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high degree of react ivi ty  80 m e a r i u r e d  i s  amoch ted  d t h  eesentlal  hyper- 
tension. Children of hypertenelre parent8 tead to ba -atore., aod . 
hyperreactors tend to  develop  lgprtenslon. Moat Qperttmsive individuals 
ere hyprreactive.  

The breath  holding test was d e v l e d  by Ay~uan  a d  ColdebineL as a t e s t  
of wiscular  reactivity believe3 to be fully  equivalent t o  the cold pressor 
test. The seated subject was a l l o w e d  to m a t  until his blood pressure had 

tarily in exhalation for 20 seconds. Exactly a t  the end of 20 ssconds t he '  
ceased to drop. Then mithout ov&-breatblng, the  breqth w s  held mlun- 

syetoilc blood pressure van taken. After another rest the same process 
m e  repeatd and the diastolic  pressure was taken. Aylnadand Ooldshine 

the  same rssulte.  p i s  result bes been confirmed by others. 
contarded that *h breath holding and cold pressor tests gave substantially 

PrnCEDUREs 

The procedures  of the prepant  experiment ware des ignd  to &plicate 
th esaentlal  features of the cold  pressor and breath holding  teata as pre- 
viously uaed. Eowemer, aomerhat m e  elaborate  data were obtained by ss- 
our- pulse rate and breathing recorda. Investigation of the stinnilation 
of the foot by cold mater was also added. Several cknges in technique 
were inb.oduced.in the i n t e re s t  of standardimtion  of procedares and in 
order to make pomible the  aimultRneous study of cold  preomr and breath 
holding t e s t s .  The general procedum was to have each subject rest on a 
be3 for 30 minutes, after which recorders were applied and atipnilatiom 
givm  a t   f ixed   in te rva ls   dur ing  a period of 23 minutea. Cold pressor 

20 mirmtes. A oounterbalancad order of  stimulation was used w i t h  di f fe r -  
teste were givan a t  4 ,  8, 12, and 16 minutes and a breath hold- t e a t  a t  

ent subjects so that possible progressi~e changes were controlled. 

A. of :s The proce- 
dures were conducted by an experhenter,and nn assistant.  The subjects 
r e c l i n d  on beds durlng the  teatlag. The lnon m e  on a staggered tine 
schsdule between 7r30 P.M. and 10 P.MB., 80 that uhlle  one aubjeot ma rest- 
ing for 30 minutes data were being %ken on tine other. Toward the end of 
the rest period the'recorderc were applied and adjusted. Four mlnutes  of 
resting record were taken to 68tablIah a base line d then the f i r a t  cold 
prassor stimulation ap?lbd .for one mlnute. This TES repeated on hand or 
l o o t  a t  8, 12, and 16 mlnutes.f, Breath hrjlding for 20 eeconds began a$ 
the 20th minute. This test m s  not repeated.  

_. 
'+Aym&, O., and Goldshine, A.  D. The breath  holding testa a ~hple 

standard stiolulus of blood preasure. &b ht. Mdov 1939, &, 8'X+906, 

c ien t  time between a t h u l a t i o n  parids for a l l  pulse, rates and blood pms- 
5~em1pus expertmentation ~ ' ~ i c a t t x l  that three m u t e a  nas df i -  

surea t o  return to tholr  approximate base linaa. 



the  foot. The order of these m e  predetermined so that  suaoeptibles and 
&ah sufijmt lls3 tm cold rithuli prasants6 to the hand and two t o  

non-susceptible6 mra  equal ly   rapasented '  in the var ious   s thu lus  sequences. 
'pa0 from each group serv@ under each of the.six possible  combinations of 
hand,  hand, foot, fbot;  that is, four subjects went through the  sessions 
rrjth  the  stimulation in the  order of hhff, and four under each of the other 
orders: hfhf; hffh; ffhh; fhf;l; and fhbf, In most cases the four aubjeots 
used for any o m  order of stimulations were run in the Barn& evening, tro 
ausceptibles and  two non-ausceptibles, and in general the two groups of 

and 9). 
subjects usre diotributed among the varioua arrival times (7:30, 8 ,  0r30, 

B. -e o f  cold DPBBBO~ E-. Aa statod above the cold  pres- 
sor s t h u l a t i o n  u a s  begun a t  a fixed time ra ther  thtm in   r e l a t ion  t o  a 
base line judged by the experimenter., This change in the  technique of 
Hinas was regarded as essent ia l  for proper experimenhl standanlieation. 

The herd m a  placed i n  i c e   r a t e r  for  one minute, removed, blotted fa i r ly  
In other respects  the  technique  of hand stimulation ~RLS the same as theirs .  

dry, and placed i n  a sack of turkish toreling. The tachnique for the foot  
was similar,  the foot being lowered in to  a pail of ioe a e t e r  a t  a conven- 
ient height  beside the bed and h e r s e d  up to the ankle, after one 
minute, dried,  placed back on the  bed, and covered. Rater temperature8 
were recorded. They varied f r o m  2.2" C. ta 4.40 C. The average for tha 
hand was 3.60 C. and for the foot 3.10 C. 

C. -e of the 
siderablr  modified from the  o r i g i n a l  procedures of A p n  and Coldshine. 
The subjects were supine rather t h n  seated.  Intrapleural  pressure m a  
atandardized rather  than being allowed .cO vary. Standardimtion of pres- 
sure me obtained by having the aubject blow very slody a f t e r  -ation 
through a tube connected with a r a t e r  mantmeter, keeping it st one inch of 
pressure for 20 seconds. Each eubjeot m a  given some practice nitbthis 
device  during the rest  period w that the  problem-solving aspects of the 
s i tua t ion  were reduced to a minimum. Suoh 61 ayatem used wlth a very slow 

mun volume of air output for  maiatemnce of the  pressure; The procedure 
leak m a  easy to maintain a t  conatant pressure and required only a mlni- 

in t h l a  study appeared tc be experbental ly  more desirable thin the  orig- 
inal which allowed the bubjeot to determine his o m  int rapleural  preeaure. 

