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J a g 0  a n 3  E v e r e t t  Palmer 
Ares R e s e a r c h  C e n t e r ,  NASA 

The c o n c e p t  o f  a co:!rplt d i s p l a y  of  t r a f f i c  l n f o r o s t l o n  ( C D T I )  
t n c l u d e s  t h e  l n t e g r a t t o n  of a i r  t r a f f l c ,  n a v l e a t l o n .  : e r r a i n  8lld 
u e a t h 2 r  i t ¶ fOtm8t iOn  i n  a s leqle  e l r c t r o n t c  d i s p l a y  l a  tile c o c k p i t .  
The p r , - s e r t  stccdy VIS c o n d u c t e d  a s  p a r t  o f  a r e s e a f c h  p r o j e c t  
d e s i g n e d  t o  . ' .evelop a cLeir a n 3  c o a c i s e  d i s p l a y  f o r r a t  f o r  u s e  tn 
l a t e r  f u l l  m l s s i t n  s i o u l a ? o r  e v a l u a t l o n  o f  t h e  C D T l  c a n c e p t .  T h i s  
e x p e r i r e c t  t e q u l r e d  a i r 1 . n :  p l l o t s  t o  m o n i t o r  a CDTL a n 3  r a k e  p e r -  
c e p t u a l  j u d s m c n t s  c o n e -  i s  t h e  f u t u r e  p o s i t t o n  of a slngle 
l n t r u i e r  a l r c r a f t  1- t . n s h l p  t o  t h e i r  own a i r c r a f t  ( o w n s h i p ) .  
The msln e s p e r l m e a t a l  rarlable Was t h e  t y p e  of p r e d i c t o r  u s e d  t o  
d l r p l a y  f u t u r e  p o s l t l o a  of e a c h  a l r c r a f t .  P r e d l c t o r s  were rcfer-  
e n c e d  t o  t h s  q round  o r  t o  ownmhlp &nu t h e y  e i t h e r  l ~ c l u d e d  t u r a  
r a t e  l n f o r a a t l o n  o r  d i d  n o t .  O t h e r  v a r l a b l e s  were t h e  r i r c r a f t ' s  
s e p & - a t l o n  d l s t a n c e  when t h a  j u d g a e n t  was i e q u i r - d  8nd  t he  t y p e  of 
e n c o u n t e r  ( s t r a i g t -  o r  t u r a i n g ) .  R e m u l t s  l n i i c a t e  t h a t  u n 3 e r  t h e s e  
e x r c r l m e a t a l  c o a d i t l o n m  f e w e r  errors were r a d e  when t h e  o r e d i c t o r  
l n c t u d c d  t u r a  r a t e  l n f o r a a t i o n .  T h e r e  was l i t t l e  d i f f e r e n c e  l n  
o v e r a l l  error  r a t e  for  t h e  c u r v e d  g r o u n d  r e f e r e n e e d  and t h e  o v n s h l p  
r e f e -  e n c e d  p r e d i c t o r s ,  

ERTRODUCTLOY 

P r o j e c t e d  es t imates  of a i r  t r a f f i c  i n d i c a t e  a marked  i n c r e a s e  
I n  c o a g e s t l o n  o c c u r r i n g  o v e r  t h e  n e x t  20 y e a r s ,  T h i s  i n t r e a s e  1 s  
e x p e c t e d  t o  c r ~ a t e  a demand f o r  B r e a t l y  i m p r o v e d  a l r  t r a f f i c  con-  
t r o l  t c r v l c - s  t o  a r l n t a l n  - r  improve  p r e s - n t  levels o f  m a f e t y .  
Relcv*r . t  t o  t h t  a r e a  of s a f e t y  a r e  c o n c e r n s  d e a l i n g  w i t h  a f f i c i e n c y  
of f l l g h t s  i i rco  and  o u t  of c a p a c i t y  l i m i t e d  t e r m i n a l  areas, The 
c o n c e p t  of  a c o c t p l t  d i s p l a y  o c  t r a f f i c  i n f o r m a t i o n  ( C D T K )  is 
p r e s e n t l y  b e l n g  c o n s l d e r c d  t o  d e t e r m l c e  i t s  r o l e  l n  t h e  a i r  t r a f f i c  
s y s tern. 

