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October 14, 1942 

Dr. Dean R. Brimhail 
Director of Research 
Civil  Aeronautics  Administration 
Waehington, D. C. 

Dear Dr. Brimball: 
Inquiries  received by the  Committee on Selection  and  Training 

of Aircraft  Pilots  indicate  that  there is a need for an  integrated 

survey of the  history of Avietion  Psychology. You have  undoubtedly 

been made aware of this  need  by  the  reception  accorded  to the ABSFRACTS 

OF AvIkTION PSYCHOLOGY published  by  the  Civil  Aeronautics  Administration 

in 1 9 4 ~  

The  attached  material  represents  such  an  historical  introduction 

to  Aviation  Psychology. It was  written  primarily  to  become  Chapter I Of 

the  text on Aviation  Psychology,  which is under  preparation by the 

Cornittee on Selection and Training of Aircraft  Pilots.  However,  because 

of the  present  situation,  this  Chapter is now transmitted  to  you by the 

Cormnittee  with  the  recommendation  that,  pending  the  publication of the  text, 

this  material be issued  separately. 

Attachment. 
miteles/eca 

Cordially yours, 

/s/ Morris S. Viteles 

Morris S. Viteles,  Chairman 

Training of Aircraft  Pilots 
Committee on Selection  and 

Nationel Research Council 
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11. 

man preemptive evidence that   the   resul t6  of the  study or the  apparatue 

desorlbecl oan be mefully employed. Muah of the early work is not ueefd. 

beoauee many investigations were done haat i ly ,  uuder the  pressure of war, 

and mlthout the  advantages of a t a t i s t i oa l  methodology and other aids now 

available  to  payahologiata. The appl lcabi l i ty  of wen eubstantiated find- 

5.~46 is l ia i ted  beaawe of  the great changes which have taken  plaoe in  the 

nature of the siroraft and in the  ta6k.s of personnel employed in carrent 

mllitary operations. 

In general, the reader who is informed on present day prac t iew and 

standards in applied~ p6yahOlQgy mill find muah t o  question in the method6 

and oatooaee of the studies reported in t h i e   h i s to r i ca l  inti-oduotion t o  

aviation peyohology. There was, for example, an alnost complete  negleot 

of job andyeis aa a baeie for deteminlng  accurately  the  taaks performed 

by pilote.  Testa were frequently used merely beoause they  appeared t o  be 

reasonable mewurea for aptitude in f-ng and dthout &equate  experimental 

juat i i ioat ion of the  test  instruments. Research waa oonductsd in the 

laboratory, rather than in the cockpit of the plaue, and M a r e a t  nothing 

waa made available in the ray of objeotive meaeuree of p i lo t  pertonaanoe in 

the air. P r a o t l a a l l ~  no attention was paid t o  peyahologlaal  aapeote of 

training. Iqortant problepas of mainteaauce, including thoee of tension 

daring rlight; fatigue; efreots of notioh siaknees, and SO on, were alnoet 

oompletely neglected. 

In epi te  of euab deficiencies, wen the o r i t i o a l  reader will f i n d  in 

ea r l i e r  reeearah certa in  aeeful apparatue and slgniiioanh findings.  For 

example, aaoeptable h d e n o e  is presented that eimple  reaction the t W t 6  
&ts?r7 



III . 
and the well known Bnrany ahair, widely wed daring the f irat  Uorld W a r  

B.oau60 they e-d maamable, were actually without value in eeleoting 

puote .  S U O ~  rinainga ~ Y Q  prevented a mato or e ~ o r t  in research during 

the proaent Uorld Uar. M e i n g  p ~ ~ ~ u r e s  of oonpler reaotion were 

deralaped and thane are f inding a plaoe in batteries of aeleotion a n d  

ohmifieation  teats now in we. Ima inmatigator u i l l  discover a in 

pnmiring lmda with reapeat to  *ear&, teohaiqaee, aa w a l l  aa egaipen$, 

doh e m  fac i l i ta te  hi6 effort8 to  make payahology ueeful in the ralection, 

hralnlng and maintananom of pilota. Above all, this historical introduotion 

p w i d e a ~  a baakgromd and parepeotive for the d u a t i o n  of current researoh 

in aviation ~py&ology. 
st3 -7 i 



in applying  pyohology  to  aviation ma token ia France and Italy, where 

2 
Hemon (52, p. 104)  polnts oat tha t ,  .hereas the  average the 1'6quirod 

for a student to aohleve h i s  R. It. A. ras w a l l  below 50 hours, u a o  p i l o t s  
repuired mom than twice t h i s  t h e .  
E-11777 
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A good p i lo t  is  one who t o  a mrioient a p e d  
of peroeptlon and t o  a potable degree of ex- 
tension an6 distribution of  attention, adds oon- 

pepahmotor a c t i r i t j ,  rmd nho poseesses a a*- 
atanoy, preolsion, csordinatlng abi l i ty  of the 

not t o  be disturbed in the above funotiona on 
fiaimt inhibi tory power or motive reaotioau 

account of emotional atinrrlae (25, p. 116). 

w m  required t o  obaenr and reaot   to  v l s a a l  and auditory  detail8 or 
5-1.?)17 



4. 

oituntims  oinulatiag  those whioh night oocur nhile  f lr ips over a terrain 

or while engaged ia oombat. They were oleo o n l l e d  upon t o  report d e t a i l s  

dtneeped during rimulated and m t d  flight. 

m $ ~ o k t  psyahologimts mea a d d e   v a r i e t y  of t e s t e ,  but otressd no 

particular one. However, cronsiderable a t tent ion mao given t o   t h e   a t h l e t i e  

his tory of oandidates. British peyahologiets also did some prelininary 

lo& on the peychologioal offeots of oxygen deprivation,  but malntenanoe 

of t h e  f lyer ,  ra ther  than orleation and olaesii ioation, rae mphemixed. 

In  t h e  United States ,  efforts were directed t d  meaourement of 

reaotion time, motor dexter i ty ,  judgment, at tention,  intell igenoe, ssleooi- 

atlon,  personality, and several other it=. Perhaps the  ohief eantribution 

of Amerioan poyohologirto rae their ineistenoe upon tryLag out tests end 

t ea t   ba t t e r i e s   t o  nee how well these  predioted aucceae o r  f a i l u r e  in flight 

training, an ineisteaoe, in other words, upon controlled rooearoh ae a 

prellmlnary t o  using t he   t e s t e  in praotioe.  Investigators in other countries 

were prone t o  w e  tests because they "looked reasonableu without first 

deteraining by experiment  whether there  existed a aiguifioant  relation between 

test  eeoree and f l i g h t  performnuor. The re la t ion  m s  taken  for granted, not 

determined by researoh methods. Aocording t o  Ea~naon ( 5 4 ,  a pmnising set- 

t e r y  of t e s t s  nao evantually worked out by hericaa psychologists, but before 
5-23117 
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5 

of the National Research Council Committee on Peyohologicd P r o b l a  of 
Aviation and of branohea of the mil i tary oervioe. Among thoas who aemed 
in various oapaoitiea on the  N. B. C. Comnittee from 1917 =til the end of 
the  m were Burtt, Stratton. aud 'phorndike (Chairmen) and Y i l e ~ ,  'proland, 

Peraonnel and in the  Comlttee on .Clasaifioat'ion of Pereonuel. In addition 
Watson, Brown, KaxPield, and YcConas. Several psyohologists armed in Air 

to  these,  m d  others on the  W. R. C. Gcmlttee, more than f i f t y  peyahologists 
were evtintaeLly n.c i  .-.w on various pmjeots i n  the  payohology  department of 

Knight m a p ,  aud Lutar,  Stratton. The Mineola laboratory waa eatahliehe4 
the  Mediad Beseerch Laboratory a t  Mlneola, L. I., under the direction o t  

and rewained mdar t h a  general direation of the Yedioal Reaearch Board 
appointed by the SurgiacJn General's  Offioe. John B. Watson eened aa a 
m-ber Of t h i s  board (28, 52, 108, U3). Several Aneri~an p~yohOlogiEt6 
etudied aviation problem oversea6 (25). 

6 
This l e  a a p c i d l   f o m  of e r ive l  chair In ahioh the  candidate wan ro ta t& 

rapidly and then  tested  to see how acourately  he could  touah the  exmnbor'o 
hand, held  directly in front of hh. The duration of eye novmente  (ny6tag- 
m u )  following  rotation was a l s o  noted (see pp. 39-42) .  

7 

which Includes a very  brief and general diecussion of the work of peycholo- 
giste in the w a r .  This book has  escaped the attention of many present-day 
psychologists, perhaps because  the word "psycholo&y" does not appear in i t a  
title. It deals with the following  topics: the aviator 88 a machine, nerve 

,and nerves,  controllirq  the plane, the sense of motion and balance, vision in 
the  air, other  sensee,  the  feel o f  the ship, osygen and efficiency, do- 
&tmts,  selecting  the  aviator, types of a F ,  and the p i lo t  as a personal- 
i ty .  Much of  the book is an expression of the  author's Yi€W6 on taslre which 
confront  the  aviator and on the  qu@ificatlone of a good aviator. There is  

and observers. Parts of the book rest   heavily,  and uncri t ical ly ,  upoq t h e  
also a discussion of alleged  differences in pursuit pi lots ,  bombing pi lo ts ,  

material in Air Service Medical (m) . 

In the United Sta tes ,  work on aviation peyahology oame =der the ampiow 

In  1922, KcCom~ (66) m t e ,  in popular s ty le ,  e book ent i t led  g Aviator, 

-- 
5-23717 



6.  

A survey of the types or tests developed d a r i n g  the  first  World W a r  

to a i d  in selection of pilots  gives a more systcaatic conoeption of the 

scope of aviation  psyahology at that time than Uoea a general survey of 

work in each of the corntries  involved. All work done during the  first 

World W a r  falls under one or more of the following oategories: measure- 

ment of the awed of slmle reactions.  complex  reaction  tests. other tests 

-ahmotor Prooesses. ombinations of payc.homotor and intellectual 

soores. inveatipations of sensory Drocmses, Dersonslitu  observations. and 

investi&iona of psyqhological  fuucticne =der low oxyuen tension. 

2. SPEH, OF SIMPLE FsAcTIom 
lsermrement of sinple  reaction  time  involves a determination of the 

time  which  elapses  between the flesh of a light, so- of a buzzer, o r  on- 

set of some other  stimulus  and the subject's  reaction, dich may be that of 

eqmezimg, pressing on, or ranoving pressure fron, a key. 

The instrunent  customexily used to measure speed of reaction Is kum 

BB a ehmnoscope. The d'Areonvel Ehronosaope  illustrated in Figure 1 rae 

wldely wed dum the laat w a r  in testing the speed of simple and ccarples 

reactlone. 
ctww 
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8. 

The time required for  simple  reactions was firat used ae a t e s t  for 

ar ia tors  by Caarus and Bepper (23) in France. Similar methods were 

eVeD,$Udly adopted by other French investigators (49) and by the English 

( 4 ) .  Speed of react ion  to  such stimuli as movement of the chronoacope 

pointer, .the sound of a amall h-er,. and a touch on the  herd were 

meaeored nrith the d'Arsonval ehronoscope. Characterist ically,  Cemua and 

Repper did not  indicate how the value of the  t e s t  was determined and how 

results were actually used in selecting or rejecting  candidates although 

they said that ngoodn candidates had a reaction  time (average of 10 t e a t s )  

of 19/100 see. in respcndlng t o  visual and of frm l4/lOO t o  15/100 sec. i n  

responding t o  auditory or touch  stimuli. A la ter   s tudy of 1,000 candidates 

by Guillain and AmW (49)  showed that some who fa i led  t o  achieve a sur- 

f i c i m t l y  rapid reaction t o  meet the  standard when first tested  frequently 

d id  80 following  encourqaent. These investigators concluded tha t  simple 

reaction, talcen done,  ahould  not be used for rejection of candidates. 

G W i  (37, 381, an Italian psychologist, also used t e s t s  of eimgle 

reaction  time.  'fuenty  teste  per  candidate were made for visual  end auditory 

s t b u l a t i o n  -or each of the  three following conditions: sensory set, 

requiring the  candidate to  concentrate upon the  etiwrlns and react ae soon 

88 it PBB perceived; motor or  muscular se t ,  requiring the  candidate  to 

ooncentrate  not upon the  stimullle as such, but upon his muscular reaction; 

and mixed se t  where the set (sensory or motor)  varied fivrm one t e s t   t o  

another. 

