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iments desoribed in this report represent a continuation af Féﬁ"
regearch initigted under the auspices of the Committee on Aviation Rty
Peyohology, originally gt the request of the Civil Aercnautics Adwinis= ]
tration, to determine the type of displays which will yleld optimel . - 25
resulta in the use of omrpi~dirsctional rangs instruments for navigation iy

purposes. Bach study bas involved a ocomparison of *pictorial® displays,
. which furnish the information provided by VOR in the form of graphic
presentation of the spatial relations involved, with "aymbolic® displayw,
: which provide information in terms of dial mdingl, neodle defleotions,

and numbers. _

- The first or these oxperimonta, involving the use of utatic »oCk- L
A ups, showed thet "pictoriai® displays were generally superior to "symbolio®™ .
displays in helping the pilot deoide in which direction he must fly in '
order to solve a series of navigation problems. The later studies, dsscribed
in this report, utilising functional displeys installed in a 1-Ci-}) Link N
Trainer, confirmed the superiority of the "plotorlal® presentation, inas~ .
much as the findings showed that both experienced instrument pllots and s
inexperieuned privete pilots solved navigation problems with greater 'speed L
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and aoouracy when information was presented graphically than when it was E

presented aymbolloally. | L e
L=y

The conclusions drewn from this experiment are necessarily limited E

to the types of "pictorial" and “symbolio® VOR alrcraft instrument dis~ -
4

plays used in the investigation, There still remains the possibility that
better types of both kinds of display could be designed. Kevertheless, -
the implication is clear that "piotorial™ displays have psvuliar advantages
in the way of providing necessary information in a memner which facilitetes
the speed and acourasy of reading and of interpretation of navigation in-
formation, apparently because they permit the solution of problems at the
"perceptual®™ as contrasted with the Moognitive™ level. Of additional sig-
nifiocance is t.he indication that the possibility of oonfusion or set-beok
in new or emergency situations sppears to be less lihlr in the case of
*plotorial® displays.

The three experiments deseribed in this repart, conduoted on the
1=CA-1 Link Trainer, were not designed to answer definitively the question
as to whether differences in pllot performance attributable to differences
in VOR displaye apply to actual flight as well ae to performance on a syn-
thetic flight trainer. Thers alsc romain other problems which oan appro-
‘ pristely be investigated through ths further use of a synthetic flight

P

1|u111.mm9 A, C., Jr,, and Roaooo, 8. N,

a1 v : r. ) ) T P 'ﬂ.himmg
Cos cu D:lviaion of Reuareh, Roport No. 842 Iarch 1949. {For en abbre-
_viated version of this report see: J, Appl. Pgyohol., 1950, 34, 123-130.)




trainer equipped with improved recording devicss. Provisions have been
made for the continuation of researczh in thls important area, with funds
made available to the Committee on Avistion Peychoclogy by the Bureau aof
Aeronautics and the Division of Aviation Mediclne, Buresu of Medisine and
Surgery, U. S. Navy, under a contraet with the Office of Naval Research,

Norris S, Viteles, Chalrman
Qctober 31, 1950 Comnittee on Aviation Payohology
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a conventional symbolic display. 'They made the seme typea of errors amd ' Hu

SUMMARY

A

This ‘report presents the rasults of three experiments uhich avnlu-
. ated the performancsa of both private pilets end instrument pllots using
a pletoris) and s cymbolic YCR display in solving a varisty of common
local navigation probleme in & 1-CA~1 Link Trainer.

The first of ths three experinents sirved to valldate, In some meas~
ure, the results of u previous experiment® in which a group of symbolie . %
and pictorial displays had been svalusted by the static mockup {omper and A
pencil) technigque, Four instrumeat pilots flew eight problems each uming X

with approximately the sume frequencics as pilots of equivalsnt experience |
had made using the correspording dlspley in the mockup exparimnt. ‘

The second experimeui compa—ed the performances of eight Lnatmcn‘b
pilota who flev four probleme each using the conventional symbolic {ype
VOR display and a new p‘ictox 1) type display. The third experiment come
pared (1) the psrformarces'of 15 private pilots who flew five triale on © %}
each of five types of navigetion problems using the plotorial display with iy
(2) the performances of an equivalent group who flew the same number of r
trials on the same types of problems using the symbolic display.

The results of these experimants consistently indicate the superi-
ority of the pictorisl type display when used for the types of mavigation .
taaks which were sampled. In ths two experiments in which the pletorial
display was used, 407 navigation problems were flown without a single une
succaseful eolution, Thirty-two of the problems were. flown by instrument
pilots and 375 by privats pilots. In the three experiments in which the
symbolic displuy was used, 439 aimilar navigation problems wers flown of
which 50 resulted in unsuocessful solutions, Of these 439 problems, &4
were flown by instrumert pilots and 375 by privete pilots, Thus, of &ll
problems flown using the symbolic dlsplay, 11.4% resulted in unsatisfac-
tory performances. In 348 of the problems the pllotes were started from
an unkrown position and were required to crient before initiating a prob-
lem solution; of theee 13.5% were unsolved,

' Comparative resultn for the last two experiments favor the pictorial
display significantly in terms of: {1) the excess dlstance flown on cor-
rect solutions, (2) the distance flowr in which established flight toler-
ances for altitude and airspeed werc exceeded, (3) the number of unneces-
eary turns which were made, (4) the time required to orient fram an

ton, D.C.3 Chi DivisimofResearch Report No. Bi, March 1949, (For an
abbroviated verslon of this report see: MB.EL_.EM' y 1950, 34,
123-1300) '




5" ‘unknown position and initlate a provlem solution, (5) %he proportion of
I'irst turns which were made in the more economical direction, and (6é) the
proportion of first turns which resulted in a correct initial heading.

The expariments did uot provide an accurste comparison of bracketing
performmances using the tuo displays. In genersl, inbtound bracketing ap=-
peared somewhat more accurate with the symbolic diseplay, while outbound

- bracketing wee consistently better with the pictorial display, The dif-

ferences in bracketing performances observed in thase experiments were .

77 pot Judged to be important.

The data from the third experluert were analyzed to determine the

“L “effeats of differences in problem difficulty and practice durimg the early

stages of learning by private pilots, 41l typss of problems sampled were
solvaed with equal ease by the private plle¢s who used the pictorial dis~
play. These pilots solved all probleme correctly. On the average they
nade less than one unnecsssary turn per solahloa for eech type of problem.
Thelr averaga orlentation time for each of ths four orientatlon problems

s . mas aboul ten seconds. For the pilota who uged the symbolic dieplay the

various types of problems wera of unequal difficulty. Larger proportions -
"~ or incorrect solutions snd longar orisntation tilmes occurred, with the
symbolic display, on the problems which Invelved intercepting apecified
radiels, The average numbers of unrccessary turns differed significantly
for the various prooclems when the symbolic display was usad. The greatest
mmbvers ware made cn problems which involved outtound bracketing. .
Prectice effects were not significant for the pilots who used the
pictorial display. Their performences on first trials for esch type of

£ . ‘problem left 1little room for improvement in tems of incorrect solutions,
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unnscegsary turns or orientation times, Ths [lrut-turn performances of
tha pllote who used the aymbolle dieplay left emple room for improvement.
The pilots showsd a redaction in the awmber «f incorrect solutions from
Pirst to fifth trials and signi®icant improvemeni in the eff'iclency with
which they executed thelir decisions ag refiscted by unnecessary turns.
However, they showed no slgniflcart improveament in the time which they
required to orlent and decids which way to fly to initiete problem solu-
tlons,
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z VOR Jig ¢ LCATTOR RTGY W70 IN TRE L-Ched LidF TRATNER \
FART 1
INTRODWOTIIN i
N The cmni-directlonsl radin range (VOR} togethsr with distance msas- .’_.é
uring squipment {(IME) =re aircralt naviation alds ahich provide s pilat 4k
with continuous and precise pesltion infornation 3n terme of beardng and %
distince to or fror en omnl-rrnge station, They employ visua). rather }%
‘ thay auditory displsys or the presentalion of tbls information., Early e
o ip tie develoment of this eqw.pmen® it berame ~oparent thal certain Jis
3 peBychological problems existed in the design of cockpit instrimentailon ok
- for tha display of irformation which the gquipment provides.l An ia- %TK
: zmetion of the exrl: VOR 4nsirument displays was sufflcient to suggest <250
i3 that pilots would not b: able to uee these instruments either quickly “"j-Ff,;,\
or without frequent errora becsuse of the inherent ambiguity in the. o
reediate information prezentsd, ?%g
j In 1948 and '49 Williams and Posaoe? conducted the first axperi- “%fi
- mental evaiuntion ¢f a number of ¥OR displays under the ausplese of the %
] Netional Research Cownndl Comciiulec on Aviation Peychology with funde CES
5 . provided by the Civil Aeronsutivs Administretlcn, This present report | i
reviows that study and presenie th: resilts of subsaquent sxperiments “
; whic't haves been conducted under un exteralen of that contract. ng"
2 :%t
‘ | : v
S A REVAEW F “BF “IPST VOR DISPLAY EVALUATION STUDY -y
Pictoriel versus Symbolic Tigpieys %ﬁii
, Ia & preliminary consideration of the warlous sxisting and proposed f,J;ﬁ
& inplruments which might t: used to dlsplay the informstien provided by 73
1 YOR and DME, Willlame and Roscoe’? claszitied such displays o lngical ‘“’i’ﬁ
1’1‘-!011',031, A. W, Psychologizai prpblems on cockptt inasrumentetion fj
for “he_omni-directionnl rengs (ODR)_and distance measuri%g_ggg._?g_ B
- ED_};E::. #ashington, D.C.3s CA4 Divieion of Repmearch, Report Ho. 6, ?Jér
. Febraary 1948. o
2wu11ama, A. C., Jr., and Roscoe, S. N. Evaluation of sircraft »
. . ircstmment dipplayve for use wilh the onni-directionsl radio renge. ﬁ?
. -Waahington, D.C.t CAA Division of Research, Report No., 84, March iS.9. S
S nFor an abbreviated versiom of *hic rapc-*t see: J, Appl, Bpychol., e
1950, 34, 123-130). -
A
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‘grounds into two meiir categories, symiclio prosentations and graphis

or plotoidal pmeaﬂmtiam, Talr dichotomous clapuification rab uvsed
earller by Grother and hus becn uwied saince by Chapanie, GCarnsr and
Morgan,” ard by otheru. ALl exls%ing VOR dlsplays in 1948 vere of the
syubolls variecy in that they oodonin <nformation by mesns of mmesrical
polnter rvesdings, naslie doflectiony or nuzisss sppraring lo windcws,
Thuse zarly displays prssenied most of their information in terma of
wmbere wnd rsdd v o7 reintsrs whicn the piiot had to align with some
fixad refevence or indox of deairsd rverformance. (In moat cases The
vertical pointer of tan ITAS irairmment wvas uned.) The pilot had to know
epecial rules in order wo mahe stoes out of thase rucmbere ani nsedls de-
flsctions whick told bl only en indirect story of waere he -me and where
e was going.

In the firet evaruation atmij's threa pictorial or grephis displays
wore deuignad for purpcees of comparison with the sxisting syabolic dis-
plays. These dispinyu presented the actusl horlzontel spatial relatlons
between alrcraft, atallion and zircratt heeding in minlature oan the face
of the lnstrument. In cues of theme diaplaye the station was repressated
el the center of tho acope (With Horth at the tor) end the aircraflt ms
represented by a “pip’ which moved mbout the Pree of the scope. In tae
otasr tyo displayse the eircralt was jepreccnted ot the centar and ths
siatlon apnaersl to move. ‘

Ls gemerel, gymboiis displeya provida plecen. of infcrmation cppro-
nrlate Sor a coguliive solution %o & mevigawicn problem, while plotorial
displers provide cuse wppropriats Zor & perceptaal solution to & vroblen.
Thie logical dichotemous ¢lsmgiticstion has vroved both resllatic and
neeful in studying ard andeystinding the wmacy diaplay problems Im the
cotkplt ‘oetreentasion o VOR noed DK, .

Tes Evidence foi taz Svperiority of the Pictorial
Ty of Elaoniag

The fixet 2iepley emlusticn study wetsd the ypeed and ra.ccm-acy .
vita which 4€ pilots couwid one statlc mookups 4dvavings) of eight 4if- |

— i, L mar P e e — ——ar ]

Yoretner, V. 7. Dlscuselon of pretorisi veraue symbolis sircraft |
ingtrment displayes. Dayton, Ohie: Wright-Fatiewson Fleld, Ammy Alrx '
Forces, Besdcvsvtern Alr Mpteriel Comard, Inginesring Division, .sro-

Msdical Iaboxeiory Seciinn, Sarial No. TSEAA-6S4-3B, & August, 1o47.

5 ! ‘

- Chapaniz, £ Sewmere, Wo B and Morgea, 0. T.  Applied axpoyimen-
Bai pevcholoeoy: dupan Tactors in easginsoring desiegn. Fovw York: John
Hiloy & Gopa, 1onG. inb-147.
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Fapant TR oar.ove B Lestsimment idaviey? o e4ire typleal uavigatlon proh-
Jemz., Ths c.zpinsgs becied L.oiuded five exlsting eymbolic type displaye.
©oped tires sieponved plohtorisl displays. The plilot group tested included
W nam-Inebnoent vilota, 16 ~mmerelal pilots with Anstrument ratings, cnd
6 soheduled siviine plicie. ' :
The inaspwrant and wizlin: piiote myde fever errors thae the non-
irglrment pllote, but thore was no sigvificent differsnce in the time
acorss Tor the difrurert groups. Tht yepk omder of displays bseed upon
FrRor gooret wep uWlghly oorrelated with thelr rmak order based or time
gzpes otk witskin agsh pilof emun and betweon grougs. ‘The displaye
vhooh cwald bz veed wore ravpidly vers akic ussd with less errors .

The apesl «ne accursey vita vhil-h the varlovs pllot groupe used each
diapiey s ehoum iy Mi.e L. The *ime scores reproaent the average timo
required to Ccompleds cach gat ofF tun problema. The arror acorss xepreswnt
W averssge numoas of ~ooblews incoryectly atlved pesr est of ten,

TAELS 1!

