




The attaohed report, e n t i t l e d  n w v e  EY- of P i o w  
3 i n  the 1 4 A  .. 1 n b Y  

Willl~~, Jr., is nubmittad by the Comaittea on Aviation Psyohology with 
5.  N. ROMO~J, J .  P. Smith, B. X. Johnson, P. E. D i t t a a n ,  md A. C.  

of the Di&nion of' Renearoh, C iv i l  Aeroneutiw AdaiPiatrationw. 
the rooomandation  that  it be included in the seriea of teohnioal repor to  

The s tudies  deaoribsd in this report, oondunted under tha dlreotion ' I  

of A. C .  Williams, Jr,,  at the  Unlvsrs i ty  of I l l i n o i ~ ,  and nap- 
jointly by the Civ i l  Aeronnutloe  Administration d t h e  U. 5.  Navy, om- 
firm the oonolusion embodied in an earlier report oonoerning the auprl- 
o r i t y  OC "plotorid" as aontrasted with *sgplbolio" VOR airordt 
dimplaya in f a o i l l t a t i n g  the rapid and aoorrrata aolution of navigatim 
problem. Dm experimental f indings 8h-,olesT1y t h e   p s o t i o d  oontrlbu- 
tiom to m x l m i a i n g  the ucefulnees of onmi-range equipment whiah oan be 
aohiaved through o o n t h e d  researoh bearing upon the optimal pramantation 
of navigation  Information. 
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volwd,  mere s ign i f i can t ly  mprior t 6  any of the  spmbolic d i n p l a p ,  
whioh pressnbd  information in terms of dial   readings,   naedle   def lect ions 
and mbera .  Them was littb t o  choosa among the five symbolic dlsplays 
tested a However, one of t b e   p i c t o r i a l  displays, tbe one showing the 8 ta- 
t i o n  in a fixed posi t ion in the center of  the scope with ttorth e t  the 
top and the  a i rplane  a8 6 pip which moved abu t   t he   s t a t i . cn ,  was fmnd  
suprior t o  a l l  others. 

3c An Evaluation of the Evidence 

Nhether them r e s u l t s  obtalned from static mmkups are d i r e c t l y  
applicable t o  functional inatnatents  ussd in actual f l i g h t  depends upon 
the  significance of the dimrepancia8 batween the sxprimental t8sk and 
the f l lgh t   t a sk .   In  the u60 of any functional bieplay, the p i l o t ' s  
task involve6  tno  aspects  of prfomance, one ti' diserimlmtf.on i n  
which the p i l o t  must deoiae w h a t  t o  do, and one of manipu1a':iOn in  which 
he must executa his daaieion. Using static mmhps it i s  possible t o  
get a t  only tha first aspect  of tohe p:.lot.!n task ,  nsmelyr h i s  decision 
ooncerning which ray t o  f l y  in order to eoive tk uvlga t io .1  problem, 
a t  hand. 

i 
It m u R t  ta remembred, howeyer, t h a t  VOR and DMF:afe primarily !, 

navigation devices. T h e i r  chief purpose i s  tQ auppl) the p i l o t  with 
information  with which he can or i en t  himself and frm m i c h  he can 
decide on a p r o p r  d i r ec t ion  i n  which t o  f ly.  VoR~aight   a lso be used  
as a f l igh t   ine t rment   for   cont ro l l ing   heading ,  etc., but if the dis-  

then whatmar excePlence it might have a s  a f l i g h t  instrument is wasted. 
play falls a8 a navigation a id  so L h a t  the p i l o t  make3 wrong decisions,  

Thus it wa7 believed tht the resu1t;s fmm the smtic mockup study were 
per t inent  to tha f l i g h t  ,situation. 
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%This e q u i p n t  was dsalgned and constructed  by Mr. Johd M. Bell of 
..% 

, .p. 
the  Aviation Psychology Laboratory,  University of Ill inoia.  , , $+t _ .  
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\ '  
I. With tha aircraf t  almsdy crientad a~ on course, t o  con- 

tinue flying t c  the station and t o  d 0 . m  from the st.:- 
tlon on a given departure tr-zc!:, not tha m a  a8 tha in- 
bound track. 

