same. - There were 16 re.orts of "sedative,”™ "narcotio,® etc. e

and 9 of "stimulant ;" etc,

£ sgtionneirs, Tha questionnaire (zee Appendlx C; ocon-
sisted of 20 items requiring a checic of 20 motivities which could be reported
es inoreaged, decrsased, or unchangsd, 5 items of report on conduct, and 4
items of free report on symptoms. '

From itemm 1 40 20 (excluding item 16) two types of data were obtalned
for this ipveastigationt (1) the totsl number of abnarml items, 1.e., those
indicating any change from the normal or usual statej and (2) a "hensedrine
score,” based on the direction of the changes, i.e, whether simllar or opposite
to the expected effects of benzedrine, ‘

The methode used for scoring the questionnaires in order to obtain these
dats are deseribed in detail in the appropriate seotion under "Resultas ™

The validity of the questionnaire, for the purpases of the ;maatiptiqn,
ia digcussed on page ll.

RESULTS

The resulto are presenied in two seotions. Seotion A deals with total
nugbers of abnormal items in relation to suaceptidbility, to dosage, to the
experimental day, and to time of day. BSeotlon B desls with the kind of symp~
tom reported, espeoially in relation to the drug scheduls,

4, _MMFM. _Table 1 shows the total number of abnormal items on
questlions 1-20 (exoluding 16) for each subject on each day (sum of morning and
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svening questionnaires), the totals for each subject, and the group averages.
The designation, b, indiocates the benzedrine day.
double asterisk to call atteuntion to those who reported no symptoms on any of
the three days. There were four non-susceptibleas, but no susceptibles in this

group.

drug or the placebo day (days 2 ard 3).
-three gusceptibles in thls group.

Subjecte are marked with a

A eingle asterlek marks thaose who reported no symptoms on either the
There were 0 non-susceptibles and .

Inspoction of Toble 1 ghovs that tho aua'ucaptibl.ea roported approximately

thres times no many nbuciwal lisema os tho non-susceptibles con sach of the

three days, the aversa;e total items por quostionnaire being 4.87 for the

gugosptibles and 1.65 for tho non-sussepiibles.
exceoded the avorage of the pusceptihlee, but thers weres five susceptibles
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belew the averupg: of the werasvery tSvleas  Alshough tuers 1o ¢onslderable g
overlap of the dlstrilutdons (i1 2. af 19 3ussoptiblcs chegked fewer abnormal e
4tems than the tep non~suncphiniz}, the difference netwesn the means of g
the two Broups is relisbly zveetor than zora, ao iudicatsd in m Pavalue of LT
less than .01, corputsed Ly sencza 47 the *t% test for uwmatched groups. . %’b
. Table 1 ghows elightly more srayaeni report of syupbams on day 1 then Tfﬁgm
on daya 2 or 3, in the ¢ase of borh susceptiblss and non-susceptiblss. b
Breakdown of resviis showing ave;.vs nyzptems por questiommaire returmed in T
the morning and averazs in the wu=wmin; shoss ¢lightly mors symptoms in the T
later report: suscoptiblessumerei:.; s 4.77; evuaing = 5.00, non-susceptibles; s
morning = 1.51, evening » 1.£8 s-.i%oms per gussilonnaire. _ : C‘%
The average nwdvars of sym; .o per qusationnalrs on the bengedrine days ; :,:.,
as compared to the placsbo day «. shown in Teble 2. It may be noted that, . &H
in the ocage of both tae suaceptdll ¢ end the non-cusceptible groups, the T T
benzedrine {full dose) day asastua:ly vroduced elightly fewer symptome. This B
relationship holds up both wlen ! or jedrine wae glven on day 2 and when given T
on day 3. ‘ ‘iﬁ
S
PRULE 2 =B,
pel
EFFLCTS OF BENZEDRING O SUBJEGTIVE SYMPTOMS R 7
(Average Number of Syi;tome per Guestionnsire) . -5
- / S &
Sugoeptibles Non-susceptibles o
Day 1 2.5 mgm benzedrine 5.2l ‘ 1,76
Day 2 or 3 placebo 4,92 . 1,66 !?.;"_
Day 2 or 3 benseirine (full doze) 4,47 1.5 it
" Mocording to the over=-all results the aotivities most often reported %;
abnorral were thoee in iterw No. 5 (sleepy #» 45 times; wide-avmke = 245, fﬁ
No., 10 (relaxed - 23, excited = 37), No. 11 (fatigued = 39, freeh = 16 e
and 20 (less nervaus = 11, pore nervous = 43), Those least often reported *f
abnorml vere thone in items No. 2 (more water - 12, less water = 11), B
o, 7 (urinated more = 16, urinated leas = 5), No. & (less talkative = 10, s
more talkative m 12), No. 13 (lese awere of heart =z 7, more avars = 15), e
and No. 19 (throat drier g 15, less dry = 7). Other iteme worthy of note iy
as sho7ing one or the other symptoms low or high are No. 3 (pnlma dampor = T
39 lese dmp s 12)) Mo. 9 {skin cool = 7y skin hot = 22)s and espeoially e
Mo. 18 (hocdache 7 40, less homdnche tham msual s 1). All other items -2
wore intermodiate in fraquenoy, 1.0., &t loast 1G snd not more than 30 *
on any alternntive; at least 29 and not more than 51 on eny poir of %
alternatives. Those items which ware more often checked in the "expacted” v
dirsction on the benzedrins day are indiecated in the following seotion, L
. faet
8. Kdod wieespton dn relation’ho dosage. To invostignte the diregtion of the s
syIntorg a "lenzedrine Soore® was obiainod as followss (1) by counting as-+1 Vi
all nvoortal itomo in the dirsction oxpected under benssdrine, as -1 all ' —_‘311;
abno. mel itwos in the opposits diroctions; and as O all items rerorting ne o
. '%
i‘-?.%‘
. - cpH
e S
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-had'an excess of +5 on his morning questlonnaire and an excess of +6 cn
. his evening questionnaire, obtaining a sccre of 411 for the benszedrins day.

iy

bagse-line from whioh benz‘edrﬁ.no deviaticn: are meagurad,

- The average banzedrins day icens _§1é—n
© susesptibles feoul of an aversge numbe.

A “'%2&"1"}%?7;,-‘.
G
i

b

5 I
. N4 0
% 4{{?% &HM

s ot o
R '

chango;“ (2) ij obte.;!,ning the algebraic sun of the Bﬂbrﬂ ﬂm tor !tq; i )
quegtiomairey’ and (3) by subtracting the algebrafc shm for the plun‘ho
da.y questlonnaire from that of the drug day questionnaire.