The CbTf 1 s  d i s p l a y e d  on a c a t h o d e - r a y  cube (Car) l o c a t e d  i n  
t h e  a i r c r a f t  c o c k p i t  with a d i s p l a y  c r e a t e d  by a c o r r p u t e r .  The 
d l s p l a y  a l l a r s  t h e  p l l o t  t o  see  o t h e r  a i r c r a f t ' s  p o s i t i o n  l n  r e l a -  
t i o n  t o  t h e  p f l o t ' s  own m:rcraft. The p l l o t ' s  own p o m i t l o n  an3 
d i r e c t 1  .n o f  t r a v e l  wLth r e s p e c t  t o  a ~ e a  n a v l g a t i o n  r o u t e s  and  t e r -  
r a i n  f e a t u r e s  a r e  i o i ? c r t e d  by 8 h e a d i n g - u p  r o v i n g  map. 

P r l o r  e s p c r l a c n t s  in t h l s  p r a j a c t  were  d i r - c t e d  t o w a r d  
d e v e l o p ? n g  a c l e a :  . 5  e a s y  t o  u s e  d i s p l a y  ( i e f .  1 ,  2 ,  3 ,  4). 
Q u e r t l o n s  r0n:crnir.d chr. g e n r - t c  d i s p l a y  w e r e  d l r e c t a d  t o w a r d  
t h e  d l s b l a y  syrbolcgy a n 3  f 8 c t o r s  a f f e c t i n g  p e r c e p t i o n  o f  a o c l o n .  
Zuch v a r i a b l e s  3s u:d*te r a t e  l e i r ing  t l m e ,  background and  r e t h o d s  
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o f  d t s p l a y t a g  p a s t  a n d  f u t u r e  p o s t t i o n  of t h e  r i r c t a f t  have b e e n  
c o n s t d e r e d .  b d d i t t o n r l  s t u d i e s  h a v e  b e e n  madt on how t o  d i s p l a y  
r e r t t c 8 l  s t t u a t t o n  i n f o r m e t i e n  on a r a p  d i s p l a y  ( r e f .  5 .  6 ) .  

The o b j e c t  o f  c h t s  e x p e r t r e n t  was t o  e r a l u a t e  d i f f e r e n t  p r e d -  
t c t o r s  o f  a ! r c r a f t  r o t t o n  i n  t h a  h o r l t o n t a l  p l a n e .  l o u r  p r e d t c t o r s  
v e r e  u s e d .  T h e s e  vere e i t h e r  g r o u n 3  referen:ed or o w a s h t p  re fcr -  
e n c e d  r i c h  or w t t h o u c  c u r 3  r a t e  i n f o r r a t t o n .  hlso o f  l n t c r e r t  was 
uhe  er  c4cre  w3s ,. d t f f e r e n c e  t n  l e a r n i n g  w i t h  t h r  d i f f e r e n t  p r e d -  
t c t u r s .  

HCTU30 

S u b j e c t s .  S i x t e e n  a i r l i o e  p t l o t s  were p a t d  t o  p ~ r t t c t p a t e  tn 
t b t r  experiment. l o  p i l o t  had  p r t o r  e x p c r t e n c e  u s t n g  CDTX rymbol -  
ogy. e l t i t n i t t a g  the p o s s t b i l l t y  of p r e r i o u s  l e a r n t n ~  a f f e c t i n g  t h e  
r e s u l t s .  

Appar8tUS. The  p t l o t s  v e r e  s e a t e d  i n  a t w o - p l a c e ,  f i x e d - b a s e  
t r a n s p o r t  s t m u h t o r .  The  only f u n c t i o n t a g  p a r t s  o f  t h e  s i m u l a t o r  
were t h e  CRTs t h a t  d i s p l a y e d  t h e  t r a f f i c  i n f o r m a t t o n .  R e s p o n s e s  
vere a i d e  on i h a n d - h e l d  t n s t r u a e n t .  