IFD With poa i t io l  unknownm, t o  orient a d  f ly  d i r e c t l y  t-c th3 
station. 
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F ' I G W  4A. EXAMPLES OF FROBLESI SOLUTIONS WEICH WERE FI&UN USING THE PICTORIAL ~~j'::?. 
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recarding  crab  during  the  best  and worst  solutions which were flown on each of . ;-j~rz 
The dot-dash  l ines   represent   t racings of the   t racks made by the  trainer ~ ;?:? 

the  four  problems.  There were no incorrect   solut ions using t h e   p i c t o r i a l  die- --*'. . . r r,' 

DISPLAY i. I =l. 
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play. In most cases  the  best   patterns  correspond so closely  with  the desired :;:: -~ 
pat terns  that they are indistinguishable.  (The desired solutions a r e  shown .,."-t __II 
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The dot-dash lines  represent  tracings of the tracks made by the trainer a,'.* 
recording  crab  during  the best  and worst correct  solutions which w e r e  flown MI -.'j$ 
each of the four problems. The dotted  lines  represent  four of the  f ive  incor- :+3 
rect problem s o h t i o n s  which were flown using  the symbolic display. (The de- :! 4: 
s ired  solutions are shown by solid l l n e e . )  
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obviously spurious. Furthemore, t h e  p ic tor ia l   d i sp lay  installatim was 
suff ic ient ly   dis turbed by the  @arLh'z n a p e t i c  f i e l d  30 that the pj.p waa 
displaced i n  d i f f e ren t  alno'mts m d  i n  differsnt.  dil.ections depending upo.?, 
the heading of the   t ra lner .9  Ttws it- was impossible t o  ma& nn accurate 
de+&ninat ion of' hm m l i  pilots aan x) ex-p?c*&d t n  " h i t  the   s ta t ion" 
xs!nz such a displuy, 

The inaccuracies introdwed by the   re la t ive ly  iarge p ! . ~  si% f o r  
the  wall pic- tor ia l   d isplay ham alreac'y k e n  d i s c u s a d .  Wltn a larger 
s c o p  (perhaps ten I a h e s  in d i a m o t e r  rather t l a n  five inches) sndior a 
finei- pip, mcch greater accuracy i n  h i t t k g  ",he s t a t ion  .-would b2 e>:pec~;ei!, 
Furthermore, some bet'ar way of showing fleading, such a s  an arrow &ap.~lt 
pip,  should  further improve the  accurhcy of perfc.ra.raonce. With theue modi-  

e c t  scruracy on t h e  f i n a l  approach t o  tk Etatloc t o  equal C h a t  obtained, 
f Icnt ions of the pic tor ia l   d i sp lay ,  it does not seen urreasonable t,o ex- 

U G ~ . G ~  the conventional  cross-pointer instrument. 
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a. Fire navigation problem were eelmtatad rh ich  were de- 

might be erpected t o  perform using V C R  equipent .  
algned t o  oample the  various t m k s  rhi0h private pihots 

d. Baoh subjeo t   in  eaoh gmup p e r f o d  five t r i d a ,  eaoh 
frm a different Starting  posit ion.  on each of the five 
navigation problems using the,dimplar on whioh he had 
been trained. 

e.. The performances of the two groupa using  the different 
displays were evaluated and oompared. 
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TABLE 20 

AN ANALYSIS OF THE EFFECTS OF PPACTICE AND DIFFERENCES IN PROBLEM 
CIFFICULTY AS RE.FL&cTED BY "ORIENTATlON TIKEn USINC THE 

SYKfjOLIC DISFUY 

The rranbers in the body of the table represent the merage diatance 
In miles flown before the f i ra t  turn by 15 rmbjects during each of f i re  

expressed in seconds as well as miles. The averaqes are b a s e d  upon all 
trials on each of four problems. The mema for prablrms end t r i a l s  am 

tplals, both correct and incorrect. The table indudes a summary s f  the 
analydia of varl.ancs for the data presented. , 

Trial ?rgd T r i a l  Trial Trl.al M in 

XI 0.82 0.58 0.56 0.55 0.58 3 d 9  0,G 18.6 

I11 0.67 0.L6 0.$7 0.52 0.31 2"k3 0.49 U b 7  

N i3.X 0.69 1,M 0.90 0.81 1.25 0.86 25.5 

v 1.22 1.1.2 1,32 1.23 0 , S  5.77 1.15 3 L 5  

sm 3 .a 
Man 0 .e5 

M i n  Ssc. 25,5 

2.85 3.53 

o . n  0.91s 

21.3 26,h 



f f r s t   t r i a l  FerfQxmzLc?:3 ;>re .9Gi'cl;er rapld n m  v ' l . t b m t  r 'reqwnt unnecas-, 
sary turns ,  an4. t% -rFr!.ous c m . o o  m v i p t i a n  y~ublemtras ere not  of  equal 
d i f f i c a l t g a  81th p r c t t i c e  Using the qnbol ic  di3plQj p i lo t8  improve ' , 
rapidly in tenae, c.l' tiic eff ic iency w i t h  which they employ tbA equipment 
as a f l i g h t   i n s t r m e n t   t o   e x e c u t e  their decisions as demonstrated by the  
signiPicant reductlot? in the nmber of unnecemmry turns  from fir& t o  