ST

e

A positive benzsdrine mcors thus indicates that on the bon.ndrim day
there was a greater excessg of bsnzedrine effect symptoms than there wus on
the placebo day, For exampls, in Table 3, 3ubjJect No, # of the suscepiibles

ot N B

On hie placebo day he obitained a+2 on thu worning questlonneire and a +Li
on.the evening questicnnelire, totaling 3. His Bensedrine Score is thuw :
113, or +8, Susceptible No, 10 had +-2 wnd O on his bengsdrine day; Q md. .
~2 on his placebo day, giving a Benzedrim Scors of +4. Ii should be noted.
thnt this aseumes that his mdnua moors «n the placebe day ias his normal oE

ST ST

FEL AP

Table 3 presents the Benzedrine Séurca fer the subjests numbered as-in -
Table 1. Dpouble asterisks indlcats those who reported: no abnormal symphoms i
on any of the three dayej eingle asterlaks indicata those who report.od no; oy
abnormal symptoms on days 2 and 3.

Comparison of the two groups of rubjects indiocates that 12'out of 19

suscaptibleos show a greater excasa of bomi sdrine sympioms on the bensedrine it
day as compared to the placsbo day, w<ils 2nly 2 out of 20 non-susceptidles -
ghow suwoh g tendency. Three out of 1y riwseptibles show a greater exocess L

on the placebo day aa soupared to the benrsdrlna day (resulting in minus .
gacres), and & of the 20 ron-susueti lcs show a greater sxcgos - of benzedrine -
effocts on the plasebs day ke osipsryd ic the bengedrine day. Only one mons - |
ausceptible exceeds ths sversge Benme rirs Score of the ausceptible groups :
u.u,tomnai re was +1,77 ltems for the |

© 4T alnormal lbems. per qmti.ﬁlmircf
insluding queaticns 9 and 18, for d‘ﬁ.}' 2 ;aus day 3): For the non-sugoeptibles
the average benzedrins dey sxcess was =, .3 {out of an averazs number of 1.5
abnormal items per qusstiimnsire), The - »-nge differencas per subjsct bu» :
twaen susceptibles and mor~guscapblinl~g -..9 rslidbly significant, the t=valua
for unratched groups falling below Lhe ¥--ilue nt the 1L level.- Benzedrine n
afiects a mjority of the sessephiswne 1 She expocted directions its effsot
on non-guscseptiblas 1y mosi oftan in b3 - yusaite ddrvotion, 1f any. 1%
ahould be moted, howsver, thet ihe av.ciuv's axdens (averazes of #1.77 and
=0,38 symptina per gqusstlonreirs) iz o o all ap not 4o gonerate-much cops v
fldence in the questionraire ag a mes. u.u »f irag affeot. It should, however, -
be. polnted oud that ocur oisusifioalde «. rceroonpes ag being indleatlive of B
banzadring way to some ontenh be v o.r . oaorvedt ulsmﬁflaation migh
show thy auaaddonnyire mebhod Loz tond o by ‘ .

PR TV

ene P T il o St

o ‘Far this purpese Auastiguz Ll=20 w.rc ured (sxeluding Nose 9y 16, anmd - "
18), ocunting s34 the folluwingmt lm, :3;; 3as 4L, Sty 65, 7ay 8By 20b, 11,5, .
12%, 13by 2dmy 1%3¢ 1Taw 1%9u. ool 200 1”_\11- gpposites wure countoc} ag =1 a:l!
theo "o" responsse as (0 ) . ; . ) o

in z

P

%,

511: 13 remlixed Lhat E"'fal""‘ﬂiﬁ sy aooof tho itom values rewults in A
borzedrine effoct syrmhcomn (%‘ 45,1 baing “orpeeliled” Dy & cynpbom 4n the oppuui&tﬁ
diraation (= it am)» The ed:odo-die v ') 8 ropreaerti tho g3n2eg, rather 4han
the {otnl uu" N 1w, oIl A yrogziss (he setual

S Tente L '-. N Ted gt
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TABLE 3 ’ S
EXCESS OF BINZEDRINE SYMPTOMS ON .
BENZEDRINE DAY V5. PLACEBO DAY '
Sugaeptid Non-Sugoeptib '
Sublegt Bongedrine Score Subject M@'_ﬁm
1 +11 1 +5
2 +10 \ 2 +1
3 ' +10 3 0
4 : + 8 4 0
5 + 7 G 0
& + 6 6w 0
7 +5 T 0
8 +4 8 0
'9 t4 9 0
10 +4 10%# 0
11 +3 11 0
12 +3 12%% 0
13 o 13w 0
14» 0 14> 0
15 0 15 | -1
16+ 0 16 -1
17 al 17 -2
18 -2 18 -4
19 ] 19 -5
20 -8
Av, per subject +3.53F# Av, per subject ~0, 154

Ay, 'por queatlonnaire+l, 77 Av. per questionnaire -.038

#The t~value 1s 4.24 for this group dirraromo, which represents e P-
value below the 1% level of signifioance for 37 degrses of freedom,

On day 1 (2.5 mgm bensedrine) %he susceptibles showed an 0608 of benze-

drine effects over opposite~to-benzedrine effects of +0.13 items, per quostion~

' ‘'naire, the non-susoceptibles of =0.25 items, .On placebo days the pusceptibles

showed a benszedrine-like excess of +0.29 iteme; the non-susceptibles of +0,28
items. On full-dose bensedrins days the suaceptibles showed a bengedrine-
sympt om excess 0f+2,05 items, the non~susceptibles of -0,10 item:.