D. Recordp. Three classea of  rscords taken were auscultatory measures 
of Bystolic and d ias to l i c  blood preesure,  photclgnographic records of 
pulse  rate-and  breathlng, and a ranking by the subject  of the relative 
amount of pin eaperlenced from each of the f o u r  cold preawr stimuLetions. 

1. &&&&&r~ blood apestjl~p9 meem-, A cuff r a s  applied to the 
opposite arm from that used for cold  stimulation, Measures were taken a t  
3&second intervals throughout  the experimental session.  Systolic  pres- 
sure was reoorded a t  the first eound heard and diastblio  pressure a t  the 
last change in sound from a sbarp to a d u l l  beat, Certain d i f f i c u l t i e s  
were experienced in reading  diastolic  pressure s h o e  the application of 
t he  ioa nter  changed the character of the  s o d a  sommhnt in 6aae sub- 

, The breath  holding test iraa con- 

, 

i: 

. ,  . .  



mULTs 
A. 
the blood p r o a m  readings, pulm records, breathkrg reoorda, and aubjec- 
tln reports of ra la t lvo  pin. Each of these rill be taken up in turn, 

an8 r e l i a b i l i t y  flgures w h e r e  applicable, 
inaloating t h e   o b t a i n 4  results from susceptiblea and non-mulceptibles . 

. The available data  on the cold preswr t e a t  were 

1. -. 
the  first, the staadard mothod used br '&b (mxiiim s g s W a  a d  dia~tK.10 
rlsd8); -the oescold, by continuous.plottlng of 6ystollc and d ias to l i c  blood 

base line for -ah test was taken as, the avprage of the  three readlugs im- 
 mediately before  the beginaisg of stimulation. The differsnae between t h i s  
base line and .the highest read- dthia 30 s ~ o d s  after stimulation m a  
taken as the erudmnm r ise.  The prooednre f o r  the swond method was the 
folloring. The artire record of each subject was first plot ted on a con- 

The blood prosnure data rere handled in two .eys, 

p~8e~n W i n g s .  The proceduX'e of ,  the first m e W  -8 88' f O U O T 8 .  Tba 
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d. Ths duta  were reaxrmgad t o  see whether  euccessive stkula-  
tlons of the hand or foot gave greaws reactlon than wha a etiPolatlon 
of one member was seprated b e f o x  i t s  seannd t r i a l  by stlmulation of the 
other rntidmr. The systolic/diastmlic riew are a8 fol lorsI  had follow- 

13.6/l5.5; foot  Polloring hand, 17.6/1662. InfQeOtion o f  these f&ureS 
h g  hand, 9.0/10.81 hand follolring  foot, 7.8b1.3~ foot follorfng foot,  

ahom t h a t  in three cases pressure rises were less when the .game mmbar 
was re-stimulated on the next trial,, m a  in one cnae the preasure rise 
.(LE greater, 

uated in term8 of the mxbm b l d  preasure r laes  are shom in Table 2,: 
eo The test-reteat rellabilltiea of the cold pressor beat eval- 

These r e l i a b i l i t i e s  are considerably higher th'an are obtained wlth many 

putting high reliance on thle test f o r  purposes of l n d i r i d d  diagnosis, 
other types of  circulatory m s m n e a  but are not  high glough to  j d s t i a  

It should, of cour8ed be rewlld tbat tbeae were derived from oxfly 24 
subjeota selected f r o m  a hmogeneons healthy population, 

TABLE 2 

TEST-FLETEST F.ELlbEILITIgs OF COLD F R S S O R  TESTS 
!n., 26) 

ia&!a& Diastolic 
hanil vao hand* -76 0 57 

footp Pao foot  043 0 59 

handm va. fwtl&,2 0 6 8  ,% 
% 

b, Comparison o f ' t h e  &If% 
during the four cold preasor ayelea 







". , 
the msceptibie group rae greater than in the non-ausaeptlble gmup, AOT- 
mer, In d w  of the rather large difference i n  base lines one cannot safely 
Condlude that t h i s  repreeenta a greater react ivi ty  on %he part of the nus- 
oeptibles. ' 

, 
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I h m A T I O N  

sickness and fmm n gmup non-susceptible to motion s i c h e a s  in order to 
teat the  thesis that motion siokneas is n O O M ~ U O U O ~  of vasomotor d n - ,  

oanmonly aaoepted as being p ~ ~ a u r e s  of suoh 5nstabIlitp. 'Ihe obtained re- 
s t ab i l i t y .  They were then compared according to t h e i r  reaction to t%* 

ference be- ellghtly in a dirsatlon  opposite to thnt predioted by tha 
sults shorsd no r e l i ab le  differances i n  the i r   reac t iv i ty ,  the aotual  djf- 

hypothesis. In order   for  the results of th is  investigation to bm positive 
it wuld  have been neaessary to obtain an almost acmplete laok of overlap 
in the reactions of the  tw groups. It mep t!mreUore be  mncludd that, 
to  the aatat that these t e s t a  are v a l i d  measures of vasomotor instakilityg, 
motion aichress susoept ibi l i ty  la not a result of memotor instability, 