the symbolic display does r o t  r e s u l t  i n  rapid improv&nent in tenus of the 
f i f t h  trials on 311 prob,lems. [See Table 1 7 j  ,. HOwever, p r a d l c e   i n   u s i n g  

t o  the, d i r e c t i o n  i n  which t o  f l y  ita order to   so lve  a problem. , T h i s  re- 
tlmo required  to  w i e n t  from an unknown p s i t i o n  and make a decision as 

q u i r e s  a considerehle amount of pract ice ,  and th improvumont is not gen- 
eral bu t   spsc i f io   t o  t& t y p s  O C  problem8 practiced. 

. .  

Measures 6 m d  7:&nalrsie of First Turns  

t h e  first tu rn  and the i d t i a l  heading  assrrned,  can be cmbined lrith the  
The results for meamres 6 and 7, s u c h  d e a l  w l th  the  direction of 

results for meaaum I., as they were i n  the  two previous experiments, so 
as t o  account f o r  the or1tcwo of each of the 300 o r i e n t a t i m  problem solu- 
t i o n s  flom using  each display. The analysgs of the  results for   eaah of 
the four or ien ta t ion  problems f o r  each d.isplay are s h m  i n  Tables 21 
throw$ 28. The t ab lee   a r e  calf explanatory and will not  be diaowae-d. 
However, the  cmbined reaults f o r  e l l  prukleraa, which a m  summarieed in 
Tables 29 and 30, will be dl6cussed br ie f ly .  Also the cmbined results 
f o r  all first tnrns  made using  the symbolic  d..splay a m  analyzed frola a 
nl ight ly   d i f fe ren t   po in t  cd' view i n  Table 31. 

Cgm!xrison wi th  Drevious e w r i m e n t s .  In general  the results obthined 

results obtained for t h e  ins t rwnent   p i lo t s   in   the  two previova expwiaents. 
fo r   t he   p r iva t e   p i lo t s   i n  t h i 6  experiment are d i r e c t l y  comparable t o  the 

T h e  p r iva t e   p i lo t s  who used t h e   p i c t o r i a l   d i s p l a y   i n  t h i s  experiment  solved 
a l l  of their navigation  problems  correctly,   just  4 s  tha   instrument   pi lots  

minimum amount of  "trial and error," as witnessed by the fact t h a t  9% of 
i n  the previous  experhent  had done. They solvad the problsms  with a 

c o r r e c t   i n i t i a l  heading, and 94$ were bo# in the   oorrect   d i rect ion and to 
their first tu rns  nem in the more econmical   di rect ion,  967' were to the 

economical  direction or t o  an incorrect  hitid heading,  they  quickly 
the  correct  heading. Ia the few cases i n  which they turned i n  the less 

m d e  the   necessary  correct ions  to  solve the problems as required by traf- 
f ic control.  Theae r e ~ u l t s  raqut-re no further discussion. 

TIM m a u l t s  for the private   .p i lots   rho ussd the symbolic display worn 
quite d i f f e ren t ,   j ua t  aB mre t h e  results fo r  the i n a t m e n t  pilots who 
u s a d ' t h e   s p b o i i c   d i s p l a y   i n   t h o  two pn,vioua sxpr imsn t s .  In those ex- 
periments the instrument  pj.lats had f a i l e d  t o  solve 19% and 2% of their  

failed to solve 1 2 . 5  of their comparable or ientat ion problems. The loser. 
percentage  in t h i a  c a m  m a  td be expected since the  privata pi lo t6  were 

'+ 

, , ?;$ 

presenbd oath type of Froblam five times in succession, w h i l e  the   instru-  - .'A=' 

ment p i l o t s  i n  tb first  experiment solved each ty-p of problem cnly twfce . x:..- ..J & 
and those in t h e  second, experiment only once. 

ft!. 

. rf .'X 

1 .  o r i e n t a t i m  problems, respect ively.  The p r i v a t a   p i l o t s   i n   t h i s   e x p e r l m n t  . .:&, 

, q , -  A$+= 
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'The p r lva t e   p i io t s  who used tSe a.yrdho3.k dldFlay engaged in a consld- -7; 
, , .qX~, 

e r a b h  ancun't of *tria; and e r ror"  turning act;vj.tjr as S h m n  i n  Table 31, i::3;~ 
Or t he  2997 f i rs t  turns  which  Rere rrade  on ttre 300 prsblsms (on t h % e  prob- ~.'.j$iz 

lems no turn was made n t  all), 9 . s  were in  the less econmica l   d i rec t ion  
and 24.29, were t o  an iilcorroc'c heading. The 2 7 . t u r n ~  which were i n   t h e  
incor rec t   d i rec t ion   led   to   incprmct  prohien solut ions LC$ of the tiw; . , , .:: 5,. 