Table 4 shows in some detail the frequency of answers to each question.
1t shows the total number of checks for each symptom on the two questionnaires
of the placebo day and of the full-dose bensedrine day for the susceptibles and

SRR
5 ] -

!p Note. These facts ware cbtained from a breakdown of the data
used in computing the Bensedrine Scores. It may be noted that eubtracting
the pla.uobo day oxoess from the bensedrine day axdess will yield values gimilar
%0 the “average per questionnaire® soores pressntsd at the bottom of Teble 3.
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TABLE 4 ~

FREQUENCY OF REPORTS OF SYMPTOMS

Suggeptibles ' on-Sugo le
" ' Benzedrine . Benzedrine
Question- FPlacebo Day Day Flagebo Day Day .
naire Altermatives Altermatives % Alternatives Alternatives %

Item No, _&a b _a b _ Excepp a b 8 b__ Excoss

1 3 9 7 7 alf.B 1 1 1 & b T,
2 3 3 6 1 ali.2 0 2 0 0 ab.
3 S 2 6 1 . ab.3 7 2 4 2 b T,
4 2 9 2 6 & 7.9 0 3 2 1 'alo.
5 10 'y 4 13 b40.3 5 1 5 1 b 0.
6 1 3 7 0 a 7.9 1 3 0 0 .[5-
7 2 2 4 1 a 7.9 2 1 1 0 b 0.
8 4 2 B B | b16,1 0 0 0 1 b 2,
9 2 4 2 3 b 2.7 0 4 0 1 b 7.
10 1 10 3 6 0 0 5 1 4 ab.
11 11 2 4 9 b32.5 2 0 3 0 a2
12 5 2 4 6 213.3 0 0 - 4 0 alo.,
13 2 5 3 3 a 7.9 0 0. 0 1 b 2,
14 10 5 11 0 als,T 0 0 3 0 a7,
15 2 2 5 0 ali.z 0 2 2 1 a7
i6 2 1 9 3 b28.9 0 4 2 2 bl2,
17 3 4 5 3 a 7.9 1 2 0 4 b 1.
18 11 3 8 0 b 5.2 2 0 4 0 a5,
19 5 1 6 1 & 2.7 0 1 2 0. aT.
20- 3 12 1 9 n 2.6 0 T 1 4 ald.

and non-susceptibles, They are presented in this faghion to make i1t pussible for
the reader to recaloulate the data in terms of his own olassificaticn of symptoms,
if or when better information concerning the aubjective effecte of benzedrine ig
avallable, The columne headed, Per gent Excess, show which altermative (a.or b)
sxceeds on the benszedrine day as ocompared to the plasebo day, and the percentage
amount by which the indicated alternativs oxceeds on the hénzedrine day, compared
to the placebo day. For instanca, of the 38 queationnsires of susceptibles on
the plasebo day, 5 ohecked 3a, 2 cheoked 3b. The excess of 3a over 3b is 3, and
that 18 7.9% of the total, 38, On the benzedrine day 6 checked 3a, 1 checked 3b,
an excess (again for 3a) of 5, and that ig 13.2% of the total benzedrine day queg~
tionnaires, The Fer cont Excess on the benzedrine day therefore favors alternative

3a by 5.3k

Thie method of analyels indlostes that thers was agreement between the tyo
groups of subjeoctas (excess on benzedrine days for the same alternative in the
gases of both susoeptibles and non-ausoeptibles) in the omse of 10 out of 20
1tems, disagreement in the case of T iftems, and 3 items where one or the other
group of subjects showed an excess of less than 1% for either alternatlve. Of
the 10 items on which they agree, 6 are in the dirsction expected, 2 are in the

oWnmomintntinondnioow oo

Lk
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© apposd [‘.w dirm;tion from U ex.pao nticon (Ltoms New. 4 and 2&} ai
1 (NoAs 9 apd 16) which were not “acorad” by us. Altsrnatives 'Kh‘
2. dnd Noyv 1Ib {1sge famcd) were chscked by a lnrga pumnt#,gh?.. £
. on tha beniodnihe d&?o ,

- Ths two itsme on which the two gruupn agrsad, buﬁ w‘hsrl tHiy j&iﬂ n@ttﬁnﬂ*
<17 fiym OUF expectation of the benzedrire sffect may have bdnn 1marrec1;:l;f el

fied by us. Inveatigatioma wiith larger groups of subjeote would- sheu&iﬁﬁhﬁh ‘ ﬁ
4a {hands stoadler than ugual) and 20a (lees nervous than waual) ave’mete trus .

- X

. " to the .pubjestive ei‘"aeta of th#s docege of behmdrin‘n than ms tiux‘ expectathony. ™
: ‘ | ) ‘E:". -'%FTA‘P
- ‘In ttem 29 tha subjaots wore givén an gppertunity to note their ml’é‘ 3
. - prominent symptoma, The susaaptihles wrota in symptoms on 64 out of 114 P u.%;
;v . questionnaires; thn noA-suscaptidles wirots them in on 33 out ‘of 126 qmi'b&onr
7 - nsres. II we conelder.pnly the Jays cn whioh benzedrins had been-given ‘{
© 1 snd the full-doss day), most of the oymptoms seleoted were ig the m»tim
v, oxpected from benzedrine., The swivepiibles wrote in b9 aymptome of 48
‘pected kind, 28 opposite to. axpactntion and 11 which sre unclagalPiid:
non~susoeptibles wrote in 22 of the oxppeted kind, 20 in the oppesite dreoe . "5

o=

: tion and 4 unclaseifiabla. The proportione batween Mexpscted" mnd Yoppoaite™ —ZQ‘.,

¥ ) are aimilar to thoro obta,ined. from the cheok~1lst portion: nf the qgoationmiﬂ. g

- | DISCUSSION -~ . - . - SRR !w 4

* - The ¥s : drug effeot gquestionnaire. This. txporimmt hn% el

{  purposest to find the magnitude of the benzedriue sffect in au&uopt&hinﬁﬁ

% . nonesusceptibles, and to find the fraquency of payshogenie nmﬂ (1.!-; -'3;:—‘5“

£ . those praduced by suggestion) in indlviduals who olaimed they wers.p blo

% to motdon mickness and thoge. who recallsd no motion siokness. !B'u f& owing t
" possible defeeta of our proéaduro ehould be polnted out: - _ B Q‘

e (1) The initial anlection of subjeots vas by qmstiamatrea. This sa.vn

" us groups already distinguished by ths fact that ons group rvpl:],ud "yon" M
~" asked (by questionnaire) for a partisular symptom, the other *no." Sinos our,
drug effeoct measurement was also by questionnaire, 1t is possible that, to ~
; aome axtent, we meagured nsither of the fastors we wers i.ntorested 1n, but

i " only behavier speoif‘io to tak:lng q.:astiormairos. .

L g e

Vo

{2) ¥hen a subject tekes a quentioms.ro he sndeavors to ve ceoperative
and agresebls. In the prasent instance he may have falt a rupomibility to
. report symptoms. This cooperativeness may vary in different subjects mo that
% . each ons's standard of how evident = symptom ehould be, in ofder to Juatifyia
report, may also be expacted to vary. 'Ons might expsot that "sugpdepiibles®

:-(r‘(,_‘h_:‘r"" - T

EYADN

e

#  uvould bs more ready to coapsra.to in u :esaarch designed to find a oure for .

? ~ motlon mickpess, than would non-suaoaptiblu for whom 1t is not a Froblom.