The preeent  subjects m e  seleoted ~TODI a group suaoeptlble to m t i o n  

rdlatlonship of tbe breath holding b s t  to the cold pressor test indicate 
Subsidiary maults on r e l inb i l i t y   o f  the aold pressor  test  and on the 

a n o d  for further exprimentation in thla f i e l d .  In vim of certain ahangas 
in  teCimlqw made by the authors in t he   i n t e re s t s  of erperlmental dea ign ,  the 
lntapret.tlon of the differenoes bet- these studies and those of ea r l i e r  
irrpestigatioas sbould await  further expelmental work, 





SUMMARY 

j. 
i '  

i, 

Thin ia one of a series of 8tUdieB in wblch certain physiological re- 
action8 in individuals suemptib&e and non-sumieptlble t o  motion e lchess  
were compared experimentally. In  the pronont exper@mt f ive euscaptibles 
and five mn-suaoeptlblea served a8 aubjects on each of six day6 d u r i n g  
whioh their reacWon8 to epinephrine (edPeaeline), to aoetyl-beta-metbyl- 
oholine (mwblyl ) ,  to @panantilation, to breath holding, d. to her- 
d o n  o? the   foot  h I ce  water were studled. The experbent constituted 
an Indirect  approach to t he  prubleme of rhether eusceptibil.ity l a  a mat- 
ter Of bld ohdatry ,  of 8bm& 8WlaltiVity to 0- or Mother o f  
a~lbstances released a t  autommia nerve endings, or  of wsomotor insts- 
b i l i t y .  

All of the mamres employed i n  t h i o  study have been ueed by the 
authors und other invoatlgatore in previous or subeequent studlea. For 
this Feagon it Bema aim to w i t h b o l d  ooncluslone about the present data 
and to reffain fsom preaantstion of reliabilities of differencw, since 
the result8 0.f all studies taken together are negative for each of the 
meaaured auployed, The data available frqr' tb, pssent e t d y  for coapor- 
lnon o f  suscaptibles and non-eusceptlbles are a8 follows: resting raa- 
pi ra t ion ,  blood pressurea, pulse rate, psssplratlon d ealivstion; re- 
sponee of the' name variable. to mwhalyl and to drenaUne, and reapme 
of the circulatory and respiratory maasura~ to b s r s i o n  of the foot i n  
I ce  mater, to breath hold- for twenty  esconda, and to hypaventiLnt4on 

dominal nolsea, eto,, mere raclorded but none yfeldsd date which were 
for three minutes, Varioabi obnervatioml data such a8 dermographia, nb- 

methodologioaIJy adequate for uae. 

i 



-2l- ' . I  

IliTtUlD,JETIOli 



, .  1. w. 
I 
, 

! 
a. m. A m p i r a t i o n  record from tha cheat m,s made u i t h  

i sprd C o l p p n y  pneumob&ph (ahich offers re lat ively s l ight  reeistanoe to 
'breathing), opemtlng a pneumatio tambour with a mirror on the diaphragm. 

,. , 

b. -rata --. A metal  tube glls slippea over 

A s d 1  leak in the systea filtered out volume cbanges, making thla a meas- 
one finger and the pulse mrrlation recorded from a mirror-bsaring tambour. 
ure o f  pulse arcplltude and mse rate. - 1~ 

i. 
c. -. In o r d h  to aynchronlme the intermittant m e a s -  

blood proesure cu?f m s  takon. I n  order to get  an  indication of the time 
urements wlth the photokpographia records a r e c o r d  of the pressure in tbs 

when the systol ic  blood preaslrr0 reading w w  taken a pulse reaord m a  made 
from a secondam cuff  attached to the wrist below the pressure cuff. 

o f  s t W i  and for syn~hronizlng , t h e  experimenter's notes with the, photo- 
d. - mar-. Thlpl ma u a d  to Indicate onset mad cessation 

la.mograph%c record. 

2. -. 
a. B l a c d . .  Spetolio and dias to l ic  preaeures mere deter- 

mind by the auaaultat.org. mathod. , Before, duriag, and Mediately after 
stimulation periods these were made a t  appro-tely 3&8eCOnd intervale. 
During fe lat ively  quiet  periods they were made a t  about one-mhte intervals. 

b. &&&g. Sweat production on the forehead and adlla rere meas- 
. ,  urd by pllaoing 8 two-inoh squara gauze @ . f o r  foureduuteeson t h e  forehead 

. application to determine the total m i g h t  of moisture retained; This proce- 
'4 a t  the ala. These vera m i g e  on a Jolly balance before arid after 

dure has an obvioua defect.. It ie probablp  not proper t o  compare indivFauals 
on the baeia of a partioular pop la t ion  of sweat glands found oa t&e region 
of tb  forehead or axllLa tested. 

c. -. A rough €dication of salivary production sa8 ob- 
tained by p l a o i a g  a dental obaorbent r o l l  under the tongue and ralghbg it 
before ard it had been in w o e  f o r  30 m n d s .  It is  questionable 
whether thi8 teofmique h a  s u f f i c i e n t   r e l l n b ~ i t y  for present purposes in 
88 much as It maples far too ahort a time perfod and probably does not 
measwre faithfully the  production drzring that period. 

d. Various other mensums and observations nera made es follonst 
mouth temperPture by the ordinary diniaal themmeter, heart sounds, 
abdominal noieea by auscultation, s k i n  oolor and shivering by obeemtion,  
and skin flare a f h r  strolling by obervatlou. Subjective reporta a l e 0  
recorded. 

http://auaaultat.org
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su&&uma 
SP-stolio Diastolic 

l2riQma~ 
blood 

74 
75 
86 
77 
76 

'77.6 

Salivation 
o_ 
1.42 

.73 
0 93 .38 ' 

.80 

*85 

.09 

.a 
1.32 

.78 
a13 



F 
! 