the 72 tu rns  which were t o  an incorzect  heading  led  to  incorrect  problm ' '."- 
7 %  

solut ions 35'5 of  the  time. In contrast ,   the  268 t a r n s  which were i n  tk3 
~ ~ ? % ~  

mora economical  direction  led  to  correct  solutions 9l$ cf' the t h e ;  and 
: .'%, 

the 2 2 5  t u r n s  which were t o   t h e   c o r r e c t  heading l e d  t o  correct;  solutions . 
$4. 

9% of the time. Finally,   tne 22 turna which were both i n  the incorrect  
,~;& 

di rec t ion  and t o  aq incor rec t   heading   resu lkd   in   incor rec t   so lu t ions  
~~ . &$ 

4505% of the time;  while t h e  215 tu rns  which were both i n   t h e   c o r r e c t  
d i rec t ion  end t u  the  correct  heading resulted. in   correct   soluLions 9 7 , 3  
of t h e  time. <.:!$ 

?<* 

:>* 

. .  ;$ 
, 
53 

I 1 
L.,_. 

L* 
< , - : , q  * 

. , " 
' TI 
~ , / 1  

exp%?iments,  ernphe.size t h e  importance of rapid ond cor rec t  i n i t i a l   o r i e t -  
I n  general. Thus the msults of this e x p k m t ,  as of the prevloks 

t a t i o n  for the   correct   solut ion of iocal navigation problems usiq VOR 
eouipnmect. This i s  re f lec ted  by t he  results for  measure 5, the t h e , f r m  
the start of  the problem t u  t h e  first t m ,  ana  aeasures 6 m d  7, the 
d i rec t ion  of t he  first turn and t h e  hmdlng  assmed as n r e s u l t  o f  the 
first t w n .  The correctnass oi the  heading  asswed is  more impx tan t  
than  whether or not  the first t u n  13 Tade i n  t h e  more econanical d i r e r -  
t ion .  Making  a quick first t u r n  t o   i h e  c o x w t  initial Leading a h o s t  
invar iab ly   l eads   to  a cor rec t  problem solut ion uslug e i t h e r  t h e  p i c t o r i a l  

seems t o  be t h a t  with  the p ic tor ia l   d i sp lay  pilots can orient from an 
or t h e  symbolic display. The big -dii';erancd between t h e  two displays 

unknown poaitcon  ncre rapidly atid t u r n  t o  a correct i n i t i a l   h e a d b g  more, 
frequently  than they can  using  the s;mbol€c di?play. The pr iva t e   p i lo t s  
i n  t h i s   expe rhea t   t u rnod  t o  a cor,recl i a? . t j .d  heading 96f of  the time; 
those Tho used t he  sy-nholic display d i d  so only 75F, of tho t h e .  The 
average  orientation  t izes for the p i l o t s  u8:ing tho ,two displsys  wre about 
ten  and 24 seconds,  raspctivrrly. These sa luen  ccrrespond approxinetely 
with t h e  correspmding  values fur t h y  i n s t r anen t   p i lo t s   i n   t he  previous 
expe rhen t .  Furtharir.sre, the p ic to r~ ia l   d i sp l ay  had the  addi t ional  impor- 
tmt advantage that .LIE index of caslred performance is always  directly 
apparent so that incorrect  tm-ns can 'm Lxnadiztoly Ijerceived  and  cor-, 
rectad. K i t h  the sy;ihdic ?.isp.hy tho reslllt of a turn to an  incorrect 
tleading is  no: 5mxeciL~tely apparent, 



PART V 

the pio tar ia l   typo  VOR display m r  the symbolic typ display.  T b  
questions now are, how much cbnfidence can be placed in these r O 5 d t S  and 

t i o n  wi th  real aircraft. As the results stand now t h e y   c l e w l y . b d i c e t e  
t o  what ax ten t  can rre.extrapolata from tbem to the a c t u a l   f l i g h t   e i t u a -  

before  accepting t h i s  conclusion the poss ib i l i t y  that d i f f e ren t  results 
that a p i c t o r i a l  VOR display  should be used Fn the aockpit. Honever, 

menta been different  should be examined. Should t h i s  bd proven t o  be the  
would have been obta-d had t.h oircmstances summding   t he   oxpa r i -  

cer ta in   reserva t ions  attachad t o  thsm. 
c a m ,  results of  the  preeent  expriments would have t o  be qual i f ied and 

