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February 17, 1943 

Dr. Dean R. Brimhall 
Director of Besearch 

Washington, D. C. 
Civil  Aeronautice  Administration 

Dear Dr. Brimhall: 

Training of Airc ra f t   P i lo t s ,  Dr. Joseph T i f f i n  and Dr. John Bromer, of 
Purdue  University,  have compsred the e3e movements of  experienced and 
inexperiehced  pilots.  The r e s u l t s  of their   invest igat ion  are   presented 

I n  a study  sponsored by the Committee on Select ion and 

i n  the a t tached   repor t ,   en t i t l ed  Analysis of Eve Fhrations and Pa t te rns  of 
Eye Movement i n  Landing a Piper Cub J-3 Airplane. This is  submitted  by ths 
Committee on Selection and "rainine of   Aircraf t   Pi lots   with  the recommends- .~ ~~~ ~~~~ ~~ ~~~ 

t i o n  that it be included in the ser ies   of   technics1  reports   publ ished by the  
Division  of  Reeehrch, Civil Aeronautics  Administration. 

of eye movements to   the   spec i f ic   condi t ions  of the  Piper  Cub 5-3  airplane^, and 
The authors Edapted  techniques of motion-picture  photography 

Fntroduced an ingenious  device for ind ica t ing  on the film the height of the 
plhne during t h e  l a s t  few seconds  before  ?anding. 

t ion,   cer ta in   general   t rends  are   to  be  observed i n  the  f indings.  For a m p l e ,  
In s p i t e  o f   t he   f ac t   t ha t   t h i s  i s  an exploratory  investiga- 

while   individual   pi lots   exhibi ted a fair degree of consistency in v i s u a l  hab- 
its, no single p.ttern was discovered which invmieb ly   d i f f e ren t i a t e s  exper- 
ienced hnd inexperienced  pilots.  'Moreover, the  euthore also noted that 

lwdlngs were likely t o   dev ie t e  from this suggested  pattern i n  their  o m  land- 
"expr i enced   p i lo t s  who i n s i s t e d  thct there  was a proper plbce to look in the 

ings." This finding hes t. par t icu lar ly   in te res t ing   bear ing  on treining prac- 
tices. 

Although  such  findings a d  conclusions are  reported, it must 
nevertheless be stressed t h a t  this represents  only an exploratory  study. In 
&n extension  of  the  investigation,  records  covering  longer  periods of time 
would be desirable.  Tne visual f i e l d  might well be divided  into smaller sec- 
t o r s  thhn those  considered in the  s tudy.   Vert icd es well as lateral displace- 
ments could p o f i t a b l y  be malyzed. The  number of wses  and conditions of the 
experiment  should be adqquate t o  provide  evidence on t h e   r e l i a b i l i t y  of both 
the  sampling and the  technique of reading  end  interpreting  the  records. It 
would also be   des i r ab le   t o   i so l a t e  eye movements from  head movements, especiel-  
l y  in view of  differences  of  opinion  Kith  respect to the   &. i#abi l i ty  of using 
primarily eye movements or combined he&d ernd eye movements i n  landing a plane. <; 

i 



Techniques f o r  mefisuring i n t e r p l p i l l t r y   d i s t t n c e s   i n  successl.ve frhmes, 
t o  estimhte  the  dist&ce of uz jec ts   f ix t ted  in  the   v i sua l   f i e ld ,  might 
h l s o  be used. 

The ?resent  study hes ?rouuced such oatzomes es might 
rehsonably be ant ic ipcted from a p-eliminsry  investigstion. It hlso reveals  
avenues of research which c a  be ?rof i tab ly  followed miti1 a view of  gtitber- 
ing  conclnsive  facts  Cnat chn be extremely useful  in a 2zhctic.d program of 
p i lo t   t ra in ing , .  

Very truly yours, 

Morris S. Viteles,  Cnairman 

T1,rining of AFrcrhft P i l o t s  
Committee on Selection and 

National Rese&-cii Council 



Edi to r i a l  Foreword 

It is commonly recognized  that   hnding is one of t h e   c r i t i c a l  
wneuvers in  the 'safe   ogeret ion  of  a plme. A question  of  extreme 
Lmportcnce, i n  consi.Sering  hccuracy End safe ty  in landing, is the  
nature of the eye m v m e n t s  which tzke   p lwe  in   appro&ching   the   f ie ld  
ind in landing. 

The i m 2 o r h c e  of t h i s  poblem W E S  reco&zed by the  Division of 
iesecrch of the Civil Aeronautics  Administration md  the   Nat iona l  Re- 
sewch  Council Committee on Selection A d  Training  of  Aircraft  Pi lo t s .  
6s e a l y  ts 1939, s tud ie s  of eye movements in landing were undertaken 
by Dr. Brim O'Brien,  of  the  University of hochester,  and i n  19N P. 
2-1 Pfaff-, of Brown Universi ty ,   in i t ia ted a stuciy in the same 
riold,  vith tic aid of   funds  a l lot ted by the Committee on Selection 
ind T r ~ i n i n g  of Aircrkft P i lo t s .  Dr. Pfhffmnnls   invest igat ion includ- 
3d an introspective  study  of  visual c m s  employed i n  l m d i n g  a plane. 
Ia also  gathered  statements from i n s t ruc to r s  and  introspect ive  reports  
~y psychologists who had received  f lying  treining. 

On the basis of his o m  introspections,  summrized in a m -  
& to t h e  attached  report ,  Dr. Pfaffmmn  reeched t i e  conclusion that 
i t  is not  possible  to  empktsize t o o  much t h e  impor tace  of rnonenky 
'Fxtitions  &long  the  ground, to the  side  of  the pl;ne, during the k s t  
)art of the  landing rn6neuver. On the bzsis o f  his   invest igat ions  he 
i lso f e l t  f r e e  to p e d i c t  that "1 should e x p x t  7hotographs of head 
tnud eye movements t tken auring the landings  to  show a series of eye 
Timtions T i t i  the angle of  gaze directeri s l i g h t l y  to one side and 
lownward." 

