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newer code from the inetructor. Yuch of t h e  ezperhental 
to the  calibratimr o f .  the eauiment. Laanrr t r l n l s  were ~m 





IATRODUCTION 

The folklore o f  aviat ion trniaing abounda with rt.tmentn doh point 
to  tansion as an Important enany of ~uooem in learning to b.ooM a good 
and o k l l l f u l  pilot .  As exrples of extreme tmaamesa, there urn .asg t r les  
of atudsnta rim have 'frosen the controls,n requiring a t h ~ ~ t i a  a m -  
oation  of the firs extinguisher or other  oonvanlent -upon by th instrW- 
tor. In lesser degrees, mentions of the harmful effeota of tenmion a m  to 
be found in such varied souroes as the fllght jaokots of f a i l i n g  atlllantm, 
the  conversation  of vetarm instruotors,  and ths r m k a  or exparlencd 
f l i g h t  surgeone. It appsars  to be generally agreed among the air  m l n d d  
that the student wtm is tense in the  air  theroby def ines  blmself ua a poor 
p r o s p o t  for pro f i t  from f l igh t   ins t rac t ion .  

Rainlng of   Aircraf t   Pi lots  a t  the t h e  of its formation; and it m a  fur- 
T h i s  s t a t e  of affairs was h o r n  t o  the Committee on S e l w t i o n  and 

ther confirmed by all early inquiries directed dong these lines. The 
p b l m  laid before the  m i t t e e  semed a t   t h e   o u t w t  a very simple o m  
indeed. Those mpblsticated i n  aviat ion w e d  that tmeion w a m  hottile 
to f l ight   successo To verifp this by application of quant i ta t ive metbods 
somad to involve three, and only three, basic atepa: 

1. To mglsure objectively  the amount of   tmslon  presant  in M de- 
qmte number of s tudmts  during N e h t  training. 

2. To obtain  sat isfactory maawes of their  progress  through train- 
l n g  and their general  kmpetence as pi lo ts .  

3. To obtain some measure of the  oovariabi l i ty  of these two m e a m e n .  

The possible outcmes were apparently foreseeable. If a high, nega- 
t ive correlat ion rere to be obtained  betreen measured tension and meaeared 
f l l g h t  comptance, the folklore conoapt of tension  muld h ~ e  bean oiadi- oated. In t h i s  case, one could advise usinp a m a m e  of knsion aa M 
ear ly  msana of   salect lng  pi lot  material; and one could aloo look a b u t  
for ways of reducing  tension. A swond  possibil i ty was that a negligible 
relat ionship would be fmnd, Suoh a discovery aould be eaough to shor 
that there  m e  no apparent  relationship batreen tension and f l i g h t  sucoesa; 
and inst ructors  could be urged to disregard s i g n s  of tenseness in studmtn 
as non-significant, F i n a l l y ,  It m s  possible that a posi t ive  re la t ionship 
m u l d  be found of m f f i c i e n t  a i m  to i n a i m t o  that high tension .Id ~ ~ 0 0 8 8 s  
aotually want together. Th3.s would mean that the  folklore  m a  the m e m e  
of the  clsaonstrated  truth and it would then be neoemary t o  rasducurte in- 
s t ruc tors  to regard tenseneso ns a favorable  sign in their studants. 

It did  not  occur ta the  project sponeora or to the  &ttm that 
there m a  any real doubt as to w h a t  the  term "tension" or "tensmesa" 



meant. Only nfter much work had been dona e s d  only a f t e r  8om hundreds of 
records had been made o f  muscular tension  during  f l lght,   did it W e  a p  
parent   that  a conaiderable  variety  of  uncorrelated symptoms  had been arbi- 

Only in the l a t t e r  stages  of the projeot,  then, did the i n v e s t i g a t ~ r a  reaoh 
t r a r i l y  forced Into a single category by t h a e  rho used t h e  term Rtmeion.n 

a stage of  defining bas10 terms which log ica l ly  should have been the proper 
starting polnt. 

the   project  came to the field of  aviation  with a knorladge of  muoh of the 
recent work done by psychologists on t he  effscts of musoula? tension. They 
were aware of researches  reported by Davis,1 Frseman,2 and Bllls,3 and 
others  on the effeots   of  muscular tens ion   upn   ou tput  in various akllled 
ao t iv i t i e s .  They m e  also aware of  publioations by Jaoobso& in which hs 
described the tharapeutio use of progreMive  relaxation in eliminating cer- 
kin non-hyglenio effeots of  exoessive muaoular tenseness. 

The bas10 reason f o r  this s i tua t ion  is may to f i n d .  The sponmrs of 

Accepting  'tension" an meaning muscular  tension in a d a t i o n  as it d i d  
in the p a y c b o l o g i d  laboratory,  the bas10 problem appeared to be slmpli- 

1ws aocurdhgly vrery simple. It wan proposed that the top  of  the oontrol 
oity Itself, and the  orlglnal research  propowl  offered to the Cormnittee 

s t i ck  be enonsad In a rubber bulb, l ead ing  to m e  sort  of pnematio re- corder. Righ tamion  mould l m d  to considerable pressure on the   bulb 
w h i c h  would then be recorded; a d  lower degrees of muscular  tension muld  
yield  progressively  smaller amounts of recording. R e o o r d e d  tenaion muld 

matically eqressed. .There nothing novel in t h i s  propoaal  exoept its 
then be oompared with f l i g h t   p r f o w a n c e  and the  interrelat lonshtp mathe- 

by Morgan5 and others in  prepiowly  reported s tudies  in t y p w r l t i n p  and 
applloation to the flight si tuat ion,  for the basic  teahnique bad been used 

%ads, R. C. me re lat ion  of  c e r t h  musole potion potentials to 
R m a n t a l  wrk." -., 1937, No. 5. 

and h u s t m t i o n .  J.., 1938, 23, 141-158. 

their   wnatsnoy. -, 1939, zb, 451-465. 

tension upon performance. J. Pay&&, 1933, 45, 17-52. 

lar  wrk. J.sxD., 1937, 2l, 5.54-566. 

Davis, R. C. The r e l a t ion  of muscle  aotlon  potentipla to d i f f i c u l t y  

Dapls, R. G. Patterns  of  muscular  activity during mental work and 

2Fre-, 0. L. The facilitative nnd inhibi tory affects of nu~lular 

Freeman, 0. L. The optimal bourn of   'ant ic ipatory  tauiolu" in muscu- 

Freuaan, C. L. The o p t l m l  muscular tensions  for various perfoxmanoem. 
J. F&g&&., 1938, 51-146-150. 

mental work. -J., 1927, 38, 227-251. 
3Bl l la ,  A. 0. The Influence  of  muscular  tens'w on the   eff ic iency  of  

4Jaoobwn, E. -. Chiongo: Univ. C-go Reas, 

%organ, J. J. B. The overoodng of dis t rao t lon  and other reaistanoen. 

1929. 

A. Y e ,  1916, 350 
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other  e h p l e  ek i l l a  , 
~. 

Yoreover. just as the  study m e  about to get  der my, tho 'sponeora 
of t he   pmjeo t  m e  Informed that It would be possible to obtaln UI appr- 
a tua  whioh, they were t o l d ,  mould give an objective meaoure of night per- 
formanas. This d e  the  outlook even more promising. If they wuld ob- 
tain objeotive meamman of how wel l  student   pi lot8 actually fla, they 
would be freed of dependence upon mch subjectlvaly  colored crlt.ria a8 
judgments of ina t ruc tors ,   pas- fe l l   records ,  and entries i n  night jaoketo. 
?he rubber bulb, it appsarmd, wmld glve them quant i ta t ive t~ea8um8 of "ten- 

8tnnuroe of flight  performanco~ and, Me only task left wu ld   be  a study 
slonw; t h e   f l i g h t  recorder, they were to ld ,   muld  glve them qnant l ta t lPe 

of the   in te r re la t ions  of these tm quant i ta t ive  and objeotlve mBpaurea. 

If the 'faots had j u s t i f i ed  the postulates  stated above, this might 
w e l l  have beon a d e f h l t i v e  report. The r an t  that it I s  only a report of 
wploratorp  research  adequately  refleote the sharp f a i lu re  of the tw var- 
iables to fall into t h e  neatly quantified seriee which the sponsors were 
led to anticipate. 