The over-all resu l t6  of these experiments show the   superior i ty  of 

@ctors  Affectina  tho Results 

upon the oontr ibJt ione of several f ac to r s .   I n  ths first place, had d i f -  
fe ren t   d i sp lays  teen ueed it i s  q u i t e  possible tht d i f f e reu t  results 
would have been obtsined. In order t o  mneralize it must be assmad that 

Tbs particular results obtained i n  them experiments  probably depend 

Second; the results of tnis e x p e r h n t  probably depend upon the p i l o t s ; : $ g ~  
rho were usad a s  subjects.  Although the s t a t i s t i c a l   t r e a b n t  of tha d&Ca. L , , ~ . , '  ~ ' .& 
mawera many of tbe problems posed by tampling, 110 statistical treatment 
can define the population frm rrhfch the samples isere dram. It is cer- :: " 3 
t r i n  that the  results achieved obtained i n  tuxmtl o f  the p i l o t s  'who served ~'.,; %-, 2 '  14 
aa subjects  will hold  for  the populations which t b y  represent,  but ex- . . _  
a c t l y  what are these populations? Pilots of' all a g e s ,  for erample, or of : :~.? 

. . ~ ~  3. 

' ,  <# a l l  na t iona l i t i e s ,  or o f  a l l  socio-economic group were not sampled. 
Again it i s  a q w s t i o n  of how repzesentative the pilot   aanples  are of the , , ,:,{,$$ 

t o t a l  pilot population, It i s  importarA t o  determine shsthftP the saapllng ~..!%.& 
of subjeots   contr ibutad  to   the results obtained. '~ P' 3' 8, 

T h i r d ,  bed other  navigation  problems h e n  mployed the redt8 quite '.* % 
possibly would have been d i f fe ran t .  Again, it i a  a qwet ion  of bampling 
and representativeness.  Ef for t  should L;B made t o  discover whether tbe  .- : sj; 
moults obtained are pertinent  only to the particular navigation  problems , '.';zb 
ussd or whether they might be expected t o  occur if different problems =re ,.:y:$ 
uaed .I 5- 
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thetic f l i g h t  trainer must be considsrad. Had the results been obtained 
d u r i n g   f l i g h t   i n  real sircraft would they haw been d i f f e ren t?  T h i s  last 
point i s  Frobhbly the most important of a l l  and wru-ra!ds considerable 
inspection, Each of these  points will be consic?ered in  t u r n   t o  888 
whether any  important  qualifications must be attached t o  a statement of 
the  experimental   results,  and consequently tu the conclusions drawn 
therefran. 

Fowth,  the fact that all of thesc results were o b t a h e a   i n  a syn- 

1. The displays. Had cther   displays been used i n   t h i s  experiment it 
i s  safe t o  as8ume tha t   the  results rould have been somewhat d i f fe ren t .  

e n t  a s  to   favor  the symbolic typ of  display,  I n  the original mockup 
Findings  to   date   indicate ,  however, the r e s u l t s  would never be so d i f f e r -  

displays used. There i s  no reason  to expmct that uw of one of the 
study there was l i t t l e  basis for making a choice among the five symbolic 

o ther  hand, in tb original  atudy, two of the three p ic to r i a l   d i sp l ays  
others in ths trainer would have resu l ted  in any improvement. C% the 

used were s i g n i f i c a n t l y   i n f e r i o r   t o  the one which was eventually  chosen 
f o r  use i n  the  prosant  experiments. Had one of these  other   displays been 

cant   dif ferences i n  favor of p i c to r i a l   d i sp l ays . ,  
used i n  the t r a i n e r  one would expect t o   f i n d  ma ler but still s i g n i f i -  i 

T h i s  does  not rub out  the p o s s i b i l i t y  that a spnbolic  display  could ' 

ba b u i l t  which would be superior t o  any p ic to r i a l   d i sp l ays  now contem- 
p l a t e d .  I n  the m e  manner it i s  possible that a so-cal led  pictor ia l  
display  could be designed which would be i n f e r i o r  t o  any.of  the  symbolic 
displays.  Indeed, suggestiaa? have teen  received  concerning tb3 design 
of p i c to r i a l   d i sp l ays  which might well fall ln t h i s  category.   Just  be- 
cause a display l s  pictor ia l   does   not  guarantee that it is easy   t o  use. 
By the sam  token it i s  not  believed t h a t  the p ic to r i a l   d i sp l ay  used ln 
these experiments i s  the best   possible   display  of  its tm. T h e  display 
could  undoubtedly be improved, for example, by the  addition  of  heading 
information  to the a i r c ra f t   p ip .  Since t h e  poss ib i l i t y  of  improving tbe 
p ic to r i a l   d i sp l ay  is a t  l e a s t  as g r e a t  as t h e  p o s s i b i l i t y  of improving 
a symbolic display we f e e l  that t h e i r  re la t ive standings 88  shown i n  
t h i s  experiment a o d d  remain much the  same, and that the   resu l ta   o f  the 
experiment are val id  i n  t h i s  respect .  