AVERAGE T8 ARD FIMICR SOORES PER SAT COF TLHE
PROFLEMY FON DACE OF TER BICET DASPIAYS TESYTED
VBl acorey are In winutes)

Privais Instyrmsnt Alrline
Degiey Piicty . Pilota ‘ Fllots - Lo R
Tier Brrors Time Brroze = Time  Krrors iy

Blosariel A 7.9 2.8 5.6 0.9 6.0
Metorial B l Y. i Y 6.4 2.6 9.9
Movorisl © 0.0 .3 8.5 2.8 10.h
dedio Mepnetlc
i cator ko2 5.9 15.% .0 1h.9
Alx Tloe Indicc Lep 17.2 6.3 15 .4 .1 15.9
Al Porco Indicztor 23 6.6 19. 5 2.8 21.1
Bxparimentesl Suwbolic  Lh.2 G.C 13.4 k.3 13.3 !
Conventional Saleli: Bk £.9 19.% k.2 18.8

Wita respecy: Lo betk time and drror ncorss thers were signiricant
diffarencas betwwen displayas, eimllsr differences boing found for ell
groang. The three pistarial displaye, which presentad information in
wran of a gephic reproosntation of ths actual gratlal relaiione in-

. Dl s —
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'Tiiillim, A Cay 7., and Rosoos, S. N, op. oit.
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volved, were significantly superior t¢ any of the symbolic displays,
which presented information in terms of dial readings, needle defllections
and numbers, There was little to chooss among tle five symbolic displays
tested, However, one of the pletorial displays, the one showing the sta-
tion in a fixed position in the center of the scope with North at the

top and the airplane as & pip which rioved about the station. was found.

. superior to all others.

3. An Evaluation of the Evldence

fihether these resulte obtained from static mockups are directly
applicable to functional instruments used in actual flight depends upon
the significence of the diserepancies batween the experimentsl task and
the flight task. In the vee of any functional display, the pilot's
tagk involvee two aspects of performance, one oi' diserimination in
which the pllot must decide what to dc, nnd cone of manipulaion In which
he must execute his decislon., Uelng statlc moeckaps it is pnssible to
get at only the Pirst aspect of the pllot's task, nsmely: his declsion ;
concernlng which way to fly in order to soive tae vavigation problem. {
atl hﬂnd.

It muet be remembered, however, that VOR snd DME are primarily
~ navigation devicee. Thkeir chief purpose is to suppiy tne pilot with
information with which he can orient himself and from wnich he can ’
decide on a proper direction in which to fly. VOR might also bs used

as a flight instrument for controlling heading, etec., but if the dle-

play falls as a navigation aid so that the pilot makes wrong decisiaons,

then whatever excellence 1t might have as a flight Inatrument is wasted. ]
- Thus it was belleved thut the results from the statie mockup study weras

pertinent tc the fiight =altuatlion,
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.To tops the hrpotiasia that the reaite ivon tawe statle mookup
stedy were valld predictors o7 tha fy7es of perforrmance whie™ could
be expected in the cctuzl flisht situatise, the {lrat experiment in
the geries woverad by this re.uri waz conducled. Tha mathod of thie
validation study wws ic vingevo jer forssacaz cbizired nolng a funcetlorsl
ilsplay witn those shieingd us up the static vockups., X1i'tha sams types
of errore were mede with snuproexirately ile swre frequency, and 1 these
axpcrs peoved Yo be e s0got Denortunt ones mode, the statlie moekup re~
sults wold be Iy saue ngasurs validateo end 4 gomerallaations whici:
rare baged upon trer Inpillict.

For thie exverlaeywt z Twrational dlaplay »f the convontional sym~
tclin type~ was ingteiied lum o JeUi-% Link% trainer. The display con~
glatod of s'Course line Seleotor, an Avbiguity Indicator, a Courss Line
Leviaticr Indicmtor {veriical 745 peirter) and g Directional Gyro. 4t.
the time thiz was the onlv fonciional display available for use in the
Link treiner, since the ‘upetisnal Pictorial A display which has been
uged in latar excrrimesiis lud unt yeu been ouvipleted.

Dsggzialinn of the Exrerinent
Four exparionced pdiols hot3ng valld CAA Iuglructor and inetru-

went ratluge eac! £law sigrt wproblews auinilar %o thope vaed ir tue
statlo mockupe., The 2l ot owellems Incinded tme of each of the four
t'ollowing tupaes:

P
(1,5} To fly to Lua stailivs from present position, “‘,ﬁ;
{2,6) To f£2; wway frem the statich from prarent oesitio, - IR
(3,7) to Tly wo iy~ stablon a?mg a designased trask, and -
(4,8) To {1y wway Poem b slotion sionz a ceslgneted truck. =
P gt
On all problems tha »Ilets wexrs shtarted frea posislore unkromn Lo thmix **fng
and kad to orlent in oriar %o iniiiste z acluiion. LR,

al

AT

8%

The problemc wore lzwn Ix a Jifferent order by esch of the four
pllots im an effort to holanee tne effastc of prsotice and fatigue. The
proslems were flows in iwo zenzicns, four proolers to £ esession, Proviems .-
4 0 4 were flown in tia: firat seeston; problems £ to £ were flown in the
gecond memggion., There wea a voricd of apnroximately twe weeke betwesn
seeaiona.

\"":‘}_’:;1‘

- — —

1This equipment. wze designed ty Dr. David Sawnders of the Dept, ef
Paychology, Univeralty cf ilifncir and wae conatructed by Saunders and
Hr. Albort Bommar of the Aviation Fey2hwlogy labaretory, Univ. of Ill,.
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Ipatructiona to the subisnzs. The sublects wers required to read
the standaré instructicps uwsed in tie m.2'wp stwdy. TFollowing tals
there was a pericd of infarmsl ciscussion and ther the subjscte flew
ore practico problem. Th2 sase precticws prctlaw was used for each
aukjiect. ter thie the:'2 wea enother short discueslsa perled, The
subjects then flew the test problema in a specifisd ssquence, the
gse;uence beiny different lor essch subfect. In addition te the navigi~
ticl task the subjects were ipstrvceted to hold flight tolerences of
pilus or winua 100 £t. for aliitude and llve wib Por alr speed.

Recg:rds abinined., Two wecords of reviomisrnce ware kKept. Une waa
& trreirg of the flight path muds by the trainer recording crab. A
seaond reumr® wag keph v the oxporlzenzir end cuisisted of commorts
piid reparks pertinent Lo tha £1ighl. - '

#¥hen the rzoovoes @eve obisinen e &yghen Lo voority them wald Je-
voloped. Since there ars nany ways ths rscords aowld be scored, s~
lecting a system is actuslly an arbitozry proceduwze.  in thls case +he
vruoblen wag to develop a scoring systywm whilch wouid raflect failthfully
in summary form the deviallops cnd wenderlngs which often voourred and
which would disilngsioh Detresn %eoiapy wilsh wera Pcbyviously® good
and "obvicuely' poeor when recveived and wilewsd am thair raz form. Above
gli, the acoring eysiem nad {0 % meanirpgful in termg of the flight sii-
vation ao that iwr sralysiog the sswres vi rould bs poesible to Lell Foat
kppoened 1o eech ogse or eny coobinslicn of casss.

¥enpureg employed., The asccrlug arzienm seliected covelsted of &
battery of six shjeotive measuwros. UL« wapsnves waras

{1} #Hay ihe sooblea aclvent

{2} Was the first ture in the correcs (more economicel) directicny

{2} Wag the Flret turn to ithe corvect hesdlng?

(4} bid ibe eubleoct oriest nlumell at ihe aumet of the nreblam?

{5} What was the number < crioatotions mede aiter the stert of
the problen® '

(&) If the problow seu souwd, Shat wWas the parcoobtnge of exceas

Adobuvece treaveled {exsesy dlotercs / eurrect disbance L 1097

I daasvre 1 the wrotlon wae considscad soikvad 54 the pilot wwews wlliy

met she weyuiremeuts as sieted wivhin e Lrack tolerance of plus 20 minaa
five degrzas.  dsanures ? sod - war: Jeaad upth compaving acthual ooy o
aroe with a drack repressuting tre most esomcnleal. solution of the
problam, Howeress, 1f the first turs gsvs in ths srong divaechion, tie
problen atilt could Le zodved Uy resualng a headlug which #ould ba nox-
raot for ibe noy pe2itlon repuldiug Iron L0e 28ss sootonlicsl fuvrn,

Tnig hamding wouldd ol zleays Y2 +the sane &3 Lhe zorrest leading for {heg
proper direchior of twrr. Bite cespesh te Monsviss 4 and 5 the pilct
wag zcored g8 hoving crisntesd himpeld o0 L suvoel the ecoirse lins de
vist*on indicator by uweaing .the covras seleclor lch, The fact of hls
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correct heading assumed ag & rasult of tne turn,

having done so does net impiy thut hle Ilntevpretatica of the yeedings ro
obtained was cortect, In Measure &, the dlstancs 1Y was necessary to
travel for the moet efficient solution to eavh prohlem was measurel, .
This minimue distance was coaparsd with the aciual distance flown.in sl
case, and the differente botween them wen expresused a8 & percentape of
tne minimm Jdistence, Lipiances were nesasured slong the Yrack oy meons
of a maep measurs,

The Results of tie Eaperinmeat

It was possible tc combine the scoras for thess mzasures in & way
which accounts for tie sitcome of sach of tie 32 oroblems flown., ‘'uls
analysis, which 1s shewn in Tables 2 and 3, was made in the following
manner, Thirty-two problems were ilown in all, o7 these, 26 wers solved
and six were nots [n.the 26 soluticas ihe first twrn was pade In the cor- ' &
rect direction In 19 ceses and 1o “he incorrsei, {less econcmical) dlre--
*ion ip seven cases, CFf the 1€ cases Iz which the dlysction of turn ws
corvect, 14 tur.s wers tc the norrect ezding and five ware 10 an incosve 7
rect heading. In four of the ssven cases in shleh the Initial turr was
1c the wrong direction, compensztisn was made Yy turnibg Lo “he correst
heading for the direetiosz of tura takea. In tie other three cases tha
turn wvas to an incorre=st reading. Gonsidering new the silx cases In wni iy
the problew was not solved, in three the Iniziai turn was in the « .irz:.. ;
dirsction and in the otier three 1t was not. However in no cese wis & AR

In these ceses, 13 in all, in wolich s ~eryvzet hesding for the sol
“lon of the problem wes asaumed vegardiess o Lle direetlon of tur:, iL ]
is not diffisuls to wderstund.why the prolien vas soivad. Having aslecte
the correct hecding sut of 76 possibie Leasdlags, «llowlng g toleraccs of
plus or minus I degrser par leadiuy, e pilot appareptly bed ali=sly
solved the probiem, and it wip ondyr necessery Jor alm to anscute kls ous
cislor. In no neee wosre @ <orroei hesdinne bes cammed diz the pi.ot
fail tc solve the preoiei. o wouid be sredi-iel, n the cases du o070
the twrn war du the covrect wivetlion lne pere 2tezs of extess Jiscsac:
ficwn wag a% s alaimvr, overcging LS99, T wmes wio turned in the wieng Jio
rection but te the coreted heacian Flew an erxcsie of X%, whick 1s slizasly
mores a3 would lw oxpectiad from e ltass coonvuleal zolvtlon, dn sigd casce
the problem wes soivel ever thoves the Liltial nending asoomed was ircar
rects In thuse vaser the overapr e-tewp Jigverze flowa wes 339 and 503,
ragpectively, cepmwiing 1.or the slreetloa ot tioe fnitial turn,

Thur far it i; evidit thel asauning toe cocmast Initial heedliog is
badicatise of 2 rigensstul oulouue Tuv M-t woconing ap incorrsat bhadlap
does rot receussurlly oegult in Teiluvra. In Ly wanse pilots took vy an
incorrect hesding a8 a reaulr ol Wiy eat bang. In eight of viass
cases the preblszr ass aolved and Jn sisc v wes net,  The next ste. wast

1L o

be ot seoascnt Pov this &1 7 evenne I oo
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TAZLE 3

CLASSIFICATICN OF 14 PROBLEM SOLUTICKS IN WAICH INTTIAL TOEN
WAS TV INCORRECT HEADIWG ACCORDING TO QUTCOME
AMD REORIERTATION FOLLOWING FIFET TURK

g

CULOoME RECGRILNTATION FOL-
LCW NG FIRST TURY .
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Bt 3 @k e - L Tt o DLy g U e Fo0 T b e lansiewad
Prodfeg wes zepooweet, Lo vir ar Sta L% g fn ot dhe -_:tr(:ahl.ﬁ‘r'a TR
ALy She pllotn ona Tariad ’.}"«“HL S oeTe oy omepn Tiwn d Pollowing the
sioct Gen Do ceern vhel Q03 pey, Froms ex luowscbiorn of the records
Tvoin fely .y ewitdorg wbet e e mapdd b 50 vhene orlsatetlony il pilotas

geanad g AropeT henddng 10w rolvlng Shy orobiam srd that & polution was
rhevylore afhievs.,  Swme the gir ceems ip ¥aloh the rolubion Yas rot
svifured, In $wo epaaw (Lo pliods 430 reoedisrt and In fove veses they dld
e, T s undewmterdabia noy feiluse to twevient would in aeneral pre-
word v poiabion, and reh among e sooegel casso as notal above two
suhiedat. 8 vivkine 20 avcte off ot xworisavicz. An azanmination of tleaa

Coer eln sbows thal in oo of Yoo tones the pilot £14 = "Zfovhle take.”

Yo <riginelly twened o the wrong hesding, flsd Jor a short distance, and

mer without hesitat.or "ot with no farther ovdenvacion tuwxmad to exactly

she gurrect aseflng ard 40lved the poshilem. In the otior cage the asolu-
o tan only be ﬂ@ada“ 'asi ag lueky. The problan wed to iy swey from
vt gindion alang o gl L wbed track. Withouwt any urlenfatica the pilot
291, L10 couraa ns‘i.eci'm or the denigneted track and then Surned <o an
Srponpvech hwedlng rov ’?Ef: soprared ssiubion., Howvsvsy, the hesding he
a8uied was asgsptanls rinee 1t &ld eventuslly ir‘terrmpt. the deaignatsd
*‘mm ¢ Hhat the probier voul? te polved. IF hie atimuth poeiticn had
bron £3 1! Hla ar 20 orv 30 dogroems =nvay Jrus “ic orlginal location, the
greeudnre used would aoh hove moenited in & goluilon 4y thr problem.