V i s u a l  d t s p l a r .  The  CDTX was 1 t s p l a y e d  on a 18 c8  x 18 cm 
SRT. The center  o f  t h e  scree.i was l o c a t e d  25 deg .  (-44 r a d )  b e l o r  
C h  horltontal on the  p i l o t ' s  c e n t e r  l i n e  and .87 I from the 
s u b j e c t ' s  e y e  r e f e r e n c e  potu.' .  The w i d t h  of t h e  t erra in  d t s p l a y e d  
on the  CRT WJS 10 n a u t t c a l  miles (18.5 k m ) .  Y t t h  t h t s  -a? Jca le ,  1 
n a u t t c a l  m t l e  (1 .85  km) OP t.m g r o u n d  e q u a l s  1.2 cm on the d t s p l t y .  
The o w n s h i p  vaa r e p i e s e a t e d  by  a c h e v r o n  symbol  w i t h  t h e  e x a c t  
locatton o f  ownshtp b e t n g  t h e  t o p  p o i n t  of t h e  syab?l. The 
t o t r u d e r  was r e p r e s e n t e d  o n  t h e  d i s p l a y  by a c t r c u l a r  s y m b o l  with 3 
d o t  t o  t h e  c e n t e r  i n d t c a t t n g  t c s  p r e s e n t  l o c a t t o n .  Both o w n s h i p  
a n d  t n t r u d e r  were d t r p l a y e d  wtth g r o u n d  r e f e r e n c e d  history d o t s .  
Kach o f  the e i g h t  d o t s  i n d t c a t e d  t h e  p a s t  p o r n i t i o n  of t h e  a t r e r a f t  
o v e r  t h e  g r o u n d  a t  4 see intervals. These s y m b o l s  were p r e f e r r e d  
by .oat p t l o c s  t o  H a r t ' s  s t u l t e s  o f  p i l o t  p r e f e r e n c e  f o r  v a r i o u s  
t y p e s  o f  COT1 s y m b o l a  ( r e f  7 ,  8). A n  area navtgation r o u t e  r a p  
p r o v i d e d  g r o u n d  o b j e c t s  f a r  t h e  b a c k g r o u n d .  

E n c o u n t e r  v a r i a b l e s .  T h e r e  uere 18 d i f f e r e n t  e n c o u n t e r a .  
P i g a r e  1 shows 12 of t h e  4 8  e a c o u o t e r s .  For e x a o p l c ,  e n c o u n t e r  1 
a i r p l a y s  t h e  o w n s h l p  t u  a h e a d i n g  up  p o s i t i o n .  The  t n t r u i e r  i s  
a p p r o a c h l a g  fro. t h e  r t g h t .  I n  t t g u r e  1 a l l  s k e t c h e r  s h o v  r u r v e d  
g r o u n d  r e f e r e n c e d  p r e d i c t o r s  f o r  t h r  p u r p o s e  o f  t 1 l u s t r a t : o n .  in 

24 o f  the e n c o u n t e r s  t h e  i n t r u d e r  u l t t r a t o l y  p a r z e d  i n  f r o n t  o f  
ownsh ip .  10 t h e  reaatntng 24 t h e  i n t r u d e r  ULti88teLy p a s s e d  b e h i n d  
t h e  ovnrhtp .  In 24 of  t h e  encounters, b o t h  t ' r c r a f t  went r t r a t g h t  
and l n  t h e  r e m a i n i n g  24 cne or b o t h  a i r c r a f t  t u r n e d .  I n  2 4  
e n c o u n t e r s  :ha d l s p l a y  a t J p p a d  d t  44 sac t o  t h e  p o i n t  o f  c l o s e s t  
e n c o u n t e r .  The r e o a t n t n a  24 e n c o u n t e r s  s t o p p e d  at 2 0  sec t c  t h e  
p o t n c  o f  t h e  c l o s e s t  encr lunter .  The p a r a m e t e r s  f o r  t h e  e n c q u n t e r s  
qrc found la Palmer e t .  a l .  

