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ABTIOUL F i E W R  COUIZIL 

2101 Conatitutlon Avenue, Wrahington, D. C. 
Division of Anthropology and P s p o h o l w  

C d t t e e  on Aviat ion  Payoholw 

laroh 2, 1949 

Dr. D a a n  R, Brimhall 
C i v i l  ber6nautios Adriaiatratlon 
Boom 5U7, C-roe Building 
Hashlngton 25, D. C. 

Dear Dr. B r i n b a l l l  

The attaohed report, en t i t l ed  E-tioR of Akoralt IM- 
a for Use mtth the Om1 RIrm- - , by A. C. 

Willlama, Jr., and 8. B. Roaow, I8 aub8ltt.d by tb C o m i t t M  011 
Aviation Psyohology with tha reoomandation that It be lnoluded in 
the aeries of Teohnioal Reports of the Division of Researoh, C i v i l  
Aeronautios  Administration. 

This r e a m o h   r e p r e s e n t s  the flrst of a series of i n v e s t i p t i o o .  
ln i t ln ted   fo l lor ing  a general survey of payohologioal probhm in 

e q u i p n t  in m v l p t i o n ,  oonduoted for the CoplpittQe on Aviation 
oookpit   inntrumntation for the  use of -1-dlreutioml range (Ooa)  

Psychology by Dr. A. 1. l e l t on ,  The  present ntudy I8 lipit4 in 
moope, dealing only with the f l r &  of t h e  two aspeotn of the p i l o t ' s  

dlreot ion ha nust f l y  i u  ordar t o  aolve the nnvlgatlon problam at  
performmoo in using ODR instrumento;  via., that of dmidlng  in whioh 

hand. Additional z%aearoh, utlllzbg a s p e o l ~ l l y  o m t r u o t o d  Link 
Trabr and operating  dlsplaye, hnn been initiated ln which mleoted 
d i s p l n p  m i l l  be evaluated under oonditioar more marly approximating 
the f l i g h t  situation, i n  order that ths effeo t ivemss  of the dimplaya 
M f l i g h t  instruments o m  be determined. In addi t ion,   oomiduat ion 
is  being given t o   t ho  almilar evaluation of Teleran quipusat. 

Cordially yours, 

Morris S. Vitelem, Cha- 
Ccmmittee on A v l a t i o n  Psyohologl 
htbd Resewoh Camoi l  
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EDITORIAL FOREIMRD 

ment only when infarmation made available through auolr equipment 1s pre- 
Maximum advantage oan be taken of advances in air navigation equip 

sented t o   t h e   p i l o t  in a form uhioh ensures rapid ard aocurate  observation 
and interpretation. Reasarch on the omni-direotlonal range instrument 
wadertaken by the C d t t e e  on Aviation  Psyohology at  the request of the 
Civil Aeronautics  Administration  represents an e f f o r t   t o  dstermine t l n w g h  
oontrolled  experimentation the-types of presentation  uhioh mill yield 
optimal results in the way of p i l o t  performanoo. 

As a preliminsry to muoh researoh, a survey was mde of pdyoliohgical 
problems i n  oookpit  inntrumentation arising f r o m  the introduotion-of d- 

this survey, coducted by A. H. Melton, of The Ohio State  Univarsity, B 
direotional range (8DR) and distanae T a u r i n g  equipment (WE)* Pollmlng 

se r i e s  of studiea  involving  thb  enluation of npeoirio ODR d i ~ ~ p l a g . ~  KM 
uadertaken. 