It my be simpleet to summarize the  ourrent a t a t e  of aiiairo by oon- 

poatulates upon wbich the axperimental d e s a  w m  baed .  Fact then be- 
t r a s t ing  theory,d faot.  Theory, in this case8 i n  nothing mre thn the 

oomes an mplanation  of what m a  ac tua l ly  learned as the  reaearoh wua 
puahd d o n g  through more than one thousand t ~ 8 l n i n g   f l i g h t o .  

1. When inatructors  spoke of When instructors spoke of "tension," 

tc muaoular tension. 
'tension,' they referred 

mom of a balf-dozen disparate and 
they were re fer r ing  to any one or 

other unrelated sets of syarptme or 
muses of sympbms. Eroesoive mus- 

of these. To mmaure muscular ten- 
cular output, a t  best, was only one 

sion told l i t t l e  or nothing  about 
m a n y ,  Ff not most, of  the  students 
whom inst ructors  muld desoribe a8 
"tense." 

-. .. 

2, The fllght recorder mould 
give an objaotlve record 

plight recordere provide Wormation 
on only certain aspects  of p i l o t  p- 

of how well a glvsn stud- 
ent flew. ficienoy, d z n p  those pertaining 

p r i a a r i l y   t o  "manewer-doiag." I n  
addition, %ha rewrdm avr i lab le  
a t  the  time of the renearoh w a r e  I 
liaited as t o  type and ranee of data .. . 
reoorded, and teahniques for htm- 
pretat ion of the  recozdmd data in 
tQImS of f l ight   prof ic lenoy ~ m 8  M 
y e t  undeveloped e 

..' 

. ,  
I 

- 
~ ~, - ~ ,  
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FIRST EXPERI%ENTAL RUSE (as3wswj 
Zxcessive Kue::der Tension vs. l & ~ e l  of Per'ormance in Trainlng 

by the  neceenity of coaducting the reasarah wlthout interferring with  the 
The dmign of the f trat .  phese a?? t he  w;cpari.went m s  dictated 1.n part 

f l i gh t   t r a in lng  of the arallable subjects. Arrangements were made d t h  
the operator of t he  eirport a t  College Perk, Knryland, to install the 
necessary e q u i p a n t  In 8 Piper Cub p ina ry  Yrainlug plane, d t h  the under- 
standing that a specified group of atudonts m u i d ,  in 80 f a r  as possible, 

made to obtain recordings on all f l l g h t s  mado by thin group of stmiants 
receive dl of t h e i r  trraining fluhts in t h i s  plane. An effort  -8 thus 

f r o m  t h e i r  first dual  indoctrinasion ho? to the final f l ight   emmiust ion 
for a pr iva t e   p i lo t  license. 

Civilian  Pilot   Tr-ining C O W S Q ~  The d e e m  provided t h a t  recordings 
It m a  plannd to follow ten  student6  through  the entire Frimary 

ohould be made of  t h e i r   g r i p  upon the oontrol s t i ck  during all o f  the 
f l i g h t s  they m u l d  make and that t h e i r  degroe o f  gr ip  peasure should 
ultimately b e c o r r e l a t d a g a l n s t  wricus  criteria  of  f l i g h t  oompetsnoe 

ecriblng the  Fries Fl ight  Paalyzer,' it was hoped that recordiags of 
that might become avrrilable. On tbg beaia gf' awnable literature do= 

6An early description of thlfl ecpipdait i s  contained In a fo laer  uasueil 
by t he  Julian Po Friez Co., Baltlmoro, MdeS ent i t l ed  Lnstructions f o r  -1- 

and care  of the  JxLwaYZ-n 

A nubeldiary  project   uti l izing this e q u i p m t  i s  described in Appeudfr A. 
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the a t t i t u d e  of the airplane during these orclinary training fli&ta rould 
provide an objeotive reoord of f l i g h t  oomptenoe .-oh mald s m  as the 
primarp oriterion.7 

in s t a l l ed  in a training plano. A alight  modifiastlon m a  introdwd in- 
to this apparatus to pmdt the reoordlng of grip  tension on t h e  m e  toll 
of paper which ~ f i i e d  the  records produoed inmtrments  designed to 1-6- 
f lw t  the   a t t i t ude  of the airplane. As f i n a l l y  installad, the Amlyser 
preemptively furnished oont~nuous  indication. of (a) grip  tension on tb  
control  st iok,   (b) airsped, (0) a l t i tude ,   (d)  vertioal aooeleration, (e) 
movwents  of  the  ailerons,  rudder, and elevator,  and ( f )  sigr4~lr made by 
the instructor  (on-off  oontaote only). 

After oonsiderable  delay, a Friee Fl ight  B n a l y s e r  r a s  obtained am3 

t ional  Cub control s t i c k  a stout  piece of rubber hose, hermetlaally a d d  
Grip W i o n  w m  recoded by subs t i tu t ing  for the haodie of a w m n -  

and o o n n w t a l  d t h  the aylpbona In tho Analyzer. The rubber bole was #C 

awed from the Inside a t  the top by a metal  tube nmning I m i d e  to ths 
cont ro l   s t ick  MOT. This prevented  bending when normal movements of  tbe 
s t fok nure made in oontrolling the plane. The s t l f fneas   o f   the  how mar 
suoh that p a a u r a  from any one direot ion would not compress it; hen- 
no reoord was made when normal movements of the   s t ick  wre employed. 
Whm, ho~eva, the  hose waa aqueazsd f r o m  any two directions  siadltaneouely, 
as in any tightening  of  the  grip on the s t ick  itself, a reoord was made on 

a l igh t   contac t  betmeen the  control   s t ick and the  fingers. Acmrdingly, 
t h e  rwording drum. Routine CFT inst ruct ion lays emphasis on malnt.lning 

any g d n e  squeeelng of t he  s t i o k  could  appropriately be regarded as a 
true indioator o f  muscle  tension ard m u l d  not have to be dismissed as 
an a r t i fno t   i no iden t   t o  the proper handling of  the 0ontrols.B 

through  the oourme, d t h  remorclings being made of all f l i g h t s  in rhlob it 
With the plane thus equippea, the  Initial ten  student8 wem foollored 

ma0 possible f o r  thcm to use the experkental  plane. All ten of these 

privata pi lo t   l i cense ,  There was reason t o  belia~e that   they represemtsd 
a t d e n t s  ancceedsd in completing the oourse and a l l  of thau reoeived their 

a ooneiderable epread of a b i l i t y ,  in terms  of  llght-plane  piloting perform- anoe. 
7F4!uQr's 

records for the ident i f ioat ion of separate mnnmers is  d e  unnecessary 
. Dependenas upon character ia t io   pat terns  in graphfo 

through the  use of atsndard f l i g h t s  which speoify the nature and order of 
manm~~mar. A t  t he  time of th i s   research  suoh flights, nos in f r equmt  
use in C o m m i t t e e  rmmroh,  s-0 in the process of  dfivelopent by the h i -  
versi ty   of  Pennsylvania project,  

%ce the syatm ma a i r t igh t ,   the  rwordings suffered beaause an 

d t h  t!m alt!.tude of the  plane. Sinue this r e l a t ive ly  smooth an8 
altitude effwt was produced. This resulted in a basel lno shioh shifted 

prdiotable, however, it did  not ser iously  interfere  r l t h  the intsrpmh- 
t ion of the records. 

'4 
. i 

i i 

I .  



ahowed immedlate.lp %bat: 
Inepection of t h e i r  recorda, on complal,lo;l or the training cour'se, 

1, Grip tension lid OCQXT Curiag  flight. 

2. It -8 not  necessary  concomitant of the aot of  pi lot ing  s ince 
some of  the 8tUdentD d i d  not oxhibit grip  tension and since thorn 
who dSd exhibit it d i d  not do 80 all of the time. 