The results of studies made by Dr. OlBrien are not : p e t  ready 
:or 3ublicEtion.  Unfortunstely, Dr. Pfaffmann FTEIS unable t o  cornplote 
;he work sponsored by t h e   C o d t t e e  a d  discussed i n   t h e  Progresa Re- 
borts  enboaied in the   Susplaent .  In  the rnekntine, k. Joseph T i f f i n  
md Dr. John Bromer undertook m em1orrtor.v  investigLtion  of eye 
' ixat ions m u  :)atterns of eye movement dur ing  l a d i n g  a Piper Cub 5-3 
rirplane. The r e s u l t s  of this study are embodied i n  the ettached 
-eport. I t  i s  of i n t e r e s t   t o   n o t e  that these  ver i fy ,  t o  some extent ,  
,he predict ion mde by Dr. Pfaffmann, on the basis of his   prel iminary 
.nvesti&tions,  and indicate ,  es well, poss ib l e   d i r ec t ions   fo r   fu r the r  
'eseorch. 
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llast 5-10 seconds  before  landing  rere  Lnalyzed t o  determine  whether  cer- 
1 t a i n  of them were cha rac t e r i s t i c  of the skilf-ul p i lo t .  
i 

i per  second with a canera  specially mounted i n  a Piper Cub 5-3. Three 
Photogephs were taken of the p i l o t ' s   e y e s   a t   t h e  rhte of  16 frames 

I f lash l igh t   bu lbs  on t h e   p i l o t ' s  headgear were ac t iva ted  i n   t u r n  by a de- 
' v i c e  which measured t h e   d i s h c e  from the ground a d  indicated t h e  exact 

Motion pictures  of  the eye-movemnt s a t t e r n s  of p i lo t s   dur ing   the  

I 

l 

I time a t  which the  wheels first touched. 
! 

The p i c b r e s  were studied f irst  in normal p o j e c t i o n  and l a t e r  by a 
deta i led  frtme-by-frame analysis.  Graphs of the  eye movements of 33 p i lo t s  
were m d e  for e. total of 177  lmdings.  These graphs show the  movements in  

graphs  are  sepezated  into  four  groups  according  to  the  f l ight  experience 
7 d i f f e l  .It v i s u a l  f i e l d s   a s  determined by the  window of the plme.  The 

of  the  pilot .  

single general   ?attern of eye movement. On the  other hand, individual 
p i l o t s  show a cer ta in   mount  of consistency in t h e i r  an pat te rns  of rnove- 
ments  while l a d i n g .  Another t a d e n c y   r e v e d e d  by tne  grhphs is  the ten- 
dency of mwy p i l o t s  to spenci & certbin  ?ortion  of  the  last   f ive  seconds 
i n  looking  directly  towmd  the f r o n t  of  the  ship. 

Analysis of the d a h  reveals  tn&t  the  experienced  pilots  exhibit   no 

1 
ieye-movement pstterns of the   eqer ienced  a d  inexperienced  pilots. Exper- 
ienced  pi lots ,  however, show beck-and-forth  excursions until t h e   l a s t  five 
seconds  before lading. Inexperienced m e n  do not  dl show these. Some of 
1the experienced  pilots  continue  excursive movements dur ing   the   l as t   f ive  
lS6~:OndS before  lhnding,  Ehile  other  experienced  pilots  tend  to  sett le down 
t o  one area,   looking  to tfle r i g h t  or l e f t ,   b u t  not a l t e r n a t e l y  between r i g h t  
m d   l e f t .  The se t t l i ng   occu r s   e i t he r   i n   t he  forward  &rea,  representing 12' 
of  vision, or in the  adjoining  large  area  representing 5L0. Either  one of 
lthese two are&s on e i the r   s ide  of .the  plane seems about equally l i k e l y   t o  
iserve t h e   p i l o t ' s  visual pur9oses.   Sett led  f ixetion j u s t  before  landing 
iseems never to occur a t  r igh t   6ngles   to   the  axis of  the  ship. 
~ 

to look e t  a ce r t a in   spec i f i ed   pkce ,  and nowhere e l se ,  whi le  the a i rp lane  
l is being landed. 

It is concluded thk t   there   h re  no clear-cut  differences between the  

~ 

I t  is  recommended tkt ins t ruc to r s  do not  insist t h h t  students lehrn 
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Amlysis  of Eye Fixations End Phtterns  of Eye Movement 

in I&nding e Piper Cub 5-3 Airplane 

. %& i 
Jn ,.~i , ,, ', ~ .. . v  . .. 
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I The present  rese&rch k s  been done i n  order t o  s tudy  the  different   types of 

y pilots  Kith  v6rying  degrees  of skill. The scope b s  been t h t t  of e prelimi- 
ye f b t i o n s  tnd eye-movement ?at terns  th&t occur  during the  landing of en a i rp l tne  

'nvestigation. 
/ 

PROCEDURE 

1 

I 

1 i r p k n e  -- the  Piper Cub J-3. The  her;d,&nd eyes of  t he   p i lo t  hbve been photo- 
r&?hed with a motion-picture camera throughout  the l a s t  5 t o  10 seconds  before 
he lending. The landing hbs been  defined as  the moment a t  which any p a r t  of 
he Lirpltne  touches  the ground. Tine p i l o t  was alwcys in the rear seat of the 
lme, which hcis a h d e m  tzrkngement. The c a e r & ,  an 8-;am. Cine-Kodak, was 

kounted hbove the instrument panel on t suppor,t s tkched  t o  the  f ront   braces  o f  
he cabin.  (See  Figure 1.) I t  WGS a i r e c t l y  in front of  the  pilot  t nd  s l i g h t l y  
bow  the  level  of his head. An observer, who rode i n  the  f ront  seat of the 

Throughout this study a l l  observLtions have been made i n  & single  type of 

I 
I 
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@lane, operated  the camera. 