the di f fe rem6  be t reen  the p i c t o r i a l  and  symbolic displays have disappeared 
2. Tbe Dilots.  Had o t h e r   p i l o t s  been ussd in tt .ia experiment, would 

or perhapa occurred  with  opposite sign? I t  is tnte that the   p i lo t  samples 
used rem not   repmeentat ive  of   the  general   p i lot   populat ion.  As indi- 
cated above tbe samples wm rather homogeneous'wlth respct t o  age, edu- 
cat ion;  and eocio-economic s ta tus .  

t o  e s t a t i s t i ca l ly   s ign i f i can t   deg ree ,  to all eynbolic  displays. See 
L l l l l e m s ,  A. C., d Roscoe, S. N., op. cit . ,  Table 4, p. 6. 

l I n  tbe or ig ina l  . m o c ! m p  8tudyA all p i c t o r i a l  d l s p l a p  were superior, 



Shilarly it i s  fe l t  that in emergency s i t aa t lons  when the p i l o t  ia !<+!$? 
cbrking  under  considerable  preseum the  ~lctorial display would a c e  aga&:p 
prws supsrior evun though the p m b l t m  a t  lpnd were one upon vhich t h e  .@. 
p i l o t  had .a great deal  of prncLice. This Is of  course a ptbr of spo& ,~& 

l a t i on .  The  evidence f o r  this   content ion,  rneeger t h m g h   i t ' i a ,  cmef  frd'?  
the privata p i lo t s '  part 3f the present  study. I t  will be recalled that', :.*- ,-' %. 
five d i f f e ren t  problems were prsjanted nnd that the p i l o t s  had tb o&or-.'i 
%unity t o  perfom on each problem f ive times before tba next oue. was pre- .ct 

display, but the in t roduc t im o f  new problems d i d  not dster th group 
sented. There was little inprwement with practice in the aaw of either '@ 

working w i t h  the   p ic tor ia l   d i sp lay  a t  a l l .  They obtained a high law1 o f .  :& 
pi-oficlencp emn on the,flrst trial w i t h  a new problem. Those working 
with  tha symbolic display,  however, respnded  E 6  if they had t o  learn a l l  ~ ::dLt 
over again whenever a new problem 811s presented. 

: c  
;& 

, $$ 
,,::$, 
*: 

Apparently  pilots using the eymbolic displny  did-not   benefi t  frm -& 

thelr previous practice  throughout the d r m t i o n  of the experbent .  Intra+$ 
duction of a e w  problem8 evidently inbrfcred xlt,h any gains t h a t  had pre- ~ ~@ 
V i o u 8 4  teen mads. With the pic tor ia l   d i sp lay  there was likewiae.no .~ 

'. 3 1  

marked iaprovea-mt u i t h  practice but f o r  quita a d l f f s r en t  ma~on. With .,:z3 
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- -z':%hig d i g p l q  prfr,lc,n.:x-r.a ?:ss ej . r  ady st. s:~.;!I '5 t:J.g:~ i ~ v e y i  t . : ~ c t  ?!x?r<? vas 

p . -  i~ 

$$-,'yttle r,oom  or iqmmtm.>t F;;; 
.x <~ Extrapolnting Prwt t b ; o  reanlts am vould ewect  thit w S t h  ths ~ %is. , . 
~ , j .  6~ 

$; spnbolic aisp2ay a large a.munt of practice with any problem OE group 
.-++or problems wuld   u l t imnte l j r   resu l t   in  improvament but t h a t  t . b  S n t r s d r P c  
. & - t f o n  of  ne^ problem typau Eight  conceivably eet the p i lo t s  back t o  a lower 

.@Zgency conditions. Using the   p i c to r i a l  display, hnwver,  with  performance 
-$;,:.level of  proficiency, Ths m e  might be sa id   fo r   p r fomance  under mer- 

wi 

-$;,~ $.hs introduction  of new problems or emergeticy cor~ditioils nou1.d not  be 80 

,&% ... great nor so severe. 

?p.-' 

.<*.-. 

, -xr ."- a l r e a d y   a t  a high  level  without  practice,  the chances d a set  back upon 

- i  

-+:2 
I. 