3. No studont evw shaved gr ip  tsnaj.cn  contlnuoualy  througbout any 
f l i g h t  

Inspectton o f  the  366 reoordo obt,ained on the first  tea etudmts9 

90% of the   man l fe s t a t i~~ns  of grip tension. Ident i f i~aat ion of' the maneu- 
showed t h a t  the maneuvsra of   t akeof f  and 16n3ing aocomted for mre than 

vera responsible for t h e  remainder of ~ r c h  mcnlfestations  of  tension proved 
a d i f f i c u l t  task. It waas foud possible tu ident i fy  ou the records, those 
narrewers rfiich Lmolved steep turns,  but ahal lor  turn3  could not be iden- 
t i f i e d .  Even r i t h  the  ident i f iab le  maneuvers, t h e  reasd shored only tha% 
t h e  m a n e u v e r  had bean perfomed; it did not give  sufficient  evidence  for 

t iouahips betweon recorded hcslort and the  qud l l t r  of f l i g h t  performance 
the i n v e s t i g a h r  to my how well it h d  bean perfom&.lO Thus all rela- 

had t o  be based upon ra t ings  assigned by inst ructors ,  

of  the  recording pen. This Ends It possible tn undertake n qunntitative 

during any given f l i g h t .  The moat workable Byaten of  at tack on the  quan- 
evaluation  of  the emount of tension  during any identifiable manewer or 

tlfying of the tension  records was BS foliowe. The chart  paper used on 
the recorder m a  ~Uld off In tenth-inch equares. By count ing tho mbe:. 
of squares enclosed by the base line on one s ide  end the curve of  the pen 
excursion on the other, an estimate of  the area sf the  excuraion  could be 
obtalned. .A dis t inc t ion  m a  made be~keen tha extunt of the  excursion (rep- 
resmtlng the  nmouut of   tendon)  and ths  duratio2 of the exoursion (repr.9,- 
aenting  the  length  of time the force m e  efinctivo).  ikpcrrience a i t h  t h a  
a c o r i q  system ahowed t ha t  oxtsnt muld be moot usefully clasmified  ac- 
cording tu the fo l lo f l sg  scheme uhicb I s  employed t k u g h o u t  tMto section 
of the  report ,  i.e., the  enaall l e t t e r  a r e ~ ~ s s m t a  excuraiona oi' Ob0 Lnch 
t o  1/10 inch; b, excursiona  of 1/10 to 2/10 inoh1 oI excueions  ef 2/10 to 
3110 inch8 and d, sxoursions  of more t b n  3/10 inch. 

A n y  aqueeelq  of  the  control  st.lck produo'd a d i s t i n c t  loca l  e x m e i o n  

- 
' C e r t a i n  f l i g h t s  want uareoorded f o r  such reamno as upparatus fafiure, 

m e  of some other airplane, and the like. 

t he  relative amount of time epnt in the a ir  and on the  grod C u r i n g  
. A Sy-product of' the   invest igat ion m a  the  st* of 

f l igh t   ins t ruc t ion .  The ffnaings are reported i n t  RRc hBIBitb8 on SO- 
l eo t ion  and Training of Airoraft Pilots .  o f  t he  r w  

-. Washington, D. C.: CAA Division of Research,  Report Ao, 43 ,  
Maroh 1915. 

I 

. 
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pen in t a m s  of a  given  category of d e n t   f o r  a state3 period of the. 
Thus, a  student who squeezed the s t i ck  during a lnnding night k soord in 

the tiae l h e ,   t h e   s t u d e n t  squeead only r i t h   f o r a e  "ar as  described abovn, 
our reoords ao "2a, lb,  2c,  Id." This would n%an t ha t   fo r  2/lO inoh on 

from there Into auoceaaively  heavier  grips on the s t l a k   f o r  the durations 
then increased his grip to force "b' f o r  1/10 inch on the  tlme lins, going 

Indicated bp the  numbers. Since the  speed of mordling .as  oonatmt,  t h i s  

denaaded . etatament could be rephrasal i n  terns  of aeoods d m  and If the  occasion 

This system makes it possible to describe my givm wmuralon of the 

Data sheets were made up and all takeoffs a d  landings for all ten 

fashlon. The r a w  data could then  be  troated in any one of  a number of 
students during  each  of  the 366 recorded f l i g h t s  nere scored in the above 

faahione. A nmerioal value  could be obtalned  weighting the oategories 
and auming thm up for enoh oocurrence of tension. Likewise, a qltdlita- 
t l v e  Index could be obtained by claaeifPFng each  ocou1Tace  of rmorded 
tansion according to the largest  category  prenent, d i s r e i n g  duration. 
Combinations  of these tro sahanea  were  alao tried 'out. 

-. It had been hoped origindlly t h a t  gocdneas of   f l igh t  

Due ta the  camplete impossibility  of  identifying most mneuverm, however, 
performance aould be m e a a u r d  direct ly  from the  Flight Analyser rscorde. 

such measurements could not be made. Indeed, the sole value of the Flight 
Analpem a t  thls point proved to be t h a t  of  Labeling certain basic mnnou- 
vera on the  tension record. This made it neceenary to smploy Borne other 
means of ranking the students in terms of the i r  f l i g h t  performanoe. Er- 
perienoe a t  the  Universitg-  of Maryland and elsewherdl had shown t ha t  the 
f l i g h t  grades aoslgned by the inetructors could not sa t i s f ac to r i ly  be UB& 
an ariteria in vier of evidence t h a t  (a) they were l o r  In r e l i a b i l i t y  an8 
(b)  they had no real spread. 

son ratings, glven by the  instructor wbo had lmtruoted all ten of the 
In the face of t h i s  s i t w t l o n ,  it was decided to uae pelred oompari- 

d t h  every other atudent; and the r eau l t s  thus obtained were wed to ar- 
studemta in thls group. The Instructor m s  aaked to compare each s tudgl t  

range the students i n  rank order, (The instructor,  indead, arpmsd sur" 
prim a t   t h e  outcome of w h a t  appeared to him a complicated p~~ca lure ,  stet- 
i n g  that it had arranged the  students In an order he muld judge to be 
oomect. 1 
m. Usable  records were obtained on 366 inst ruct ional  periods, 

Including 13R scorable  tike-offs and 1354 scorable landings. O f  the 
scorable  take-offs, aS.5% were acoompanied by some oategory  of  grip ten- 
sion (see Table 1). O f  the  scorable landings 72.0% were a a o ~ p n n l e d  by 
some reaorddl category  of grip tension. The r i d e  range of  rnrriability 

11 Johnson. H. Y., and Boots, 11. L. the'- - 
so of the G.A.A. 

- ~~ ~~~ ~~~ 

WasMngG, D.-c.T- m 
Divlsion of Research,  Report No. 21, October 1943. 
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i n  incidence of nip temion  may be lllustmkd 3~ the following dab., &sed 
on analyeis of take-off recorda. 

u&f& 

B 
A 

D 
C 

F 
E 

G 
li 
I 
J 

122 
154 

1 54 
134 

128 
130 
123 
165 
118 
J.22 

15% 

Total 1351 48.5% 

dividucil. differencos i n  recordd grip tension. This receives d i r e c t  con: 
A glance a t  the table amuse8 o o ~ e  convict ion  that   there  are r e d  ln- 

f innat ion from a s+a t i s t i ca l   ana ly~ i t l   o f  the data shown in the Table. (To 
reach the 1% level of aanurence,  differencea between the percentages  given 
in the  Table must exceed ll%-16% for the  nunbere of take-offs represented. 
The number of peroentage-differences  reaching this level i s  cer tainly ade- 
qunte to   Jut t t iQ  the  s ta tement  that differences i n  gr ip  tension on take- 
off  have been found to exist.) Reference ta the   data  on landings ehwa n 
similarly large raage (225-8s) but  here it should  be noted that o i l y  tno 
o f  the  students fell outside of the  area between 72% and 89%. All stud- 
euta exhibited a higher  percentage of recorded  tension in landings then 
thay d i d  in take-offs. 

There m a  r98con to believe that gr ip  teneion varied d t h  the atage of 
t ra inlng,  and accordingly a stege-b:?atage compariaon mo made. Thia oom- 
parison is  shorn in Table 2. 

There l e  an interesting  suggestion of a tmdenoy for recorded grip  
tension t o  reach i ta   h lghea t  values during  the  aolo  stage. Such a flnd- 
l u g  l a  i n  line d t h  the   fo lk lore  of t h e   f i e l d  which represents  the newly 
soloed studemt 88 much more on t!m qui  vive than he m a  when an lnstruc- 
tor ma along or  tban he becmea later when aeronautical  surroundings 
have become more familiar. 

These data offered enooursglng evidence that reoorded gr ip  tension 
was signif icant ly   var iable;  and they  eaggeated tha t  one m i g h t  hope to 
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determine a m  I of the condttions of i t s  vnriabi l i ty .  The next step mfm 

a b i l i t y  of v L p  tenston  with  the  inatructdr's  appraisal of flight mmpe- 
to determine :iaether it would be possible t o  detect  any systanatic vari- 

tence. 