Fnslly the twe cacle 1o “hiich the pllot 4i& reax’cnt aml yet fallsd
e CULVe the probisn akeuid be examimwa. 0 ons of theese, afver resrlent-
1oz, the pllsat 41¢ woive The problem from the new yogiiion in vhich he
Towrd Mimesl €. The problen veguirs)l hat he £1y avey from toe statlon

P bAn present positior. Toe plloi 419 not do this from hla indtiel
sxition end so felled 25 probicm az given. But frum hls new position,
AThey Turning the 2rorg Wiy anl reorienting, the pilot did fly avey from
gir gtation. In the cibsy ceesz the pilot was evidonuly cowplotely lost
ax *laoriented. Afiey turming to 4t woong heading in the firat placw,

» 4ren pacrientad wimse)? four times. Him fiight potterm during this
tire appescod aimless . it peogresssd 1a the asme goncral direction with
mino: heading chenges whlich wrre appereatly unvelatad tc the orisntaticns.
He finally vandsyed off the churt.

acupsior and Condgluaions ,

The enzlysis presented above inoludes avery case and agslgne reasons
Wiy *he problems weie or were no% sclved, The analysis emphasizes the im-
portance of proper oriontation., Nons who turmed to the proper hesding
f211ed to-polve the yrobian. Waen the proper heading was not originally
a3maed, the Pilght zewld, in many crues, be salvagsd by recrientation
shioh then parmaitrod tre pilcd 37 turn to the proper heading. The impii-
catiun 13 clear thet, firsc, & correct lnitisal heading is generaliy a suf-
fioiant condition for & aclution and, esourd, & correct hoading socner or
later 15 a nscesssry somdition for a soluticn. The selection of a cor-
reot heading by the piioev s cutiributaed to proper orisntation. The con-
clupion follows thet successafui vse of YOR, ct least with this diasplay,

Rl
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depends heavily .opon now well the nilot con use the derloe io make- his
tnltia) directiongl denigions szd not uwrpon how well he can use [t ae a
flight inatrumeat o executing his deelislonm. ' :

There 15, Lowever, one small caich %o the conolusicns preseptad,
nbove, The procedure usad in arriving at them hue besn elinical. Ik
nach oade the pilol wea found o have Core certain things snd tharefore
the outoome was ascribisd to those things wpleh the pilet did, The fun-
damental cau3as of s succazsaful outcome has heen zesigned to proper orlas-
%ation, as indiceted by tke record dats with teference %o correoct dirse~:
tion of turn and correct neading, Tihe key assunpilen implieclt in thie
olintoel anelysie ls thst & correct turn to 2 corract heading ls the re- .-
sul’ of proper orilentaticn, It 1s indaed interesting to note, therefore, .:
tha in threo casee the ccrrect iniitlel heeding wea assumed withoui tho e
pilot's having orlerted hlmseli al &)1, Jn all trres ceses the problem  -ii
wae soived. In twe of them the pilot did not orient himself et any time; &
in the third csse Lhe pilet criended himself twice later on in the prob-
lem. "ie Taet thal this was possible zt all was simply & function cf
%he problemsa used. In many cases the pllot's initisl porition was close
anough to the desiemated track sc thai ths treck could be intercepted
tith any ane of a nuwber of Aifferent headlngs bafore going out of the

TCR range or passing the station., Thus by ailmply selocting the desipge R
nated bearing on the course selsctor, ihe subjeut could find out whether . °&°
e was to the right or left of the Cesignated track, snd then turn ac- .
sordingly o e heading which would cauze him tc intercept that track et 7
an sngle of about 45 degrees. During the course of the experiment the ' f
subjeots apparently reslized that they were usually started from a po= s
sition for which tbis procedure would work, even though it wes mot the i
prodedure required by the imstrvetions, g
i
Iaplications nf this Eiwdy. for the Vaildation of tie bl
suptle Hockup Teshpicue Fik
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It was coneluded stove irat the auccessful use of a symbolic type

VOR display dspends heavily upon how wall the pllot can use the device
to make hie initial) directioral decieions and not upon avw well he can 7

use it as n flight instrument in exeouling his declsiora. Since ihe g

former function is omo which waer messured in the sariier atatic mockup i

T

-4

LTI T

atudy, these resuits obtalned ueing a fuuctional display tend to support
the validity of the technique smployed in tle zariler study. Purther—
more, the results of this study were clearly in pgreement with those 4

from the mockup eiperimsnt. R

Considering only the pllots' initial decisions ae to the direction *ﬁﬁf
in which to fly in order to atart a ocorrect solution, thé same types of — is
errors wers made using the functional dieplay, and with approximately
the seme frequenciles, es had bsen rede using the corresponding static
display. Using the static conventional symboliec display the Inetrumemt

"Pilot Group had falled to sulve 43F of the problems and the Airline Pilot {ﬁ&&



Croup 46F. Iithar 3 twrn io the woooe Sisseiian or 2 by $0 a wung
hesding vas counted mag o symwvs. Dcpsifdardng culy thy £ir:6 duvrae mede
in the 32 problsiy wsing the funcilonsl lapiay in the Link taeingy, 18
were oither in the wizng diraution or Lo ithe wrong hasding or hoth,
Thus, using the sawe criteria for gercye, 6% of ile golublons wonld ha
coralidered Incoreast. {Tm 12 of thess 18 cesas ks sublechs wore ablo
e detoot their exrorr sl Eake cpproprins? curractiona leailag tc au--
sapeful eolutions, ax vould bs exjpectsd wning a fuctional 11a3ley.)

The gilrns iusresaze- in the proporticn of the Mirxst tTurn errors wvle
wylog the functionml digplay wsa v be ezpected sincrn the pllets lyisw
“he tralisr vers urloxr Fove presawrs to wut auicrklr then waze the pilous
wmking the papsr and poacll foes. v nelither cpse tny & aisted Wive
lmit imponed; et o, veing toe Muocdd asl wiepiey the pllovs hed o
raks n directional ducie’on od act upon it befuie £iylng ub of tra TR
vange. L1 edditica, v pmper and ercll) prohieie Werse An a &k . moai-
Liple choios fowvm ‘o owilol ha oubdjosio vovlsd be supaeced o get ame
corract In id by cauzrcr. leing Wz fundcdiomal 4feplay lbe silois dould
" be zxpecied e tuwm Jo T corvset direct.on B0 6 cororsct sasding onlr
agee lo 72 binks DY chaave., :

[ S
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COMPARATIVE EVALUSTION OF PICTORIAL AN SIMBOLYG VOHAgngﬁallQE DTS-~
PIAYS AS USED BY TIiST RUVENT PILOTS IN THE lﬂGﬁ 1 LINK TRAINER

while the study just deseribed suggssted that the results of research .
ueing the mockup technicve wure walid for one particular typs of display, 3
the conventlonal symbnlic type, it offersd ao direet evidence concerning
the compariscn of perlorzancag uelng verilouvs types of displaye sas was done
in te moeckup stndy. Tt was still possible that ths apparent superiority
of the pictorial type dinylarys, for example, mirkt not hold up with fune~
tional instruments. To *nvestigaie this prssibi ity an experiment wes de-
algned to compare the parformances of plleois wien flying two different
functional diasplays.

DU

i

In this experiment, < ndueted hy Smith, the perfornances of sight ex-
perienced instrumen'. plicis using the conveatlcnal symbolie VOR display
ware compared with thelr perforiancss urlng a new pictorial type display ]
in thke 1-CA-1 Link trainprﬁ (See Figares 1 and 2, - The conventional sym-
bolic display had proved to e one of the worsi of the eight displays
studied by the ucclkup Lechnlque, whilz ‘he Plectorial A display hac appcar“d
to e the best of any as yet proposed. The Pletorial 4 displayl vas a -
cathode ray aseilloscope which showed the station as & small dot in a
fixec pcsition in the centa> of the scope. North was located at the top .
of the displey. Tha airplane was represented by the plp which moved ahout
the face of the zcops showlug the zirplane's poaition in relation to, the o
station., The pip left a long-persistence trace, thus giving a comet taill .5
effect which served as a rough indicatlon of heading and rate of turnm, BT~

DESCRIPTION 0F THE EXFERIMENT .

Subjects. Eight experierced rilots with valid CAA instrument ratings - .
were- used as subfecthn. ™

Problems. Twn equivalent sets of fouvr problems each were flowr by
the subjects, one set for zach display. The equivalence of the two setis
of probleme was assimed since the problems were ldentical except that “heir  .fg#
starting positions and designated tracks were sotated so that the problems _%ﬁn

would not be recogniz=d si the came. The problems were designed %0 gample ‘yég
the mormal uses to whlea such disvlays would be put. The problemé, to= - @f
gether with the beat =nd worst correct solutions flown ueing esch display 3ﬁ§

are graphically iilustra*ed in Figuree 3, 44 and (B. In edditlon, four of., ;@%
the incorrect solutiors filown using the symbolic display are shown in Fig- -
ure 49. There were ne Incorrect solutions flown with the pletorial display.:x

Zach of the tso problem s2ts inclucded protleme of the following typea:ljl%éi

JONC
- —— '.:%
- _17
i B

1This equipment was designed and constructed by Mr. John M. Bell of “%i!

the Aviation Paychology Laboratory, University of Illinois, C R
"q;',;ﬁf%‘
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e waa not,

¥
III.

iv.

These four problem typas can we furiher elessified into two calegoriea:
those in which the pllet was required t5 orient himself and thoas i» =mkhich
In the flrat and fourth problems ioe pilol wes started from a

¥ith the aircraft already criented and on course, to zon-
tinue flying tc the station and to deépart from the sta-
tion on & given departure trac!:, not the oams as the in-
bound track,

With poaition unkuown, to orient and fly directly tc taz
station,

filth position unknowm, to orient and fly to the station
along a desiznated track,

To byrpase the station according to ztandard GAA change
of altlitude prozedure for use with VOR (See Apperdixz IV).

kocwn posliiuon end wae sinply requlred to suweculs o specified pattérn; In
thw gecond and third problems tis pilet was staried from an 'mknown posl-
icn and was required to orient Lbinself btofore jn&tlathﬂ g =zolutiai.

the mociup grudir, TFullcwing this there was an tafhmal ¥ohslk toll®

slay. wes mresented. During this dlecuselon it arpecimenter descrils:
I Iy i3

3ach of the four problem tymes whick the subjects mowld encermtay and the

appropriat- methods of molutlon to be uwsed ¥ith each dlispiay. Finally the

tubjects wore reguired to damonstrate tholr ablillity to solve pratice
iens of each type st the blackbosrd,

lenp
aach
o

1r the trainer.

fligas tolerensac,

(.C'f 13 r\“-Ci G
soh :1! splay, Tor
wad Pirst regulred

210

.
&
b
™

i

.
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Ly thz seme a8 thot uwayd in tns praviows @uLdg. Rowavaey, foo the 17
tern problens gevs o F Rhoen meesiwess weve 03 6 Jdosble,  Aitanaibor

[aixdleln

Th: four preblesmc in cuch

ra.2. Ieo21l, 22 fligtb roeerds were oblained for
b2 racords of the 13 sroblerie da uhleh the gubieni
etent hineelf, the soorlng ryedan veel sed ouscpiiss-

i1

Instructlon to sublects. AXl suvjocts vere insfructad to tha -oint of
g-juivalent undergianding of the two digplays.
required to rewd the pertinent pavte of ihe stendard inastovetions uwred in
at
thn blackboard in wiich 1 furtie €yplanation of the funeticne o1 2seh dise

Voy ipatructliohns the s wers

Pcrformance rocvleed, The sublects then flew She experinanial prob-
421 elght rrovlees were filown in one sgegeion My
subJect. In an effort to baleans ibe ofiscts of gractice aund
of tiw plicts Jewn uzing the pletorisi ciepisy fh"ah, zuaile o cthar
feur ilota used the symbolie display firvai,
sot were flom Ip 2 diiferent order Uy eaci ol the sight pllots. T addi-
tion v the navigation task ths subjects wevre dnskyucted ho Lold flight
tolevences of plue or minas JCO Feel for ailiwy’s e.d five mph for i spazed,

‘}L.rum

The pezlovunrecs wre recorded by a tWreciyy of tle Vllgnt path nade
Ly the trainer vecording crb. Alorg this ragura Lue edpEy Aneaker mqusd

th2 portlons of ile Fliiat In stleh the subizel eymieted the establiabed

1Y




COURSE LINE
DEVIATION INDICATOR

/
Y \
Course ,////ﬂr

Selector

Knob FROM

AMBIGUITY INDICATOR

Figure 1. THE CONVENTIONAL SYMBOLIC DISFLAY. The display

Bypass Pattern

DIRECTIONAL GYRO

Airplane Plp Track Selector Knob

Figure 2. THE STATION-CENTERED PICTORTAL DISPLAY. The displey indicates di%
L_Eectly the position and heading of the alrcraft in relatiocn to the station
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FIGURE 3. GRAPHIC ILLUSTRATION OF THE FOUR TYPES OF PROBLEMS WHICH WERE FLOWN

BY INSTRUMENT FILCTS USING BOTH THE PICTORIAL ARD SYMBOLIC VOR NAVIGATION
DISPLAYS IN THE LINK TRAINER
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FIGURE 4A. EXAMPLES OF PROBLEM SOLUTIONS WHICH WERE FLOWN USING THE PICTORIAL
DISFLAY

The dot-dash lines represent tracings of the tracks made by the trainer o
recording crab during the best and worst solutions which were flown on each of - -
the four problems. There were no incorrect solutions using the pictorial dis-
play. In most cases the best patterns correspond so closely with the desired

patterns that they are indistinguishable. (The desired solutions are shown
by solid lines.)
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EXAMPLES OF PROELEM SQLUTTONS WHICH WERE FLOWN USING TEE SYMBOLIC
DISPLAY

FIGURE 4B.

The dot-dash lines represent tracings of the tracks made by the trainer
recording crab during the best and worst correct solutions which were flown on
each of the four problems, The dotted lines represent four of the five incor-
rect problem solutions which were flown using the symbolic display. (The de-

sired solutions are shown by solid lines.)
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aine obimrtive mooimurel v on L wl, 1dNn of Lot

zov wrpliacebls o sl
pI oblemw, throe ¢ win:h sor - oo et e o the w1 tziusiioa provlems
o the patuerr ~ocblems aaly.

only, and ace of which wa® spCroone wo

The measnres apon wiwelt ohw rzeurds weTe aoyel Tole as follnws*

(a; Measures pertinsnt to o1 peoklems:

(b}

(]

{1:
(2)

(2

—
A¥a4

bdac the nrobass solved?

if the zyoblen was sclved, vhal was the rarcertage of
zss digtance traveied {ezcess dismunes / correct
neg 3 13T

whotner “he w~o bliem was scived o wci, whal percextags
of tre ddictiney Dlown was outsida the saleblished ol
sTeiwe@s Uy cubitude aad elrepred (Fistsncs outslle iin-
Tte ,” tonsl nisicones Slewvm X 20009

¥hat was the punber ol appeceprary turas of geesater then
13 dograns sede rwey Tronm the dezl-ec o-anu?