-- 
G e m e l l i  took coeplizance not only of the  average reaction  time under 

ea& of these conditions for each kind of rtlmulation, but also of the  
5-23777 



9. 

average &abi l i t y  or reaction of each candidate during each series of 

20 tests. Variabil i ty w a s  determined by averaging differences between 

th0.t- or each reaction and the  average t h e  for 20 reactlone. The 

m o t i o n  tine of elperienced aviator8 wa8 also measured so that  standards 

might be s e t  tor re ject ion or acceptance of cendidatee. de a resu l t  of 

these studies, M i  concluded that  rapid  reactors, and especially those 

nhose time does not  f luctuate a great deal frm t e s t   t o   t e s t , ' a r e  

preferable  to slow and variable  reactors. Although Gemelli reports no 

derinite standar8s, Gredenip;~ (48)  saye that the acceptable l imi tg  (ap- 

parently baed rrpon ecmsory s e t )  were zO/loO eec. tor visual and 17/100 sec. 

ror a n d i t o g  ~%~uI.i. 

?rem A u g u 8 t  1917 t o  November 1918,  169  out of a t o t a l  of 6,097 candi- 

dates mere rejected on the  basis of reaction time alone. This represented 

a i s  per cent of all rejectiona. nothing rae said, in this connection, about 

w e  of var i ab i l i t y  ne a criterioq. However, S a f f i o t t i  (101) reported that 

the l imit  of average var iab i l i ty  allowed was 3/100 sea. 

CheAli (37,38) also measured the  reaction  time of f ive pi lo ts ,  two 

"good", two "inadequate', d one nexcallent",  before and after a flight of 

one hour. He claimed that slower end m e  variable  reactione  occurred after 

than W o r e  flight but that "poor' aviators  exhibited  a  greater change than 

"good" ones. The nmber or oanaibtw was, or course,  too aa.dl t o  

r t n W 8 h  any moh relationehip on a reliable  baais.  

Sairiotti's (loa) research included data on sianllatd  reaction times. 

He io- that m ,candidates and pilots exaggerated theff reaction time8 in 

omlor t o  be deolared temporarily or perhapa. permanently Wit. Wen values 
5-11777 



10. 

went far above acceptable limits the  deception was easily  detected and 

a reprimand brought tham down. Values d o e e r  t o  the  acceptable  l imits 

were d i f f icu l t  to   de tsc t ,  but the  astuteness  required  successfully  to 

ieke reaction  times  barely beyond the limits was rare. S a t t i o t t i  

mantioned, but did  not  deecribe, a device used by him to   detect  siau- 

l a t d  reaction  times. 

English selection boards measured simple reaction  times as the 

French and I t a l i an8  had done, but, d i k e  thea, placed l i t t l e  confidence 

In the  reaulte.  

The American mor% on siPlple reactions w a s  significant  chiefly 

bec-e, for the first t h e .  an e f f o r t  was made t o  deteamrine experhental ly  

whether or not  reaction  time  actually  differentiate6 good and poor flyers; 

i n  other words, whether one can predict flying skill fmra reaction time. 

m i l e   t h e  work was far f r o m  achieving  the  standard of acceptabili ty h p s e d  

by ecientific  research,  there wa8 nevertheless a recognition of the p b l m  

and an attempt to   face  it. Hemon (52) tested 150 cadets at each of two 

f ie lds .  A t  each f i e l d  50 "very good", 50 "very poor., and 50 f lye r s  of rm- 

known a b i l i t y  were involved. Each individual of the "very good" or "very 

poor" group was Ln it on the  basis of officer 's  ratings and report cards. 

Reaction time fa i led   to   d i f fe ren t ia te   the  "good", "poorm, and nmlmnqn* 

B 

8 
Thia is the f i r a t  published a t t m p t  in t h i s  f i e l d   t o  a t e s t  on two 
separate groups; i n  other words, t o  detenolne  whether results  obtained in 
one group w i l l  hold np in another, TOBay ,  Such a check (cross  validation) 
is regarded as a neceasezy procedure preliminary t o  wing t e s t s   i n  
practice. 
5-13777 
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m p s  and a s t a t i s t i c a l  analysis of the   resu l t s  showed tha t  simple re- 

wfdon t- had m value in predicting  the  rated skill of the  students 

and pilots  represented i n  the  research. 

Dockeray and Isaacs (25) carried  out a sospewhat comparable study in 

Earope and t h e i r  findings were similar t o  Hemon's. On the  basis of t h e i r  

o m  and of earlier work, they  expreamd doubt aoncerning the  value of 

simple reaction  time measurements In pilot   selection,  but  suggested  that  

the time required f o r  complex reactions might  have value. 
9 

3. RZACTIOH 7!F.sTs 

c)Qlalli (3,?8), Romagna-Manoia (loo), and Aazi ( 9 )  describe compli- 

cated  teats  of so-called  "choice  reaction". Gemelli used a simulated 

coalcplt and a lever which, l ike  the  control   s t ick of a plane,  the  candidate 

moved In any one of four directions. The stimulus w a s  the   f lash of a 

l ighted arrow  pointing in the  desired  direction or ,  i n  some t e s t s ,  four 

lights arranged in the form of a croas,  each light si~paling a different 

direction of moverment. St imuli   to  which no response was t o  be made served 

t o  Oamplicate the  si tuation. Average reaction times were between 4O/ lOO 

and 50/100 sec. 

9 
Then, is evidence from more recent work that a parson's average  speed of 
aimple  reactions  lacks  stabil i ty,  hence  cannot, like his handwriting or his 
f ingerprints ,  be w e d ' t o   d i f f e r e n t i a t e  hlm frm others. Recent mpublished 
res&& done by Macvaugh a t  Tulene University ahows, for  e m p l e ,   t h a t  
"there is a systematic  effect of practice,  which manifests  itEelf  through 
sane thousands of reactions, and that individuals in good condition  vary more 
fmn day t o  day, or fmm one ser ies  of, say, 250 reactions  to  another, than 
one individual during the same time varies from another. Moreover, these 

Johneon). Today, because of findings during  the last w a r ,  and subsequent 
taporal fluctuations are not due t o  chance"  (communication from H. Id. 
research l i k e  tha t  just aentioned, l i t t l e  if any at tent ion i s  being given t o  
simple  reaction  tima i n  select ing  pi lots .  
5-23777 
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Romagna-Xanoia's device was similar t o  Gemelli's and so were the time 

and variability  scores  obtained. Azzi describes an apparatus d t h  two 

hand and tm foot keys which were t o  be wed in response t o  single lights 

or t o  combinations. Sometimes tw lights repaim tnro reactions at once 

were expoeed. A t  other  times,  auditory and viaual sthuli, each c a l l a  

for a different  reaction, were wed. The stinulne portion of the appara- 

tu, nhen visua l   o t iau l i  alone were involved, aonsisted of five lmups, tlro 

above and two  below a central  lamp. Reaotion t h e  m s  measured with a 

d1A.rsonvd chronoscope. The upper right-hand light c d l b d  for a response 

of the right hand, the lower  right-hand l i g h t  for a response of the right 

foot, and similar ly  with the  left-hand laraps. The average reaction time 

was appro-tely 5O/lOO 8ec. and the  average  deviation  l2/100 sec. The 

average  per  cent of errors  was eiyht.  Candidates were rejected fo;P t h e s  

above 7O/lOO sec. and for average  deviations above  22/100 sec. The maxi- 

mum error score  allowed was 26 per cent. 

American t e s t s  of complex reaction  time were similar t o  those of the 

Italians. One apparatus  included a seat, s t ick ,  and rudder b a r  assembled 

a s   i n  a plane (108). The stimulus was a card  containing an arrow and a 

l e t t e r .  An arrow pointine, t o  the  right indicated thst  the right and an 

errow pointing  to the lef t   indicated tha t  the   l e f t   foo t  was t o  react. The 

appropriate  st ick movement was to   the right for tne l i t t e r  R,  t o   t he  l e f t  

for L, back for B, end forward f o r  F. Accuracy as well as speed was scored. 

F i f t y  cadets were tes ted.   After   prelMnary  pract ice  each  cadet was given 

20 trials on each of two successive days. The Quickest had an average 

reaction time of &$/lo0 sec. end the  slowest of 1 and  64/100 sec. The most 
5.13777 



accurate made no errors and the least  accurate 29 m r s  in 40 trials. 

Little apparent  relation  between instructor's ratings of the cadets and 

the$r  speed o r  accuracy of reaction was found. 

A simpler  choice-reaction  test  than  those  already  described was that 

of Wlrtt (2.l) in whlch the subject was reguired, by using the stick in 

aQDb tests, and the &eel in  others,  to  right  a  simulated  plane when the 

platfom on lrhlch he was seated  tilted  to the right,  left,  front, or back 

much aa does en  airplane. Reaction time for thia  maneuver was similar 

regardleas of whether  stick or ameel  manipulation  was involved. Henmon 

(52) used a modification of this test on 150 stuJents at Kelly Field. The 

etimulus was a tilt to ri&t or left. Actual  times 01' reaction are not 

girm, but  it l a  reported  that the relation of test scores with ratings 

for flight  ability  was  negligible. lAhen the time required  to respond to 

tilt m a  eubtracted from the sum of simple auditory and visual reaction 

times in order to obtain an "equilibrium  differential,"  the relation of 

6coms to flight officer's ratings was still of little or no eiguificance. 

- The Rugglee orientator.  Another,  but more complex test of the same 

nature  as  those  just  mentioned, but which did not involve  measurement of 

reaction time, was the Rugglee orientator shonn in Figure 2 and described 

in the legend. 
5-21'177 
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spatial dimensions wan ab- by the nmber of lampa i l l a a t e d  io one o r  

another  group. Kovamento of the  rudder bar or atiok,  acting through a 

e lec t r i ca l  systa ,  extingulabed these lights as soon aa straight and l eve l  

'flight" mas achieved. Trro lights were. alms on during straight and 

l eve l  nflight". A d'llrsonval chronoscope  recorded  the t h e  rwulred t o  

make the  movements necessary in righting  the 'plenen. The ent i re  appara- 

t u s  was se t  ug within r~ plane iueelege. 

The procedure w e d  in testing waa aa follows: The candidate  eat in 

the  mchlnr, the mechauism was explained t o  hlm, and a few preliminary 

t r l a l a  w a r e  given. He waa then  given a series of trials involving myanent 

of at ick  to  right and left, l e g  movement of the  rudder bar t o  right and 

l e f t ,  combined  movements of one axm and leg eini l tmeouely - usually the  

stick to  one side with full rudder t o  the  oppoaite side - a position cor- 

responding to   tha t  involved i n  a Effecte of dist ract ion were 

measured a f t e r  a K l m  horn sounded uueqectedly. 

Average reaction times and variations were obtained from two pupa 

of pi lo ts   d i f fe r ing  in experience. and from a (LFOUP of inezperienced -dl- 

dates. The number of trials on which the  averages were based and the 

nmber of subjects in each group were not reported. However,the data 

suggest increasingly faeter  reactions for those with greater experience. 

There w a ~  no attempt t o  determine how results obtedned on thee. t e s t s  a m  

re lated  to   actual  flight performance.  Hevarthelees, possible uses of the 

bepi00 a r e  mentioned. These are: (1) tes t lug   "ab i l i ty  t o  f l y  aud land 

swcessrul ly ,n  (2) periodic  testa of "the r a t e  o f  progress and of acquisition 
S-Z.?,, 







Inatmations were aa follows: 

Read aarei'Q& 

I O U  haT0 -9 things to  do: 

1. Ligbts 
When a Ught flaahee, touoh rith the  atylM  the  top 

of the oorreeponding earow-head. Do not toooh the rasher. 

Vatoh the m e t e r  and by a4lrrstlng the rheostat (us- 
2. Ammeter 

lag the right hand) keep the amwter at the  dealgnat& 
nark. 

3. Yotor 
Keep the motor a t  lor a p e d  by maiataining a0 propor 

poaitlone of the pedal. men the motor epeedo up m r o e  
the pedal and hold It in i t a  new poeition  until the oped 
8gab deareaaee. 

- Notes 

h~ lighta when you are reaoting (or a m  about 60 n a o t )  
(a) m e  l i g h t a  are or f i r a t  b p o r t m o e ,  A. e , ir a 

to  the der hand, rmot t o  the light fint awl than ga 
baok t o  the rheostat. 