heconds before  lhnding, a piece o f  fishing  pole  about 8 fee t   long  W&S attached 
o the  center  of  the wheel  assembly  of  the  pl6ne.  (See  Figure 2 - )  When the 
lcne wss i n  flidt, this rod w s  kept  almost vertical. by a spring &nd a piece 
f metal glhte  at tached to t i e  bu t t  of the  pole, which served  to  counter-bblance 
he wind resisthnce  exertsd on the  long end of  the lever.. As the plane descended 
l o s e   t o  the ground the pole was bent bhclorsrds a t  an angle making contact 
uccessively  with 3 copper  points. These contact  points  closed  the c i rcu i t  between 
x i r  of   f lash l igh t   be t te r ies  and 3 f lashl ight   bulbs  which were mounted on a 

iecial  plate  at thched  to the p i l o t ' s  headge6r a d  w o r n  on his forehead. The 
ole Y.ES almost vertical during normal flight, but i n  the glide,  becsuse of the 
08s o f  b l a s t  on the  bclance late from the ?repeller, the pole was t i l t e d  back- 

o n k c t  a t  the second point  occurred when the  Thee16 of the  pltne ?:ere about 
f e e t  from the ground, and 'the t h i r d   l i g h t  went on w i t h i n  one second of  the 

ime t h c t   t i e  wheels a c t u t l l y  touched t i e  ground. On the  film, the hctual time 

nvsriably  occurred a t  the  landing  becsuse of the  jarr ing of the airplane cnd t h e  
f l a d i n g  7x1s determined by reference  to these l i g h t s   t a d  s l so  to the  blur which 

emera. 

I n  order  to  determine  roughly  the  hlt i tude  of  the plane during  the last few 

hrds a t  an a n d e  of h b m t  30 8 and  contact WLS thus made h t  the first point. 

P 
i 
oss ib ly  m analysis  of the  sequence o f  v i sua l   f ixa t ions  of the  pi lot   dur ing t h e  
ine the  cmeru. m s  in  operation.  Since the 1igh;hs controlled by the fishing  pole 
ere locfited on the  forehebd of  the   p i lo t ,   the  sequence of  visual   f ixat ions  could 
e relbted  appoximately  to  the Llti tude  of the hirplsne.  

The moving pictures  were L k e n  a t  16 franes per  second.  These  pictures made 

k c h  sequence  of picture  records ViGS studied  chrefully;  f i r s t ,  by motion- 
icture p o j e c t i o n   m d ,  second, by slow znd oetei led frame-by-frme  projection. 

he ' r 1 s u a l  pattern;  the frame-by-frane analysis  msde it poss ib l e   t o   de t ec t  &aces 
he norm1 motion-picture  projection g&ve a better  integrkted  representation o f  

f short  durhtion +nd t o   c k s s i f y   t h e  sequence  of fix.e.tions. . 
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The r e l i a b i l i t y  and va l id i ty  of t h i s  method of studying v i s u a l  ‘ixations 
~ ... 

, , s : ~ ~  . * ~ -  ’ have been mvestigEted by Karslake,l i~ntl tilt zlethnd has been used by :.lcN;.nara2 
in   an  invest igat ion of  eye-movement behaViOr~ i n  looking a t  sdvertiselneuts. 

regard t o  sequence of glences vhen d i f fe ren ,  f i l m  readers  interpreted  the films. 
Karslake  found the  technique to   y i e ld   r i s en t i a l ly   t he  s m e   r e s u l t s  w i t h  

The cor re la t ions  between different  f i lm-readers i n  tiieir  readings of sequences 
of  glances  varied from -96 t o  0’39u Inasmucn L S  t!le angular   var ie t ions i n  g k n c e s  
were smaller fo r  the  subjects  l o o k i n d  tt advertisements Piho were studied by 
Karelake thm f o r  t he   p i lo t s  who were studied in the ?resent investigution, it 
i s  recsonable  to  conclude  that tnt. present  use of the method has a t  leEst as 
high  a r e l i a b i l i t y  &s t h b t  r e? - r t ed  by Karslake. 

I E C O T ~ B C  m E. s ? e c i d l y   J r t p t r e c  :n&:t on .:;:icl: the av;ilat.ls visqtl  ere& t o  trle 
In :xking thc frtne-by-frhme  tnr.lysi3 t h e  direction of ever-; i~ l snce  was 

p l c s  w 1 . 5  t rolen down Ti hi-zks. {See  Fibwe 3 * )  The engdmr area slubtsnded 
b:’ et c,: <:? t i e  seven visual &rem 1s h d i c o t e a  i n  t h e   w x l e  drhning  shown i.n 
FlCure L u  

t i r ee  t o  b e  ric,2t of t h e   3 i l o t  i n  tiie re= seat .  These &re  used r i t h   s l i g h t  
aoaific;ti,on as sub-arms oE v i s x n ;  the  seventh  incluoes t h e  entire  space of 
the windshield. This de f in i t i on  of t h e  visua l   a rea  was i n  t e r m  of horizontal  
areas  only.. No attern$ to  a r d y z c  the ve r t i ca l   d i r ec t ion  of Lhe giinces was 
made for  tne  following  recsons: 

In tne Piper 5-3 hirplbne t.iiLere are  three-window  sections  to  the l e f t  and 

1. BeChUSB the   e t t i t ude  of the  airplane  cannot be detected by the m-ethod 
used i n  tAe  invest igat ion,  &n ana lys is  of t!le ve r t i ca l   d i r ec t ion  of 
the visual. axis i n  terms of  t he   ?a r t  of  tile window looked  through was 
not  very  meaningful. 