Fhat war the extont of the er~ s iede In "hitlting tha
station ® ov, in *he ~ase of nrcolem 4y Mt was the ax-
tent of the deviations frem the desirrated tradk sheanm
af the statian

Meesuce jertivert to natvorp probiems ndy {srotlens T and IV):

(&)

Faat was *he oxteni of biv gevlacion: ™rom tie dasizrated

track or patlera?

Megeures wertinent Lo orl-misilan wreblems sply (pooblems 11
and 111%s

(7
(8)

(9)

¥hat was the timo fram the a7t 57 th2 preblam until

the begimming of the Ffirest turut

Was the first turn i the corrset Juore Eannumical)
Alrection?

Nan the? Iirvst worn wo the corract bheading?

In Meacvre 5w procien tme consldered unsalved fer anr one of the
five following reecoas: '

if tle subject flew out of the VOH ranze tefore intercepting
the desired traci,

b, '1f the sublect becams discriented whils attempiting Lo intercept
or bracket a dssired track, ‘

v R . . ' I




¢o 1f wm punject {lew 12 (Or aray Jous ) e rlavion sleng sn in-
corrent iraih (<152 toleraucaj,

d. if the stblecy flow past ihe 2ietlon slsng an Lliccerrest track,
T

e, 1T the subject {lew pasl Lha statioa witwonw® roving =zuch pas-
sage, aven taovgh hls track may heve “econ anpuroximslely correct.

In Weasurs £ the (lriance traveled wes meecore?® in 4mtbs of a nmile with
& Map mEedure and ®mas uoed wo sbow excessive wanderlags during a problem
solution, In Meapure 3 distences were mearurcd in the same manner as ln
Yemeure 2, ond the proporeion of the dlztance Clown du o which the pillet
swegaded buw epteblizhed tolsrances for eltitode ond ol opezd vas con:
v Agrsd g8 an index of fllght performance., The wombar o unneceseary
srns, Measie 4, wer eonsldared sa index of Silzli ofllerienny.  Oaiy

v orrs 22 15 Jepreas wr asre avey from the dasiced Lroie mere covabed,
3iace pmellsc twras vers Jrcautntly aaintzideoal . In MessuTe © the
sorers I3 Whitlung ohe alrtion® wer? nonpursi dn snrtaoatbe of 8 mils
raspenttoewlsr Lo e Fligat track sse bhe plied razecd bhe statlon,

The s&inth reugios coasisted o devialione ~2aizwod s elxbeontha of
a mile alt orewha.!t alle iatervale plong the doalguwizd track op schodt
soiutiLnL Tris reesare was appiicabls aply 9 ke soohtars problens and
z3 ilntendad praimerily Lo be un index of th: s~curen; of brackething.

o

& .3

The aeventa wssgar: was intended €2 zeli. w0t tws Clsarimination

cr e Llae quui”Eu a7 uie plict ne latervel uhe readings of

i D-aj srlent Ylwsel T, and ¢2e.ce i v Ao Lo ocdar Lo wolve

.": k] -

3
R i
"L
A
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L

L

Juie on Feceures © rod P were sedadinzd hy zompstrtig the sotial peve
forgasens with o vioch reovesenvlag the oaio i senwwcl o3 molutior of o
conlew.  Measars 2 Jilfecsd from the coPvespundiag menonze La ths poo
vinue 9xnerlicant in tast Leatlngs were vonslid-sd sovrazst I bthey weoo
within pPoa o Larws 1? cdogreas 67 Lo deslvne Leatloy roavnar bhen plue
cr nlrmig 4 dozreng. This 15 degres uolﬂ”tha veg gelseted since 1% diee
erliztreted moro wleari) wabwsen Yolviousny' corvect ard Lrecorrent hesd-
drga Tor owhw casledar ravngetlion ;roﬂleaa geed
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bat- wara stacted froe tha v nosition and wacdinz resvltiig Crom the fn-

" Proviem 1. The dncoepett soluilon er owet)a 2 sl ted Lrée tie
sylject’s hecrming Zivorieubed af.er paceing the a%rsnion widla Inwelved ”’}aw
in ‘braciating a wew outhound course from the E‘ba*i on. This oan bE av- l;ﬁ.ﬂ
triovuted to econfusion ir i1uarpreuat:ion of right and Jeft indix.:s.‘,:cna 0 I
tha course line deviation indlcator ®hile fiym; cutbound, ®ibh the aee 2
outbound eourse selectod tha deviation ind:catione were aztially the gare 33
as for inormnd but, wers Jntarpreted as Dailrp vaverssl,

, 'I';'i“g‘;

: . An exminsation of She wron: sotutlcas for =rollam 113 %f;

stewg thet both resulted Frem initial turus to an incorvect headdnmg spd 57
esch requirad the solution of & pee e¢hlap from the resulting posiiice
an¢ therefore resulted in ar incorredt treck +o the station. The new R
priblems wers of the same Lype, renely. te ULy direactly o the station, Py

%

I

correct firet turn. The aubjects solvad tin new prob]ema titﬂ:)iﬂ' error, ';;3 2
bu% the time anc Aistence eonsumed in the sasund crientatlions as compareq iy
with the first orient-v? SOl ir the ssme problems ware 350% graater for ore, g

&
i

subject and 223 greaver fur ihe mecond, } L B

Problem I11. A atucw of the wwo inecorrett gelut: Lons in. Froblien II?I';'L‘ g
indicates that bolh of Jlere errores resultcd indireetly fron the suhjsos aﬁig,
texing tco iong wo cnrimu himself belore turning tc a heeding te tntercapt. fJ*
the deslgnated inuownd “ravk %o the stetion, Ia nelther case dld the gube g"‘
Jeot have the dagired truosl bracketed befors passing *he statlicn. 1 ooy i;%
cuge the pubject dié inturpept the inbound “reev about one wiie frem the 7%
station, but while attempting we bracket from so olege in, te Iclled to oy
notice g change iu %he aohiruity irdicater slixcli waldd have e03d him thst o
a2 had parsed the sitaticiu, .‘mer ne Finally hed T '&c}tﬁtad “he treck, tle

y
”
DS

3ubject noted thly vhange, f-“?%;,
In the second case the subjJect dld nvi intarcspt the desiced traak - {E%
until after he had passad thz station. HiIs fallure resultsd frow the =
fact that, after 2 slow orienistion, he tuck up amn insuffictent mgle o 23
irterception. Thut the imgiructinns were clear tov ths pilot is indicatod '_:;’*,}?ﬁl
by the feet that, witnout firiher iastructions, he did eventually wetwen 4

tc & position frow which Le wzs able to solve tae probiem a3 given.  Im 7§
eech of these casvs Lhe ‘nstrument had fzlled %o tell the pilot that be 4
wee not interceptiig the desired track at a syffinlent angle to complete %
the interception and bracket tae track befove prasing the station, This « ¥
type of error did aom pocur and probably never would ooy uwging the plcs e

H

toriel display. : : ; »:% )
: ¥

» Fron a conmidaration of these incorrsect solubtions asing Eff?"f‘.»

the symbolic display it would seam that, for ihe problems tn whicl. the :E;,
- aem - SR
g

2problem I: aira-afi orierted, and un course, sudject: ecntmuea b _;i:r'
to station, deparin fronm stabion on ¢ifferant track. i : Z’g.,-

Jproblem II: pesiticn unmown, cubject orients and flies directly to - :‘
station, ' ; ‘"if

4'Problam 1I1: po=ltion unlmown, aubjant crionte and flies to staucn f'* -
along designated urasi, ‘g

i n;ifjl Lge o - C e
S T ' : . T oy
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tezk was to fly directly Yo s eteiion, a little nore time spent on in-
itial orientatiocn srier to making a turn provably would have resulted in
corra=t eoluticus, However, in those problems in whica some designeted
vrees o' the station vas %o ba intercepted ard brecketed, a very guick
oriectation und fi-s%t turn pere sowelimes nscessary 1 the pllot mas to
conple e the interrnervlion ard bracketing belire pasulng the swtlen or
ge'tiny inte nome otler unfovorable position.

Thas it appesrs thet li certain itypes of problems 1t is to the pilot'a
edventeges tc atrive for acourmcy of oriantation rather than for speed.

-w- . ®hlls for other picblenn a very rapid directioual dscicion must be made in
;§ whici cuso sppead snd accuracy are £owally impostent. FProbably the great-
7 estoaingls hc‘sva:faggelc" the -p:‘,c.to:‘:ial‘ display wver %he symoolic displey
¥x . Mes iu tho fect that 1b {nsweee tur ‘pilct both & rapld and sccurate ia-
o “tlal ovientstion {(se2 Alseussion of reasure ununver 7Y,
‘Tw )
"%; Froblems T ani iV were putters problems 3n wiich o orientetlon vas
e weqeire!, and in ganeral & pslviern could be flown as wasll with cna instru-
%ﬁ."; ment a3 with the sty (as far as succses 11 sclubion #ms concernsd) ex-=
)

F}I-

“eeul for the difficully euaccuntered 1n cutbound bracketing uasing the sym-
wolie digvlay. ’

g
o

Megsora Jp Txcese Distance Flam

o

(n Meastrs 2, tha average distaices flom For the torrect sslutions
of Problems I, T, ard [1I5 sere sizdficnntly ess using e pletorisl
Alsplay thal they vere wainz she syaholle dispiar. Table 4 glves the
pego vl selulior iisianze for wach priblem, thz averaze Gistance flown cn
currect golutlons Jor sgel probler asing each: display, Lbe avérsge excess
drataane and the por ceuld o¥aide dizcence om epeh preblem for each diaplar.
Vler peas fifPereneos, as velaaled vy Lhke 1 tert, were Tound o be signifi-
mnt as the 0L lerel of conildence for Problem 7, et tae .02 level for
Problen IT and &t the W05 level for 2reblanm W11, The wmean difference  for
Probien TV6 wns insigrifitsvs oy luspectlon.

Froblem T, Tes diffarzree oboerved for reoblan I 1a =purlous anc
masvantsd Torther conalderatlon. Jn 1Ll proviem the task war to ily

S A4 e cr AL AR ASGL LGS LEEA A YL PG AR a1 TT IS Afle B NLMLEL = MR 7 plp ol s ro—

5 e Py 0 -—-

& ~ L) . 3 ‘ -
“Uroblem It Airerval® ovienbzd and on course, sulpect contimses
flylazr to siation, depurn fram glav’or o fTereat reck,

Tmebldan FIy Toalhion vasiown, sibject orients ane fllss oivecily
i, gtaiiof, .

S~gblen 11t Toeililon. vmkpesn, eubject orieats and flles to sle-
aon amlong dew g el brask, (See pave 23),

Eprorier TV: Byraps silacion cusoedling oo shaderd procedare, (Jee
g £,

Ehd PN - Jelom iR e R AL ' EURRILEL - e
[P e SR T S I AE I R TN PP L e T R -

PPN IR

v

L



4 COMPARISON OF DISTAKRCZR FLORN BY FIGHAT JU3J1CTS Ol FOUR TROBLENS J30Ng
T PIOTVELAT, JND SYMBCLIC DISPLAIS
: {in wiles} .

The »omparlsone are based upo dimtances flewn on torrect solutioneg
only., Tha T'S deelgnate Jncorreet sclutiong, and the distaneces “iowa on
theze golutliuns arve omitied. The di stancee for tlw sorpssponding corsach
eclations with the platordal display ard slode ‘n perepthéges to indizate
tnat they wore not vsei v 2omruting the atati:a‘oi.cs g.oen in the sumeary
portion of the table,

- ilstance ¥ lown n Lmec't__;g,.ut}on lex T
Freblem ) Problom I  Frohiem il  Igblyg IV

R R T Sl il %

fubjent . , ' |
S ——— 2. 8§ ‘th' hc.x.SImb;.h Fie, S"'mE D, 2le, Sm?i“
1 (15,0) % 1.3 1.0 2.3 103 19,5 19.6

2 15,3 4. {A0.) X 9.7  al.d  19.6 19.7 s

: 3 16,1 16,5 96 1.0 9.5 13.2 19,5 19,5 :
L 4 16,0 1%62 0.4 13.0 9.4 10,5 19,5 19.5 5
: ' S
5 15.8 16,4 10.0 138 (9.4} X 19.6 16,6 .

6 158 16,4 10,1 10,8 9.7 2.8 199 9.6 S

o8-

| 7 6.0 6.4 3044 13.6 0 <7 154 19.5 19.5 7

J
mmgmm: lnw- G rM&me«mem
-’ Y _,mu,a.__égm,g_,mm;m__mu&@._

E- 2~ - ) = ndnmf‘nuntrm'z:mm TMW&“’N
Mean solution '

digtance 16,03 16.40 10,13 12,20 S.50 11.72 15.52 19.56
Scheal solu- .
tion digtance 16,02 1400 G,50 9,50 9,20 9,20 19.52 19,50
Average exX20R8
d’atance flown 0.02 140 0,83 2,70 0,30 2.50° 0,02 0.08

-5 - e
N »ﬂ.q‘r Aas T | p i W R
. AT e 1o DLl ch
i f R
) AT | T
e, A v

L % excess dis-
vance flowa 0,3 2 6.4 2BoA% 3.3% 27.2% 0.1% 0.3%
C D I 2,07 2,22 0.04
:r ) Udiff 0307 0554 0985 - '?'
f" % 5,266 3,833 2,612 . m— 2
;7‘ dr 6 5 5 m—— L "\.{%N
T E .0} 02 . .05 ——— ﬁbgf
: %
| B
i
e ~ }J;j‘;"l
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directly to the stzliién and then eway along o é¢i{%ercrct cutbound trach.
Tho mean élstance Flown oo this preblem nsling vhe plelorial display was
16,03 mlles, the excess distance belng urly .07 of tie schocl solutiong
ahile the rean dlstance flos using the symbolie dispiay wae 16,40 miles,
2.5% in excous of the school solutizo. This nesr difference of 0.37
wiles iz emell, but tha individosl differences faveren the pletorisl dise
piay tor sach subject and the mean difference aas slgnificant at the .01

‘level. These coasizlent gnail dlffivences cen be explained pertially oy

the fact tha' the syrbolle display dld zmct ircluie dlrtance measuring
coulipment, and it was thereforo impossible Tor t4e subject to prediet

wher. he would reach tke statien 3¢ ay to aniticlipate the turn %o the vute
weoard headlag.  Wlth the plotoriad display, distance information was shown
by the distance of the pln from the strtlon, and the subject eould predict
nly arrlvel at the stetion ond aaticipete the tucn. CSuea consistent cif-
Torences in favor of the pletorial dlsvlay woulc not bz expected on :hls
prablem if distancs meesuring sguipment were ‘neiudsc in the swmbolle cis-
silar, {The fact that scms subjects flew o =snorter dlstancs thow the
scionl solutiocn resulisd fron theis mekleg cna or more turne whlch waon
fisw: than the s*endard rate {3°/sec) at which they wete irstructed to
tuen.. Ihe reheol solutions sare of course baszd upon standsTd rate Lirns.)