Constant e n c o u n t e r  - a r a s e t e r s  ncludcd: v i e w i n g  time, 8 s e e ,  
r e p a r a r t o n  d l s t a n c e  a t  a n c o u n t e r ,  3500 f t  ( . 9 1  km), a n d  u p d a t e  
r a t e s  f o r  o w n s h i p  and i n t r u d e r .  O w o s h t p ' s  p o s l t t o n  and h e a d i n g  was 
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u o l 1 C l J  z v e r y  .I SJ;. dhl!: tk:n L n t r u l ~ r ' s  prJsLtLon i n 3  h i i i n t  d l L  
u p i 1 t . d  n v c r y  ? s-.:. 

3LopLiy  v ~ r l a b l c s .  t h e r 3  dace  f o u r  :oadLtLonr o f  4LsplaY 
p r z i i : t > r s :  (3 str .r l :ht  %round r e f e r a n = e d .  !b)  curved s r o u n i  
r2f:rzn:zi. ( c )  r t r a l p h t  r e l s t l v e .  in4 ( d )  c u r v e d  relaclve. I n  t h a  
s t r a l ~ h c  qroun3 r c f e r c n c e d  p r r 3 l c t o r s .  t h e  a n i  sf th: r e c t o r  Cn3L- 
= a t n i  t h e  p r o j e c t e d  p o r l t l o n  3 f  t h e  a i r c r a f t  o v e r  t h e  q r o u n i  I n  3 2  
s+e,  r s s u r l n p  t h c  a l r c r a f t  r i l n t a i n e i  Ltr :urren: L n s t a n t a n 2 a u s  
~ r a u n d  t r a c k .  The curved %round re ferrn=e3  p r e 1 l : t o r  L n i l c s t t i  t h e  
p o s l t l o n  of the  a i r c r a f t  La 3 2  see. arsumtn3 t h a  a i r c r a f t  r a i n -  
t i L n a 3  i t s  c u r r e a t  turn r a t e .  1 m  :urvcJ o a s s u n c e r s  t h l s  p r e d l s t o r  
c . ~ r e r i  I n  p r o p o r t l o n  t o  the t u r n  r a t e .  V t t h  t h e  stralqht r r l r t l v e  
prc iL: tor  t h e  2nd of the  predictor L n i l c a t e i  t h a  L n t r u . i e r ' s  p o s l -  
t lcla tn1;ltCve t o  c h r  Junshlp p o r l t l o n .  3 l r o c t l o n .  i n 3  r p e c i  L C  bsttr 
i i r c r i f t  r r t n t i l a  t h e l r  c u r r e n t  %round t r a c k .  'Jlth c h i  c u r v c i  
r c l i t t v e  t h e  c n i  of  th% p r e i l c t o r  p r e i l c t s  th: p 9 s l t C o n  o f  t % e  
i n c r u 3 s r  r e l a t l v e  t o  oxashlp  L f  b o t h  r l r c r i f t  n ~ L n t a L n  t 4 e L r  
c u r r e n t  t u r n  r a t e r .  I n  ancounterr  r h c r c  both  r l r c r a f t  1r5 q o l n q  
r c r a i : h t  .hr JLsplay  a p p r a r s  the srqe v l t h  b3ch r t r r l t h t  a n 1  c u r v e 3  
p r z i l c t o r s .  P l s u r o  2 shows thr same en:ounter u l t h  e a c h  ?f  cha 
four  p r c i t c t o r s .  X I ,  radar n s l r e  o r  t r a c k e r  l a q  u ~ r s  r l i u l a t e 3 .  