(b)  When you tonah dth the stplum the  aontaat-button 

should be nfreen (neither hand nor a m  ahonla torrah table, 
oomapondw to  a light, the movemeat or the hand urd arn 

rheoatat, or board). The haud may at other times n e t  on the 
sl lde o r  the rheostat. 
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height of 2ooo mtm.  Tho oandidate  observed the  objeots w i t h i n  a f i e l d  

of rieion restricted by the   rac t  that he nae wsightingn thmrrgh a special 

device dth h i s  head etaticmarp. Keys 011 the   t ab le  in  i m n t  o r  blm were 

wed In "photographing" particplar objeots. Other mpeota  or the mituntion 

call- for appropriate reaotione were flaohing lights in the  peripheral 

field and oeeeatfon o r  t h e   h m   o r  a nplanem motor. A t  times a mddm 

fld of 1-t 0oouim.d. This wan t o  datermine the  erfeot  of m a o t i o n a l  

stimulus upm the oandidate*o  renotions.  Reaction  time was meamred in 

W t o  of l /5  mooad. Booring etreseed  premature and tardy reaotiopm, 

r a i l m e  t o  r eao t ,  and the  amount leamed a resul t   or   repeated  tes te .  

In  Bmmry*s (15) investigation of complex reactlono, the Candidate 

%hot  at* arran,, ? O M .  bulb, eta.  representing en- pooitions. He did 

thio by pressing upon appropriate keys. note was taken or reaction  time, 

false rea0tion0, and amiesione. The experiment is not  well  descrlbed and 

apparently no pract ical  w e  nae made or its rind-. 
4. MBERPmCLIOYWIYlRl"S 

Although most or   the   ear ly  work on psychomotor t e e t s  conoerned e i the r  

simple or canplex  reactions in  which t i n e  and errore were measured, a rew 

other   tes te  were also wed. Gentell1 (37, 38) meaaured muscular ratigue. 

Oaleotti (33) 5nvented a device t o  test how wel l  the  oandidate, by manigu- 

l a t l ng  a  handle.  balanoea various resistance8 applied t o  it. Ee d l e d  

hie. inrtrulnent an wergoestheeiopph.n A high re la t ion  between success in 

flying and teat   scoree was dlaimed but  not eupported by published evidence. 

\ 

Strat ton (107) described a dexter i ty   t ea t  requiring the  candidate  to 

balanor rods rar3ring i n  length. The -ish (25) also used a rod-balancing 
5-11777 
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t e s t .  In neither case, however, was the  value of the   t e s t  in relat ion 

to  aviation performance determined. 

Both American  and Eslglish psychologists made w e  of t rwr  t e s t s  (25). 

I n  &erIcan tests the  candidate held the  point of a stylua in d l  h o b s  

of varying s i ze  for stated  p4riods.  Contacts with the  side of 8 hole were 

recorded  electrically. A high re lat ion between t r a i n i n g  department ra t ings 

and steadiness waa observed in a group of 37 candiaates. However, t h i s  was 

too feu subjects   to   es tabl ish  the  re la t ion on a reliable  basis.  Moreover, 

t he   t e s t  was not t r i e d  out on different  groups  t o  diSCOTW whether the 

observed relat ion could be verified.  English tremor t e s t s  were much 

s ~ l e r  than  the Amaricen. They m d y  required  the  candidate  to d m w  8 

l ine   l igh t ly   across  a sheet of paper without res t ing his hand. According 

t o  Doekeray and Isaacs (25)  , a close  relation between steadiness and flight 

performance wae obserpsd by the Wieh. However, there  apparently no 

careful research to   de te rn ine   the   re l iab i l i ty  of this observation. 
I 

Other  simple psychomotor t ea t s  mentioned i n  various places as having had 

erne use In selection of candidates for flight training are  body sway, 

strength of gr ip ,  accuracy In striking a t a rge t ,  and varioue body-balancing 

t e s t e  with and wlthout  the eyes closed. 

Psychomotor t e s t s  of greater complexity than any of the  above, yet 

somewhat simpler then the complex react ion  tes ts  blready discussed, were 

certain pursuitmeter end "dotting"  tests. 

%suitmeter tests. m l e 6  (79) developed a pursuitmeter which re- 

quired the  subject  to keep an m e t e r  needle at a constant a d d l e  point by 

adjusting a rheostat  while changes In current which threw the  needle off  
5.237T7 
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were being made by en automatic disturber d t .  Another t e a t ,  involving 

a paduhm muitmeter ma  also invented by Milea (78). The lower part 

a i  a paululm~ dtted a atream of water, end notor   der ter i ty  nas 

'- in t m  of $he amount of water collected by the  candidate in 

aall oontajners, a aeparite oantainer being  picked np and wed for each 

wble .ring. 100 adequate determinations of the value of these  testa in 

mimaw aptitude  for  aviation were oarried oat. 

The dot t ins  *at. An iplprwed form of YcDongall*a "dottingw t e s t  

(29, 67, '99, 105) 1 w ~  u a e d .  by the  Brit ish during the  early days of the 

mar u a PLMLIuTe or motor dexterity. The apparatue wea a gravity-driven 

cloahrorf drrioe oarrylng a con t inmu  one-inoh-wide s t r i p  or paper tape 

aerom a mail rindor in the  top of a desk at filch the candidate  sat. 

Ehall red a i r a l e s  

h d  M indic&ted 

appeared at irregular intervals  along the  width of the  

belw. They moved tonard  the  omdidate, who rme 
0 
0 

0 

0 
0 

wed t o  bot ea& c i r c l e  with a stylo&aphic pen an it appeared. The 

rate at rhiah the  tap. traveled ma regulated to  keep the  candidate working 

at BeXlm01 epeed. This r a t e  waa increased  until B breakdomn in response 

o o h ;  The teuk i n  described an an extremely interest ing one rrhloh 

oalled forth nucr;lmrrm effort.  During the war, en  improved version  devieed 

by IUV? ( 9 1  rae wed. *era is no evidence of any attempt t o  aete-e 

ukethor, end if ao, t o  &at degree,  the  teat  reeulte were related t o  

r a o t a o t i c a l  skill. 
%UT77 
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SUmar~  on reaction  time and other psychomotor tests. In the preced- 

In6 pagee it has been necessary to  repeat,  again and again, statenrents 

l i ke   t he  following: V o  research waa undertaken t o  discover  the  relation 

between resu l t s  on t h i s  t e s t  and aviation performance" and "The test waa 

ueed merely because the aesumption tha t  it tested aeronautical skills a p  

peared  reasonable." 

Where research  to  determine the relat ion between speed of simple PB- 

actions and flight performance w a s  undertaken, a s   i n  some of the American 

investigations (25, lOS), the   t es t s   def in i te ly  were shorn t o  lack value. 

Complex reaction  tests  carried  out i n  simulated  cockpits seemed  more  prcanls- 

lng than  those of simple  reaction the, but only one of' them was actually 

evaluated in terms of flight performance (108). This investigation, 

involving 50 cadets  at  an American flying fielE, gave  evidence of only a 

sli-&t relationship between test scores aud flight ratings. However, sub- 

sequent  researih demonetxated that  other complex react ion  tes ts   are   qui te  

valuable i n  pilot  selection. 

5. "XEW OF EXOlTONAL REUJ!IONS 

Tests of motional  reactions in aviation  cerdidates and p i lo t s  follornga 

well-esteblished  laboratory  technique. Camus end  Nepper (23) registered  the 

in tens i ty  and duration o f  changee i n  respiration, pulse ra te ,  blood pressure, 

.and musculer tremor i n  response t o  such stimuli as a revolver  shot, magnesium 

f lash,  and a cold wet rag slapped on the head. Responses were registered 

kymographically as indicated  in  Figure 4 .  
1-217"1 



FIG. 4 

FIm 4 

OF'UOTICIHAL FEEQ- 

Around the candidate's cheat is a pnemograph which 
records changes in respiration. These changes produce 
air pressure changes in the pneumpph,  the tube leap- 

rsritlng lever are attached. MovcPaents of the lsrer are 
ing fmm i t .  and a oup to  which a rubber diaghragra  and 

recorded on a moving  amoked drm. Pulse rate and blood 
pressure changes are similarly recorded. A finger 
a-ometer, seen on the candidate's left hand, 
serves t o  pi& up these pulse and blood pressure changes. 

~ the candidate's right hand is an apparatus for meae- 
muscular tramor. (After &mua ana Nepper). 
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Although candidates were rejected on the basis of their  responses 

t o   t h e  above-mentioned situations,  the method of selection is described 

in only t h e  vaguest  terms and no data   are   c i ted  to  show that   the  test 

actually  discriminated between p i lo t s  of varying degrees of proficiency. 

A few cases  are mentioned for i l l u s t r a t ive  purposes. According t o  these, 

the  revolver  shot  led  to a change in amplitude of breathing  in a "good" 

- candidate. A "poor" candidate, however, e f i ib i ted  changes in  both 

amplitude and rhythm of respiration. Tremor records for "goodn candidates 

showed l i t t l e  and those for "poor" candidates a great deal of fluctuation 

following the shot.  Pulse and blood pressure changes were a l s o  more marked 

in "poor" then  in "good" candidates.  Recorb  illustrating  these changes 

a re  shown in Figure 5. Reactions to   o ther  motion-provoking stimuli  are not 

described. How the wgoodnessn of a p i l o t  ma determined is  also not  apparent. 
6-13777 
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Good Poor 

f IG. 5 

"Good" candidate - TP" candidate 

~ G m E  5 

I"I0NnL RXACTIOX3 OF A "GOOD" AND A +ORw C A M l h A T E  

From top   t o  botta the lines in t h i s  kymograph record  represent 
respiration, tremor, and pulse rate and blood  pressure. The + 
Camus and Nepper). 
inciicates  the  point at which the  revolver was fired. (.After 

Gemelli (37, 38) and Aggaezotti (1) wed methods sknilar to   those  of 

Camus end Nepper. Gemelli regis tered  respirat ion  (abdmbal  and thoraclc), 

pulse rate, and blood pressure. The stimuli w e r e  wards calculated  to mu& 

emotional  responses,  either in  themselves o r  through e l ic i t fng   reca l l  oi 

e s c i t h g  experiences.  Reactions were recorded  kgmographically and then 

measured by means of a g l a s s  millimeter rule. W e l l 1  says t ha t  he waa 

able to  "construct for each subject and for each condition, a graphic 

repmaentation of the  deviation of each of the three curves irom nomalw 

and t h a t   t h e  "values  pelmitted  separation o f  motional individuals 
5-13771 
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ima others." No experlmente t o  determine  the a c t i d   r e l a t i o n  between 

a t l o n a l  reactlone and flr ing &ill are  reported. However, a t ab le  1 

Gradenigo'e (@) report ehoss tha t  192  out of 6,097 candidates were elimi- 

nated  becauee of ReIoessIve emotionality" and tha t  th i s  constituted 7 per 

cent of all ellmlnatione.  Aggazzotti (1) gives a detailed  analysis of 

results obtained from 723 candidates. 
* 

Gemelli also meeasured respiration. pulse, and blood pressure  before, 

during, and after a one-hour flight, and is apparently  the first t o  make 

suah measurements during flight. However, data on,only f ive  cases are 

reported and hie conclualons  concerning changes during  aacent and descent 

end at different   a l t i tudes up t o  3,300 meters are therefore of d o u b t m  

vdue . 
English and her ican  lnveet igatore  made l i t t l e  w e  of t e s t a  l ike  those 

deecribed  lnraehiately above. Waller (112) w e d  the  psychgalvanometer a6 an 

adjwhct t o   t h e  regular medical examlnation. This apparatue  measures  changes 

in the electr ical   res is tance of the skin due t o  sweat-, but available 

evidence does not  demonstrate  that such sweating is re lated  specif ical ly   to  

motion,  nervous  instability, or the like. However, Waller reported that  

candidates  tested by him differed  greatly in t h e i r  psychogalvanic responses 

when threatened with and given actual burns and pin  pricks. Records for one 

"fit" and one %nfi t"  cahdidate a r e  reproduced in his brief report. 