Pocblaw 7. Tr peoblem IT, in which tle tusk was %o orleat fros an
wknowr reeiticn wnd then f£l17 directly to the ziziloa, the sverage disiance
Flown «1th Lhe pletorial dsplay wes 10,12 173es. The sare pilcts flew an .
arerage Clstance ol 13,20 mllss while soliving bi peroblem vsing the syp= ~
nolle dleplay. The execaas d¢lastance ficanm veing the pictorlel dlspla: was
D63 a3 compared wisi 22,47 for the syabolic. Tids lavrge diffesrence was
prirarily e functica of the tisme recuired foo crisntation f+ime flown Le-
furc naxing first tum)) aml will be eonsideced furiver in the diccuasicn
T oaerewe 7

Froblem FTIi. Ta probvien IfT the average dlstsnces Tiowr nsing the
ial and the syaoolie displays ware, rozoectively, 9.50 wiiess in sx-

vegs of 2.3%, and 11,70 miles: av exsvess of 27.%, Ir this peotdom the
task wae to veleat andg £y o the statisn along zome pecliied tracic
tgaln thie difference iz ?:rvuiy 2 function of tre dislaacy ilewn %hile
orienting. &xthosgh the sbsolute size of Uis aiffeverce is grester tham
tie differance for yroilen FT, ite level of alznificunce is slightly lcwar
(.05 ay coupared with (027 because of the grester variability in tne dis-
Loltubliors of seores: for tols preblen. .

In_gennru?q Ta yel%rar probles I1 nor 11t was thore any ¢verins 'n
biae dlsteibutions for the wwe displeys, Tr nedtaer case vae the bes. scors
fir~ She gymboalic cleuloy 23 enod as th? werch sesve “or the pletorial clesplay.

Ov problen T Tae excesn Gisterece Slown mas negzligible snd Gid nod dis-
srittins te beiween tra two displeys.

fra the ATEINTT for &1l proclams coublred, the suwcess distancs Fown 7
velpr Lhe plotorio. Ilsplay was 1.50 of the avevape achool solublou dise-
fanes 0B con "en 1ALh an averige sxceas distance of V1Y for the sraibolle
{gee Tsbis 5,



COMPART3O OF LWIOTANCRES FLUNE éﬂ ALL CORFFOE I UrCOnS BY EIGHT
SURJECTS L3703 UF FICTORIAL AND DHE s¥ip3clIC NISPLAYS

{in miles)
To%al srhool Total digtanze  Tolal eutess Ter aInh
Displays  solubica ddst. 110w . Gisteace | eieess alsl,
Pletorial 38G.2 366,2 3.0 1.€% z
Symuolle 50,2 4B 34,6 AR / ﬂ1:
. 'i%%?
:Er:x 3
TABLE & R
oo s
COMPARISON OF DISTANIE FuOHN OUTLIPE LIF074 O AIRSPHED, ALTIVJLE, éﬁ%

OR BOTH, DURIYY 22 SOUITIONS FLOWYN BY ELGET SUDJEITS ON
EACE OF Tk DISFLLME
{in mlles}
Problam I Probler II  Freblem I7Y  Problea 1% Total
Items Ple, Uymk. Pic. Symb. Fle, Synb, Plz, 3y, Ple, Sweb.

e b gt et

Total g
disto , - - » s
flosn 128.2 13%.% 32,2 103.3 73,4 1123 86,2 186,5 ALR.0 Kls.z E;

Dist,
out of

Climite 0.0 17.7 0.9  12.6  O.8 14 18.5 3,1 €1,9

*
P
i~

Per cent
ont of
Qirits 0.0 12,7 1.1 12.2 1.1 12.4 3.9 iy 8 0.7 1&.%

Measure i _Distuiwe Flovn Quiside ¥light Limits

L e e e Ml At el
Measure 3, the dizieros flown ovtside of establirhed fidght olac-
ances for aliitude snd airspead {plas or mirrs 100 feol and & mph, rezov.-
tivaly), was used rs an indux of pllot performance while enyuged Lo toe
various navigation tasks usiyg tre tvs dispiays. These resdis are Guan-
merized in Table &, Ths Mffarence between the distante flown cui of limits !
on each problem using two dlsplays wau judged significant by Znspscllon.
Tatle  shows that on ell ¢roblems combined, G.74 of the total distance
ficwn using the pleturial disclsy was outside limiis ca either altitude o
sirepeed, or both; ‘as comnared with 212.2% o~ tha symbolile diapiay., Te-
twsen problem ¢ompariscng revenl Lhet the sunjects excseded the tolsiences



approximately the same peresntage of the tire on eacih of tue four problems,
heing ont of limite ebout 1% of the time on each problem while naing the
pictorisl diaplay and about i2% of Lhe time while ualng the symbolic. Thia
would Indicate elther that the problems were all eguelly difficult, or that
provien aifficulty had 1itile effseci on time flown out of Llmits.

It wes puseible that ome very poor pilot ¢ould have been rasponsible
for all of the tine flowm cut of limits for votq :lisplays. However, a
further enalysie of the recoris revealed touwt waile only cn2 subject ex~
ceeded the tolerancau for airspeed using toe pletorisl dieplay, seven dif-
ferent mibjecis dild z0 uging the symbolle. The ailtituds iecords show:sd
that ouly two subjecis exceeded the tolerances usiag the pictoriel dlsplay
§a%le Blx wera out of liwits at one time or anciher uslns the syrboli-.

Masasure 4: Innecassery Tinvns

Hessure ¢, the number of unnecesssry furas téafined as turns of
srenter tharn 15 degrces gwey Trom the desired frack), was dagigned as a
netsare of fllght sffieicncy. Using 3he plciorlsl display only one ur-
we essary turn was neda durlng the 32 provier solurions. Using the gyme
sotle display 10 unnecsssary tuime wice made. Thes were dietributed smong
Tour of the aighkt pilcots . seven of ths 35~ soluthicns, At least one uvn-
aseessavy tury was meds on esch of tas four probiems (sece Table 7). The
sadient foature ¢f 5Shie miasure ir the fact et Lhere wae no gocd reszon
{0 sueh turas belng rade 6 811, The feet that 10 sueh tuvras were mode
iuring 32 problem soludlons velpng th2 spabolic display indicgtes that the
Informanion pregsalad e aing miginterpreted fraquently. Misinlerpreta-
rlong of =ide type border clutely upon disovi=riation,

TARLE 7
COMPARISON CF THE SUMBRER CF TNNECESSALY TuRdS (GREATUR THAN

159 4WLY FROM THE LRSTUASD TRACK) VLOVI 81 BTGHY STRIAUTS OF
WOLL FPROBLENS USIHY SaCH vl T, RISPIAYS -

e e e el A T L 13 M ——————— = 313 sam e e o
et Pl eefiidren m —_— =

Pleplay  Problom ¥ kroblem II  Problem III Problem IV Total

AR TR, R s T U T e R R Skt s

T A W R o L e Tt g gl Bk

Sotorigl : Q 0 * Q 1 1

23 70731 4 2 3 i kY
. |
C e = w4t e s i Tare s o o = 1 At e 1 o e Aot ot A 0 Tt < 20T - —— —
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reture H2 P LtLa, e ghetlen®

For Measure %, the devimtioas frc. the desnired track when sleas of

the rtatlon were mecumred in sixteenths of » mile and were ueed Lo con-
pare tha two diazulays for accuracy 1o nitting the statlion or, iun prob-
lem IV, a point tno milee fror the station. On itis mesgure the sym-

boli: display proved more aceurate fhen the pictorisl on Problema I, IT

end TII., This was tu » =xoected, since the piy cn the pletorial dis- e 15
play covered an ares. qn the scope representing an outside area ¢ mils 1u "gf
diazeter. {The pip vas ehnut 1/if6 inch in diametc: and the five iuck Lg®
yeorz rupresonted eu outside arce 2) nilas in dimseter,) Thus to hit AN
the staticn accvratel; to: subject nad to keep wn equal portion of tre ﬁg
plp showing on each sida 52 the soluanted track line, a very d.fficilt S A

visual discrin’roting:. FPurtherrmors, the dlfterenue eon Prcblem 17 18 svme- :4%‘
thing of an artifeet cince with wle pletorial display the pllots ecouid :
anticipate the turn o the ouvtbvourd treck; horce they started tre tum
Jjust before reuci i : s 3untloa,

Qualificacion, wn fos@lem [V, in wilch the task wes to bypues the
statlon by 4wo wiler, eeater aoceneacy wag atinined using the pictoriel
display. In tiais cesc, uelever, the resnits arve spuricus.® The sccu-
racy of ths paiteras fiowr on ihis ~woblex ueing the symbslle dispiay
vas prely a funeticn 27 tiadny tha first <urm corractly and holding tie
propar hesding. According to the 3czndard (AL chenge of altituds ir-
structions for VOR {eeo aprendix TV), e piiot ls cuppozed to be able to

ceteraine the byvssgs traczk Ge iu wuting rood over the ground by the &p- o E‘is}%c
plication of a formule t2 the intormation supplicd by the . symbolie VOR BR
display. Thia formulsa was fouud vo ba restricted to a spsclal case wnd A
was vnusable in this experiment. Therafore, without off-course comput~ ;“:g
ing equimment or DMT, tha nllot dld not have the information necegsary W

to make the appropriate sorrections which would cause him to byness the
station by exmctiy Lwo xilzz. (Tn actusl practice the statlon is by-

.
el ot

A
£l

paszed by four milea.)! On the pletcrial displey this information was ;;:‘
presented. Not nrly did ta: ;ip show the pilot!s exact momentary posi- bl
tion, but almo the 3asived patterv wue drawm on the track selecter {ese A

Flgure 2), so tisl the oilet cordd sce Imredlately whepnevar he devisted
seriously from hiz dasired [light path,

PR SR

It is the opinion of the invastigetory thut all of the results fron
thie meuspure are sus. zc™ :rd should be evaluated very critically bafore
coneldering then for purpimes of w2lanting a display. 4e kas been
poirted out above, the rasults for twyo of the rroblems (I and IV) are

- e i b merame s

7Pr9blem It alsersit oriented and on couvrse, subjeet eonmbtitives f1;-
ing to sistion, cepurus from statioa oa different treck.

Brhe change of aititwde bypaes pracedure seesas to be on in’;p'prcpriz;té
teat of this esuliment,. It diseriazirat2d unfalrly bpetween the wwo dip-
plays on HMeagsured £ aad £, aad it 4id not dlecriminate at all on Measurus
i1, 2anc 5,



gsbviously spuricus, Furthermore, the pictorial display installaticn wase
sufficiently disturbed by the earth'z mametic field so that the plp waa
displaced in different aunounts and in different directions depending ugon
the heading of the trainer.? Thua it was impossible to make an accurate
determination of now well pllots can ow esoccted to "hit the station®
using suech a display. .

The inaccuracles introdvced by Lhe relatively large pip size for
the small piectorial display have aiready teen discussed. Witnh a larger
scope {perhaps ten iaches in diampter rather than {ive inches) and/for a
finer pip, much greater eceuracy in hitting “he station would b: erpeeied.
Furthermore, some better way of showing neading, such ss an arrow shapsd
pip, should further improve the accuracy of performance. With thewe modi-
Tleations of the pletorlal display, it does not seem unreasonable to ex-
vect sccuracy on the final approech to the statlon %o equal that obtainad
using the eonventlionsl croas=pointer instrument,

Measure G: Bracketing Perfoiusngs

Problems I and iV, Measure 6, tha extant of the deviationz froa the
jeslred track, pertains only to the paidern prcblecs (I and IV) . lowsver,
during the course of the experloent it becams npparsnt that this measurse
dlseriminated unfairly between the twa displaye on the bypass protlen (17
for the same rzamons discusscd in relatlon to meerure £, Thus oniy the
resulte for probier I will be reporved. On thls prohlem the task vas o
fly directly to the statior from a imown starting position und then fly
avay frem the stistion along a differert ovrthound track. The averape de-
viztione for sevenll subjects scored ut b inch iutorvels alomg the schoo.
gelutlict track are shown grapiidczlly for sach dieriay in Figuree 5,

Comparison of two displays. Thia fizure refiecte sune of the diffar-
ances in the charasteristic types eof bracketlry -:rformances obialned vsin:
the two displays. It wlll be uocied, rirst, thet inbound brsckeling 1s .

r——— - imn o e e —ra i La e

Fe to the sarth's megnetlec field, when ke ‘raliner was rotaited marn
ally the plp descrided an oval with a msan diameter of zabout 4 inck. 7The
displscement of the plp from lts corrsct position sas constent for zny
periicular trzlner heading. Thua bsrcre starting sach problem, the pl)
was adjustec to lie proper position for o e pasticiwlar heading, the one
which wmould be the {inal heading for e correct protlam sclubion, thus
redurlng the cdlstorilon to a minimun, This sffact could probakly i+ el -
neted by adecvate shielding of the equipment as Ot .viazen in fppendix 10

lg'Jne of the subjectis made an incorrect zsclutioa oa this proolem
neing tie symbolic diepley. Since this soliv fco -ld aot be seored on
Whis measure, the searss for hie cerraet soluticn o the problem palng the
pistorial diepisy #.re 8Llso excluded.
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more accurate uaing the symbolic Jisplay. dowever; outbound bracketing
using the symbolie dieplay 1s very fuscrurace. The plliota were slew “n
makipg the turn tc the outbound hesalng after prasing the statlon snd

therefore considerably overshot the dasired outbound treck. Tnils was bto

be expected pince they did not heve [ME aud covid not artleipate ~hel-
errivel at the station, Once they hed overshot the cutbound traci: thsy
were forced to start bracketing the outbound coursge in order toc get buii
or the track agaln. This outhound bracketling proved a ivery diffimudt
tesk using the conventional cross-poiuter instrarent.