. .  
k , .  

WrGie th  mirmte. Salivary changes ropresent the average increase d u r a  
t h e  first three b e t a  foolloking the injection as coqurd dth the t e a t  be- 
fore injeotion. The .€onr*h test was omitted because Gf incompleteness of 
reoords. 

T!a reapoxme to racwho~l in all aubjects mas lowered systol ic  and diae-  
b l i c  blood pressure and incntased'pulse 'mte. A l l  aubjecta a l s o  a&wd 

reporta, but the recorded maaaures in a feu instances fa i l  to reveal this. 
sweating and aelirction  according to a l M a a l  observations and aubjective 

Those inconeistenciea a r t ?  attributed to the defects of the reaording methods. 

i 

RE;sFoNsE To yEc€wLYL 

w e r r t i b a  lwlary --Y SplirarY 
Blood Blood Rilse M a e  i3E-t BaasC Output,  output, 

x p  drop increase increace incmoe inorease increase  increase 
pre une pressure r a t a  rate &r- m grrvns Br- 

SLblect@ gbk'1) (-1 (-3) (a-k a) (-3) (!!!&A) (rsek_a)' 

1 - 7/-12 - 5/-12 a20 +28 0 
2 -15/-U -20/-24 + 3 +u 

+0.2 +1.23 +1.8 ' 

+1.1 
3 

+0.1 +0.17 +3.33 

4 
5 

-16/-18 -15/-16 +a . t26 +1.0 - 4/ -  9  -161-U +13 
+0.2 

+23  +0.1 +O.k 
+0.12 +0.23 
+O .W +4.23 

Hean -10.8/-16 -13.6/-15.8 +16.8 + 2 2  +0.70 +0.28 +0.18 , +2& 

-u/-27 -12/-13 +a +20  +1.3 +0.5 +O.?O +2.33 , 

yQn4usceutibleQ 

6 - 7/-13 -U/-l2 + 3 9  +1.3 +0.2 +2.23 +3.43 
+@ 

8 
+1.2 

- 5 / 4 3  -15/-32 +50 

+1.23 +8.73 
+ w  

9 
+0.4 

-201-30 -1s/-n +x 
t2.9 +2.37 +5.70 

10 - 3/-16 -2O/-25 +23 
+ 53 + O h  +Q.9 +2.63 +7.W +n +0.1 -0.2 t3.n +5.73 

.Mean - 8/-18 -17/-20.8 +X +39 +0.67 +1.00 +2.45 *6.23 

7 - 6/-  9 -la/- 8 +28 +25 +0.5 

I n  the caae of each measure except a*illary s w a t h g  the recorded response 
in the thlrd week m a  on the arerage greater  than durlng the first week. This , 
same resu l t  was later obtained in  another  iuveatigation. It may presmmbly bu 
attributed to B neutral imtlon of the effemta of mecholyl during the flrst 
w e e k  by apprehension on the part 'of the  subjebt. 

blood pressure in rmeceptibles d wn-susceptlbles are overlapping. The 
By inspection It l e  evident that the distributions of the decreases in 

mean changes a m  roughly similar. On the other hand, the ~ 8 8 1 1  pulse rate 
increases among the ncn-susesptiblea aerd almost twlce those recorded from 



It is &dent that tho highest increase nmmg the susceptible8 -8 25, which 
the susceptiblea, If one Mea the average pulse rate cbangea of both weeks, 

vies of  the failure to confim this reault . i n  a later expriment it should 
i s  tle saie  as the least increase among the non-suaceptibles. Homer, in 

. not be taken ad an indication of difference between the group, 

Measures of sweating and rsalivatlon show larger rosponae for the mn- 
auaceptibles,  except for axillary sweat9 during weak 1 in which t h e  two 
group are equal, In view of the defeota of  theee records and failure to 
c o n f h  the  result in  a later experiment t h i s  cannot be regarded 88 estab- 
l i shed .  

C. Effects of adrw. Four aeasione were run for each  subject during 
vhioh adrenaline m a  idjeoted. Tce first two of these,were rejected from 

' effective in  eliciting large physiological changes. After intravenoua in- 
the  data because subrmtanuaus and Fntwuacular   Inject ion proved to be in- 

jection  there m a  R vsrjr large S Y s t d i C  blood pressure change w h i c h  mas, 
however, so e m e l y ~ r a p i d  tkat one can have no assurance that the gerial 
auscultatory method recodad .the sotual highest pint. The pees aystolic 
presaure was ordinarily reached dur- the  first minute with a total d m -  

common response of t h e  diaatn l i c  premure ~ 8 6  a traneient increa6e.in pres- 
tion of pruaeure increase rarely running as long aa three minutes. The most 

sure followed by a fa l l ,  Table 3 shows t h e  mxlmum rbcorded increases in 
sys to l ic  a d  diastol ic   presmrea comparison o f  the seventeen tb twenty- 
'one minute base line with  the peak pressure in the firs,t tro ~unutes follow- 
ing the injection. The data era shorn1 separately f o r  Teek 5 and Reek 6, It 
18 evident to inspection  thut the dlst r ihut ions of suaceptlbles and non- 
sueoeptibles are eimllar. 

T X L E  3 

1WSrnBSE To h D P r n r n .  