2.  I n  the  Piper Cub there  i s  a l imited  ver t ical   range of vision. 

3. An analys is  of t h e   r e s u l t s  shows that a cons is ten t   re la t ionship   ex is ted  
be t reen   the   l a te ra l  direction of  glances hnd the d i s t m c e  from the plane 
the p i l o t  was lookirg(. men  the  camere was first  turned on, the  plene 
w6s usunlly s t i l l  i n  i t s  normel glide;  thus,  glrnces  through  tne wind- 
shield  afford & view of t h e   p u n d .  As the  ?lane  . levels  out,  however, 

t n d  because of the construction of Vne nindoois the  distLnce  rnich  the 
tine 2 i l o t  is u.n&I.de to see the ground a t  611 through  the  Rindshield 

p i l o t  cw. look 2 . t  tine ground theid of  him is l imi ted  by the window 
section  through  rhich he looks. As he looks  out  through t h e  f ron t  
section  of  ei ther  siue his eyes  of  necessity sweep some distcnce &head 

fu r the r  t o  the s ide  LS well r s  domwud.  Therefore durin,: the l a s t  
of the ;rl&ne. To observe  the ground  nemby, he must ro th te  his eyes 

5 seconds  before  the  lhnaing,  the  dij tsnce  the  pilot  is looking can 
be estimtrted by t 5 e  r:indorj section  through^ v-hich he -is-looking. (The 
lower h t l f  of  the window sections,  i t  follows,-&re  the  effective  portio: 
wr ing   l aming . )  

http://u.n&I.de




Figure 2 .  F i s h i n g  Pole Arrsngement Which Indicates A l t i t u d e  of 

Land ing  Plane. 
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Fig. 6 .  Enlargements from mvie  film taken during a landing. 
I n  ItAlt the pilot is looking out the f ront  of the cabin ( F in Fig. 3); 
in ItBtt the pilot is looking out t h e  a rea  to the l e f t  of f ron t  ( L 3 
in Fig.  3 ) .  
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1 An l l l u s t r e t i o n  o f  the. v i m   o f  the p i l o t ' s  face as photographed %hen he i s  ~:+& , 

=-$;; - w : 

~ looking i n  each of the seven f ixa t ion  clreas is shown in Figure 5. These pictures  7 .  

1 

~ 

were b k e n  as "stUsn while  the  subject  photographed was looking i n  each of the 
&reas indicated on Figure 4 .  

EnlGrgelnents of two frmes from M actual film made during the  study are 
ahom i n   F i g i r e  6 .  In "An t he   p i lo t  i s  looking f r o n t  - "P - md in .B" he. i s  

1 looking in the area "L-3" (me  Figure 4 ) .  
I 

After the complete frame-by-frame records o f  t i e  direction  of the eyes had . .- 
been mhde f o r  each landing, the dab f o r  each landing were t ransferred t o  a tinw , '3 
record showing the  sequence  of  glances in each of  the seven visual areas. 'Phis %' ' 

1 gbve a graphical  representation of the temporal pattern of glances. 

The grhphicd  representation  of one of these time records i s  i l l u s t r a t e d  

L. Arete 
7-2-42 
25,000 hours 

the double l i ne .  The do&le l ine indic&tes  the nornent of the landlng,md the 
The seconds before  the lending are indicated by the  horizontal  lines 'above 

s ingle   horizontal  m e  below the double l ine indicates   the second  of time h e -  
diately  following the landing. The leteral me&surernents indlccte  the posi t ion 
of the eyes a t  verious  points  before,  during, hnd f o r  one second after the 
l a d i n g .  The posi t ions a t  the t o p  of'the  drrwing  (Ll, L2, L3, F, R3, R2, a d  R1) 
correspond t o  the window and mgular areas designated  Kith  corresponding symbols 
on Flgures 3 and 4.  Graphic p lo t s  of d l  landings  studied were mde 6nd are 
attached t o  t h e  ?resent  report. These records rere rnalyzed to  determine r-hether 

f t i i r ly   consis tent   di f ferences between expr ienced  snd inexperienced  pilots, a n d ,  

there  was any consistent F t t e r n  amon& experienced  pilots, whether there were 

vhether there mere alfferences with the stme p i l o t   f o r  good and poor lmdings. .. I 

~ -; 
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Pic tures  were taken of 177 lmdings  made by 33 p i lo t s .  The p i l o t s  used in 

of dual instruct ion,  i.e., before  the  solo;  f ive had soloed  but had not  obtained 
the  invest igbt ion were c l a s s i f i e d  tis follows: Seven were in  the  elementary  stage 

less thsn 200 hours; m d  13 h td  200 hours or more of flying  experience. From 
the p i m t e  c e r t i f i c a t e ;   e i g h t  had secured  their   pr ivate   l icenses   but  hhd f l o m  

FLth a few solo  hours at   the  beginning  of  the  experiment who were followed 
one t o   e i & t   l a n d i n g s  were photographed for each pi lot ,   except   for  two p i l o t s  

through 6bout  five  hours of l a d i n g   p r c c t i c e .  

RESULTS 

the  flying  hours  of  experience  of  the  pilots. The divis ion  of   pi lots   according 
As mentioned p x v i o u s l y ,   t h e   l m a i n g s  were divided f o r  study  according  to 

to   hours   o f   f ly ing  i s  based on the bssumption that such a divis ion w i l l  r e s u l t  
in  an a t  l eas t   appx ima te   c l a s s i f i ca t ion   acco rd ing  t o  skill in landing. 

It i s  possible  (o r  even p r o b b l e )  that a b e t t e r   c r i t e r i o n  xould have  been 
aV6ihble  i f  it had been possible  to  grade  each  landing  objectively,   regerdless 
o f  the  f lying  hours   of   the   pi lot  who m d e  it. An attempt was made to  so c l a s s i f y  
o r  grade  each  larding (and these  ra t ings,  when avai lable ,   are   indicated under 
each of  the  grephic  records  included a t  the end of t h i s   r e p o r t ) ,  but for   severa l  
reasons these ratings were found t o  be  of  limited  value. Some p i l o t s  regard a 
l tnding mede "3 f e e t  in the airn a s  a very bad landing.  Others, who heve  been 

which t h e   a i r p l m e  stalls j u s t  as it touches the ground. Also the  landings were 
t rhined in 6 different  school,  regard such 6 lmding  as even b e t t e r  than one i n  

made under q u i t e   n r i e d  weather conditions. 'Good landings' i n  a steady l 0 4 l e  
wind were somewhat more frequent tflan "good landings"  in  gusty  weather o r  i n  an 
18-mile &e, even r;hen  m6de  by p i l o t s  of ?resumably  equal skill, or even by the 
sclme pi lo t .  The soundest  pocedure  therefore seemed t o  be a c lbs s i f i ca t ion  o f  

vidual   ra t ing of ebch  landing. 
the landings according  to   the  experience  of   the  pi lots ,   ra ther   than on an Lndi- . 
graphic  records  of eye  f ixat ions during  16ndings  (five f o r  each of  three  exper- 