The f i rs t  of these  etudies,  carried  out a t  tim University of Illinoi8 
under the direct ion of Dr. A. C. Williams, Jr., is desoribed i n  t h i s  repart. 
This study is limited in E C O ~ ,  in thee it pertaim to only the first of 
two aspeots of the pi lo t ' s  perfolrmanoe in using OLFl ln8trumnts; e., t h a t  
of deo idhg  in whioh direotion he must f 4  i n  order t o  a o l n  the navigation 
problem a t  had. In term of t h i s  aspect of the s i tua t ion  oertaln "pi* 
to r ia l   d i sp lays ,"  ahloh p e n e a t  information by graphic  representation of 
the  actual  spatial relat ions involvd, m e  found t o  be e l g d f i c a n t l y  

tom of d i a l  readings, needle defhot ione ,  and numbers. 
superior t o   c e r t a l n  waymbolic displays," which pPesent  inforicttion in 

It l a  of i n t e r e s t   t o  note  that although ths npi&orialm  displays promd 
to be mperior, a r e l a t ive ly  large number of errors was laads in tbs we of 
both  typos of dieplays by experienced pilots .  Thin ind imtea  the need for 
M h a r  researoh on the ODR instrumentation problem. With  recrpeot to both 
type8 of displays, further analyses of' types of e m r a  might yield  valuable 

m y  be considered as lesa criticdl then  other  types, in that t h y  rewwnt 
Information. It is posaible, f o r  example, that aertain t p s  of e r r o m  

al terZkt ivs  although less  desirable  sohltioM  to  MVigatiollal   problepu r B t k  
than oompletnly h ~ ~ n g  a~wers ."  Suoh twilywa, whloh are d e r  ooMideratiO% 

vlom of tbn wide w e  made of moh idhators the iM-BbtiOn of ab- 
would be of particular oignificance in the oaw of "mpbolio" lpdigatwm, in 

-8. 

of tho  inntrunents  with  respect to 0 t h ~ ~  a a p t a  of the pdlot'a Per- 
Mdit ional   research ia neuesslry in orde r   t o  evaluate ths effeOtiv* 
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TABLE 1 

Sequence 

F i r s t  - 
1 #3 
2 #7 
3 #2 
4 #6 
5 #l 
6 #5 
7 
8 

#8 
i f& 

Second - 
f i  
#8 
#6 
#3 
$5 
#1 
82 
#7 

Order of Presentation 

---- Third Fourth F i f t h  Sixth 

#7 #2 #8 
#l 

#1 
$6 

6 
$5 #L 

#8 #1 
#8 #5 #2 #7 

#3 

#3 
#6 

b44 $rs 
#7 

#2 
f i  #8 

I44 #3 $7 $6 
#2 #1 #3 fi 

seventh 

#s br6 
#2 
$7 

#3 
Bpr 

#& #l 

$3 
87 
#2 

#l 6 
#6 #8 

#a 

Numbers in Boxes Indicate Display8 

The speed and accuraay with which the various p i lo t  goups used oach die- - I 
I .  

play are shown in Table 2. The time scores represent  the average time required ',L$ 

to complete eaah eat of ten problems. The error scores iepresent the average .. ~-5 
nrtmber of problems incorrectly solved per -set  of tan. 

., 

; ~., 
. . c! . 

%Ye a s  a st row  re la t ionship between the speed and accuracy r r i th which 
the t h  groups used the various displays .  This l a  shown by the rank order 
correlation  coefficients  l isted i n  matrix for in  Table 3. 

, :% :, .!~ 
.#i~ 
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E I 

Tm 
%I 

TI 

.97 

.98 
72 
.99 
.82 

?. 

lb.9 
S . 9 '  
21.1 b.8 
33.3 5.0 
18.8 4.6 
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that the 16 non-instrumnt p i l o t s  of Group I made .totals of from 52 errors 
on problem VP to 101 crrora on problem ~ l 6 n  out of a poseible 128  (16 X 8 )  
error8 on each of the problem. The 16 inetruamt pilots of Oroup I1 m& 
totals of: from 20 errors. on woblem "1" to 87 mra on problem n6ll out of an 
equal nrrmber of possible errors. The 16  airline^ pilota of Group 111 ma& 
to+& of from 22 errors on problem Illn to 70 errors on problem "5". The 
differences in the d i f f i cu l ty  of tho 10 pmbbum, aa indicated by tbe 
frequencies shown in Table 6, -re found to be e l g n i f l c m t  at th. l$ lo& 
by the method of chi-square, The rankdifferem coeff ic ients  for the 
relative dl1ficulQ of tbs ton problems f o r   t h e  three gmupa are as follow88 
rho12 .73, ' rho u I .62, , rhoa -58. 