. Esrglieh selection boards (see 14, pp. 68-69) made wide  use of a t e s t  

purporting t o  measure emotion in which, while  the  candidate wa.9 drawing a 

line l igh t ly  without  resting  his hand,  a loud noise waa made. Shakiness 

following the  noise nee taken as an index of emotionality. Henmon (52) 
I-*,,,, 
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on the other hand, found hand t r a r  following an uneqected  pis tol  shot 

only s l igh t ly   r e l a t ed   t o  flight ratings. 

Blood sugar changes during  flight were investigated by Maranon (70)  

at the Madrid School of Aviation. Be found hypertension, trembling, and 

other emtotional responses more marked in students  then in experienced 

pilots,  but  both  students end pi lots   f requent ly  evidenced  hyperglycemia 

before and during  flight. Only a f e w  subjects were involved and there is 

no indication  that  the blood sugar test rn used for select ive purposes. 

Free association was u t i l i zed  in the United S ta tes  aa a mew of  

probing f o r  fear reactions in re lat ion  to   aspects  of flight (86,  113). 

In these  tes ts  a,word was given end the  candidate responded as guickly 88 

possible wlth  the first word which cane t o  mind. Parsons ( 8 6 )  used 100 

stimulus words, 50 of  which re la ted   tdavia t ion .  The time required for 

response, and the  words given, were recorded.  Data me offered which, 

although  en  inadequate number of subjects was involved, s w e a t  some 

re la t ion  between scores on t h i s   t e s t  and success i n  flight training. 

In addition  to,  or i n  l ieu o f  such t e s t s   a s  we have described,  eeti- 

m t e s  of  medical examiners concerning a candidate's  emotionality were often 

used in  select ion (see p. 64). 

6. TGsTs OF INTELLE(;TIJAI. PROCESSES 

Although t e s t s  of at tent ion and perception,  judment, memory, and 

general  intelligence were used by a number of bell igerents  as a means O f  

se lect ing  pi lots ,  none o f  these  played as large a r o l e  as other types o f  t e s t s  

already  discussed. 
5-21797  



Attention and perception.  Attention  haa  often been stressed i n  

relation to   av ia t ion  akill. Gemelli (9, 9) believed that the  pi laf  

muat possess both "depth" of at tent ion and ab i l i t y   t o   a t t end   t o  several 

events slmultansously. He measured  "depth" of at tent ion by exposing a 

mal& figare for a short period of t h e .  The oandidate was given  succes- 

sively  longer exposures mtil  ab le   t o  "apperceive"  the figure. Records were 

kept of the time of ernsure required fok a correct response. Candidates 

failed th i s  t e e t  if the time of exposure required for simple figures waa 

greater than 6/100 ~ e c .  

I n  order t o  measure the "breadth" of at tent ion,   f ive amall figures were 

exposed simult'aneously for successively  longer  periods  until all f ive  ( d i f -  

ferent ones i n  each exposure) were reported  correctly. The gudifyhg score 

nas five figures correct after 1/10 sec. exposure. Again, aa i n  much of 

Gsnelli's mrll, l i t t l e  or no evidence i s  c i t e d   t o  show that t h e   t e e t  results 

were actual ly   re la ted  to  flight performruroe. Attent ion  tes ts  somewhat 

similar t o  those  described by Gemelli were also used by Oaleotti  and 

Cacoiapuoti (35) Herlitzka (53) , and Galeotti (34). 

S a i f i o t t i  (101) describes  briefly and not very clearly, an attention 
* 

t e s t  whioh is apparently of the  oancellation  variety. The materials 

consisted of five series of 20 symbols each. Relevant symbols were scattered 

in such a mauner as t o  form a labyrinth  through a maas of irrelevant ones. 

The mbject  crossed out the  appropriate symbols in going through the mass. 

Errors end time were recorded. 

Attention soores were not used alone in selecting  candidates, but were 

aombined with scores from other   t es t s  aa shown in our discussion of 

psychological  profiles (p. 34 1. 
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The LmB and M c D o u g a l l  d o t t i n g  tests,   already diecurreed,  have also been 

regarded by some a s  measures of attention. Burt (20) says that   the  do t t ing  

t e s t  measures “continued meiximum voluntary  concentration of attention“ 

(P -  153). 

Judgment. Judgments of distance,  speed, and t h e  are said  to  play  a 

large  role  in  aviation, hence their   measuraent f o r  selective purposes is 

not surprising. hchmsn (lo)  used t e s t s  of judgment i n  selection  of  navd 

aviators. These involved  estimation  of length of sticks, of the  re la t ive 

speed of four  revolving  discs, and of the  time  required for sand t o  flow 

from one oontaiaer to  mother.  A type of romboard TU also wed. No data 

on the  relatioq of such  judgments t o  f- dill were obtained. 

Stratton, YcComaa, Coovec. and Ib&y (US) meaaured judgment of ourves 

and o$ tho ralativo w e d  of two white  spots moving along converging l ines  

1n.a  horimmeel  plane. Apropos of the  first-mentioned  test  these  investi- 

gators say, 

his airplane will take  as it descends is of great im- 
The a b i l i t y  of the  aviator t o  estimate -the course that  

portance...This ab i l i t y  undoubtedly depends in pert 
upon acuity of vision,  balance of the ocular muscles, 
judgment of spat ia l  re la t ions,  all of which are  engaged 

the  distance of the point a t  which a parabolic  curve, i f  
in  the work of this t e s t ,  namely: that of estimating 

continued beyond a  given  segment, intersects  a  horizon- 
tal plane  (p. 4a9). 

The re la t ion  between scores on such t e s t s  and aviation  rating ma too 

amall t o  make the   t es t s  of practtcel  value in predicting  aviation  ability. 

-. Since  the  pilot is  called upon t o  remember routee  that  he  has 

once travereed and t o  map loca t iom,  there have been a number of attempts t o  

measure this aspect of aviation  performance. B s n q  (15)  devised  the most 
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elaborate tests, but  there is no evidence that they were evaluated in 

relation t o  Worm &ill or put t o  any praetical  1188. One test   required  the 

Bubpct t o  recognize, in a complicated map of roads, villbges, and a r t i l l e r y  

pouitiors, a 6mal.l detail previously 6hm O&I a seperate  card. In  another 

t e s t   ( rou te  menumy) the tMk w a s  t o  follow, in the  midat of great   detai ls ,  a 

route prwioasly indicated Sn iSOlati0n. Sti l l  another  teat, carried out 

within the laboratory and than in a plane under natural  oonditlona, ca l led  

ror keoogultion of a aaall detail prwloualy  represented in irolation. Fim 

out of 611 aubjeots  given this t e s t  in the  laboratory and then i n  the a l r  

lado 8 porar soore in the air than in  the laboratory.  Recognition of geo- 

met r ioa l  figarea and reproduction of a flight route after landing were a l ro  

teated. 

A muoh Uimpler *E& than those of Benary 188 used by Stratton, YoCbuna, 

C o w e r ,  aud %by (108) t o  test route mmmry .  A maze pathway m a  drawn on 

aardm and covered rith a movable Irhield  oontaining a hole of 2 om. 
alemetar in suoh a nmmer that  only a amall portion of the pathway could be 

aetm a t  one t h e .  Ths eandidate moved bhe hole along the maze pathway from 

beginning t o  and and baok again. He was then o a l l a d  upa to   t raverse  a 

larger  and more oaaplianted pathway. Pour triale, two on each of two suo- 

oessite Qpe, ware PJvm and the  the rsquired t o  go irom entrance t o  exit  

noted. Por e ~ e r y  emtrauoe in to  a blind allay, a return  to  the  entmnce was 

reqaired. 100 elgnlfioant  relatian of maze scores   to  flight rat- aae found. 

Qmeral intelllieance  tests. The Witid Btater nas the only &=try t o  

make any uae of general in te l l igence   t es t s  in select ing  f lyers  during the 

l a a t  mar. Even here there SBe r e l a t i v e l y   l i t t l e  w e  of auoh tests in 
S.l ,77.7 
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select ion of aviators. ThorndFke's mental alertness test, designed t o  

measure a variety of mental  functions, m a  eventually adopted by examining 

boarde. However, both H e m n  ( 5 2 )  and Thorndike (110) reported t ha t  there 

ma only a slight re la t ion  between score8 on t h i s   t e e t  and flight ratinga. 

7. COMBINATIONS OF PSYCHOMOTOR AND INIXLLECTUAL TICST SCORES 

An important  aspect of Gemelli's work was h i s  use of tbe psychograph or 

psychological  profile  (previously suggested by Rossoli~r~o) t o  get an overall 

vlew of the candidate's geychologioal 6tatue. He f e l t  that this general 

ovemiow had greater value than measures of slngle traits. Twelve msasures 

of psphological prooessea were included i n  the psyohograph. These are 

represented in Figure 6 ,  whioh ahme payohographe for candidates diagnosed M 

nexoellentn,  wlnadepuaten, and nmaotional ly   inadeq~ato.~ How muoh actual  use 

wna made of auoh psychographs in selection is not  apparent f m n  Omnelli's dlr- 

ouesion. 
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Amerioan investigators used reriow method6 of combining scores  for 

separate tests. Composite 6core6 thus obtained nore umally re lated more 

d06alp dth officer'e ratings of f l i g h t  perforplanoe then were single ecores. 

Hamon (52) deecribee how he  dareloped a oonposite  score  for  emotional 

r tabf f l ty ,  percepfioa of tilt, body may, auditory  reaotion t h e ,  squilib- 

rim ahoioe reaction, aquilibrirna different ia l ,  and %tal alertnese. 

Acoording t o  Benmon (p. 107) who used the oombined t e s t s  on f l y e r s  and 

cadets  at  tno i i e l d s ,  this omposite  score was euff ic ien t ly   re la ted   to  

aviation  rat-  to psrmit its m e  "for p r o s o e i s  with 6- confidence." 

He presents e table baaed upon research with 100 cadets and f lyera  at Kelly 

Piold. This &ow that those mho  made high composite  acores repuired sig- 

ni f icant ly  fewer hours of dual time then d i d  those who made low 0088, that 

a large proportion of the lox soor- p u p  was suepended, relieved or dis- 

eherged, and t h a t  poor flying echo01 reports predominated in low scoring and 

were rare in high scoring  candidates. 

Herrmon also gave t he   t e s t s  t o  50 cadets or  uuknown a b i l i t y  who had just 

reached the f i e ld .  On the basis  of combination scores he  then  sutmitted  the 

prediction  thet five out of the  50 ei ther  would be discharged or would learn 

w i t h  b i f f i cu l ty  and that tno would show special  aptitude. These prediction8 

were realized. 

Of the  five men three were discharged after 4 ,  20, 
and 22 hours of lnetruction  respectively. One of 

man rae relieved from flying a t  one time end brought 
theee 1~811 wrecked two ships completely. The fourth 

before  the  Discharge Board but was given  another 
ohance and f i n a l l y  commissioned after 85 hour6 of . 
flying when the  median time for  his   c laes  was 60 hours. 
The fifth man wa~ ccmnolssioned a f t e r  93 hours of in- 
struction. The Officer in Charge of Flw said of 



these ?.an that they did  mrk. Tho two men 
who were pi&& t o  8hor ax6.ptionel aptitude were 
c d e s l o n b d  M pm8ult p i lo t s  and t h e i r  wrk char- 
moterized ae *very m.. One of t h e  men made m- 
markabla -8s and 11111 oraig8iOnsd a= 4-3 horns 

108). 
O f  the =dim tu UW 7 0 ~ h m  (52, p. 

Although the   t es t   ba t te ry  mas gim t o  150 flyera and cadets  at each 

of tw f i e lds ,  only data from one f ie ld  qre reported. Thm thore was, 88 

far as one can t e l l  frm the publiahod report, ao verification, on another 

p u p ,  of the  relationehlp observed in the groqp at Kelly Field. Bleverthe- 

lesa,  the  Personnel  Beation of the  Air M e e  lsae convinced of the  value of 

HenlmI'8 t ea t   ba t te ry  and authorization  to proceed with i ts  introduction was 

given. Four unite were met up in connection wlth eramining boards, but the 

Antiatice waa signed before further prautioal w e  corrld be made of the 

battery. 

S tmt ton ,  YcComae, Cower, and Bagby (108) report only a slight relation- 

&hip between aviation ratings and combined scores f o r  judgment of speeds, 

j-mt of parabolic curves and ocPnplex reaction time. They point  out, how- 

mer, that the number of cams involved. (50-70) wa6 too a m l l  t o  a l l o w  a 

conclusive check on the  predictive  value of t he i r   t ea t   ba t t e ry  and t ha t  

aviation ratings are UIl8atisfaCtOrg  because of weighting by military, Wcie?, 

pmonal, and other  qualifications  irrelevant  to  aviation skill gs such. 