¥~ Thus the "value" of a qynptﬁm’"&‘ar ons group of subjests nsed not ba the pame

.. -8 for the other group of sublacts, To¢ mome extent, thonroro, vre sy have . |

¥ ‘measured soaperativeness rnther then the two factors we were mwutﬁ fn. - ‘

% . (3) The dose of bensedrifis given (5 ngm for $ie 8 qemg- weight Hubjact) o

" may have been improperly selected, best to monl dﬂ.tfemnn&a’. w atudu!“} =
L
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ghould explore & farce &1 &8I 0w

(4) Our olaasificntﬂﬁﬁ.ui L (08 B Se i MuprsymioLoksy and oppoalte=
gzo~benzedrine sywolcss WRd brwa o wludle ~e 5 Liphed i nfarmaticn, some

of 4t on subjachive effeots, (il . v b lagi e s fiactn . The coluplats
propriety of teklng chperved woliar e 8B an ivdeg of anscmpany lng sub Jective
report 1s open to dovbt. , : -

The final interpratablion of Ve gigrificanos »f our renults should be
deferred until gupporting inforsa 1op 1o avatlable. Tn the meantime, the
obtained resulis are of intarest w3 : adioatiag the exiatence of a diffsrence
Letween susceptibles and ngnneuaoayfihlaa, even though the sdentification-
of the nature of the behawlor ip whrel bhey differ is not cortain.



A S8tudy of the Sudjective Lffects of Small Doses
of Banzedrine Sulphate on Individuals Susceptible
and Those Non-pusaseptible to Motion Slokness, In=
oluding Obgervations on Psychogenlc Symptons

1
 APFENDIX
A, HISTORY OF MOTION~SICKNESS QUESTIONHAIRE

B, INSTRUOTIONS
G, DRUG EFFECT QUESTIOHNMAIRE
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Place an

A

Under ardinary ciroumstanges, if I were ito make a ssa voyage of four hourt

AFPFENDIX A

Cania a0 e -
LT B T R YO N
G N T RV S T S
" e R R A A O ]
* . - X - N . R : n
. .

HISTORY OF MOTION-SIOKMESS QUESTIONMAIRE

1.

o L tho proper answera.

duration during a moderate wind, I prediet that I would:

B,

C.

De

E.

1, Deoams very seaslok, to the point of nansea and tumiting
2; Become queasy, pale, and feel very uncomfortable
3. Be only slightly affected by the voyage’
4, Be unaffected by the voyage
xo Gould not predict bsocause of lack of rocent experience
I have teken esea voyagen?
Often___ , Oooasionally____, Rarely 3 Never ¢+ Jome years age____
Regently___ .
In the resent past I have bacome . soasicks
1, Usually
2. Bometimes
3+ Rarely
4, Nut at all
X Inqufrioient sxperlence
I am or was susccptible to seailokness {Mark ss many as are correot )’
l. HNow
2. During high school years
3. During grade school ysars
4, During pre-school years
5. Never, to my knowledge
Xe Insuffiocient experlenoce to make a Judgmont
IX,
Under ordimary oiroumstances, if I were to make a train trip of four hours

duration, I predict that I woulds

l.

Become very 1ill to the poinmt of vomiting

2, DBeoone queasy,pale, and fesl very uncomforiable
3. Be sliphtly affscted by ths trlp '
4, Be completely unaffested by the trilp
x. Could not prrdiot beocause of laok of oxpsrlence

Please anlinr the questions below as ssourately as possible.

THINK QAREFULLY AROUT EACH QUESTION BiFORE ARSWERING T«
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I have taken train Srine
Often t 036‘1&10;.‘;1.& sal oy p Maver

d -r.-u--.- o e b s wierrn ¥

. Asgomtly

11 the resent poet 1 dave bLoarues $oein alok:

l. Usually S - co
2. Somstinmes’ '
30 Rarely

4, Nt at all
%o Inenfficiont o orliance

1 am, or was, avsessidle o 4ain slcknsss: -

i New -
2, During high sehial years
3. During grads s+hodl vears
Puring pre-schml Tasd
5. DNever, to my knuuladgs
Xo Insuffiolens experionee tq wveke n Judgmont

NI,

T e

; Some years age s

I, Under ordin-cy uirmmstqmes, i? I wero $o teke a girootosr ride of one
hour duration, I prad‘at that I would:

Jo

K.

L.

1. Become very 411 to tha point.of vomiting

2. Beoome queasy, pule, and fisl wvery uncomforitamble
3. Ba sll-htly affectnd by “hs ridn

4. De completely unaffcoted hy the ride

z. Oould not predict bacauze of lack of experience

I havo takon dirogtanr rident

IHften » Oocgalonclly ’ ‘1&1'&13' s Never __ ., Jome years ago P

Rooontly____

In the recent past - heve boscus atroetaar sloke

1, Ususlly
2, OSometimes
3+ Rarely

4, Not at all
x. Jnsufficient experlence

I smyor wag;susosptidls Lo etreetosr sicknosed

l. Now

2+ During high sohool years

3¢ During grade school yemrs

4. During pre=-schodl years

5. HNever, to my knowledge

x. Insuffiolent experisnges to muke a judgment

:
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V. _ .

Y, Under ordinary oircumstanoces, 1f 1 were o muke an automobile trip of four fg?:
hours duration (as a passenger) I predict that I woulds - ‘

1, Beooms very ill to the point of vomiting

2, Becoms queasy, pale; and feel very uncomfortable
3+ Be sliphtly affected by the ride g
4, Be ocmpletaly umaffectod by the ride C
%+ Could not predict beomuse of lack of experlence -

=

N: I have taken automoblle ridos as a passenger’
Oftan ¢ Oocasionelly y Rarely s lover ¢ Some years ago_ ..

Recently,
0: In the regont post I have Yecome cor sick whon riding as a passenger in an
sutomoblies

le Usuvnlly

2, dcmeatimes : .

3. Rarely

4, Hoat at ali

%o Insuffioiond exp&rimnco ‘ -

P. I am or we3,cssseptible $o onr sdshacsa when riding na a passongor in an
auwtomobiley . .

Lo Yow

2. During hiph sihooi ysurd

3, During grads soheol yoors
Jrlng pra=schacl yoara

. Hever, L¢ oy krowleigs r
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vi,

In tho following 1ist indioat® any situaticns which have within about the
Jagt ivo veargrrmde you feel nausentod to some degres. '

3. 1.
. 2.