TABLE 2 

IXCIDE?lCG OF TENSION IN LANDINGS AND TAKE-OFFS 
DURING EACH STAGE 3F TRAINING 

SsskS -- Per c a t  Take-offe with Per cant Landlnge dth 

76% 
966 
78% 
5 7 8  

It dl1 be recalled that the  students had been arranged in a rank order 
of ra ted   f l igh t  campetetlce through the medim of a pired cornpariaon. T h l e  
mignt properly be regarded as a "criterion-by-defaut," employed only be- 

reliable rambluras. The basic data  are shown i n  Table 3. 
cause the l imitations  of  the f l i g h t  reoorder  deprived UE of  more objaotive, 

H 
I 
J 



tenZerlcy f o r  thm t o  follow the U n e a  predicted by aeronaut.:.cal folklore. 
Granting notab3.e excnptions in tha 028% of Stlldents F, I, arvl possibly A, 
t h e  leos frequent  occurr&xes o f  recorded extreme tension t tnd  to aooumu- 
late a t  %he upper end of the  oompetenae rstings, with  the  higher  pereent- 
cgea e .comula thg   a t   the  lower end. For tboae who may be wjlling ta ao- 
c3pt rank older correlations on t h e  basis of ten  cases  (lnoludiag one t i e )  
lt 1my he said that rho hero I s  equal to 4 .62, r i t h  a standard mror of  
s i x u t * h l f   t h a t  mount. It may be ndded the t  no way of f rao t iomt ing  the 

dorn 8 s  deflnj t ive  the tendenoy that appeare in Table 3, 
Cata g a m  any s t a t i s t i o s l ly   s ign i f i can t  result in terms of txylng to nail 

N o  the rweults era certainly n? t  clear-cut,  there i r ~  an apparent 

hope that thfc   r igh t  yield mre dependable signa of any oo ta r i ab i l i t y .be  
Attention mas turned to the analyeis of tension on take-offs, in the 

tneea grip  tmision and f l i g h t  competence. Although socle 1300 take-off 
records ware ~ s m s u r e d  and analyzed, the  number found to have any t races  

ment. If sh2ul.d ba noted that 5 of t he  10 subjects showed no a a e a  of 
of excessive tansion m a  ao s?aall a s  t o  preclude any significant treat- 

Y ' O C O N ~ ~  BXCBBB grip  tension on take,.off and that the only  tm aubjeots 
showl~ig any corltdderable frequency of exooss tension ware those rated 
reapmtively  fourth and tenth in f l i g h t  competeme. 

The resultn were) then, not  definitive;  but  the Committee agreed that 
a wa]r was avoil,shle to establ ish more re l iebly  the  re la t ionship between 
grip tension and f l i g h t  competenae. The lwrury of making a  re-oheck on 
a large  population of f l ight   s tudents  was clear ly   out  of the  question. 
Even W follow ben students  through erunple f l i g h t s  involved an emrbl-  
tant amonnt of d m  hours exp9nded on t h e   a i r   f i e l d  where the  reoords were 
collmM and in the oomputing room where they were subjected to painstak- 
ing measnremnf and ~ n a l y s l ~ . .  To fd low,  say, 50 or 100, would have nm 
into large budgetary involvEments. 

It m a  poaalble, however, to take advantage of the  wnoept of m m -  
bined  probebilj.ti93,and to determine i n  thls rray whether a stable rela- 
tionship  existub. We had obtained a reaeonably  high rank order weffl-  
c ien t  in our first gmup in checking g r ip  tansion on landings. If a 00- 

group, the  p-o'mblllty of t h l e  euocesaive oocmence  being due t o  akmae 
trfffclent of aimmilor pr0porl;ions an2 sign were t o  be obtained in a seoond 

alone rould.bs meaourably rcrmote. And, if it were to be obtained in a 
t h M  sucoes~ive  semple of ten, all ordinary  considerations of probability 
uuuld cer ta lnly hnve been sat isf ied.  The reader ail1 be amre that scon- 
ony has often demanded this approach in dealing vith researches where ex- 
pense made the uae o f  large  experimental p u p s  Impractical. 

The C d t t e o  aocepten the proposal for the employment of two sucoes- 
. aive groups o f  ten studeuts each as re-oheak populations for the  finaing 

on the earlier group. Accordlngly, a second group of  ten stdents m a  
rounded up and the  usual rooomlings were made as they  progressed through 
the i r   f l igh t   t ra in ing .  

group mshd out for faflure to make aatisfaatory  progress. It was then 
Soon after the start of the second group, one of the stradaitm I n  t h l a  
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H 
I 

33% 
2s 

The w i t i v e  relationahlp ehom for the first group has d l s q p e a r e d  

be- -.MI with t h s  two higheat percentages of reaordd ten)ion,ooour- ' .  
in the aeaond group, The data fom easen t i any  a tern r d a t b m h i p  (rb  . 

ring in tbe men raw third and fourth, an4 rith tbe l o v w t  peraankges : 

.est approach to e ta t i a t loa l ly   a ign i f l can t  intsrprstatlon of them Mlulta- 
falling In  the middle of t-ha dis t r ibut ion.  There i s  not men the sllgbt- 

Work had bean begun on a third group of ten, ertqdents, howmer, and 

the  almva data r e a d d  any d d l n i t i v e  or even Indicative) findings 
it a e m d  adviaable to carry this throu h, regardlean of tha f a o t  that 

highly laprobable. Table 5 ehoas the results of analyzing t h e  540 inter- 
pretable Mhg rsoords available for t h e  third p u p ,  

'i 

cind a prodigioua amount qf record meaaurlng had been done, all to the  e+ 
S m .  Twenty-niqe student8 had been m though this first pham 

reeult that no algnificant  differonce o r  satggeatlon of a d W s r e n c e  had 

been neither oonfirmed nor negated. The problem, in other  mrda ,  had 
been found. Tbs fclklnre belief In  the negative effeots  of tssrslon had 

proved not to be suscs3tible of solution by the &Imple attack iadloated 
. a8 satisfaoeory by a review of the ?.iteratiare of f l igh t   t ra in ing .  
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ard S- o f  -. I n  rea l iza t ion  of th ir  
oltuat lon,   fwd8 w e r e  requested for a phgse of intensive  reaeamh 4 de- 
v e l o p s n t  whlch would yield,  it was hoped, mor6 delioak,  indlcntora of ax- 

of other &fly aystcas. A ageclal  r e p o d 3  describes t h e  myo-voltmeter 
oeesive muscular tension and a d d i t l o m l  means of studying the luvolvment 

which wae drslgned and dwslaped'during the  early month8 of t h i s  axperl- 
m e n t a l  phase by C a r n q  Landis, Hew Pork Paychiatrlo  Insti tute.  Like .11- 
other  apparatus employed In the  study, It had to wet v e q ' r e s t r i c t i v e  re- 
quirements  ae to sics and weight, 80 t h a t  It might'oome Dithin tIie baggage 
requirement8 o f  the   l ight   a l rplane 'ueod i n  this projeot, Some ncntha of 

, i . .' ' 



Preliminary tests, OR tha  gruwd and i n  the air, indicated that tha 
myo-voltmeter could. bn 8cpented ou t o  produce accurate ramrdn of the RC- 
t l v i t y  o f  the nrmole over which the electmdee were attached. This m a  

dox of muscular ao t iv i ty  provldad by t h e  pneumatj.o c3amber on Lhe control 
rogardsd ao more depondable and more interpretable t- the  i n d b e c t  ln- 

stick. 

A further check on mrmmlar ac t iv l ty  m e  provided by the installation 
of a d d c e  deslgna! by E. L. Kelly, Furdue UniVeieityp in comeation ~ I t h  
another  project aondcoted under.Comittee  auspices. This m s  a device 
rN&; when a t t a c h e  CO the  rudder pedals ranalned Inoperative as long as 
pressure VBS applied r i t h  only ono foot. When, howwsr, the student i l o t  
preneed sinniltaceously on both pedale (always an nnneaeasary aat1vit.y P the 
f a c t  m o  Indicated on the recordor drum. 

o ia l ly  deslgned  cardiotaahomtar to obtain, on tho  f l ight  analyzer d m ,  a 
oontinuous record of heart  rate. It was a l s o - f o d  possible to W s t a l l  a 
pneumograph, employing a conventional rubber tube around the  aheat of  the 
subjeot for rscordlng rmriatiouR in chest diameter on the d m  of the   f l i gh t  
analyzer, 

To g e t   a t   o t h m  boailp reverberations, it ras'decldelf to employ a sp- 

Finally, a e m 1  s r i t x h  -8 provided BC that the special inotructor 

any aanoupar. Since thq e p c i n l  h t r u c t o r  w a ~  t o  be one of the  project  
eould signal, by code on t h e  drum, the  natura a d  the 'mglnnlng and end of 

directors (A. C. Wil.liams) there m a  reason t o  believe that   theoe a'gnals 
might be I@sSnina, 

alpor most of ,the units that it had nontained d w l q ;  the First Experinrental 
Pl143ai. It m s  nor recordings airapead, grip tension, Isyo-voltaaeter\ reed- 
W s ,  cardlotachmetes readin&, pneumographic t r achga ,  ~ i g n a l s  from KeJly's 
foot pedal recorder, ean'euver code from t h e  instructor. Figcrs 1 is  a sche- 
matic  representation of the proodure anployad f o r  the  recording of these 
variables on t h e   f l i g h t  andper record. 

