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V. 

I E d i t o r i a l  Foreword 

rogram  des igned   pr imar i ly   to   furn ish   ob jec t ive   c r i te r ia  of f l i g h t  performance. 
ne  of  the major outcomes of t h i s  program was t h e  development  of.  Standard  Flights 
hioh  heve  been  used  extensively i n  many invest igat ions  conduoted  under   the  auspices  
f t h e  Committee on Selec t ion   and   Tra in ing  of Aircraft P i l o t s   f o r   s t a n d a r d i z i n g   t h e  

d a y   i n t o   t h e   p i l o t   t r a i n i n g  program a s   a n   a i d   i n   s e t t i n g  up  uniform  condi t ions  for  
l i g h t   s i t u a t i o n   d u r i n g   r e s e a r o h .  I n  a d d i t i o n ,  t h e  s tandard  f l i g h t  has  found i t s  

f h e  measurement o f  p r o g r e s s   i n   t r a i n i n g .  
i 

8s been t h e   a p p l i o a t i o n  of motion  photography i n  record ing   and .eva lua t ing  t h e  per -  
The second major ,outcome of  the  Uniuersity  of  Pennsylvania  research program 

] lyz ing   such   recorda   qua l i ta t ive ly   and   quant i ta t ive ly  i n  order  t o  a r r i v e  a t  r e l i a b l e  
o r m n c e  of t h e   p i l o t   d u r i n g   s t a n d a r d   f l i g h t s .  Methods  have  been  devised for ana- 

ndioes of p i l o t  performsnoe. 

1 The a t t a c h e d   r e p o r t ,   s u b m i t t e d  as e Progress Report  i n  Oatober 1940, descr ibes  
jhe  basic   procedures  of  t h e   s t a n d s r d   - f l i g h t   a n d  o f  motion photography  and analysis 
f+d presents   p re l iminary   f ind ings   o 'b ta ined   in   the   quant i te t ive   ana lys i s  o f  records  

b t a ined   du r ing   s t anda rd   f l i gh t s .  The methods  described i n  t h i s  r epor t  are bas i c  
0 o t h e r   s t u d i e s  t o  be p u b l i s h e d   i n   t h e   t e c h n i c a l   s e r i e s   i s s u e d  by the   D iv i s ion  of  
eseeroh ,   Civ i l   Aeronaut ics   Adminis t ra t ion .  It seems d e s i r a b l e  t o  publ i sh   the  pre- 
en%  report  a t  t h i s   t i m e  so as  to   provide s necessary  beckground f o r  the  oonsidera-  

Early i n  1940 t h e r e  was i n i t i a t e d  e t  the   Un ive r s i ty  of Pennsylvania a r e sea rch  

4 

d 
1 

1 
l i o n  of da t e  t o  be presented.   in   such  subsequent   reports .  

i There is a l s o   p r e s e n t e d ,   a s  a Supplement, a b u l l e t i n   o r i g i n e l l y   p r e p e r e d   f o r  
he  Division  of  Research, C i v i l  Aeronaut ics   Adminis t ra t ion ,   represent ing  e menual 
f s tandsrd  oheck  f l ight   procedures  f o r  C i v i l i a n  P i l o t  Training.  
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SUMMARY 

! 
. ,  

. I  
! In t h i s   r e p o r t  of t he .Un ive r s i ty  of Pennsylvania  Research  Project i s  presented 

a !   d e s c r i p t i o n  of prel iminary  research  undertaken;  (a). t o   p r o v i d e   o b j e c t i v e  or i te r i~a  
o$ s u c c e s s ' i n   l e a r n i n g   t o   f l y :  (b) t o  provide  objeot ive  data  o n  co-ordinate$  pat-  
t e rns   o f ,   l imb  and  body movements which l e a d  t o  op t imal   p lane   oont ro l ;   and   (c )  t o  
u$e t hese  data i n   f o r m u l a t i n g   p r a c t i c e 1   g u i d e s   f o r   f l i g h t   i n s t r u o t o r s .  

! 
~ ! Four  major   s teps   were  taken  in  t h i s  i nves t iga t ion :  

i (1) The bas i c  maneuvers  of t h e  CPT primarJr course  were combined i n t o  a 
s r i e s   o f   S t e n d a r d   F l i g h t s   i n   o r d e r   t o   p r o v i d e   s t a n d a r d i z e d   f l i g h t   t e s t  situations 
d!r,ing whioh the   f ly ing   habi t s  of p i l o t s  could be observed o r  recorded. 

j 

e f l y i n g   h a b i t s  o f  p i l o t s  and  evaluated  the  f l ight   performance on t h e   b a s i s  of 
r ec t   obse rva t ion   du r ing   f l i gh t . .   F l igh t s  were made with 8 f l i . gh t   i n s t ruc to r s   and  

, .  

( 2 )  Dur ing   s tanderd   f l igh ts  an i n v e s t i g a t o r  accompanying t h e   p i l o t   a n a l y z e d  

p i l o t i n g  a n  Aeronca  Chief (a wheel-type  plane)  and 7 f l i g h t   i n s t r u c t o r s  , 
pk lo t ing  a Pipe r  Cub ( e  s t i c k - t y p e   p l a n e ) .   m c h  of t he   t h ree   g roups  was d i v i d e d ~  
i t o   " s u p e r i o r "  and- "inferior"  sub-groups  and'  comparisons wade of t h e i r   f l y i n g   h a -  bits ( i n  terms of  methods  of  handling,  the controls) .  

. ,  

I 

, ,  (3) Motion  ghotographs were taken  of   the  f l ight   performance of  8 s u b j e c t s  

a n d a r d   f l i g h t s .  The camera f i e l d   i n c l u d e d   t h e   i n s t r u m e n t   p a n e l ,   t h e   c o n t r o l  
e e l ,  and the  lower arms and  hands of t h e   p i l o t .  

while  eaoh was p i l o t i n g  an Aeronoa Chief  through s i x  mnneuvers s e l ec t sd   f rom  the  

The motlon  photographs  were  analyzed by two  methods: ( 1 )   d i r e c t   i n -  
dur ing   s low-mot ion   pro jec t ion ,   resu l t ing   in   obsorva t ions  on methods of 

con t ro l  .movements. du r ing   t he  maneuvers. The frame-by-frame  reedings  were 

a sp ing .and   hand l ing   t he   con t ro l s ;   and  ( 2 )  measurement o f   success ive   a i l e ron   and  
eva tor   cont ro l   pos i t ions   dur ing   f rame-by-f rame  pro jeo t ion ,   resu l t ing  i n  d .e ta i led  

lo t ted   g raphioe l ly ,   end   the   g raphs   ana lyzed  by in spec t ion  and by t h e  oomputat$on  of 

1 

~ 

i n d i c e s   d e s c r i p t i v e  of t h e   o o n t r o l  movements. 
! '  . .~ 

df fou r   " supe r io r "   and   t he .   g roup   o f .   f ou r   " in fe r io r , '   p i lo t s  as p r e v i o u s l y   c l a s s i f i e d  
dy t h e  method  of d i rec t   Observa t ion .  

, , .Comparisons  were then q d e  between the   i nd ices   ob ta ined  by the   g roup  

i 
d l i g h t  were prepared by a r e sea rch  essistant w h i l e   t a k i n g   t h e   f i r s t   t e n   h o u r s  of 
j r imary   fL igh t   i n s t ruc t ion .  

( 4 )  Dete i l ed   i n t rospec t ive   r epor t s  o f  exper iences   dur ing   each   ins t ruc t ion  

! t 



X .  

The resul ts  pf t h e   i n v e s t i g a t i o n  mey be summarized a s   fo l lows :  

'~ (1) The data   obtained by the .methods   o f   d i rec t   observa t ion   dur ing  flight 
a n d   d i r e a t   i n s p e c t i o n  of motion  ph0tograph.s  during  slow-motion'projection  revealed 
c h a r a c t e r i s t i c   h a b i t s  of p i l o t s   i n   t e r m s  of pqsture.,,  methods of   g rasp ing   the  con- 

use of wrist, finger a n d   s l i g h t  arm movements i n  p r e f e r e n c e   t o ,   f u l l  erm movements 
t ro la ,   end   methods .of   manipula t ing   the   cont rb ls .   .Cer ta in  movements, such a s  t h e  

were  found t o  d i f f e r e n t i a t e   t h e   " s u p e r i o r "   a n d   " i n f e r i o r "   p i l o t s   u s e d   i n   t h e   i n -  
ves t iga t ion .  

(2 )  Analysis of the   g raphs   and   the   quant i ta t ive   ind ices   resu l t ing   f rom 
treatment  o f  the   f rame-by-f rame  readinga ,of   cont ro l   pos i t ions   revea led   charaoter -  

mean scores   on  the  indices   were oompared. 
i s t i c   d i f f e r e n c e s  between t h e   " s u p e r i o r "   a n d   " i n f e r i o r "   p i l o t s  when the  graphs  and 

With the   except ion  of the 90' medium t u r n s . ~ . s i g n i f i o a n t   d i f f e r e n c e s  
between t h e  two groups  were  found i n  eaoh of  t h e   f l i g h t  maneuvers  (Take-Off, 
S t ra ight   and   Level   F l igh t ,  360' Left Power Turn,  and  Landing) i n  t he   ca se  of  one 
o r   s e v e r a l   o f   t h e   f i v e   C o n t r o l  .Movement Rat ios   used as q u e n t i t a t i v e   i n d i c e s ,  name- 
l y  Tota l  Amount of Control  Movement, Percent  of T o t a l  Time i n  Motion, Number of 
Control  Movements,  Changes i n  Di rec t ion  of Control  Movements, and Disaont inui ty  o f  
Control  Movements. For   example.   the   "superior"   pi lots   were  found  to   exhibi t  a 

i n g   t h e  moment of l end ing   wh i l e   t he  "inferior" p i l o t s   e x h i b i t e d  a g r e a t e r  amount 
g r e a t e r  amaunt of e l e v e t o r  c o n t r o l  movement ( Index   1 )   du r ing  the 4 seconds  preced- 

groups i n  terms of t h e s e   i n d i c e s  is p r e s e n t e d   i n   t h e   r e p o r t .  
of  a i l e r o n   c o n t r o l  movement dur ing  Take-Off. A detailed  comparison o f  t h e  two 

revealed. .observat ions w i t h  r e spec t  t o  t h e   o r i e n t a t i o n  of a beginning  s tudent ,   recog-  
n i t i o n   o f - c u e $ ,   t h e  development of s k i l l s ,  a n d   s p e c i f i c   d i f f i c u l t i e s   e n c o u n t e r e d  by 
the  ind. ividua1 making t h e   r e p o r t s .  To the   ex ten t   t ha t   . t hese   obse rva t ions   a r e  

vant  t ,c  .problems of t r a i n i n g .  
"typi.o.51" o f . s t u d e n t s   i n   g e n e r a l   t h e y   r e p r e s e n t   a n   i n t e r e s t i n g   s o u r c e  o f  d a t a   r e l e -  

( 3 )  Analysis o f  t h e   i n t r m p e c t i v e   r e p o r t s  made d u r i n g   f l i g h t   i n s t r u c t i o n  

The i n v e s t i g a t i o n  must be cons ide red   rne re ly , e s   p re l imina ry   t o   fu r the r   r e sea rch  
a n d   t h e   s p e c i f i c   f i n d i n g s   s u b j e c t  t o  t h e   l i m i t a t i o n s   s e t  by t h e  small number of 

research   too ls   and   techniques   such  as t h e  use of motion  photogrephy of f l i g h t  per- 
cases .  I ts  ch ie f   vaSue . l i e s  i n  its exploratory  nature   and i n  t h e  development o f  

formanos,   the  methods  of  analysis of the  photographic   records,   and  the  Standard 
F l i g h t s .  The importance  of  the  Standard  Flight  both as a research  and as a f i e l d  
t echn ique   has   l ed  t o  t h e   p r e p e r a t i o n  o f  e Manual of  Standard  Flight  Procedures 
which is presen ted   a s  8 Supplemental  Report. 
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3. 

A ~ M S  OF THE UNIVERSITY OF PENNSYLVANIA WSEARCH PROJECT 
I 

t h e  movemehts made by p i l o t s  i n  c o n t r o l l i n g   t h e   p l a n e   d u r i n g -   f l i g h t .  The i m e d i e t e  
1 The Univers i ty  o f  Pennsylvania  Research  Project  has  been  devoted' to a study of 

p ' r p o s e  o f  t h i s   s t u d y  was to '   i nves t iga t e   t he   pa t t e rns  of l i m b  and body movements 
c x a rac t e r i z ing   p i lo t s   w i th   va ry ing   deg rees   o f   p ro f i c i ency  i n  m a i n t a i n i n g   f l i g h t   a t -  
t i t u d e .  The ult imate  aims of t he   s tudy  ere:  (1) to   p rovide   ob jec t ive   o r i t ' e r ia   o f  
shocess i n  l e a r n i n g  t o  f l y ,  t o  be  employed both ( a )  i n  gauging  the  progress of s t u -  
d b n t   p i l o t s ,   a n d   ( b )   i n   e v a l u a t i n g   t h e   e f f e c t i v e n e s s  of  p r o o e d u r e s   u s e d   i n   s e l e c t i n g  

and body movements which l e a d  t o  opt imal   plene  control ;   and ( 3 )  t o  use t h e s e   d a t e  
s t u d e n t   p i l o t s ;  ( 2 )  t o  provide  object ive  data  on the   co -o rd ina ted   pa t t e rns   o f   l imb  

i$ formula t ing   prac t ica l   gu ides  f o r  f l i g h t   i n s t r u o t o r e ,   i n   t h e  form o f  s tep-by-step 

C t v i l i a n   P i l o t   T r a i n i n g  Program. 
p b c e d u r e s   t o  be employed i n   t r a i n i n g  p i l o t s  t o  perform  maneuvers  included i n  t h e  

P ~ C E D U R E S  USED IN THIS STUDY 

~ Four major  steps  were  taken  in  the  development o f  the  University  of  Pennsylvania 
Fitbearch P ro jec t  : - 

! 

I 
I. S tanda rd   F l igh t s .  

p e x i t y ,   a s  a device f o r  enabl ing t h e   i n v e s t i g a t o r  t o  mako observa t ions  on d i f f e r e n t  
The f i r s t   s t e p  involved  the prepara t ion  o f  s tandard  f l i g h t 6 , l  of VarYiZUJ  com- 

p i l o t s  under   the same general   oondi t ions.  The development o f  t h e s e   s t a n d a r d   f l i g h t s  
W ~ S  based upon the   assumpt ion   tha t   records  of mgvements and  performance of d i f f e r e n t  
p j l o t s  can hava .nc   p rac t i ca l   u se fu lnes?  i n  research   un less   they   a re   ob ta ined   under  
egsent ia l ly   un i form  Condi t ions .   Each   s tandard   f l igh t  is a "work-sample" t h a t  o s l l s  
for p r e s c r i b e d   c r i t i c a l  maneuvers t o  be car r ied   th rough i n  a de f in i t e   o rde r   unde r  
s l a t e d   c o n d i t i o n s .  The s t a n d a r d   f l i g h t s   p r c v i d e   i n   t h e  air analogues  of   the   t rade-  
t+sts f o r  motdr vehicle  operators  which  have  been  used so e f f e o t i v e l y   i n   s e l e o t i n g  
add   t ra in ing   bo th   c iv i l ian   and   mi l i ta ry   motor -vehic le   opera tors .  

~ 11. Evaluat ion of Flying  Habits  and  Plane  Performance by Direct   Observat ion.  
! 
! 

mdnt and use o f  a s tandard   p rocedure   for  t he   eve lue t ioa  of p i l o t  f l y ing   heb i t s   and  
The second s t e p   i n   t h e   p r e l i m i n a r y  phase  of  the study  involved  the  develop- 

by an i n v e s t i g a t o r  accompenying t h e  p i l o t  dur ing  f l i g h t . a i s  
a bas i s   fo r   no t ing   t he   cha rac t e r   o f   l imb   and  body movements of 
var ious  degrees  of "goodness"  of f l i g h t .  It employed e s s e n t i a l l y  

tg, method of d i r ec t   obse rva t ion ,   w i th in  a standard  frame of r e f e r e n c e ,  f o r  analyz-  
i 4 g   t h e   d e t a i l s  o f  limb  and body movement d u r i n g   f l i g h t   a s  a means of d i scover ing  
d j f f e r e n c e s   e x i s t i n g  among p i lo t s   wi th   vary ing   degrees  of p r o f i o i e n c y   i n   m a i n t a h i n g  
f l i g h t   a t t i t u d e .  

i 
~ The procedure f o r  t he   eva lua t ion  of  f lying  habi ts   and  plane  performance  in-  

v j lved   t he  use of t h e  two forms shown on  peges 4 and 5.  The inves t iga tor   acoompf l~ icd  
ti)e p i l o t  ' du r ing   s t anda rd   f l i gh t s   end ,  on the basis of direo-t   observation,  entoreti  
04 t h e s e  forms oomments such   a s   t hose   appea r ing   i n   t he  sample  protocols  presented 
i 4  Exh ib i t s  1 and 2 ,  pages 4 and 6. 

I 

bds i s   o f   an   eva lua t ion   o f   t he   obse rva t ions   on   p l ane   pe r fo rmance   du r iw   t he   f l i gh t ,  
The p i l o t s   u s e d   a s   s u b j e c t s  were c l a s s i f i e d  i n  order  of prof ic iency  on t h e  

I '  , 

l desc r ibed  on  pages 19-20 and in  the  Supplemental   Report .  
' e s c r i b e d  in d e t a i l  i n  Appendix A .  



4 .  

EXHIBIT 1 

Date: 

Plane: 
)??: 7) 

I 9 y Wind: 3 -5 J % 
Reoord Sheet for AndySiS o f  Generel  Flying  Habits 

I. HANDLING OF CONTROLS: 
. .  

A.  Posture: 

Posit ion:  &~ p- 

Changes of Posit ion:  

B. Throttle: 

C. Rudder: 

Pos i t ion  of Feet: IsLe,b-vrpjldL(p-/.* C b A  

Changes of Position: \&. 
Extent of Leg Movements: 

D. Wheel: 
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EXHIBIT 2 '  

Subject :  . %-&' 

! 
~ 1. Constsnoy of Att i tude :  

2. Extent   of Control Adju 
! 

~ E. Throt t le   Cont ro l :  0 ,  & , 
~ 

~ F. Traffic Check: '7 & . 
i G. Coments: . .  

. .  . 
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a s   i l l u s t r a t e d   i n   K Z h i b i t  2. The s u b j e c t s  were then   d iv ided   i n to  two groups,  
termed  "3uperior"  and  "inferior".  This c l a s s i f i c a t i o n  was f u r t h e r  checked by con- 
f e rence   w i th   t he  local d i r e o t o r   o f   t h e   C i v i l i a n   P i l o t   T r a i n i n g   P r ~ g r a m . ~  

The f l y i n g   h a b i t s  o f  p i l o t s   o l s s s i f i e d  as  "super ior"   and   " infer ior"  on t h i s  
b a s i s  were t h e n   d i r e c t l y  compared by meem of en t r i e s   such  as t h o s e   i l l u s t r a t e d   i n  
Exh ib i t  3 on pages 7 t o  9 , i nc lus ive .  From these   t ab l e s   o f   c l a s s i f i ed   obse rva -  
t i o n s ,   t h e   f l y i n g   h a b i t s  which were oomon  to   both  groups  and  those which d i f -  
f e r en t i a t ed the   %uper io r " .  from t he   " in fe r io r "   g roup  were  determined. 

h a b i t s  and  plane  perfcrmance was employed i n  t h r e e   s t u d i e s   i n v o l v i n g ,   r e s p e c t i v e -  
l r ,  8 f l ieht  i n s t r u c t o r s   i n   P h i l a d e l p h i a   p i l o t i n g   a n  Aeronoa Ch ie f ,  7 f l i g h t   i n -  

This  method o f  d i r eo t ' obse rva t ion   and  accompanying  eveluation  of  f lping 

s t r u c t o r s - a t  College Park,   Maryland,-end  Bloomington,  Indiana,   piloting  a-Piper 
Cub,  and 5 r ecen t ly   l i oensed   Un ive r s i ty   o f   Pennsy lvan ia   s tuden t s   p i lo t ing  an 
Agronoa Chief .  A d e t a i l e d   r e p o r t  on the   p rocedures   and   resu l t s  of 'the t h r e e  
s t u d i e s  Ls  presented i n  Appendix A. 4 

111. Motion  Photography  and  Micromotion  Analysis. 

A.  Generel   Features  

end of the   techniquesof   micromotion  analysis   in   recording  and  c lass i fying body end 
The t h i r d   s t e p   i n   t h i s   i n v e s t i g a t i o n   i n v o l v e d   t h e   u s e   o f   m o t i o n   p h o t o g r a p h y  

l imb  pos i t ions   end  movements u s e d   i n   o o n t r o l l i n g   t h e   p l a n e   d u r i n g   f l i g h t .  I n  ad- 
d i t i o n   t o   t h e   e x a m i n a t i o n  of t h e s e   d e t a i l s   d u r i n g  "slow  speed"  projection,  pro- 

terms, t h e  amount, direct ion,   independence o r  s imul t ane i ty ,   and   s imi l a r   che rac t e r -  
cedures   were   devised   for   g raphice l ly   represent ing   and   amlye ing ,  i n  q u a n t i t a t i v e  

i s t i c s ~  of  wheal  end  wheel-column movements u s e d   i n   e f f e c t i n g   a i l e r o n   a n d   d e v a t o r  
adjustments.  

B. Camera and   F i e ld  

For motion-picture  photography, a Filmo  camera, Model 141A, wes mounted on  

- 
a t r i p o d   i n   t h e   s p a c e   b e h i n d   t h e   r i g h t   f r o n t   s e a t  o f  a St inson  105  plane.  The 
t r i p o d  was he ld  firm by means of  a heavy sp r ing   a t t ached  t o  the  fl.oor  and by a 
clamp extending from the   head of t h e   t r i p o d  t o  e tube  elong t h e   s i d e  of t h e  oook- 
p i t .  k 1 5 - m .   l e n s ,   l o c a t e d  41-1/4  inohas  from  the  instrument  board,  provided a 
camera f i e l d   i n c l u d i n g   t h e   i n s t r u m e n t s  on t h e  l e f t  s i d e  of the  instrument   board 

the  upper  legs, lower arms, and  hands  of  the  subject.  Cine-Kodak  Super-X  Panchro- 
( a i r s p e e d ,   t u r n , a n d  bank ind ica to r ,   and   t aohomete r ) ,  t h e  wheel  and t h r o t t l e .   a n d  

matio  Safety  Film was used. The oamera v a s   o p e r a t e d   a t  a speed  of 1 6  frames  per 
second i n  photographing a l l  maneuvers  except 360° Power Turns,  where  the  speed wes 

31n t h e  two s t u d i e s   u s i n g   f l i g h t ~ i n s t r u o t c r s  as s u b j e c t s ,   t h e   c l a s s i f i c a t i o n  by 
l o c a l   d i r e c t o r s   a g r e e d   p e r f e c t l y   w i t h   t h e t   o f   t h e   i n v e s t i g e t o r   i n   t h e   c e s e  of t h e  

o f   t he   P ipe r  Cub group with   the   except ion  of a r e v e r s a l  of  placement  involving 2 
Aeronoe Chief   g roup ,   and   conf i rmed  the   inves t iga- tor ' s   c lass i f ica t ion   in   the   case  

s u b j e c t s .  

performance is a l s o   b e i n g   u s e d   i n   s t u d i e s   a t  New Or leans ,   La . ,   and   Roches te r ,  N . Y . ,  

Univers i ty ,   and M. S. V i t e l e s ,  of t he   Un ive r s i ty  of Pennsylvania.   These  studies 
fo rmula t ed   j o in t ly  by H. M. Johnson, of Tulane  Universi ty ,  H. A .  Edgerton,  of  OhioSt.?t  

t i o n  d u r i n g   s t a n d a r d   f l i g h t s .  No r e s u l t s   a r e   a s   y e t   a v a i l a b l e  f r o m  t h e s e   s t u d i e s .  
involve   the  use of r a t i n g  scales,  graphic   record ing   devices ,   and   d i rec t   observa-  

a n   o p p o r t u n i t y   t o  examine the   da t a   ob ta ined  i n  t h e   r e s e a r c h   c e n t e r s   a t   T u l a n e  
It is .assumed  tha t  a sepa ra t e   r epor t  will be made a f t e r   each   i nves t iga to r   hes   had  

University  end  Rochester.  

4The method o f  d i r ec t   obse rva t ion   fo r   t he   eve lua t ion  of f l y ing   hab i t s   and   p l ane  



I V I I .  C l e s s i f t c a t i o n  of Flying  Hebits  of 'Sub3e.cts:  (X_ i n d i c a t e s  that t h e  item of 
behavior wss exh ib i t ed  by t h e  

~ A. POSTURE: 
1 Erec t  Sway with  Turns - -. 
kuper io r  Group: . ' 1 Subject  1 X X 
j Subject  2 X X ( v e r y   l i t t l e )  
j Subjec t  3 X x (very l i t t l e )  

~ Sub.ieot 4 X X 
iInf e r i o r  Group : 
i Subject  1 X X 
I Subject  2 - X X '  . 
~ Subject  3 X X 
~ Subject  4 X X 

s u b j e c t . )  
Cocked Heed Body Beck & For th  
During Turns During  Landing 

X (360') . "  

X 
. .  

X , I  

! 

B. THROTTLE: 
- 

, .  1. Method of  Grasping: 
i B a l l   i n  Between Fingers  Used Finger  for Used More Than One 
i Pelm and Thumb S l i g h t  Movements Method of Grasping 
/Superior Groups 
I Subject 1 X X 

- -- 
i Subject  2 X 
i Subject  3 X 
~ Subjeot  4 x X 
; Infer ior   Qroup:  
I Subject  1 X X 
i Subjec% 2 -x 
I Subjec t  . 3  X 
i Subjec t  4 . X x 

X 
X X 
X X 

X(occssional1y)  X(irregu1er  chengo) 
X 
X '  " 
x X(regu1er chenge) 

2 .  Released   Thro t t le   Dur ing   F l igh t :  
~ 

i 
7200 900 Figure  Climb t o  Landing  I r reauler ly  
Turns  Turns 8 ' s  1500' 

- - 

Superior  Group: I Sub.iect 1 X X x 
-- 

I Subjec t  2 
~ Subjeot  3 x 
~ Subjec t  4 X  inferior Group: 
! Subjec t  1 ~ X X X 
1 Subject  2 
! Subjec t  3 

I Subjeot 4 X X X X X 

__ 
i 

X(no constant  metk.o& 

X( cons tan t  method 
bu t   i r r egu la r  

' r e l e a s e )  
I 
i 
I - 
l*From Appendix A - Analysis  o f  General   Flying  Habits of P i l o t s .  i A. I n s t r u c t o r s   P i l o t i n g  a Wheel-Type Plene 

i 
! 
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EXHIBIT 3 (Continued) 

C . RUDDER: 
Heels Off Floor  Heels on Floor No LOR Movements ~~ 

During  Taxi 
Super ior  Group: 

Sub.ieot 1 X 
Subject  2 X 
Subject  3 X 
Subjec t  4 x 

I n f e r i o r  Group: 
Subject  1 X 
Subject  2 X 
Subjec t  3 X 
Subjeot  4 X 

During   F l igh t   Except   in  Taxi 

X 
X 
X 
X ( s l i g h t )  

X ( s l i g h t )  
X 

X 
x ( s l i g h t )  

D. WHEEL: 
1. L o a t i o n  o f  Hand on Wheel: 

Grasped Wheel 5 Grasped Wheel 

Superior  Group: 

Subjeot 2 
Subject  1 

Subjec t  3 
Subjec t  4 

I n f e r i o r  Group: 
Subject  1 
Subject  2 
Subject  3 
Subjeot 4 

Grasped Wheel a t   C e n t e r  Toward Lef t   S ide  A t  Le f t   S ide  

x 
X 
X 

X 

X 
X 

X 
X 
X 

X 
X 

X ( t a x i )  

x 
X 
X 
X (few s e c . )  

2'. Use of  Both Hands on Wheel: 
720"'s Fig.  8's Landing  I r regular ly  Not a t  All 

Super ior  Group: 
Subjec t  1 X X X 
Subjeot 2 .. . X( few sec.  ) 
Subjec t  3 x 
Subject  4 X 

Subjec t  1 X X X 
Subject  2 X 
fiubject 3 X 
Subjec t  4 X 

Infer ior  Grou?: ~~ 

Superior  Group: 
3. Frequency .of Sh i f t i ng   Pos i t i on :  

Sub jec t  1 - l e a s t  
Subjec t  2 - o n l y   i n  720"s 
Subjec t  3 - r e g u l a r   s h i f t s  from s i d e   t o   o e n t e r  
Sub.iect 4 - OPC8SiOnal ( s l i g h t )  

I n f e r i o r  Group: 
- 

Subject  1 - occas iona l  

I 

Subject  2 - O O O S S i O n 8 l  
Subjec t  3 - f requent  
Subjec t  4 - occas iona l  
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EXHIBIT 3 (Concluded) 

I D. W-: (cont inued)  
4 .  Movement o f  Ailerons: 

Mostly Wrist & Fingers  
upei-ior  Group: 

~ Subjec t  2 
~ Subjec t  3 

~ Subject  4 

X 

~ Subject  2 
~ Subject  3 X 
~ Subjec t  4 
! 

S l i g h t  A r m  Most ly  Arm 

X 
x 
x .  

X 
X 

X 
X 

~ 5. Movement of Elevators :  

! Fingers  & Thumb f o r  Arm Movement.for  Greater 
! 