--- 
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P r 3 z c i l u r e .  Tn? r i s k  f o r  t h l s  . : t p a r l r e n t  u ~ s  t o  r o - l c a r  t h r  --- ----- 
C 3 T I  f a r  f se: a n i  p r e d l e t  u 4 t t h a r  t h e  l n t r u d e r  ~ l r c r a f t  u o u l d  
u l t l a a t c l y  p i s s  l n  f r o - c  of o r  i n  b a c k  o f  t h 5  o v n s h l p .  T h e  s u b -  
j e c t s  l n i l c a t a i  t h e l r  d c c l a l o n s  b y  p r c r s l n q  t he  a p p r o p r l - t e  b u t t o n  
o x  t h 2  S I n i  h e l d  r e s p o n s e  s u l t c h .  Tu9 sccon4a r f t e r  t h e  lnltl8tlon 
of thr r u n ,  th.: l n t r u l e r  i p p e - r o 3  o n  t h e  CDTI w i t h  I p o s l t l o ? ,  
v+lo :1cy ,  t r i c k  q n t l c .  i n i  t u r n  r a t e  c a l c u l o t c i  so t h a t  t h e  
t n t r u i c r  u l t l a a t e l y  p i s r e 4  c l c h r r  d l r e c t l y  l n  f r o n t  a €  o r  l n  b i c k  
o f  o d n s h l p  La 5 2  o r  3 5  se:. A f t e r  9 re: o f  v : $ a l n ~  C l t z  t h c  5RT 
J I S  bLin 'r23  a n i  rcpLi : - . i  a l t h  I \ e s s a q t  a s k l n q  u h c t h z r  t h -  l n t r u 3 c r  
r q u l 3  p a s %  I n  f r o i t  o r  i n  b a c k  of  o - m s h l p .  T h e  p l l o t  r e s p o n d e l .  
The sards - 1 V  FROIYT' o r  ' I Y  %\CK.' t h e n  a p p n a r o 3  o n  t h e  s r r t c n  l a i t -  
c i c l n 3  t b a  20rre:t j u l p r n t .  

F o u r  a u b j i c t s  v e r e  ass lqne4  t o  z a c h  o f  t h z  f o u r  c Q n l l t l o n s .  
t n l t t r l  o r J 1  l n s t r u c t l o n s  c o n c e r n l n 3  t h e  :on=ept of t h r  CDtK a n d  
t 'rc . r z ~ n l n q  o f  th :  v a r l o u r  d l r p l a y  s y m b o l s  ~ c r e  x l v c n .  4 f t e r  
i p p r o r l a i t i l y  a n ,  4 i l f  h o u r  o f  t r i l n t a p .  a l l  p l l o c s  u n i c r u e n t  a 
p r e t e s t  blo-12 of 18 t n c o u n t e r s  u l t h  30  p r e 4 l c t o r s .  A t  t h e  =on:lu- 
s i03  2f th? p r e t t s t  c r l i l  t h e r e  a a s  I I O - a l n u t e  b r e i k .  T h e  p l l o c s  
r e c c t v e i  aiilttoaal t r . i l n l n q  s p . z c l f l c  t o  t h a  z x p z r l r c n t a l  c o a d t -  
c i o n .  3 n  3 3 y  I ,  :hre;? blo:ks .J€ t h e  e x p e r l a z n c r l  c o n i i c l o n  o f  t h e  
5 3  2 n : o u n c z r s  **re s d r l n l s t > r e d  w l t h  I I O - m l n u t c  b r e a k  b e t d s e n  
b1o:ka. 3 n  D i y  2 ,  t h e  s u b j e c t s  r e c e l v c d  l n r c r u c c i o n s  3 n  t h e  \can- 
l n i  o f  th:  C 3 T I  s y a b o l s  f o r  t h e  2 a p = r l r e n t 3 l  c o n i l t l o n  a n i  t h r e z  
- o r e  b l o - t s  3 €  $ 3  ? n c o u n c e r s  o f  the  z t p c r l m e n t i l  coaittloi r e t e  
q l d 2 x .  The c x p c r l l r e n t  c o n c l u d e 3  u l t h  3 p o s t r c r t  b l o c k  l d c a t l c a l  t o  
t h e  p r a t z s t  b l o c k  v l t h  xo p r e d l c t o r s .  P r e s e n t a t i o n  3 r d e r  #is ran-  
d m i z c d .  !n r i i l t l o n .  u h 5 t h z r  t h a  subject saw 1 s p o c l f l c  e n c o u n t e r  
o r  l t s  r l r r o :  L i ixe  uas alsa r a n i s s t z e d .  