Te 1,
2,
3o
4,
5o
6,

N
8

Motdon ploturses Yes__, "lo__s No bxperiehué___

Driving past trees through which the aun flickere
Yos____p No____» No sxperienos__

Merryego-round: Yos__ s No___

v No experience__
Ferris wheels Yes_ o Ho__» No experisnce___,
Airplane glidert Yea___, No___» No experlense___ .

* Rlevator .. Yes___» No___» No experlence__ \
Loop=~0O=Flanet Yos___; No___s No experience__ -
Iindy-loop? Yea___, No___r No expserisnse_

Roller coaster:t Yos___: No_.__» No experience___
The whipt Yases___» No___y No experionas___

S
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APPENDIX B
INSTRUCTIORS
Dear ___ ‘ :

Ve are aeking you again to porve as a uub,ject in one of u Boriu of ixporv
iments which we are doing for the national governmemnt. In this expsriment we »",
are asking you to toke two drugs on two oconsecutive days, e are interested in -
their effests on you because you are one of a group of subjects on vhom we ale -
ready have (or will have) extensive data, e omnnct tell you what the druge ars’ ﬁ
8ince this would interfere with getting valid results. Ve can assure you, hawv ik
ever, that thay ere harmless in the dosage we are using, and are not likely 1o .
inoonvenisnce you seriously, «}éﬁ

Your reactions to the druge will be indicated on questionnaire forme Ihio‘_‘
we ars enclosing, It is of orucial inmportance to the walidity of thio work “*° -
you assume responsibility for following lnstrustions clozely and filling out tﬂ

questlonnaires ns mecurately as posaldble. . 5%
. 7-1.'
Gereral Instructions | #
. » ) .

1; Do not taks the doze if you are 1li with a cold or other disturbances. - .

2, Get a gamnl (for you} amount of sieep azoh night precsding tha dose.

E o
mww%
4

[1

3. bo not take lerge anounts uf slachol the day bsfore or aany aloochol during t

two days ol tha smerma"ﬁc ,':'Egi-
_ . E
4. Drin.'a: nesthor more nor legs aoffes tran yom tsually -o. - 1;
, i
1o d
P
5. Sroke neither rois cor less thei t el ,2_%;-
' A
6. Do not tnks sry onazme droprs ferndiom, basasaring: slsepliag medioine, ﬂtcb}v_};;g‘
on the duoy Hoinrt oo duringe the caierinent . i
7. Do not terks %i- c'cn or. degn owhod enpiidug crvgusly exalting, or v‘-ia]")z'am:’t.ﬂgﬂ
is hapreni g (ﬂix renl oo Comecuc jEe"H.A davh acwr=ritter; athletio contaab‘i‘
bad nemsy vl -
‘ LR
: L
8. After you jwov. . i Lhe Aray, vwe2 to i3 477 your duy reanine nermal., Do t
< ! . R f?r‘*:‘!
not suicentiy Tandda Lo teks w i o Ut wnior, g
;‘Lf;':,:
. ) gy
7« D2 g2t dleise the espaniiaT wabh g,m" woobiag anvoent it oat fraternaty Uk

nenls, aynprpdng n*‘*f cdnaycobher & breatt. ol 90a raasilv ruln our experimardy
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will be of Goﬁaldorabla value t0 the general project. _ Sl e P

. Ps B. Keep thia letter for refersnce, = T : ,,; B

Three hoursu latet {bul in uﬁylaaaa befire luae a} ”ill Gut & queﬂtiéﬁnglri;
soal it in an suvelope and mnil it voems. . *‘

After dinner in the evening, ,111 ous-a adoond quﬂstiannair&g gonl , aﬁd msil
it AU

» . s i

choét the prosedurs on tha failawing dny ¢ o %

Your ceopersiion will be gresily sppracisted and the rasulta thﬁﬂ ankillud ‘aér
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3

“awake thow ususl,

o

Tl - R IR - KRS AL

APPENDIX &

DRUG EFFECT QUESTIONNAIRE

Indioete in this questionnaire the sffecte of the drug we gave you.
Note that we are interested; not in after~effects (4i.e.; hangover
effecta, ete,, aftor the drug effects have worn off), but in the ao-
tion of the drug itoelf. You may expect theese to last 6 to 8 hours
or more.

Choose one alternative in each quostion.
Be very sure to omit none.

Ars you norl or were you al meals &} moro hungry than usual §
t) isss hungry than usua + 6y no differsnt than usuel

_?

Tags you drunk g) pore waber than uzual _ s b} less water than

usst , ) gare amount of water as usual %

M

Oy {sr 8id} thr palms or yow: hands a) appsar damper than usual, »
L) frol 3ricy than usual____.» ©) appasr or feel no different than
veunt . 0

Ars {or woro) vour Tnada a) slasdlor ihas usual » b} lesa steady

than uswal, . ; <) w0 Alfferord tlan uawsl _ _7

To {o# vdd) you inel n) more alaer. “han wsnal,, . s R) mere wide
s o) no difforent than vsual ?

o

.
Ga for id) yoo feal s} mora anseriul than usuvad. .3 b} more deprmsced
T

than veval ~__.r e 20 diffzomy tonn waral L0

-———a

Fews yomowelas. 0d A wore thom vohal s n) ledgs than vsual

n) aunme as el 3 .
Fave you tuen ~) Jeps taikas e toap vsedl, %) move tolkative

4van weval; o) Tong ma useal : :

YELL @y eo0k el o toltatlic oo o parsd with normal _>

Eres yrur shon
Tt e gamper e n 0T par . _-wYme didferemt from

1) Lnb e

rere
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14,

15.

.16,

7.

18,

19,

Lt B e

avaras of yous heers basd i‘m wouewrl oy G wetnad ¥

-t s o

Have you been ) pors uotive than urvel .} le8u active than usual___

o) normal _____ 1 L

Have you laughed and joksd a) mers than uewnl
¢) nerital ? .

(reyregent s 2

lest night did you sleep a) Litier than usuul » b).worse than
usunl s @) noreal_ ¥ ,

Have you beecn able to oonosriraie a) botter than usual y b) not o well

o

w0 usval___,__; ¢) same ae usual__, . f

‘Have you had headauhu today a) mors than usual ..b) less than uuual

o) normal_ 7 .