Frame-by-frame analysis  of the  records.  Figure 7 shows 1 5  i l l u s t r a t i v e  

icnced  pi lots)  a d  F i y r e  S s h o w  8 addi t ional   records  for  two inexperienced  pilot  
(5  f o r  one tnd 3 f o r  another). These gTtphs m6y be interpreted t s  previously 
described. Thus t he   f i r s t   l snd ing  gr;phed f o r  J. S ta i r ,  Sr. shows tht i n   t h e  
temporal  interval. between S seconds end 4.5 seconds  preceding  the  lending, two 
visual excursions  rere mhde between meas L;! a d  R3, while t'ne remcinder of  the 
time before  (end a t  least  until one second af ter)   the   landing WLS spent  looking 

. i n  hrea R3. 

i n   t h e  set of char t s  such & S  e re   i l l u s t r t i t ed  in Figures 7 and 8 i s  that there  is 
no s ingle   genersl   p i t tern  of  e e movement which holds for a l l  or even most exper- 
ienced  (md presumably sk i l l ed  f p i lo t s .  There i s  &lso no consistent  tendency  to 
use fewer nwements, o r  more movemntg, LIS flying  experience  increases.  An ob- 

d i f f e ren t i a t ing  between pre-solo  students a d  p i l o t s  with 5000 hours  of  f lying 
server who d id  not  hm; the   pi lots   used i n  this study  aould have t roub le   i n  

time on t h e  basis of  eye-pattern  records. 

P e r h q s  tine most obvious  conclusion  suggested by t h e   r e s u l t s  shown graphical l  

However, i n  sp i t e  o f  the  lack of consistency amon& p i lo t s ,  a cer ta in   mount  

row of  Figure 7 shows &raphs of 5 landings made  by J. S t a i r ,  Sr., a p i l o t  w i t h  
of   consistency  for each ind iv idua l   p i lo t  i s  r eveded  by the  graphs. The upper 

1500 hours of flying t ine .  The f ive  grTtphs &re   typ ica l  of the  vlsunl  pattern whic; 