The accuracy of performance oblsined on thls yroblem using tiue ple-
torial dieplay left somethinz to be deslred wut 2un be vxplslined partislly
by the insesivaciss ir the ingtrucent discissed previcugly in relation to
asenraty in hltting ihe station imeasure 5). Tt 14 conslidevred sigaifican:
nowever, that outbound bracketing using the piclorial discley iv no we se
thar, ianound bracketing., Thus 1f ihe display were rodified anl improve.l,
as suggested eariler, both Inboand anlt cutbound braclating uwsiay vhe neor
to~ial display shiuld be as accurate as the Inbownd wracketing now ob-
tained using the symbclic Alaplay.

Mezaure s "Orientacitn “img®

—

Tne i) three measures {7, & :ud 93 rertnln oaly fo the two oriea-

~lation problems (I7 end IYI'. Measurc 7, the 33m: belore stariineg the

First turn or the "orientatlon tine,* & yrobably the most important s‘ngi,
meeeure ussd in this cxperimani. This neaswe dlscriminates most Irivic alL»
Latween the two displays when ucec 7ar orisatstios end track lnterzaplisa
purposes, probably the most lmportent uses of VOR sgulpment. 'The uze of
thls moasure assumea that ithe plisd spends Swe tiwe from the start of ‘bs
yproblem unbil he starts his first turn im orienting himeeif ani maxing ¢
denlslicn as %o whica zey to I"ly In order to Initlate 2 soluticn to the
problem, Tt is further asspumed that oy the Lime the rilot sglaria the

t'irst turn he has oriented ldwm=zlf erd has wade zoia2 Zirszetlonal decinonm,
Ne masumptlon is made concerning the vorrceleess of 0la arientation or iis
cexision ho fly in e cerimin dlrsction,

Table 2 pgives tle Jd'utrituticns of orientaiicn wimes for lpe eight
runjeets cn whe two problems using Sis teo (isolaje, On probiem I the
nean srientasion tine was 9 4 secends uslag the wictaricl display and 22,5
seocnds uslag the symbolle. Thes ¢ierercs was feund to ba aleni®icent

‘at tha U1 lavel by the t-teet For correlaved means, On yroblow L0X ho

mean Liae was 13 .C secconds for e plotorlal es evapared with H2.0 secorls
Tor the swehaile, Here the diflereacs wus s.ogndflioevt at the (7 level.
?xh*harnore, Inspectlion of "sble £ indlcutes thet uhere wes no overlap
botreen Jne digiribiations fur pvoo]an iL., Tae tesiest orientation using
thi symbolic diaplay wes slower ther “he slovest fow the pictovial, The
distriotions - piobles 137 ovarlepped ir Lo one case,
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Mescursg S and 9: Anrlyois of First Twme

The results for meszsures 8 and $, which des] with the cirectlon ol
1the Miret turn and the iritisl bemding aspumel, con ne comblned witk
the reevlis for mmvavra 1, aa they were in thy srevious expsriment, 80
s o eczount Por the ouwtecane of gach of tie 16 orisnuetion preblew
gbludtiona fiown uelrg ¢ach displey. The resulis of these snalyssy are
arcim in Tabioe § and 10.

ALl of the 16 srisntatiocn problump fLun: vaine the pictorisl lis-
pley wovs solved correctly. As rheam in Table 9, im all seses the firet
Z0in was ik the ceriott (more ecoucnlusl, Airsction, and fn 14 of the 146
g6 s Wha turn was wleo to the correct inddlat hemd’ng. ir the two cadea
Jim which an incorzest initial heading was rgaaeed, ths pllote aubzsjuent -
17 webe heeding correoticns iv time o solve ths prollism as givan.

Us)ng the symbollc dleplsy tho same pillots failed to solve favr ol
the 16 crlentatiun problems. A8 refrrence 12 Table 10 will irdicate, I
ell 22 of the correct aniuticns, the first turn wes in the more econdm-
ilcal dirsction, but in four of thene cmgss the tuzrn waa to en Incorvect
hezding vhich vas euleeivently cocrrecred. Conoidering now the four casmn
in which the problem wea not solved. in three caeer o [lyrst tari wee in
thie oorcwect Al reotlon eaf in oue At was nns. FToiewar, i onlr opne uase
sag g ooerraet initial bewding am:vimed s@ o oresuld of tho turn.”

CADARLINOL WYIVH RESULTS Ot PREVICUS L afTHusT

Io gmreral tile rewults obtalinwd witi the symIcilo digpley in this =3-
pocineais s dicecily vomparahle o thowss of e peslous syperimert. I
the arriler erpesinent, 198 o? tne wrodlase wWime basolved. In Bule exocy
fnenc £S9h of 4he cougarebla orienimtlsa probiaws wecse wueolved. For bas
twe yerimsate , reepactivaly, 568 wid 4% of tae fivet turne vere eltusv

%« ir the lzass excnmleal directicr o to an incorvect uending, or dotk., Tre
e slightly lowas porcentage of livet “un eaproze n (ko pressnt experimest
Ei".;’j wvag by be sxpoctsd aince whe asoring folsralcw Tor Feniing wam incveasnl

Seen §oto 15 degreen,

In the o syperingn. yodbinsd, 48 solutlon 1ecords have beea col-
lrcred Doy orisntation problems waing The yywholile Glsplay, and 1n only
ane araw GId & turn to e correst fndiial heeding fall to Tead o & cor-
reot solarlon.  {In thet one case the wuler would hsse heen scorad ay
sorcett 12 the pilod tied not Faiied o notlce passaling the stavion.) In
contraat, of the 21 tusnd ©o fncorwest Laltiydl headinga, nirg provei to
ta ke Filegh false elsp Lowrrd an dncorvact wroewlor goluslon.

B ek g o e e SR T T RO 4L Ak Eem v oA gy e e AR 4 AR e r N Ay s = m——h Ay v i L L s R A

s SUin thls cns (age the supjelt Lurmel in the corrent dirmetilon wed e
ovmad L3 propee oaad g, ViIL pa3ssd vhaw otallor withoud notleing b,
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Sinos the —sovi iy this aed Por owlermavicn rovh ses asing the aym- -_'“éf-"‘_
colic diepley in e o wvierdmesie hawm resn oo 2iad)ar, the discus- E
gicu of tme repo te of the Tivst syserdmsal wa ecvally pertinent to the B
aacolx” . Both srpeidmanizs enphusiza tle Importance of repid epd corract B
Indtisl orienletisn es wuflected by ‘e tin to the first tirm end the W
correctness of tue heading casmmed 42 & resuit o7 the first turn. Mek- ix
ing, 8 quick flrat g 0 & correct initial heading almont inweriadiy g
licde to e correct problem eclubiosn, ibille making a dsleyed Tiret Hwer LE
or one o an incorescht Initial hoadirg frequently rerults in a falliave e
D Bolve & local mavigrntion problem co rectiy. fﬁi
: ;«i}:f;'*
GONCLSTON N
‘ ik
She results of ithle expsriwent indiosmte that sxperienced insiru- ﬁ%ﬂi
went pilots are abla to crieant from en wnimown positicn more repidly amd  E:
trrn Lo a correct iritie’ herding more Truquently ueing the plotorial e
L4Eplyy than when wilng Lls symbholic dieplay. Furthermore, using the %
proborlel dlepley ell protism solvtione o date have bsen correct, while . 30
about 17% of a1l zdlutions wsing tie mywholic display have been unsatis- Ha,
tactory. OF the soiutione for prchilsws whick iuvolved brienting frum an R
an¥newa popition, abspt 215 have vaes ircorrect. %:
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CIASSIPICATION OF SOLUTIONS FOR 16 ORIENTATIOR FPROBLEMS
USING THL FICTORIAL DISPLAY ACCORDIRG TO QUTCCME, DIREC-

TIOK OF FIRST TTRN AND ZEADING ASSUMID

CUTCOME DICCTION HEADING
OF FIRST ASSTMED
TURN
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SLASSIFICATION GF SJLYUTIONS FOR 16 ORIENTATION PROBLEMS

UsIiNG TFE SYMBOLIC DISFLAY ACCORDING TO CUTGOME,
DRYRECTIOK OF FIRST TURN pND HEADING ASSUMED
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NUTGOME

12
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Five navigation problema were selected whith were de~
aigned to sample the various i:s whizh private pilcta
might be expected to perform using V(R equlpment.,

Bach subjeot in each group performed five triels, sach
from a different starting position, on each of the five
navigation problems using the displey on which he had
been trained,

o, The performances of the two groups using the differeant
displays were evaluated and compared,

These five steps in the plan of the experimen’ will rncw be conaiderad in
greaver detall,

Pro-training; The sublecis were first instructed in flylng the Link
trainer. They were given a condensod instruction syllabus whish insluded

_orly the protedures and information which would be needed in order to fly

the trainer through aatisfactory scluticns for the navigation problems,
The syllabus included the following:

1. Gockpit familiarization.
2, Starting and stopping procedures,
3., Piteh, bank and straight aud lsval flight,

4. Return tc straight and level f£light from a olisbing or
- gliding sititude,

5, Turning flight,

Tho subjests were given a few practice irials after each of the adbove
sections of the inatruction syllabun, At the completion of Link instruc-
tion, the subjects were glven a tesl of their ability to employ the skills
they had leerned during the ‘nstruetion pesricd, The test consisted of two
f£light patterns which included stralght and ievel flight, standord rate -
turnie and turas to specified headlngas,.. To paae the proficlency tsst each
subject was required to complete boih patterns withir the Fiight tolerancea
of plug or minus 10C {t. for gltitude, 5 degrees for cirsotion and 10 aph

for airspeed,

After a pubject had successfully complatod the Tlight proficlency test
in the traluer, he was ingtructed in the use of the display which he would
use for solving the experimental problems., All subjests using a given die-
play rarelved the assme instructicns. Howover, time was taken tc answer any
question which a subject hed on the use of the display. In each tane the
instructions ircludad Pirst a brief axplecation af the general use of VXt
squipwent for orleaning {rom sn unknown positicn and navigatiag aczording
to some specified plan of fiight,
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vhe fuaneticr wms 0o ol ane ) somey s, TSy wiTe S
how (¢ use tho colcss Lino ;.]euuu , the coarre line deviation inGloswor -
tha cmbignity Lﬂu?? Lor ot aebermire the’r sslmah rogleion In velailioee 1o
the VAR gtation, tey wera shomn }ow Lo use the courve 1ine maletior v

selact a deqignatmd radial which they were to intevoeph and along rhlﬂh oy
¥era Lo make good 3 toack alther to or from the statien, They sare It Jr.cted

ir. the procedurszs to ba weed In brocleting g course. They were shorn hﬁ% tﬁa‘

ciraciional pyre Lx uxdd ta daterwlve and reviroel hesding.

Those aubjeects whb were to (g bhe }.iitl {al dianiny wors iol& th
uwnering of each paci of tha diaplor, thet the scove wa3 tr oa thongit of
27 & aap of tle evan ¢bout tha VCﬁ guition »lvh appearsd In the cater o7
thve Qiaplay, They waroe sagur Sni - the d:swlav wg orizaied wlth Nosth at
tho top and that stimith WO&_tiuﬂ. conl ¢ bn actedaired by raferenca o ths
enapass rose about (o clenyiferanee of the diaplay» Thoy wera shosm how
the olp, whien rey—.3s 1nd “he alrcvedy, noved abont the Puce of tha roope
gving & constent oot oalion of pregent pogitiom, Tlay Weve ghowip b to
rotate the tract yelsctor line su ag 45 selesh any racisl along which they
kera %c make good & track. They ware alwwn how ils < rectional zvro -ia
Laed to daterring e1d cortrok herdime. :

Yo a glven problan, eavh suuielt

Beftre startin, & sel .7 Flve w-ials .
Ly byno of =1‘D“31~3m.

recelivad apecific inatruetdues Tor EA

Problemy. Toae iva preblewe used In whin awperimaar ere Ligted below
11 the order in wlieh they nerz jwesenled and sra presaated genphicsily ip
¥igure 0, ‘

I. The aubjwvct wap etarted on 3 Xnovrn »adial Leading direscily
toward tha statien. He was required to £l direectly ite tio
atation. A 10 wph wind way introduced at right angles %o
the deaired traek Tecm etther dirention In a rando? ordae:.

II. The subj:at wea siorted from an wuknown rosiiion and was vs-
quired to crient ard 3. divectly to the ptation. {No wind.)

TII. The subjact wee wiuried frzu an unkicwn noeitlon and wes re=-
quired tc octent., fly dizectiy %e 3h: station ena then fly
away frou the glatiorn eluns B dosigrated radial to the cuter
ligdt of the VOF range. (Mo wind,)

V. The subjsct was ziied fros an voeknown position and wan ra-
quired T oriew’ ! intercant g deslgrated eathound 1'edial frea
the uvtation and foilow an outhound track mlong that radtid
tae iiais, of the VOR range, (Yo wind.)

V. The aubjs:ct was started from an uninemn position and was re-
quived to wfent, interaept a desigrated inbound radisl and
tly to the statlon alony that intourd track. (No wind.)

The prctlewms wawve presented, ea lieted above, n the order of their
rradieted difficulty, extept for rceblems IV and V whien ‘were believed to
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Tach problonm was presented five
rioh %o aach subject ln an efrert to obtain some setinate

e of apprexinatelv ecual. 41 flevity.
Liues in puc
o7 the vate of lmprovensnt Jluring early pracltice aslug the two displaye.