Slight   P&ssure  Pressure 
quper ior  Group: 

I Subject  1 X X 
~ Subjec t  2 
j Subject  3 
~ Subject  4 

x 
X 

X 

~ Subject  2 X 
~ Subject  3 
~ SubJect 4 X 

X 
X 
X 

x .  
X 
x 

! 6. Methods of  Grasping  During  Fl ight :  
Fingers  Around Palm Down With  Between  Grasped  Finger T i p s  

I 
Wheel - Thumb Center  Bsr Be- Thumb and Around -Restiw on  
Toward Body tween  Fingers F inger  O n l y  Center  Ear Wheel +p;:g;;,~.: 

X 
1 Subject  2 x 
i Subjec t  3 , X ( f l i g h t )  
~ Subject  4 X X X ( dur ing  

1 

qnfe r io r  Group: 
I Sub.iect 1 X 

long  run)  

I Subjec t  2 X 
j Subject  3 X X x 
~ Subjec t  4 
1 
! 

X X X(few s e o . )  X 
- _ .  

! 
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r educed   t o  8 frames per  seoond. 

C. The Win Experiment  Involving  Motion  Photography  and  Yioro- 
motion Analys is  

mioromotion  analysis,  included 8 s u b j e c t s .  Of t h e s e ,  7 were f l i g h t  i n s t ruo to ra5  i n  
1. Subjeots .  The mein exper iment ;   inva lv ing   the  use of motion photography  and 

the   Phi lade lphia   a rea   and   the   o ther  a recent ly   l i censed   Univers i ty   o f   Pennsylvania  
p i l o t .  All had p s r t i o i p a t e d  i n  t h e   i n v e s t i g e t i o n   i n v o l v i n g   t h e   e v a l u a t i o n  o f  f l y -  
ing  habi ts   and  plane  performanoe by t h e  method of d i r e o t   o b s e r v a t i o n   r e f e r r e d   t o  
on  pages 3 t o  6 o f   t h i s   r e p o r t   8 n d   i n  Appendix A. 

s i x  sepa ra t e  maneuvers taken from t h e  s t a n d a r d   f l i g h t s   a n d  oombined i n t o  one 
f l i g h t .  The maneuvers  included:- 

2. Maneuvers. Eeoh s u b j e c t  was photographed  while   pi lot ing  the  plane  through 

- 
a.  Take-Off 
b. S t ra ight   end   Level   F l igh t   for  15 seoonds 
c. 90u Medium Left   Turn 
d. 90" Medium Right  Turn 
e .  360" L e f t  Power Turn 
f .  Landing 

- 

The beginning  and  end of eaoh  maneuver  were ind ioa ted  on t h e  film by f l a s h i n g  a 
l i g h t   i n t o   t h e   l e n s .  

f i nd ings  of the   exper iment   involv ing   the  use o f  d i r e o t   o b s e r v a t i o n   f o r   t h e   e v a l u a -  
t i o n   o f   f l i g h t   a t t i t u d e 6  were u s e d   i n   o l a s s i f y i n g   t h e s e  8 s u b j e c t s   i n t o  two  groups 
o f  4  superior'^ and 4 " i n f e r i o r "   p i l o t s ,   r e s p e c t i v e l y ,   t h e   l i c e n s e d   s t u d e n t   p i l o t  
being  grouped,   on  the  basis  of o b s e r v e d   p e r f o m n o e ,  w i t h  t h e  3 " i n f e r i o r "   f l i g h t  
i n s t r u o t o r s .  The photographic   records o f  con t ro l  movements during  eaoh  maneuver 
were  then  analyzed; by  means o f  the  techniques  Pesoribed  below,   to   determine  the 
r e s p e c t s  i n  whioh body and  l imb  posi t ions  and  control  movements o f  " super ior ' ,  
p i lo t s   resembled  o r  d i f f e r e d   f r o m   t h o s e   o f   " i n f e r i o r "   p i l o t s .  7 

3. Comparing the   Cont ro l  Movements o f  "Super ior"   and   " Infer ior"   P i lo t s .  The 

4. Visual   Inspec t ion   of   F i lms   Pro jeo ted   a t  Reduced  Speed. As a first s t 6 p   i n  
t h e  use of  motion  photography i n  comparing  the  "superior"   and  " infer ior"  p i l o t s ,  
eaoh film was pro jec ted  by means of   an  especial ly   adapted  Keystone A-81 P ro jec to r  
which makes poss ib l e   s low-speed   p ro jeo t ion   w i thou t   f l i oke r .  Such a p r o j e c t o r  

. c r e a t e s  a s low-motion  effeot   even  in   the case of  photographs  taken a t  8 frames  per 
seoond. The ohief  purpose of t h i s  p ro j eo t ion  was t o   o b s e r v e   t h e  general p a t t e r n  

. such   a s   f i nge r  movements,  ohanges i n  whee l   and   t h ro t t l e   g ra sp ,   e to . ,  which oan be 
of movement and,  more p a r t i o u l a r l y ,   t o   s t u d y   i n   g r e a t e r   d e t a i l   i t e m s   o f   b e h a v i o r ,  

more fu l ly   observed   th rough  the   use  o f  motion  photography  and slow pro jec t ion   t han  
by d i r eo t   obse rva t ion   du r ing  flight. 

- 

t i o n a  on body and  l imb  posit ions  and  on movements made by "super ior"   and   " infer ior"  

5One f l i g h t   i n s t r u o t o r  who o a t e d   a s  a subjeo t   in   the   p re l iminary   exper iment   involv-  

du r ing   f l i gh t   (pages  3 t o  6 of t h i s   r e p o r t   a n d  Appendix A) was no t   ava i l ab le  when 
ing   t he   eva lua t ion  o f  f ly ing   habi t s   and   p lane   per formance  by d i r eo t   obse rva t ion  

the  motion  piotures   were  taken.  

During  the  s low-motion  projeot ion,   the   invest igator   reoorded  his   obaerva-  

6Seg pages 3 t o  6 of t h i s   r e p o r t   a n d  Appendix A. 
7Sei. foo tno te ,  page 12. 



11. 

p i l o t s ,  r e spec t ive ly ,   on   t he  form used ' . for   the   eva lua t ion  of g e n e r a l   f l y i n g   h a b i t s  
i l l u s t r a t e d   i n   E x h i b i t  1 o f  t h i s   r e p o r t .  The f l y i n g   h a b i t s  of "superior"   and "in- 

iferior" p i l o t s ,  .es observed  during  the  slow-motion  projection  of  photography, were 
~ t k p n  comp@red by means of the   t echnique   emplpyed~in   the   eva lua t ion  of flyiw hab- 

report .   Resu, l ts   obteined  f rom  the observa t ion   dur ing   s low-mot ion   pro jec t ion   a re  
i t s ,  used  in   connect ion w i t h  d i r e o t  obsarva t ion ,   desor ibed  i n  pages 3 and 6 of t h i s  

l s u m a r i z e d  i n  P a r t  I1 sf t h i s   r e p o r t .  
~ 

! 
I t i o n  ana lys i s .  the  photographs were projected,.  frame  by, f reme,  by means o f  t h e  

5.  Proce,dures i n  Micromotion  Analysis  of~Photogrephic Reoords .  For micromo- 

~adepted  Keystone A-81 Projecto,r ,   onto  graph  paper   l ined 10, s p a c e s   , t o   t h e   i n c h ,   t h e  
/g reph ,pape r   be ing   t u rned  so t h a t   t h e   v e r t i c a l l y   . r u l e d   l i n e s  were p a r a l l e l  t o  t h e  
I wheel-column i n  the   p ro   jmted   photographs .  

/Measuring  and  Plot t ing Wheel Movements ' i n  ' A i l e r o n  Cont ro l : -   In   o rder  t o  analyze 
i tu rn ing  movements of . . the   wheel   to   the   l e f t   and  right, provid ing   a i le ron   ad jus tments ,  
i t he   pos i t i on  of t h e  wheel i n  each  freble was peasured by coun t ing   t he  number of 

1 -  
I 

i 

i Because of the   c loseness  o f  t h e  oamera t o   t h e  wheel; t he   d i s t ance  between 

d is tanoe  ino reas ing  as the  wheel is pul led  back, $.e., o l o s e r   t o   t h e  camera,  even 
t h e s e  two po in t s  of re fe rence   var ies . -wi th  changes i n  t h e  wheel-column p o s i t i o n ,   t h e  

were taken o f  t h e  ,wheel when slowly moved from f u l l   f o r w a r d  t o  f u l l  beck  posit ion 
lwith  the  wheel   held  constant ,   that  3.8, f r e e  of t u r n i n g  movements,, i n   t h e   p o s i t i o n  
iwhioh me in te ins   a i l e rons  i n  neutral .   Photographs  were  taken o f  t h e  wheel-column 
 in 7 1  planes  and  measurements  were made of the   dis tanoe  between  the X and Y poin ts  

/ i n   s u c c e s s i v e  planes  were oornbined t o  g ive  13 "base"  readings  indicat ing  the  dis-  
  on t he .  wheel ( photograph E, Exhib i t  4 )  i n  eech of t h e s e  planes.. F ina l ly ,   r ead ings  

itanoe  between X and Y po in t s  on the  wheel ,   wi th  t h e  wheel i n  n e u t r a l   p o s i t i o n ,  f o r  
/each  of 13 wheel-oolupln,posi t ions  located  e t   epproximately  equal   intervals   between 
/ f u l l  f o r w a r d   a n d   f u l l  back pos i t i ons .  

t u r n i n g o f   t h e  wheel. .In o r d e r   t o   e l i m i n a t e   t h i s   a r t i f a c t ,   p h o t o g r a p h s  

. .  

I 

served   d i s tanoe  ( i n  number of graph  squares)  between. the two  poin ts   o f   re fe rence  

'/ways ind ioe te s  B w h e e l   p o s i t i o n   t o   t h e   l e f t  o f  neut re l   and  a plus  sign B wheel  poei- 
lfrom minus 10  through 0 t o  p lus   10 .   S ince , e   f i gu re   p receded  by a minus s i g n  a l -  

t i o n   t o   t h e   r i g h t  of n e u t r a l ,   t h e s e  have  been  converted  into a range  from l e f t  10 
through 0 (Neut ra l )   to   Right  10 and   p lo t t ed  i n  t h i s  manner.. The readings of le ter-  
'a1  wheel   posi t ion  for   photographs A, B ,  and C, Exhib i t  4 ,  a r e  R 6.5, L 8.0, end 
IL 3 .5  I r e spec t ive ly .  9 

~8The  reeding  between  the two po in t s  of r e f e rence  was 25 when t h e  wheel-oolumn we8 

i a t  which t h e   p i o t u r e s  were t aken ,   s inoe  it does  not   correct  f o r  t h e   f e o t   t h a t  a 
'It is recogn ized .   t ha t   . t h i s  method provides  only a p a r t i a l  oor reo t ion  f o r  the   engle  

~ reading of  one  spfice (on   the   g raph)   does   no t   represent   the  seme amount o f  d i f -  
I f e r e n o e   i n   p o s i t i o n  when t h e  wheel-column i s  f a r   f o r w a r d   a s  it does when the  wheel- 
I column is drawn wel l  baok.  However, s i n o e   t h i s   f e o t o r  i s  s i g n i f i c a n t   o n l y ~  i n  $he 
i extreme  wheel-oolumn movements such as ere found i n  tending and  Take-Off,  and i n  
j view o f . t he   f eo t   t ha t   t he   e r ro r ,   unde r   eny   o i rougg tance , s ,  is r e l a t i v e l y   s m e l l ,  it 
I seemed u n d e s i r a b l e   t o   u n d e r t a k e ,   d u r i n g   t h i s '  in i t ie l  p r o j e c t ,   t h e   e x t e n s i v e  work 

The final index of wheel   posi t ion wes then  obta ined  by sub t r ac t ing   t he   ob -  

t h e  eppz'opriate  "basq". The numbers represent ing  these  wheel   posi t ions  range 
, ,  

- - - 
! - 

f u l l   f o r w a r d   a n d  30 wi th   t he  wheel-column f u l l  back.. 

I 

. ,  

r e q u i r e d   f o r   t h e   c a l c u l a t i o n  of a more re f ined   index .  
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t r a t e d   i n  Graph Ib  (following  page 41 ) .  Here it may be   s een   t ha t   t he   " in fe r io r "  
p i l o t  starts t h e   T a k e b f f   r u n   w i t h   t h e   w h e e l   s l i g h t 1 3   l e f t  of n e u t r a l ,  as i n d i c a t -  
ed  by a reading C f  L e f t  1, and  during  the Take-Off r u n   c o n t i n u e s   t o  move t h e  wheel 
i r r e g u l a r l y   t o w a r d   t h e   l e f t ,   a t t a i n i n g  a maximum reading of Le f t  8. Toward t h e  
middle  of  the  Take-Off run ,  t h e  wheel i s  r e t u r n e d   t o   c l o s e   t o   t h e  neutral  pos i t i on  
represented  by an  index  of   Left  2 b u t ,   i n   c o n t r a s t   t o   t h e   p e r f o r m a n c e  of the  "super-  
i o r "  s u b j e c t  shown i n  Graph 18. the re   con t inue   t o  be i r r e g u l a r  movements o f  t h e  
wheel t o   t h e   l e f t   e n d   e x t e n d i n g   o v e r   t o   t h e   r i g h t  o f  n e u t r a l   u n t i l   t h e  moment of 
leaving  the  ground.  The r a p i d  movement of t h e  wheel a t  t h e  moment of l e a v i n g   t h e  

Right 8 w i t h i n  a per iod  of approximately 3 f 8  of a second. 
g round   a l so   appea r s   s t r i k ing ly   on   t h i s   g raph ,   t he   r ead ing   chang ing  f r o m  Left  5 t o  

ments of t h e  wheel-column i n  ad jus t ing   t he   e l eva to r s   du r ing   va r ious   maneuver s ,  p o s i -  
Measuring  and  Plott ing Movements i n   E leva to r   Con t ro l : -   In   o rde r   t o   ana lyze  move- 

t i o n s  of t h e  column i n  suocessive  frames  were  plotted by countling t h e  number o f  
Spaces on the  graph  paper  between two poin ts  of re ference  on the  photograph: (1) 

The manner of p l o t t i n g   s u c c e s s i v e   c h a n g e s   i n  wheel pos i t i on  i s  w e l l   i l l u s -  

BO 

t h e   p o i n t  o f  en t ry  of t h e  wheel-column in to   the   ins t rument   board   ( ind ica ted  by ' t h e  
l e t t e r  * i ~ ~ ~ o l u m n  t o  which t h e  
wheel is a t t a c h e d   ( i n d i o a t e d . b y   t h e   l e t t e r  "Y" o m p h  C ,  Exhib i t  4 ) .  

- 

graph  between  the two poin ts  of re ference  is reduced. The numbers indicat ing  wheel-  
As the  wheel is pushed  forward t o  l o w e r   t h e   e l e v a t o r s ,   t h e   d i s t a n c e  on t h e  

column pos i t ions   r snge  from 15  (wheel-oolumn f u l l  forward)  t o  56 (wheel~column f u l l  
back) w i t h  34 o r  35 represent ing   the   neut ra l   pos i t ion ,   d ,epending  upon the  weight  of 
t h e   l o a d   i n   t h e   p l a n e .  I n  o t h e r  words,  a low number i n d i c a t e s   t h a t   t h e  wheel-column 

t h a t   t h e  wheel-oolumn is pul led  back   and   t he   e l eva to r s   a r e   i n   t he   r a i sed   pos i t i on .  
is forwerd  end  the  e levators  are i n   t h e   l o w e r e d   p o s i t i o n ;  a high number ind ioa te s  

For  example,   the  numerical   reading o f  wheel-column p o s i t i o n  f o r  photograph A ,  Exhi- 
b i t  4, i s  18 .5 ;  for photograph B, 36.5;   for   photograph C ,  49.0.  - 

The  manner of p lo t t i ng   sucoess ive  ohanges i n  wheel-cblumn pos i t i ons  i s  

the "super ior"  p i l o t  holds  t h e  wheel-oolumn toward t h e   f u l l  back pos i t i on ,   s ince  
shown on Graph 18. Here it is apparent  t h a t  st t h e  beginning of the Take-Off m n  

t h e   i n i t i a l   r e a d i n g  is 43.5. The  whebl-column i s  he ld   behind   the   neut ra l   po in t   for  
about  3 seconds  and  then  gradual ly  moved forward,  beyond t h e   n e u t r a l   p o s i t i o n ,   t o  
& forward   pos i t ion   ind ica ted  by t h e  number 24. It is then   gradual ly   re turned ,  t o  

when t h e  wheel-column is drawn back   ra ther   rap id ly .  
approximete ly   the   neut ra l  p o s i t i o n   u n t i l   t h e  moment previous t o  leav ing   the   g round,  

Analysis  of Graphs:-  Graphs of  wheel movements ( fo r   a i l e ron   ad jus tmen t )   and  of 
wheel-column movements ( for   e leva t j f   ad ju . s tment )   were   p lo t ted  f o r  each o f  t h e  
maneuver6  performed by each  pilot.  Readings  were made of a l t e r n a t e   f r a m e s ,   i n  
other   words,  of frames  representing  photographs  taken e t  t h e   r a t e  o f  4 per  seoond 
f o r   t h e  360' Left Power Turn'(actua1ly  photographed a t  t h e  r a t e  o f  8 per   second)  
and o f  frames represent ing  photographs  taken a t   t h e   r a t e  of B per   s econd   fo r   t he  
o t h e r  maneuvers ( ao tua l ly   pho tographed   a t  t h e  r a t e  of 16  per   second) .  

1OQinoe  the  photdgraphs  analyzed  on Graph I were  taken a t  16  frames  per  seoand  end 
a l te rna te   f rames   read ,   every   change   in   pos i t ion   represents   one   occur r ing   wi th in  
118 of a seoond. 

"With the   except ion   of  a few cases  where  the  f inished  photographs  displayed i m -  
per feo t ions  which made ane lys i s   imposs ib le .  These oases  explain  ococrsionnl 
v a r i a t i o n s   i n   t h e  number of subjec ts   in   the   repor t s   on   indfv idua l   maneuvers .  



* . . ~  .I 
i .. , , , . .  . - 

EXHIBIT 4 

PHOTOGRAPH A 

TAKE-OFF 

Wheel Reading - ~ 6 . 5  
(Aileron) 

Wheel-Column 
Reading - 18.5 
(Elevator)  

PHOTOGRAPH B 

I .  . f  I ::" " 

360' LEFT POWER TURN 

Wheel  Reading - L8.0 
(Aileron) 

Wheel-Column 
Reading - 36.5 
(Elevator)  

FHOTOGRBPH C 

JANDING 

Wheel  Reading - L3.5 
(Aileron)  

Wheel-Column 
Reading - 49.0 
(Elevator) 
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I V i s u a l  In spec t ion  of Graphs:- As e first  s t e p - i n   t h e   a n a l y s i s  of g raph ic   r eoords ,  

l of na tu re ,   ex t en t ,   and   r egu la r i ty  of  movements durin&@  meneuver;  and  suoh  other 
a l l  graphs were f irst  i n s p e c t e d   i n   o r d e r   t o   d i s c o v e r   g e n e r a l  pstterns i n   t h e  Way 

~ g r o s s   o h e r s c t e r i s t i c s  8 s  my-be   obse rved   t h rough   d i r ec t   v i sua l   i n speo t ion .  EX- 
i amples o f  f indings  besed  on  such  inspeot icn ere found i n  t h e   d e s c r i p t i o n  of wheel 

I r e speo t ive ly ,   p re sen ted  on pages 11 and 12 I The g e n e r a l   f i n d i n g s   a r i s i n g  ou t  of 
~ t h e   a p p l i c a t i o n  of t h i s  procedure  are   to   .be   found  in   Par t  I1 of t h i s   r e p o r t .  

 quantitative Treatment of Grephic  Dete:- Visual i n spec t ion  o f  grephs WBS Supple- 
jmented b~ q u a n t i t a t i v e  methods of analysis. One simple method  of q u a n t i t a t i v e  
lar ia lysis  is t o  oount t h e  number of squares  between  adjacent  points on a graphic  
i r eoc rd  es a means o f   s t a t ing   numer i ce l ly   t he  amount of movement of  t h e  wheel t o  
' t h e   l e f t  o r  r i g h t ,   o r  of t h e  wheel-column  forward o r  beokward,  during  the  interven- 
~ i n g  l f 8  second., The same procedure  can be eppl ied   to   cover   longer   per iods  of t ime. 

For  example, on Greph I a  it we8 found t h a t  dur ing   the  3/8 second irmnedis-to- 

I 

~ end wheel-oolumn  movements, duri,ng  Take-Off, o f  a " supe r io r "   and   " in fe r io r "   p i lo t ,  

I 

l 

i ly  subsequent t o  t h e  moment of  . leaving  ground t h e  " supe r io r " ' p i1o t  moved t h e  whe.el 
 from pos i t i on  L 4.5 t o  pos i t i on  L 4 ,  i n d i c a t i n g  a range  of movement ( towards  the 
 right) of - 5  grephio   squares   dur ing   th i s   s tags  of f l i g h t .   I n   c o n t r a s t ,   d u r i n g   t h e  
!3/8  second  fol lowing  the moment of l eav ing   g round   t he   " in fe r io r "   p i lo t  moved t h e  
'lwheel from p o s i t i o n  L 5 t o  R 8 , ' i n d i c a t i n g ,   d u r i n g  t h i s  s t a g e  of f l i g h t ,  a range 
/ o f  movement ( towards   t he   r i gh t )   r ep r sen ted  by 13 grephio   squares .  

.! 
i lency toward  s imultanei ty   or   independence of  cont ra1  movements. This was done by 

S i m i l a r l y ,  a s imple   quant i ta t ive   t echnique  was used   to   de te rmine   the   t end-  

/s imultaneously,  8s GOmpered w i t h   t h e  number i n  which the  wheel  and  wheel-column 
 calculating t h e  number of i n s t a n o e s   i n  whioh t h e  wheel  and  wheel-column  were moved 

!were moved independently.  Such e count ,  f o r  example, i n   t h e   c a s e  o f  Graph 11s shows 
! t h a t  51.~5 per   cent  of control.mcvements  of t h e  "super ior"  p i l o t s  Were simultaneous,  
(in the   s ense   t ha t   bo th   con t ro l s  were moved a t   t h e  same moment of time, wh i l e   t he  
i parallel f i g u r e  f o r  t h e   " i n f e r i o r "  p i l o t ,  r e p r e s e n t e d   i n  Graph I I b ,  i s  18.7 pe r  
p e n t .  

b o n t r o l  Movement R a t i o s : -   I n   a d d i t i o n  t o  t h e   c a l o u l e t i o n  of s imple   quan t i t a t ive  
l indices o f  t h e  type  desoribed above, an e f f o r t  wes made t o   s t u d y  wheel  and  wheel- 

~ 

! 

I 

lcclumn quen t i t a t ive ly   t h rough   t he   . oe l cu la t ion  of f i v e  s p e o i f i c  Control  Movement 
ptios. Thes,e a r e  8s fol lows:  

~ INDEX 1: ' TOTAL AMOUNT OF CONTROL MOVEMENT 
! 

! Index 1 was OalCUl8ted by running a " m p  measure"  along  the  graphed  l ine 
b l o t t e d  t o  show wheel  movement, ( a f f e c t i n g   a i l e r o n   a d j u s t m e n t ) ,   a n d   t h e   l i n e   p l o t t e d  
fto show wheel-column  movement, (e f fec t ing   e leva tor   ad jus tment ) .   This   p rovides  e 
measure o f  t h e   t o t a l   l e n g t h  o f  t h e   l i n e   r e p r e s e n t i n g  movement ( i . e .  success ive  

1 he  maneuver as oarr ied   th rough by var ious   p i lo t s ,   the   ob ta ined   measure  we8 divided, 

1 

o s i t i o n s )  of  t h e   c o n t r o l .   I n   o r d e r  t o  compensate f o r   d i f f e r e n c e s  i n  t o t a l  time of 

by t h e   l e n g t h  o f  t h e   s t r a i g h t . l i n e  aoross  the  graph,   which would  be o b t a i n e d   i n  
l o t t i n g  if t h e   c o n t r o l  were h e l d  i n  a cons tan t   pos i t ion ,   wi thout  movement, through- 
u t  a maneuver. The r e s u l t i n g   r a t i o  is an  index o f  t h e   T o t a l  Amount of Movement tf the   con t ro l .  

~ 

For example, the   Tote1  Amount o f  Wheel Mavement f o r  t h e   " s u p e r i o r "   p i l o t  
Graph 18) is represented  by t h e   f i g u r e  1.148, while  t h e t  f o r  t h e   " i n f e r i o r "   p i l o t  
Greph I b )  i s  1.414.  Corresponding  retics of Tota l  Amount' of  Wheel-Column Movement 
re 1.209 and  1 .444.   respect ively.  It is a p p a r e n t ,   t h e r e f o r e ,   t h e t   t h e   " i n f e r i o r "  

I ,  

1 
I 



p i l o t  moved bo th   t he   a i l e ron   and   e l eva to r  oont ro ls  more than   d id   t he   " supe r io r "  
p i l o t   d u r i n g   t h e  Take-Off  mneuver. -. 

INDEX 2: PER CENT OF mTAL TIME I N  WTION 
. ,  

S i n c e   d i f f e r e n c e s   . i n ~ T o t a l  Amount o f  Control  Movement may be  due e i t h e r   t o  
extended  but   infrequent  movements o r  t o  r e s t r i c t e d   h u t   f r e q u e n t  movements of t h e  
wheel o r  wheel-column,  an  Index 2 was computed t o  show t he   p ropor t ion   o f   t he   t o t a l  
time during  which  the  control  08s i n  movement du r ing   t he  meneuver. This  was ob- 
t a i n e d  by count ing  the  number,of   readings i n  whiah t h e   p o s i t i o n  of t h e   c o n t r o l   d i f -  
f e r s  from i t s  pos i t ion .   in   the   p receding   f rame.   Div id ing  by t h e   t o t a l  number of 
r ead ings   fo r  t h e  maneuver, i . e .  by t h e   t o t a l  number of f rames  read,   g ives  e Con- 
t r o l   A c t i v i t y   I n d e x   r e p r e s e n t i n g   t h e   t o t a l   p e r c e n t a g e  of  t ime i n  whioh the   con t ro l  
was i n  movement during e maneuver. 

, .  