Instal la t lon of t h e   a b v s  equipment had eliminated fvnm t h e   f l i g h t  an- 

Ali of t h i s  gear (me  Ffgure 2) wan place3 In a J-L Cub airplane. This 
i s  a elde-by-side  wupe,  provided a l t h  a baggage capcZty  ra t ing  suff ic ient  
t o  al lor  for the   equlpent  noted above. b l . i s I n a r y  tost8 slaowd tbt the 
subjeot whs net  duly rest r ic ted  by havlng on bi~l p m ~ o i t h e  electrodes 
f o r  myo-voltmeter and oaenliotschometer and the  tub for the pnemogf-aph.. 

mnts desoribed above. M m y  trials mm run o f f ,  w i t h  A. C. Willlams 
pbase 2 ws devoted  almost en t i re ly  to the aalibrating of the instru- 
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bent81 design  pemitted of E new d s p a  o f  m n t r d l  aed the  new experi- 
imental   pilot  m a  attacking  the problola with  lntelUg6nce md Vigor. A t  

aem'3ers of tbe project stdf wem cs l led  to  actlve  duty; tho Civilian 
this point,  however, tk6 foSjorbg events transpired.{ aar was d e c k e d ;  

P i l o t  Training program m a  %maponwily suspendgdg t h e  CAA Inspector w m  
sent   to   another   ass igmontI  ard the  experlmntal airplane was demolished 
by the  collapse of the hangar during a s m s t o m .  

ExaeriaentaLAcoomvlIehmen 
which will be readily appPeoiated. Where nodiiication me poasible, 
however, the attempt a t   reso lu t ion  of the a h m - d i f f i c u l t i e s  rse made. 
A plana, similar In Z y p  t o  the destroyed cub coupe, m a  fwntedg a new 
p i l o t  888 hired t o   r e p h o e   t h e  GAA inapsctorl aad wben the civilian 
P t l o t  Training program re-opened m a  sere obtainea on BB many S t U d € m t E  
as posaible,  although  there 888 considerable  attr i t ion  as experimental 
subjects began to enter t h e  military  aorvices. 

tg. These conditions producmd handicaps 

for each of 29 students bdfore the iaat remaining researoh director  m e  
m o n a d  to active  duty. Each flight consisted, as noted 6bove, of Pour 
take-off8 and h-8, four  series of steep turna, tmd one s i l d 6 t e d  
emrgenoy. After each f l igh t   the   ine t ruotor  m t e  a pragrnph desmrib- 

the  etude&, his f l ight   apt i tude,  and the   e r rors  he made dming  the   t ea t  
lng t h e   f l i g h t ,   l n c h d h g  spec3.flc aramaents on the  apparent  tenseness of 

flight. He dm rated  each &Ideat in oomparison with othera as t o  gen- 
eral f ly lng   ab i l i t y .  

By the  meana noted above, at least one record apiece vias olrtained 

m, Eeoauae of the anforkmete occurrancee noted aimve, the  

evidslroe and In t h s  analysis of restC.te w i l l  be obvloua. The authors  of 
results t o  be presented  for  thia  phme are not complete. The gaps in the  

'inoomplete than to jettison materiels which m a y  be potentially  ei@icant 
the  report ,  b e v s r ,  f e e l  that it is b e t t e r   t o  present a peport t h a t  is  

for Further research in t h i s  area. Spacific data are sham where posit ive 
outcomss are to be mentioned. However, the authors have felt free to man- 
t i o n  indifferent outcoma or uns,&etantiated trvlnds sitthout presenting 
data rhich, bcause  of statistical unrsllabilitp, add nothing t o  the  flnd- 
ins8 * 

1. Q m r i a b i l l t v  of Indicator  Scpraa w i t h  Instructor  Ratiano 
war caused  incompletion of flight courses ami failure t o  co-lete the  ex- 

. The 
psrimental  design. As f a r  as the data go, however, there i s  no evidancs 

the  ratings on flight competence o r  the ra t ings on tenaenees aeaigmd by 
of any significant covariabl l i ty  of any of t h e  indimtor acoras u against 

the  instmotore.  Thle  statsment  cannot in any my be regarded. as f i n d .  

measured i n  this study, qni te  p r o h b ~  catmot  be expected t o  vary pra- 
It ccm properly be accepted ea M i c a t i n g  that bodily involvmants, as 

dicta- srlth the  flight rating  assigned by the inetructor.  Even ii such 
ra t ings  had not been ahom by latar research to be very Icn in mllabllity, 
the findinge of Phase b of this   researah w o u l d  lead one to   an t io ipa te  tht 
t h i s  m d t  was inevitable, 



. .  TABU 6 

AiULPSIS OF BARIblocE OF m V 0 L l ” F T E R  WmGS WRulG URD16109 

-%woe of VariatiqE Sum of L%u4res lbtn  Saw 
Total  79 135 70 1 .n 
Between individuals 19 lll.90 5 -09 (.01 
Between f l i g h t s  3 5 - 2 8  1.76 <.Ol 
Interact ion 57 18.52 .33 

major muroe of var i ab i l i t y  in  myo-voltaeter sooms ie  t h a t  of intsr-indi- 
The above data g ive   s t a t i s t i ca l ly   s ign i f i can t  indication that the 

vidual variat ion.  This is encolzregjng f o r  future research. It F4 also 
noteworthy that, although  VariabilitJ f . r q m  f l i g h t  ta E i g h t  ie not  a heavy 
contributor t o  over-all var i ab rn ty ,  Its contrilrution is significant. It 
should also be noted.that  the cond i t ions  of research employed rnaulted i n  
a very mall residuum OP ef fsc te   a t t r ibu tab le  to experimental error ( i n t e r -  
act ion) .  I n  sum, the  above data a m  taken to indioata   that  lauacuhr Potiv- 

variee ra l iab ly  between individuals and between f l i g h t s  by the same indi- 
i ty ,  as indicated by mgo-yoltmeter readings from a speoiiio w c l e  group, 
vidual. The mee,.auremont t h u s ~ a h m s  pmmiae for u e  in l a t e r  maearches on 
macular levela of a c t i v i t y  in f l igh t   t ra in ing .  

3. Influsncas on Remiration d u r k  Certain Maneweq 
s l b l e  ala0  t o  c4u-q out 813 analysis of va-lance for pneumogrepliic record- 
i n g ~  made during tbe four  basic mymwora. The  resulting data  a m  shorn 
i n  Table 7 ,  

. It WaB pos- 



In the cas') of t j .c. p x r m ~ ~ c p ? A >  rrGor+.ngn, Ln-Le&inaivid~lal vu-- 
l a b i l i t y  again stshlilrs out a? a highllj- dg,v-3iara??.i  contriblI*or t o   o v a ~ d l  

View of t ' i  me&la fol' thc SaTBFU1 ufioeuvers ehona thni, taka-offs cad 
var i ab i l i t y  in score, Meneuvero are  also of rna+xxI influence; aod a IS- 

~ landiugs are aaccmpaaied by the larger inmerase i n  t h e  rate of reapira- 
t ion.  In all, it is noterrorthy tkt, because of the m a l l  contr ibut icw 

pnemcgraphic s x s - e v  g i rm on17 tho Individual's "normalR respirat ion 
. f r o m  o ther  m w e s ,  one could do B x--~so~iably accwate job of prs(lflat3ng 

r a t e  and the name of t h s  manemer t.0 be perforfad. Here is  apparently 
an indicator  northy of future .hx?y .u  

h.  Other E v d u a t $ h n u f  Chs Findbgg> S m 3  evidence  appeared ",o 
Indicate that certain student3 mar be idant i f iab le  as mot.ichsnn ard 
othera as nrudd.eman,5 That, is to say, BOYLB consistently shoned grip 
tension but no radder t e ~ d o n  wule o t h e r s   e v e x e d   t h i s   s i t u a t i o n .  
There waa no e ~ i d e n c s  of the existones of 'taks-off men" and "landing 
men," an regards teasion rewmf.ings, There seemed t o  he, sa.tthsr, a bi- 
modal d i s t r i h t l o n ,  .uit,ls somo 8howir.g signa of excess lrmsaular o u t p r t  on 
both  take-off and landing, while  another group shmed l l t t l e  involvexant 

for   hear t  r a t e  d. respiration r a t e  t o  increasa on t e h - o f f ;  and tnere 
on e i t h e r  maneuver. Also, there was n consistent m d  general tendency 

were signs of psrtiel adaptation i n  this as training progreased. H e a r t  
r a t e  also tended t o  show &u increase on l and im,  

indicat ion that t h e   i n d x m t o r  appeared t o  be m a w a m  of t h e  rehttirre 
, ,  The mln outcome of this truncated phase of the experiment was i t s  