Have you been @) itao sweio . your Be.ry beal plvel Lgual s b) move

Has. your thromt been a) dricr than uoual s b) less dry then tsual

o) normal __ %

Have you felt &) leas narvous then usua.____, b) more nervous than usual

o) normal_____7%

Enter balow the number of oups of ooffee and amount of’ umoking you did
tadav, if anye If noms; write in the word, nore.

s+ b) leps than usual .,

Sups of oaffes  Na. of olgaretiep Other smoking

baforas 'broakfuf

st broakfast

during the morning
st lunch ' : .

during the afiernocon

at dinner
gings dinper '
22, Did you teke any other drugu yom:'da; or today? Yes  _No__.
If gos when_____» What 2
23. Did you drink any oocoa today? Yes  No_ . If yesy how many oupa______*?
24, At what hour did you take the doss of the drug we gave you 7

e

,
o
LI



25, Vhat time is it now__ 7
' 26, What kind of a drug do you think you took ‘ ?

27, In summary, do you think you noticed drug sffects today, a) none ’
b) elight » o) moderate » 4) considernble s ©) extreme d

28. 1If you had notioed effects, did you notice any we have not listed!?
a) no__y b) yes__. If "yes", what were they?

+

29, Uhat one or two eymptaoms of the drug effect ‘mo most prominent in }0‘!11"
case? :
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AN IRVESTIGATION INTO I'EE RELATIONSHIP OF THE
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"AN INVESTIGATION INPO THE RELATIONSHIP OF THE Co
-  BLEOPROBNGIPHALQGRAM TO MOTION-3ICKMESS SUSCGPTIBILITYL

y

| - INTRODUCTION

- glckness ocusceptibility 1s a result of a dovient oonditiom of highm,‘ TArVous

| activitys If subjecto wers selooted from a group susceptible to motiom s:.ol:#

. noos and compared in termp of their eleotroencephalographis records with au?*ﬁ‘ o

- joots pelected from s group who wore not susceptible to moblon sioknesg, i
1t be possible to differomtiate these two extremes of the population om the .

N . bagls of thelir LEGa? This guestion was put to experimental test im this .

’ study and the elsctroencephalographic records of the two samples were care=

L fully examined for eny differonticting oharacteristice. . L

This invesiipation wie undartaken to dotormine whether or not’ mm— - §

- mo_ns P . Lo ) "' o “
3 . : . - - . - 35’
A Motion-Sickusce Invontor#z wag ad.ministarnd “tor 29" male aollogo atudoutﬁ
in psysiology clasaes at Brown University. The questionnairos wers sorYed at i,
Wesloyan Univergity by G. R. Wendi vho then sent D, B. Lindsley the rames of t?’*f
13 men with experdence on all devices llaiod who had nevar been motion slok -
mad of the 13 . vnm wlih the greatest amunt of sicknsss, The names ﬂrl
arranged in the order NNSHSSN3NSS, ebe. (M ¢ non-susceptible, § = |
without indication of susceptibility cimseificabion. D, B, Lindsley N
tc work down ihe ligt, getting, 1f possible, each subject. The EEG'e I'art ”,"?
. recorded at the Erwa Fendlstion Nradley Home, each subjest golng there by bug . i
- or ente, UOcolplitel, pre-centirelyand-frontal bipolar-and monopolar lead res= -
orde wers.taken uider mormal conditioas snd diring two minutes ﬁ?pornrrbilatm
The LEG's ware laspeated for abnormality rrd repraseatmtlve eamples were mea
without knowledgs of the suquaptibilitj clagaifioation of ‘the subjects, and a*
raport was preparci on edch subjeot. ~ Yhureafter the reoprda of the cuscup‘tihhg
and non-cugeeptiiiof wale sorted out sid oompareds It happened that 10 of L
esch clagsification hau bean uassd.

i N
RN

[

MotlonSicknz 3 invontory. The ¥: tim,maiﬁhﬁiﬁﬂﬂ Imrentory requires the %
nubjact '!',u repart .~ aetimate hig gusceptibility- o sickness on om:h of M ogﬁﬁé

T T A - MY i 1~ T, -1 1R - A by R st e e e A - - n )
s I . - | s

1'1“‘{11.& gtniy wns sollateral 1:0 a a-ries of investig;ations intd the nature. —-:1?-"
of suseaptibility 4> vho nausoailng effects ol mulion ‘done with the support of
srantg~ieesld from t%: MNational Researh Cownnil fommittee on Seleotion amd T
irg o Alroraity Pilots from funds provided oy the Jivil Réronaptios Administr&ﬁ&
ond adaladetorsd by Woaleyan Univereits, Tho wreszemt investigation was conduaﬁ_ﬁ
wTd oopoorbed oy the amm Pemdlebon 3rrdley liome, #. Providencs, R, I., and BT 5"
v calky,  feeaevan Univeralty collaorated in tre glanning of the study u.hd
ihe mafootien of thg srbjeeta. Do B, sdndul oy med his gtaff donated the’ l&bor .

velved #n dtaking and arn »}"‘iﬂu ihe 910““' *UU"*"N"]‘“WM’ o
o 21’_500‘ Appendis A, - BRI ' ) ' i
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e
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ron devioen,

The 292 questionnaires were flrsi ordsred on the basis of scoces obiained
from an g priord sooring Ley (cee Appendix B)y  then ihe extremes of the dig-
tribvution were re-orierdd to welnst as non-auscaptibles only these with expunieﬁoo
on all oammon devicen, who had himtorles of complste freedom from moilon sicknose,
anxl as gusceptiblea only tlowe whe had tho greatest amount of reckhnt metlon
sickness. The total group of 232 psychology students was more heavily welghted
than weusl toward the suscepiible ond of the diatribution, so that wa were able
to obtmin our 13 ewjects without revcurse to a larger parent population,

Our recent experiencs with adminietration of this questionmaire to 1943444
naval aviation cadet beginners shows 22 out of 1637 with susceptibility amcores
in the region of the distribution of the 10 subjects used in tha present gtudy.
Validation data ehowing a moderataly high relatiorship of questionnalre scores
to sxperimentally produced moticn sicknsss ars now available from the same re-
cent studles of aviation cadets, using howevsr, much less astriot standards of
seleotion of sueceptiblos {only one out of 110 suscepiibles tested being es
prone to slcknese as our "susneptid’sn®) and eomewhat less strict standards

of seleotion of non~susceptiblss.? Uf it is allowable to extrapolate from
those data to the present pubjects one would expect a high degree of validity
for the questiommaire classificetinn of the 20 subjecis used in thls experimemt, .

acoding and Urens thod, - The EEG°e were racdorded by means
of a four-channel Grags inkwriter, Records were taken during a 15~to 20-minute
perlod, while the aubjeot wae reolining on a aot with eyes closed in e seml=
* dark and sound proof room. An gbaerver wap present and slgnalled any mova-
ments which might cause artifacts. The cbmerver also dirscted hyperventilation
procadures which consisted of two minutass of over-breathing,