P l o d  prea- 
sura ,rises 
j#eek 6 )  

+55/+25 
+74/+30 
*u/ 0 
+20,/+10 
*/a0 

+55/+17 



rapid sh i f t s  under the ini- *;he reflex effwts of in- I 

c r e n s d  blrxd pressure. The avarage cIu'vea showed a transient  increase 
lasting about one minute, followed by B decroaae issting about three mlnutes. 
The mean initial increase for  eusceptiblea and non-auaceptiblea  reqmctively 
wen3 7 and '20 beats par minute during meek 5 ,  arid U, and 21 beat8 per rn inwb 
during'lleek 6. These m w m  inckeasei are taken from the average mnmated 
curve8 of each @;roup of subjects rather tban from %he individual mwiml 
F4-lint.a 

D. Dola preseof test .  The Ffrects of immersion of the foot i n  i c e  water 
on the sys to i i c  ap3 diastolic pzak blood pressure rises a r e  shorn in Table 
4 for eaoh subject for each reek, along nith subjeot averages and weekly 

in the four minntea preceding the Wt when c o m p r r a d  with the peak points 
avaragea of all subjeots. The lncreasss shoom,are thoae f r 6 m  the b e e  line 

~n the tuu minutes a f t q  the Segimm of the teat. TMJ sptolic press~re 
rises in  the two groups, w h i l e ,  showing aome m e a n  differenoe, overlap in 
their diatributions.  In  t h e  case of diastol ic   presaurea  there  is d m  a 
difference of m e a n 8  dth aonaiderable overlap, ~ In both Bystolio and dlae- 
tolic pressures the maan rise -6 greater  i n  the non-auaceptiblea. 

L mmJs rc 

SPSrOLIC AND DIASTOLIC PRESSURE RtSES . . 

GOL-D PRESSOR TESTS 

FOR U C H  OF SIX SBSSIDRS 

gwcepti- 
- 1  

1 
2 

15/31 
5/ 8 

3 20/28 - 
4 6/10 
' 5  20/ 8 

Average8 13.2/17 

v 

7 20/16 
a, uhd 
9 '  20/15 

10 11/23 

6 17/36 

Averqpa 17/20.8 
15.1/18.9 

i 
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A SEGOElD EXPWIMENTAL COMPBRISOH OF AUTONOMIC 
I N  INnIilIDUALS SUSCEPTIBLE bw 

2iOH-STJSCEFTIBLE TO MOTION SICKHE3S1 

INrn09UCTIOIi 

This is one of a series of inveatiaations in ~ h i c h  
teats" were applied to individuals  susceptible to motion sickness and to 
thoae not  susceptible to ao t ion   s icheas .  The present study . a s  designed 
to repeat d e r  more adequaee control those measures .hi& had preTioas1~ 
given promise of rwealing differences bet?reen crusceptiblee and non-w- 
ceptiblea, 
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r e la t ions betpeen two applicetionu uf the w e  measures ( r e l i a b i l i t y  of 
t e a t s ) ,  ( 0 )  a display of certain Interreletloriahipa between the measurcLs 
a0 rweald cor ra l a t ion   ooe f fh imts ,  (d) a peaentation' of d e f e r -  
maen i n  renpnsee of eutceptlbles and non-suscopt.lb~sa, cud ( 0 )  an at- 
tempt to flnd patterns of response in the tm groups of subjwrts. 

A. For purposes of tha preseatation 

Mean8 sad sfslrdard d. r la t lons  of the dla t r ibut lon  of the 23 subjects are 
of roaul t s  the m-o of adeation and aombination ehom balor wassd, 

inclwld. 

I 

1. 

2, 

3. 

4. 

5. 

6. 



99 

10. 

11, 

12, 

13' 

, , .. 





TABLE 1 

Pulse rate, n o d  073 
Pulse rate, '  rise dm- cold peasor 015 
N e e  mit;u, drop after cold pressor 055 
Pulse rate, increase Fn'antlclption of injection 031 
Pulse rate, incream a f t e r  Injection -73 
Pulse rate,  incrsaae after tilt &3 
Syatolic blood pressure, n o d  0 57 
Diastolic blood presaure, norms1 r 01 
Systolic blood prea~ure, r im during cold pressor 
Dlaatoolio blood presuure, rise d u r h g  cold prewor 

-.oq 
Systolic blood preseurqohange af te r   pos i t ive  prasewe braath bPUd.ing .oO 
Diastolic blood presaure,chan&e after poaitiva presaure breath  bcldlng .15 
Systollc blood preasurg incrclaae in anti~cipatlon of inject ion 
Diaetolic blood pressure, incream in anticipation of i n j w t i o n  - 0 0 6  

0 01 

Systolio blood presau~e, change from ~mholyl 
X a s t o l i c  blood pressure, o w e  from rnecholyl 

0 0 4  

Drop in puloe preasure after tilt 
0 4 2  

Ret?pimtlon rate, n o m  
.2c) 

Sa l iva t ion ,  3 0 d  
.77 

Salivation a f t e r  ~ t x r h l y l  
80 

"77 
Palm temperatwe, nol.mal, 1. meaaure 
Difference between forehead 'and palm 

L 0% 
0 0 6  

Toague t e 3 p r a t w 0 ,  2 maaluea c 4 . 4  

Perspiration  efter mechoJ.y3. -78 

n 



r 



.76 

.oi .27 
c 

23 



._ . 
. 

-.lo 

. 