J. Litto 
I '  , , '  . " 



ch;.ect~ci;ad nkc:iqb d i  of G h i  Y.a~d.ngc p!~~togap!~3d for this p i l o t .  IIntil 
wi-ihjn spproi:5mately 5 seconds of the  Ectual landing, visual  excursions between 
l d t  a d  r i g h t  are made. During th.e lest  five  seconds of f l i g h t ,  the f i x a t i o n  
i s  f ixed fairly r i g i d l y  in w e n  R3, the  &re& imedi iz te ly   to  the r i g h t  of Front. 
J. Stair, Jr., hcmver, who ~ l s o  shored E p t t a r n  of  excursions between r i g h t  
a d  l e f t  u n t i l  'the l&s% f iva  seconds,  tends t o  fFxete i n  are€ L2, the eecond 
6r0a ta t h e  l e f t  of centar,  for the  lest f i v e  seconds  of  fli&hht. J. Kitto,  for 
nhom 5 ladings &re shorn in the   bot toa row of Figure 7, tends  to  continue ths 
pat te rn  of excursions betweex r i g h t  ant! l e f t  up t o  tlie i n s t a t  of the   ac tue l  
landing. It eliould be emphasized t h a t  ell t h r e e   p i l o t s  whose l a d i n g s  are 
yraghod i n  Figure 7 are se&aoned f lyers .  

~~~ $i~. . . 
. ~, ~. 

> i~ 

Tho pilo.to %hose landings  are  graphed i n  F ibme  8 were both i n  the pre-solo 
stage of ins t ruc t ion .  %st1 shows a lhck of one fe&ture t h t t  ch t r rc te r izzd  necr3.y 
a l l  o f  tho  records  of  experienced  pilots, na~rely, f&irPy vide v i s u a l  excursiosc, 
a t  1eis-t up t o  tis lest four  or  f ive  szconds  before  the  lending.  'Bestor,  howi-s?, 
slions v i s u d   p a t t e r m  thrt i r e  p - o h b l y  n c t  a i s t b g u i s h a b l e  from those of such &? 

ex,)erienced 2 i l o t  as a. Kitto. 

spwd a cer'calz i;,>;rtlo?l of t i e  last fi-ue-;ieconds of f ly ing  t h e  in looking 
d i r e c t l y  to!c-&rd the  f roat   of   the   ship.   During  thio  interval   of  time, t h e   p k n e  
i s  at no t h e  i n  such en a t t i t a d e  that a direct view of the g o m d  con be 
obtained by l o o k i ~ ~  t bongh  CTCR the  sides  of the windshield.  Since  forward 
&aces w e  Ysmd i n  e:.:periexacl and ixexge?ienced  2il.ots dike, it is probable 
t k s t  d.wi?%g tho t i m  t h s  eyes ere directed alzeeLd t-he p i l o t  i s  actur;lly  picking 
up cues frnn the 7m:pkem.l f i e l d  of  vision. 

Another  tendewy  rovetiled by the  g?~?hs i s  the  tendency of many p i l o t s  t o  

-- 
found ir the  eye-zcvoxent pat.tems of experienced and inexperienced  pilots,   severs1 

Gel?ere.I Concln%irms. Althougi: EO clc%--cu'; a d  invariable   differences were 

tendencles were suffi,cier,tiy marked to   j u s t i fy   ce r t a in   t en t a t ive   gene ra l i za t ions :  

1. The exper ienced   p i lo t s   ahant   invzr iab ly  shoxed a1 excursion bhck urd 
f o r t h   u n t i l  the l a 3 t  five secanZs before  the  landing.  Inexprienced 2 i l o - t ~  
d id   no t  e l l  show thesa  excwsio:is. 

2. -During t h e   l n s t   f i v e  soconds  of f l i g h t ,  some Of t h e   e q e r i e n c e d   p i l o t s  
continuec  those  excur3ive movonents, while   others   usual ly   set t led dorm 
on m &rea e i t h e r   t o  t k e  ri@ o r  l e f t , ' b u t   n o t   a l t e r n a t e 1 1  between 
r i g h t  and l e f t .  

3.  The nse t t l i ng"   r e f s r r ed  to i n  (2) occurred  with  different  pilots in nny 
one of f o u  areas: R3, Hz, L3, o r  L2. m i l e   d i f f e r e n t   p i l o t s  tended 
t o  u t i l i z e  8 d i f f e ren t  C C ~ Y  f o r  t h i s   c o t t l i n g   p o c e s s ,   t h e r e  seemed t o  be 
no ewidenci that ona trea i s  "ba t t e rn  than uno-ther. 

4 .  It  m8 ao.ted t ha t   s eve ra l   o f   t he   exp r i enced   g i lo t s   f i xed   t he i r   g l ances  
a t  ai1 an71:16 which wes held for  ssveral  seconds e t  a time.  Others 

plane m d  L!len fcllow  these spots fop ahor te r  or longer  periods of 
se?:ne6 Lo f i x  succesaively on s?ots soue dis tcnce in  f r o n t  of  the 

t h e .  Thsn the  eyes  junped &he;d t o  & nevi spot which WBS "followed 
through." The excursioc of the  eyes  suggestive o f  this type of g l a c e  
sozctioes  caused  the  eyes  to  rotete backvxaci from one v isua l   a rea  into 
the  next ircjncent eree,  though a t  times t h o  axc>xsion was donfined w i t h -  

~~ ,~ 

- in a s b g l e   v i s w d   a r e a o  



5. Throughout the  experiment many comments of t i e   p i l o t s  used as 
subjects  were noted. Most of   the   p i lo t s   s ta ted  th6t they were not  

the  few ex9erienced p i l o t s  who ins i s t ed  thtt there  was 6 proper  place 
sure where tney  looked. It WES ra ther   in te res t ing   to   observe   tha t  

in t h e i r  o m  l m d h g s .  
t o  look i n  l a d i n g  were l i ke ly   t o   dev ia t e  from this   suggested  pat tern 

Wii le ' the  invest igat ion  indicates   in   general  t h a t  there  is no s ingle   pa t te r  
of eye f ixa t ions  that charhcterizes all experienced  pilots,  the comments enmer- 
ated above may give  cer ta in   c lues  t h a h  w i l l  be helpful to   ins t ruc tors .  Comments 

thht   s tudents  look a t  & certain  s7ecified  place,  and nowhere else,  while  an 
(1) End (5), ?or example, suggest   the   inadvisabi l i ty  of i n s t ruc to r s   i n s i s t i ng  

airplane i s  being  landed. 

to t h i s  re?ort.* Study of these  records may reveel  other  tendencies that will 
heve pract ice1 value t o   t he   f l y ing   i n s t ruc to r .w  

Tie  gaphic  records  of cll l tndings  analyzed  in  this  study  are  at t tched 

- 
*Editor's  note.  In  anhlyzing  these  records i t  is well   to  bear in mind thtt 

appoximstely 35% of t!le graphs are  of landings made  by the mthors themselves. 

i n t e r e s t i x   t o   n o t e   i n   t h e s e  2,ecords t h & t  none of the  men kept  their   eyes con- 
s i s t e n t l y   f i x e d  md their   a t tent ion  or iented  only in  the forward area  during 

srefis during  the last f i v e  seconds. 
landing, i.8.. none depended exclusively upon peripheral  cues from the o t h e r  

*Editor's  note.  In  connection N i t h  s tud ies  o f  2er ipheral   v is ion it is  