8. IflvEsmGpzfIOBl OF SENSORY PROCF€SES 

S e n ~ o v  requirsments set by aviation eramining boards were invariably 

dotelmined on an 5- basis, and only in same instances modified la ter  

in the light of results  obtained. All countrlee  eventually had somswnat 

8-m standards. 
S&8*7.1 



37. 

After consulting  physiology  texts, those in charge of U. S. exmi- 

nations ?or aviation  oaudidates i n  l9l.Z. set standards  vhich, i n   t h e  light 

of the  numbers eliminated by therm, seemed too  high.  Five years l a t e r   t h e  

original  exmination was modified. The revised  sensory  aspects of the 

examination, and standards, were selected  aiter  consultations with eye and 

ear   special is ts ,  but without any a t tenpt   to  test their actual   re la t ion t o  

f l i g h t  performance. This revised examination, known in  i ts  en t i re ty   as  Form 

609, was first applied during the first World W a r .  The nunber of applicents 

tes ted wes 100,000. h e r  30 per  cent of these were rejected. Of th i s  per- 

cantage 6.9 WBB reported as due t o  visual, 1.2 t o  hearing, and 2.0 t o  

equilibratory  defects. A breakdown of the 6.9 per  cent  rejected as visuelly 

unfi t  shows that 3.3 per  cent  failed in visual  acuity, 1.0 per cent in color 

vision, 0.7 per  cent i n  muscle  balance, 0.5 per  cent io stereoscopic  vision, 

e.nd smaller  percentages in  peripheral vision, pupillary  reactions, and eye 

movements (7, pp. 30-33). These figures do not  include indivi tuds alimi- 

netad on aocount of tvm or more defects. The defects i n  such cases were not 

specified. Armstrong says that, " F m l  studies of s t a t i s t i c s  of individual 

uni ts  it was found that  where candidates  failed on two or more counts, visual 

defects were present i n  at l ea s t  ha l f  of the  cases" (7,. p. 331. However, no 

evidence is presented  to show that   the  significance of visual defects for 

flibt performance was experimentally determFned., 

The visual, auditory, and equilibratory  reguirements of Form 609 end t h e  

means of tes t ing  for their  presence o r  absence are s m a r i z e d  by Armstrong 

(7) as follows: 
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38. 

of glrlfises, headaches,  lacrimation, scotoma, photo- 
In the examination of the  eye a his tory o f  the w e  

phohie, and previous or present  eye  trouble was obtain- 

Glhucomatous  symptoms, night  blindnesn, or asthenopia 
ed. If marked they were considered  disgualifying. 

disqualified. 

Ocular movements were tested by having  both of the 
cardidate's eyes fix the  examiner's finger which was 
then  carried in the four directions,  right, l e f t ,  up, 
and  dorm. The movment of each eye was repuired t o  be 
regular and identical .  

The pupils were tes ted for reaction  to light and 
accommodation  and interocular tension was tested rough- 
l y  by palpation.  Inspection of the eye waa  flone t o  
detect  disease or pathological  conditions which  would 

determined end if rhythmical and 40 degreee or less 
tend t o  cause blurring of vision. O c u l a r  nystaguua was 

l e t e r a l l y  was cause for  rejection. 

The field  of  vision was tested by the  examiner mov- 
ing his   f inger  In from the  periphery i n  the   d i f fe ren t  
meridians and comparing the  candidate's  field of vis- 
ion ,wi th   h i s  om. A res t r ic ted  field of vision dis- 
qualified. Color vision was tested by means of a 
Jennings test  set and if confusicn was encountered, 
red and green  colored  lights were used before  reject- 
ing. Eye muscle  balance at 20 f ee t  was measured by means 
of e phorometer, Maddox rod, and rotary prim. More then 
one degree of hyperphoria or more than two degrees of 
esophoria o r  exophoria  disqualified. 

Jaeger No. 1 test   type  for  near  vision. 20/20 vision 
i n  each eye was required ie the former and not more then 
11 cm. distance  at  age  20, 13 om. a t  age 25, and 15 un. 
at age 30 i n  the   l a t t e r .  The pupils were di la ted with 
5 per cent  euphthalmine and an ophthalmoscopic  examination 
of the  fundus made. Refractions were not  required. 

The Snellen  test   card was used for   visual   acui ty  and the  

Hearing acuity was tested by both  the whispered voice 
and the watch tes t .  A finding below n o d ,  i. e. be- 
low 20/20 f o r  the  voice or 40/40 for   the watch disqual- 
if ied.  Other  abnormalities of the  external ear such 88 

mall or tortuous  openings,  the  presence  of  pus,  perfor- 
ation,  scars,   retraction, or evidence of pest o r  present 
inflammation were causes for rejection. 

The ves t ibu lar   t es t s  were extensive and included 
nystagms time,  past pointing, and falling after turn- 
ing the  candidate i n  a Barmy  chair. The ca lor ic   t es t  
was a lso  used  (pp.31-32.) 
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39. 

Many of these   t es t s ,  as administrered,  could  not furnish objective 

and consistent measures of the  sensory traits. Psychologists  questioned  the 

exemination on these grounds and a lso  because the  selection of both  the 

tests and standards was on an a p r i o r i  and not an experimental  basis. Tht 

chief  criticism was aimed at the Barany cha i r   t es t  of eQuilibrium which was 

highly  publicized as a means of select ing  pi lots  (111). The Medical  Depart- 

ment had been rejecting  candidates whose nystagmus time  following 10 turns 

in  20 seconds f e l l  below 16 seconds and whose pointing  behavior  following 

ro ta t ion   fa i led   to  conform to  arbi t rar i ly   specif ied  s tandards.  

- 

Critical  evaluation of nystagmus reauirements. Dunlap and other 

psychologists  at Mineola questioned  the  alleged  relation between nystagmus 

requirements and aviation performance and specifically,  "whether the  duration 

of nystagmus af te r   ro ta t ion  is an index of the  sensitiveness of the  mechan- 

isms f o r  apprecieting motion and maintaining  epuilibrimn  (28). The reason 

for thus  puestioning  the nyetagplus requiremants, beyond the  fact   that   they 

had never been tested  against  actual flight p e r f o m c e ,  was the  observation 

that  dancers,  circus  acrobats, and experienced flyers  fwpuently show l i t t l e  

nystagmus. It seemed probable  that  the  degree and duration of nystagmus ere 

reduced by continued  activity  involving  the mechanisms of egui l ibr im.  

The experiment f ina l ly  arranged w a s  that  of rotat ing six enlisted men 

10 times  daily ( 5  times each t o  right and lef t )  for periods  ranging up t o  20 

days. Four subjects whose records were complete f o r  16 consecutive &aye 

exhibited  decreasing  average nystagmus times as follows: 24.9, 22.3, 20.6. 

16.2,  18.0, 13.6, 13.8, 10.8, 15.9, 13.0, 13.5, 9.6, 6.3, 7.1, 6.8, 5.0, and 

6 . 3 .  Although t h e i r  nystagmus times  ranged from 22 t o  3 seconds before the 
Fa177 



40 - 
ezprimmt, all six subjects  eventually  fell  below the  standard of 16 

se9ooarda maulred by the examinhg board. One f i o a l l y  had no wet- a t  

a . ( I l l ) .  

Xn6erted ip to  the report o r  the  Psyohology Department in the Air Service 

H o d l a d  (Yll, pp. 323-329) is an edi tor ia l   cr i t ic ism of the above e w e r b e n t .  

"ver, the  oolltrary reealta'  o r  an experiment by otologiets are reported. 

m~e Wen o f  the oritioirrm is  tha t   the  aix hubjeota ueed by the Psychology 

prpartumt uere not teated by otologfsts   to  determine nowa l i ty  of vest i -  

mar Mion More emtoring opon the  experiment. Tnro are repmted t o  have 

ahom "patholo@ in l a t e r   t e a t s '  (the type of pathology  not  beiag  indicated) 

and the  other  forp t o  have been "loat sight oro before  the  otologist8  could 

w e  thr. Data are suamarlzed t o  ahor  that  flyers  ezmlned.by  otologist8 

have a nom rather than a reduoed n y s t a g n u   t h e .  Tho insert includee, 

finally, the results o f  m ezperLmsnt on 10 aubjects each rotated 10  times 

t o  the xlat and 10 timerr t o   t h e   l e f t  per day f o r  periods rangine up t o  46 

days. A Ball reduotion o f  npetagmua time vias noted i n  a few oaaee, but the 

dmation was again nonenl in auah owes when lenaes  preventing  fixation were 

plaoed.over the eyes. The inaer t  conclude8 with the  following  statement: 

%e f l y e r  o m  not praotioe  the flxation of gaze owing t o   t he   va r i ab i l i t y  

of OOnditiOM under mhioh he f l ies ;   the   subject  in the turning chair must - f i x  

h ie  gaze aoourately mer each turning,  thereby undergoing a very intensive 
11 

praotico i n  gaze rixation" (p. 98). 

-- 

ll 
Dunlap (28, p. 97) rays, "1 consulted a well-lmo*m dancing  teacher in New 

Yo* City, who advised a daily practice  period of half an hour prophesying 
rtziting rasul to  in two w ~ B h a . ~  It is not  olear  whether,  in.the light o r  
thir oonnrltation, the subjeots of the Psyohology Department were encouraged 
f o  f ixate .  The implication 'of  the   ed i tor ia l  inser t  is tha t  thie m s  so in 
the p.yohologiaal O~perim1mt8 but not in experiments or  otologlsts. 
J - I V ~ ~  



w. 

Despite  this  cri t icism of the psychologxste.' f indings at YUneola, 

l a t e r  research (26)  supported their reaults.  Mareover, the value of the 

Barany chair t e s t  was also questioned by m a d i d  mea connected with  aviation. 

Parsons and Seger, on the   basis  of their   invest igat ion of the responses of 

100 ~ ~ a l  flyers, 35 of whom w e r e  rated "good," 44 "average," and 22 "poor," 

ceme t o   t h e  conclusion that there is no re lat ion between Bmeny ahair tests 

and flying skill (87). I n  a further study these investigator6  fomd a 

decrease of nystagmus time t o  a point below 16 seconds in  12 out of a group 

of 29 f lye r s  who, before training, had a normal duration (88). Moreover, 

they again pointed  out that   reaults  with the Bareay test have no r e l a t i o n   t o  

flight performance. 

Ranken  (96) found that p i lo t s  with over 1000 hours o f  flying had an 

average nystagmue t h e  s l i gh t ly   l e s s  (20.6 - 21.8 sec.) than p i l o t s  mlth from 

100 t o  1000 hours of flylng (22.6 - 23.0 sec.). The nmber of cases is not 

stated,  but Ranken says  that "several hundreds" were tested. An analysis of 

Bata for  100 experienced p i l o t s   f a i l e d   t o  ahow any re la t ion  between Barany 

chair  reactions and o ther   t es t s  w e d  in ee lec t ing   p i lo t s   ( t rmor ,  body-beLranc- 

ing and rod-balancing t e s t s ) .  On the  bas is  of these results and case studies 

of 100 p i lo t s  rated 88 successful, seven of whom f a i l e d   t o  meet American nys- 

tegrms requirments,  Panken says, "In the absence of a discovery of present or 

past signs of symptoms pointing  to 811 aural affectLon, routine examination by 

means of the  Barany t e s t s  is superfluous  providing that a thorough  medical 

eramination i s  made" (p.  862). 

After analphg the  data on t e s t a  of equi l ibr ium,  Bauer (14) says: 
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We know from actual  experience in aviation a6 
well as f r o m  the   resul ts  of the  experhental  w r k  
already  cited,  that all symptoms derived from stirn- 
d a t i o n  of the  labyrinth  are  subject  to decreEse in 
intensi ty  and duration. It is very  questionable how 
much r e l i a b i l i t y  can be placed on the Barany t e s t s  in 
the  case of an experimced  aviator. The who18 sub- 
ject   has  been u n d u l y  stressed in proportion t o  i ts  rela- 
t ive  value in aviation. 

the  horizontal  Plane.  Perception o f  changes of motion 
as  found i n  t ip?% o r  t i l t i n g   a r e  of more va lue   to  
the  aviator. Nystagmus is very variaSle and not of great 
significance unless of long duration (over thirty-four 
seconds) or markedly different irt the two directions. 
There can be no doubt that  the  reduction of the nyystagnue 

The Barany t e s t s  lay too much s t r e s s  on rotat ion on 

is  advantageous  (p. 49). 