' i n g  f l i g h t .  The d l  resid,uum of the  original research staff was  NE 
amount of excess  bodily  involvarent shwn by h i s  studenttl during e trs!n- 

faced  with a s i toa t ion  which  might be  phrased thus: 

"When an ins t ruc tor   s ta ten  tbt  a student w u  tense during 
an ihst ruct ionel  f l ight ,  he either  aces  not knoa what  he i s  
talking about, or he l e  talking about some syndrome if wblch 
e m a s  somatic  Liolvement i s  not a necessary am! invariable 
consti tuent 

brought t o  a stage of research which, for   invest igators   less   naive or 
b e t t e r  forewarned, should a c t d l y , h a v s   h e n  the star t ing  place for the 
whole research program. T h i s  was ai&y to  go d i rec t ly  to t h e  h 3 t Y U C t O T E i  
t o  see if they, on direct interrogation,  could t e l l  ua whEt they meaut when 

made t o  obtain f r o m  the  izistructars a r e d d i n i t i o n  of the basic problem. 
they spoke of a student as being  terse. 'In effoct ,  an attempt was to be 

Having fa i led   s ign i f icant ly  ourselves in translating a layman'e statement 
i n t o  a t e c h l o g i d  research  questlon, we were forced t o  aok t h e  Wtmo- 
t o r s   t o   a t t e m p t   t o  make the t r g m h t i o n .  This is reprtod as Phsfte /+ of 

In the   face of t h i s  si.tuation, the remaining iweat iga tora  wew 

this project. 

uIt sbould be mentioned, however, that   breathing  pattern haa been . 
given at tent ion by investigatom. Seer Nielson, J. Y., and Roth, P o  
CliniOdl spimgraphg. Arohivea of In t e rna l  MedicbQ, 1928, y, pa  132. 
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This fPeldble explomtcry m e  af  questions b . 6 ,  perhaps, maohed its 
m a t  e f fec t ive  development a t  . t h  hands of Lazarafeld aml hia oo-workers. 
In essence, it oonslsts of 8akb.e a pre-erranged question of all reapand- 
ente, and then of following up by variable questlorn until the  raspondent 
has given a slgdfiwnt and unambiguous reeponce to the b d c  question, 

An e-le may. help to make thia clear, Under Qwat ion  2, the in- 
s t ruotor  is asked to state how he bows when a S t d e n t  is tensee This 
qumtion was put t o  all respondent  jmetructora, D m  inst ructor  replied: 

The reply as it stands moans l i t t l e  or nothing:. To obtain Insight i n to  
AYsll, it!s easy t o  t e l l  d e n  a stulmt IB tmse; he ia all tightened up." 
w h a t  the   inatructcr  meant by "dl tightened t r p , O  it was neoeeeary for the  

that  the student was stightened up.* He could  drop tho line of inquiry 
interpiewer to go fur ther  and ask, 08 a follow-rqp, how the instructor kner 

wimn the ins tmotor   s ta ted  that thla  "t ightening up' t-ook the  foim of 
hunched shoulders, feet braoed against tho rudder pedals, eta, Without 

Prague and ambiguous =mer in gpmral terne t o  B ~ p ~ o i f b c ,   o b s e m b l e , '  and 
asking leading questlone, the  interviemer had led the respondent f r o m  a 

unamblgaous dearniption of bebarlor, 

I n  sum, f l e ~ b i l i t y  in qwationlng WBB permitted 80 that dl respond- 
onts m i g h t  be led t o  answer in terne of aomthjng direotly observable, 

to .mme effects, rather  than presrrmeB eausee of t h e e  effects .  mile the 
rather  than of somathing i n f e m d  or, indeed, merely named. They m e  led 

effort did not aluaps meet with sudce88, the general outcome of this d e  
of  lnquiq 888 in tbe  form of a list of specific types of bharlor whioh 
could be di reo t ly  obaerved and which could, accordingly, be subjeoted t o  
investigation Rnd ver i f ica t ion  at  SCUM later date. 

shortoomings in this method. The outstanding WW~JIQSS of this approaah is 
Before tdng to   t he   r e su l t s ,  it will be well t o  -e note of c e r t d n  

that, laobiag a full recoriling of the  original reeponee of each  instmotor, 
mom mate- wa cer ta in lg  lost in reducing  his  replies to notes on w h a t  

enter  to d i s t o r t  mn-verbatim notes by fitting them into categories aol- 
he said. Woe,1! in a ~ 1 ~ 8 1 0  et-, hae ehom how unaonscioua biaa may 

o r a d  by the tsci t  presuppositions of the  intervlmr. T b e r e  is Ut tb  
reamn t o  doubt that   both loss and d16tortion occurred in reprodwing 
b r i e f ly   t be   r ep l i e s  of those .rho were questioned. 

Further  violence is'done to th originrl remilts when they are grouped 
i n t o  ogtegories for i n t e l l i g i b i l i t y  in andlyaing %e responses. Thas m 
have eqloyed a Oategory "resistawe t o  paarrive movement of tbe  wntr~la.~ 



listinn the  methods b~ which instruotors seek to learn whether a s t d e n t  is 
t o  be Zesci i iwd a s  t e k e  a t  a given t b .  ~ h 6  Inatmotma, under this qms- 
t ion,  were asked to desaribe any metbods they mad *for the  pnrpm of t e s t -  
ing whether or  not a student is tense.. It is  a c-entary on the genard- 
i t y  and ambiguity of the concept of *tenaeneEsn to report that 33 ai tb 63 
respondent instructors  stated that they had no e p c i f i c  t e s t  and tha t ,  in- 

Those mho emplop3 a specif ic  teat or  tests supplied the infornntlon listed 
deed, the c d l t i o n  of tenseness wm eo obvious as t o  requ€re no testiag. 

below lbich  indicates  what they  did  while the stadent w e 6  flying the plawt  
12 of the instructors  moved all controla to  feel msietanae, 6 tasted by 

posture, et&; 3 tapped  rndder pedale r i th  f e e t  to cheok resistance, 3 ob- 
hand for  pres- on rudder pedala, 5 noted tbe s t d e n t ' s  facial expression, 

gave the   s tndent   a   di f f icul t  ford landing. Further ixquiry suggested 
sepved student's grip, 2 t e s t e d  by hand f o r  tension in m e r  cables, ard 1 

that this is not a representatirs list, since certain inatrudorfi  who said 
they used no teat mntiomd SynPtoEB of tension ~ h i c h  could Inme been deter- 
mined only by me of the t e s t s  l iated above. It muld  be enaoumging to 
aonclade t b a t  tenaion resided chiefly in th lege, if me were to take in 

rith the  radder pedals and cables. The apparent significance of  this, h o r  
all l i t e r a lnes s   t he   f ac t   t ha t  at lea& a th i rd  of the entrfea have to do 

ever, ie reduced by the reflect ion thet these cables and peaalsl l ie close to 
the i n a t r u o b r t s  hands and t h a t  the c h i a o  of this t e a t  may be enforced 

the term tension may have s w e l a l  di f fe ren t  waninga, a suggestion which ney 
chis f ly  by availability. Tbe data u t  least contain  a strom suggestion that 

respondent  instructors. 
be verif ied by turning t o  the other four questions which DUHI posed to tbe 

ing inetructora were asked, iu individual int.erviers, tba qtmotionr nHave 
you w a r  instructed  students who you thaugM tenma?* S M y - t r O  gave 
affirratiw anmfers. The one remaining h t r u c t m  gaw a negative mer 
but rexnarked that he had Jmt  taken mer his first group of students, m- 
oeiving them efter they ha8 already bad tmmty hours of inetraction. 

i n  io a Sixty-three civilian Pilot Train- 
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tw tense studentsl others stated that they expeot all s t d e n t s   t o  be 
Sow of the respondent inetrmtore  ntated that  tkay had had o m  or 

tense in the  e a r 4  atages of instmation. I n  general, there was agree- 

but that it no- tended to dieappear a f te r  a fer instruotAonal peri+s. 
ment that tension raa commonplsae during the first houm of  instruction 

T h e  r ep l l e s  Mianted tha t  the student r h o  med tense during the  later 
stages of train-  ooasti tuted a mal problem. . 