- 

I n  Graph I a   t h e   C o n t r o l   A o t i v i t y   I n d e x   f o r   t h e   " s u p e r i o r "   p i l o t   i n   t h e  oase 
of wheel movement proved t o  be 50.7  per  oent.end f o r  t h e   " i n f e r i o r "  p i l o t ,  72.8 
pe r  cent. Corresponding  indices  for  wheel-column movement were  39.9  per  cent  and 
66.0 per  c e n t ,  r e spec t ive ly .  I n  o ther   words ,   bo th   the   wheel   (a f fec t ing   a i le ron  - 

t i o n   d u r i n g  a l a r g e r   p r o p o r t i o n  o f  t h e  time t a k e n   f o r   t h e  maneuver by t h e   " i n f e r i o r "  
adjustment)   and  the  wheel-column  (effeot ing  e levator   adjustment)   were  kept   in  mo- 

p i l o t  t han  by the   "super ior"   pilot.^ 

INDEX 3: NUMBER OF COWTFXJL KJVEEBENTS 

Index 3 provides a quant i te t ive   s ta tement   o f   the  t o t a l  number of d i s c r e t e  
con t ro l  movements du r ing   t he  manuever. These movements a r e  of   four   types :  f r o m  
l e f t   t o   r i g h t ,   r i g h t   t o  l e f t ,  s t a t l o n a r y   t o   l e f t ,   a n d   s t a t i o n e r y  t o  r i g h t ,   i n   t h e  

ward, e n d   s t a t i o n a r y   t o  beok, i n   t h e  case o f  wheel-column movement. 
oase of wheel  movements; and forward t o  back, back t o   f o r w a r d ,   s t a t i o n a r y   t o   f o r -  

Index 3 was obta ined  by d i v i d i n g   t h e   t o t e 1  number o f  wheel movements o r  of 
wheel-oolumn movements by t h e   t o t a l  number o f  r eed ings   fo r   t he  meneuver. I n   o t h e r  

movements during  each 1/8 second,   except   in   the  oase of t h e  360' L e f t  Power Turn 
words, L t  p rov ides   e s sen t i a l ly   an   i ndex  of  the   everage  number o f  d i s c r e t e   c o n t r o l  

where the  index shows an   ave rage  number of d i s c r e t e   c o n t r o l  movements f o r   e a c h  1/4 
seoond.12 

In ,Graphs  Is and  Ib ,   Index  3 f o r  wheel movements ( a f f e o t i n g   a i l e r o n   a d j u s t -  
ment)  proved t o  be .372 f o r  t he   " supe r io r "   p i lo t   and   , 383   fo r   t he   " in fe r io r "   p i lo t .  
Index 3 f o r  wheel-column movements (a f fec t ing   e leva tor   ad jus tment )   p roved  t o  be 
.209 for the   "super ior"   p i lo t   and  .401 f o r   t h e   " i n f e r i o r "  pilit. In   o the r   words ,  
wh i l e   t he  two p i l o t s  have  approximately  the same average number of  wheel movements 
per  118 seoond i n  making a i l e ron   ad jus tmen t ,   t he   ' ' i n f e r io r "   p i lo t   ave raged   approx i -  
mate ly   ty ioe  as m n y  wheel-column movements per  1/8 second   i n  making e l eva to r   ed -  
justments .13 

n S i n o e   t h e   i n d e x  is obtained by d i v i d i n g   t h e   t o t a l  number of  con t ro l  movements by 

0.00, - e n d   t h a t  i f  a d i s c r e t e  movement were made every l/8 seoond  during  f l ight  
t h e   t o t a l  number of r ead ings ,  it i s  appa ren t   t ha t   t he   i ndex  f o r  no movement i s  

(o r   eve ry  1/4 second dur ing   t he  360' Le f t  Power Turn) ,  the index  would be 1.00. 
131t a p p e a r s   t o   t h e ~ i n v e s t i g a t o r s   t h a t   t h e   i n d e x  is of value as a s p e c i f i c   i n d i c a -  

t i o n  o f  number o f , d i s o r e t e   c o n t r o l  movements.  However, i t  poss ib ly  becomes a 
g r e a t e r   s i g n i f i c a n c e  when Index 3 is compared wi th   Ind ices  I and 2.  Such a com- 
pa r i son ,   r e f e r r ing   t o   t he   whee l  movements o f   t he   " supe r io r "   and   " in fe r io r "   p i lo t  
during  the  Teke-Off  maneuver,  Graphs I a   e n d   I b , , i n d i o e t e s  t h a t  a l though  the   " in-  
f e r i o r "   p i l o t  makes no more d i s o r e t e  movements than does   t he   " supe r io r " ,   t hese  
a r e  more extended i n  range since  Index 1 and 2 ,  r e s p e c t i v e l y ,  f o r  t h e   " i n f e r i o r "  
p i lo t   a re   h igher   than   Index  1 end 2 ,  r e s p e o t i v e l y , f o r   t h e   " s u p e r i o r "   p i l o t .  Such 
i n t e r - r e l a t i o n s h i p s   a s   i n d i c e s  have  not  been  examined i n  d e t a i l  i n  t h e   s t u d y   t o  
date ,  b u t  t h e r e  is reason  t o  b e l i e v e   t h a t   s u c h  en examinat ion  represents  a pro- 

i - i n o  f,n-thm- l'nn of e++-olr n t h -  -- h l - ~ ~  
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b Iqdex 3 rep resen t s  a quan t i t a t ive   s t a t emen t  of t h e  number of d i s c r e t e  oon- 
t r o l  moyements w i thou t   r e f e rence   t o   d i r ec t ion .  It seemed d e , s i r e b l e   t o   e x t e n d   t h e  

uan t i t a t ive   t r ea tmen t  by a break-down  of  Index 3 i n t o  two a d d i t i o n a l   i n d i c e s  ob- 
~ s i r m d ' t h r o u g h  a -cons idera t ion  of d , i reo t ion  of movement.. These are: -  
~ 

! INDEX 4 :  CHANGES I N  DIRECTION OF CONTROL " E N T  
~ 

bhe  sense o f  be ing   cons is ten t ly   main ta ined  i n  t h a t   d i r e c t i o n ,  o r  is marked by in-  
k e n n i t t e n t   r e g r e s s i v e  movements i n  the   oppos i te   d i rec t ion .   This   index  was oomputed, 
Ifor a i l e r o n   a d j u s t m e n t ,  by f , i r s t  counting t h e  number o f  t imes   t he   d i r ec t ion   o f   the^ 

h e e l  movement was. r eve r sed ,   and . fo r   e l eva to r   ad jus tmen t  by c o u n t i n g   t h e  number of 

kxoept  where su h r e v e r s a l s   o c c u r r e d   a f t e r  an in te rva l   .wi thout  movement o f  2 / 8  
isecond or more. 
lby t h e   t o t a l  number o f  readings.  The index   therefore   represents   the   average  number 

p4 T h e  obtained numbor of r e v e r s a l s  o f  d i r e o t i o n  was then   d iv ided  

bf r e g r e s s i v e  movements fo r   eaoh  1/0 seoond i n  t h e  oase of a l l  maneuvers  except 

bents every.1/4  sgcond. 
khe 360' L e f t ,  Power Turn, where the   index   represents   the  number o f  r e g r e s s i v e  move- 

~ 

! i n   d i r e c t i o n  o f  wheel movement ( a f f ec t ing   a i l e ron   ad jus tmen t )   p roved   t o   be  ,284 
/ for   the   "super ior"   p i lo t   end  .299 f o r   t h e   " i n f e r i o r "   p i l o t .  I n  t h e  wise of wheel- 
/oolumn movements ( a f f eo t ing   e l eva to r   ad jus tmen t )   t he   f i gu r s s   showing  number of 

~~ lchanges i n   d i r e o t t o n   o f   c o n t r o l  movement proved t o  be .142 and .297 f o r  the   "super -  
i 0 P  and   " in fe r io r "  p i l o t s ,  respect ively.   This   comparison  indioates  no d i f f e rence  

bovement i n   a . g i v e n   d i r c l o t i o n  i n  the   ca se   o f   a i l e ron   ad jus tmen t ,   bu t , a   g rea t e r  num- 
~ b e r  of changes  of d i r e c t i o n  of  movement ( a f f e o t i n g   e l e v e t o r   a d j u s t m e n t )   i n   t h e   c a s e  
/of t h e   " i n f e r i o r "   p i l o t .  
I 

- .  , -  

, 
Index 4 shows whether   the   cont ro l  movement p e r s i s t s   i n  a g iven   d i r eo t lon ,  i n  

. ~, 

t h e r e  ,we8 a r e v e r s a l   i n   t h e   d i r e o t i o n  o f  t h e  movement o f  t h e  wheel-oolumn, 

I 

i Refer r ing   age in  t o  Graphs Is and I b ,  it was found   t ha t   t he   i ndex  o f  changes 

I lbetween t h e   " s u p e r i o r "   a n d   " i n f e r i o r "   p i l o t  w i t h  r e spec t  t o  the   pers i s tenoe   of  

~ INDEX 5: DISCONTINUITY OF CONTROL MOVEMENTS 

i 
/ subt rac t ing   Index  4 from  Index 3. When t h i s  s u b t r a c t i o n  i s  made, t h e   r e s u l t i n g  

A provis ionel   index of Discont inui ty   of   Control  Movements wes c a l c u l a t e d  by 

;" 'number is an  index of the  frequency  of two kinds of movements: (1) discont inuous 
ovements i n   t h e  same d i r e o t i o n ,   i . e .  movements i n  a s i n g l e   d i r e o t i o n   s e p a r a t e d  by 

en in t e rve l   w i thou t  movement, i n  o t h e r  words movements g iv ing  e s t ep - l ike   a scend ing  
lor descending  graph,  and ( 2 )  movements f r o m  a s t a t i o n a r y   p o s i t i o n   i n  a d i r e c t i o n  
/ o p p o s i t e   t o   t h e   d i r e c t i o n  of the   p rev ious  movement. The l a t t e r  cannot be considered 
r e v e r s e l s   i n   d i r e c t i o n   s i n o e   t h e r e   h a s   b e e n   a n   i n t e r v e n i n g   p e r i o d   w i t h o u t  movement. 

I 

i 

3 i s  de termined ,   in   the   main ,  by t h e  f irst  k ind  of movement desoribed  above,  tha t  
The velue of t he   i ndex   r e su l t i ng  from the  subtremtion  of  Index 4 from  Index 

Ilsg by t h e  number of discont inuous movements i n   t h e  seme d i rec t ion .   Occas ione l ly ,  
ihowever I the   va lue  is ino rd ina te ly   i n f luenced  by the  incidence  of   the  second  type 
/of movement described  above.  For t h i s ,  and   o ther  reasons, Index 5 is not  an  en- 
/ t i r e l y   s e t i s f a c t o r y  measure o f  d i soon t inu i ty  of movement. 

I .  

i 

~ 

I ltinuous movements i n   t h e  same d i r e c t i o n   f o r  eeoh l/8 second for a l l  b n e u v e r s  
~ 

l%here  i s  a more o r   l e s s   c o n s t a n t  e r ror  i n  t h i s  index  inasmuch  as  ohanges i n   d i r e c -  
/ t i o n  of movement r equ i r ed  by t h e  maneuver  were no t   e l imina ted   i n   coun t ing   t he  
j t o t a l  number o f  ohanges i n  d i r eo t ion .  However, s ince   t he   fo rmer   e r e   ve ry  few i n  

i the   p resent   s tudy .  

In   general ,   however ,  the index shows the   average  number o f   d i sc re t e   d i scon-  

each  maneuver, t h i s  m y  be considered as a negl igible   e lement   for   the  purposes   of  
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movements i n  t h e  same d i r e c t i o n  'for each l/4 second. I n  Graphs I a  and   Ib ,   Index  ' . 
except t h e  360° Left Power Turn, where the index   r e fe r s  t o   d i s c r e t e  discont inuous " 

5 f o r   v h e e l  movements ( a f f e c t i n g   s i l e r o n   a d j u s t m e n t )   r a a . . 0 8 6 , i n   t h e   c a s e   o f   t h e  
"superior"  p i l o t ,  and ,105 f o r   t h e   " i n f e r i o r "   p i l o t .  In the  &sa  of'wheel-oolumn 
movements (a f fec t ing   e leva tor   ad jus tment ) ,   Index  5 proved  -to be ,067 f o r   t h e  "sup- 
e r i o r "   p i l o t  and  .lo4 for t h e   " i n f e r i o r "   p i l o t .  

Data  Obtained f r o m  Ca lcu la t ion  of Control  Movement Rat ios:-   Typical   data   obtained 
by o a l c u l a t i n g   c o n t r o l  movement r a t i o s   a r e   p r e s e n t e d  i n  Graphs I t o  V I ,  i nc lus ive .  
With  each  grsph  are   included  the  f ive  control  movement r a t i o s   f o r  the stated mneu-  
ver  as performed by a " supe r io r "   and   " in fe r io r "   p i lo t ,   r e spec t ive ly .  

Results  obtained  through  the  calculation  of  control-movement ratios have 
been   oons ideredtugether  wi.th t he   r e su l t s   ob ta ined   t h rough   t he   app l i ca t ion  of o t h e r  
prooedures  described on the  preoeding  pages t o  a r r i v e   e t   t h e   f i n d i n g s   l i s t e d  i n  

of  Pennsylvania  Research  Projeot.  
P a r t  11 o f  t h i s  r e p o r t ,   d e v o t e d   t o  a d isouss ion  of t h e  Outoomes of t he   Un ive r s i ty  

N. In t rospac t ive ,Repor t s  on  Learning How t o  P i l o t  a Plane 

I n  a d d i t i o n   t o   t h e   p r o c e d u r e s   d e s a r i b e d   a b o v e ,   t h e   a s s i s t a n t   a t t a c h e d  
t o  this re sea rch   p ro j eo t ,   A lbe r t  S. Thompson, prepared f o r  e a c h   i n s t r u c t i o n   f l i g h t  
a d e t a i l e d   i n t r o s p e c t i v e   r e p o r t  of experienoes on l e a r n i n g   t o   p i l o t  a p lane ,  ex- 
tending  f rom  the .first d u a l   f l i g h t   t h r o u g h   t h e   f i r s t  s o l o  f l i g h t .  These  introspeo- 
t i v e   r e p o r t s   a r e  summarized  on  pages 37 t o  41 i n  Pa r t  11, and  samples   are   present-  
ed a s   E r h i b i t s  9 ana 1 0 ,  pages 38 and 39 . 
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JOR OUTCOMES  OF THE UNIVERSITY. OF. P!@JNSY.LVWI&.RFjSEARGH PROJECT 

~ I. Standard  Fl ights .  
~ 

I 

~ One of t h e  m a j o r  outoomes  of t he   Un ive r s i ty  of  Pennsylvania  Researoh  Project 
alas a s e r i e s  of s t anda rd   f l i gh t s .   Three   such   s t anda rd   f l i gh t s ,   des igna ted  es A ,  

1,   and C2, r e s p e c t i v e l y ,  were  developed.  Diegrammatic  plans  of  these  standard 
Exh ib i t s  5 ,  6, end 7 on pages 2 0 t o  22 , i nc lus ive .  

heve  been  used  extensively  both a t   t h e   U n i v e r s i t y  o f  
r e sea rch   cen te r s1  

'I . . ._ I. .,... %.,, .. . , ,  , ... . , . 
Each s t a n d a r d   f i i g h t   i n o l u d e d   " c r i t i c a l  m@neuvers" r ep resen t ing   t hose  whioh 

l a o e   t h e   p l a n e   i n   p o s i t i o n  for the   succeeding  " o r i t i c a l  maneuJer".   Standard  Flight 
ere  b e i n g   i n v e s t i g e t e d ,   a n d   " t r a n s i t i o n  maneuvers"' r ep resen t ing   t hose  employed t o  

4 included  'Dri t ioal   mdneuvers"   sui table  f o r  use i n  determining  the  prof ioiency o f  
Student  p i l o t s  who had  completed  Stage A of i n s t r u c t i o n   ( d u a l   ' n i g h t ) ,   v i a .   T a x i i n g ,  

Standard F l i g h t s  C 1  and C2 r ep resen ted   f l i gh€s  s u i t a b l e  ,f6r use i n  ob-  
Climbing, S t r a i g h t  and Level   F l igh t ,  90° Right and  Left  T u r n s x l i d . e ,   a n d  - 

8ervina  the  uerformsnce o f  z u d e n t 6 i l o t s   n e a r i n a   t h e   c o m o l e t i o n  o f  Stage C ( f i n e l  
btage of so,lb. .f l ight ).:, S i t i c a l  maneuvers i n   S t a n d a r d ~ F l i g h t  C1 inc ludsd  726" 
Power Turn+  with 60' Bank and  Figure 8's around  Pylons, i n   a d d i t i o n   t o  Take-Off I 

btraight   and  Level   Fl ight ,   Cl imbing  Turns,  180° Side  Approach  and  Precision'Nnding. 
bore complex maneuver s ,   l ea rned   du r ina   t he   l a t e r   s t aaes  of  i n s t r u c t i o n ,   s u c h  as 

- 
.- 

kower-on- S t a l l ,  Power- off^ S t a l l ,   S p i r a l   C l i m b s ,   S p i r a l  Approaoh and  Side-Sl ip   dur-  
hng  LaGding, were ino luded   i n   S t anda rd   F l igh t  G2. - 
I As . indioa ted ,above ,  %$e s t anda rd   f l i gh t s   deve loped   i n   connec t ion   w i th   t he  
pniversity 'of  Pennsylvania '   Research  ProJect  have  been  used  not  only a t  the  Univer-  
~ s i t y  of Pennsylvenia   but   e lso i n  r e s e a r c h   j o i n t l y   d i r e c t e d  by H. M. Johnson, H. A. 
Bdgerton,  and M. 3.' ViteIes,   and  oonducted e t  Tulane  University  and i n  Rochester ;  
/end in   research   ,d ' i rec ted  by H. A. Edgerton  and R. Y. Walker, a t  Ohio State   Univer-  

iUniversity  of  Micpigan;  and by W .  N. Kellogg,  a t  Indiana Univers i ty .  They  have a l so  
~ s i t y ;  by A. W .  Willi,ams, a t  the   Un ive r s i ty  of Maryland; by E. 8. Greene, et t h e  

ibeen made a v a i l a b l e  t o  E. L. Kelly of Purdue  Universitv,  who i s  orooosine: t o  use - 
ithem i n  connec t ion   wi th   h i s  work. There seems reason  t o  b e l i e v e   t h a t   t h e   s t e n d a r d  
i f l i gh t s - r ep resen t  8 s i g n i f i c a n t   c o n t r i b u t i o n  t o  t h e   A i r c r a f t   P i l o t   R e s e a r a h  Program. 
lProgramLY. 

.~~ ~ ~ - .  ~ . ~. ~ ~I 

1 

~ 

i15Edi tor '8   Note :   S ince   the   o r ig in&  Lte 'b f   th i s   repor t   (October   1940)   s tandard  

! Standard   F l igh ts  A ,  C1, and C2 have  been  expended i n t o  a s e r i e s  o f  f o u r   f l i g h t s  
~ des igned   to  t e s t  s t u d e n t   p i l o t s  e t  e,ech of  t h e  four s t ages  , o f  'primary C.P.T. i n -  

~ Pro jec t s  of  1942  end  1943 i n  which f l i g h t  performance i s  obse rved   d i r ec t ly  as 
I s t r u o t i o n .  The l a t t e r   s e r i e s  is being  used i n  the  coordinated  Boston  and Midwest 

~ well as   through  photogrephic   records.  The gene ra l   p r ino ip l e  of  s t anda rd iza t ion  
! of t h e   f l i g h t   t e s t   s i t u a t i o n   h a s   , a l s o   f o u n d  i ts  wey i n t o  eo tue l  f i e l d   p r a o t i c e  
~ both in   the   Uni ted   S ta tes   s i ld   abroad .  

~ of f l i g h t s  of i nc reas ing   d i f f i cu l ty ,   and   sugges t ions  f o r  adapta t ions  of t h e  
A d i souss ion  of  t h e   s t a n d a r d   f l i g h t   t e c h n i q u e ,  a d e s c r i p t i o n  of a s e r i e s  

~ s t a n d a r d   f l i g h t s  t o  i n d i v i d u a l   a i r p o r t s   a n d   f o r   s p e c i f i c  uses have been  added t o  1 t h i s   r e p o r t   a s  a Supplemental   Repdrt ,   ent i t led Menual of Stenderd Check F l i g h t  
~ Proaedures   fo r   C iv i l i an   P i lo t   T ra in ing   ( J anue ry  1943). 

I 
f l i g h t s  have become an i n t e g r e l   p a r t  o f  t h e  Committee's  researoh  program. 

i 
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EXHIBIT 5 

CIACRA~! OF STANDAX) FLIG14T k 

(For -the 3 ,  Davis Wilson  Airport,  Philn.,  Pa.) 

I 
I 

AIRPORT 

16 

WIND 

\1 
9 Lending 

Glide-to 

e 90%eft.  T u  
25OBhnk 12 3 -7- .*.- -" - , 

T h r o t t l e  Glide 
cut! S t r a i g h t  ' 

. .  
The t r w s i t i o n  mmeuvers are shown with   do t ted  lines. 

Prepared by: Morris S. V i t e l e s  

With  the BS- 
Albert S. Thornpaon 

s i s t a n c e  of: Richard Bircher, d i r e c t u r  

Date: April 1, 1940. 
of f l i g h t   i n s t r u c t i o n .  
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EXHLWT 6 

DIAGBMa OF STANDARD FLIGHT C1 
(For the S. Dnvis.W&m.Alrport ,  Phila., Pa.) 

. ,  _ - I - - . . .  . 

Ndte: The t r a n s i t i o n  meuvers  u e  shown with dot ted  lines. 

Prepared by: Morriu S. V i t o l c s  
Albe r t  S. ThornpFon 

With t h e  os- 
s i s t a n c e  of: R i c W d  Bircher., director 

of f l i g h t   i n z t r u c t i o n .  
Date: A p r i l  1, 1940. 

~L 
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EXHIBIT 7 . .. 
, P I L W  OF STANDAAD FLICHT C2 

 for the  3. Davis Wilson Airport, Phila., Ph.) 

Proceed t o  above l and ing   a r ea  

/ 
/ . - - - - - - - - - - -  \ 

/ ~ P . .  \ 
I \ 

\ 

- Notet The t r a m i t i o n  mneuvers .   6 re  sbown with-  dotted l ines .  

.. . .. 
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111. Development of  Teohnioel  Procedure@,.. , . .  .. ' 

! , . ... 

j e b t  was t h e  adapta t ion  of the   t echniques  of  motion  photography  and o f  micromotion 
anb lys i s   t o   t he   s tudy   o f  movements used i n  t h e  c o n t m l  of an  a i rplane.   For   example,  
t hb  development of  methods f o r  bomputing  oontrol-movement r a t i o s ,   d e s e r i b e d  i n  P a r t  

t i i e l y   s t u d y i n g  movements employed by p i l o t s ' i n   c o n t r o l l i n g   t h e   p l a n e   d u r i n g  
I b f  this r e p o r t ,   s e t s   t h e  ground-work for   fur ther   p roduot ive   researoh  i n  ob jeo -  

flaght. .  

Another  important  outcome o f ,  the   Univeks i ty  of Pbnnsylvdnie  Researoh  Pro- 

' I  
! 111. Findings  on  the  Flying  Habi ts   of   "Superior"   and  "Infer ior"  P i l O ' t S .  

The development  of  teohniques wa,s p e r a l i e l e d  by the   assembly of  consider-  
able   data   obtained  through  the  eppl , i .cet ion  of   these t%chnique.s. From a n a l y s i s  of 
th/sse  data it is poss ib le  t o  s u b m i t   o e r t a i n   t e n t a t i v e   f i n d i n g s  w i t h  r e s p e o t   t o   t h e  

Thpse f ind ings  m u s t  be considered as h i g h l y   t e n t a t i v e   i n   o h a r a c t e r   s i n o e : -  
p8)tterns of r e sponse   oha rao te r i a ing   " supe r i cc"   and   " in fe r io r ' !   p i lo t s ,   r e spec t ive ly .  

(1) The sumber of  s u b j e c t s  was small. 
, .  

pab t i cu le r ly   t o   t he   pho tographs  of con t ro l  movements, s i n c e  only one  photogrephio 
( 2 )  The number of observat ions  on  each  subject   vas   l imited.   This   appl ies  

relcord was made o f ,  eaoh o f '  t h e  6 maneuvers ' included i n  t h e  Win  Experiment. It is 
qui i te   poss ib le   tha t  a s ing le   f l igh t   does 'no t   g ive   an   adeqr la te   sampl ing  of $he p i l o t ' s  
gepe ra l   f l y ing   hab i t s .  As e mat te r  of  fao t ,   an   examinat ion  of t h e  38 graphs  of 
oont ro l  movements p r e   a r e d   i n   t h e   c o u r s e  of t h i s   s tudy   r evea led .   i n s t ances  where 
tkje "superior"  pilot"  produced a record  whioh i n d i c a t e d   i n f e r i o r   p e r f o m n o e ,   a n d  
iq s t ances  where a n  "infer ior"   pi lot ' s   reco ' rd   shoved  performance  superior  t o  h i s  
g + e r a l   l e v e l  of response.  Such in s t ances  tend to   o loud   t he   gene re l   t r end   r evea led  
b j  a oomparison of t h e  two groups: : . 

1 .  

wds mde   " sub jec t ive ly"  on t h e  basis of d i r ec t   obse rva t ion .   A l though   t h i s   c l e s s i -  
fqoe t ion  was independently  confirmed by t h e   l o c a l  f l i g h t  d i r e c t o r  of t h e   C i v i l i a n  

( 3 )  The c l a s s i f i c e t i o n  o f  p i l o t s  i n t o  "superior"   and  " infer ior"   groups 

P'llot  Training  program,  suoh a c l a s s i f i c a t i o n  i s  not  oompletely  aooepteble 8s 8 
d 2 v ice  f o r  c l a s s i f y i n g   p i l o t s   w i t h   r e s p e c t   t o   p r o f i c i e n c y   i n   p i l o t i n g  a p l a n e   i n  
tde  experimental   s tudy cf t h e   n a t u r e  o f  t h i e  s k i l l . 1 7  

l?Class i f ie ,d   on   the   bas i s  of an   eva lua t ion   of   genera l   f ly ing   habi t s   observed   dur ing  
h flight, tis described  on  pages 3 t o  6 and pegel0  . 

'!It is  t o  be n o t e d   t h a t   i n   t h e   C o n t i n u a t i o n  of  t he   Un ive r s i ty  of  Pennsylvania Re- 
i s e e r o h   R o j e c t  i t  i s  planned  to   use more ob jec t ive  methods for c l a s s i f y i n g   p i l o t s  

p i t h e r   t h e   K e l l o g g  Response  Recorder o r  the   Fr iea   Cont ro l   Ceble  Reoorded t o   g i v e  
!as t o  prof ioiency i n  p i lo t ing   a .p len .9 .   For   th i s   purpose   use  will be m d e  of (a )  

: t he   F r i ez   F l igh t   Ana lyze r  t o  provide   the   record   o f .   p lane   a t t i tude   co inc ident   wi th  
irecords. of cont ro l -cable  movements,  and ( b )   e i t h e r   t h e  Redhed Ride .Recorder   o r  

i the wheel movements recorded  photcgraphioal ly .  
During the  present   experiment  an e f f o r t  was made t o  p rocure   ob jec t ive  

imeaeurements of plane  performance by p l o t t i n g  Turn  Indicator   readings.  The na ture  
iof suoh reoords i s  i l l u s t r a t e d  i n  Graphs VIIa  end V I I b  which show the  changes i n  
i the   pos i t ion  of t h e  Turn Indicetor  nsedle  and  concurrent  wheel  and  wheel-column 
lmovements du r ing   S t r a igh t   and   Leve l -F l igh t  by a t ' supe r io f "   p i lo t  of t h e  main ex- 
'Per imental   group  and by a s t u d e n t   p i l o t  with approximately  1-1/2  hours of  in- 
/ s t ruo t ion .   Turn   Ind ica to r   r ead ings  were  obtained by s s s ign ing  a numericel  value 
! t o   t h e  Turn  Ind ica to r   need le   pos i t i on   i n   suooess ive  frames.  these numerical 
~ values  range  from L 5 through 0 t o  R 5 ,  t h e  f a r ,   n e a r   a n d   c e n t e r  marks  on t h e  Turn 

! 
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sea rch ,   t he re   appea red   ce r t a in   d i sc repanc ie s   i n   t he  fin- which  served t o  de- 
t r a c t  from the   c lear -cu t   ne tu , re  o f  t he   f i nd ings .  

( 4 )  Binoe various  techniques  were employed i n   v a r i o u s   s t a g e s   c f   t h e  re- 

With the   r s se rva t ions   no ted  above it i s  poss ib le   to   submi t   the   fo l lowing   h igh-  
1 y   t e n t a t i v e   f i n d i n g s   w i t h   r e s p e o t  t o  t h e  body and  l imb  posi t ions  and movements em- 
ployed by " supe r io r "   end   " in fe r io r "   p i lo t s ,   r e spec t ive ly ,  i n  c o n t r o l l i n g  a plane.  
The experimental   procedurs , f rom whioh t h e   f i n d i n g   i a   d e r i v e d  is i n d i c a t e d   i n   e a c h  
0888. In a d d i t i o n ,   i l l u s t r a t i v e   m a t e r i a l   i n   t h e  form of photographs,   graphs,   end 
t a b l e s  is prov ided   t o   i nd ica t e   t he   na tu re  of the   da ta   ob ta ined ,   and  how these   da ta  
were t r e a t e d   t o   a r r i v e  e t  these   gene ra l   f i nd ings .  

A .  Findings Based on Direo t   Observa t ion   dur ing   F l igh t  
and  Confirmed by Slow Motion P ro jec t ion  of Photographs. 

1. Body and Limb Pos i t i ons .  

a. ~ e n e r a l  Posture:18 

(1) Both "super ior"   and   " infer ior"   p i lo t s   t ended '   to  sit e rec t   du r ing  
f l i g h t .  

( 2 )  Both groups  tended t o  p l ace   t he   hee l a  on t h e   f l o o r   a n d   t h e  b e l l  of 
t he   foo t   ac ross   t he   rudde r   ba r .  

b. Location of €lend on Wheel: 

Both " supe r io r "   and   " in fe r io r "   p i lo t s ,  when sea t ed   i n   t he   p l ane   and  
p r e p a r e d   f o r   f l i g h t ,   p l a o e d  t h e  hand a t  o r   s l i g h t l y  t o  t h e   l e f t  of 

t h e   r i g h t  of oen te r ,  es i l l u s t r a t e d  on photograph A ,  Exhib i t  8. 
t he   t op -cen te r  of the  wheel-rim with t h e  thumb e x t e n d i n g   s l i g h t l y   t o  

. 
c.  Wheel b ra sp :  

Both groups  grasped  the  wheel   in  much t h e  same way, 8 s  i l l u s t r a t e d  
i n  photograph A ,  Exhib i t  8. Th i s   bas i c  o r  Standard  wheel  gresp 
be descr ibed  as fo l lows: -  . . .  

(1) The a n t e r i o r   p o r t i o n  of t h e  palm o f  the  l e f t  hand is placed on t h e  
, t o p  rim o f  the  wheel. 

( 2 )  The r i m  is enc t i ro led   ra ther   loose ly  by t h e   f o u r   f i n g e r s ,  with t h e  
knuokles facing  the  instrument   board.  

t i o n  t o  t h e   l e f t  o f  t h e   o e n t e r  mark and "R" t o  a p o s i t i o n  t o  t h e   r i g h t  of t h e  
Indica tor   having   the   va lues  o f  5, 2 ,  and 0, r e spec t ive ly .  "L" r e f e r s   t o  a pcs i -  

oenter  mark. 

f l i g h t   a t t i t u d e ,   t h e '   i n v e s t i g a t o r  may con t inue   fu r the r   w i th  the use  of  suoh p l o t t -  
If d i f f i c u l t i e s  a re  e rpe r i enced   w i th   t he   i n s t rumen t s   t o  be used i n  record ing  

ings of Turn  Indioatort   supplemented by a s imi l a r   g raph ic   t r ea tmen t  of Benk Ind i -  

and f o r  o lass i fy ing   p i1ot . s  f o r  ove r -a l l   p ro f i c i ency  i n  handl ing  the  plane.  
oa to r   r ead ings ,  as 8 bas i s  f o r  pass ing  judgment on f l ight a t t i t u d e   d u r i n g  meneuvers 

f i e l d  o f  t h e  camera. 
18Not observable  during  slow-motion  projection of photographs  because  of   the  l imited 



EXHIBIT 8 

PHOTOGRAPH A 

Basic Wheel Grasp 

PHOTOGWH B 

PHOTOGRAPH C 

T h r o t t l e  G r m D  



(3 )  The foreLf inger  and .th*b ~ ~ e ~ ' e x t e ~ . ~ ~ - ' f o ~ r d .  the r i g h t   a l o n g   t h e  

t i p "  gresp,. 
f eoe  of t h e . w h d  rim t o  provide what might .  be c a l l e d  a " f inger -  

, , .  .. . . .. , 

I n ' g e n e r a l ,   t h i s  wheel g ra sp  is essen t i a l ly '  tfiet obta ined  by p l a c i n g  
t h e  hand  upon the   wheel   in  a relaxed-manner   with  the  erm' 'er t .end%q 

, .  . .  obl ique lh  downward add  toward  the l e f t .  ' 
I j  

d. Wiieei Grrisp during Teke-Off: ': ~ ' ,  ., 
' , .  