Armstrong (7) m i t i n g  i n  1939 says  that  Bauer's views hove "not been es- 

sentially modified" and tha t  "all that  remains of the original requirements 

are those  necessary  to  determine  the  presence or abaence of pathology in   the 

vestibular system." 

Other eensory aspects of Fom 609 were not  subjected  to  published 

crit ician  during  the war. I n  1929, however, Ickstadt (54) damonstrated tha t ,  

among those allowed t o  qualify on the  basis of visual   tes ts ,   there  was no 

re la t ion  between visual t e s t   r e s u l t s  and flight performmce.  Brimhall (181, 

in an unpublished  manuscript  read in 1932, guestioned the  value of sensory 

t e s t s  for civi l ian  aviators  (and the same  would apply t o  Form 609) as   ee t  up 

on the basis of opinion rather  than  experiment. He sumnarized data, includ- 

ing Ickstadt's, which question whether there is any r e l a t i m  between results 

on v isua l  acuity and depth  perception t e s t s  end flying skill. 
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' W  ra t ing 

expression  tense  but under control; anxious t o  uneer- 
Short,  well knit; r e m a r   f e e t u r e s ,   n o b i l e ,  

sense of responsibi l i ty .   hbi t ioue and keenly  interes- 
Stand  axid please. Manner tense and high-strung. Keen 

tod in hi8  work but  inclined t o  take even t r ivial  
events  too much to   hear t .  Will do h i s  duty  but  needs 
careful watching when he gets to   the   f ront .  Should be 
watched f o r  signs of staleness o r  beginning nervousness, 
loss  'of sleep,  etc. 

"D" ra t ing 

manner; very  high  strung and overemotional. Lacks 
Decidedly  self-consclous;  slightly  aggressive 

Talks a great  deal and rapidly. Gives the impression of 
normal subjective  feeling of fatisus a f t e r  hard  exercise. 

working under great  pressure. Is decidedly  nervous and 
lacks  voluntary  control of expenditure of energy. Re- 
serve  store of energy  limited. Vrould probably  not stand 
s t rh in  of active  service  at   the  front  (p.  332). 

Toward the end of the w a r  there was an e f fo r t ,  both i n   t h i s  country 

and i n  Englland, t o  detsmiae  the  personality  requirements f o r  success i n  

aviation. A t  Mineola the  Psycholog Department 'Isought t o  get an insight 

i n t o  the temperament and personality" of successful  flyers by "sys twat ic  

interviews." As anotker  approach, Dockeray becaie a f lyer  and, through h is  

fli&t experiences and contacts  with "hundreds of f ly iug   of f icers ,  xko 

talked mors f ree ly  thm when they come t o  the  laboratory,"  attenpted t'o nake 

a Job analysis of flying f r o m  the  standpoint G f  personQity. X i s  concl&-l,:,us 

concerning  personality were that  "no general  rule can be l a i d  doan. Quj.et, 

lnethodical merr m e  among the  best  flyers..  .The nervo1is X& strung inc.liTi,?- 

uyl:?, o r  those bo:dering on the  tempermental  are  the leGst x l i a b l e ,  fcr 

d t h o u g h  they  often becor,e  good flyers, they =e the most l i ab l e  t o  S e w i c  

psychotic  under  stress" (25, pp. 146-1471. 
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45. 

In  England, the  problan was approached by  means o f  a questionnaire 

filled out by f lyers  (98 ) .  Each p i lo t  was requested t o  ina ica te   h i s  age, 

nmber of hours of flying,  type of machine flown, whether  he was married or 

single, the  nature of h i s   c i v i l  occupation,  whether  he  believed  alcohol 

necessary, whether he  rode a horse, whether  he  hunted,  whether  he  motored, 

h i s   f avor i t e  amusments, and whether  he  regarded marriage as a handicap. I n  

addition, he was asked t o  answer the  question, "Whflt are   the  essent ia l  

characterist ics of a good pilot?" a d  "';rhat a re  your  views on selection of 

candidates  with  regard  to temperament, etc.?" The answers o f  f lyers  who 

replied were tabulated. Among essential   characterist ics,  such t r a i t s  as the  

following were frequently mentioned: sportmanship,  guts,  high-spirit,  

resolut ion,   in i t ia t ive,  and "hands", meaning a b i l i t y  t o  get   the "feel" o f  a 

ship  with  the hands. With respect  to tExperament, many of the same things 

were repeated. Such tenus as "guts" and "nerve"  appeared frequently. Case 

s t d i e s  of good and poor  pilots.  are  presented. The study is o f  doubtful 

s i s i f i c m c e ,   f o r  it was not  followed up by development of a questionnaire, 

ra t ing  scale ,  o r  t he   l i ke ,  which could be applied in  selection o f  pi lo ts  and 

no ef for t  was made, as i n   t h e  case o f  more recent  research,  to  determine 

objectively and quantitatively  the  significance o f  each item in predicting 

flight  success o r  fa i lure .  

Pnton, ?dlacLa!fe, and Hamilton ( 8 9 )  developed a personality blank for 

possible use in the  selection of aviators. It was divided  into  three  parts, 

- viz.,  tmperament,  volition, and intelligence. Under "tanperanent" were 

noted the  follawing: "Cheerful or depressed,  stable or unstable,  self- 

r e l i m t  o r  submissive,  sggressive o r  pacif ic ,   mdest  or vain, frank o r  
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aithholding,  tendency t o  unburden, fond of people or ?.i!;cs t o  be alone, 

satisfied  with o r  hypercrit ical  of cond i t ions ,   punc t i l i~ .~s  Dr careless, 

serious o r  frivolous,  cooperation,  sportsmuship, high te rys im,  pleasure 

i n  work, i r r i tab le . "  The items l isted  as  "volit ional" W E ~ O :  "Energetic 

or sluggish, quick o r  slow, impulsive or deliberate,  controlled o r  res t -  

less." Under "intelligence" were listed:  "Precise or vagus, penetrating 

or superficial,  sharp o r  d u l l ,  a ler t ,   hes i tan t  or deliberete,  resourceful 

or wiGhout Fni t ia t ive ,   t rahed  or untrained." 

The blank was t o  be f i l l e d  i n  by the  exmining  physician. How it was 

t o  be interpreted, - i. 5 ,  which of t h e   t r a i t s  were t o  be re3Trded as 

desiaable i n  the  aviator, i s  not  disclosed. This "per;dn:.disy study" was 

modified a f te r   the  w a r ,  and f roa  AnlstrmS's discassion 3 P  iz, has been use3 

in the examination of candidates f o r  f l i a t  trsiniae;. 
7 ,  I- 

Although  such p e r s o d i t y   s t u d i e s   a s  we have described  Ai&-lighted  the 

personality  issue, it i e  doubtful  whether  they  advmced i t s  solution. Much 

still remains t o  be  done in  the  substi tution of objective net3ods f o r  the 

unstmdardized  clinical approach t n i c a l  of work i n  t h i s   f i e ld  dur ing  the 

first World W a r  and continued i n  the pres'ent c o d l i c t .  

12 
The revisions were carried  out by Longacre (61). 

5-13777 



10. OF PSYCHOLOGICAL FUNCTIONS UMlER LOIT OXYGEN TENSION 

The chief task of psychologists in the Medical  Research  Laboratory at  

Mineola was that of  claasif&dng cad ida te s  in terms of a b i l i t y   t o  withstand 

the  effects of low oxg.gen tension in the  Henderson rebreather. This IS a 

metal  tank from which the  candidate  breathes air and into which he also 

expels it a f t e r  CO has been eliminated. The rebreather  provides a  means 

of measuring the   ra te  and depth of breathing and also of determFning the 

oqgen  content of the air a t  any time. Air is  inspiTed and expired  through 

a rubber  tube i n  the  candidate's mouth. A c l i p  i s  fastened  to his nose t o  

prevent  nasal  breathing. M a p  (27) and Bagby (ll) both  describe  the 

classi f icat ion experiments and the results obtained. The methods m e  

described more f u l l y  and the  apparatus   i l lustrated  in   &Service Medical 

(111, pp. 297-316). Bauer (14) also has i l l u s t r a t ions  of the  apparatus  used, 

including  the Henderson rebreather. 

2 

All aviators had t o  be classified  quickly;  hence,  as M a p  points  out, 

accurate  experimental work was hardly possible. Dudlap prefers   to   ca l l  it 

"clinical" work.  Each man was tested but once and that only for a period of 

about 30 minutes. Oxygen depletion was rapid (7  per  cent  reached in 25 

minutes)  and, dur& the  early  stages of the  work, each man was allowed t o  

reach  the fainting stage  before  being removed from the  rebreather.  Later, 

the  signs of impending collapse were recognized &nd the  subjects removed 

while s t i l l  oonecious. 

Acboding  to Bagby tll) tests used i n  measuring the  effects  of low 

oxygen tension  included: visual acuity,  auditory  acuity,  reaction tims t o  

upward pressure on the  under  side of the thigh, steadiness, speed of tapping, 
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h e e  jerk, mmory (reproduction of consonants, color-nu35e-r association, 

reca l l  of positions of l ighted lamps within Q mass of A ? ) ,  snd a t tent ion 

(aerial reaction,  addition,  card  sorting in terms  of t ac t i l e   cum) .  The 

resu l t s  of the  preliminary  investigation were aa follows: (1) trmor, 

mnaculer incoordination, and "o~er -d i3charge ,~~ all becaning mme ;ironounced 

as oxygen depletion  progressed; (2) reduced ab i l i ty   to   car ry  on several 

tasks  simultaneously  through  f'rapid s h i f t b g  of attention,"  the  subject 

f i na l ly  being  unable t o  "concentrate on any task i> the l lo rml  way;" ( 3 )  

nuscles  relaxed,  then  tensed, and finally twifchy; ( I )  ranoval of inhibi- 

tions,  indicated by uncontrolled  emotimal  outbursts such as breaking  the 

apparatus, ainkiw at   the   experhentsr  I n  a s i l l y   m e r ,  and bursting  into 

laughter; (5) ab i l i t y   t o   "pu l l  oneself together" for perfomance of brief 

tasks, followed by desire fo r   r e s t .  & Service Medical (pp. 312-94) 

reproduces aamples of handwriting which i l lustrate   decreasing  legibi l i ty  with 

progressive oxygen depletion. 

The standard t e s t   f i n a l l y  administered t o  all candidates by means of 

the 'zvNlt device, whiah we have already  descrl3ed (p .  18) comprised three 

tasks t o  be performed, one af ter   the   other ,  but i n  a randon order detemined 

beforehand by the  experimenter. The nuhber of individuals  tested was ap- 

poximately 7,000. No detailed  analysis of resulta was  made. The chief 

efPscts of oxygen deficiency were found, according t o  Dunlap (27) t o  be "on 

voluntary  aensori-=tor  coordination and attention.'* Begby says t h H t  a 

study or the   resu l t s  by "almost a score of psychological  observers"  verified 

the  "effect of oxygen deple t im as rev8alsd by the  prelhimry  invest igat ion 'q  

(11, pp. lOSlO9) .  McComas (66) describes  the  results mor2 fully as  follows: 
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A6 a lack ,of oxygen began t o  affect  the wan, the 
psychologist, who had ch<arge of these  reactions, could 
notice  characterist ic changes in the time and manner of 
reactions. These were considered as the  resul ts   of  some 
loss  of a b i l i t y  in attention, or in motor coordination. 
Such faults as fa i l iQ to  not ice  a change in  the  ammeter 
or not  observing a light when it appeared, or-ignoring a 

defects. Slow  movements, too al3w in reaching the   targets ,  
change in the  tone of the motor were rated as attention 

lr fumbling, hesitancy and inaccuracy all were counted 
motor defects. 