Hean normal tongue tmperature, r e a d b e  
X + 2 for day8 1 * 2 36.18%. 36.31%- ' 
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ble or non-auaceptibls  portion of * e  distributions of t e l t  z10opBs. AS 
a short-cut method of doing this we countad for each  eubjettt  the number 
of tests on which he lay on tha t  aide  of the w a n  which amording  to  
our original  hypotheses was the  aueoeptible aide, The reatilt RM 
that the mean n s ~ ~ ~ w  for the  elevon  susQeptlbles wad 17.2 t e s t s  out 
of 36 on the sumeptlbls side of the man, while the mean @core for  
the  mn-susceptlbles wan 16,A tests  on the susceptible side of tbe mean. 
This should bs evaluated in t e r m  of the fact that out  of 36 prsdiOtiOM 
we were r ight  in 22 aaaea, w r o n g  in IL,  as t o  uhether the muecsptlb'le os. 
mu-woep t ib l e  m a  would be the  larger.  d somewhat better separation 
of ausosptiblea and non-ausoeptibles resulted from t n l l y h g  theta on the 
basis of whether  they fell  on the susceptible or non-susceptible aide of 

. ,  .-, 

. i: 



The other approach i a  by means of t he  test intercorrelationn, 4 would 
consist  ideally of a factor analysis. The experbentera employed a very 
rough shorGc3A procedure of tal4ing for 180 pairs of teats,   (out of 1260 
pssible pairs) ths frequencies  of caaae (out of 23 rrubjaote! where both 
teats of the a d e a t a d  pair d a a s l f l &  M.ividuals  on th3 same side.of the 
distribution  (suaceptihle or non-mscapt.".ble side), T h i s  a08 dope on the 
basis of both hypothetical and obtained rosrrlts a d  on the h s i e  of both 
5-8 and medians. 'pbe  pair^ eelectsd aere all th pairs involvhg normal 
p u l m  r a t e  and pulse r a t e  rim during cold pressor  stimulation, all inter-  
relatlona smong blood pressures, all in ter re la t ions  among day 1 ti d a y  2 
cbangss and other scatA&ring measures. The average number of subjects 
(.out of 23) wbo were c l a m i f l &  on the 3ame side of ti% mean (when the  

tc~ our original hypotheses) for tho 180 selocted pairs of tests m a  l l J o  

succeptdble and non-suaceptiblu sic?es of the m e a n  were O ! J O S ~  according 

.. . 

phpaiological reactions in i d i v i d d e  susceptible and non-smceptible to 
motion siokness mare coupred. Raactlon to the cold preseor tea$, to the 
breath  holding test, t o  the  injection of m e c h o l y l ,  and t o  tilt on the 

of the variables  inveetigated shoued c-es which appeared to suggeit 
tilt tab le  were e x a m i n e d , u m l e r  couCrolled cod l t ions .  On analysis none 

consistent  lol logical differences  betueen  the  smceptible and non-sus- 
oaptible groups. 

This study l e  mother i n  a aeries of invostigatione in which certain 



I '  
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. 

2. The subjec t ,   s t i l l   sea ted ,  aupplled data on age, on s t a t e  of 
health and on sleep, meals, nunbar of cigarattea smoked, etc. 

. r  
! 



7 .  Blood preemres were again taken (aeooted) 

8. Response to mler shot,6 &? o a l l b ,  extra loud blank. Sob- 
j s c t  waa blindfolded, knese sL1ghtl;l fbxad, arms ssm1-flered so aa ti 
hold between the hands a Byrd Company pw-ph to r o o d  a m  movements. 
Photokymographic recordingo mere obtained of thoraoic and abdom- breath- . 
ing,  pulae f r o m  the thrcat, pulac amplitude from tho finger by m e r a m  of a 
finger plethysmograph r i t h  8, don lank, &munt of M y  m u c h  by reoord- 
ing any lowring of the posftlon of the hend, old m - n t  of the handr 
holding  the pneumogqph. Recon2 s t a r t e d  30 mconde before b t  and s t o p p d  
30 seconds after. 

9. Yessure repeated on startle response after one-dimto rest. 

>; 1 .. , 
I . .  
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1. 
2. 
30 
4 .  

6. 
5. 

7. 

8. 

9. 

10. 

11 0 

12, 

13 o 

14. 



97  o,p. prin. 95.2 0.p. min. 
91.7"o.p. ain. 89 o.po m5-n. 
92,8'0,p, a h ,  91.6 0.p. mi& 

90.5 a.p. min.-t~.1 0.p. ma. 
65.9 o.p, &I. 64.6 0.p. pin. 

9305 0.p. ain. 97.4 0.po kin. 
, 20.9 O ~ P .  nin. 19.6 0 . ~ 0  . i n 0  

. 19.5 0.p. nine. 19,) 0.p. nin, 

19,9 0.p. min. 19*0 0.p. pin, 

I 
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least susceptible in height and i n  height-might ratio, The reaulta (VB 

shorn in Table 2. 

p. m.. The 50 most susceptible we8 oolapard dth tbe 50 

594 mses shows no evidence of corralation between the two variablea. 'phe 
A scaGter  diagram of nt,/Wt, r a t io s  on suaceptibll l ty amre for all 

whatever, vle . :  .&2. .f+50, . U 5 ,  &35, d75 ,  . U O ,  4 3 5 ,  M, &5, . 4S ,  
m e d i a n  r a t io s  in going . f r o m  the most susceptible to the least a h ?  no trend 

agal.net sicknesa  more  gives a similar result. 
.&5, u4.&5, &6, &O. &50, .455. A saattea btagsap~ of height 

Forty of each of the above grodpe of 50 ware measured for e t a o d h g  
height and sitting height, The median sitting Ht./standb Et.  ratio8 
were: suaceptlbles, '527, nan-eumceptibles, .526, 

2, -. The w e  50 euaceptibles and 50 non-mrsceptibles 
yere comparad on the b a d 3  o r  m e d i c a l  recorda, The result8 are ahom Fo 
Table 3. Be small differences in blood pressure are wnsia tea t  w i t h .  
oththRr invsstigatione, No o'tbr dirfarenoa i s  a matter of consequence ex- 
cept mokhg.ha'nltz, The latter probably refleot; personality factors. 