Both "super ior"   and   l ' in fe r ior"   p i lo t s   t ended   to .  use e m o d i f i m t i o n  of 
..the steriderd  wheel  gresp  'during  the Take-Off  maneuver. In t h i s  t h e  

cal  p o s i t i o n ; . t h e  rim was more t i g h t l y   e n o i r c l e d  by t h e   f o u r   f i n g e r s  
wrist was d r o p p e d   s l i g h t l y ,   b r i n g i n g  the'  hand i n t o  a more nea r ly  ver t i -  

' ' with t h e  knuokles ex tend ing   approx ims te Ip   a long   t he~ top  of t h e  rim o f  , 

. the   wheel ,   and  the  thumb'wes  pressed more f i rmly   agb ins t   t he   f eoe  o f  t h e  
wheel rim (photograph B ,  Exhib i t  8 ) ;  This tended '  t o  give e f i rmer   g re sp  
and a g r e e t e r  palm surfaoe a long   t he   f ron t  rim of t h e  wheel t o  provide 
g r e a t e r   p r e s s u r e   i n   p u s h i n g   t h e  wheel f o v a r d  for lower ing   t he   e l eva to r s  
du r ing   t he  Take-Off  run. 

'. 

. .  .. 

e .  Throt t le   Grasp:  

Both "superior"   and  " infer ior ' :  p i l o t s  tended t o  gresp  the  thro$t l .e ,   wi th  
t h e   b e l l  i n  t h e  palm of t h e   r i g h t  hand  and  the first f inge r   p l aoed   i eng th -  
wise along t h e   t o p  of the   p lunger  i n  , t h e   d i r e c t i o n  of t h e   t h r o t t l e   l o c k ,  
8s i l l u s t r e t e d   i n   P h o t o g r a p h  e ,  Exhib i t  6 .  

2.  Body and Limb  Movement& dur ing   F l igh t .  

a. General  Body and Head Movements: 

' Both " s u p e r i o r "   a n d   " i n f e r i o r u   p i l o t s   e x h i b i t e d   l i t t l e  body movement dur- 

' oaodslonal  heed movements t o   o b s e r v e   t r a f f i c . l g  
i n g   f l i g h t ~ e x c e p t   f o r  a s l i g h t  sway toward   t he   d i r ec t ion  o f  t h e ' t u r n   a n d  

' I  

b. (1) The. "superi'or': p i l o t s   t e n d e d  t o  use wrist a n d   f i n g e r   e n d   s l i g h t  arm 
movements . i n   p r e f e r e n c e   t o   f u l l  arm movements i n  making s l i g h t ,  wheel 

tended more f requen t ly  t o  use movements o f   t h e   e n t i r e  arm f o r  t h i s  
purpos e. 

,' movements for a i l e r o n   a d j u s t m e n t .   I n   c o n t r a s t ,  "inferior" p i l o t s  

( 2 ) ~ T h e   " s u p e r i o r "   p i l o t s  tendwd t o  u s e   f i n g e r ,  thumb,  and wrist move- 
ments for pushing or . p u l l i n g   t h e  wheel-column i n  making s l i g h t  

whole arm, even i n  t h e  oase where  very smell adjustments  a re  re- 
e leva to r   ed jus tmen t s ,  w h i l e  t h e   " i n f e r i o r "   p i l o t s   t e n d e d   t o   u s e  t h e  

quired.  

lg$ct   observable   during slow w t i o n   p r o j e c t i o n  of .photogrepha  beoause of t h e  
l i m i t e d   f i e l d  o f  t h e  omere.  

2 0 1  

hotogr8phs sinoe t h e  cemece f i e l d   d i d   n o t   i n c l u d e   t h e   e n t i r e  arm.  However, t h e  
hotographs made it poss ib l e  t o  o b s e r v e   s l i g h t  finger movements i n  greeter d e t a i l  
hen was poss ib l e  by t h e  method  of d i r ec t   obse rva t ion .  

ese were  observed only  i n   p e r t  by t h e  method  of  slow-motion p ro jec t ion  of 

I 



26. 

B. Findings  Obtained  from  the  Anelpsis of Graphio 
Records of W e e l  and Wheel-Colqn Movements. 

.~ . 

.~ 

1. S t a t i s t i o a l  Methods for h e a t i n g   Q u a n t i t a t i v e  Data. As i n d i c a t e d  i n  pre- 

c o l k  pos i t iLns  during  frame-by-frame  projeotion  of  motion  photograph were s tud ied :  
ceding peges 10) t o  (18), graphs  obtained by plot t ing  successive  wheel   and wheel- 

( a )   b y ' v i s u a l   i n s p e o t i o n ;   ( b )  1; 
and 10) through  the  oornputetion of control-movement r a t io s .   F ind ings   ob ta ined  
th rough   t he   app l ioe t ion  o f  these   p rooedures   a re   p resented   be low,   c lass i f ied   wi th  
r e a p e i t  t o  the-6  maneuvers employed i n   t h e   b e i n  Experiment  (page 10). 

The t - t e s t : -  These f ind ings  were  based, i n  part, upon the  oompsrison  of meen soores 

F i she r ' s   t - t e s t "   fo r   de t e rmin ing   t he   s ign i f ioanoe   o f   t he   d i f f e rence  between t h e  
of " super ior"  a d " i n f e r i o r "   p i l o t s .  I n  preparing  suoh  comparisons, use was  made of 

means of &z~ll samples. The t - t e s t   e s s e n t i e l l g   p r o v i d e s   f o r  smell samples end 
s t a t i s t i c  analogous t o  the   "cFi t ica1   ra t io"   comonly   used  t o  d e s c r i b e   t h e   r e l i a b i l -  

butione.  
i t y  of a d i f f e renoe  between t h e  means o f  l a r g e r ,  presumably normal s a m p l i n g   d i s t r i -  

P-Values:-  For smell s a m p l e s   t h e   p r o b a b i l i t y   t h e t ' t w o   s a m p l e s   d i f f e r   s i g n i f i c e n t l y  
i n   t h e i r  means, or, more e x a c t l y ,   t h e   P r o b a b i l i t y   t h a t   t h e  two samples,were drawn 
a t  random from  identioal  normal  populations  (with  the same wen and  the same s tand-  
s r d   d e v i a t i o n )  is expressed i n  a P-value t o  be found i n  a t a b l e ,   p r e p a r e d  by F i s h e r ,  
which  gives  P-velues f r t ' s  obtained by the   t rea tment  o f  d a t a   r e f e r r i n g   t o   d i f f o r -  
ins numbers c f   cases .  23  

I n  Tables I t o  V I  ( p a g e s 3 1 b M )  are found  the  range  of  oontrol-movement  ratios,  
midscores  and mean soores f o r   " s u p e r i o r "  end " i n f e r i o r "   p i l o t s ,   r e s p e c t i v e l y ,   o l a s -  
s i f i e d   w i t h   r e s p e c t   t o  maneuvers. I n  a d d i t i o n ,  t h e  d i f f e renoe  between t h e  mean 
scores o f   " supe r io r "   and   " in fe r io r "   p i lo t s  i s  given  for  each  of  the  oontrol-movement 
r a t i o s ,  and the s i g n i f i a e n o e  of t h i s   d i f f e r e n c e   e x p r e s s e d  i n  terns of P-value. 

Levels o f  S igni f icance : -  For t h e   i n t e r p r e t a t i o n  of the  P-values  it should be re- 

se rved   d i f f e renoe  is due to "ohavoe" i s  only 1 Pn 100. I n  o t h e r  words, a P-value 
o a l l e d   t h a t  a P-value <.Ol ( l e s s   t h a n  -01) means t h a t   t h e   p r o b a b i l i t y   t h a t   a n  ob- 

e s s e n t i a l l y   i d e n t i o a l   p o p u l a t i o n s ,   ( i . e .  w i t h  t h e  same degree of p r o f i c i e n o y   i n  
<.Ol means the t   t he   obse rved   d i f f e rence  will be obtained  from random samplings of  

p i l o t i & )  fewer than 10 times . i n  every 1000 drswings  of random samples (1 i n  100). 
'Wier'0 ' P - v g l b  is ' c . 0 5 )  .01 ( l e s s  t han  .05 g r e a t e r   t h a n  .01) the   p robab i l i t y  is 
from 1 . to  approximately 5 i n  100 t ha t   t he   obse rved   d i f f e renoe  between t h e  means of 

'lSee. F i s h e r ,  R.A. S t a t i s t i o a l  Methods for   Researoh  Workers ,   Fif th   Edi t ion,   Edin-  
burgh:   Oliver  & ,Boyd,  1934.  pp. 120-121.. 
The formula i s .  . 

( n i  + 1) (nz + 1) t =_- 
nl + n2 t 2 

n = n l  + nz 

221bid., p. 158. . , ,  , . ,  



0' greups  ,is due t o   c h a n o e ,   o r ,  i n  other   words,  that t h e  two samplings  represent  
en t ia l ly  t h e  same or i d e n t i c a l  ~. populations~.., I , .  

for   the   purposes   o f   th i s   s tudy ,   the  P-Values  were i n t e r p r e t e d  8s fol lows:  
i tmpas  assumed  that  w i t h  a P-va lue   g rea te r   than . .05 .   thqre  we8 e s s e n t i a l l y  no 

e d i f f e r e n o s  Sn movement pattern, (as r ep resen ted ,  by oontwl   ,movement ' ra t fos . )  
ween ' ' supe r io r "   end   " in fe r io r "   p i lo t s ,   s inae  suoh e P-ValUe means t h a t  en ob- 
ued  differenoe rill appear  i n  more than  5 oases cut   o f   every  100 when random 

sr+npl ings- 'o f   p i lo t s   f rom  the  eame genera l   popula t ion   a re  comp,ared;- ( 2 )  it was as- 
s med that p-values  between .05 and .01 give  reasonable  grounds  for t h e  b e l i e f -   t h a t  
t X '  e difference i n  means between the two groups was not  due pr imar i ly   to   ohence ;   end  
($) it was assumed t h a t   w i t h  a P-value of .01 or less ,   th .ere  was . g r e e t   j u s t i f i c a t i o n  

- 
r t h e   b e l i e f   t h a t   t h e  two groups  differed  8ignif iGant ly   s ince suoh 6 P-ValUe i n -  
Gates tht t h e  ,cbsePve,d d i f f e rende  will 'ocour by ohanoe in c n l y  one or l e e s  t hen  

o+ c e s e   i n  100. 

were, &@Joyed i n  a d v i n g  a t  the   f i nd ings   p re sen ted  below. I n  gene ra l ,   t he re  18 
i I n ~ a d d i t i o n   t o   t i s Q o r e s   e n d   P - v a l u e s ,   o t h e r   t y p e 8  of s t a t i s t i c a l   c o m p a r i s o n s  

und h e r e   a n   i n d i c a t i o n  of t h e  menner i n  which  data m n  be t r e a t e d   i n  t h e  18rger -  
a l e  i nves t iga t ion   t o   be   unde r t eken   du r ing the   fo r thcoming   r e sea rch   Pe r iod -  ' 

~ 

i 2. P i f f e r e n t i a l   P i l o t  ReSDoRSeS i n  6 , h w w ~ $ = ,  

I .  ,. . TAKE-OFF 

, 
, 
i 
I 

'! . ,  

i a. From v i sua l   i ngueo t iop  of uraph$. (See Graphs Ie and I b )  

(1) With one except ion ,   " super ior"   p i lo t s  started t h e  Take-Off run with 
t d e  wheel-column  back  of t he   neu t r a l   po in t .  The oolumn was h e l d  i n  t h i s  p o s i t i o n  
fdr approximately 3 seoonds of t h e  Take-Off run  before  being  pushed  forward to.. 
l iwer . the   e l eva to r s .   Th i s   pa t t e rn   o f   r e sponse  was exh ib i t ed  by only one of t h e  

I n   a d d i t i o n ,  one " i n f e r i o r "   p i l o t  (Graph I b )   a o t u a l l y  began 

of  poq i t ion ,  during  most o f  t h e  Take-Off rua. 
wheel-oolumn forward of n e u t r a l  and  held it ther 'e,  with 

. ,  ' (Z) .~B;oth   "super ior"   and   " infer ior"   p i lo t s   t ended   to  p u l l  t h e  wheel-oolumn 

lots made such   regress ive  wheel-column movements during t h e  3 second9  preceding 
s i t ina l   j e rky   and   regress ive  movements. As 8 matter of f a c t ,   w h i l e  all " in fe r io r "  

bjck sharply  and  smoothly during the .  few moments previtius t o   l e a v i n g   t h e  ground. In 
cqnt ras t ,   the   : : in fer ior ! '  p i k S  p u l l e d   t h e  wheel-oolumn back i r r e g u l a r l y   w i t h  oc- 

t q e  movement of , l eav ing  t h e  ground, p n l y  one o f   t he  "superior", p i l c t s  changed t h e  
dqrectiom of wheel-column movement dur ing  t h i s  per iod.  

I 

I 
t o  l eve l  o f f ,   d u r i n g  t h e  secqnd  fol lowing  the moment of leaving  the  ground. 

(3) All "superior" p i l o t s  pushed t h e  wheel-column  forward s l i g h t l y ,  i n  

one of t h e  " i n f e r i o r "   p i l o t s  made th i s .   ad jus tmen t  within a similar per iod  

~ , 
~ 

b. From t rea tment  o f  oontrol-movement r a t i o s .  (See T a b l e   I . )  

! 

t h i s  maneuver, a s   i n d i o a t e d  by t h e   l a r g e ,   p o s i t i v e   d i f f e r e n c e  between t h e  
(1) " I n f e r i o r "   p i l o t s   e x h i b i t e d  e g r e e t e r  adlount of wheel movement dur-  

of Index 1 (Teble I). The P:value f o r - t h e   d i f f e r e n c e   b e t w e e n ' t h e  mea& ((.Ol) 
i d  h i g h l y   s i g n i f i c a n t .  
I 

! 
i It i s  a l s o  t o  be n b t e d   t h a t   t h e r e  ves no o v i r i a p  between ranges 

t o  f i n d  tha t   t he   i ndex   s co re   o f   t he  only  s t u d e n t   p i l o t  i n  t h e   i n v e s t i -  
s co res  f o r  "superior"  and " i n f e r i o r "   p i l o t s   r e s p e c t i v e l y .  It i s  perhaps  a lso 



g a t i o n  is t h e  maximum s c o r e   ( r e p r e s e n t i n g   g r e a t e s t  amount  of movement) f o r  t h e  
e n t i r e   g r o u p . a .  

movement during  Take-Off.  Although  the  difference  between  the means of t h e  two 
.(Z) " I n f e r i o r "   p i l o t s   a l s o   e x h i b i t e d  e'greater amount of  wheel-column 

groups for Index 1, Wheel-Column movement I (P-value <.lo) .05) did not   reech   the  
l e v e l   o f   s i g n i f i c a n c e   s e t   a s ~ a   c r i t e r i o n   i n   t h i s   s t u d y ,  it should be noted that 
t h e r e  ves p r a c t i o a l l y  no over lap   be tween  the   scores   o f   the  two g r o u p s .   I n   t h i s  
c ~ s e .   t h e   s t u d e n t ' s   s o o r e  was a l s o  e t  the  extreme (maximum) score.  

oentage  of   the  total   t ime  of   the  maneuver   then  did  the  ' ' superior"   pi lots   as  in-  
( 3 )  "Infer ior"   p i lo t s ,   kept   the   wheel  i n  m t i o n   d u r i n g  a g r e a t e r   p e r -  

P-value o f  <.05>.02 i nd ioa ted  that t h i s  d i f f e r e n c e  was s t a t i s t i c a l l y   s i g n i f i c a n t .  
d ioe t ed  by a d i f f e r e n c e  of 14.5 between t h e  meens o f  Index 2 ,  wheel movement. A 

I n   e d d i t i o n ,   t h e r e  was no overlap  between  the^ range  of   scores   of   " infer ior"  and 

group. 
" supe r io r "   p i lo t s .   I ndex  2 f o r  the  s tuden t  was t h e  maximum sco re  f o r  t h e   t o t a l  

. .  
STRAIGHT AND LEmL FLIMPP 

a. From visual   inspect ion  of   graphs.   (See  grephs 118 end  I Ib .  ) 

graphic   records   were   inspec ted   v i sua l ly   and   the  data submit ted t o  simple quen t i -  
No d i f f e rences  between " s u p r i o r "   e n d   " i n f e r i o r "   p i l o t s   a p p e a r e d  when 

t e t i v e   t r e e t m e n t .  

b. From t ree tment  o f  con t ro l  movement r a t i o s .  (See Table 11.) 

maneuver f e l l  below .OS, t h e   d e s i r e d   l e v e l  o f  s i g n i f i c  ce.' However, it seems 
d e s i r a b l e   t o  .cell a t t e n t i o n   t o   t h e   f o l l o w i n g   f i n d i n g s :  22 

None of   the  P-values  f o r  d i f f e r e n c e s   i n  mean index  scores  f o r  thi .6 

age of t h e   t o t a l   t i m e  of t h e  maneuver  (Indiex 2, wheel)   than  did" 'superior"   pi lots .  
Although  the  P-value ( (10 >.05), was no t   w i th in   t he  s8me s i g n i f i c a n c e ,   t h e  renge 

mum sco re  o f  t h e   t o t a l  group.  For  example, i n  Graph I I e ,  Index 2 , f o r  the  "super-  
of   scores 'o f   the  two groups   d id   no t   over lep   and   the   s tudent ' s   score  w8s t h e  mini- 

s co re  of 28.3 (Graph I I b ) .  
i o r "  p i l o t  proved to   be- '47.5,  While t h e   " i n f e r i o r "   p i l o t   o b t a i n e d  e corresponding 

2%f  the t o t a l  of 60 Ind ices  computed (5 r a t i o s  of  wheel  and wheel-movement sepe-  
r e t e l y   f o r   e a c h  6 maneuvers)  the  student 's   index  score is found t o  be e i t h e r  

~ of t h e  26 i n s t a n c e s ,   h i s   s c o r e  is a t   t h a t  end of t h e  r a k e  i n  whioh t h e  soore, 
t h e  maximum o r  minimum score   for   the   oombined ,groups   in  26 of   the  oeses. I n  25 

of t h e   " i n f e r i o r "   p i l o t s  f a l l .  I n  genera l .  .in about  40% o f  t h e   i n d i c e s  computed 

Th i s   ena lys i s  i s  presented  8s be ing   o f   i n t e re s t  i n  view  of the  proposed  exten- 
s i o n  o f  t h i s   s t u d y  i n  whioh s t u d e n t s   a r e  t o  bo observed   dur ing   the  en t i r e  per iod  
o f   i n s t r u o t i o n ,   a n d   t h e i r   - r e s p o n s e s   s t u d i e d   b o t h   a t   v a r i o u s   s t a g e s  o f  i n s t r u c -  
t i on   end  i n  comparison  with  those o f  f l i g h t   i n s t r u c t o r s ,  o r  other   highly  ex-  
per ienced   p i lo t s .  

24These f i n d i n g s   a r e   p a r t i c u l a r l y   i n t e r e s t i n g  i n  t ha t   S t r a igh t   and   Leve l   F l igh t  
was the-only  maneuver of the s i x   m n e u v e r s   s t u d i e d  i n  which t h e   a c t i v i t y   o f   t h e  
"super ior"   p i lo t s   t ended  t o  be g r e e t e r   t h a n   t h e t  of " i n f e r i o r "   p i l o t s .  It may 
a l s o  be n o t e d   t h a t  none  of t h e   d i f f e r e n c e s   i n  means or medians  given i n  Table 
11 was p o s i t i v e   i n   d i r e c t i o n .  

(1) " In fe r io r "   p i lo t s   kep t   t he   whee l   i n   mo t ion   du r ing  a b m l l e r   p e r o e n t -  

- - 
. .  

' t he   s tuden t   ob ta ins   t he   "poores t "   s co re .  
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(2) " I n f e r i o r "   p i l o t s  made a smaller t o t a l  number of w h e e l - c o l d  move- 
ments (Index, 3,. wheel-column - Teble IT) d u r i n g   s t r a i g h t  end l e v e l  f l i g h t  t h a n   d i d  

((.lo> .05) was beyond the   1eve l :o f   s ign i f ioance ,   bu t   t he re  was a l s o  no o v e r l a p   i n  
" supe r io r "   p i lo t s .  Here again,   the   P-value of the   difference  between  the  means,  

Index 3, w h e e l - o o l i n   s c o r e s , , b e t w e s n   t h e  two groups,and  the  s tudent   obtained  the 
minimum score of t h e   t o t a l  group. 

(3) "1nferi .w"  pilots  bade  fewer  regressive  wheel-column movements ( i n -  
dex *?, wheel -co lumn, .Table   11)   dur ing   s t ra ight   end   leve l  flight than   d id   "super ior"  
p i l o t s .  The P-value was again beyond the   accep ted   l eve l  of s ign i f ioanoe ,  (.I) .OS, : 

b u t   t h e r e  was no over lap  i n  the  index  scores   between  the two groups,   and the s t u -  
.dent   obtained the minimum score o f   t h e   t o t a l  group. 

- 

I 

i goo MEDm TURNS 
I -  - .  

8. Frcm v i sua l   i n spec t ion  of graphs.  (See Graphs I I I a ,  b and IVa, b.)  
. .  

t e r n s  o f  movement e x h i b i t e d   e i t h e r  by both  groups or by the   "super ior"   and   " infer ior ' !  
g roups ,   respeot ive ly .  25 

Inspec t ion  o f  t h e  reoords of t h i s  maneuver revea led  no oons i s t en t   pa t -  

- b. From s imple   quant i ta t ive   t ree tment  of .graphs. 

1 noted by t h i s  method. 
~ 

i No c h a r a o t e r i s t i c s   d i f f e r e n t i a t i n g   " s u p e r i o r "  and  " i n f e r i o r "   p i l o t s  were 

! 

I 
c. From treatment  of c o n t r o l  niovement r a t i o s .  (See Tables  I11 & 33.) 

oharac t e r i s t i o s   be tween   " supe r io r "   end   " in fe r io r "   p i lo t s   i n  terms of oontrol-move- 
m n t   r a t i o s .  

An examination tif P-va lues ,   range ,   e tc . ,  showed  no d i f f e r e n t i a t i n g  

I 360' LEFT WWER TVRN 
i 
I 
i a .  Frcm v i s u a l   i n s p e c t i o n  of graphs.  (See Graphs  Va and Vb.) 

A l l  but one of t h e  p i lo t s ,   i nc lud ing   bo th   " supe r io r "   and   " in fe r io r "  
. .  

p i l o t s ,   e x h i b i t e d   t h e   f o l l o w i n g   p a t t e r n   o f   c o n t r o l  mqvement du r ing   t he  entry into 
t h e  t u r n :  , , 

' .  
, . -  (1) The wheel-oolumn was pu l l ed   back   s l i gh t ly   wh i l e  t h e  wheel W8S begng 

~ t u r n e d   t h e   l e f t   t o  make a i l e ron   ed jus tmen t s  f o r  banking  the  plane.  
I 

(2 )  The ex ten t  o f  e this backward movement of t h e  wheel-oolumn was i n -  
c r e a s e d   s o o n   a f t e r   t h e  wheel, reaohed  the maximum p o s i t i o n   t o   t h e   l e f t ,   a n d   c o n t i n u e d  
as t h e  wheel was re tu rned   t oward   t he   r i gh t   w i th  a view t o   m a i n t a i n i n g   t h e  bank o f  
t he   p l ane .   Th i s   pa t t e rn   c f  movement is s e e n   q u i t e   o l e a r l y , i n  Graph Va. 

! b . ,F rom  quan t i t a t ive   i nd ices  o f  graphs. (See Table V.) 
i 
I 
i 
I 1 t he   t o t a l   t ime   t han   d id   . " supe r io r "   p i lo t s .  The P-value (01 f o r   t h e   d i f f e r e n c e  

, ~. 
" In fe r io r "   p i lo t s   kep t   t he   whee l   i n   mo t ion   du r ing  e grea ter   peroentsge  of 

a h l t h o u g h   t h e  90' Medium Left  Turn  graphs  se~emed t o  show 8 tendency for most of t h e  
s u b j e c t s  t o  nbsintain  wheei movement towards the r i g h t   d u r i n g   t h e  tu,rp , + a  ,ho ld   the  
be$, even   th i s   t endency  was clou,ded..by. consi:erable f1uctuet ion"of  movement i n  
the  oaae of 8 .  Seav or- th8'.sub$cts  and was no t   d i sce rn ib l e  i n  the   g raphs  of t h e  90' 
Medium Right  "urn. 
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between t h e  meen$ of  'Index 2 f o r   t h e  two groups is h i g h l y   s i g n i f i c a n t .  
, 

. .  . .  

' L A N D I N G  

a. F r o m  v i sua l   i n spec t ion  of graphs.  (See Graphs  VIa  and  VIb.) 

( 1 )  Bo th   " supe r io r "   and   " in fe r io r "   p i lo t s   t ended   t o   . pu l l   t he   whee l -  
oolmin t o  the msximum b a c k . p o s i t i o n   s l i g h t l y   p r i o r   t o   t h e ' m m e n t   o f   l a n d i n g .  

t h e  back p o s i t i o n   a t   t h e  moment of   l anding   and   dur ing   the  first few secbnds of 
the  landing  run than  did " i n f e r i o r "   p i l o t s .  This is d i s p l a y e d   i n   t h e   f l u c t u a t i o n  
o f   t he  wheel-column p o s i t i o n s   d u r i n g   t h i s   p o r t i o n  of t h e  maneuver i n  Graph  VIb as 
oompsred with Graph V I E .  ' 

(2)  "Super io r "   p i lo t s ' t ended   t o   ho ld  the wheel-column more f i rmly  i n  

( 3 )  "Super io r "   p i lo t s   exh ib i t ed  a g r e a t e r   t o t a l  amount of wheel move- 
ment imaedia te ly   p receding   the  moment of lending than d i d   " i n f e r i o r "   p i l o t s .  

b.  Treatment of con t ro l  movement r a t i o s .  (See Table  VI.) 

t o t a l  amount of  wheel movement i m e d i a t e l y   p r e c e d i n g   t h e  moment of   l anding   than  
d i d   " i n f e r i o r "   p i l o t s .  This observa t ion  was checked  quant i ta t ively by computing 

wheel ac t iv i ty   p reced ing   t he  moment of landing.  The d i f f e rence  i n  mean sco res  be- 
an   Index  1 a p p l y i n g   t o   t h e   p o r t i o n  of t h e   g r a p h   r e p r e s e n t i n g   t h e  4 seconds o f  

tween  "Superior"   and  " infer ior"   pi lots  f o r  t h i s   p a r t i a l   I n d e x  i proved t o  be .383. 
The P-va lue   for  t h i s  d i f f e renos  ( (.05).02) is s t a t i s t i c a l l y   s i g n i f i c a n t .   I n   a d -  

d id   no t   ove r l ap   and   t he  so ore^ of t h e   s t u d e n t   p i l o t  888 t h e  minimum f o r   t h e   t o t a l  
d i t i o n ,   t h e   r a n g e s  o f  o b t a i n e d   r a t i o s   f o r   t h e   " s u p e r i o r "   a n d   " i n f e r i o r "   p i l o t s  

group. 

V i sua l   i n spec t ion  showed t h a t   n s u p e r i o r "   p i l o t s   e x h i b i t e d  a g r e a t e r  

C. A Note  on  Discrepancies. 

There are presented  above  only  those  f indings f o r  w h h h  no con t r ad ic to ry  
evidence  app,eared when t h e   r e s u l t s   o b t a i n e d  by t h e  various experimental   procedures 
were'colhpared.  However,. it i s  i n t e r e s t i n g  t o  note  t h a t  t h e r e  were r e l a t i v e l y  few 

t h e   r e s u l t s  of direot   observat ion  and  s low-motion  project ion o f  photographs  were 
in s t anaes ' o f   s t r i k ing   d i sc repeno ies ;   and  that mos t  of t h e   l a t t e r   o c o u r r e d  when 

' f i e l d  cf  the  photograph did no t   i nc lude   t he   t runk  and f e e t   o f   t h e   s u b j e c t ,   a n d   ( b )  
oompsred.  These may h a v e   r e s u l t e d ,   i n   p a r t ,   f r o m   t h e   f a o t s  tha t  ( a )   t h e  oamera 

the   pho tographs   p rov ide   oppor tun i t i e s ' fo r  more de t a i l ed   obse rva t ion  of s l i g h t   f i n -  
ger and thumb movements,  which  cannot  be  observed  during  direot  observation 
f l i g h t s  by t h e   i n v e s t i g a t o r ,   a n d  ( c )  the   photographic   reoords  were of s i n g l e ,  
s h o r t  maneuvers. A few ins t ances  of suoh  discrepancies  m y  be n o t e d   f o r  illuatra- 
t ive   purposes : -  

, ,  

1. According t o   d i r e o t   o b s e r v a t i o n   d u r i n g   f l i g h t ,   t h e   " s u p e r i o r "   s u b j e c t s  

andowheel-column movements dur ing  t h e  more diff ioul t   meneuvers ,   suoh as  Take-Off,  
oooas i6na l ly   re lease4   the  t h r o t t l e  and used t h e  r i g h t  hand t o  a i d   i n  making oheel 

720 Power Turn ,   S t a l l s   and  Recovery., F igure  E ' s ,  and  Landing  (Appendix A ) .  This 
d i f f e r e n t i a t i n g   o h a r a c t e r i s t i c   d i d  not appear   during  s low-motion  project ion of 
the  photographs.  I n  t h e   l a t t e r ,  it appea red   t ha t   on ly  two s u b j e o t s ,  one i n   t h e .  
"superior"  group  and one i n  the   " infer ior"   g roup ,   used   bo th  hands on the  wheel. ' 

These pilots   used  both  hands  on  the  wheel   for   near ly  a l l  the,maneuvers  photographed. 