R r s u l t s  

Table 1 s h o d s  c h z  p e r c e n t  e r r o .  f o r  a i c h  of t h z  p r e l l e c o r  con: 
1 L t l o n s  f o r  s t r . r t 3 h c  a n 4  c u r v e d  e n z o u n c t r s  1: b a t h  d l s t a n z e s .  I t  
c 3 n  b-. s e z n  l n  F i g u r e  3 I n 4  T a b l e  I th.it f e v e r  e r r o r s  were 113c on 
i a r v c i  e n : o u n t e r s  v h i n  t h a  p r n i i c t o r  i n j t c s t c d  t h :  f u t u r e  j o l n t  
c f f c c t  of  : u t r e x t  cur:. rsce  of b a t h  r l r c r a f t .  B 3 t h  g r o u n d  r e f c r -  
e n c a i  i n <  o u n r h i p  r s f e r c n c e i  p r a d t c t o c s  resultel I n  e q u a l l y  q003 
p c r € o r o i n : a s  on ~ c r i l p h c  e n c o u n t e r s .  H o ~ e v e r  t h r  e r r o r  r a t e  on 
c u r a c d  : n c o u n t a r i  a i s  c o n s t s t e n t ? y  lover For t h r  :ondlclons r l c h  
; a r ~ e f  ~ r o ~ : . i i  o r  o i r n s h l p  r e f e r e n c e d  p r e d l c t o r s  t h a t  p r o v l d c d  t u r n  . 
r a t e  I n f s r a i t L o n .  ULth  t u r , i  r a t e  l n f o r n a t l o n  t h z  z r r o t  r a c e  o n  c h ?  
c u r v e ?  I n c o u n t c r o  was : o % p a r c l b l e  t o  t h e  e r r o r  r 3 c e  o n  s t r r l p h t  
z n r a u n t e r s .  Thc. h l q h c r t  e r r o r  r a t a .  o:curcd when b o t h  i l r c r a f t  
u . : r ~  c u r n l n x  and t h s  p t e i l c c o r s  . i t d  n o t  l n c l u i e  t u r n  r a t e  l n f o r n a -  
tion. 

4 3  in*:yslr of var1an:L vis cond~.:ced o n  t r a n s f o r i r e d  p e r c e n t  
e r r o r  r i c e  a v e r  t h e  f o u r  p r c i l c t o r  c o n i l t l o n s ,  s e p r r a t l o ~  i l s t i n - c  
i t  e n r a u n t c c  a n i  t y p %  b f  e n c o u n t e r  ( s c r r i q h t  or t t ~ r n l n p ! .  T a b l o  2 
s \ ~ r s  t ' i z  r 2 s u l t s  5 f  ch-. A Y O V t .  P a r f o r r i n c e s  o v e r  t h e  f o u r  p r e d l c -  
:or c y 0 2 s .  two s r p i r a c l o n  d l s r a n c e s  mad e n c o u n t e r  t y p e s  v a r e  s l p n t -  
f t i a n t i y  J 1 f f e : c n t  a s  were r . ~ r  1 n t e r a : t l o n s  of p r e d i c t o r  t y p e  a n 4  
s a p ~ r a t l o n  1 i s t i n : c  3 n i  t b - .  l n t c r a c c t o n  b r t u c c n  p r c d l c t o r  c y p a  a n i  
e n c o u n t c ? r  C Y D ~ .  