Symptom of Tennion (Question 2 ) .  Tho 62 instiuctora rho had W 

you knm they T ~ I - O  tanse?" Freqmntly t h i n  wam p3lt in  the longer forn of 
e q e r i e w e  with tenm  students wre mxt a a k d t k  qwst lonr  "How dib 

asking w h a t  specif ic  eorts of things t h e m  students did tint would lead 
an inst ructor  to describe them .sa tense. Eaoh respondent WM enoouraged 
t o  name M wcny a y ~ ~ ~ t m a  of teaaion aa he could. In "11, there m e  212 
symptom lldBbd bo the 63 reepordents. Theas overhpped frequently, M 

possible to p u p  all of these responses under 29 bas10 categories, rhiob 
i n s tmoto r s  tended ofion to raw the saw, or similar symptom. It a p p m s  

are glven i n  o d o r  of f rquenay  of mention In Tabla 8. - 





E. 

P. 

, 





:he the 
tro groups of instructom ( t&oae w h  a p b  on* aP physical ternion and 

apparent  than mal. It w f l l  ba recalled .that all i n s t m t o r a  had listed 
those =bo stated tha t  t endon migat ‘x physical &/or mantd) m a  mre 

the Bgraptom of tensim. before the? auwr.3rsd Queotion X ,  T h i s  made it pas- 
sible to compare tho frequency with ahich they ha2 w e d  the  various symp- 
toms. If there were an essent ia l  dVfemee,  we should expect ta find the 
“physical teusimn jsstmc:”rors givhng ltsts of symptoms tha t  were widely 
different f r o m  those listed by the  %ental teena5.on” instmPctom. In paint 
of  fact, however, th I. is ts  given by tho two groups do wt s b  aQpSficant 
d i f f smmes ,  The p valw is .52 when n cmt-hgenay t ab le  (2  I 17) is con- 

l i s t e d  by the tvo  groups. 
etructed t o  compare the frequency vl th  which tho 17 most c0-n reasons are 

for teueion, d e q i t e  a preaunrrd dEPersnoe in the defini t ion they voupd 
assign e0 the tern, is  W e n  t o  be quite significant. Taken r l t h  olpl other 

follclom of aviat ion  t ra ining -- a social lnheritanee of each new inetruo- 
evidence, it appearm t o  mean that the wuoept of tension is part of the  

Be approaches ttm student with b vague awmneas that the student may be 
tor. Be makes contact  wlth the term hefore he makes contaat w i t h  students. 

tenee and that ternion is hostile t o  pmgresa in learning to flyD Be han 
a ready-made brm t o  apply to a wide variety of adverse influenoes he finds 

t o r s  points t o  the’ community of erparlence of flight Instmatom; end the  
at  work with his atudeata. The a p e m e a t  between ths tm p u p a  of Instma- 

length of the list of frymptome suggeeta that d w e t  my adverse chnmcter- 
i s t i o  of  student  behavior amy ew-r or hbr ba d e s c r i b d  eitbr aa terne- 
nesa or as a rewilt of tenseness. Ferhapa the wide me of the term tension 
is t o  be 8xpPained on the pcrpchologfcnl grormda t ha t  the word tense and ita 
derivatives is more acceptable  than the ms-dn f r igh t ,  o m s  nervous, etc.  
To say t o  a uan, “You a m  frlghtenai,’ seem mre dorogatory than to say 
.Yon are terne.. 

% f a c t  t h a t  these two pnpo of instructom list the  same symptom 

cept; it is  BPI explanatory  concept. As such, it is not t o  be t i ed  d m  t o  
For the instructor ,  th&, tenaion is not a specific deecriptive , 0 0 1 1 -  

any spaciiic phenomenon hut i s  wed with f ac i l i t y ,  and aeceptance, t o  ex- 
plain web phenomena as may ba observed.. It may u e l l  b that +,he most sip 
ni f iaant  practical outcorm of ehe researahas herewith reported will be to 
emphwize the danger that inheres in the rmrsstrictsd nBe of t h i s  tamv 
Tha t  danger may be atated about aa follows: 

The folklore of avia.tion t ra ining provides the inBtrnctor  with 

Whem an instrnotor  encounters adverse obaracter ie t ics  in the f l i g h t  
asaurauco that tense students do not ordinarily beoolae good pllote.. 

peflormanue of a given a t d e n t ,  he may choose t o  describe the  stu- 
dent 88 tense. If adainis t ra tors  aecopt t h i e   a ‘dmmnt  a t  face 
dm, t h y  may tm n i l l i n g  t o  eliminate the student without fu%her 

eitainlstratore can, hovwer, be made t o  M e r a t a n d  that the word 
inquiry, baaing tbir action on the foolklore stated above. If anch 
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tension nsy mfer to c1 xido v w l e t y  of o h e n a d  o r  inferred 
charaoterietics,  t h y  mag. f e e l  conrrtrained +a inquire f a r t h e r  
as to the nature of R given student's tenseness. 

The eseent id .  pint is, of course, that remedial instruction can- 
not be focused effect ively against anything 88 vggus aa the ob- 
semation tht a prt1ouh.r studant is tenae. Such an obsem- 

dealrable; it fai ls  completely t o  mggest the natnre of the remedy 
tion does nothing mare than k d i a a t e  tht ramdlal inatmotion is 

t ha t  is mqulred" 

To ke s p o i f i c ,  if teneenecls means that a given stndent i s  "try- 
ing b o  hard," then h i8  inst ructor  must cmk out  the source Of 
this apparent over-compensation, with considerable cam n o t   t o  
enme m y  excessive reduotion i n  mtivat ion.  If tenseness refem 
to fear maations,' on the other hand, remedial instruetion lust 
be baaed on inslght into  the  e t iology of the s p c i f i o  fear in 
question, M if the tensen'sss turns out to be LI ratter of hyper- 
motility, the search for  predisposing oaums and therapy trill turn 
in quits a d i f f e r e n t  direotion. 

In fine, remedial imtmcrtion can be expected t o  reach effective 
levels only if it is directed a t  the control of speaific beimrlor 
patterns, rrather than at a symptom complex which is  roughly Wmled 
as tenseness, 

Sunmq. Direct irsqU;ry has show t h a t  the term tension means many 
thing8 to nany mea, Only fnrther invustigation ni l3  nhon which of thnss 
uaes of the term refer to highly intereorm3..ded phenmna  and whiah to 
typ%s of behavior which are loosely related or wuglated. Yeanwhile, the 
undefined term w i l l  r 6 d n  in the vocabulary of the instruetor as a poten- 
tial bhlbl tor  of maximum profit fmm f l i g b t  trahning. 

Since it1 does not appear possible to udertde t h e  s0mantic re-sduca- 
t im of thopeands of instruetore who already w e r  use t he  term, the prac- 

t o  mean that all possible steps shmild be talten to foam the   a t tent ion of 
tical implication of tbese findings be simply stated.  They a m  taken 

t h e r  than npon such swcudary, deriwd,  exphat.org eoncepte cbs that OP . 
inatmotore upon primary behavioral mreladjaatments in f l i g h t  trainlng ra- 

t h e  tern tension altogether f r o m  certain t ra ining record foras. The mc- 
tendan. Steps i n  t h i s  d i rea t ion  have elreedy been taken by eliminating 

ceas of these m o d i f i e d  forms in the  field  svggests that instructors  a m  
willing t o  me tbe types of en t r i e s  like t h e  givep i n  Table 9 ,  if d e  

among tbse  many itsma e m  be carried through, it mould appear that flignt 
available. U&SR and until a d e t a i l e d   s t d y  of t h e  interaomlatiom 

training h.s moh t o  gain tlnd l i t t l e  to lose by the adoption of foma which 
enploy dire& demript ive,  rather than derived explanatory, items. 

t 
i .x 

.. 