2. Accrording t o  direct obse rva t ion   du r ing   f l i gh t ,   t he   " supe r io r "   - sub j sc t s  



~-RANGE- 
Both Groups 

!Superior" P i lo t s  

" Infer ior"   P i lo t s  

11-MIDSCWLES 

111-WAN SCORES 

Control Movement Ratios 

Comparison of Ranges, adidscores and Means of "Superior" and "Infer ior"  P i l o t s +  

'Index 1 Index 2 Index 3 Index 4 Index 5 
T m o u n t  of P-of To ta l  Nm- Con- Ch-n Dir- M 8 u i t y  of 

Control Movement Time i n  Motion t r o l  Movements ec t icn  of Control Control Movements 

- 
Max. 1.414 
E n .  1.049 

&X. 1:148 
Min. k.049 

Max. 1.414 

- - 
- 
- 

- E. 1.320 

-1.074 
1.354 

.280 

l.Oq0 
1.363 

Colunn! - c 0 1 m  column . Column Column - - - - 
1.444 
1.209 

1.289 
1.209 

1.444 
1.287 

1.218 
1.527 

.lo9 

1,239 
1.353 

72.8 66.0 .403 
47 .8 39.9  .309 

51.0  55.7 :403 
47 .a 39.9 .309 

72.8 
59.5 51.0 ,365 

66.0 .401 

50.7 54.2 .372 
60.6 53.9 .sa3 
9.9 -0.3 .011 

49.8 49.9 .275 
64.3 57.0 -284 

.409 .302 
-209 .239 

.409 .so2 

.209 2 3 9  

.401 .299 
-320 .276 

.309 .284 

.333 .278 

.024 -.OM 

.199 .361 

.262 .383 

-297 
.142 

.142 

.289 

.297 

.197 

.162 
-2.02 
.040 

-309 
.351 

.lo5 .147 

.070 .M7 

'.070 . .067 
,101 . .14P 

. lo5 .136 

. a 9  .lo4 

I. 102 
:088 . .I20 

.lo8 
io14 -.012 

.099 

.086 .111 
.116 

"Superior"  Pilots 
"Inferior" P i lo t8  . .  - 
Difference .273 .116 14.5 7.~1 .009 ~ , .034 .022 .042 .013 .005 

' w e  the  midscore, o r  mean, index of "superidr"   pi lots  is i n  each  case  subtracted from t h a t  .of the  
P-Values P<.O1 P:.l>oS P(.05).02 P(,4).i P(.5>.4  P(,6>.5P(.7).6 P<.6).5  P(.,3).2  P(.9).8 

for the   "superior"   pi lots .  
" in fe r io r "   p i lo t s ,  a difference  preceded by a minus sign  indi,cates a higher  r&lscore, or mean. indsx 

: .  



* !'Inferior" ' Pi lo t s  

11-MIDSCORES 
'"Superior".' p i l o t s  

Difference 
Infer ior"   P i lo t s  

IIi-M&AN scoms 

" 

TABLE I1 - STRAIGET & LEVEL F L I G E T  

Control Movement Ratios 

Comparison of Ranges, Midscores  and Mebeans of "Superior"  and  "Inferior" -- Pi lo ts+  

Index 1 Index 2 Index 3 Index 4 Index 5 
T m o u n t  of P m o f  T o t a l  N m W  Con- ' m m n  Dir- DiscontinTiity of 

Control M o v e m e n t  'timi, in Motion t r o l  Uovements ection of Control  Cmtro l  ~Movementb 

%eel Wheel- Wh~el Wheel- Wheel Wheel- Wheel Wheel- Wheel Wh eel- 
Column 

Movements ' 
. .  

column column COlUnm ' Column - 7 - 
- &X. 1.167 1.067 53.3 31.7 .408 -308 .275 .267 .167 .a59 
E n .  1.043 1.008  28.3 6.7 .183 .067 . lo8 .067 .056 .Ooo 
&x. 1.167  1.067 58-3 
E n .  1.083  1.025 43.3 

31.7 .408 . .308 ,275 .267 i 167 .059 
10.0 .258 .lo0 -158 ' .092 .loo .m 

&AX. 1.076 1.025 43.3 %. 1.042 1.008 28.3 
10.8 .281 .lo0 .225 .oe3 .092  .017 
6.7 .183 

- .  . ,  
- - 
.~ 

- .067 . io8 .067 . .056 .OOO 

~. 1.092 -1,033 47.5 
. 1.059 1;017 34.2 

23.3 .350 .242 ' .183 
7.5 ..275 ,.067 ..le3 

. .183 .135 .641 
.067  .075 .ON 

-.033 -.016 -13.3 -15.8 -.075  -.175 .WO -.116 -.058 -.041 

l . l i 4  .1.042 48.0 2 l . i  .$39 .2l? .205 .181 ..133 . a 6  
~ ~. 

'"Superior" P i l o t s  
' "fnfer to i ' - '   P i lo t s  1864 lIO14, 36.3 8.3 ;246 .Of8 .1?2 ,072 .074 .006 
Difference ,-.GO -.028, -12.7  -13.4. -.El3 -.139 -,9S3- ',-;lo9 -.a59 -.NO 
P-Valww 
(+)ce the  midscore,  or mean, .index of "superior"   pi lots  i s  in each case subtracted from t h a t  of t he  

, . .. 

P<.2).1 ' ' P(.2).1  'P<.1).05  P/.7).6 P<.3).2.P(.1>.06 P46)5 P(.1>05  P<.l>.%P<.Z).l 

" infer ior"   pi lots .  a difference  preceded by a minus s i p  indica tes   a 'h igher  .nlidgcore, or  man,.  index .,. 
for   the  "superior"   pi lots : , .  

~~ . .  . .. __ .. . . . .  

.. 



.I-RANGE 

. ,  Both Groups- 
. .  

"8uperior"  Pilots 

"Infer ior"  Pilots  - 

III-lWJi scms 

~~~ ~ ~~ ~~~~~ 

~~~ ~~~ ~~ ~~~~~ ~~~~~ ~~~~ 

TABLE I11 - 90' LEFT TURN 

Control Movement Ratios ~; ; 
\ 

Comparison of Ranges, bfidscores  and Means of "Superior"  and  "Inferior"  Pilots* 

Index 1 Index 2 Index 3 Iniiex 4 Index 5 
of Percdh'tof Total N m w  Con- Changes i n  D i r -  Discontinuity of 

Cont ro l  Movament Time'in Motion t r o l  Movementa ect ion of Control  Control Ydvquents 

Wheel meel- Wheel. - Wheel- Wheel Wheel- Wheel eel  Wheel- eel-  Wh 
COlUmu 

Movements 

Column 'I c o i m  . - - -- column - 21- - - - 
kx. 1.218 1.076 55.8 
Min. 1.043 1.015 29.4 

17.1 ' .298 ' .160 .204 -126 .124 .053 
5.9  ,176 ,044 .096 -022 -063 ,000 

Jdax. 1.B1 1.076  45.2 17.1 .276 .159 .178 -114 ,098 .053 
E. 1 ~ 0 4 3  1.015 29.4 5.9 .176  .044 .096 .022 .063 .022 

Max. 1.218 1.025 55.8 
Min. 1.063 1.019 36.4 

16.5 .e98 '.160 .204 .126 .124 .034 
6.8  .199  .063  ,136  .057  .063 .. 000 

- - 
- 
- w w - 

1.069 1.024 35.7 
1.093 1.023 45.3 

12.5 .223 .133  .154 .os8 
-11 .2  .292 ..lo6 . ,174 

IO88 
.lo6 

.041 

.024 -.001  9.6 
,068 .m 

-1.3 . .049  -.027 -020 ,018 -.020 -.a5 

1.065  1.035  36.5 12.0 -224  -117  -140 084 - 039 -078 
.. * .  .. 

"Superior" Pilots 
*Inferior" P i l o t s  1.125 1-..022- 45.8 11.5' .&6- .. ~.i10 ,171 ~ .096 . .Ns _ _  _,OX3 
Mfferencs .060 .-.OM 9.3 -0.5 .032 -,007 -031 -018 .Ml 1.026 
P-values 
-since the  midscore. of m m ,  index Of "superior"   pi lots  is in each  case  subtracted from t h a t  of t h e  

. . . -._ 
?(.3$.2 P(.5).4 P(.2).1 P<9).8 P(.5).4 P(.9).8 P(.3>.2 P(.6$.5  P).9 P<.l);O5 

" 
for   the   "super ior"   p i lo t s .  
inferior" p i lo t s ,  a. difference  preceded by a minus s ign   ind ica tes  a higher  midscore,  or mean, index . .  



" S u p r i o r "   P i l o t s  

TABLE: I V  - 90' RIGHT TURN 

Control Movement Ratios - 
Comparison of' Ranges,  FAidscores  and Means of "Superior"  and  "Inferior" Pilots+ 

T-ount of Pefcent  of T o t a l  N m m  Con- C h m n  Dir- Discont inui ty  of 
Con$rol Movement Time in Motion .' t r o l  Movements ec t ion  o f  Control  Control MovemBntS 

Wheel Wheel- Wheel meel- Wheel meel- W h e e l - m e e l  Wheel- 

Index 1 Index 2 Index 3 Index 4 Index 5 

Movements 

1.084 
1 . lo7 
. .023 

1.102 
1.107 

P> ;9 
-005 

Column 

l.@6 51.0 
1.013 30.1 

1.027 51.0 
1.013 30.1 

1.086 46.7 
1.028 41.1 

- 

1.021 36.4 
1.057 43.9 

.036 7.5 

1.021 ~ 36.5 
1.057 43.9 

.036 5.4 

Colmn - Column ' 

20.6 
9.3 

20.6 
9.3 

17.3 
12.9 

14.2 
15.1 
0.9. 

14.6 
-15.1 

.262 

.161 

.245 

.161 

.262 

.232 

.192 

.247 

."5 

,198 
.247 

.168 

.Ob 

.165 

.083 

.168 

.I10 

.116 
-139 
.023 

.120 

.139 
0.5 .049 ,019 

,192 
.lo2 

.192 

.lo2 

,181 
-168 

.132 
-175 
-043 

2 3 9  

,036 
.175 

Colunm 

.135 

.048 

.113 

.048 

.135 
-081 

.003 

-025 
-108 

* 082 
.lo8 
.026 

- 
.081 
.052 

. dss 

.052 

,081 
.064 

,056 
.073 
,017 

.058 
-073 

Column 

.058 
,023 

.058 

.023 

.a9 

.029 

.a1 

.031 

.om 

.036 "Superior"   Pi lots  
" In fe r io r "  Pilots 
Difference 

(*)e the  midscore,  o r  mea ,  index of - " supe r io r "   p i lo t s  i s  i n  each~ case subt rac ted  fr.m t h a t  Of t h e  
P-Values . ' .~ P(.2).1!P(.6).5~ P}.9 P(.2>.1  P(.7).6 PG3).2 P(.6>.4 ~P(;2>.1 P(.8).7 

I .  