3 .  The problems, 7hs r s E u l t s  ob ta iued   in   these   expr inents  depend 
, X$, 

.s i y 

.+:w&m usqd i d  dl. Different r e s u l t s  ware obtained for each problom. 
Y p ' j m r e f o r e  it would be expected that had other  problems been used sti l l  
*-~ -:, 

'*)=.-. ottmr resalts would have tam obtained. IInllke the uee of d i f f e ren t  
.-..~ ,?w.mplgs of pilo",, the  us? of different   navigat ion probleros would FPobabu 

:.%?-haw, a d i f f e r e n t i a l   e f f e c t  ilpon the   ra la t ive   s tandi%  of   the  displays. 
-'&. For the easy problema t h e  displhys ?ere more ?marly alike than for tha E:, ' i  

i j ; , ~ d i P f i c u l t  problems. Had only  simple problems been wed  throughout,  the 
g:~ superior i ty   of  the pictor5.aal displny would not have been so s t r ik ing .  In 

9s: ._ i . most ce r t a in ly  upon t h e  problems used. Seven d i f f e r e n t  k inds  of problems 

.&;, , 

. _." ,~ 
,,e.-:> 

.%'-~.a .sense, a l l  ths problem,$ =re more difficll lt   than  those  nom1J.y en- 
~.& -countered'  during  en rout:, nnv$.&tion. This i s  true  because d l  problme 

,.# the s t a t ion .  Wheo t h i s  cLom t o  the   s ta t ion ,  C ~ H W B  i n  azimuth  position 
s ? . ~  tnvolved  naviga-tion en t i re ly   wi th in  a radius  of *An OF eleven miles from 

&:: occur with  grenter ,speed.   Precis ion  f lying and  navigation  within a 3 o l a r  
q./. 

p;J; 
.&~: coordinate system c lose   t o   t be . s tA t ioa  'is nore di fPicu l t   than  it i s  *?g.d 

,+-~ ~ i i ;  Zerther away frm the   s ta t ion .  ' Far out from tb s t a t i o n  a p i l o t  can fly 
" w '  in the wrong d i rec t ion  lor two minutes without  causing a major change i n  
&<,. h ie   o r i en ta t ion  problem. Close t o  the sthtion this is not  possl.ble. 
"$I., 

* ' .  

-* ~. 
%~.!>, =i+~ 
...% i,. Nevertheless  there is cons iderable   jus t i f ica t ion  for testing these 
.&~dlsplaya under d i f f icu l t   re ther   thap   easy   condi t ions .  It l a  not enough 
..P.'* ta h a  t h a t  pilots  can  navigate  adequately  ulth a display when precision P<'~ 

??.. of the~time. Close t o   t he   s t a t ion   p rec i s ion  i s  required f o r  purposes of  
jii hs. kt required;  even  though  precision aay not be required  three-quarters 

q<:; traffic cont ro l ,  and the  penalty fo r  lack 'of   precis ion is  grea t .  Si-, 

@;: cl- t o  the station because  changes  happen so @am, t h i s  seens t o  be 
,:,:~'.,~aa far a6 the pLlot is concerned,  precision is  more d i f f i c u l t   t o   a a h i e v e  

,,.,*,,- 
;q '~* :~. 

-4: .-.:+ 
j~ 1,. ,. 

..be 

-is:~ ~~ .~ - the logical s i tua t ion  under which t o  test t h e  displays.  
,~" .~ ,~~ 

-... A l l  t h i s  sinpLy means that when a p i l o t  is X) t o  30 miles away from 
S T -  . the  VOR s ta t ion  in a slow a i r b r a f t  and hi6  only task is  t o  f l y  d i r e c t l y  v.: I 
& -  & 1 t o  or away from the s t a t i o n ,  one would~expct t o  f i n d   l i t t l e   d i f f e r e n c e  
X.:, betwen h i s   p rPomances  using the two displays.  But the f a c t  that ha is 

this position most of the time is  no mason t o  use it for t e s t i n g  the 
dibplays.  There will be t h a ,  and not  i n f f a q w n t 4  80, when he rill be 

f l y  along rlesigwted t r a c k s  t o  o r  f r a .  t he   s t a t ion  w h i l e  he is 

,' ,~. 
$j 

. 