Analysis of EEG's was ocarried out aoccording to a standardized methed.
Three meters of record were taken at random from the total periad of the EEG
for detailed analysis. The frequency, amplitude,and percent~time of alpha
and other rhythms were measurad from each ssmple and everaged, :

RESULTS

The hypothesis which led to this investigation set up the expectation that
"susceptibles” wéuld show greater deviations of the EEG {(espscially presence
of musual amdunts of §-T/ioc. activity in pre-gentral and frontal regions and
a resporise to hyperventilation) than "nonesusceptibles,” This expactatlon was
not confirmwed, either by the results of inapeotion of the reocords for obvious
abnormaiities or by measurement of nine aspects of the records. Wa were thareby
satigfied that the extreme hypothesis adopted was inoorrect; abrnormal EEG's are
not the rule in susceptibles. The present methods_have demonstrated no validity

3Dtta of studies dons under dirsotion of G. R. Wendt for the Committes on
Medical Research of the Office of Selentifio Research and Development.

4Torthooming report by Alexander, Cotzin, Hill, Ricciuti, and Wendt to Nat.
Res. Counoil, Comm. on Aviat, Med,
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S APPENDIX A |
MOTION-SICKNESS INVENTORY ST

Direotions: Below are listed five moving vehicles and carriers whose motion :f;g

oan produce nausca {sensickness, car sioknese,eto.). Think back over your T
own expesrience with each of these and answer according to this soale! :

(x) ‘Have not had emough experisnce to know whether I would be affected.
(1) Am now somewhat subjooct to aickness. iould probably vomit if the

ride were long and roughs
{2) Used to be subjeot to sickness (a few years ago or as a ohild) but

B
e 2 AR

g -

am not now subject to it.
{3) Have been somewhat subjéct to nnusea, but not to the point of vomiting. - e
(4) Have never been affected by rides. g

T A ki

B, R1dag in boeis !peasicknesa)

3
'

A A A T N T s

b, Rides a# a panasnger in auhou
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%/ The -3 Invontory is divided imic two groupss
?f}‘ - (1) The more gcomon mation snrriera-
A a. boavyu
; b. autos
¢. +traina
d. s#trostoar or subway trains
e. buses

(2) Davioss,
fo ealevator
g« hammook
he lawn swing
1. merry«go-round
Jo Ffarrls wheol
ke -reller coasher
1. ths whip
me eairplane gilder, loop~c~plana, eto.
Ne airplane rides as a passonger

- Lora importance 1s attached to & history of slokness in the first group
. w0 the unit soore valuea are different in the two proups. }

: . Itemg axs ihems f-n
{x} Little or no experience Assipn average value (x) Assign nverape value
) ef all other checka . 0f all other oheoks
(14} to enoh 1tem (1=3) to ench item
- ashegked in x. checked in x,
Now subjact to eslaknamaw-~ . ‘
probably would vomild Ceunt O {1) Count O
Subjeot to sickness ns &
enild=-not now " 1 .
Somewhi~t affected "2 (2) Count )
Never affectad "4 (3) " 2

P AR AN RN T M

:ﬁ; ‘Notgt If subjest ham ohecked more than throo items in oolummn x (a=n) a deduction ip
F made mocording to this seale,
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- STUDIES IN MOTION SICKNESS
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A YOTE G AN UK USUSEFUL EFPFCRY T0 INVESTIGATE THE EFFECTS
O YaOTIBULARLY INDUGED HNAUSEA
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SUMMARY

-MM Bunmrizeu two limitad

e 1nvor§qigations in vrhioh the effocts of environmental tempereturs on
g motlon«slokness retes were stnrdied, 3Sublectes selected on the btasis
P AR of motlon~gicknses history ihventory scores were matched and divided
;%f ~into two groupa of 16 subjlescts each. One group was subjected to a
W _ modifled form of the Doreus tilting procedurs at a room tempsraturs

of TOOF, and the other group was subjeoted to thé pame procsdurs at

© & room-Yamperature of 90°F. ‘hile the subject was lying supine and
before bteing tilted upright, hie enr ocanal was irrigated with ioe
veter, “However, only 2 ocases of vomiting and 4 cases of subjeoctive
naussa were obtained. 5ince it was suspected that the low slokness
rate might be a oonsequence of malfunotion of the irrigetor a cheock
‘sxperiment at a room temperature of 809F, wms run, uslng 9 of the
men who haed shown no symptoms of illness, employing an. irrigator of
differer} design. Thie device insured maseive irrigation of the far
ond of the canal, Two of the subjeots yomited, 4 vere nauseated,
and 3 were without oymptoms of slokness,
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The effects of suviracirtad te poraburd e nslion gickness raten have ooy ‘5;

teen properly lavesiigoied 11, 3 uhe gzateral oconvietion of the violims of B

S
girsiokness and car alokncecp ihe. heat inmercas fhe vondsucy to illneas and *het iﬁz
.temporery or complebta wreller s ciicilrubic by petting in s cool breeze. Paycho-
logical exnlanations of the tlleged bel offests of heat {attriduting them to .
facilitation of the victin's prec anfm‘on wiuh hls Jicsonfort) and physios T
iogieal explanations {atirituii.g thom La tha CONIBYUINGSS of puoling of Eload B f:‘,;

in the lowar parta of Lhe budy dus o v:30dllotatior) have bean propossde ﬂ;
si}ieén
Thie investipation s desiyncd 1o teol vhebhet thy allegsd dnorenze of %
vomiting under hlgh temporeturces is *vue, To produce slokness a modifization A

of the method of R. . Doravs wua emyloy r2d oo | wiase ~% the biwe this invesbiga-. ::_’:?
tion was conduotsd this prooeduss woneurod vo be the mast suitatle one a‘milabhsf

Bogause the irrigeting pracedure w3 nud sowplsioly cffective im producing siak= ‘%
ress in this study, o cheok expeiocat wae run 1n vnlchk a pethod of mecsive L
irripation of the auditory ocmmal wio oiployod. & brief dicoussion of the shwsk. /i
experimant follotrs this note. ‘ BT