... It seemed that   the  average man showed  some defect 
in both at tent ion and motor control   af ter  about f i f teen  
minutes of the test. Theu he would frequently regain his 
a b i l l t l e s  and proceed 88 before, striking hie   t a rge ts  as 
each l i gh t  appeared,  correcting his  ammeter, and motor, aa 
he caught the signals. After sone twenty-five or t h i r t y  
minutes the  oxygen in the  tank would  be in the neighborhood 
of 7 per cant  instead of the  normal 21 per cent and a 
frequent  result would be a lapse of the  a t tent ion and au 
ignoring or the  sound of the motor. Usually there  would  be 

euoh as too rigorous thrusts with  the stylus and em arkrrar(l 
s p t o m t i c  evidences  of l o s s  of motor control before t h i s ,  

that gave the  signal of the approaching  collapse it m a  
elide. mether it was at tent ion,  or control of movament8, 

wually the  psychologist who obtained the fimt infomation 
of the  subject 's   inabili ty  to  oontinue (pp. US-150). 

McComas also mentions t h d  weakness of the  eye muscles,  leading t o  

double vision. occurred d u r u  rebreather   tes ts ,  but  he bees not say 

whether or not  thia  double vision could  have been r e s p n e i b l e   t o r  any of 

the  other  sftects  described above. It appeers,  otf-hand, that double 

vieion could. at least partiLlly,  have been responsible for %torw 

iuaoouraciss ruah as those observed. 

Johneon and Pasohal ( 5 6 )  describe an experiment i n  rftrioh 9 aubjeats 

transliterated material i n  accordance  with 8 code d i l e  undergoing oq16hbo. 

depletion. Ear& letter of the alphabet had its own code l e t te r  (B tor X, 

X tor 8 ,  rto.) md, M 'a test o a r d  w a s  exposed (D J E A S R N U M. U for 

exmple) ,  the individual was t o   t r ans l i t s rn t e   a s   f a s t  as possible, paying 
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a t t en t ion   t o  wed as well BB accuracy. The different  sets of material   to  

be coded mere arranged so as t o  be of approximately epaal difficulty. 

Reeponsss were printed,   the reason being that writing often becomes i l l eg i -  

ble  at advanced states of Oxygen depletion. I n  same cases  rebreathing was 

used frcrm the  beginn- of practice whereas in others it was started m e r  

a certain amoant of codlng ac t iv i ty  had oocurred. During the  prelfminaFy 

period, ell o m e n  consumed by the  subject was replaced as consumed. 

A record is presented for each subject. These records show oxygen 

consnmption, blood pressure,  pulse,  respiration, end coding  performsnce. 

Large ind iv idu~  d i f fe rences   a re   ev iaent .  Where the rate of improvement is 

rapid,   the coding score  reaches its upper level quickly and then shows a 

marked decrement when oxygen is deplete4 t o  between 15  and 12 per  cent. 

Some subjects compensate for t h i s  disturbance by increased muacular 

a t t i p i ty .  Whe$e such compensation a c t i v i t y  is complete, the  curve rails t o  

&ow a decrement. In  some instances, compensatory ac t iv i ty  is incomplete or 

absent and the  cume  drops. One case shows &at appears t o  be overcompensa- 

t ion,   the  cume  actually rising before the  end of t he   t e s t .  In some cases 

the tncrease in voluntary  effort "due t o   t he  diminution of apprehension, 

dlst ract ion of surromdings, etc., end the  increase of in te res t  - is so great 

that the performance s teadi ly  Improves in sp i t e  of the  deleterious  effect  of 

depletion of oxygen, until the  subject  approaches  cardiovascular  collapse." 

noted i n   t h i s  connection,  also, i s  a "constriction of the   f ie ld  of a t tent ion,  

which faci l i ta tes   the  appl icat ion oi effort   exclusively  to  the  task in hend" 

(p. 197). In general, these  results  "indicate  that  the  sImpler  senmri-motor 

reflexes, as a rule,  do not  exhibit  noticeable Impairment until deterioration 
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of the more h i@ly  orgenized  responses  has  reached  advmced  stage" 

( p .  232). Sooie instences  ere  reported, however, of inabi l i ty  t o  form a 

l e t t e r  or even t o  put  the  pencil  to  the  paper when. apparently, t h e  subject 

we5 s t i l l  e t tending   to   the   mater id   to  be code&. 

The lox pressure  chmber v:as i r  use a t   the  sane time a8 tests d t h  

Kendcrson's rebreather were being cmried out. However, except for a few 

inciZentd  observetiuns,  nothing of e psychological  nature was done i n  it. 

Soze of these  incidentel  observetlons, samples of handwiting  taken  at 

different  "alt i tu&es" up t o  20,000 f ee t ,  and h i s  own experiences  while in 

the low pressure chamber ape describe6 by McComas. Diming of vision a t  high 

al t i tudes is especiellq-  noted (65, 66). 

Although the  English  studied  altituZe  effects  during  the w a r ,  they  did 

not, until the end, use  anything &in to  the  rebreather or low pressure  tank. 

Their   tes ts  were mede before and af ter   a l t i tude  f l ights   with and without 

administration of oxygen. The only directly  psychological measurements 

involved were  vrltb t h 6  clot t ine and tremoz tests  already  described. Accord- 

ing to   Bir ley (171, hovever, Fluck':. ( 3 2 )  manometer t ee t ,  which was used in 

t h i s  work, yields a measure of such pEyChOlOgicd functions  a8  "volition" 

end "temperement." This test   requires  the  subject,  witn nose clipped, t o  

blow a column of mercury t o  LO m. 2nd h o l d  it a t   t h i s   l eve l   a s  long EB 

possible. Under noma1  cor.litions,  the overage  time is  between 50 and 60 

seconds.  Results of the 6ve-mentioned t e s t s ,  as f a r  as they  applied t o  

a l t i tude   e f fec ts ,  suggssC2 performunce decrement a f te r   h i&  a l t i tude   f l igh t  

without oxygen and  Improvmunt i n  performence a f t e r   f l i gh t  wlth oxygen. 

Hosever, the poor control of altitucie  conditions,  the  small nunber of subject8 
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imlved, and the   fa i lure   to   consider  low pressure effects  accmpanying 

Inore~cur in a l t i tude ,  make these early English t e s t s  of l i t t l e  consequence. 

There nas no attempt t o  classify  candidates on the bas is  of a l t i tude   e f fec ts  

as nas done in the Vnited  States. mphasis w a s  solely QOn determining  the 

f i t nes s  of slyers subjected t o  deficient amounts of oxygen. 

In the Atmospheric Depression Laboratory a t  Saint-Cyr, Garsaux (36) 

investigated  the  effect on visual end auditory  reaction  times of a l t i tudes 

ranging from lo00 t o  6000 meters. He reports t ha t   un t i l  an a l t i tude  of 3500 

meters was reached, there iras no effect upn reaction t h e ,  but tha t ,  above 

this level,  reactions became elower end more variable. When oxygen mas 

inhaled, however, the time end var iab i l l ty  of reactions were normal. Neither 

the  specific  techniques w e d  nor the number of subjects  involved are  indicated. 
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11. TBE DECLINE AND F 3 " A L  OF AVIATION PSYCHOLOGY 

Research in   aviat ion psychology  ceased soon af te r   the  first World W a z  

ended. By 1920 most of the  psychological  reseuches of' the  War were i n  

pr in t ,  end s t e r i l i t y  had v i r tua l ly   se t t led  on the   l i terature .  In  t h e  United 

States ,  f o r  example, despite  the growth of aviation and despite  the  estab- 

lishment of e thriving School of Aviation  Medicine,  psychologists  turned 

t h e i r  backs on aeronautical  research (55). In other  countries,  too, w i t b  

few exceptions,  research by psychologists  in  the  f ield of aviation was 

almost totally  discontinued. 

The revival of interest  in  aviation psychology began wlth  the  prelim- 

inary  stages of the  present  conflict. Many surveys of ear l ie r  work i n  

aviation psychology and discussions of unterlying  theory,  together  with 

reports of t e s t s  used i n  pi lot   se lect ion,  appeared around 1935. Selection of 

mili tary  rather  than  civil ien p i l o t s  was emphasized. 

As the  present R a r  approached, however, there  cane a sharp  decrease in 

publications on aviation psychology,  although there  is reason to  believe 

that   the  volume of research was assuming larger  proportions  then  ever  before. 

!!%a s i tua t ion   i n  other belligerent  countries was probably  similar t o   t h a t  in 

the  United  States  today. A program of research i n  aviation psychology which 

f a r  exceeds in  extent  anything  ever  attempted  before in this country is 

underway, but the  detailed outcome of t h i s  research will not be known un t i l  

a f t e r   t he  W a r  ends. 

Because of the  absence of publicaticns, i t  is impossible to  present a 

complete picture  of current  reseerch in avietion psychology. Nevertheless, 

the  revival of interest  in t h i s   f i e l d  i s  apparent froe  publications which 
C23777 
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appear& during the l a s t  decade. 

The remiseance of I ta l ian   in te res t  in  aviation psychology, if G e m l l i ' B  

Publioations (39-L4) gre m y  indication, preceded tha t  i n  other  countries by 

' e W e m l  YeaMI. It %as not   un t i l  1937, however, tha t  Gemelli  described any- 

thw essentially  different ircnn the   I ta l ian   research  of the first World w a r .  

He than t3treSsed the  "personality as a whole" approach (45) and &isgaraged 

exclasive w e  of tests which measwe single operations such, f o r  exenple, a8 

M a C t i O n  t h e ,  FmotiOn, and attention (46).  Similar views were eqressed by 

o t b r  Italian  psychologiets (71, 109). 

There was apparently a c q l e t e  gap in German aviation psychology until 

Me- in 19% and Metz in 1936 described tests fo r  selection of pilots .  

Blaban (31) stressed reaction t h e  and character  analysis. Metz (n), 
.director of  the Berlin tes t ing  s ta t ion of the  Luftwaffe, emphasized such 

ahWCt0r  traits a s   w i l l -mer ,   s e l f -d i sc ip l ine ,  and sense of duty. A paper 

by L d e  (59) describes the   resul ts  of an examination of 2000 aviation  candi- 

dates mhich were c lass i l i sd  into body types  (Kretchmer's). He CLEO mentions 

that reaction  time was meaeured with  the d'Arsonval chronoscope and complex 

ooordlnation  with Reid's coordinator. Lemke belleves  that  the complex  co- 

ordinator is quite  valuable a8 a select ive device. Par t ic ipat ion in sports  

18 alra regarded 88 important in prediction of aviation skill. Lottig (63) 

nrntlons , .  that tests of reaction,  at tention, end fluency at  high  alt i tudes  ere 

in- pilot  sele&ion.  Reaction  time and speed of thought  processes 

haye beon tes ted in a centrifuge by Burmeister (19). Schmidt (103)  describes 

a t i t d o  qfieo'6s in the  low preseure chmber. 

mta (102) reports that   selection of a i r c ra t t   p i lo t s  .in Russia prior 

to  1933 m' b a e d  upon snecept ib i l i ty   to   a l t i tude   e f fec ts ,   ves t ibu lar  
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functions,  adjustment on three planes  (apparently by  means of an apparatus 

l i k e   t h e  Ruggles or ien ta tor ) ,  speed of reaction for movements l ike  those 

made in flight, physiological  conditions  while  landing, un,founded anxiety, 

intell igence,  and motor coordination.  Later  Russian  publications concern 

measures of coordination ( 5 ) ,  psycho-technical t e s t s  (921, blind  f lying (931, 

neuropsychic t e s t s  ( 9 5 ) ,  and t e s t s  for parachutists (69 ) .  

Macewiez, mho in 1930 became director  of the  Polish  Psychotechnical 

Laboratory,  reported  that  aviation  candidates in  Poland were tes ted for 

visual  reaction  time (d'Arsonval.  chronoscope) , visual memory, attention, 

complex coordination (Reid's apparatus), and an intell igence  test   devised by 

Macewiez but not described ( 6 4 ) .  Przysiecki ( 9 4 )  discussed the  role of 

sports in   developent  of aviation  aptitudes. Work in the U chamber was 

described by Dybowski (30). 

Selection of p i l o t s   i n  France  during  the  last decade was apparently 

based almost en t i re ly  upon medical  requirements.  Lacker ( 5 8 )  writing i n  

1937, mentions no or iginal  French research except physiological  studies of 

acceleration and al t i tude  effects .  He does, however, review psychological 

work carried out in  other  countries. 

Selection of aviators  in  Spain was based upon psychomotor t e s t s ,  

personality  estimates,  physiological  reaction  to sudden motion-provoking 

s t h u l a t i o n ,  and a biographical  questionnaire (8).  