As f o r  the range of d i f f i cu l ty  of the  ten problem, Table 6, below, shm 

:r I 

.. 

.R 

.74 
0 79 
Y 74 ,. Irl 
.42 
.59 .69 .a 
0 83 

omup I1 : 

.66 

.65 

.75 .64 
-70 . .  
.59 .a 
.69 
- 76 

.47 

.62 .so 

.S5 

.57 .65 

.59 
r 72 
0 35 
067 
72 

, 
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order i n  whioh problem mere prerented. Hwever, in torum 
the effoot of practice is readi ly  appu,mt, marked decrMse ,  
being midonnt part icular ly  durlng the first four or f i v e  

DISCUSSION C4 REGULTS 

t m k l  tplye VCR displays can be used t o  solve  navigation  problms w i t h  
greater rpeed and acaurscy than  can symbolic typo VOR displayel Whethex 

the discrepanelee between the exparbent l  tank and the  f l ight  t a s k .  In 
theam resultn v e  appliaable t o  f l i g h t  deponds upn the significmo& of 

aspeotr of prf.fornumoe, one of discrimination in which the   p i lo t  mat de- 
the uae of any such lnrtrument  display, tlm pi lo t ' s  task  involves two , 

cide-what t o  do, and one of mlpulr t ion  in whioh ha must exeoute M a  de- 
ch!nn. 

Uithin tb aoop  of t h i e  experilaen~ the  MsUlts havo rhom tbat pio- 

of the p i lo t ' r  tank, m e u r  his  decirion concerning which way t o  fly in  
In this experbent,  it was possible t o  get at only t h e  f i rs t  aspect 

order t o  solve ths navlgatlon problem at $and. For thin tank  it i o  f e l t  
that the results are pertinent to the   f l igh t  situation. . On the  other hand, 
by wing lpookupll some i n i o n a t i o n  m a  lwt which could kava been obtained 
in f l i g h t  by watahlng the trend of the  lastrtzamt readings. But this 
W i o a p  would apply equally t o  all displays and would probably  not  affect 
their rolatiua stand-. 

J 

-to the  hutrumant BO aa, for example, t o  change a "ton oouram t o  a nfrm" 
A reoond diaadvsntage t o  mockups is that  the  mbjects o o n l d  not d p  

A t  the ram t h e  the opportunity t o  maniplab an instrument i. d a o  M o p  
ouurse or vice vera, as could be done with a o w  of the   actual  instruments. 

po r tun i ty   t o  make an error i n  manipulation  as has been found t o  bs the  case 
in a L l n k  trainsr aplpped w i t h  VaR. Even though tha i n a b i l i t y   t o  Paaiprlata 

er la ted  for tha  pictorfa1  dlsplaylr in the  case  of their track  seleotor whloh 
tho moakup might lmndioap a w e  of the  Bpmbolic displays, tlm anme htudloaps 

For t h i n  reanon it I s  doubtful that lack of manipulation  dlsoridxmted un- 
could not be nmipi la ted on t h e   m c h p   b u t  oould on the &a1 lmtrument. 

of the investigator thnt so far as the p i l o t ' r   i n i t i a l  task of orlentation 
f a i r l y  between ths variou types of displays. On the whole It l a  tha  opinion 

and diecriminntlon is  concerned the r e d t r  of this experiment would rocur 
in tho  actual   f l ight   s i tuat ion.  