" i n f e r i o r "   p i l o t s ,  a difference  preceded by a minus s i g n   i n d i c a t e s  a higher ,  midscore,  or mean, index 
f o r   t h e   " s u p e r i o r "   p i l o t s .  ~ . .  . . .  



~~~~~~~~~~~ ~~~~~ 

TABLE V - 360' LEFT P(XYER TURN 

Control Movement Rat ios  

Comparison of Ranges, Udscores  and Means of "Superior"  and  "Inferior"  Pilots* 
c ' 

'Indeq 1 Index 2 Index ' 3  Index 4 
T-ount of Percent of Total N z f  Con- C h a n g e r l i n  Dir- Di-uity of 

Index 5 

-. IhDm -- Control Movement T i m e  i n  Motion t r o l  Movements ect idn of Control  Control Movements 
.., 

.-1-RANGE 

. Movements 
Wheel  Wheel- Wheel 

Both ' Groups - M~x. 1.697 1.132; 72.4  40.4 : -293 .303 .237 ,163 .os1 .137 
Min. 1.084. 1.049 40.1 

Max 1.697 1.132 %i: .1,p84 1.049 
72.4 31.5 .270 ,217 .237 
40.1 22.2 .259 

-147 -091 .118 
. le4 .179 .a6 -026 .054 

"Inferior" pilotsHBX. 1.257~ 1.101. 54.1 .os1 - .137 s. 1.137 1.054 
40.4 . .293 -303 .202 

47.2 24.5 ' ,255  -176 .186 ' 039 . os9 .120 

, .  - 22.2 . .255 -176 .179 . a 9  .026 .a4 

"Superior"  Pilot 
. ,  

.le3 
- 111 

* 
'11-MIDSCORES 

. .  
"Superior"  Pilots 1.350 1.049 66.1 27.4 .264 ' .195 ,194' 
Y n f e r i o r "   P i l o t s  ~.1.197. ~ 1.078 

.131 
50.7 

.008 .075 

biffereace ,153 
33.0 ~ .274 .240 ,194 

.029: ~ -15.4 , 

.111 .080 ,129 
6.6 - '  .OlO .O4! .OOO -.OZO - .O12 .056 

111-WAH SCORES 

" infer ior"   p i lo t s ,  a difference  preceded by a minus s ign   ind ica tes  a higher  midscore, o r  mean,  index 
for   the  "superior"  p i l o t s .  - 



. IiDEx -- 

TABLE V I  - LANDING 

C o n t r o l  Movement Rat ios  

CmIparison of Ranges, Midscores  and Means of "Superior"  and "Infer ior"  P i lo t s+  - 
Index 1 Index 2 Index 3 I n d e x  4 Index 5 ' 

T o m o u n t  of Percent of T o t a l  Number Of Con- C m n  Dir- D i s z i t y  of 
,' Control Movement Time i n  Motion , t r o l  Movements e o t i &  of Con t ro l   Gmt ro l  Movements 

. Wheel 
Column 
Wheel- Wheel Wheel- Wheel  Wheel-  Wheel  Wbeel-  Wheel 

Colunm Column Column Column 
Wheel- 

Movement$ 

I-WGE 
Both Groups Max. - 1.650  1.450  76.3 56.3 .413 . ,342 .350 .225  ,137 .160 

Wain. 1.225 ' 1.113 43.8 36.3 .179 ~ .150 .lo0 , .054 , ,054 .062 

I_ "- - 
.. .. - 

"Supkriot;" P i l o t s  - Max. 1.563 1.225 76.3 54.0 .290 .342 .211 ~ .224 
Min. 1.288 1.113 46.4 

.118 
36.3 .179 .150 .lo0 .054 ,054 

.160 

.a32 ~- 
, . . , . . . . . 

" I n f e r i o r "   P i l o t s  k; 1.650 1.450 68.8 56.3 .413 .313 . .350 .225 .137 ,113 
E. 1.225 1.163 33.8 

3 _  . ' 
~~ . _ % .  46.3 , .263  .175  .175 * 088 .120 - .a3 
: , 

11-MIDSCORES 
"Superior"   Pi lota  
' Inferior" P i l o t s  

* 1.458 . 1.175 60.3  43.8 .207 . .201 .166 .lo1 ,058 
1.313 1.338 58.8 52.5 :275 .288 .188 

.097 
.200 ,087 .os7 

Ij ieference -.145 .163 -1.5  8.7 .068 .087 .022 .099 .029 -.010 

111-MEAN SCORES ~~ 

"Superior" P i l o t s  1.442 1.165 60.7 
wInferi .or"  Riloti '  1.396' 1.317  57.1 

44.5  ..221 . .224 .161 .120 . 060 .lo4 
51.7 .317 .259  .238 

Difference 
.171 .079 .OB8 

P-Values 
.W36 .035 .07? .051 .019 - .016 

~~ 

-2 P'.2).1  P<.6).5  P(.3).2  P(.5).4 P~44).3 P(.7).6 
--e the midscore, o r  mean, index of i s l n  each case subt rac ted  from t h a t  of the 

n i n f e r i o r "   p i l o t s ,  a difference  preceded by a minus sign i n d i c a t e s  a higher  midscere,   or mean, index 
for the   "super ior"   p i lo t s . .  ~~ 

~. 

u 
? 



37. 

-I 
de fewer  and less e x t e n s i v e   s h i f t s  of l o c a t i o n   o f   t h e   l e f t  hand  from i ts  basio 
ca t ion  a t  or s l i g h t l y   t o   t h e   l e f t  of the   top-center   o f   the   wheel .  The photographs, 
t he   o the r   hand ,  showed tha t   t he   " supe r io r "   sub jec t s  made more f r e q u e n t   s h i f t s  of 

1 'cation..  The s h i f t s ,  however,  were s l i g h t   a n d  seemad t o  be dua t o  greater use of 
tJe wrist a n d   f i n g e r s   f o r   s l i g h t  wheel movements provid ing   a i le ron   ad jus tment .  
A&in it may be sugges t ed   t ha t   t he  slight sh i f t s   o f   l ooa t ion   ao tua l ly   occu r red   du r -  
i r j g   t h e   d i r e c t   o b s e r v a t i o n   f l i g h t s   b u t   t h a t   i n t e n s i v e   s t u d y  of slow motion  phcto- 
g$phs was necessa ry   fo r   t he i r   obse rva t ion .  

~ N. Introspeotive  Reports  on  Learning t o  P i l o t   a n  Aeronca Chief  Plane. 

f l b g h t  and  extending  through  the f irst  s o l o  f l i g h t ,   A l b e r t  S. Thompson! assistant 

spkc t ive   r epor t  on h i s   expe r i ences   du r ing   t he   i n s t ruc t ion   pe r iods .   In   t hese  d a y - t o -  
i & e s t i g e t o r   i n   t h e   U n i v e r s i t y  of  Pennsylvania   Researoh  Project ,   prepered  an  intro-  

o f , t h e   U n i v e r s i t y  o f  Penwylvania   Pro jeo t ,   a re   found  impor tan t   observa t ions  with 
dab r e p o r t s ,   $ l l u s t r a t e d .  i n  Exhib i t s  9 and 10 ,  pages38 -39 and a v a i l a b l e  i n  t h e   f i l e s  

s k b l l ,   a n d   o t h e r   m a t t e r s  which  have a bear ing  on  the  progress  of a s tudent   under-  
rebpeot  t o  s tuden t - in s t ruc to r   r e l a t ionsh ips ,   -pe rcep tua l   cues ,   t he   deve lopmen t  of 

gobng  primary f l i g h t   i n s t r u c t i o n .  

e r e s u l t  of i n t r o s p e c t i o n  by t h e   s t u d e n t   p i l o t  are b r i e f l y  summarized  below: 

Immediately a f t e r   each   i n s t ruc t ion   pe r iod ,   beg inn ing  w i t h  t h e  f irst  dual  

1 
~ Wjor   observe t ions   and   conclus ions   concern ing   t ra in ing   procedures   ree@d 8s 

', 

A. O r i e n t a t i o n   t o  a New Si tua t ion .  
! 

net  environment  and of responding t o  new stimuli d i f f i c u l t  of i n t e r p r e t a t i o n .   T h i s  
1. The beginning  s tudent  is faced   w i th   t he  problem  of o r i e n t i n g   h i m s e l f   t o  8 

prqblem  of  "general   orientation"  involves  the  development  of  familiari ty wi th  t h e  
l~obqt ion   and   func t ion   of   the   cont ro ls   and   ins t ruments  o f  t he   p l ane ,  with the   sppear -  

m i  h t h e   c h a r a o t e r i s t i o s   o f   t h e   a i r   c u r r e n t s ,   e t c .  
en e o f  "surroundings" when viewed  from  above,  with  the  appearance of t he   ho r i zon ,  P ! 

p o f t a n c e   f o r  t h e  i n i t i a l  f l i g h t  and .that t h e  f a i l u r e  t o   d e v o t e  a considerable  po r t ion  
~ 2.  There seems  reason t o   b e l i e v e   t h a t   " g e n e r a l  o r i e n t e t i o n "  i 6  of primary i m -  

o f i t h e  f irst  f l i g h t   t o   s u c h   " g e n e r a l   o r i e n t a t i o n " ,   r a t h e r   t h a n  t o  e o t u s l  m8PipUlatiOn 
of i the ,controls ,   re tards   the  development  of r a p i d  and a c c u r e t e   a d j u s t m e n t   t o   t h e  new 
s i t u a t i o n .  
. ,  . I 

~ 

! 

" , 

! E. Reoognition  of Cues. 

! 1. Another mador problem  oenters   a round  the   recogni t ion   and   in te rpre ta t ion  of 
cuds  which  provide  information  concerning  the  attitude  and  path  of movement of  t h e  

ing   veh io le .  T h e  be'ginner must  l e a r n   t o   l o c a t e   v i s u e l   r e f e r e n c e   p o i n t s   f o r  
a n d   l e v e l   f l i g h t ,   f o r   v a r i o u s   b a n k s ,   a n d  f o r  c l imbing  and  gl iding  angles .  
cues,   from  the  sound  of  the  motor and a i r ,  m u s t  be observed.  Other  sense 

-- cu taneous ,   k inaes the t io ,   s t a t i c ,   o rgan io  -- a r e   s t i m u l a t e d  by  move- 
mej ts  of the  ,plane  and the con t ro l e   du r ing   f l i gh t .  

26$uch i n t r o s p e c t i v e   r e p o r t s  by one s t u d e n t   p i l o t   s h o u l d  be confirmed by r e p o r t s  ob- 

j p o n  them as e b a s i s   f o r   t h e   m o d i f i c a t i o n  of t ra in ing  prooedures or f o r  setting up 
qained from other   eqU8lly  wel l - t ra ined  observers   before   re l iance  can be placed 

j tep-by-s tep   t ra in ing   procedures .  They are   presented  here .   however ,  88 an   ind ioa-  
q i o n  of t he   t ype  of d8ta whioh can be ob ta ined   t h rough   oon t ro l l ed   i n t rospec t ion  by 
dompetent  observers, and t o   s u g g e s t   t h e  wey i n  which  such  f indings  cen be p r o f i t -  
db ly   appl ied  i n  the   cons t ruc t ive   mod i f i ca t ion  of t r a i n i n g  programs. 
I 



38. 

E X H I B b  9 

INTROSPETlVE REPORTS ON LEARNIN0 TU PILOT AN AERONCA C H I E F  

F i f t h   I n s t r u c t i o n  Flight. Date:  February 28, 1940 
Time: 4:30 - 5:OO 
Log t o  Date: 2 hours 

The seskon   cons i s t ed   o f   t he   fo l lowing :  

1. Taxi': down wind. I handled a l l  the con t ro l s   end   t he   t h ro t t l e :   Tax ied  

2 .  Take-off: I h a n d l e d   t h e   t h r o t t l e   u n d e r   s p e c i f i c   i n s t r u c t i o n s  by Rice,  who 
Pull l e n g t h  o f  f i e l d .  

An area  about  t h e  s i z e  o f  fou r   c i t y   b locks  was se l ec t ed   w i th   roads  and 
rai l roads  forming  the  boundaries  o f  e square.   Continuous  practioe was 
g i v e n   i n   f o l l o w i n g   t h i s   s q u a r e  -- about 5 t i m e s   t o   t h e   l e f t   a n d  3 t imes 
t o   t h e   r i g h t .  

. .  

4 .  Then t h e  seme course was fol lowed  using  ol imbing  and  gl iding  turns  -- twice.  
5. A 360' approach   to   l anding  was taken  on t h e   r e t u r n  t o  t h e   f i e l d .  
6. Landing:  Without t e l l i n g  me i n  advance, I was a l l o w e d   t o  make a Landing-- 

w i t h   t h e   i n s t r u c t o r   g i v i n g   s p e o i f i o   i n s t r u o t i o n s   a n d   p a r t i a l l y   h e n d l i n g  
con t ro l s .  

7. Tax i :   t o  o r ig ina l  pos i t ion   near   henger .  

comnents: 

1. F o r   t h e  first time I h a n d l e d   t h e   t h r o t t l e   d u r i n g   t h e   e n t i r e   s e s s i o n .  I n  
the  preoeding  session^; I had  not used t h e   t h r o t t l e   a t   a l l   a l t h o u g h  I 

2 ,  Maalieuvers s t ressed:   Rec tangular   course  with l eve l ,   c l imb ing ,   and   g l id ing  
hed during the   2nd   end   3rd   sess ions .  , 

3. Correc t   g l id ing   angle  is determined  largely  through  audi tory  cues  -- a 
t u r n s .  

t h e   p r o p e l l e r  whioh  slows down u n t i l  it p resen t s  e kind o f  s t roboscopic  
c e r t e i n  hum o f . t h e  motor  and  whistl ing of t h e  wind. A v i s u e l  cue is 

4. So far  there   has   been no explana t ion  as t o  how t o  judge  one 's   approach  in  
appearance. 

l anding  -- when t o  l e v e l  o f f ,   e t c .  

t h e r e  was less  tendency  to drop the   nose.  I st i l l  had   d i f f i cu l ty   j udg ing  
t h e   e b t i t u d e  of the   p lane   dur ing   tu rns  due t o  t he   "o f f   . c en te r "   pos i t i on  
o f  t h e   p i l o t .   I n   d i s c u s s i o n  w i t h  t h e   i n s t m o t o r ,  he s a i d   t h a t   t h e   p o i n t  
to t h e   l e f t  o f  a e n t e r  which is s l i g h t l y  below the   ho r i zon   du r ing   l eve l  
f l i g h t   s h o u l d  be k e p t   a t  t h a t  l eve l  d u r i n g   l e f t  o r  right t u r n s .  (This 
supersedes  and  corrects  what i hed  reported  on  February  26th.)  

' 5 .  This time I c o n t r o l l e d   t h e  amount of  benk during t u r n s  much be t t e r   and  
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;Four t een th   In s t ruc t ion   F l igh t .  
! 

Date:  April  24, 1940 
Time: 4:45 - 5 f 1 5  

! 
~ 

.~ Log t o  date:  6) hours 

This  session was devoted a s   b e f o r e  t o  take-off8  and  landings.  Five f l i g h t s  
iaround t h e   f i e l d  were made. Due t o   t h e   d i r e c t i o n  of the   wind ,   the   t ake-of fs   and  
 landings had t o  be -de s l i gh t ly   c ros s -wind .   A l l . t he   l and ings   were   s a t i s f ac to ry  
iand t h e  f irst  th ree   excep t iona l ly  good; i n   t h e   l a s t   t w o ,  however, t he   ang le  o f  
! g l i d e   b e f o r e   l e v e l l i n g  off was a l i t t l e   t o o   s h a l l o w ,   r e s u l t i n g   i n  a s l i g h t  "mushing" 
iof the  plane.  

! 
lings. Previous ly ,  I had  had   d i f f icu l ty  i n  j u d g i n g   t h e   c o r r e c t   t i m e   t o   l e v e l  of f  
lsnd i n   p u l l i n g   t h e  wheel baok s u f f i c i e n t l y   t o  make a 3-point   landing.  As noted 
!before i n   t h e   p r e v i o u s   s e s s i o n s .  good landings   were   no t   ob ta ined   un t i l   the  e,nd of 
phe   ins t ruc t ion   per iod .  '@is time, however,  possibly.  due t o  t h e   r a t h e r  long 

ifirst th ree   l and ings  were cha rac t c r i zed  by a r a the r   o f f -hand   a t t i t ude   t oward   t he  
! i n t e r v a l   s i n c e   t h e  last  i n s t r u c t i o n   p e r i o d ,   t h e  bad h a b i t s  had dropped  out. '@e 

~ o w e v e r l  I 'began t o   n o t i c e  that the  cross-wind was causing a s l igh t   w ind-d r i f t . ,  
bending  process,   and by a feel ing  of   confidence.   During  the first t h r e e   l a n d i n g s ,  

k h i s  made me conscious  of a fu r the r   compl i ca t ion  and d i s t r a c t e d  my a t t e n t i o n  from 
$he a t t i t u d e  of the  plane  and  the  approach  of  the  pline  toward  the  ground. As a 
b e s u l t ,   t h e   l a s t  two landings  were  poorer   than ' the first th ree .  

T h i s  s e s s i o n  was i n t e r e s t i ~  i n  its l i g h t  upon the   p rogress  of l ea rn ing   l and -  

. .. 

! Anothe r , i n t e re s t ing   ' obse rva t ion  was t h a t  I 'had  reached  the  stage  where I 

bf t h i s ,   t h e   i n s t r u c t o r  had t o  oaut ion  me concerning  tvc  possibly  dangerous  prac- 
bould be a l i t t l e ' l e e s   c a r e f u l ' i n   t h e   a c t u a l  maneuver a t  t h e  moment. As a r e s u l t  

' t i ces :  l s t ,  g iv ing  full t h r o t t l e  t o  s t a r t   t h e   t a k e - o f f   r u n   b e f o r e   e n t i r e l y  com- 

bf te r   the   o r ig ina l   t ake-of f   c l imb.   Another   cor reo t ion  was f o r  t he   t endency   t o  
$leting the   obse rva t ion   t u rn ,   and   2nd ,   go ia   t oo   ab rup t ly   i n to   t he   o l imb ing   t u rn  

ba i t  too   long   dur ing   the   t ake-of f   before  raising t h e  t a i l .  
~ 

i n  o rde r  t o  c o r r e c t  for d r i f t .   D r i f t i n g  is eas i ly   obse rved  by not ing  whether   the 
plane is t r e v e l l i n g   i n  a s t r a i g h t   l i n e   t o w a r d   a n   o b j e c t .  

The c ross -wind   l and ing   r equ i r e s  a' s l i g h t  lowering of  the  wing  toward  the  wind 

t t r a i g h t  end   l eve l  f l i g h t ,   f o r   g o i n g   i n t o  glides and medium t u r n s ,  have beoome 
By t h i s   t i m e  the   opera t ions   neoessary   for  t a x i i n g ,   f o r  r u d d e r   c o n t r o l ,   f o r  

fa ther   au tomat ic .  I n  the   ca se  of the   turns ,   however ,  I em s t i l l  c o n s c i o u s l y   a t -  
empt ing   t o   oco rd ina te   t he   a i l e ron   and   rudde r  movements.  Sometimes I f o r g e t   t o  
e l ease   p re s su re  from t h e   r u d d e r   s f t e r   t h e   t u r n   h a s , b e e n   s t a r t e d .  On the  whole,  

eem t o  be a b l e   t o   k e e p   t r a c k  o f  s u r r o u n d i n g   t r a f f i c   f a i r l y   w e l l ,   a l t h o u g h  I have 

4 f t e r  t h e  take-off  cl imb. In t h e   p r e v i o u s   s e s s i o n   t h e   i n s t r u c t o r  had  pointed  out 
o t  Yet  formed t h e   h a b i t  of l o o k i n g   b a c k   t o   t h e   f i e l d  when making t h e  f i rs t  t u r n  

t h e   d e s i r a b i l i t y  of   such  a 'habi t .  

f 
s; 
however, I seem t o  be c o o r d i n a t i n g   t h e   r u d d e r   a n d   s i l e r o n   f a i r l y  well.. I a l s o  
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2., According to   obse rva t ions   eppea r ing  i n  t h e   i n t r c s p e o t i v e   r e p o r t s ,   t h e  
recogni t ion  of and c o r r e c t   i n t e r p r e t a t i o n  of these  cues  (many of  them pecu l i a r  
t o   t h e   f l y i n g   s i $ u a t i o p )   c o u l d   b e   f a c i l i t a t e d  by a greater   emphasis   upon.directed,  

velopmbllt of the   capac i ty   to   recognize   and   use   cues   should  be f a c i l i t a t e d  by mek- 
c o n c e n t p a t e d   a t t e n t i o n   t o  thaee cues   dur ing~demonst ra t ion  o f  mneuvers .  The de- 

i n g   c r & n i z e d   i n s t r u c t i o n   i n   t h e s e   m a t t e r s  e d e f i n i t e   i n s t e a d  of a n   i n c i d e n t a l  
f e a t u r e   o f   t h e   t r a i n i n g '  program. 

C. Dovelopment o f   S k i l l s .  

As t he   s tuden t   p roceeds   t h rough   t he   i n s t ruc t ion  program, h a b i t s  o f  manipula- 
t i o n   o f   c o n t r o l s   i n   c o - o r d i n a t e d   p a t t e k n s  must bo developed.   Introspect ion by 
t h e   e s s i s t a n t   i n v e s t i g a t o r   s u g g e s t s   t h a t   t h e  development o f  t h e s e   h e b i t s  i s  ef-  
fec ted"by   the   fo l lowing   fec tors :  - 

1. Regular i ty  o f  In s t ruc t ion   Pe r iods .  It wes noted tha t  when t h e   i n t e r v a l s  
between  sessions were irregular o r  l eng thy ,   t he   au tomet i c i ty  of control   co-ordina-  
t i o n ,   e s p e c i a l l y  o f  a i l e ron   and   rudde r .   t ended   t o   b reak  awn. Judgments necessary 
for es t ime t ing   fo r   g l id ing   ang le   and   approach   t o   l and ing   a r e   e l so   adve r se ly   a f -  
f ec t ed .  

2. Prov i s ions   fo r   P rac t i ce   and  Review. In   connect ion w i t h  t h e   s c h e d u l e   f o l -  
lowed In   the   p rac t ice   and   rev iew of maneuvers ,   the   fol lcwing  i tems  appear  t o  be 
o f   p a r t i c u l a r   s i g n i f i c a n c e  : - 

o f  consecut ive s h o r t  f l i g h t s   a r o u n d   t h e   f i e l d .  The s h o r t  time elapsing  between 
take-off  and landing i n   t h e   i n d i v i d u a l  f l i gh t s  produced two e f f ec t s : -  

e,. P r a c t i c e  i n  take-off6  and  landings wes highly   concent ra ted ,   cons is t ing  

( 1 )  There was cons iderable   t ens ion   th roughout   such   ins t ruc t ion   per iods  
because   insuf f ic ien t   t ime was a v s i l a b l e   t o   " r e c o v e r "  from the  exci tement   aroused 

and  lending.; 
by t h e   p e r f o m n o s   o f   t h e   d i f f i c u l t   a n d   r e l a t i v e l y   h e z e r d o u s  maneuvers  of  take-off 

(2) Review of  previously  learned  maneuvers was neglected.  

t u r n s ,  s talls ,  fo rced   l and ings ,   e t c .  I includes  review of previously  learned  opera-  
.b. 'Although p r a c t i c e   o n   t h e  more d i f f i c u l t  maneuvers,  such a s  720' power 

t i o n s ,   s u c h  as co -o rd ina t ion   o f   con t ro l s ,   ma in ta in ing   s t r e igh t   and   l eve l   f l i gh t ,  

angle,   suoh  review was t r e a t e d   a s  e v e r y   i n c i d e n t a l   f e e t u r e  o f  i n s t r u c t i o n   d u r i n g  
ooming ou t   o f   t he   t u rn   %n   cour se" ,   end   ma in ta in ing   co r rec t   g l id ing   and   c l imb ing  

the   per iod   devoted   to   the  more complex  maneuvers l i s t e d  above. 

c .   S ince   the   l ending  maneuver requires   oont inucus ju-ent as t o  the l e n g t h  
o f   t he   g l ide ,  t h e  d i r e c t i o n  end v e l o c i t y  of the   wind ,   and   the  moment f o r  f i n a l  
l e v e l i n g   o f f ,   l i t t l e   c o n s c i o u s   a t t e n t i o n   c a n  be paid t o   t h e   a t t i t u d e   o f   t h e   p l a n e .  

ad jus tmen t s   fo r   p l ene   s t ab i l i t y   have  become ra the r   au t cme t i c .  
It would therefcre ' seem  tha t   l anding8  should  no t  be undertaken by t h e   s t u d e n t   u n t i l  

D. Speci f ic   Di f f iou l t ies   Encountered .  

Fc l l cwing   a r e   cbse rvs t i cns   on   s eve ra l   spec i f i c   d i f f i cu l t i ea   expe r i enced   du r -  ' 
i n g   t h e  f l i gh t  i n s t r u c t i o n ' b y  t h e  a s s i s t a n t   r e s p o n s i b l e   f o r   t h e   i n t r o s p e c t i v e  re- 
ports .   Confirmation by o the r   such   r epor t s  may be   he lpfu l  i n  i n d i c a t i n g   a r e a s  re- 
quiring  emphasis by i n s t r u c t o r s   d u r i n g   t r a i n i n g : -  
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1 I. Because of t he   ex i s t enoe  of hab i t s   a s soc ia t ed   w i th   t he   ope ra t ion  of an   au to-  
I m o b i p ,   t h e r e  i s  e tendenoy t o  use the   wheel   as  a turn ing   devioe .   Speoia l   a t ten-  
( t i o h m u s t  be given t o   t h e   e l i m i n a t i o n  of th i s  in t e r f e renoe   e f f eo t .  

i 2. There is a p e r s i s t e n t   t e n d e n o y   t o   t r y  t o  l e n g t h e n   t h e   g l i d e  by p u l l i n g  b o k  1 on t h e  wheel.  This, of oourse ,   has   exac t ly   the   oppos i te   e f fec t .   This   t endenoy is 
; one   r equ i r ing   s e r ious   oons ide re t ion  i h  t h e  first steges o f  f l i g h t  inStNOtiOn. 

~ 3 .  There is a marked  tendenoy for t h e   i n e x p e r i e n c e d   p i l o t   t o   r e s t r i c t   e t t e n t i o n  
i t o   t h e   o o n t r o l s  and  nose of t he   p l ane ,   p reven t ing   obse rva t ion  of surrounding traffi0 
land  path of  movement of the  plane.   This  tendenoy must l ikewise  be oounteraoted 
\ th rough  sys temst io   ins t ruot ion   and   d i rec ted   p rao t ioe  i n  s p r e a d i n g   a t t e n t i o n  Over ell 

I 
l f ee tures  of t he   env i ronmen t   r equ i r ing   a t t en t ion   du r ing   f l i gh t .  

i 
1 4.  D i f f i o u l t y   i n   t r a i n i n g   t o   o o - o r d i n a t e   a i l e r o n   e n d   r u d d e r   e d j u s t m e n t  i n  enter- 
iing a t u r n  is increased  by two f a c t o r s :  (a )  t h e  slight leg i n   t h e   r e s p o n s e  o f  t h e  
lplane t o  ahanges i n  the   oon t ro l   su r f eces ,   and  ( b )  t h e   d i f f e r e n c e  i n  e x t e n t  of re- 
lsponse of t he   p l ane   t o   " eppa ren t ly"   equa l  movemefits o f  t h e  two con t ro l s .  

ip la in  why the   beginning   s tudent   t ends  t o  over -oont ro l ,   s inoe   the   beginner  is i n -  
c l i n e d   t o   i n c r e a s e   t h e   e x t e n t  of a i le ron   and   rudder   oont ro l   dur ing   the   per iod  of l a g ,  

I 
r e s u l t i n g  i n  over-banking  and  an  i r regular  t u r n .  

I 

I These   oharaoter ia t ios  of the   response  of t h e   p l a n e   t o   t h e   o o n t r o l s  may ex- 

1 , 
i E. P rao t ioe   P reced ing   t he   F i r s t  Solo F l i g h t .  

i AE n o t e d   i n   t h e   d e t e i l e d   i n t r o s p e c t i o n a  on t h e  first s o l o  f l i g h t ,   t h e   I d i f -  
f i o u l t i e s  of t h i s  flight were minimized by the   p rao t ioe   f l igh ts   t aken   immedia te ly  
/before  I t h e  i n i t i a l  s o l o   f l i g h t  . The ch ie f   va lue   o f   suoh   p rao t i ce   l i e s  i n  t h e  oPPor- 
i tuni ty  for t h e   s t u d e n t  t o  acqui re   in format ion  as t o  wind o o n d i t i o n s   a t   t h e   t i m e  Of 
Ithe solo f l i g h t ,   t h e   c o r r e o t   p a t h   a r o u n d   t h e   f i e l d ,   a n d   t h e   o c r r e o t  p o s i t i o n  for  

usua l ly  aooompenying t h e  first s o l o  f l i g h t ,  it is sugges t ed   t ha t   t he  in- 
preparatory t o  t he   f i na l   app roaoh  for landing.  To a l l e v i a t e   t h e  

t r u o t o r   d i r e c t   t h e   a t t e n t i o n  of t h e   s t u d e n t   t c   t h e s e   p o i n t s   d u r i n g   p r a o t i o e  f l ights  
m e d i a t e l y   p r e c e d i n g   t h e  s o l o  f l i g h t .  

, V. In  Conolusion. i 
I The s t u d y   d e s o r i b e d   i n   t h i s   r e p o r t   r e s u l t e d   i n   t h e  development o f  s tendard  
r l i g h t s  for use in   cbserv ing   p i lo t   per formenoe   end  of techniques for t h e   a n a l y s i s  of 

mportent data concern ing   pa t te rns  of oon t ro l  movements and   gene ra l   f l y ing   hab i t s  of  

rame pro jec t ion .   Tenta t ive   f ind ings   based   on  a s tudy  involving two emall groups 
i l o t e  when viewed  during  slow-motion  projection end when studied  during  freme-by- 

n d i o a t e d . a r e a s   i n  whioh " i n f e r i o r "   a n d   " s u p e r i o r "   p i l o t s   d i f f e r e d   i n   c h e r s o t e r i s t i c  
&its o f  f l i g h t  performanoe. 

photogrephs  taken  during  f l ight .   Photographic   reoords were found t o  y i e l d  

~ 

bnd to   an  expansion  and  ref inement  of both   "que l i te t ive"   end   "quant i ta t ive"  methods 
Pf a n a l y s i s  of phctographio  records  of   f l ight   performanoe.  

Fu r the r   r e sea rch  will be devoted t o  a n  improvement of t h e   s t a n d a r d   f l i g h t s  
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(Appendix - 1 . )  
, .  

i 
, ,  INTRODUCTION ! 

i 1- Appendix A oonta ins   repor t s  on three  independent  stydies  using  the  Procedure 
I for   Analys is   o f   Genera l   F ly ing   Habi t s  o f  P i l o t s .  

! 

~ enoed p i l o t s  ( f l i g h t   i n s t r u o t o r s ) ,   p i l o t i n g  a wheel-type  plane  (Aeronoa  Chief). 
i The repor t   on   th i s   s tudy ,   p repared  on Apr i l  12, 1940, is  g i v e n   i n   s e o t i o n  A o f  t h i s  
! Appendix. 

(&)'The first study  provided an a n a l y s i s  of t h e   f l y i n g   h a b i t s  of 8 exper i -  

~ 

( b )  T h e  seoond s t u d y ,  provided a s i m i l a r   a n a l y s i s  on a g r m p  o f  7 experieno- 
~ e d   p i l o t s   ( f l i g h t   i n s t r u c t o r s ) ,   p i l o t i n g  a s t ick- type   p lene   (P iper  Wb). The re- 
Ipo r t  1 on t h i s  study, prepared on May 31, 1940,, is  given i n  s e o t i o n  3 of  t h i s  Ab- 
I pendix. 

I 

i l y   i n e x p e r i e n c e d   p i l o t s   ( r e c e n t l y   l i o e n s e d   s t u d e n t s ) ,  p i l o t i n g  a wheel-type  plane 

l s e o t i o n  C of t h i s  Appendix. 
~ (Aero1108 Chief) .  The r e p o r t  on th i s   s tudy ,   p repa red  on  June 1 4 ,   1 9 4 0 ,   i e   g i v e n   i n  

! (0) The th i rd   s tudy   provided   in formet ion   on   the   f ly ing   habi t s  of 5 r e l a t i v e -  

I 

2- (a) It should  be  noted  that  i n  t h e  first s tudy   an   a t tempt  was  made t o  
ana lyze   the  ouea  used by the   va r ious   sub jeo t s . i n   j udg ing   p l ene   a t t i t ude ,   r e sponse  
of p l ane   t o   oon t ro l s ,   need  f o r  cont ro l   ad jus tment ,  e t o .  The. information was ob- 
t a i n e d  dur ing  a shor t   oonferenoe   wi th   the   subjec ts   a t   the   conclus ion  o f  the  observa-  
t i o n  f l i g h t s .  Due t o   t h e   d i f f i o u l t i e s   e x p e r i e n o e d   i n   o b t a i n i n g   v a l i d   i n t r o s p e o t i o n s  
, f rom  na ive   subjeo ts ,   8nd   to   the   meagreness  of t h e   d a t e ,  no conclusions  oonoerning 
 the u s e   o f , b u e s  on f ly ing   cou ld  be drawn and, i n  t h e  two l a t e r   s t u d i e s ,   t h i s   p a r t  
iof the  proaedure,  was el iminated.  

ion page 3 of the main r epor t ,   and  i n  g r e a t e r   d e t a i l  below, r e f e r s   t o   t h e   r e v i s e d  
procedure   used   in   the  two  l a t e r   s t u d i e s  and i n  the co-ordinated  proj,eots a t  
Roohester  and  Tulsne. 

~ 

(b) The Procedure  for   Analysis  o f  Qeneral F ly ing   Hab i t s ,   desc r ibed   b r i e f ly  

~ 
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PROCEDURE FUR ANALYSIS OF GZNERAL FLYINI3 HABITS OF P1II)TS 

1. Instruct ions  to   Subjects . :  

"We ere i n t e r e s t e d   i n   o b s e r v i n g  how f l y e r s   p i l o t 8   - p l e n e   t h r o u g h   s t a n d a r d  
f l i g h t s  which  have  been  developed.  Study  the.disgrams aarefully SO t h e t  you 
are f8milie.r with t h e   f l i g h t .   F l y   n a t u r e l l y   a n d   e a s i l y  end  follow  the oourse 
8s olose ly  as you can. I' 

2. The diagrams of Stenda rd   F l igh t s  A. and C1 were t h e n  shown t o   t h e . s u b j e o t  and 
each m8nBuver W 8 S  p o i n t e d   o u t ,   s t r e s s i n g ,   t h e   c h e r e o t e r  of t h e  maneuver  end t h e '  

l i a r   w i t h   t h e   d i a g r a m s ,  he was t o l d   t h a t   h e  would  be kep t   pos t ed   du r ing   f l i gh t  
a l t i t u d e  st which i t  we8 t o  be  performed. After the   sub jec t   hed  beoome femi- 

8s t o  t he   nex t  meneuver. 

3 .  The subjec t   then   p i lo ted   the   p lene   th rough  F l igh t  A with the obse rve r   oe l l i ng  

Handling  Controls 8s ou t l ined  on Reoord  Sheet 1, and on Evalua t ion  of F l i g h t  