ORIGINAL PAGE IS 
OF POOR Q U A u n  

Table 1. Percent e r r o r  arcra5c3 s r e r  sub jse ts  .ad r e p l l c a t l o a s  
for  s t r 8 t f h t  sad curved encounters. Thrre were 95 t r l a l s  QaCh 
per c e l l  for  ths p r e t e s t  sa4 p s s t t e s t  n i  p r e i l c t o r  c o r a l t l o a s  rad 
233 c r l % l s  eo:h par c ~ l l  f o r  the  four  p r c d l c t o r  c o a 4 l t l o a s .  
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t t g u r i  S rhous p e r c e a t  e r ror  c o l l a p s e d  a v e r  s u b j e c t s  for each 
of th8 p r e a t c t o r S .  The d a t a  are shoua t o t  each of t h e  r e p l k 8 t t O a 8  
a v e r a ~ e d  over the tu0 dts taaC8S.  L t  cam be 8eaa t h a t  r e p L t e a t l O a S  
v t t h  p r e d t c t o r s  do nst t i p r o v e  p r r f o r r a a c e  om t h e  no p r e d t c t o r  

aad  p o s t t e s t  868~1s. ?he re  YIS e v t d e a c a  Cot learatai for  all pred-  
t c t o r s  e x c e p t  t h e  :utvod ovnsh lp  r e f e r e a c e d  p r e d t c t o r  v h t c h  rat.- 
t a t a e d  aa w e r a s e  error r a t e  of 32. 

v i e w  t h e  o t h e r  p r e d t c t o r  c o a d i t t o r s .  Th.tr p t a d t c t o r  p r e f e r e m t e  
was r eques t ed .  a l l  p i l o t s  p r e f e r r e d  p r e d l c t o r s  4 t h  t u r n  rate 
taforratloa tacluded.  The p r e f e r e a c e  vas e v e n l y  d t v t d e d  b e t r e e a  
Srouaf  r e f e r e n c e 4  r a d  o v a s h t p  r e f e r e a c e d  p r e d t c t o r s .  

POStteSt .  There YaS, mO StgalftCaat dlffeteaZ8 b e t u e e a  t h 8  P t8 te . t  

A t  t h e  c o a c l u 8 t o ~  of t h e  e x p e r t a e a t  t h e  p t l o t s  ware a l l o w e d  to 

DtSCUSSfOl 

The s r t a  o b j e c t t v e  of t h i s  expe r tmrac  uas t o  t a v e s t t 8 a t e  per- 
formaace8 r s t a a  d t f f e r e o t  t y p e s  a t  p r e d t c t o r s .  Cvtdeace  c lear ly  
shows t h s c  t h r  a d d t t t o n  of a p r e d i c t o r  reduced t h e  e r r o r  rate. the  
p e r c e n t  e r t c -  was f u r t h e r  r e d u t e d  rhea t u r n  ra te  t a f o t 8 a t t o a  0.8 
added t o  t h e  p r e d t c t o r .  

There s t t l l  remains a q o e s t l o a  whether  ground refereacing or 
o u a s h t p  r a f e r e a = l a s  tr t h e  b e s t  r e t h o 3 .  The percent error d 8 t e  oa 
t h e  t e p l t c a t l o a s  showed t h a t  there w8s l t t + l e  leatolag w i t h  the 
curved  owashtp refereaced p r e d t c t o t .  Al though a f t e r  s t x  r e p l i e r -  
t i o a s  b o t h  curved ground r e f e r e a c e d  aad  curved  o u a t h l p  r e f e r e a c e d  
p r e d i c t o r  coa4itions bad slmillar low e r r o r  r a t e s .  

The q u e s t t o o  o t  whtch r a t h o d  of refereactag t s  b e s t  t s  f u r t h e r  
c louded  by the  f a c t  c h a t  502 of  t h e  error u l c h  t h e  c u r v r d  ovn8blp  
r e f e r e a c e d  p r e d i c t o r  was aecoua ted  for  by tu0 e a c o u n t e r s .  t h s a e  
two e a c o u a t e r s  0 1 1  and 419) are b o t h  e a c o u a t e r s  where. t h e  o v a s h t p  
1s t u r n t a g .  Thus che c a r v e d  ouach tp  r e t c r e a e e d  p r e d t c t o r  coaditloa 
had 8 very low o v e r a l l  error rate vhea t h e s e  t u 0  e n c o u a t e r s  are aot 
constde:ad. Oae c o u l d  a r a u e  t h a t  o u o s h t p  referencta8 t s  the b e s t  
method. (ra t h e  o t h e r  haa4. t h e  :urved Srouad r e f e r e a c e d  p r e d i c t o r  
c o a J t t t o a  h8d 8 r o r e  evea  d t r t r t b u t t o a  of error.  One 8 U S t  atso 
q u e s t t o a  5ow good 8 referenclog r e t h o d  is t f  i t  caa be so eoafustag 
oa cvo of  the e a c o u n t e r s  and (Lot c o o f u r t a g  oa aLL t h e  o t h e r  
e n c o u n t e r s .  