i "." 
, .  

. ' I  





L.. 



-.. 















J, 1; i t to  
7-7-42 
l / J O  hours 





.. . c 1'u.:11 





two aertinent repor t s  of prograss 
on L study of v i s u d  dept:3 pcrce;r, 
t i m  i n  evii-tion, conducted by Dr 
Czrl Pfsffmann, h o r n  ilniversity, 

The f o l l o v h g  p tges  present 



So f&r I have interviewed  ana  questioned 15 CAk students on the   v i sua l  
r 

clues  used i n  landing. It  w&s necessary  to  conduct most of  the  interviews 
a t  the  Psychological  Laboratory t o  avoid  the  dis t ract ion &nd noise of the 
a i rpo r t .  In  general, most individuals   s ta ted  thht   they  usual ly  look a t  the 
ground a t   e i t h e r   s i d e  of the   plhne  just   as   they  &re  level l ing  off .  They look 
d i r e c t l y  s t  the ground 6boUt 30 f t .  awty i n  the  ctse  of  those who look Ehebd. 
Sone look directly  out  to  the  side  through  the wing struts end a few maintain 
thht  they look  over  the  wheels t o  the ground below. The stucients in t h e   f i r s t  
two cctegories   usual ly   s ta te   that   they know immediately what t h e i r   d i s k n c e  
hbove t!Ie ground is  a t  any  one i n s t t n t .  The l t s t  group shy they  use  the  dis- 

r a the r  ske?tictii of t h i s  l c s t  p o i n t  p t r t i c u l u r i l y  since I myself f i nd  it aif- 
tance between thekxouna and the  wheel a s  a kind of "measurin"  stick.* I ' m  

f i c u l t   t o  watch the wheels  under  ordinary  circumstmces of f l i g h t .  In  any 
case, I am checkin;, such points  h t  additionhl  interviews  both &t the  lab.  and 
a t   t h e   a i r p o r t .  All students  interviewed  hsve been instructed  to  observe 
t h e i r  own behavior. 

r 

I &Y keepin; s. coqle te   in t rospec t ive   account  of my o m  flyinl:  exper- 
ience. To dcte t h i s  cons is t s  of 5 hours duel instruct ion.  On t h e   b t s i s  of  
this I have analyzed  tne  es t int t ion of dis tcnce 2nd height   into  sever&l stages. 
I t  a l t i t u d e s  &bove 100 f t . ,   e s t inc t ions  of both  height and d is t snce   e re  qui-Le in- 
t ccu r t t e .  The ground resenbles a model lanascl-?e i n  which the  houses &nu t r ees  
s?pe&r  only E S  mini&tures. As t h e   2 l m e   g l i a e s  t.owGrd the grouno L "threshold 
h l t i tuue"  i s  r e t i c x u  a t  & h u t  75 t o  100 f t .  where the  houses e m   t r e e s  sudciedy 
become "reul.It  iiere I obtzin  the f i rs t  c l e&r  and correct  notion of height above 
the ground m d  a i s t m c e  from t h e   l a d i n g   f i e l d .  A t  t h i s   po in t  I usual ly   reel-  
i z e  tnh t  I &IU .goin& t o  undersnoot o r  overshoot  the  eage of  the l&ndinb f i e l d .  
I believe t h t t  a t  this &&&e  "size  constancy" and perhrps  bihocular  stereopsis 
begin to   funct ion.  During the f i r s t  few Iraain,s, t h i s  sthge of f t i r l g  &ccu- 
rtite  depth  perception w&s  folloaed by another  st&ge of in&ccur&cy which began 
h t  &bout 10 %. and l a s t ed  untii the  ?lane  touched o r  h i t  the  ground. A t  t h i s  
time my gaze remined  fixed  over  the  nose of the plbne. As the   ?kne   leve led  
o f f ,  my f i e l d  of Coveal vision  included  only  the  cowling  of  the  engine and the 
horizon. The ground on e i ther   s ide  was observed  with  peripheral  vision and con- 
sequently  alpehrea t o  move ?&st with '& high  apparent  velocity. Es t imt t ion  of 
height WLS poor and consequently  landings were bad. 

During  one  such lbnding I hop2ened to  glhnce &sa:{ from the cowlin& t o  the 
ground on one s ide of the plhne. In  t m t  glhnce,  the  &??&rent movement of the 
ground whs stop2ed and I c l ea r ly  s&w the  surfa.ce  of  the grounci w i t h  foveal  vis-  
ion. A t  t h a t  ins tan t  I h;d an immediate almost  "insightful"  awtreness of the 
dis tance  sephrbt ini  ne from t i e  ground. K i th   t h i s  ch&n,e i n   f i x t i o n ,  t h e  
th i rd   s tage  becLne c l e w  end  Eccurate.  Since  then 1 k v e  hsd l i t t l e   i i f f i c u 1 t . y  



If the hbope hnalysis  of v i s u d .  function i s  correct  I shoulc  expect photo- 

i 
3 

grsghs of hebci anu  eye movements k k e n  durinc:  lmdin$to show e series of eye 
f ixht ions wi t : :  the  angle of  gsze  directed  sl l 'htly t o  one s ide and downward. 
I s:ull be very  interested to co.?.+re notes  with Prof .  O'Brien on this   point .  
men I hsve mare dsk ,  I &::I 2knri inS  to  v i s i t  Irochester. 
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s & n t  lette1.s of  inquiry t o  i number of pycho log i s t s  who hbve rece ived   f l igh t  
4,s p u t  of the  introsgecSive stuuy of  visuel  cues i n  I . inaing, the   wr i te r  

t re . ininU unurr L!IC C.A.A. To a h t e  seven sLtisfhctbry (inswers htve been re-  
ceived. A suinr~ry of these i s  presented below. 

A. xhe  estimation  of  al t i tude when c i r c l inE   t he   f i e ld .  e&. 

s i z e  of objects  on the ground, t he   c l ea rness   o f ' deb i l   i n   t hdse   ob jec t s  and 
the  apparent  velocity of the ground below the  plane. These cues, however, were 
not  le6rneu  in  terms of the   h l t imeter   d i rec t ly ,   bu t  oriLy indirect ly   in   terms  of  
the  v&rious maneuvers that were ca r r i ed   ou t   a t   c e r t a in   spec i f i ed   a l t i t udes ,  as 
indichted by the  hlt imeter.   After a time,one comes t o  knoa the  appeerance  of 
the ground fo r   t he   d i f f e ren t  maneuvers. Thus 500 - 602 f t .  f o r  one m a  is  the  
a l t i t u d e   a t  which he  performs  "pylon  eights." He knows w h a t  the  ground look8 
l i k e   f o r   t h i s  maneuver. In   near ly   every  c tse  i t  was emphasized thtlt one be- 
k v e d   t o   a l t i t u d e  anU did  not  merely estimate it. Another m judged. a l t i t u d e  
i n  terms  of how long it would t eke   t o   g l ide   t o  a landing. 

Nearly  everyone reported  that   es t imat ions  of   a l t i tude were based on the 