26 
. 138 

200 
28 

http://agal.net
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16 
20 
5 
3 
5 

I2 
6 

ll 
2 
9 
7 
3 
0 

6 
6 
2 
9 
3 
8 ~ 

5 
3 
6 
8 
8 
16 
26 
33 
19 
15 
c 

1.0 
13 

8 
3 
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standard wore of the susceptlblea ~ 1 s  56, of the non-maoeptibles, 50, I: 

For comparison of oollege grades It aem&d desirable to control the fac- 
tor of college  class. Table 5 shore the median grades during the preceding 
semester of the 20 most susceptible and 20 least euseeptible in ea& of 3 
classes. (Group 5 contuins grades ~fmm 73.3 to 78.35, group 4, fram 78.3 
to 83.3%,! 

9 

4.2 
4.3 6.3 

5 -4 
4.8 
4.4 

fi 07 
5.4 



43.3 47.5 
39 34 
4305 



%mdt, G. R. air- . August 
194.l. R o m s r  raprt in the files of the  Comaittee on Selection and Rain- 
inp of Aimraft Pilots.  Alw: Wendt, 0. R. w. (Footnote 1 of Re- 
port m in t h i s  series.) 

' 5 ~  copy of thi8 questionnaire I* r o d  ins wdt, G. R. a., 
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Verbal aptitude 
Foreign Literature 

English Fkpression 
English M e o M c a  

Iom Rending 

k t s a m e t l c a l  aptitude 
Fore- Languagee 

Maathematical achleveme~ 
Saoial studies 
Fine a r t s  





Itsp 
Ieinhta 

a-2, d+2 
a+3, b+l, 0-2 

a+l 
ai1 

a+2, c+2 
a+2, b-1, ct2  
a+3, b-3 
a+3,  b+2, 0-2 
a+2 
a+2, b+l, 6-1 
a+l, b+l 
a-1, bl, 0+2 
a-1, dt2, e*2 
.+3, b+3, 0-1 
a+3, b3, 0-2 
a+3, b+2 
b+l, c-1 

a+l,  c-1 
a+3, bl, 0-1 

a+2 
bl 
a+3, b-2 
.+3, b2, 0-1 
a*3, b2, 0-1 
d+3, b+l, d-1 

e-2, ~ + 2 ,  d+3 

&&&!x. 
73 

75 
74 

78 
R 

79 
80 
82 
83 

97 
84 

98 
100 
102 
104 
105 
106 ' 

113 
l l8  
124 
129 
135 
136111 
136n 
136v 
137I 
lr/oI 

Quoation 
YswLte 
1- 

~ 3 ,  d-2 
b 2  

et1 
a+1 

a+l ,  c+l 

a*l, b-1 
.+1 

a+2. b-1 
a+l-  

rl, b+l 

8-1, b+l 

O+l 

' ~ 2 ,  b 2 ,  c+2 
a-1, b+l 

a+l, b-1 
a+l, b-1 
a+2, b-2 
b+l 
b+l 

btl 
a+l 

W l  
a+2, b-2 

b+l 
.+l 
a+2 
a+l 



TABLE 12 

of the Rem Haven IIospitsl, the mutes aad histories of 25 a s 8 8  were ob- 
tained where the  diagnosis of migraine 6eanmd m a t  c a t a h .  By corres- 
pondence ard intsrvier it ~ 8 8  possible to ge t  motion-sicknese histories 
From 18  of them, and aesigc rrcorea on the basis of these histories. 
These scores w r e  then compared to the d is t r ibu t ion  of aooreo ob,btaind 
f r o m  the 639 college students mentioned in the pmed lng  seation by find- 
ing the porcentage of college  students rho exceeded ea& migraine caee in 
Buffieptlbllity scoreu Tha results were as follows: three mj.gI'aine 086e6 
were exo%edcd i n  e u c e p t i b l l i t y  by 90% of the  students, one by 85% of the 
students, tw by 668, one by 55% one by 508, trro by 58, t.o by A%, agd 
f i v e  by 2%. S h c e  half of these fen below the fifth pementlle in 611.9- 
cep t ib i l i ty ,   the  result is zuggestive. It oannot, k w e v e r ,  be oonsidered 
def in i t ive .  r 
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STUDIES OF RFACTIOH TO HMIU ROTATIOR 

A number of  ntu2Ies o f  reac t ions   to  bodily rotation of sueoeptlbls 
and of  non-susceptible  mbjects ma undertaken, Three seta of data are 
presented here. Tha rc ta t ion  method m a  sirniler in each study, but the 
recorded data  differed. 

The rotat ing chair was tho one original ly  built by F&ymond Dodge.22 
The subject   sa t  upright with the head fixed in the  n o d  upright psi- 

period of.appro&tely 2 s e ~ ~ o n d s  and was constant d u r i n g  thlrr period. 
t ion.  The chair mas motor-driven fit 30 r.p,n,  Acceiaation covered a 

proximfitely 1/3 second, I t  1~18 manually controlled.23 
It m a  ~ u t o ~ t 1 ~ d J . y  controUedu Deceleration aovgred a period of ap- 
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bles  
part fn the folloaing experiment. With ayes blindfolded each m a  aacel- 

college st&en@ taok 

mated to 3P r,p.m;, ksp% at tha t  speed for, 5 nhu te s ,  stoppad d kept 
still f o r  10 mirmtea ,  t h n  again  rotated for 5'n'm,tes sad agaln kept 
s t i l l  f o r  P D .  minutes. By means of a mpnud wi ton  the subject signalled ' 

m t a t i o n  and d i r b g  quiet  periods. Pulse amplitude and pulae rate were 
the onset and cessation of periods of apparent  rotation, both during actual 

recorded but are not reported here .I h5 
mer suah stimulation +h most t y p i c d  responae sequence is  (1) an 

direction  of mtat ion and laat ing h 20 to 50 seconds, (2 )  a period of 
initial aensation'uhen aoceleration br deceleration begins opposite to the 

no gppment movement, ( 3 )  a period of appwcmt rotatlon oppusits tc t he  
i n i t i a l  senmidion l as t lug  for varl'ng periods up to 5 minutea, . Paob aub- 
j e o t  gave four ouch seqlonoes, trro ?ollouing  the  accsleration periods, and 
%no following the deceleration periods, The data  here reported w e  the 
m e a n  totel timen f o l l o d n g  aaah stiaulus  during stfiich a sensation  of rota- 
tion was reported by each  subject. 