The medical  exemination used in the   ear ly  and middle t h i r t i e s   t o   s e l e c t  

p i lo t s  for the R. A. F. included measurement of complex coordination  with 

Reid's  apparatus,  holding  the  breath  (Flack's  test) and the  Barany chair  

t es t .  The l a t t e r  was used to   tes t   apt i tude  for   acrobat ics  and w s  a lso  used 
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ahen evidence  of abnormal Busceptibil i ty  to  mepen movements appeared. Re- 

breather tests (bag method) were administered. Bartlett (13) mentiom 

meag?lree of i n t e re s t ,   t e IUpermt ,  and character as being used in Brit ish 

selection. Harrower-Erickson urges m e  of the Rorschach test i n  p i lo t  

selection and ahow8 how profi les  based upon results of   the   t es t  may f ac i l i -  

t a t e  its w e  (50 ,  51). 

Several very stimulating  papers  on,aviation psychology  have been 

publi'fiod i n  South America durlng the period under d i e a u k o n .  In  1932 Julio 

V. d'0lQveira Estetea, Surgeon Subinspector of the Argentine Navy and Chief 

of the  Medical  Service  of Naval Aviation began a long series of a r t i c l e s  on 

peychological and medical  aspects  of  aviation. One of h i s  most significant 

pspohologioal contributions is the sUggestlon that  reaction  time  should be 

recorded not only from onset of stimulus to  initi,ation  of response but a lso 

from i n i t i a t i o n   t o   t e m i n a t i o n  of response (82). He has applied  this suggee- 

t ion t o  the study of aviation candidates (83, 851, and has proposed the  

measurement of responses to  sbultaneous  psychological and physical  tasks, 

ln the examination  of candidates ( 8 4 ) .  D'Oliveira  Estevea  claims  that u8e 

of his- methods has reduced the washout r a t e  in Argentina from an original  5 

per  cent t o  zero. It is apparent, however, that much at tent ion is given t o  

each trainee. He I s  tested  frequently and his  weaknesses, and mggestions 

for  overcolning them, are discussed with his   inst ructor .  Yata (74)  describes 

a npeychometrc8netertt for use in selection of pi lots .  In another  paper (75)  

he  discusses a multiple-choice  apparatus which is placed in the   p lane   to  

masure reactions dnring flight. Delucehl and  Mata (24) describe a test of 

attation w e d  in selection of p i l o t s .   W i l e  the candidate.is  -king off 
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certain  distances on a r o w  of dots  a  metronome  begins to beat  at irregular 

intervals. Subsequently  the  candidate  must  continue  to mark the dots and at 

the sme time count  metronome  beats. Odilon ( 8 1 )  describes the use of 

profiles based upon reaction  time,  attention,  emotionality,  and  kinesthetic 

sensitivity in selection of pilots. 

In the  United  States  there was little  interest in aviation  psychology 

between the end of the WBP and 1939. Some studies of high  altitude  effects 

were carried  out; an improved  personality fona f o r  use in connection  with  the 

medical  examination was devised (611, a  complex  coordinator was developed an4 

tested in relation to success in flight  traihing (72, 73). end CritiCimS of 

certain vieual tests were  voiced ( 5 4 ,  18). Flight  surgeons  rather than 

professional  psychologists  were  chiefly  responsible for the  first  three  develop- 

ments, dile a psychologist as well  as  medical men had  a  hand in the laet- 

mentioned  development. 

13 

In the  United  States, at the beginning of 1939, there  was no program of 

psychological  research In aviation.  By 1961, when *he United States entered 

the present W a r ,  a  well  organized  program of aeronautics  research was under 

nay,  and  there were at  least 100 psychologists  who had obtained  direct 

experience in such  research (55). This developent is largely  traceable to the 

support given  since 1939 to psychological  research in aviation  by E Federal 

agency,  the Civil Aeronautics  Authority. 
14 

13 

physiological more then psychological. Much of this work was  done at the 
Armstrong (7, chapters 16-20]. Most of the work mentioned by Armstrong is 

School of Aviation  Medicine by medical men without collabmation of psycholo- 
gists. YcFarlend has been a leadel' in psychological  studies of 'low owgen 
tension, but his work was done  without  specific  reference  to  pilot or aircrew 
performance. For a brief  review of work in this field, aee (67). 

14 
NOW Civil  Aeronautics  Administration. 
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In the  fall of ‘1939 this  Authority  embarked on a program  of  training 

10,000 civilian pilots,  chiefly among the  undergraduate  personnel  of 

American college6 and universities, as part of a dde-scala effort to 

develop  the  light  plane  industry  by  encouraging  private fl-. Through the 

efforts  of  its  Director  of  Research, Dean R. Brja!hall, a fund was set  aside 

f o r  psychological  research in the  selection and training of civilian  aircraft 

pilots. This fund, increased as the  civilian  pilot  training  program erpanded, 

was allocated  to the National  Research  Council, which established a Coxanittee 

on Selection and Training of Aircraft Pilots to plan and supervise reseerah. 

Included in this was an executive s u b d t t e e  of  psychologistB and repre- 

sentatives from Aviation  Medicine,  civilian f lying associations,  air-arme of 

the Services, and commercial air lines. 

15 

The program of investigation  was  originally  intended f o r  use in studying 

and  solring  personnel problem in civilian flying. Even before  the  United 

States entered the War, a8 the international  situation  becaue more aritlcsl, 

the Amctions of this National Research Council Committee on Selection and 

Training of Aircraft  Pilots were extended,  wlth the consent of the Civil 

Aeronautics  Administration, to cover  military as well 88 civilian aviation. 

The researoh program of this conrmittee naturally  included the seleotion 

and classification of pilots. However,  from  the  very beginning, the im- 

portance of training problem was recognized, and attention  dlrectsd at once 

towards the inoestigation of the learning  process and of other  factors 

involved in the acquisition of  pilot skill. Rating  scale  techniques and 

lithographic and photographic  methods of recording were developed, the a b  

being to procure  reliable  measures of pilot  performance during flight. 
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Probl- of tension end of fatigue,  the effects and treatment of motion 

s icbees,  and similar  mlntenaaoe problm were likewise  investigated. 

Moreover, these probl- were studied not alone i n  the  laboratorg, but in 

the oookpit of the plane under actual  flight  oonditions. 

&oh inveetigatione,  oduoted by Coopemting psychologists unaer the 

general direotion of the M t t e e  on Selection and Training of Airoraft 

P i lo t s ,  have produoed signifloant flndinge xhiah are  now being employed in 

conneotion r l t h  the W a r  Xffort. These rill be considered Fn a  text on 

Aviation Peyahology which the Cananittee l e  now preparing for publication. 
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12. SmmY 

Ariation psychology had its origin in the first World M a r  and was 

concerned primarily spd almost  exclueively  with  the  selection of a i r c ra f t  

pilcte. Fkpimais waa at first upon reaction  t ine and motion. The simple 

reaction  time tests of French and Italian investigators were soon replaced 

or supplemnted by measures of complex reqction.  Italian  paychologiste lad 

in the  developaent of colplex  reaction  tests  carried  out in simulated cook- 

pi ts .  In  acme of these  teats   the stick and rudder bars  replaced  simple re- 

action keys. The cmplex  coordinators found so useful in select ion of 

p i l o t s  today m y  be r e g d s d  as fur ther  dcwelopnents of the  I t a l i an   t e s t s .  

H e m e s  of emotional  reactions were sought by recording blood preasure, 

pulse, respiration, tremor and sweating in response t o  stimuli. There was 

some use, elthough  apparently  not for practical  purposes, of blood sugar  tests. 

Free association w e s  wed  to   s tudy  emotional a t t i tudes  toward aepects of 

flying. 

Tests of intellectual  processes covered at teat ton,  menory, perception, 

j w e n t , .  and general  intelligence. Combinations of psychomotor, emotional, 

and i n t e l l ec tua l   t e s t s  were found t o  be better  predictors of ra ted   f l igh t  

p e r f o m c e  than were any s ingle   tes ts .  However, t he   c r i t e r i a  of performance 

during the  first World W a r  were themselves of doubtful  value. 

The chief contributions of psychologists t o  sensory aspects of selection 

were their c r i t i c ima   o f , ex i s t ing  eensory requirements. They emphasized the 

need of establishing  reQuirments  through  adequate  job  analysis and of 

providing  objective,  reliable, end proven instnrments for measurine sensory 

oapacity.  Psychological  research  disclosed that the  Barany chai r   t es t s ,  a8 

used i n  Forla War selection of p i lo t s ,  were of no value when applied to those 

who had previously engaged in fl ight,   acrobatics,  and other   act ivi t ies   cal l ing 
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for intensive  stimulation O f  the  mechanislas of equilibrium.  Medical men and 

psychologists  criticized  the a Driori basis of sensory and perceptual   tes ts  

and standards and Questioned  the view that they are basic  to  f lying  apti tude.  

Personality  observatione were carried  out by interviem and questionnaire 

methods,  but t h e   r e l i a b i l i t y  or the  procedures  used is highly  questionable. 

There were no standardized  personality  tests. 

Psychological  functions  under low oxygen tsnoion were measured for 

classif icat ion purposes. Complex psychomotor reaotions and attention were 

mphasized i n  t h i s  connection. Ln general  the  results  indicated a breakdown 

or  complex before  simpler  sensori-motor proaesses. However, large  individual 

differences were noted. Some individuals, even when near  the  point of 

collapse,  "pulled themselves together" end actually Improved t h e i r  performance. 

Prior t o  prelimFnary stages or  the  present  conflict  aviation peychology 

had suffered  dbcline. However,  a wideepread revival of Interest  was apparent 

by 1935. A reviem of work i n  various  countries during t he   l a s t  deaade shows 

that  psychological methods of selection were almost universally in me. The 

early part  of this  period is, however, marked more by theoretical  discussiqn 

and raislrs or adaptations of ea r l i e r  work than by new research.  only 

limited  information is available concerning recent  research on aviation 

psychology in  the  bell igerent  countries.  

The progrem of research sponsored by the  Ciyil  Aeronautics  Administration, 

through the W.B.C. Committee on Selection and Training of Aircraft   Pilots,  

which  began in 1939, was the first comprehensive and eyatematic approach t o  

problem of aviatlon psychology. Among other things, this program broadened 

the scope of aviation psychology t o  embrace the  training and maintenance of 
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development of reliable  indices of flight performance, research  carried  out 

during f l ight  and experiments t o  determine the  actual  relation of t e s t s   t o  

fli&t performance. 

The chief values of early  aviation psychology are (1) that it broke the 

ground for  later  investigators and (2 )  that it showed some avenues which are 

fruitf'ul and others which are unfruitful. On the  positive  side, f o r  example, 

are  the Italian studies of reaction time which e w e s t e d   t h e  value of complex 

choice  reactions in a simulated  cockpit. On the  negative side are measures 

of psychological  processes w h i c h ,  although  they "looked reasonable" were 

t r ied  out and found practically  worthless in selection of aviators. Out- 

standing among these were the  tes ta  of simple reaction6 and the Barany chair 

nystagmus and poiztting teats. 

The chief  criticisms of early work i n  aviation psychology are: (1) its 

preocmmtioqni th   select ion  to   the exclusion of the  learning  process and 

other  functions  affecting flight p e r f o m c e ;  (2) the  neglect of job analysis 

as  a means of determining  the  exact  value of the  task performance by pilots;  

( 3 )  failure 2 conduct research in the air; ( 4 )  absen,ce of trustworthy 

methods for rating or meaaurinR f l igh t  performance so that   the value of t e s t s  

in oelecting  aviators could be detellnined; end ( 5 )  absence, in &st instances, 

of adeauate  research aimed at determining how well  the  teats  actually=- 

ferentiated g o d  and pooppmspecte for f l i r h t  training. In  eo far as t e s t s  

are  concerned, there was too much dependence upon the "reasonablenesdw of a 

t e s t ,  upon  what is sometimes called  "face  validity," and a parallel  failure t o  

determine  experimentally its actual value in eelecting flyers. Use of the 

Many   cha i r   t e s t  and of simple reaction  tims  tests are good i l lustrat ions of 

t h i s  tendency. Nevertheless,  limited in related  experience,  limited by 

- 

- 
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inadequacies of statistical  methodology (55). and limited in  opportunities 

for research in the air, yychologists made significant  contributions to 

aviation  psychology  during  the  first World War. It is  to  be regretted that 

psychological  research  virtually  stopped  with  the end of the W a r  to be 

renewed  only as the present  conflict  approached. 
s-21777  
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