http://exphat.org
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The fact. t h a t   " f l i g h t  m e r s "  were t o  be employed i n  the Tenelon 
Pro jec t   a t  the University of Narylaod seemed to  offer  an opprtwnity for 
t h e  st* of the  usefulness of these inst-nts in providing  objective 
data as ti f l i g h t  cornpateme. The two basic instruments, it may be said, 
had besn represented by the d a u t a r o r s  ( t o  the  Cormittee) as 'giving 

of an airplane might be inferred, Since  they were to be used ' a s  premmp- 
epecific,  recopdable  information from vhich "the  a t t i tnde and p r f c ~ c e "  

t l v e  E O ~ O ~ S  of cr i ter ion  data  in connection  with  the study of tension, it 

them as indicator8 of har s e l l  R given muewer was in  f ac t  perfomd.  An 
eesmd desirable to  cat^^^ out  Bddltioml  treatment of the  data to appraise 

allotment of fluids WM granted and tk project was carried on a8 wbeldiary 
t o   t he  Tension Projeot. 

t i o n  of detailed  information baed on field experience, on the Friea racord- 
The most signifiaant outcome of thia  subsidiary project was the collri- 

eraB. This infowa ion, added t o  s%mmilaply obtained data on these and other 
f l i g h t  recdnrs, l.2 provided the Commi+Ytee with tbe backgrad ncceemry for 
developing its om, and impromd, f l i g h t  remrder.l7 

reported hsrerlth. None of them can be regarded as final. They a m  made a 
matter of r e c o d  primarily in the in te res t  of future  Inveetj.@tors who may 

t o r s  w i l l ,  of coarse, enter upon t h e i r   ~ 6 3 a r c h e s   w i t h  the real izat ion that 
have ocrcasion to aanduot researches in t h i s  general area. Such k a a t i g a -  

Beyond t ha t ,  the mbsidla-rp project made certain srplorntiona rdnioh are 

n Selection a i d  Training of Aircraft Pliots, 

f ormana 
PcFarland, R. A., ard Rcrlray, A. E. T ~ Q  measurement~f l ip$t  w 
er i n   r e l a t i o n   t o  piloting:. Mapch 19Q. Pmgross report in t h e   f i l e s  

r- 

of  the Committee on Selection and T r a i n i n g  of Aircraft Pilots. 
Vlteles, Y. S . ,  and Backstma, O., Jr. An W l V S i S  of m u h i  

&s of u t  mrfaman 
e l-eq 

OB obta imcl by OP the R-S Ride Re&&- P& x. 
Washington, D. C,r CAB Division of Resoarch, Report Ao. 23, November 1943. 

- 
Viteles, Y. S., and Baakstrom, O., Jr. An an~lwi.5 o f  mauhic re$- 

o f  the R-S Rido R W .  P m  -- P I  A final unpubliahed report i n  the files of the Cornittee on Selecticn 
arid Trahing &Aircraf t  P i l o t s .  
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+The Control Cable Recorder 113d not delivered untllm I, 
1940, tmd the group atar tad flylng in Felsuary, 1960. 

~ ~ S f S  OF RECORDS 

LBfgIppatlon Available from Pllrrht Ana-. The recorda obtained on 
Flight  Analver Type were used primarily as an aid in iden t i fybg  mn3u- 
vera d u r h g  f l i g h t .  Detailed  inforeation &ut airspeed and altitule during 
mnewers w a s  considered  essential. Such information i s  pwtledlarly desir- 
able whsre propar performaneo of the weuver Includes  holding a constant 
airspeed or d t i t u d a .  

lnally delivered, however, could not be read  accurately. Small c h g e s  in 
airsped and a l t i t ude  could not be detected a t  all.  The ah-speed unit, for 
example, mas designed to record speeds o f  from EO t o  XI0 mlles per hour i n  
a two-inah scale, The airplane used in this study had a landing a p e d  of 
about 35 miles per hour and seldom exceeded '75 miilea per hour in t ra lning 
f l i g h t s  around the  field. 

The rsaorda obtained on ttieee two vmiables a8  the  instrument wan wig= 

!,l. 

On May I./+, 1940, an iapravsmant mns made i n  the s i r a p e d  unlt  which , .. 
i 

made It poasible to obtain finer readings. The inpmvement bvolved the 
addition 0 f . a  Venturi  tube t o  the s t a t i c  outlet of the airspeed unit, This 
b o a t e d  the exoursion of the p so that scale exclarsion covered speeds 
f r o m  we19 bolon tke ldlng speed of the airplaoe t o  approximately 120 miles 
per hour. The cal ibrat ion of t h i s  unit after the change had been made w a s  
neaesearily rough because of lack of local  f a c i l i t i e s  for making m e  e x a d  
calibrations. 

, .  , .  
; 

> 

, J  
T' 

~ i 
l i .  

~, 
. .  

i 

The altkter unit i n  the FrirJz instrument vas &o ill adaptad t o  our ? 

needs. It had been designed f o r  use in aircraft having a considerable range 
of altitude;,end it did not letrd itself m ~ d i l y  to accurate analyses of 
graphic records representing  training flights in a Fiper Cub,airplane. 

~> 
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i c e s  adi in ofvilian  aviation. Aa in the tension study, we ware forced 
here to a o q t  the judgment of the instmtor. To brlng this dubioua 
c r i t e r ion  to  aa good a level as w a a  then poS6iblO,.we had each instnta- 
tor go through a paired comparison procednm for h i s  pup of ten students. 
The outoom of  the  paired comparison vas then wed t o  m k  the students 
according t o  t h e i r  presumptive l eve l  oP -clight competence. 

1 . ~  Take-offq, Conferences with instructors  suggested  that  them 

were handled during  the take-off, According t o   t h e  presaribed pmcedure, 
m i g h t  lm striking differences in the  rnanner i n  rhlch the elevator controle 

the s t i c k  was t o  be brou$t bwk m w t h l y  aa the plene appmacheZ adequate 
airsped on tho  gmmd,  brought  fornerd sUght3y t o   l e v e l  off when air-  
borne, and tken again brought smoothly beck to the  position  maintained 
durlng the climb, The instructors s u g g o W  that, mfille WE should find 
our barat students doing t h i s ,  ve might oxpect t o  find the  poorset students 
'pumping back and forth" on the s t ick  M they fumbled for adeqaate poai- 
t i o n b g  of the   e levatara ,  

Aocordingly,  pmceduree were eskblf5hed f o r  comtiug all regresefve 
mvemnta of the elevator control d u r i n g  teke-off, regressive m e m e a t  be- 

ment. For all t&-offs,  fte I - ~ . ~ W S ~ V Q  Irmments were counted  withln a 
ing defined BB any memezt   contrary to the general trmd of aontrol WVB- 

l2-second prhd termiuat3.q at a point &are a climbing a t t i t ude  ~ILB def- 
initely assvswd, a point  readily identifiable in the  wcords,  The record 
thus included  take-off nm and i n i t i a l  e i r b n e  handling of the controls. 

Whib our conferences with instructors  had not l ed  us neoessarily t o  
presume any mur-all re lat ioarhip between repessive  mvernmts and perforan- 
ahca in t a k e o f f ,  they had led e0 ths belief  that, at the very leaat ,  our 
best 8nd~uur poorest  parformers wodld be different ia ted in this regard. 
Inapeation of the da ta  fo r  all 26 available crtpldents failed completely t o  

Table I2 presenta a conperimn of the  tso  highest   rnted and two lowest 
s h a  any consis tent t , rend in the re lat imahip  btween  these two vmiablee. 

rated students for whom recards warn available i n  each  of the  three groups. 

Them is nothing in those  data to suggest that the  stdents named as 
best by t h e  instructor will be differentiated f r o m  thoae n d  &e worst i n  
terns of lllmDbsr of regrusaive movemanto in htumdlbg t h e  5 l evaho~  eontrol 
dm- bb-of fs  a 

2, h+in$a, Discussion af tschslque in ?.andings a & n  brought 
forth the ophioli  that the kcat studtmts rould u h s  a amooth bringing bsck 
of the stick, with  the poorest stud~enls handling t h i a  control in a tenta- 
tive, tricil-and-error  fashion. Accorciingly, a study sas Blacie of regrosdve 
movements of the elsvutor contml d d n g  lar.diuga, 

trary to the expected trmd d u s i q  a ~ O W ~ C O E ~  perlcd t dwina t ing  when the 
airpkrne first touched tho ground. The aplaopriate computations wre made 
for all available fl ights,  T ~ Q  bfis1.c data are show in Table 13. It will 

In this case, a ragmosive mvenunt wcle defined as any mvement aon- 
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