After deciding w h a t  t o  do aa a result of reading end interpret ing a 
display,  the  pilot  must then  lllako good hie  decision by flying the  airplane 
aooording3.y. To do t h i s  the pi lo t  uses additional  instruments  such as the 
ar t i f ic ia l  hmlson, altimeter, etc. But he also noes the VOR dioplay as 
a aouroe of direction Information along with the comppss and d i r e o t i o d  
gyro. When wed In t h i e  way the  diaplay can be  considered to be a f l i g h t  
inetrunent a$, as l a  true in the case of other f l i g h t  Instruments,  the 
p i lo t ' r  task i s . ch i e f l r  one of  alignment. Using th a i r c r a f t  controls the 
p i l o t  llmst align a moving indicator of some sort wi th  a pmviowly determined 
f i r ed  reference on the  display, 





P U N S  poRFUTURl3 FSSXAFCB 

'Booause t h i n  study was llmlted in mope as dmoribad above, sddi t ioaa l  

fllght lmt ruwnta .  Sme of th io  work 1s now blng done, r i t h  more -d 
rark i a  n e o o s ~ r y  in odor t o  duate. VOR displays In their oapacity M 

far the future. A t  the p e e n t  a dieplay shI2ar to thu CAA lndioator hs 
been built for uno ln a l d A - 1  Link trainero Rqulpment 1rrcna8ary t o  eimulate 
VOR automatiad3.y haa been constmated i n  conjunotion w i t h  the  display a d  a 

tud in the nochtp s tu4 .   The i r  performance wing t h i s  d i s p h y  will be ook 
.ample of pilot-mubjecte has been teated flying pmbloma aimllar to thorn 

parod w i t h  their pariormance using a display elml lar  to Piotorial A which is 

Llnk show that aubjeots  tend t o  ndre the name kindr of errorm as w e m  d e  . 
naw under corutruatlon. Prelldnary results with tho C M  indloator in the 

,: 
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ApIEtsDIX 1 

A new kLdl of navlgation dsrrice is being develop3 for use by pilots.  
It is ded theolaai-direoticmnj. range (VCR) d n m  soon replace all of 
the c o m t l o m l   f m - l e g . r a h i o  ranges. It differs f h m  the  old typs radio 
range in a t  it enables a m o t   t o  appoach a radio 6tatiOn fmm any de- 

T h i s  is ayde possiblo by the f a o t  Wt the ODR gives the  pilot  continuous 
sired direction or to f l y  awq,from a alation in any desired directlob 

informtion as to ei ther . the  direct ion from hie plane TO the radio statidn 
or thb direation FROM the s t a t i o n   t o  his plape. Like the conrontional four- 
leg range, her, it. gives no infornation as to the present bsadFng of his aiFplane. S i m e  the  plane' 8 heading ie independent  of its position, and 
since both headhe and position IpUst be knm in order t o  kwu which say and 

' b o .  WaDh t o  turn in order .to f ly  t o  o r  away from a given ODR station, head- 
ing inforrmtion muss be ob?ainad by the use of nome direution instnrmenf 

i suoh as a gyro stabilized compss or a m t i w  Opo (m). 

. 

ent s m e s  is to be integrated and precented t o  the pi lo t  in the cookpit 
Juot h m  th is  position and direation  infornutian obtained from differ- 

hns not been decided. In this test whhh you are about to tuke you will do 
oom(r problems using eight differont pssilile instrument  dieplays, eaoh of 
which gins yon the neoesmry inPcrmation t o  solve the pbleme .  The test 

able to me moot effeatively in solving certain  'navigation problems. 
is so designed as to determine uhich of the  eight propod displays you are 

The displays are es88ntidLy  different in the following ways. S o m  
'are dial type instnrmrnta in which a pointer llnec up with a lubber lLne or 
rgforenoe mark t o  give you your position and/or hading.  Some are a m t a r  
type inatnrmonts in which a mber a~pears in R nindw to  give p.u this in- 
formtion. And some are piatoridl displays in vhiah your airplane ia rep 

a p ~ p  (+-f on a - tm,soreen .  