still c los s   t o   t he   s t a t ion .  This Is a much  more d i f f i c u l t  feat t o  pe r foh  
and c a r r i e s  w i t h  it a premim on accuracy.  Should  the p i l o t  be unable to 
use h i s  display a t  t h i s   p o i n t  it makes l i t t l e  diffeennee how well hs can' 
use it when f a r  out frcr t he   s t a t ion  w i t h  no pressure on him. For t h i s  

and that the conclusions  need  not be q x l i f i s d  because of  them. 
maeon it i s  f e l t  t h a t   t h e  problems used i n  this otudy mere ueJl chosen 

i n  a s y n t b e t i c   f l i g h t   t r a l n a r  be considered  valid for the  actual f l i g h t  
4 .  Trainer vs. aircraft. To whRt, extant   can  the  resul ts   obtained 

s i tua t ion?  With respct  t o   t h e  problems i;sed in these  invest igat ions one 
can  expect  the  validity t o  'ke high.  Ability to solve t h e  problems used 
in the  present.  ,experiment, and consequent ly   ak t l i ty   to  =ore Bell on t h e  
measures used, does not depand upon the  " f l igh t"  c h a r a c t e r i s t i c s  of the 
trainer. The p i l o t ' s  taEk i s  e s s e n t i d l y  a perceptual and i n t e l l e c t u a l  
one, t h a t  of prceivice where he is  auc! decidlng akich vay to f l y  Ln order 
t o   s o l v e  the problem as presented. Thus the accuracy with which the 
trainer   s imulates   tho  feel  of th6 aii-craft :a 1.3t involved here. 

It  is  therefore believed, that the tC.h:; VBT- go nore d i f f i c u l t  i n  the 
t ra iner   than  it would te I n  t t s  d r c r u i ' t .  If snythicg, $he task was 
e a s i e r   i n   t h e   t w i n o r  than in the aircraf-t., Being on t h e  ground i n  the 
t r a i n e r  tb p i l o t  does  not carry the  WUQ respcwsio i i i ty   as  when he is 

effort  to the navka t ion  task .  If the t ask  is e a s i e r  in   the  t r a i n e r  t h a n  
i n ' t h g  air. Presmoblf this aay free A n  t o  devote & l a rge r  amount of 

in the aircraft one would tkan expect that thz difference between d i s -  
plays found i n  the   t r a ine r  would b an underesLima"te of t h e  difference 
fomd in t h e   a i r .  It has already becn simm t h a t  the  diffarence  betneen 
displays  increases as the task i s  madc rno-'e d i l f i c u l t .  There is no 

t o  aircraft. For these rwmoca it i s  f e l t  that the results of them ex- 
mason   t o  suppose that t h i s  would no t  h9 tile case when going fram trainer 

primsnts provide a v a l i d   p r d i c t i m  of results t o  be eirpechd i n  the air. 

Conclusion, It i s  therefore  concLur?ed t h a t  the results of these ex- 

b o l i c  typ airborne VOT; d i q L e y .  it f.s not ucmsibl9 t o  pwdict.  Yrom 
parlments indicate  a marked supriorfity- of ~~+crm~, as cppomd t o  Z n n -  

bhese results  the  freqaeccy wi th  wlilch ewors i n  navigation will be made 
using e i the r   d i sp l ay  in the d r a  Nor can one predict. ttm probable size 
of the errors mlth any accuracy. F!everth~lsss one can prsd ic t  'chat whet- 
ever t h e i r  frequency and sjz;., the:?e will lie raZativoPy fewer and snalier 
errors made if LL p i c t o r i a l  display l o  ~ i s d  t h u  if the  symbolic display  
i s  used, 

- 
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L, QLTSTION: "Stould t he  center of the d i s p k y  demote the alrcreft's 
posi t ion or the s t a t i o n ' s  positionlW 





DISPLAYS USE3' IN THB 1.-CA-1 LINK TRAINFR . . 

r. THE PICTORIAL I ~ I S ~ Y  
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The function of p o b n t i a n e t s r  R12 Sa t o  ad jus t  the anode Ao. 2 vel- 
,'+age 80 t h e t  it i ,e eq,ae.l. to   the  average of tha  voltages on the dsL%ction ' 

pla tes .  T h t s  adjustmen-t enables the pijot. to obtain sharpr focus cf the  
"pip' when he ad jus t s  The pot?ntSmetsr RIG i a  used t o  very the in -  
tmsi'iy of the "pip," , 

The p o w r  suppiies c m c :  f i l k r  mtworks  are   comentional ,  and t he  =he- 
mat ic   d iepan  will pcvide an  adeqwk  deEcript ion of  them. 

The s y s h  vias ',,sst,cd Tor 1 L w a r i t y  i n  t he  following mannevt 

On the .nap E.n3 02 the fnc2 of the dioFla7 t;h? a w  Inmrikd o i r c l e s  
with an interval of LWC a i T w .  If t h s  crab is novad frm tha  center  of 

on the  correepondirrg c i r c l c  m the  tube  face alnj C:I the corresponding 
th s  map alorg any radlc:. t o  any of t k n e  cjrcies, tha Ilpip" should appear 

r a d i a l  
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