out  the  maneuvers.  During  the flight t h e  observer made no te s  on Methods of 

8 s  found  an  Record  Sheet 2. 

4 .  men F l i g h t  A.Wes completed,   Fl ight 'C1 we8 rev iewed  br ie f ly   wi th   the .   subjec t  
be fo re   t ak ing -o f f   fo r   F l igh t  C l .  'During f l i g h t   t h e   o b s e r v e r  cheohed  and en- 

. l e r g e d   h i s   o b s e r v a t i o n s  on t h e  Methods of Handling  Controls  end  Eveluetion of 

I ,  

Fl ight  ., 
5; A t  the   oonolusion of  t h e   f l i g h t   t h e  observer reviewed hi8 notes on Evaluat ion 

and  oheoked the  Over-All  Rating  according t o  t he   f i ve -po in t   s ca l e .  
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iSubjeot: 
IDate: 
IPlsne: 

~ 

i 

F i e l d :  
. . Wind: 

_ .  

Reoord Sheet for Anelps is  of  OBneral F l y i n g H e b i t s  
. .  ,. 

~I. HANDLING OF CONTFiOLS: 
~ A .  Posture: 

~ 

~ 

i 

P o s i t i o n :  

Changes of Posi t ion:  

~ B .  Thrott le :  

Grasping: 

Moving: 

Use of Look: 

Variet ions:  

~ 

~ 

~ C. Rudder: 

P o s i t i o n  of Feet:  

! Changes of P o s i t i o n :  

! Extent of Leg Movements: 

~ D. Wheel: 
~ 

Grasping: 

Variet ions   in   Grasping:  
j 

Moving Ailerons:  

Moving Elevators:  
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':. , Subject: 

Date: 

Record Sheet for  Analysis 

11. Evaluation of Fl ight:  

A .  Following  Course: 
_1 

of-Gan&aI F i p Y a  Rebit&- ' - .  - 
. .  

I 

Exoellent 
Bwd 

Fa.ir 
Poor 

Over-all Rating: Average 

1. Altitude: 

2. Maneuvers : 

3 .  Approaches: 

4 .  Landings: 

., 

B. Turns: 

1. Entry: 

2 .  Bank: 

3 .  Rate: 

4 .  Reoovery: 

c.  Angle of Climb and Glide: 

D. Straight and Level  Flight: 

1. ~onstanoy of Attitude: 

2. Extent of Control  Adjustment: 

E. Throttle  Control: 

F .  Traff ic  Cheok: 

G .  Comments: 
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ANALYSIS  OF GEFJERAL FLYING  HABITS  OF PIMTS 

A .  I n s t r u c t o r s   P i l o t i n g  A Wheel-Type Plane 
, 

~ I. Purpose  of  Study: 

ab le   t o   ma in ta in  good p lene   a t t i t ude   and   ca r ry  out  meneuvers  equally  well by t h e  
The seeming  contrediotion  between  the common b e l i e f   t h a t . e x p e r t   p i l o t s  are' 

use o f  d i f f e r i n g  methods  end the   exper ience  o f  i n d u s t r i a l   p s y c h o l o g i s t s   i n   t h e  de- 
velopment of bes t  methods o f  work i n  indus t ry ,   sugges t ed   an   i nves t iga t ion   t o   de t e r -  
mine t h e   v a l i d i t y  o f  t h e  oommon b e l i e f .  Tc t h i s  end en a n a l y s i s  of t h e   f l y i n g  
h a b i t s  o f  e x p e r t   p i l o t s  was  made t o  de te rmine   what , . i f  any ,  f lying  he 'bi ts   were  re-  

- 1 a t e d  t o  prof ioiency i n  p i l o t i n g .  
I 
~ 11. Method o f  Procedure: (s~ee Procedure  and  Record  Sheets  for  Analysis of General 
~ Flying   Habi t s . )  

The procedure  involved  the  fol lowing  s teps:  

1. Introduotory  remarks t o   t h e   s u b j e c t  were made. 
2. The s u b j e c t s  were f ami l i a r i zed   w i th   S t enda rd   F l igh t s  A and C1 through 

diegrems  end  the  method of s i g n a l l i n g   d u r i n g . f l i g h t   e x p l a i n e d .  
3. Sub jec t s   p i lo t ed   t he   p l ane   t h rough   F l igh t  A ;  the   observer  made notes  on 

posture  and methods o f  manipula t ing   th ro t t le ,   rudder ,  end wheel. 
4. F l i g h t  C1 was rev iewed  br ie f ly   and   then   f lown;   dur ing   the   f l igh t   the  

observer  checked  and  added t o  observs t ions  o f  S tep  3 .  
5. Immedia t e ly   e f t e r   t he   f l i gh t ,   t he   obse rve r   had  a short   conferenoe  with 

t h e   s u b j e c t ,   o b t a i n i n g   i n f o r m 8 t i . p  on  cues  used ih  f ly ing .  
6. Afte r   t he ' codfe renoe ,   t he   obse rve r  made a subjeo t ive   eva lbe t ion  OF t h e  

f l i g h t  on t h e   b s s i s  of cbserve t ions  made du r ing   t he  flight on: 
acourecy i n  fo l l cwing   cour se ,   t u rns ,   ang le  o f  c l i m b   e n d   g l i d e ,   s t r a i g h t  
a n d   l e v e l   f l i g h t ,   t h r o t t l e   o o n t r o l ,   a n d   t r a f f i c  check. 

, 

t he   .Ph i l ade lph ia   e r e8  were  used a s   Fub jeo t s .  The observa t ion  f l igh ts  l a s t e d  30 
The 8 members of t h e   s t a f f  of f l i g h t   i n s t r u c t o r s  f o r  ihe  C.P.T. Program i n  

:minutes   end  the  conference  epproximtely 40 minutes. The planes used were  Aeronca 
!Chiefs.  
, .  

iIII. Method of   Trea t ing   Resul t s :  

On t h e   b a s i s  of t h e   f l i g h t   e v a l u a t i o n   t h e  8 i n s t r u o t o r s  w.ere ranked i n  order  
; o f , p r c f i c i e n c y .  They were then   d iv ided   i n to  two groups -- the   super ior   g roup  com- 
 posed o f  t h e   f o u r   b e s t   p i l o t s ,  end the   In fe r io r   g roup  composed of t h e   f o u r   p o o r e r  
/ p i l o t s .  . .  

! As a cheok on t h e   v a l i d i t y  of t h e   r a n k i n g ,   t h e   d i r e c t o r  of t h e   l c c e l  C.P.T. 
program, who had se l ec t ed   and  wes i n  charge of t h e   i n s t r u c t o r s ,  was a sked   t o   d iv ide  
$hem i n t o  two groups  eocording t o  h i s  Judgment  of t h e i r   f l i g h t   p r o f i c i e n c y .  His 
brouping  end  the one obta ined  by us corresponded  exaotly: 

be ing   exhib i ted  by t h e   s u p e r i o r   o r   i n f e r i o r   g r o u p .   T h i s   o l a s s i f i o e t i o n  made pos- 
Bible a comparison of t h e   f l y i n g   h a b i t s  of t h e  two  groups  end  the  segregat ion of 
Fhe habi t s   oomon t o  both  groups  and 'of t hose  h a b i t s  d i f f e ren t i a t ing   t he   g roups .  

All the   i t ems  o f  observa t ion   were   then   tabula ted  end o l a s s i f i e d  89 to t h e i r  
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A .  Posture:  

Both g roups   s a t  erect  a n d   e x h i b i t e d   s l i g h t  sway with t u r n .  
One of eeoh  group oooked head t o   r i g h t   d u r i n g  l e f t  T 2 0 ° ’ s .  
One of t h e   i n f e r i o r  group moved body baok end  for th   dur ing   landing .  

B. Th ro t t l e :  

Both groups  used 1st f i n g e r  as a i d  i n  f ine   ad jus tment  of t h r o t t l e .  
All but  on8 p i l o t   h e l d  b a l l  o f  t h r o t t l e   i n  palm. 
One of t he   i n fe r io r   g roup   had  3 methods of grasping;  two  of t h e   s u p e r i o r  

group  had 2 methods:  one f o r   r a p i d  ohanges  and,one  for   s l ight   changes:   the  
o t h e r  2 of the  superior   group  had  only one  method. 

f e r i o r   g r o u p   d i d   l i k e w i s e .  

r i g h t  hend somewhere e lse:  two of t h e   i n f e r i o r  removed  hand  from t h r o t t l e  
i r r e g u l a r l y .  

Three of t he   supe r io r   g roup   r e l eased   t h ro t t l e   du r ing  720°0q; two of t he  i n -  

None of the   super ior   g roup  removed hand from t h r o t t l e   u n l e s s   f o r  use of 

C. Rudder: 

Both groups  had  seme.posi t ion of f e e t  on rudder   during t a x i  and  Pl ight .  
Both groups u s e d   l i t t l e   l e g  movement. Note: Extent  of l e g  movement may de- 

pend  upon l e n g t h  . o f  leg. 
- 

D. Wheel: 

.. All but  one held wheel  with thumb toward body and   f ingers   cur led   a round 

All used mostly arm movement f o r   e x t e n s i v e  movement o f  e l e v a t o r s   ( t h i s  must 

All of the   super ior   g roup   used   f inger   and  thumb for s l i g h t   e l e v s t o r   p r e s -  

All’~of the   super ior   g roup  made most of t he   a i l e ron   ad jus tmen t s   w i th  oombina- 
, t i o n  of wrist a n d   s l i g h t  arm movements; two of t he   i n fe r io r   g roup   u sed  

Only  one of the  superior  group  grasped  wheel a t  l e f t  s i d e   d u r i n g  any maneu- 
mostly arm movements f o r  similar adjustments.  

v e r ;   a l l   f o u r   i n f e r i o r  p i l o t s  had  hand a t  l e f t  s i d e  a t  some time during 
f l i g h t .  

Three.   of  the  superior  group  used  both  hands  on wheel i n  d i f f i o u l t  maneuvers 
(72Oo’s, 8’s and  landings)  ; one of t he   i n fe r io r   g roup   had   bo th  hands on 
r h e e l   i r r e g u l a r l y   d u r i n g  flight and two not  a t  all. 

Only one of the   super ior   g roup  m8de more t h a n   s l i g h t   s h i f t s   i n   l o o a t i o n  of 
hend  on wheel; t h r e e  o f  t h e   i n f e r i o r  group made occasional  o r  f requent  
s h i f t s  . 

Three of the  superior  group  used  only  one method of grasping  wheel  while i n  
f l i g h t ;  two of t he   i n fe r io r   g roup   u sed   t h ree  o r  four methods o f  grasping.  

wheel .. 
necessarily  happen).  

sures; , two of t h e   i n f e r i o r  group  did  l ikewise.  

E. Cues Used i n   F l y i n g :  

All pilots  pleoed  primary  dependenoe upon v i s u a l  oues. 
In   de te rmining  wind d i r e o t i o n ,  a W o f  the   super ior   g roup   repor ted  use of 
four o r   f i v e  cues; two of t he   i n fe r io r   g roup   on ly  one of two cues. 
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1 
! 
~ 

! '  ' ~ ' group  reported oueS bes ides   V i sue l ; , t he   i n fe r io r   g roup   r epor t ed   on ly  
I n  d e t e r m i n i n g   h e i g h t   o f ' t e i l  i n  take,off ,  e l l  but  one of t h e   s u p e r i o r  

v i sua l   cues .  ' 
I n  d e t e r m i n i n g   a t t i t u d e  of p l a n e   i n   s t r a i g h t  and l e v e l   f l i g h t ,   t h e   s u p -  

e r io r   g roup   r epor t ed   on ly   v i sua l   oues ;   t he   i n fe r io r   g roup   r epor t ed  
eud i to ry  end k i n e e s t h e t i c  cues as w e l l ' e s   v i s u a l .  

-- 

i 
~ V. Summary of Comon end Di f f e ren t i e t ing   F ly ing   Hab i t s   Exh ib i t ed  by Super ior  

end  Infer ior   Groups:  

, .  

1. 

2. 

3. 
4.  

A.  Hebi ts  Comon t o  Both  Groups: I . 

1.  posture: . ,  

2. T h r o t t l e :  

ments. 

Path  groups set e r e c t  end e x h i b i t e d   s l i g h t  sway w i t h - t u r n s .  

e. Both groups  used f i rs t  f inger   a long   p lunger  as e i d  i n   f i n e   e d j u s t -  

. . b. A l l  but one p i l o t   h e l d   b e l l  o f  t h r o t t l e  i n  pelm. 
3. Rudder: 

e. Both groups hed seme p o s i t i o n  o f  f e e t  on  rudder^ du r ing   t ax i   end  

b.  Both g r o u p s   e x h i b i t e d   l i t t l e  leg movement i n  moving rudder  ber.  

a. A l l  but one pi lo t   he ld   wheel   wi th  thumb toward body and f i n g e r s  

b. All used  mostly erm lbovements f o r  ex tens ive  movements of e l e v a t o r s .  

A l l  p i l o t d ~ r e p o r t e d   p r i m a r y  dependence  upon v isua l   cues .  

f l i g h t .  

4. Wheel: 

grasping  wheel. 

5. Cues: 

B:Flging.Habits D i f f e r e n t i a t i n g   t h c  Groups: 
. ,  

Posture:  
a. The on ly   p i lo t   exh ib i t i ng   fomerd   end  beok  body  movements was i n  

T h r o t t l e :  
Two of t h e   i n f e r i o r   g r o u p   e x h i b i t e d   i r r e g u l a r i t y  i n  t h e  method of 

Rudder: None. 
Wheel: 
e. Use o f  f ingers .   end thumb f o r   s l i g h t   e ' l e v a t o r   p r e s s u r e :   e x h i b i t e d  

by ell of t h e  supe r io r  group  8nd by only two of t h e   i n f e r i o r  
group. 

b. Use of  wrist end s l i g h t  em movement f o r  e i l e ron   ad jus tmen t s :  ex- 
h i b i t e d  by e l l  of the   Superior   group  end by only one of t h e  i n -  
f e r i o r   g r o u p .  

On ly  one of the   super ior   g roup   gresped  wheel e t  extreme l e f t   s i d e  
during  any  meneuver; e l l  of the   in fer ior   g roup   grasped   wheel  e t  
extreme l e f t  sometime d u r i n g   f l i g h t .  

Three of the   supe r io r   g roup   u sed   r i gh t   hand   t o   a id  i n  d i f f i o u l t  
maneuvers (72Oo'sl 8's end  lending) ;  one of t he   i n fe r io r .   g roup  
hed   r i gh t  hsnd on  wheel   i r reguler ly   and one not et .ell. 

the i n f e r i o r  group. 

gresp ing  o r  i n  r e l e a s i n g  o f  t h r o t t l e   d u r i n g   f l i g h t .  

c. Loaetion of hand on wheel: 

d. Use o f  bo%h hends  on  wheel:, 
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e. Frequency of s h i f t i n g   l o o a t i o n  of hand  on  wheel: 
Only one of  . the   super ior   g roup  mede .more t h a n   s l i g h t ,   o o o a s i o n a l   s h i f t s  
i b  looa t ion   o f ' hand   on   whee l ;   t h ree  of t h e   i n f e r i o r   g r o u p   m d e  occa- 
sional :or f requent  s h i f t s .  

. 
C .  Cues i n   F l y i n g   D i f f e r e n t i e t i n g . t h e  Oroups: 

1. Wind D i r e o t i o n :   a l l  of t he   supe r io r   g roup   r epor t ed  use of four o r  f i v e  
m e s ;  two o f , t h e   i n f e r i o r   group repor ted   on ly  one or two.oues.  

2. Height o f  Ta i l   du r ing  Take-off Run: a l l  but  one of the   super ior   g roup  
r epor t ed  oues b e s i d e s   v i s u a l ;   t h e   i n f e r i o r , g r o u p   r e p o r t e d   o n l y   v i s u e l  
cues.  

f e r io r   g roup   r epor t ed   aud i to ry  and k i n a e s t h e t i o  as we31 a s  Visual oues. 

, .  

3 .  At t i tude  of Plane:   the  superior   group  reported  only  visual  oues; the   in -  

V I .  Conolusions: 

A. &en p i l o t s  who can be o l a s s i f l e d  as exper t   on   the   bas i s  of t h e i r   b e i n g  
s e l e c t e d   a s   f l i g h t   i n s t r u o t o r s  f o r  the C.P .T .  program,  exhibit   recognizable 
d i f f e rences  i n  prof ic iency  and methods. 

B. E x p e r t   p i l o t s   e x h i b i t  e common core o f  f l y i n g   h e b i t s  suob as: 
1. genera l  body posture .  
2. tendenoy  of  the body t o  sway s l i g h t l y   t o w a r d   t u r n s ,  
3. l a c k  of l e g  movements i n  moving rudder ,  
4. p o s i t i o n  of f e e t  on rudders   during f l ight  and t a x i ,  

6 .  use of first f i n g e r - t o   a i d  i n  f i n e   t h r o t t l e   a d j u s t m e n t .  
' 5. basio  method o f  g r a s p i n g   t h r o t t l e  and  wheel, 

C. F l y i n g   h a b i t s   d i f f e r e n t i a t i n g   s u p e r i o r   f r o m   r e l a t i v e l y   i n f e r i o r   e x p e r t   p i l o t s  
oocur'.  These h a b i t s  may be of importance  as   disor iminat ing items i n   t h e  
s e t t i n g  up of or i t e r i a   and   i n s t ruc t ion   p rog rams .   D i f f e rences   cha reo te r i s t i o  
o f  t h e   superior^ group  can be roughly   o lass i f ied   as :  

1. Less V W i 8 b i l i t y  of methods  employed as evidenoad by: 
a. frequency of s h i f t s  of l o o a t i o n  of hand  on  wheel, 
b. v a r i a b i l i t y  of method of grasp ing  or i r r e g u l a r i t y  of release of 

0 .  number of d i f f e r e n t  methods of grasp ing   wheel   dur ing   f l igh t .  

of c o n t r o l s ,   e s p e o i a l l y  for f ine   ad jus tments .  

v e r s .  

t h r o t t l e   ' d u r i n g  flight, 

2. Use of wrlst and   f ingers   ra ther   than   whole .a rm movements for manipulation 

3. Transfer  of t h r o t t l e  hand t o  wheel for a s s i s t a n o e   d u r i n g   d i f f i c u l t  maneu- 

4. Looation of hand  on or nea r  toR cen te r  of wheel. 

D. No oonolusions  oan  safely be drawn ooncerning  the.use of oue$ i n   f l y i n g .  The 
few d i f f e rences  which were repor ted  may be due n o t   t o   d i f f e r e n c e s  i n  t h e   f l y -  
i n g   h e b i t s  o f  t h e   p i l o t s   b u t   t o   d i f f e r e n o e s   i n   t h e   c o m p l e t e n e s s  of t h e i r  re- 
p o r t i n g  of t h o s e   h a b i t s .  We are p r i m a r i l y   i n t e r e s t e d   i n   d i s o o v e r i n g  what 
dues the   exper t   p i lo t   depends   upon,   ra ther   than   mere ly  listing el t h e   a v a i l -  
ab l e  oues: a l though  the   ins t ruc t ions   to   the   subjeo t   emphas ized   the   former ,  

ment involved. 
t h e , r e p o r t e d  cues may 'we l l  be r ende red   un re l i ab le  due t o   t h e   p e r s o n a l   j u d g -  

- - 
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I 
~ e v e r ,   t h a t   t h e r e   d o e s   e x i s t  a d e f i n i t e  group of f l y i n g   h a b i t s   r h i o h   r e s u l t  
! 

These conclusions are pre l iminary ,  of cour se ,   s ince   t hey   e r e  bssed, on o n l y  
e i g h t   s u b j e c t s ,  all t aken   f rom  the  staff o f  one a i r p o r t .  They Suggest,  how- 

i n  optimum plane   oont ro l   and   tha t   ex tens ion  of t h e   i n v e s t i g a t i o n   t o   i n c l u d e  
e similar a n a l y s i s  of  o the r   p i lo t s   and   t he  use of more re f ined   techniques .  
suoh as photographic   and  polygrephic   recording,  is j u s t i f i e d .  

j 

~ 

. .. 
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VII. C l s s s i f i o a t i o n  of Flying  Habi ts  of Subjects :  (X  - i n d i c a t e s  that  the i tem 
o f  behavior  was exh ib i t ed  

A. WS'NRE: by the s u b j e c t .  

Erec t  Sway with Turns Cocked  Head Body Back 6 For th  
During Turns During  Landing 

Supe r io r  Group: 
- 

Subject  1 X X  X (360') 
Subjept 2 X 
Subjec t  3 X 
Subject  4 X X 

very l i t t l e )  

I n f e r i o r  Group: 
Subieot  1 X X 
Subject  4 X X 
Subjec t  3 X X 
Subjec t  4 X x 

X 

X 

B. THROTTLE: 

1. Method of  Grasping: - 
Ball i n  Between Fingers  Used F i n g e r   f o r  Used More Then One 
P a l m  and Thumb S l i g h t  Movements Method of Grasping 

- 
Superior  Group: 

Subject  1 
Subject  2 

X X 
X 

Subjec t  3 
X 

X 
Subject  4 X X X 

X 
X 

X 

I n f e r i o r  Group: 
Subject  1 X X 

Subject  3 
Subjec t  2 X 

X 
Subjeot  4 X X 

X(ooaasionellg.)X(irregular change) 
X 
X 
X X(regul8r  change) 

2. Released  Throt t le   During  Fl ight :  

720' 90' Figure  Climb  to  Lending Irrenulerlv 

Subjeot 2 
Subjea t  3 X 
Subject  4 X 

I n f e r i o r  Group: 
Subjec t  1 X 
Subject  2 

x 

.. 

X (few sec. )  

x X(no constant  method) 

Subjec t  3 X(constant method 
but irregular 
r e l e a s e )  

Subjeat  4 x x  X X X 
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C .  RUDDER: 

~ I n f i r i o r  GrTup: 

~ dubjeot  2 
ub j e c t  ! 

~ Subject  3 

Heels Off F loor  
During Taxi 

X 
X 
X 
X 

x 
X 
X 
X 

Heels on Floor  No Leg Movements 
During Taxi Except i n  Taxi 

X X 
x x .~ 

X 
X X 

X ( s l i g h t )  

X 
X 

X ( s l i g h t )  
X 

X X 
X X ( s l i g h t )  

', 

. .  

1. Looetion of Hand on Wheel1 .. . 
Grasued Wheel Grasped Wheel- 
toward Left Side A t  Gft Side  

~ Super ior  Group: 
; - T m x m 7  X 
I 
~ Subieat  2 
~ Subjeot  3 X 
! Subjec t  4 X 
: I n f e r i o r  Group: 
~ Subjeot 1 
~ Subjeot 2 x 
~ SubJaot 3 X 
~ Subject  4 X 
! 

X. ( t a x i )  

X 
X 

X 
X (few seo.) 

! 
! 

2. Use o f  Both  Hands  on  Wheel: 
i 
;Supe r io r  Group: - 
! SubJec-i; 1 x 

' - . 7200:'s 

! Subjeot  2 
~ Subject  3 X 
~ Subjeot 4 X 

~ Subject  2 
~ Subjec t  3 
i Subjeot 4 

,' Fig. 8's. Larding . Irregularly N o t  e t  All , 

X 
X (few seo.) 
x 

X x 
X 

X 

X 

! 
3. Frequenoy  of  Shift ing  Posit ion: - 

]Superior Group: 

! 
I Subject  1 - l e e s t  

! Subjeot 4 - oooes iona l   ( s l i gh t )  

I Subjeot 2 - o n l y   i n  720°'s 
Subject  3 - r e g u l a r  shifts from side t o  oen te r  

f f  Subject  1 - occesionel 
n f e r i o r  Group: 

I Subjec t  2 - occasional  
Subjeot 3 - f requent  
Subject  4 - ocoesional  I 

I 

-__ 
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D. WHEEL: (Continued) 

4.  Movement of Ailerons: 

Mostly Wrist & Fingers  ' S l i g h t  A r m  Mostly A r m  

-7mZd 
Super ior  Grou ; 

x 
~ "~ 
Subject 2 
Subjeot 3 
Subject  4 

I n f e r i o r  Group: 
SubJeot 1 
Subjeot 2 

' Subjeot  3 X 
Subjeot 4 

X 
X 

X 

X 
x 

X 
X 

5. Movement of Elevetors t  

F ingers  - & Thumb for Sl igh t   P re s su re  A r m  Movement f o r  Gree ter  

Superior  Group: 
Subject  1 X 
Subjeot 2 X 
Subjeot 3 X 
Subjeot 4 X 

I n f e r i o r  Group: 
Subjeot 1 
Subject  2 X 
Subjec t  3 
Subjeot  4 X 

Pressure -- 
! 

X 
X 
X 
X 

X 
X 
X 

6. Methods of Grasping  During  Plight:  

F ingers  Around Palm Down with Between Thumb Grasped  F.inger  Tips 
Wheel - Thumb Center Bar Be- and  Finger  
Toward Body tween  Fingers Only  Center Bsr Wheel 

Around Resting  on 

Superior  Group: 
Subjec t  1 X 
Subjeot  2 X 

Subjeot  4 
Subjeot 3 

X 
I n f e r i o r  Group: 

SubSeot 1 X 
Subjeot 2 X 
Subjeot 3 
Subjeot 4 X 

X ( f l i g h t )  
X 

X 
X 

X(during  long 
run)  

X X 
X(few sec) 

. .. . 
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ANALYSIS OF GENERAL FLYINQ HABITS OF PILOTS ' ;  

B.Instruotors Pilotinn 8 Stiok-TsDe Plane 

I. Prooedure: 

Analysis of General Flying Habits" desoribed in the April 12th report. The sub- 

t w o  of the three instr,uators  at the Bloomington, Indiana, airport. All piloted 
jeots include the five instruotors at the College Park,  Maryland, Airport gnd 

a  Piper Cub plane whiah uses a stiok for aileron and elevator oontrol. 

Seven flight instruotors were observed aocording to the "Method of 

On  the baais of the flight evaluation, the subjeots were ranked  in order 
of profioienog and then divided into two groups - the "superior" group oomposed 
of the four better pilots, and.the "inferior" group aamposed of the three poorer 
pilots. 

Th6 obeerved methods of handling oontrols were then tabulated'and 
classified as to their being exhibited by the two groups. 

. . .  
11. Classifioation of Flying  Habits of Subjects: 

x. POSTURE : . .  
SuDerior Graup . E&QQ& Body Turned Sidewise Sw8yed During  Turns 

Subjeot 1 x 
Subjeot 2 
Subjeot 3 X X X (away) 
Subjeot 4 X X (during S l s )  X (toward) 

X (toward) 
X X (toward) 

Inferior GTOUD 
Subjeot 1 X 
Subjeot 2 X 
Subjeot 3 X 

X 

i .. B. THROTTW: 
1. Method of Grasping: j , . _ ,  

, Subjeot 1 . x  
~ Subject 2 x 
! Subject 3 X X (released oooaaionally: 

. 
' . .  . Hend,Reeting on Side of Plane: I SuIJeriOr Group Throttle  between T h  umb & let Fingers Variations  DurSna  Maneuvers 

.. . .  - 

Subjeot 4 x X (throttle in  palm). 
~ Inferior GI-OUD 
i 
i Subleot 1 X X 
I Subjeot 2 X 

~ Subjeot ~3 X 
i 
~ 

i 
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B. THRO'ITm: (Oontinued) 

2. Mcvinn of Throttle: 
Mostly  Fingers Mbstly Wrist Mostly Arm 

Superior Grox: 
Subjeot 1 X 
Subject 2 X 
Subjeot 3 X 
Subject 4 X x (oooasionaily) 

Inferior Group: 
Subject 1 X 
Subjeot 2 X 
SubJeot 3 x - '  

.. 

C. RUDDER 
I 

Note: It vas impoasible to observe position and use of feet in  rudder 
coptrols. 

D. STICK: 
1. Method of GrasDinn: 
.. . 

Superior 'C;rouu: ~ On TOD On Side 
Location of Thumb  FinKers E.nciroled 

Stick 
Subjeot 1' X X 
Subject 2 X X 
Subjeot 3 x x 
Subjeot 4 X X 

W r i o r  CIroup: 
~ Subjeot 1 X X 

Subjeot 2 X X 
Subjeot 3 X I 

- 
2. Variations in Grasping: 

SuDerior Group : Released or Shifted Thumb -FliPlinht 
Subject 1 X 
Sbbbjeot 2 X X (during 1500' olimb merely rested 
Subjeot 3 X hand on top of s t i o k )  
Subjeot 4 X 

Inferior Or oup:~ 
Subject 1 X 
Subject 2 
Subjeot 3 

X (during 1500' olimb & return to field) 
x (oooasionally ) 
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~- - , i D. STICK: (Continued) 

i 3. Movina S t i o k  for Aileron Adlustduent: 
1 

Mostly  Finger Mostly Wrist Mostly  Rhole A r m  Rested Arm on  Leg 
Movement Movement Movement For   S teads   Cont ro l  

Supe r io r   Grou~ :  
Subjec t  1 X X 
Subjeot  2 
Subjec t  3 
Subjeot  4 

Subjea t  2 
Subjec t  3 X 

X 
X 

X 
X 
x 

x 
X 

X 

4. Movina S t i c k  f o r  Eleva tor  Addustment: 

Used Mere Tightening  Mostly  Mostly  In  Glide,  Let S t i a k  
of  Grasp for S l i g h t  Wrist Am Rest  Against F inger  
AdJustments Movement  Movement 

Subjec t  1 . 
~ x X 

Subjeot  2 X .x 
Subjec t  3 X x " 

Subjeot  4 X 

Subjeot  1 x 
Subjea t  2 x 
Subjeot  3 X 

Superior  Greue: 

I n f e r i o r  Grou~: 

i - 

111. S k e r y  of Common and   D i f f e ren t i a t ing  Flrina Hab i t s   Exh ib i t ed   b s  SuDerior 
a n d   I n f e r i o r  Grouos: 

A. Habi t s  Common t o  Both Grouus: . 

I 1. Posture:  

Both  groups sat e r e a t  and  relaxed. 
F ive  of t h e   s e v e n   p i l o t s  swayed wi th   the  turns. i 

I 
, ,  I 

2 .  Thro t t l e :  

Both groups he ld  the  t h r o t t l e  between thumb and f i n g e r s ,   w h i l e   r e s t i n g  

S ix  of t he   s even   p i lo t s  made t h r o t t l e   a d j u s t m e n t s   l a r g e l y  by a forward 
hand  on s i d e  o f  plane.  

and backward wrist  movement.^ 

~ 

3. St iok :  

S i x  of t h e   s e v e n   p i l o t s   g r a s p e d   t h e   s t i o k   w i t h  thumb on top  or on 
s i d e   w i t h   f i n g e r s   e n o i r c l i n g   t h e   s t i o k   i n   r a t h e r  loose  grasp. 
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E,  H a b i t s   M f f e r e n t i a t i n a   t h e  Two OFouw: 

1. A l l  o f  the   "superior"   group,and  only one of the  "inferior" group  re leased  
or s h i f t e d   p o s i t i o n  o f  t h e  thumb d u r i n g   t h e   f l i g h t ,  ' 

2 .  Two of the " i n f e r i o r "   g r o u p   r e l e a s e d   t h e   s t i o k   e n t i r e l y   f o r  a o e r t a i n  
pe r iod   du r ing   f l i gh t .  

3. Aileron  adjustments  by the   "super ior"   g roup   were   oharaoter iaedby 'a  oom- 
b ina t ion  of wrist and arm movements s t e a d i e d  by r e s t i n g   t h e  arm on 
t h e   r i g h t   l e g .  Two of t he   t h ree   " in fe r io r "   p i lo t s   u sed   mos t ly  free 
arm movements wh i l e   t he   t h i rd   u sed   f i nge r  movements a lmos t   en t i r e ly ,  
exoept f o r  the   extensive  adjustments .  

4. Elevators   ad jus tments  by the  :superior"  group were oharaoter iaed  by a 
oombination of wrist movement and   t igh ten ing  of t h e   f i n g e r e   f o r   t h e  
less extensive  adjustments .  Two o f  t h e   t h r e e   " i n f e r i o r "   p i l o t s   u s e d  
m o s t i y  free arm movements. 

6. The two b e s t   p i l o t s   l e t  the weight of t h e   s t i c k  rest l o o s e l y   a g a i n s t  the 
hand  during  gl ides .  

JV. Conolusions:. 

A .  The oonolusion  (previously made on t h e  basis of observat ion of sight p i -  
l o t s  on t h e  Aeronoa Chief )   tha t   even   exper ienaed   p i lo t s   exhib i t  
reoognizable   d i f fe renoes  i n  profioienoy  and  methods is confirmed. 

B. A oammon oore of f l y i n g   h a b i t s   i n   t h e   e n t i r e  group was observed,  inolud- 
ing:  

. .  1. E r e c t  and   re laxed   pos ture   wi th   t endency   to  sway wi th   t he  turns. 

2. A t endenoy   t o   g ra sp   t he   t h ro t t l e   be tween   t he  thumb end   f i nge r s  w i t h  

wi th  a forward  and baokward wrist movement. 
t h e ' h a n d   r e s t i n g  on the s i d e  of the   p lane ,  and t o  move t h e   t h r o t t l e  

3. A tendency t o  grasp t h e   s t i o k  between  the thumb and   ehoi ro led   f ingers  
i n  a r a t h e r  l oose  grasp. 

C. Hab i t s   d i f f e ren t i a t ing   t he   " supe r io r "  from t h e   " . i n f e r i o r "   p i l o t s  in- 
oluded: 

1. S h i f t i n g  o r  r e l e a s i n g   t h e  thumb on t h e   s t i o k .  

2. R e s t i n g ' t h e  8rm on the right l e g  and us ing  the latter t o ,   s t e a d y  t h e  oon- 
t r o l  of t h e   s t i o k  for a i l e r o n   a d j u s t m e n t s   r a t h e r   t h a n   l e t t i n g  the 
arm hang  f ree .  

3. Yaking   the   l ess   ex tens ive   e leva tor   ad jus tments  by a combination of mist 
movements and   t igh ten ing  02 t h e  f inger   g rasp .  



ANALYSIS  OF CWERAL FLYING HA3ITS OF PILOTS . I '  , 

C. Reoent l s   L ioensed   S tudents   P i lo t inn  A: Rhegl-Tym~.Plsno 

1 I. .Ppoedure;  
. ~. 

I 

j & t h e   b a s i s  o f  t h e  flight eva lua t ions ,   t he   sub jeo t s  were ranked   in   o r -  

' l i c e n s e s  i n  t h e   l o c a l  C.P.T. Program.  were  observed  aooordlng ' to the YPFo- 1 oedure for Analysis o f  General   Flying  Habi ts" ,  as desoribed above.' .The, p1a;ne 
~ used was an Aeronoa  Chief. 

F i v e   s t u d e n t s  who had   jus t   p rev ious ly   ob ta ined  their private:f lying 

.. . 

~ 

~ d e r  of p rof io ienoy  and   then   d iv ided   in to  two groups :   the   "auper ior"   50up,  oom- 
1 posed of  t h e  two be t t e r   p i lo t s ;   and   t he   " in fe r io r ' !   g roup ,  composed of $he t h r e e  ' 'poorer   pi lots . '  The observed  methods o f  hand l ing   t he   oon t ro l s  wera then  tabu- i l a t e d ' a r i d   o l a s s i f i e d  as to t h e i r   b e i n g   e x h i b i t e d  by t h e  two groups. 

. ,  

1 1  

~ E r e c t  Sway in   Turns  Considerable  Body  Mover 

.. .. 

A. POSTURE: . .  

1 

i 
I Sunjeot  2 X 

I 
I 

- 
Super ior  &OUR: 

Subjec t  1 X 

I n f e r i o r  &OW: 