PRTHODS OF Tils ORLGA1.T. EXTSRIVENT

Students in m olass in imtrodusbtory peychology served as a'ubjoutn. Baoh - [;

had, at an sarlier date, compleied a liobtion wigkness history inventory (see "’e
Report No. 1I, Appeadix A), the stores of whion wers ueed 10 match the sub- : f;;
Joots in assigning them to the 7)9F. mand TCOF, Groups. Sirteon subjocts served %

in eash group. Nine of them would have boan defined as non~cumceptible (no >y
history of motion sioknese), one as auucoptiblo ‘recent hiatm-y of motion o }g
‘slckness), and the remeinder as "intermodiate.” _ e
F';r:’%,!g
Standardisation of procadure was uchloved by complete pre=-planning of in- L
structione, with the intent of induoing a matter-of~fact attltude of expestansy  ''vv
of slokness. Tho inatruotions given to oaoh uubjso’a are listad in Appendix A, _,'..1-:;"_
Zach subject spent 30 rminutes in the laboratory., the first 10 minutes being 4&;‘-@5’»
devoted to preparatlon, instructions,and rests T mirutea to the nauseating pro- %
gsdure, and the remainder to rest. The subject, in trousers and undershirt, SER.

o]
M

L
Sty

1This is ons of a number of investigations imto the conditions of motion
sickness ‘dons with the pupport of grante~in~aid from the Natlonal Regearch
GCounoil Committes on Selection and Treining of Aireraft Pilote. Mr. G, F. Taylor,
Jr.y vos in charge of the laboratory work, Dr. G, JJ Hill, Jr.; amd tr. J. 3, iy
Helmick helped with the conduct of the study. The uboncopio proocedurcs were aar- - '
ried out bty Dr, 3, J, Alexander, - ' o

2¥ondt, ¢, R, Motion gickness in aviation. MN.R.0. Division of Anthrepole
;g‘ amd chhology, Committee on Seleotlon and Tnining of Alroraft Pilots, May
» Pe °

3porcus, Roy M, The 191‘11.120! of meiohmﬂ- sffective dogep of epine-
v b « Washington, D.G.3 Civil Aeronautioss
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lay supine on the tilt table with recording appératua adjusted to ohest, erm

anl lege The constent~tlow irrigating ear~plug of Dorcus? was inserted in the
eanal and hold in place by the subjockt. The irrigetion=tilt proocedure was as
followzd (1) with the oye~ear iineé vortical, noss up, the ioe weter was
allowsd to flov ints the eer for 2 minutes, (2) the tili~lable was raissd so
thet ths oye~car 1i.a was horisontal ang irrigation continued for 30 seoconds.,
(3) irripation was wtopvod and the subject bent head and shoulders forward

39 that the eye=sear line was vertlonl, nosze downj thils position was held far
30 sscondsy (4) the head and shouldsrs were returned #o that the eys-sar

1ine was again horizomtaly (5) within 4 uinutes the subject was removed from
tho tilt-teble. Alternate days were davoted to work at 90° F. and 70° F,

Rooorde wore oltained for the purpcoses of detedting siockness and other
physlelogload eoffexic of the ealoric ofifmulation. Observations wera reoordsd
on oreparod sheets (ses Appendix L) Five degrees of nausen,; from none 4o
tha sragenss of vomiting, were roted during the experimemt, and additional
inforsat tan on the Jluration of symplioms wes: ohecked on & speciml form (see
dpyandiz e}’ by amch avnject anl returned affer 24 hours, Other data recerded
waray (1) aystagmus, obasrved by lha asperimenter: (2) movement of a visual
Slrablon srags, veporiad by the cubjach i (3) diesiness, after tild, reported
Ly dhe cublact ' {8) wlaxia efter removal) from the tilt-tabls, obssrved by the
2g ovivantes s (51 ovin torporatwe o oa forehwnd mnd baok of hand, memsured by
3 tearroaoupled (B8] reenrds of pales, of thurroie and 8bdeninal breething,
photoryvpoguphisaliy verordad? (Y airisl dotorminations of eystolio and
Alastolin Tlom! prensires 2% 3 gscend lrterwale, ressrded by graphic method.

BOILTS

In wisw o the fuavfachi-osr-gs of the peocedurss for the production of
el cknoss She Tollosing Wicd shov-onorks tay he madse rolative to the findings:
JIovL begmis sl gl serwsbila in 51 2T the 32 nagec, indlosiing that the
Iprdeasor sae Lo awrs axdenk cffonlee ca the vestibwlar spparatus) (2)
on: oot oaf the 14 30 tos 90 FU ovoun med 3 oeud of the 16 of the 709 F,
grovp veritedg (33 cnm 20 She 99 Fo ogriue and 3 of the Y0¥ F, reported slight
pp osderabe aousang (4 tobr o0 obo oo whs Tunlied and the ong who reporied
prsem Indised of oo Tenremen of - et ane aleer deceriura from the leboratary.

The praie ws & rydiedna wpessbel Lhat the drrdppior wes te some sxtent
af 2nath sy 2Vl eash he 1Et Eosinenda gf glalussiy on tho other hand, railesd
tha cunndelion o Lo asfier sy welidroala yolune of rld weler was rosohing
fihe Liney srd o8 She cemtud, LIrouns B Bhe aunnlo. Pos tnds ressan the

-

sapsrianat wan atapic 23 o nowonek AxXreTimens pun b0 anc the hypothesis that

pasctve Irvicocfes of ihe dnd o Lhe audliory sasnel tendad o produca greator
alokowas Teved, ’ .
TEE Lo OYVERITEHD

WETE v R Pl oeevad i rle frara il experimest <l lhort showding nevison
fiovemiiinge e om0 A ond el oas gabdectia, AV sowmosln of Lthe procsdure
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and records were identioal with the preceding experiment, except thats

(1) the instructions were only reviewed, (2) the room temperature was kept
at 80° F.y (3) a modified form of aural irrigation was introduced in which
a soft rubber tube was inserted into the meatus until it approached the
tyvpanum, making poasible massive irrigation of the innsr end of the meatus;
this tube was fastened to the head by means of ndheslve tape.

It wns observed that all of the subjecte in the cheok experiment showed
greater nystagmus or ataxia and reported greater visual movemsmt and dixziness
‘than they had in the preceding experiment, Two vomited, 4 reportsd moderste
or sovers nausea, and 3 reported no mausea. '

-1t appeared that the method of Airrigation used in the preceding experiment
wae a less effective means of stimulating the vestibular apparatus than the
method of inserting the tube into the meatus, olose to the cansl. Un the basls
of the findinges no leads wore obtained as to the effects of enviromental
terporature on sickness rates.
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A lNote on an Unsuococeseful Effors to Investigate

the Effects of Tempsrature on VYestidularly

Induced Nausea

II1

APPERDIX
INSTRUCTIONS
SICKNESS RECORD
G, FOLLOW-~UP QUESTIONRAIRE

A.
B.
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