subfacts  without history of mfion sicknees were 34, 63, 6'/" 8 2 ,  134~ 97, 
98, 109, and 174 seccnds, yielding a group wan of 89 seccnda. For the ten 
aubjects dth hi~toq of motion sickness the m e a n  f h a a  were 24, 89, 95, we 
99, 111, 129, 19, U O ,  and 187 seconds, y i e l d b g  a group mean of 116 seaomla, 

The mean durations  of the reported  seneations of  rotatlo3 fo r  the nine 

The author is  i no i ined  to at thibnte  the grouF differemcee  differences 

vary faint, differancen in attitude toward the instructions may introduce 
in  a t t i t u d e  on the   par t  of t he  subject#. When aensationa~of  rotation become 

differences in report. 

Bo - iri e- - w c -  *26 FIv6 
susceptible and five non-susceptible college atudanta rent through the stim- 
ulation phcedure desar ibd 'above w U e  eye-movement records wore d e  by 

mente tzlrough d o s e d  l i d s . , r  tdagdflcation of records was such that one 
means of tbe Dodge mirror order for photographhg horieonisd eye-more- 

n ; r & p i l a ! r  dagrea of eye-mvment produoed about 3 m. of movement on the 
records. The mbjeots  ala, signalled periods of apparent  rotation. 

oeleration (ad a t  deceleration) aad lasting for 28 s e ~ ~ l x l ~  to 50 seconds, 
U n d e r  these corditions the recwrds &orad a ny-stagmulr beginning a t  ac- 

%led out d t h ' t h o  assist.noe of J, S. Aelmlakk, 

2%hem findings bave been reported i n  6ummer~l form In the pmgresq 

2 6 C a n - l d  out d t h  the nsaiotance of J. S. Behick, 

report cited in Fwtnote  13 of ehls section. 



A t  t e r n h a t i o n  O f  the bitid n y S b p 8  a inVOrse DJ"sb@4UU begrn h8t- 
for   var iab le  pricds, but ordlmrily oontinuing during the e n t i r e  period 
of obsemt lon ,  Since them subject6 were kept alert by beha required 

uation in tim.original phase of nystagmus, although the i n r e r ~ ~  m e  , 
t o  report sensations  of rotation, there wna l l t t l e  or no evldanoe of  habit- 

obvlously a i f ec td .28  Only the duration of ths original ny8tapUa it3 here 
reported. This can be d e t e m e d  dth a high  degree of precision by use of 

The m e a  of the four response duratione for each of the five subjeats m a  
the Dodge mirror recorder. For each subject there weme four  determinations. 

88 fol lorsr   mscept lblss  32, 32, 37, 40, d 42 wconde# non-euceptibles 
31, 33, 37, 37, and 46 seconds. The group m&s are in each cam 37 E=- 
onda . 
C. -on o f  w e s w  nvs- dtb a ~ 1 ~ u d l ~ f i e l d . 2 9  

uas baodaged while the r igh t  eye observed o cylidrical w h i t e  cardbard 
of 29 subject8 wns rotatsd in the apparatue  described above. The le& eye 

about 125' of r i a u e l  arc  rertioallp and 1609 horlwnhlly. A boriaontal 
sbield  attached to the chair about 14 inches from tbe eyao. It covared 

black   l ine   a t   eye- lmel  preooribad the flxatlon  height  while 3 vertical 
black  linea apaced 200 of vid arc  a p r t  served as  . inhfbitors of nystag- 
mus. The f i e ld  WE Illminatal by a 1 5  watt -a laap plooed over the 
bend. The m m  was dark. Esch aubjrtct r a a  rotated at  30 r.p,m. fo r  3 
u h u t e s  and then stopped atrile nystagmue was observed and t b e d  by n stop 
atch. After a 5-mlnute r e s t  a second rotat ion began and the  observation - W8 tapeatedo 

tiormaire. SFdeen had rimer beem motion sick; thlrteem reported history of 
The eubjects mere students of lliddletovn High School, selected by quee- 

aickne~s and recent sickness. 

m a  determined. These rers comb- i n to  meens and standard  dovlatlona 
for the susceptible and non-susceptible  groups, For the  susceptible8 the 
maan vas 19.6 s e o o d s  with a atandard deviation  of 6.8; for the non-sua- 
ce,ntiblee the m e a  vas 14.9. seconds d t h  a standard deviation of 5.0. Tho 
c r i t i c a l   r a t i o  of  th3 cllffsrenoe was 2.04, 

For each  subject  the mean nystagmus duration of the b o  StimdatiOM 

28For deQi ls  of habituation see: Wendt, G. R. An interpretat ion of 

-. 1936, a, 258-281- 
inhibit ion  of colldltioned reflexes a s  coropetiticn  batueen rsaction q r s h s .  

2%&ried out dtb the asaisklco OP Hugh S'tsples. 