Sub.leot 1 X 

ment 

X (toward) 

X 
X (toward) 
.X (away) X 

B c  THRO"LF,: 
. .  

Palm 
Ball i n  

SuDerior Group: 
Subjeot  1 X 
Subjeot  2 X 

I n f e r i o r  Group: 
Subjeot  1 X 
Subjeot  2 X 
Subjeot  3 X 

Mo'atly F u l l -  
Finger  Along 
Plunger  For Used 

A r m  Movements S l i n h t  Movements Look 
. .  

X 
' X  (oooas iona l ly)  . E ' S  8 i e v e l -  

l n  8's 

: i 
l i n g  off 

X x 
x 
X X' 

C. RUDDER: 
Basio   Pqs i t ion  of  
Heels on F loor  & 
Ball of Fee t  on &r 

Suoerior  Group: 
Subjeot  1 X 
Subjec t  2 X 

I n f e r i o r   ~ r o u u :  
SubSeot 1 X 
Subjeot  2 X 
Subjec t  3 X 

, ,  . .  

Heels Off Floor  
Extent  of Leg 

Durinn  Taxi 
Wavements 
Durina TliRht 

X 

X 

S l i g h t  
S l i g h t '  ' 

S l i g h t  
S l i g h t  ' ' 

Ooossional side 
t o   s i d e  move- 

.h 



D. WHEEL: 
, 

1. Looation ~~ of HBnd on Wheel; .: . -  . .. 

At Center Toward Left Side At Left Sidp Shifts in~Loostion 

Inferior Grouu: 
. .  

. .  

Sub jeot .1 X 
Subject 2 X During 8's 
Subject 3 X 

2 .  Use of Both Haids on Wheel: 

720'8 Finure 8's Take-Off Landina Irremlarls Mot At All 
. I  - 

Suuerior Group: . 
Subjeot 1 X 
Subject 2 X 

Subjeot 1 .. . X 
Subjeot 2 X X 
Subjeot 3 X 

Inferior Orou~: 
~. ~ 

3. Method of 5rasuina: 
. .  

, .  . 
on T o p  

:Center Bar Be- 
.tween Fingers 

. ,  

SuDerior Grouu: 
Subjeot 1 X 
Subject 2 

Subjeot 1 
Subjeot 2 
SubJeot 3 

Inferior Gr 
. .  

DUD : 

Palm on Top - slightly Fingers on Top-  
to Left of Center Bar 
Thumb Along Wheel Rim 

Palm Toward 
Wheel  Thumb Along 

X 

X 

X 
X 

4. Method of MoVinR Wheel: 

Mostly Arm Wrist and Slight Pingers For 
Movements Arm Movsmehts  Slight Pressure 

Suuerior &OUD: 
Subject 1 
Subject 2 

Inferior @MID: 
Subjeot 1 X 
Sub  jeot '2 
Subject 3 x 

, ,  

X 
X 

X 
X 

X 

X 
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Both groups sat e r e c t   a n d   e x h i b i t e d . s l i g h t  $war  in.  turns. 
Only  one sub jec t   ( t he   poores t )   l eaned   BIB^ from t h e   t u r n s .  
only one sub jec t   ( t he   poc res t )   exh ib i t ed   i r r egu la r   and -cons ide rab le  body ~ 

movement d u r i n g   f l i g h t .  

B. T h r o t t l e :  

Bo th   g roups   he ld   t h ro t t l e   ba l l   i n  palm of hand  and  f inger   a long  plunger .  
Both s u b j e c t s  of 'the "super ior"  g r o u p  and  none of - the   " infer ior"   g roup  

u s o d   t h e   t h r o t t l e  l o o k  for c e r t a i n  maneuvers. 

C. Rudder: 

Only one sub jec t   ( t he  poores t )  made o the r  t h a n   s l i g h t  l e g  movements 
Both groups  exhibited the Bame bas io  f o o t  p o s i t i o n  on t h e  rudder  bar.  

d u r i n g   f l i g h t .  

D. Wheel: 

1. Location of Hand on Wheel: 

Both  groups  held  the  wheel a t  t h e  center .  
Only  one sub jec t   ( i n   . t he   " in fe r io r "   g roup)   sh i f t ed   l oca t ion  of -hand 

on wheel  during flight. 

2. Use cf  Both,Hands on  Wheel: 

One of  the   "super ior"  and  one of  fhe  " infer ior ' '   groups  used  only one 

The o the r   sub jec t s   u sed   r i gh t  hand t o  a s s i s t  i n  cer ta in  mneuvers .  
hand  throughout. 

3. Method of Grasping: . 
' A l l  but  one of t h e   s u b j e c t s  ( in  the  " infer ior"   group)   grasped  the 

a h e e l  by p l a c i n g   t h e  palm on top   and   enc i r c l ing   t he   f i nge r s   abou t  
t h e  rim widh thumb extended  along rim. 

f i n g e r s .  

toward  the  wheel   with  the  f inuers   on  top,  t h e  thumb extending  a long 
t h e  rim. 

The bes t   sub jeo t   he ld  t h d  oenter   bar   between  the  second  and  third 

One of t h e  " i n f e r i o r "  grcup  grasped  €he  wheel by p l a c i n g   t h e  palm 

4. Method o f  Moving Wheel: 

Two o f  t h e   t h r e e   s u b j e o t s   i n   t h e   " l n f e r f o r " ' g r o u p  and.  none i n   t h e  
"superior"  group  used.mrs%ly arm movsmen'ts f o r  moving  wheel. The 

.. others   used   mos t ly   wr ia t .and   s l igh t  arm movements. . .  
One of  Paoh group  used  f ingers for s l i g h t   p r e 8 s u r e s  on wheel. 



A. Habit8  Comon t o  Both  Groups: 
, ,  , , .  

. .  
. 1~ 

1. Posture:  
. , .  . . ,  

Both  groups sat e r e a t   a n d   e x h i b i t e d   s l i g h t  sway i n  turns. 

2. Thro t t l e :  

' '  B o t h  groups  used a similar method for grasp ing  the t h r o t t l e .  
. .  

5 .  

3. Rudder: 
. .  . 

Both  groups  exhibited erne b a s i c   f o o t   p o s i t i o n  on the  rudder   bar .  
Both  groups made only slight l e g  movements dur ing  flight. 

.. 

4~.' Wheel! . ' ' . 
: .  

Both  groups  held the wheel a t  t h e  oenter .  
Nei ther   group  exhibi ted a tendenoy t o  make f r e q u e n t   s h i f t s  of looa-  

Both  groups  used a similar method of 'grasping  the  wheel.  
t i o n  of hand on wheel. 

B. FlYinR H a b i t s   D i f f e r e n t i a t i n k   t h e  Groups: 
; I . .  , ,. 

1. Posture:  

The poores t   subjeo t   l eaned  away from r a the r   t han   t oward   t he   t u rns  
and   exhib i ted   i r regular   end   oons iderable  body movement dur ing  

' , . I  ' - f l i g h t .  

.' 2. T h r o t t l e :  
. .  

Those in the  "superior"  group  tended  to '  use t h e   t h r o t t l e   l o a k  oo- 
oas iona l ly .  

3. Rudder: . .  

' The,  poorest   subjeot was t h e  on ly  one '=king' o t h e r   t h a n .   s l i g h t   l e g  
movements d u r i n g   f l i g h t .  

. I  

' - . 4 .  Wbeel: , ,  . . .  

The on ly   sub jec t   sh i - i t i ng   l oca t ion  of hand  on  wheel was i n  the 

The bes t   and   the   poores t   subjeo t   used  a method of grasp ing  wheel 

The'   "superior"  group  tend&  to use m o s t l y   o r i a k ' a n d ' a l i g h t  arm move- 

" infer ior"   group.  

. . s l i g h t l y   d i f f e r e n t  from t h a t  of the .   o ther   subjeota .  _. 
menta r a t h e r   t h a n  h o l e  arm movedlentCfor ohangins the  wheel po- 
s i t i o n   d u r i n g   f l i g h t .  



(Appendix - 21. 

V. Disoussion  and  Conclusions: 

i n d i o a t e s   t h a t   t h e r e   a r e   h a b i t s  oommon t o   s u p e r i o r  and i n f e r i o r   p i l o t s   a n d  
t h a t   t h e r e   a r e   h a b i t s   d i f f e r e n t i a t i n g   t h e  two groups. 

T h i s   i n v e s t i g a t i o n ,   l i k e   t h o s e  made on the  other   groups of s u b j e c t s ,  

Comparison o f  t h e   r e s u l t s  o f  t h i s  i nves t iga t ion   w i th   t hose  of t h e  
s tudy   us ing   the  f l ight i n s t r u c t o r s  as sub jec t s   r evea l s   t he   fo l lowing :  

A. Habi ts  Common t o  Both Infer ior   and   Super ior   Subjec ts   in  Both I n v e s t i -  
ga t ions   a r e :  

1. Erec t   pos tu re  and sway wi th   tu rns .  
2. Basic  method.of  grasping  thrott le  and  wheel.  
3. Pos i t ion  of f e e t  on rudder   bar .  
4. Lack  of  extensive leg movements i n  moving rudder   bar .  
5. Use of f i n g e r   t o   a i d  i n  f i n e   t h r o t t l e   a d j u s t m e n t s .  

B. Habits Common t o  t h e  S tuden t s   bu t   D i f f e ren t i a t ing   t he   Supe r io r   and  
I n f e r i o r   I n s t r u o t o r s   a r e :  

1, Looation of hand a t  o r  near   top   oenter  of  wheel. 
2. Lack  of s h i f t s  of l o c a t i o n  of hand on wheel. 

C. Habi t s   Exhib i ted  by I n f e r i o r   S u b j e o t s  i n  Both S tud ie s   a r e :  

1. I r r e g u l a r  and  ocnsiderable body movements d u r i n g   f l i g h t .  
2.  Use of wrist a n d   s l i g h t  arm movement f o r  s l i g h t   a i l e r o n   a n d   e l e v a t o r  

adjustments.  

D. Other  Findings  are:  

1. The use of  both  hands on the   wheel   dur ing   oer ta in  maneuver6 was 

b u t  no t  i n   t h e  S tudent  Group. 
o h a r a c t e r i s t i o  of t h e   " s u p e r i o r "   s u b j e o t s   i n   t h e  I n s t r u o t o r  Group 

2 .  None of t h e   s t u d e n t s   e x h i b i t e d   t h e   v a r i a b i l i t y  of method of g rasp ing  
and moving c o n t r o l s   o h a r a c t e r i s t i o  of t h e   " i n f e r i o r "   I n s t r u o t o r  OroUp. 

3. The " supe r io r "   In s t ruo to r  Group exh ib i t ed  a greatel .  use of f i n g e r s  
and thumb f o r   s l i g h t   e l e v a t o r   p r e s s u r e s   t h a n   d i d   t h e   s t u d e n t s  8s 
a whole. 
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~ estirtletes of t i l e   s tudea t ' s   pmf ic i ency  in' p i l o t i x ' c  7lw-e. 
!, 

i 
i, 
! 
~ be  nade  most e a s i l y  nod most a c c u r d t e l y  when a p p r e n t i c e s   o r  workers who 

~ a r e   b e i i g   r a t e d  by f o r e m n  on s u p e r v i s o r s   a r e  all G i v h  tl:e s m e  thi.?e 
1 
i t o  'do, i.e.' ,&en t b e  task, the  condit ' rons,  t;le tools, e t c .   a r e  t h e  same 
I 
I f o r , ench  indiv idua l .  ' Only =ad& &u& condi t ions  c a n  obse rve t   d i f f e rences  

I i n  parformade b e   a t t r i b u t e d   p r i m r i l y   t o   d i f f e r e m e s  i z  skill o r  p k f i -  

Experience in industrj .  has danons t r a t ed   t l i a t   r a t ings  on s k i l l  c m  

i 



2. 

im2mvinr: judgnente on t h e  skill of  stndent 2i lots .  This involves t h e  7 









6. 
is a sample  of  instructions  which  have  been  employed  for  this 

purpose. 

We a re   go ing   t o  ,make a check f l i g h t   t a   s e e  how you have 

developed up t o   t h e   p r e s e n t   s t a g e  of   your   ins t ruc t ion .  

Th i s  f l i g h t   r e q u i r e s  you t o   f l y  a   g iven   se t  of mneuvers  in a 

p a r t i c u l a r   o r d e r   a n d  at  desigrrated  a l t i tudes.   Here m e  a 

descr ip t ion   and   d iagram  of   the   f l igh t . "   (The   ins t ruc tor  will 

t h a ' g o  ovor w i t h   t h e   s t u d e n t   t h e   d e s c r i p t i o n  and d i a g r m  of 

t h e   f l i g h t ,   p o i n t i n g  out the   o rde r  of the  maneuvers cand t h e  

s p e c i f i c a t i o n s  as t o  wind d i r e c t i o n ,   a l t i t u d e ,   e t c . )  "You 

a r e   n o t   e x p e c t e d   t o  nrAe t h i s   f l i g h t  Orom memory. During 

t h e   f l l g h t   e a c h   m e u v e r  will be announced i n  i t s  proper 

order  and you will b e   t o l d   t h e   a p p r a p r i a t e   a l t i t u d e  f o r  each 

maneuver  and  be  given  a s i g n a l   a t   t h d   s t a r t  of  each  maneuver." 

"Are t h e r e   a n y   q u e s t i o n s   a s   t o   t h e   f l i g h t ?  Remember, a l l  

I ' m  asking i s  t h a t  you do a s   w e l l   a s  you cnn, pe r fo r rxhg   t he  

w e u v e r s  of t h e   f l i g h t  2s c a r e f u l l y  as possible .   During  the 

f l i g h t  make c e r t a i n   t h a t  you unders tand   exac t ly  what i s  t o  be 

done  before   s tar t ing  each rxneuver.11 .. 

5 - In   gene ra l   t he   fo l lowing   p rocedures   shou ld   be  employed during 

the   s tmdard   check   f l i gh t .  

A .  Immediately  before   each  cr i t ical   rmncuvcr ,   g ive  c lear  con- 

c i s e   i n s t r u c t i o n s ,  as to   a l t i t ude   r equ i r emsn t s ,   g round  

r e fe rence   po in t s  when necessa ry ,   spec i f i ca t ions  as t o  bank 

and  degree  of  turn,   wind  direction,  ctc.  Use t h e   s p e c i f i -  

ca t ions  as given i n  the   s tnnda rd   f l i gh t   desc r ip t i sns   p repa red  

f o r   t h e   l o c a l   a i r p a r t .  

E. Xake c e r t e i n  th;t t h e   p k n e  i s  i n   c o r r e c t   p a s i t i o n  befere 



7. 

g iv ing   t he   s igna l   fo r   each   success ive  maneuver. If t h e  

c o r r e c t   f l i g h t   p a t h  i s  i n t e r r u p t e d  by a s tuden t  error o r  by 

t r a f f i c   c o n d i t i o n s ,   r a g z i n   c o r r e c t   p o s i t i o n   d u r i n g   t h e   s u c -  

ceeding   t rans i t ion   mwuuver .  

C. During t r a n s i t i o n  maneuver A, i f  the   s tuden t  i s  unable t o  

trim the   sh ip   p rope r ly ,  do it f o r  him a f t e r   g i v i n g  him ample 

o p p o r t u n i t y   t o  do s o  himself.  

U. Remember t h s t  t h e s e   f l i g h t s   a r e  check f l i g h t s ,   n o t   i n s t r u c t i o n  

f l i g h t s :  make no comments t o   t h e   s t u d e n t  as t o  t h e   q u a l i t y  of 

t he   l a t t e r ' s   pe r fo rmance  2nd do n o t   t a k e   o v e r   t h e   c o n t r o l s   f o r  

cor rec t ive   purposes ,   except  i n  the  cam  of   emergencies ,   or ,  

except in  t r a n s i t i o n  maneuvers in o r d e r   t o   r e g a i n   t h e   c o r r e c t  

f l i g h t   p a t h .  

A fair t r i a l  o f   t h e  abova program  should result i n  more r e l i a b l e  

: judgments on s tudent  skill i n   p i l o t i n g .   S u c c e s s   i n   t h e  use of t h e  

i f l i g h t s  depends e s s e n t i a l l y  upon the   ca re   w i th  which l n s t r u c t o r s   a d a p t  

 the s t a n d a r d   f l i g h t s   t o   t h e   f l i g h t   l o c a l i t y  and upon the i r   adherence  

 to s tandard   condi t ions  in adminis te r ing  s o  as to   provide  compwable 



Exhibits 1 to 5 





Standa rd   F l igh t  A 2. 
. .  

'10. Sl'@AICfiT CLIMB: i n t o  rrind w i t h  opt- c l imb ipg   ang le ;   s t a r t i ng   a t  7001 
.'' a l t i t u d e  and l e v e l l i n g   o f f  at  1OOO'. 

Trans i t i on  Maneuver G: ma in tn in ing   ' d t i t ude  of 1W1, t u r n   d o h  wind. 

Ll. STRAIGHT AND LEVEL FLIGHT:  down w i d a t  cru is ing   speed  at  a l t i t u d e  of 
lcxx)', ob t i r in ing   s t r a igh t   and   l eve l   f l i gh t  as soon  as   possible   and 
m a i n t a i n i n g   s t r a i g h t  and l e v e l   f l i g h t  until o b s o r w r   g i v e s   s i g n a l  
f o r  next Maneuver. 

Transit ion  Mmeuver H: upon i n s t r u c t i o n  from obse rvz r ,   p roceed   t o   co r rec t  
l o m t i o n  f o r  s u c c e e d i n g - w e u v e r ,   m a i n t a i n i n g   a l t i t u d e  of 10001. 
Ground r e fe rence   po in t s   fo r   r ec t cngu la r   cou r se  will be poin ted   ou t  
by the  observer .  

12. RECTANGULAR COURSE: b e g i n   i n t o  wind, p a r a l l e l   t o  one s i d e  of t h e  
. I  

r a c t a n & l a r  course, m d  &-&e f o u r . t u r n s   t o   l e f t ,   e n d i n g   m m e u v e r  
immedia t e ly   a f t e r   fou r th   t u rn   and  when h e a d i n g   s t r a i g h t   i n t o  ,wind. 

T rans i t i on  Maneuver I: upon i n s t r u c t i o n  from obse rve r ,   p roceed   t o   co r rec t  
l oca t ion   fo r   succeed ing  mnneuver, maintaining a l t i tude   o f   1ooOf .  

13. S ~ ~ S  ACROSS'ROAD: b e g i n   i n t o  wind  md.make first t u r n   t o  left.  Continue 
maneuver wtil two l e f t  and  two r i g h t  180 t u r n s   a r e  made, ending 
maneuver  heading i n t o  wind. 

T r a n s i t i o n  Maneuver J: upon ins t ruc t ion   f rom  obse rve r ,   r e tu rn  t o  8i o r t ,  
m i n t a i n i n g   a l t i t u d e  of 1OOOI. P r o c e e d   t o   k e y   p o s i t i o n   f o r  y0 
approach t o   l a n d i n g .  

T 

l . h e  No APPROACH TO IANDING: from a l t i t u d e   o f  1ooOt 
(a) S t r e i g h t   G l i d e :   a f t e r   c l o s i n g   t h r o t t l e  at key p o s i t i o n  
(b)  $0' Left Gliding Turn: until heading  into  wind 

15. FINAL APPROACH AND LANDING: i n t o  wind, beginning final approach at l e a s t  
1000f from  airport   boundary. 

16. IANDING RUN: at l e a s t  100' without  use  of  brakes.  

17. PIVOT TURN AND TAXI: t o   d e s i r e d   p o s i t i e n .  

R e p a r e d  by:  Morris S. V i t e l e s  & Albert  S. Thompson 

For use a t :   Bos ton   Met ropol i tm  Ai rpor t ,  Norwood, Mess. 
Muller  Field,   Revere,  Mass. 
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E x h i b i t  2 

, ,  . .  
-EI'ANDARD FLIW.  A 

, ,  . , . - .  . . , - '  

This f l i g h t   i n c l u d e s   t h e   b a s i c  maneuvers taught i n  Stage A 
, .. - 

of *e C.P.T. program end d e s o r i b a s   t h e   f l i g h t   t o  be made by t h e ,  
s tubnt .p i1ot . s   whi le   be ing   observed .  

The " o r i t i o a l  maneuvers", representing  thoae  maneuvere.whioh 

The in t e rven ing  maneuvers are " t r a n s i t i o n  maneuvers", r ep resen t ing  
are be ing   s tud ied ,  are designated by numbers a n d   a r e   c a p i t a l i s e d .  

those  maneinters vtG5se purpose is t o   g e t . t h e   p l a n e ' i n t o   p o s i t i o n  
for t h e   n e x t   a r i t i o a l  maneuver. 

Order and  desoriDtion of Maneuvers 

1. TAXI: t o   t a k e - o f f   l i n e  p l u s  r igh t   p ivo t   t u rn   fo r .   obae r ,va t ion .  : 

of approach ing   a i r c ra f t   and   t u rn  back i n t o  wind. 

2. TAKD-OFF: in to .wind  by a6 new as appropriate   rmway  a l lows.  

3. STRAIGHT  CLIMB; t o  a l t i t u d e  of 6 0 0 ' ,  a t t a i n i n g  optimum 
climbing  speed. 

4. 90' LBFT CLIMBING TURN: t o  90' angle  from take-of f   d i rec t ion .  
. .  . .  . .  

This . turn   should   be   long ,   sha l low. turn ,  
gradual  enough t o  pe rmi t   t u rn   i n to  
o i n d   i n  ease of eng ine   f a i lu re .  

T r a n s i t i o n   k n e u v e r  A: Prooeed  , (wound  a i rport ,  if  necessary)  
t o   o o r r e o t   l o c a t i o n   f o r   o r o s s i n g -   r i v e r ,   a t t a i n i n g   a l t i t u d e  o f  
1000' enroute .   Gross   r iver  a$ a l t i t u d e  o f  1000' and  proceed 

. t h a t   t h e   p l a n e  is properly  trimmed for straight and l e v e l  flight. 
t o   p r a c t i o e  @rea. While f l y i n g   t o   p r a o t i o e   a r e a  make o e r t a i n  

A f t e r  t eaohing   prao t ioe   a rea   head   in to   wind   in   oor reo t   pos i t ion  
. f o r  Sucoeeding  maneuver. 

5.  SlRAIOHT  GLIDE: i n t o  wind with optimum gl id ing   angle ,   beginning  
a t  1000"and r e c o w r i n g  at  700'. 

' .  T r a n s i t i o n  Maneuver B? s h o r t   s t v a l g h t   a n d   l e v e l   f l i g h t ,   a t  

6.. 90' kDIUM,RIQRI TmN-AND,RECOVERY: a t   a l t i t u d e  of 700' and 

7 O O t ,  heading  into-'wind. 

, .  with 48' b a n k ,   s t a r t i n g  
. oross-wind  ahd  ending  into 

T r a n s i t i o n  Maneuver C: s h o r t   8 t r a i g h t . a n d   l e v e l  f l ight  a t  700' 
wind. 

heading   in   o ross -wind   d i reo t ion .  ' 

7. 90' MEDIUM LEFT TURN AND RSCOVIERY: a t  a l t i t u d e  of 700' and 
with 45' bank, s t a r t i n g  

wind. 
oross-wind  and  ending  into 

. .  

T r a n s i t i o n  Maneuver D: s h o r t  straight and l e v e l  flight, a-t 
70C' a l t i t u d e ,   h e a d i n g   i n t o  wind. 
0 1. ! 

8. 90 MEDIUM RIGHT TURN AND RECOVERY: a t  a l t i t u d e  of 700' and 
r i t h  15' tank, . s t a r t i n g  

. .  



2.  

i n t o  wind  and  ending i n  oro8s- 
mind d i reo t ion .  

Transit ioa Maneuver E: s h o r t   s t r a i g h t  and l e v e l   f l i g h t  a t  700', 
heading  oross-rind. 

9. so!? mDIUb4 RIGHT TURN AND A E C O k Y :  . a$ a l t i t u d e  of 700' and 
wi th  45 bank, s t a r t i n g  oross- 
wind  and  ending i n t o  wind. 

T r a a s i t i o n  Maneuver F: s h o r t   s t r a i g h t   a n d   l e v e l   f l i g h t  a t  
TOO',  head ing   i n to  wind. 

10. STRAIGHT CLUB: . in to  wind with optimum ol imbing   angle ,   e ta r t ing  

T r a n s i t i o n  Maneuver 0: m a i n t a i n i n g   a l t i t u d e  of lOOO', t u r n  
a t  700' a l t i t u d e   a n d   l e v e l l i n g   o f f  at  1000'. 

down wind. 8 .  

11. STRAIGHT AND LEVEL FLIGHT: down r i n d  a t  c ru i s ing   speed  q t  
, . a l t i t u d e  of 1000*,. o b t a i n i n g   s t r a i g h t  

, .and  matntalning  ' s t ra ight   . .and  level  
and   l eve l  f l ight  as soon as poss ib l e  

f l i g h t  until observer   gives  signal 
for next  Maneuver. 

T r a n s i t i o n  Maneuver H: upon instruot ion  f rom  observer ,   proceed 
to o o r r e o t   l o c a t i o n  f o r  suooeeding  maneuver,   maintaining  alt i tude 
of 1000'; Ground re ferenoe   po in ts  f o r  rectangular   oour8e T i l l  
be poin ted   ou t .by  the observer.  

12. F@CTANQULAR COURSE: begin i n t o  wind, p a r a l l e l  t o  one s ide of 
.. t h e . r e o t a n g u l a r  oourse, and make f o u r   t u r n s  

 to l e f t ,   e n d i n g  maneuver  immediately 
a f t e r  fourth t u r n  and when h e a d i n g   s t r a i g h t  
i n t o  wind. 

T r a n s i t i o n  Maneuver I: upon instruot ion  f rom  observer ,   prooeed 
t o   o o r r e o t   l o c a t i o n  f o r  suooeeding  maneuver,   maintaining  alt i tude 
of 1000'. 

13. S-TORUS  ACROSS ROAD: b e g i n   i n t o  wind and make first t u r n   t o  
le f t .   Cont inue  maneuver u n t i l  two l e f t  
arid two r i g h t  180' t u r n s   a r e  made, ending 
maneuver heading i n t o . r i n d .  

T r a n s i t i o n  Maneuver J: upon i n s t r u o t i o n  from obse rve r ,   r e tu rn  

After o r o s s i n g   g i v e r   r e d u o e   a l t i t u d e   t o  600 and  prooeed t o  key 
p o s i t i o n   f o r  90 approaoh. 

t o . a i r p o r t ,   h a i n t a i p i n g   a l t i t u d e  of 1000'. 

14. 90' APPROAOH TO LANDING: , f r o m   a l t i t u d e  of ~ 6 0 0 ' .  
( a )   S t r a i g h t   G l i d e :   a f t e r   c l o s i n g   t h r o t t l e  at  key pos i t ion .  
(b)  90' L e f t   G l i d i n g  Turn: u n t i l   h e a d i n g   i n t o  wind. 

15.. FINAL APPROACH AND LANDING: i n t o  wind,  beginning f ina l  approaoh a t  
. , . ,. l e a s t  1000' from a i r p o r t  boundary. 

16. W I N G  RUN: a t  least 100' without  use o f  brakes. 

17. PIVOT TURM AND TAXI: t o   d e s i r e d   p o s i t i o n .  

For use at: Munioipal   Airport ,   Phi ladelphia ,  Penna. 
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STANDARD  FLfGHT B 
Exh ib i t  3 

. I  
maneuvers  included. i n  F l i g h t  A,~ with  the  addition  of  Power-off S t a l l  and 
30' Eigh t s .  

This  f l i g h t  is designed f o r  u s e   i n  Sta'ge B and is, composed b'f t h e  

1 
i The ' ' c r i t i c a l   r e p r e s e n t i n g   t h o s e  maneuvers  which a r e  

~ being  s tudied,  are designated  by  n+ars  nnd a r e   c z p i t a l i a e d ,  The in te rven-  
j ing  maneuvers   ark  I ' tmnsi t ion  m.newers ' ' ,   represext ing  those  umeuvers  ivhoae i purpose i s  t o   g e t  tile p b e  i n t o   p o s i t i o n   f o r  tht: n e x t   c r i t i c a l  nmneuver. 

I 
. .  

~ Order  and  Description  of  Haneuvars 

i 1. TAXI: t o   t ake -o f f   l i ne   p lus   p ivo t   t u rn   fo r   obse rva t ion  of ;:pproaching 

~ 

~ 2. TAKE-OFF: i n t o  wind  or as n m r  a s  2-ppropriate.  runway  allows. 

~ 

~ ' ' - a i r c r a f t  and   tu rn   beck   in to  wind. 

~ 6 .  

~ 7. 

, STRAIGHT Cub?: t o   a l t i t u d e  of 6 0 0 1 ,  a t t :dn ing   op t ikm  c l imbing   speod.  

90' LEFT C L U B I N G  TURN: t o  90' angle   f rom  t rke-off   di rect ion ' .   This   turn 
should be rz long ,   sha l low  turn ,   g radual   enough  to   permi t   tu rn   in to  
wind i n  case o f   e n g i n e   f d l u r a .  . ,  

Trans i t i on  Maneuver A: ,p rocedd  (e routd   . a i rpor t ,  if n e c e s s a r y ) .   t o   p r a c t i c e  
a r e a   a p p r o p r i i t e  f o r  t h e  wind d i r ec t ion ,   a t t z in ing   c l t i t udc !  of 

1 t h e " p h i e '  i s  ' p r o p e r l y   t r i m i e d   for s t r n i g h t  and l e v e l   f l i g h t .   a f t e r  
~, 20331 en rcutc. !WLe f l y i n g   t o   p r c c t i c e   a r e a   m k e   c e r t a i n  t h a t  

, 
reachi r ig   p rcc t ice   a rea   head   in to  wind i n   c o r r e c t   p o s i t i o n   f o r  
.succeeding  maneuver. 

POWER OFF S T k L  AND FZCOVERY: without .   use   of   a i lerons.  

T rans i t i on  Xaneuver B: Reduce a l t i t u d e  t o  1OOO' and  head i n t o  whd, i n  
zppropr in t e   l oca t ion  f o r  the  succeeding  maneuver. 

STRAlWT GLIDE: i n t o  wind  with optimum glliling angle ,   beginning   a t  1000' 
and r e c o v e r i n g   a t  700'. 

Traqs i t i on  Maneuver C:  s h o r t   s t r a i g h t  and l e v e l   f l i g h t ,  cit 7007, heading 
i n t o  wind.' 

90' LEDIukI RIGHT TURN AND RECUiY: at a l t i t u d e  'of 7 0 0 ' '  and  with 45' bank, 
s t a r t i n g   i n t o  wind  and  ending i n  cross-wind  direct ion.  

T rans i t i on  Maneuver D: s h o r t   s t r a i g h t  and l e v e l   f l i g h t  at  7001, heading 
. ,  

i n  cross-wind  direct ion.  

90' MEDIUM LEFT TURN AND RECOVZRY: a t   a l t i k u d e  .of 700' and w i t h  45' bank, 
s tar t ing  cross-wind and end ing   i n to  wind. 

. 

Trans i t i on  Maneuver E: s h o r t   s t r a i g h t  aqd l e v e l   f l i g h t ,   a t  700' a l t i t u d e ,  
heading   in to  vhd. . . .  

90' MEDIUM U F T  TWLN AND RECOVERY: a t   a l t i t u d e  of 700' and  with 45' bank, 
s t a r t i n g   i n t o  wind and ending i n  cross-wind  direct ion.  

Tramition.  Haneuver F: s h o r t   s t r a i g h t  and l e v e l   f l i g h t   a t  700' ,. heading 
cross-wind, 



I 

Standa rd   F l igh t  B 2. 
10. 90' MEDIUM RICfiT AND REcOVEFrY: a t  a l t i t u d e .   o f  700' and with 45O 

b&,, s ta r t ing   c ross -wind  and end$ng F r to  vSnd. 

Trans i t i on  Meneuver G: s h o r t   s t r a i g h t  and l e v e l   f l i g h t   a t  700', heading 
i n t o  wind. 

11. STRAIGHT CLIPQ: i n t o   w i n d   w i t h   o p t i m a   c l i m b i n g   a n g l e ,   s t a r t i n g   a t  7007 
a l t i t u d e   a r d   l e v e l l i n g   o f f  a t  lC.00'. 

Transit ion  Kaneuver H: m a i n t a h i n g   a l t i t u d e   o f  lOOO', t u r n  down wind. 

12. STRAIGHT AND L E n L  FLIGHT: down wind at c r u i s i n g   s p e e d   a t   a l t i t u d e  of 

m a i n t a i n i n g   s t r a i g h t  and l e v e l   f l i g h t   u n t i l   o b s e r v e r   g i v e s   s i g n a l  
10001, o b t a i n i n g   s t r a i g h t  and l e v e l   f l i g h t   a s  soon  as   possible ,  

f o r   n e x t  maneuver. 

T rans i t i on  14aneuver I: upon i q s t r u c t i o n  from obse rve r ,   p roceed   t o   co r rec t  
loca t ion   for   succeeding  ioaneuver, m a i n t a i n i n g   a l t i t u d e   o f  1000'. 
Ground r e fe rence   po in t s   fo r   r ec t angu la r   cou r se  will be pointed  out  
by  observer.  

13. RECTANGtiUR COURSE: b e g i n   i n t o  wind, p a r a l l e l   t o  one s i d e  of t h e   r e c t a n g u l a r  
course,  and make fou r  turns t o   l e f t ,   e n d i n g  maneuver  immediately 
a f t e r   f o u r t h   t u r n  and when h e a d i n g   s t r a i g h t   i n t o  wind. 

T rans i t i on  Maneuver J: upon i l s t r u c t i o n  from obse rve r ,   p roceed . to   co r rec t  
l o c a t i o n  for s u c c e e d h g  maneuver ,   maintaining  a l t i tude of 1oo07. 

2.4. S-TURNS ACROSS ROAD: b e g i n   i 3 t o  wind a d  make first t u r n   t o   i e f t .  Continue 
maneuver until two l e f t  and two r i g h t  180' t u r n s   a r e  made, ending 
maneuver  heading i n t o  wind. 

T rans i t i on  Maneuver X: proceed   to   appropr ia te   a rea   and   se lec t   c ross -wind  
pylbns for 30' Eigh t s  at a l t i t u d e   o f  1000'. 

'15. ' 30' EIGHTS: make three   comple te   E ights  , mainta in ing   cons tan t   d i s tance  
from  pylons  during turns .  

T rans i t i on   hmeuver  L: upon ins t ruc t ion   f rom  obse rve r ,   r e tu rn  t o  a i r p o r t ,  
d n t a i n i n g   a l t i t u d e  of 1ooO'. Proceed t o  p o s i t i o n   a p p r o p r i a t e   f o r  
c l o s i n g   t h r o t t l e   f o r  180' Side  Approach. 

16. 180' SIDE APPROACH: c l o s e   t h r o t t l e   o p p o s i t e   l a n d i n g   s p o t .  

17. FINAL APPROACH AN3 LPSIXNG:  i n t o  w i D d ,  b e g h n i n g   F i n a l  Approach a t   l e a s t  
1ooO' from a i r p o r t  boundary. 

18. LANDING RUN: a t   l e a s t  1001 without  use  of  brakes.  

19.  TURN AND TAXI: t o   d e s i r e d   p o s i t i o n .  

Prepared by:  Morris 5. Vi te l e s   and 'Albe r t  S. Thompson 

For  use  at:   Boston  Metropolitan  Airport ,  Norwood, 

U/2 5/W 
Mass. 

Muller  Field,   Revere,  Xass. 
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. Albert  S. Thoxpson 
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This  fli$t i s  desi;aed f o r  use i n   S t z g e  -D dnd" is conposed Of the mmeu- 
ve r s   i nc luded   i n   Z l i$ t s  A, 3, c a d  c with t h e   a d d i t i o n  of ZoruJerd S l i p .  
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( for  Uee at  Boston Metropolitan  Mrport, Norwood, Mass. 
and Muller F ie lA . '  Revere, Mass. 1 

I 
I 
I 

I 
I 

I 

I 
I 
I 

20;L" 
I 

I 

I 
I 
I 
I 
I 
I 
I 



. .  

APPENDIX I 

' M i b i t s  A to G 



A r r p o r t  

Prepared by: Morris 5 .  Viteles 
Albert 5. Thompson 
Trniv nmf V nn 
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6TANDARD FLIGHT A 
( f o r  me- at Boeton Metropolitan Atrport ,  Norwood, &lass.) 

Wind Dlreot lon:  Northwest 
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