The subjects were started from dilfesant ezlmtbh poeiiione for eech of the
f1ve trisle on any glven problem, bud thalr startiay rositions wers alweys
ayproainetely squidlstent from the stutlon for any predlem. In the liter=
ception problens {rrohlems IV and V) the redlals to be intercepgted, aa '
well a¢ the pterting positivie, wore differant for ss-h trial, but the
utarting positions and decslignated radials vers slways 3n approximaiely:the
nane relative positlion to ewna othavw,

e N hA
Lty

N

he 25 problem soluticns Flown by each subject could pot be somplated
“roony festing sezolon. In mopt casen lhrsy ceszions wers required.

o m

docoxdg. The serformunces wers recordsd by a irsefng of the Tiight
AadC b7 the tmriner reeceilrg oret, as ip the previous uwxperiment. “r ad-
Altion o the vavigatlon Laek, the gabactz yore soquaatod to hold te senn
“Light wolerances waleh had been required far the presags of their Limk
cralner Tlight profinleancy test., Fewevai, dir'sticns in excesa of therpe
arleranene wera not anoved fa tuls erpariment, sines Por these rodvate
oilsztn btoe legg weg oomplderd as r tecb of youtect vther thea iretrument
Ttlzh's performanct. Thro was vnfertuuete, vincz infsmel cheersation of
Lea perlomaic® aming the a0 diaclays ndltesced thay these cdavieilons
sl.oald beve bLzan raccrded zod prebably would hove showm signdfisasd, dif-
‘erzancs in Twyor wf tas plotorin! alapieg.

b
H

5 rinplt svards wevs cblainsd Jow enen uleplay, ‘They in-
group, Tre I5% resorl:
57 thke five nrolleme,
five triuis »x esch

Thoel}, 5t
sruded P25 orastode for oeash of wiw 15 srnllsa Ly g each
romanhn guldoet rupreszaned Ve Five trlals iun secge
sk aath of “he 15 aubjeeis L epco grelp oerformsd

N
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nubion, Whars wers 7o eacosde Por sach el the fise problems for eae: &ls-
NFL
peosing - The scoriag gyatos S Thgoe mioords wre sliilar o thad

prad An ot praviows srenreaat,  Four of the Moo s Blens pegquired e
e’ ho oorlaus Rlaaslf for an uwexoown position, The alther probles
(wablim Yy wes a rimple Lracketiog problsi b wihiclh ihe sublect wes r.-

ouree Jbreisl’ Jn to bho siatlou Trom a knowm staeting

suired o teeckel oo
so3ivion, Alvegeter 2aven shieetlve wsasnies weooe uzed, thres of wvhish
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8 amiear. to Bhe beewcleting toabi ey sy e other tares measnrae
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FIGURE 6. GRAPHIC ILLUSTRATION OF THE FIVE TYFES OF PROBLEMS
WHICH WERE FLOWN BY PRIVATE PILOTS USING BOTH THE PICTORIAL
AND THE SYMBOLIC VOR RAVIGATION DISPLAYS IN THE LINK TRAINER
|
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{3% Wha' was thy Jhiyenece DL fov the alort of che prst o

g tly b hgetandog o Sls Fitat napea? L

{6) ¥Was ter Tirer lven In o odeaot Dnore agonomieald) AR
dtoenilond !
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W70 dma ot oo Toaen e Thr worrect hesldlug? i

It wiil be nreed Yl e of the mawaures nesd n o the wwrewlawn sx= =y
periment have been anliitiol hore san wuo of them heve hoen slightly altssad. | %ﬁ
The measura "parcsuiaga 7 ighance rlowa cutelds tha ostablished volewr= S

anceg for altltode end axcopsad” ye: onltted for rescone alwesly d.ecvasged
{although ag 14 tuw -0 1o h4s pessura probebly ohould havo besn included) . -
The peamare Fautznt of smotzimes b Wieirg tas platlon was aelfted be-
catse, in the previors sxoevimont, LA promd e Taetiesh Jittle more lhen
the differencae 12 %re Lmeeuracics 37 tha Znalestions of the particnlsr
ingirwments ugad in whe $vdirsr,

v

In messuiw [, abovy, e nuaber o unrocsorcey o excese Lurue dus
detormined o a cdifervnt Wovke Shen do vhe provicuy expysiment. In thed
" expurigsnt arly twecs oF morn bhen 19 deyress swey Trom bow dealred booel
| wars gownted, Geersd Jnmothila nenoey. thiz sracwe wooe en ladex of ia-
\ crract or Yrarafid Jfiwoblonnl decisisne. The fael thet such twrs
wers meds frequently by capzvisnced Tnebirupent pllets usiag Che zmbolic
l ] digpiay and (Imael, rover vziag the detoriel daplery wus compidarad g
© slgnificant plecs ci Zpfouvueiicn, I the presont experimbdat, all iurns
of granter than 15 dopreant - whather towarl o away from tos desired
Ctrack == ware cownted,  focved in thie way, thia measive tecomes en ilndex
of turning activiiy Ar ganeral, whico reflects inefficlancy in intercept-
tog end brecketing n course.

Measure 5, thy “olserinfnation® or "crilontetion” time, mas baped upoun
thy cistence flown, re’her vian the tine, from the avart of the problem
vatll the beglnalng o7 ths first twrn. The tuc measuree are practlcally

egi’velent, )
‘ [ . 3 ' e
y 411 other mensursy (1, 2, 4, 6, and 7} wers scor«d in the ssme meaner
i ar In the previsei erxperiment, FE%
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2. THE FRSULTS OF THE EXYRRIMENT
Meagurs 13 Incorrect rrablem Solutiong
Geasldoring a1l eriteris for reesuve 1, ¥ of ths 375 problems flown v
neing the syupolie 2lnrley weve unanived., Ingurrzet sclutinsne were flown
on senb of the Zive types of probiene ziad wors Jistribuied emong 12 of the .
5 ogabiests who aeed thy dlsoley. The wmber of ircorvreet selutiona for
apch of the rive problem types wasz, mrpeet’vesy, 2, ¥, 4, 16 snd 10, Ae
‘rothe previcue sxporiment; all of tus proviems frows un she pletcriasd
Laoplny were rolved suecspeiully. .
Troeg of orraen in incerrect solutionsg. An axeminotion of the 39 ine ‘
correet aclutiuve fiown using the eymbolle diseplay reveale that each of
the fallures con be placad in one of four ealtegorise, depending upon what
tho pliot did shicn rordered the sclatlon wamtisfactory. In Table 11. the
317 unsuceegaful. rolubiune ave elasriflod according tu problem and roasor
far Tellare. : S
L]
TABLE 11
CLASSIZICATION O 39 THCUEARCY TROSLEM SOLUTIONS .
USTHG I 3YMBOLIC DISFLAY ACCCEDING :
TO PROPLEY ABRD SRESON X0k PaTLURZ o
. . | Problemt . |
socsor Tor Failure i i It T I¥ v -
2 w6y The pieae flaw ocut of the VOB vangs )
i’ aptore imerce Arng Wes deady:d )
Lrack 0 4 ¢ 22 o
Yo the priot Lesase nlaocissisd while ;
abbampil g Le latzueept oo kit tkeb -
2 dzaived draghs 2 03 : 3 0 1
(o) The phlon blow noqur suay Foing Lo ‘
atptint elong eo tonoeperd Toack Q d 2 L 1
{2y vhe pyat 7w sewsl hs sbenvion slons
are v voyeeh lieek ! { G 2 4
,; . fEroule. L lEaetsn U o o KooAn reilabl Jimeewly s stationy Protlom
d?ﬁ Fis  Proa wt-om noalbiose, -ubjset crlsuis =ad flises direutly b statior
m ' oo LY 0 even wuowe ownlilor anlsot armisnbs and flies ddveetly ¢
T¥ #ackar Aand tatw evey on Jdesigmatsd tedlnty Faobdin Ve  From wahnown po- ¢
8117 guhlond orlonts nan It czne T dastgos’oas culbeund vadial frox stes i
& €y veebler Yo Feomoawsloesra posdo So 2802 ol orleate, fatervapls desle-
...i% ' - T\*‘l':‘ ,Yt'r'{“.k"l’:. L"F,L_: g o ) ‘i_" 25 T E'&'h.‘: P ‘
AN 55;
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"Tn three of 4hees cases the pilobt wmude v ture whatever bub elwply flew
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Fiylug ruw gl g b oS AN wnle Ll e "G\.& \\\. \ﬁ tfi 3 1‘,*:@‘ 5:,
flay cot of thse TR e ra® Lafors tatecnspti.og the aosdcad \facke Pwelve i
of shess cans? o~ xef on Problem TV te whinl the sask®was (o-orlems, | 1’@%‘

intoreept a deslgnstasd sutbouad riliel and then £y Gy Trox the station.

sirglght, ahead from niz otarting position until ke nazeed out of the VOR
vepge. In several olher cesas a pliet d1d meke one or mors :mall turns
vidch bore no releticn to the corrset track. Thers @iz no avidence that
the pllote were corrsctly oriented a% eny time Qduring these triale. In
ovher eases e pllots soporently wors corveclly orleated but falled to

- intercapt the desived tracl bac.-use iy did not take up & safficlent < .

angle of interuspliov. Thy renaining five vases ln thia category oceurred

‘on problem V in whileh the iesk #o: bo nrieut, intercept s desigusted luve l*f

borrd redial and iy 2o the stellor., Opca zgein the pllots appareatl;? S
®are at no timw correctiy svientad dvrivg these bteisle. X
”I‘iaor;,eg‘t_g_‘;_.’%.-_rg,." The seenad cessonsfor=feallure catugoery - }ncludﬂs a.gx‘g

casag In which o p*lo%, o% gome tlame Suclag bha trial, Sobviously* became .7
digoriented, Thi: ilaplics Shed -t sume time during the trial the pilot - -
was apperenily correctly orismtad, In mogt 5f these cases the pllot aid
evanturily complete the tesk me sst hy the probiem,3 and 4n sene of these
ceezs aid e pilot £ly oal of the TOR range withouvt gatilng on the desiomd
track at omd tima or amothew, 7Tmo of these cases oceurred on Problem I
in which ths taek weaz sinpli bto braciet & ecurse from a kaown posivion
streight dn to the sletion, [n cach cups the prilotfse brackseting afforts
bucens 80 *ylolsntY “hal ik sas soom nwking turns of 180 degrees or mure
w.hh ghort tangents beck and forih at migat sngles to tho desired tatk.
In opea cers the station wan miswwed ompletely.  The ono cupe on Problem
IiT involved brackei’ng sa ardbownd redied from the stekion. The pilet o
apsurently hisinterpreted tae veaflug of the course line deviation tadf= - ..
cat'\rp talcking be weg on one alds of the course whep be was astually on' -1
tha otker. He flew awmsy froi wha covrsa for seversl minutes irying to
intsrespt it. Everntually he discovered hic arror and made (he appropricte -
covrection., In the thrae casse of disorientation on Problem IV the pilot i
verdered sbout the map with an apparently rendmm selection of headings
until he sventualliy inbtarrephted the deslgnated ovutbound radlel from the
stetion, The dlatance flowm ou thess three trials was excessive, aguéd in
each cese the recocd indinates that tha pllot was definitely lost for
several minutes.

Flying mrong “rsck, ‘'ths taiud raaeor-for-fallurs category in Table 1l
in:ludes 12 cases i3 which a pilot flew to {21 away from) the atation sloug
gane. track other than that requied oy traffic control as stated in the
problem. Seven cf thuse cagsa dacurred on Problew IT and resulted sither *g;
fron the pilet's tulking tou ioag %o weke his initis) orientation or tun- .

ing tv an incorpscet indtiel asading. In elther evant the pilot flew toa 3.

t
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T /.,
S position ffgm #hich a dlrect approach to the statlon brought him in aisng

an incorraet trank {outzids of the pius or minue 15-degree tolsrsuce).
There were three fallures of the Bsie type on Problem IT11. In the on? cause
which cocurred on Froblem IV the pIlot made his initial tura to the cor-
rect heading and lntercepted the decignsted cutbound radial, but he mede

no sffort to bracket it. FRe flew right acrcss the deaired track om his
Interception heedlng and continusd Ilying away from it until he passed oul
¥ the VOR range, In the one cape which occurred on Problem V the »ilct
selected an incorrset inbound redizl on the coures selector, The trock ha
flew was approximstely 25 degrees off from the reguired inbound tran? to
the gtatlon,

Ilying ragt the ptation. Thuo feurth reason-for-failure category lu=
cludag four cassef 11 of which occarrad on Probles ¥V in which the tanl.

wag 4o fly to the station glvung some partlevlar track as spaclfied by
traffic contitl, In three of these czeea the pliot fiew past the stetion
vefore intewcepting the desigustsd frack. In the fourth case the pilot
Tiew across Lthe track but did nov gat tack on pefore passlag the steiloa.,

Practice effecta. In additicn o glving a direct comparison of pri-
quta pliot parfermsnces nalng tho pictorial and symbolic dieplays, this
aaperiment wag designed to yleld noue estimate of the Improveuwent in per-
toemsnce of privats pilota during tne early strmgms of practice in tho uss
ol the two dlsplays. Since “here wara ae incorreci probiem solutions
vaing the pictoriel display, this mezaure poovided no eatimats of tae :ate
of improvement >f the pllcta who veed thia display. {There waz no room
for improvemeut on itnis measure}. Hdowsvei, thore were sufficlent incoy-

rect colutioneg using the egyabolie dI aplay to show that there was conslsieni
improvnment from firet ¢rials to fiduia tviels on all problems combinsld, OFf
7ke 39 incorrect solutions using thy symbolie Aisplay, 14 oocurred on firat
trials ¢f -all probliams, ten on sacond trials, slx oa third trigle, awvan cna
Suvrth trials and two on fifth trimls, No accurute ostirete covld be nads
wf the improvemsn* from problem te -reblem sluce tlis relative dilfficwlity
of the problems was oct known, slibough in geusral ihsy were prograssivalr
mcra Alficuls,

The reduction in tie rumber of lacoyrect solutlons frem flrst in
fifth triels on 211 neoblems can he aturibuled in part to general fnprrvas
aal In the use of Lie gyabueiie Meplsy bub probabtly in large part to prac-
tleo in solvirg protiers of a glisw Lype dvalpe five successive itrlale -

O measure 2, the zrareze exeess Qlgvansas (Jom for all solwtlons I
whiah the problem fark =as comploteis wara signlficantly less wsiag the