There are cer ta in  gadgeta ohccm'on the cover which are c o m n  to sev- 
. sral of the displays. First is the Courss Line Selector., It is used in 

wishes to fly, he must find out w h e r e  be is with  respect to the station. 
this way. As. soon as the p i lo t  has tlmed in the prticular ODR stat ion he 

To do this he rotates a knob on the Mer r ight  corner of the  instmmrent 
(not shown in the prOblm6). T h l ~  knob can im rotated in eithor direction. 
It l e  meoMcally linked t o  the Courae Li rm Selector which is  either a 
oompass rose or a direction  counter, a13 the case nmy be for thq prtioular 
lmtnmren t .bew Wed. To deternrine the plane's position dth respeat to 
the station  srith this instrument it is nece~oary t o  refer t o  a amend in- 
Strumeat, the Course Line Deviation Inrlicotor (CLDI), The CLDX is a pointer 
(sirnilor t o  a runmy localizer needle) which is  f ree to move th rough an , a r c  

. resenfed b 8 silhouette, en outline, or an arrow, and the Om s h t i o n  by 

?*. 
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tak- jnto cmsideratLon sour hocrding, p h l  the  most economiaal m y  t o  f l : r  
ship hetween vhere you are  and the t rcck :-ou eventual ly   nant   to  be .on, and 

in orcler t o  gut on the  desired  track. Once a:,ain, a 45 degree awle of In- 
terception is usually the w s t  econonical. If, bbvmer, your angular dis- 
tance from the  desired track is  very great., tht is ,  PIOIW than 45 degrees, 
it mould be ncceseary to hhrcept  thr: track at  &OUG 90 degrees in ortier 
t o  be sure of Eetting on the t m k  before p s s i q  ovcr t he  stLtion, On t t ~  
other Land, if JOU a m  very  close t o  ??:,e dosired b k ,  it m y  be bet te r  to 
intercept a t  au angle of less than 4.5 hgrecs. Use row bect judgnent in 
these mtters 

a double nultiple  choice nranner. FOP exmqie, I.! you? .problem ncre "TG ap- 
The possible 3OlUt iOIAi l  t o   t h e   p n h l c s  &re given below each problem I. 

matiple chcicc of ansrfers  might be: 
pronch the  stxtl.cn along a track throx,;h Imumt   pos i t ion ,"  your double 

t u r n   r i g h t  

trm l e f t  180 degrees. 
270 degrees. 

North. 
9u Chgreea. 

I should f l y  s t m i g h t  to/on a heatang of same as present. 

A l l  of the m w e r  choices are h t!:is f o n l ,  You axe to EKslect the di- 
rect ion to turn  and the  heading to which you nould turn, thus m k j q  a com- 
p le t e  statement of the b 5 t  of the  offered s d w i o c s .  You w i l l  be scored 
both upon t7hether your solutions e m  correct  aml upon tb,c tine it W e 6  you 
to solve each s e t  of ten problems (one set f o r  each different  instrument 
display),  .so p u  should work both as quickly arpd as accurately as, you can, 

1 

read  the symALi. ins t ruct ions for the firsb instrument :mu a m  t o  uae. ahen 
you have done t h i s  you may stort t h e   f i r c t  set o f  ten phblems. Just  before 

when you h v e   1 ' i n i s h d  any set of probLcne smoiul the  time m e  more. Ke- 
you s t a r t  m y  s o t  of problem, record  tho  time i n  the spce provided. Then 

manber to do t h i s  for each s e t  of I;robJ.eme. Once ~rou have s ta r ted  any &-en 

ticulnr instrunrnt  beiw used or t o  the cenerdl. inst luct ions,  but the  t ime 
s e t  of problems you nay re fer  tack e i the r  to the   instruct ions f o r  the par- 

tenproblena.  Vork the  e ight  prcblurn s e t s  in t he  orCer i n  which they are  
spent 60- this muct IX incluied in th: t o k l  time roquired for that s e t  of 

presented. 1.s you finish each set  of  pNblfnQ and record the finishing tine, 
place  the set to one side, face d m ,  keep- the oeta i n  t h e  sane order as 
they are prcsmted t o  you. Once :,mu havo r id shed  any Get, do not  return t o  
it again. 