ResuLtr f rom t h e  s u b j e c t l i e  d a t 8  s u g g e s t  t h 8 t  t h e  a e t h o d  of 
refereactag  i s  an t n d t v l d u r l  p r e f e r e n c e  aa4 n o t  based  on p e t f o r -  
maace. 

COlCtUltOl 

T h i s  e x p e r h e a t  adds  t o  I serter  of e t p e r t a e a t r  d e s t s a r d  t o  
e v a l u a t e  COT; d t s p l a y  symbolo3y tu a dyaao tc  b u t  c o a t r o l l e d  
aavtronrenc. The f a l \ o v t a ~  are geaeral  o b s e r v a t i o n s  based oa t h e  
d a t a  fro. t h t r  e x p e r i s e a t .  1 )  t h s  r d d i t l o a  of p r e d t c t l r e  toforaa- 
t t o a  t e d u c a s  error .  2 )  The b e s t  r e s u l t s  uete o b t a t n e d  whaa t u t u  
L - t a  iaforn8ctoa ‘1.1 t a c l u d e d  t a  <he P r e d i c t t o n .  

i t  1 s  taportaat  t h a t  8ay Loaclustoa t h e  reader  may d r a v  f ro8  
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F i p u r a  4 .  t erro ia#  perforc tace with each predictor  type. ?ereeat  
a r r o r  co l lapsed o v e r  s u b j e c t s .  
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c h z s 3  r e s u l t s  t o k c  l n t o  a c c o u n t  t h 3  f o l l o . . l n a  L l a l t a t l o n s  o f  t h a  
r a s a i r c h  n z t h o i :  ( 1 )  t h e  p l l o t s  c o u l j  d e v a c c  t h r l r  u n l n t e r r u p t i l  
a t t e n t l o a  t o  t h c  t3 ,k  € 3 ~  3 s e t ;  ( 2 )  n . i l t h e r  r l r c r i f t  E h i n l e i  I t s  
s p i e d  o r  tu -a  r a t e  4 u r l n q  a n  z n c o u n t e r ;  ( 3 )  a l t h o u g h  t h o  i l s p l o y  
i l l s  i y n i a l : .  t h r  p l l o t s  c o u l d  n 3 t  L n t c r 3 : t  o l t h  t h z  i t s p l a y  t 3  i r k  
f ? r  more infornitLon i b a u t  t h a  Lntruizr o r  c h i n q c  t \ r ?  a l p  s : s l e ;  
( $ 1  p i l o t s  :ouLi n 3 t  t ~ k e  o v e r  m a n u i l  c o i t r o l  of t h a  a l r c r a f t ;  ( 5 )  
t h e  p a s s t v e  n i t u r e  3 f  t h a  C i s k  and t h e  l a r q e  auabar of C r 1 3 l s  
r e s u l t c j  1.1 I t a s k  t h a t  q u l c k l y  b e s a r e  r o u t l n z .  t h e  f l r r t  two 
l t e i s  s h 7 u l d  l e e 3  t o  f e v e r  e r r o r s  t h a n  u s u l d  b e  r l t p a c t e i  l n  I r e a l  
itrcraft. T h e  L i s t  th ree  i tems , h a u l 3  l e 3 3  t o  - o r e  a r r o r s  t h a n  l n  
A r a i l  a l r c r i f t .  I t  1s f e l t ,  h s u e v e r ,  t h a t  c h a  r e l a t l v e  difference 
b s t u e z n  t h s  d L s p l a y r  a i l l  r e a a l n  t h e  s r a z  a s  t h e  t i s k  1s n3de -o re  
r c s l l s t t : .  
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