The cues of s i z e  and d e t c i l  of obiects  on t h e   g r o u n d m l e s r n e d   f o r  s?e- 
c i f i c  i t ens  ana ladmarks.  Very often a specihl  landmmk l i k e  h white  house, 

300-400 f t .  for   the &??roach. Rhen t dent h6s to  l6nd on e completely 
f o r  exhmple, serves as a sign post o ch the  student  begins a 90' turn a t  

i n  landing. One m a  (Am;) pointed out thh t   the  more f&mil iar   the  lmdmrks, 
s t range   f ie ld  o r  ev'an  on mothe r  runwey o f  the  same f i e l d  he m y  mtke errors 

a i r p o r t  he usually underestirr.&ted t l t i t u d e  hnti cme  i n  too  high.  Apsrently 
t h e  more accurate vas his   es t imat ion of a l t i t u d e .  Tihen k n d i n g  a t  a strange 

the  hbility  to  genercliae  lanuin;  hbbits  develops  g-rhduclly. One must la3-m 
t o  do without  the  specific  cues which i r e  first used and t o  respond t o  what- 
ever i s  comon t o  all   lending  si tucxtions.  

B. &xroachiw the f ie ld .  

of d e b i l  b e s  more important. This apparently mehns that the ground or 
objects  on the grouna acquire  surface  microstructure.  Objects on t h e   f i e l d  
boundwy, l ad in , ;   l i gh t s ,   e t c . ,  are c lea r ly  seen. The epparent  velocity  of 
the  ground i s  seen to increbse. 

In  m-the ep?roacn,  the same cues  for  al t i tude  are  used.  Clessness 

VihV, nJ This is the judgment of the   ver t ica l   angle  between t h e   p i l o t  m d  
the  runw&y. If tine runway is too  "high" or "fiatn the $&ne i s  too 107; f o r  
a s h t i s f a c t o r y   l a d i n g .  

An e d d i t i o n d   f a c t o r  or judgment i s  gtressed by three  observers. (ACVi, 

angle of g l ide  i s  f k e d  w i t h i n  cer tz in   l imits .   Therefore   the  a l t i tude End 
I n  estim&ting where the  plane will l m d  it  must be remembered th&t the 



di-stbnce from t h y  f i e l ~ d  ht  p n i r ; : i  5,??+ *!;.*it= i S  begun de?,er!1li5eS W!lerF. t,!;e 
3l;ne mill lcnd  unless  certi ir .  ?,C:>G itmer!tS l i ke   " sL i2hIg"  O r  "g:unnin; the 

x r k s  i n  beginning the hppi-oach. kf'ter  the  gliue i s  b e p ,  ms t  of tile group 
t:rd+,c,ie*l Are ,m&. As notsd A;reRjcusL>-9 i f l . & m ~  pec:~le  rely on de f in i t e  lhnd- 

repmt that they merely look a t  t h t  s p u c  where  tnejr expect  to  land. I?ne m n  

yond the  spot  chosen. He also stc.ted t h t t  i f  cer tz in   obstruct ions a t  the 
(AC7;) t ends   to  overl.ook tn~e  f0rntr . i  tz&vel of  the  plane End usuhl ly   lmds  be- 

edge of the  f ie ld   &re  c le t re t i  conr'or.tably t h e   p l m e  will lend   i n  6 specif ied 
&re& or  the f i e l d .  

Another i n d i v i d u d  (.E) si.ghts along the  nose  of  the  tmdem cub. He 
f e e l s   r e l h t i v c l y   c e r t r i n  t h t  the  $tne will l h n d  a t  8 spo t   j u s t  beyond the  

a l s o  repr ted.  I n  addition, when Insking t n  epprotch,  he  notes  the  relation 
>oint  sightea. The l t c k  of t r a s f e r  of t h i s  cue t o  mother  type  plcne is 

01 e r t d n  objec ts  on t i i t  f i e i a   bounuuy   t o   t i e  nose of the ?lane, o r  L spot 
on tue  nincishisld. He then  fol ioas  tnid re lh t ion  h s  t h e   p k n e  glides in t o  
t e i l  whetner t h e s e   o b j e c t s   n i l i  be ciemeo  sc-fely. 

C. landing. 

ment son, d l  observers  that.  they look d i r ec t ly  a t  the  ground'fhirly close 
In  uetermining t h e  J o i r t  ht which to   l eve l   o f f   t he re  i s  uniform &gee-  

t o  t he   p i sne .   h s t imtes   i n  inclividi-lci cases   plhce  these  f ixat ion  dis tances  
from 10-75 f t .  i n  f ront  of t h e  ?].me end s l ighkly   to   the  side. One m n  (EX) 
ori , inally hcl di f f i cu l ty  with t tenuency t o  l e a  t o  one s ide i n  order   to  
look  out. iIt now si.ts uprikht ina scans  the  &rea on both  sides  plus  occtsion- 
61 r s p i u   g l m c e s  &t r i g h t  &n&s to   the   p ihne .   In   the   e t r ly  s k g e s  o f   l e z n -  
in6 he  used-to  sry  the+ 

used less. ,NOR,, he s t i t e s ,  i t  v;oulci be 1110re accur i te  t o  scy t i t  he  Jvfeelstl 
t i e  plane in .  In  mother  case,  the  observer (ACT,) regorted  thet  hfter tiie 
+ne i s  levelea  off   he looks t o  the grouna a t  tine l e f t  6nd about 15-25 f t .  

by. He t r i e s  t o  kee;, this cornin, ui> tomrcis  hinself 6 t  6 smooth even r t t e .  
t o  the front .  A blur  th&t h i s  a def in i te   t ex ture  i s  seen &s the ground goes 

time t o  pul l  bkck on the  becoming  more p ro f i c i en t   t h i s  cue i s  
of g m s s  couia  be seen c lebr ly  it wbs 

Another observer, (JF) "feels" tie wheels anu t h i l  sk id  &s extensions  of 
h i s  o m  body so titt he can  *Yeel"  their ip?roEch to   the  s l l r f tce  6s he whtches 

?l&ne. I t  i s  i.nt.eresting  thbt o o s t  i n i i i v i d u I s  who res t r i . c t  thdr g&ze t o  one 
the  ground come up. During .this  process  he  looks  about 10 f t .  in. ,fro?itof  the 

s ide u t  t h i s   s t age  ususl ly  look tcl the l e f t .  Another o b s e r v e  @ST) repor t s  
t h a t  he h&ti d i f f i c u l t y   i n   l a d i n g   t e e u s e  he  concentritea t 
of  t!lE p l m e  when i t  vchs i t ve l inb  o f f .  This   l e f t   insuf f ic i   . in for ;x t . ion  6 s  

ch on the  nose 

t o  hei,;ht  above the  ground. To quote  hi^, "I should be concentrstinL on the 
&rocnu neig!ht m u  observini  the  Ltt i tude  of  tne  shi? wi th  indirect   (?er i?her&l)  
oi.sion r i ther   thtn  vice  versh."  .. 

Tnese r e l o r t s  i n  t h i s  l;st sec t ion   ind ic i . t e   th r t   d i rec t   fove t l   v i s ion  i s  

l eve len   o f f   mu  "set c i o ~ . ~  This   regxu  permits  bn est inLtion of height 
u se t   i n   t he  lhst  stcges oi Lendin; pkr t icu lkr i ly  when the  ;,lux i s  being 

&Love the grouna. This subs t in t iGtes  one of the  conclusions  presentea  in the 
f i rs t  p o g r e s s  re9oi-t on this   s tudy.  

I1 ffir 
\. . 