Read these  instruct ions until you k l i e v e  you understand them. Then 

i 
Answer a l l  problems, even if you ero not sure of your solution. Remem- 

ber always t o  record the  time before you &art aod after you f in i sh  any part 
of t h e   t e s t  m d  work as quickly and as wcmcdd.y as you can. 

I 
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selector, a TO-FROM Anbigulty Izdicatcrr, E oonventional Course Line W- 
T h i s  instrument display inclwles a cornp~os rose tspe Course Line 

ation Indicator (CUI), and a D i r e a t i o n a l  GPO (E). These instrraaeate 
are all used exactly au deescribed in the g a e m l  instructions. 

Pow selwtcd courm is s h m  in the upper w i n d o w  of the Courae Line 
Selector. The vertical aenter line of the instrument serves as a lubber Ilns. The recriproccil of your selected couI.8e i o  shown in the lower Mow. 

of nome addi t ional  assintams iu locating your position in r e l a t i o n   t o  the 
selected o w s e .  If the C U I  naedle is off ta the l e f t  i n  tho oross 
hstohed amt, ,this noam that your p i t i o n  is in one of the cross hatched 
eoators to the right of the vertical center Ilne of the  Anbiguitg I d -  astor. This vertical oenter Une represonto your selected C ~ B B ,  so it 
follcua that you are t o  the r i g h t  of that-courne shwn in the upper wln- 
dw. If the CLDI needle is off t o  the riapt in the w M t e  area, as sham, 
%ether you are in the  To Beator on the bottom or the FROM sector on the 
your posit ion is in one of the whits sectors to the l e f t  of the oouraoo 

top is shum by the  TO-FROFJ pointer, 

The m a s  hatoh nuldngs OR the CLDI and tha Ambiguity Indicator are 

f 



, 

. i  . . . 
. , .  -2t- 

/ Ir_ D ' G  
I 



-2 5. 

-1 

i 

b 





-27- 



. 
.. 

i 



IG 

1 

Thie inetnanent is a VLaUal exhibit of &area cm tho grourd oxten2- 
i q  agprarimstely 120 miles in a l l  d i m c t i c c o  ODX otation. The 
E t a t i o n  always appears 88 a circle i n  the centor of the  ncoge and your air- 
plane ae M arrow-ehaped pip aomewhcra on the scope. 

mined e i ther  bx ObeeIlriIlg the  direction the pip is  poln-tcd, or by crma 
checking  with xour Diractianal Gyro (W), which would bo quicker and more 

alrpl8~ moves over the face of the earth. 
accunrte. "he pip vill move across the scope in the earn mmer that your 

Ttle direction that the  pip, o r  your airplane, i o  mviry may be detar- 

Aum the station. It will not, be neceaearg to use these in aolving  the 
The scope hae sir concentric circlos 011 it, roprcsenting &istunces 

hrrck-Zelector  needle appeam as e. fine atralght line on the face of the 
problamm. A seventh circle f o m  a compme i"o6e -ked off every 5O. The 

scopc. It rotates about  the center of the Q C O ~ ~  and in ac tua l  praotics i o  
opsratod mually by the p i lo t .  In eaoh problm it :B set in the proper 
pmitlon to indicate your deaired track. 

In solvlng these problems you are tr.) rlccide in what w your airpLane 

traok BB specified for each prirbicm. 
should be turned i n  ozder t o  mlre Lhe a-s-ow-ohagcd pip nove to the d e s i x d  
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3. I ohould tumi right to  a heeding of 2 8  degrees. 

4. I should tarn ri&t t o  a hesalng of 2l3 d m e a .  

5 .  I ehopld turn left t o  a heading of 190  degree8. . r  

6. I .houl& turn left to a heading of 200 d m e a .  
~~ 

7. I should han lert to a head- oi 300 b a r e o o .  
. .  

8 .  I 6houl.d tarn rWt to  a baing of 305 dwtlw e .  
, 
r*, . ,  
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PROBLEM 7 





APPmIX 3 d 





TABLE 2 
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F = 133.99 / 53.22 : 2.52 (B = 2.20 at l$ level) 
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