1o LT A e M Ty B e A B T AT N R A B S S LY o Ut T THRE T T BN Y T AL S L R | T Dl iR Y LTOA] RS LV

Yom 12 of ths lncosrest sebutian: using tie syrholie dippiay oa Probs
Ger 9 oand five of the lndfor:iset pelutlons uslng the sywoolils displsy on
Probism b s sabject £12% out of Lie VK parpe halow iﬁtnlﬂaptiﬁ@ tia
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. Glstaases and ‘Hhe A 23 oyne e diatance: Tl uﬂiﬂ' the vwn dianleye -fiifj‘g%’
on gazh of the Tivs profiswe. v?;g
‘ &
oblem . ™ the {lugh poobian bhe bark kas fo Goaekel x course T
st iE;h't- in %o the eietion from a known sharilng vorition, and or ihi: | s
protien the exesss disloncs flom wee lnsigaificant for Loth &isplays, - ,?fenl
batie leas than 28 in sachk cpes. Even in thls ceso, however, the exeuap 433
disence flown using ine piceiorial display was eligh-ly Jese than 1t wee 3
for he egmholi~ fiesley, althoogh the differonce was not algniflesnt. Sk
. \ bl
.- - e
Yroblem T1. 4n preblen YI, La whieh the task wee te olent Trom on S
unkeemn pesition 2ud then Flv dlvectly to the atmticn, the eresss dis- ‘;ae

tevoe flown uring “he pletorlay dlspivy san 7.09% of the echool solwtion  F»
% ~Uaace epupared (L. 1 rurane distancz of 18.G5% Ffor 1be symbolic dise
ey . The sversgs swnic: whoberras flown mers 0,473 aad 1,125 wllop ye8~  Fy
apctively, Thé JifTersrre was slpslfieant o Tae .71 level of conficdencs. ¥
Thz recorde imdlec-a 4hab thia fdiflerarce waa primarily = fuaction of the 5y
time ppent orlenting tefaro meking tbha - Pirst turvs and ssconderily a fune= <&

tioe of the covrertoers of the he(log essunsd as 1 1esult of the flrst fene
“tura. The subjects nadag ths pletorial dizpley alzost always turned o
quickly o the correct inkowd Dewilng, The sublects uslng the symboiic - %
-diaplay Traquencly Disw straight cresd for ea nuch as twoe ninutes before ek
making any turn st all. wnd thely fored tuwins were fesguently to an 1o R
corect heading whiich Later kad to e corrected. Gnly cne Initial turn W

wez made to en incurree’ heading oo the 75 trisls vaing the pictorlel Axs-
pley on-this prodiom. '"‘hu., the signiticu;n d1ffuyenes in the disbarces

R

}%,:i’?'

towa on thls prot.er salig the txo displeye was appavently a consequensa s
of the greater efficiercy in using “he rdctqrjaﬂ display to nrient Trom “%
an wnEnown pasitie s, F
. -;Iwi"t‘L

Problem IfI. (m provlem YT, in whieh the task was tha same aa In TH2
proidem II exeept thut alter passing the atation ths pllots had to depart  ¥¢

o
e

fr.a the station vlong ecme deslgnated outbound radisl, the sxcess dip-

taase flown mas onte again wigpificently lese al the .01 lavel using the j;
ploiorial dieplay. The average eceas diztance for the pleterial dleplay 7
g 0,188 miles, »7 exzess o7 only 1 ,05%, ap compered »ith 0,643 riles, %,f;«
ar oxcess of 3.58%, for the aymbolln. Although thie problem wes in gensrel BT
4{Cont e} geotr 1 track sud therefors could mot complete the task sst by ’*j

the problem. 7n oach of these cades the d'stencs flown before pessing out oo
oi the YUR range w»as lssk them the school solution éistance. Thess dia- 7

tance soores were no* ussd wheu corputirg Lne means for ilie 15 subjents sho §7
umd tha symbolic disyley. Howerer, the sxnees diptences flown on all lo- 4

et sclutions 1o whien the problemr tesk was svenluslly coapieted wers
includad tegether «lih dlstances flowa on covrest solutions for cornpu‘r.ing
‘thewe moans upon which ths ¢xcses ciptance nomparlson was besed,
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angis. Such iaformstizn {einot hmv#ded firaetly Sy the gmbolle dlaplsy. ‘T;-ﬁ'?—'

av%‘gffﬁl ; "%mg gt ;‘,""ﬂ““"ﬁ“? ';’ﬁm-f"-ﬁ‘%}"ﬁ’; Faafs Sh % ‘
LA F R TR R - o d
: R Yo
, I Y
ROIVZC wmb e BITR e wdiy Thea cmw O L e Nawe s e *:agﬁ*s r"*“ eRER e l
digtance ero pertdvady w Yweonlor o T a o wddtuionall o thound t&l’ﬁaf}b El
; 7
dhica mede whe botol solitew ancbar gusr feles g lc‘ng o1 mbuzftt The oo
fn thie oxperinent the pobjecti were Liivushed not to ‘a‘b&lt e b o
%o ths outbound redisl belown parping the 2tstion, ss ths zubjecta is tke gt
previeus expsrlueri \’wrmntly did ualig tar pletorisl dieplay. .For ti‘\ie_ ‘ Ff
reasor the differsice Lt i distsnces flown on this proviem using the tme
dlaplays In this experimsnt wae almost exclvsively a function ol the time L
spant orienting before neiklng the First twrm to the inbound headfng. Thue i
the discuzsicn ot prodler TI ig syuaily apvliestle to protlem ITT "n tals- -95'-‘
)
respart, ) &,
. :ﬁj,r;
Lxeblem IV, un peshlan TV, 1a wileh ihe tavk wes te orient froz an war 17

krown position and the: inters apt and 1y nwey from the station alung scas
de=ignated outbound radial L the excoas distaucs icwn sulll favored the -
pletorial dleplay, thic time ab the .22 level cf corfilencs. Tha BYBTRZ8 -

A
T
mkh-;-w
! Rt “'

ax#3z distances u:inp the pieforial and symboliz (isplays wore 1,042 ang ¥
2,744 miles respectively, the pey caal ereoss hei“lg, 8.84% and 20.08% res &
spactively. OJu thla problem the excsss distancss “ilcwn were a function - 3%
20w oply of the time epeut orisatirg dut alss of the efficiency of the twe %,
- di3plays when used for lntercepiing a desirod track. The cubjecte uaing e
P

the plctorial display ~ould see directly wheile:r oy not their interception ¥
headlnge were causing iher 4: intercepy the desired irack ot an effiviort §4

roblom ¥. Oo probler \‘ She encess dfstance rawdte favorsd the -
pictarial displas even mcre strongly, this time at the 001 level of come ' 7
Tldence. Tae task cn tifs problem was %< orieat and then in%ercews g’ i;}-jj
w0 the station along eowe cdezlgreted track. Tb .z on thie type of tesic o5
thet the pletoriel Jleplay bee consistently shosn 2ie grestest aupenieri*u o
In tbils gese, the cxceps lintance svavaged 71,379 nilss for ths ria*nr,.ul :
dizplay and 1.799 alles For the symbolic, tiw difference hatweer the two .
beirg significent at tha .01 ievel, and the pﬁr cent axcees being L.45%
and 21,79% respectively., Tle task is simila: $¢ the task in problem T%, kY
xwpt that the pillo: muet {ly inhound; and as in prcblem IV, the dif:i‘ernna*a ﬁ

:\

18 dve to the greater efficiency in intemepting o designated track as well.

ag w0 the rapld orientationz which are aade poasitile by thel pictorial disa

Play. “;Ti‘;»-

-3

k . Thug cn provlems allch Involved orlenting frcm ai unknown %

poaitton and on problsey which involved in‘crcenting some designated radiasl, (¥

wlethar inbound or outbound, tha private pllsts who used the piletorial dis- 4%
play in this experiment wlead their probiemp .wor. eronomically basn an ,:;i
equivalent group of private pllois aho used the aymbolic diaplsy. On the i
one problem which lrwolvad a atrelght-in branketlny task, the twe :liﬁplayzs .
were used about equally well in erms of oxcess disienes -flowa. ,};
48 wes stated previously, the excess distanca sowparisons which have }.'.'

+ Ju3t heen made were based upon all scluticns in which the problenm task wea ?3

- eoupleted, This reguivemsa’ ceusad 17 of thu 75 soiniiouns flewn with »h&
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symbolic dleplay to ba eliminated from conpldevation 1n maklng these con-
parisone, In Table 13 the averags sxcees dietances and the per csrt
excess dlstances are given for all trials wslng eech dlesplay. - In egditlen
the tutle gives the corrosponding values for all ccrrect solutions apd all
incorvvet molutlons, and then linel'ly for thoze ‘veosrvect solutionu in
which %he tasl wag ccmpletesd and thosa iz vLivh 4F was not. The tabie
alec spowe the numher of dolutione apon whick each value iz bused,

I gereral the letle gjeaks for iteelf. Howaver, 1t phould be noted ‘
thet on inocrsect aolntieam fn whick ths prolaea “agk was eventuslly tom-
panted {using the sysbolie Haplay: the per ~oab cxuess dlstance flown
was muca prezaler ithan on sorrect soluviicng. “eis a3 iras for eech of the
Tive provlems., Husevryr, 3o thess frcorrect: silutiong on oroblems IV and ¥
Lz which the subjecta flesw st of the JOR wangs Telova coupleting ths pyob-

lea tesk, the aveiage <lrbaocea flown wers, zesnvctlzely, sbout 30% and )
20F lens then the school solution distapeca.  On prooiem IF, 12 »f the 14 °
igsoereet aolvtlons were of Able Syps with tha result that the avaregs
;%’i A¥siauce fiown on ell incorrsci solnhloss of Lhly probley sar less fhaw
S the schocl scluticn dlstancs, This terved t¢ ratiwe in a spurious nsiner
T tla ysiue of the avyeragsz exmvaur clstauwes Tov £ll 75 trisls using e sjm-
E . holle displsy out Thir problam, TL wao fne adfs cszeva thet the efviletl.
T el cuoaperlsone of the distence reonlse for the W Glspleys wars ursed upok
% Conly those goivdioun Jp awleh Lhe pronlen. .2k wan completed.
Sl
B:“;f ' Fraclice uffects. The effscir of prwctice duriag the [leve puceoasivon
s tripis on esch problien sys 2Lown .o Tabls L4 in Ffepne of the awarage smeess
T, d<slences flown, These reaulte ace not se Lienr cab es might be axje sed
;‘f%fé—. Iha everage 9xosss dlsltépcss flows during the five zucceaaive teielfc mm sll

sfig- provleme 20m}2 have baes tesbed for jmprovesmsnt by bhe ansiyels of varilanca
@yt CiRe g LLie . Howeve;, payis 2;:351; waf nialdersd unpeeosIary since 7t.ha TH L
Lo . sppharal go fareguier thel ths Inpoovesmd dor woth isplags vould ba

jvdzed loplgnifizernt by lespectios. The wurle:Tiiy %a the axceen cie-
cranias flewn om Liw flee Wwizle Ter saeh of o, Jive probiems weliog ¢iiha
pherdo anpanve Lo e LDintla nure Busn 2 ogaiel X9 wne,

Tw Tipss thyse a0l eer soglirad tha pliohs o Ely dipscily o ths
sraidon,  Appurentir thess pdlste ¢ovdé griant from an unkpown peeltlen
avad T Jhreebiy w0 e pmabion abeut ar 2eianudcelly s rrlvels pliots
T30 ey by eapec.md T LS gelng the two dlenieri )

The Baxhhowes 000 ) ooblens were muos pors loitevil; end while the
yasatices ueieg tle ploleoelal Glspray wers galis el Mulent, the sclutionz
veln bhe apmbolll clsley wate ndh oo affiolest. Apoparonitiy five triale
poezis of theae probiams wos wol sniliziont practice for Sbe pllicls i
CH ary Mavked i avosnt o e seoromy #ild wid s thay selved elthar

Chae peotleme uslng olibes dlspl-y iz tarms of this particder wer.re.
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efficieney. When the minimun runber oY bturas naceasary for a correct
solution of a givsa rroblem 1s subiractad fror the average number which
was actually made on that problem, the remainder becomes an index of un=-
necessary turning activity. -

Pictorial va. symbolioc displeyp. Table 15 gives a comparieocn of i ;“‘{*
turning activity obtained with tho plcitrial and the aymbolic displaye. - ﬁi%ﬁ
The table shcws the average number of turns which were made on correct = -2

solutions by each subject during hie five trimls on each problem, The N
diatributions of average performences for the 15 subjects 1n the two
groups are then comparud by use of the t-test Jor dlfferences betwsen e

independent means,

The subjects who used the plotorlel Aisclay mads on the average lass. %
than one uanecensary turn per =o0lvtion on all problems. The subjects who - =i
ussd the symholic dispilay averasged mors than one unnecessary turan on thelr 7
correct solutions Ior all problems and nals an average of 2.52 unnscessary [}
turns on problem IZI. On the iacorrect probler solutions made using the LT
aymbolic diaplay, which wers sxcluded wlwn computing the averages shown TR
in Table 15, the nuaber of turns rangsd frum Zese than the minimum number i
necessary for a corrsct soiution to as many rs 12 turas oo one incorrect
solutlon of problem IV, For exeaple, of the 15 lncorrect solutlons whioh & -
were mads on problem IV using the symbollc diopley, thers were three casea i
in which a subject made o turz at 8ll, thres mors in which only one turn 3
wes made {the minimum necessery mumber wec two}, and three csses at the 3%
other extreme In which ten oy more Surms were madae, 1 ' o

The results of the t-tests Indlcets thut the dlf’erences for problams- |
I and II, while small, sre siguificant at the .10 lavel of confidence. it
The differences are uiuez ucra pronswdeed sa problem ITI which involved - :
cutbound bkracketing as woll sp orieutalion and inbouad breclkating avd on b
problemes IV snd Y whicr luvoived intercepiing o designated radial sz well -
ae orlentation aud bracxeiing. “Vhe Iiifaronuces on problem TIT end ¥ ere -
significant at %le 001 level of confidemcs o =u ryovlem IV at the .05 Ty
level, ‘“ﬁ’%

ik

The results from this weawsuvo of mpecessery turning activiity dexon- t;%g
slrete clearly luo superlar over-all &0 ilcishey of the ploterlal display Sl
For use in pleanicg anl cxzacutlre zome of the nore difficult coammon navi- 5&
gation tagks. Tr eddi'ion trase resulir prievids excellent matsriel for R
an anelysls of ihe effvcts 5f proctice and of Iilferences 1b urowvlem dif- At
fleulty upon perfureasse uslag tha %wo displays, The averags nunbers of C
unnecepssry tuvne mads by 15 subjects during each of five trizls on each wg{
of the Zlve problams while unelng the plelorial and aymbolic displays, re= @iy
spectively, e-a shosn iu Iuble 3$ and 17, DJach teble lag¢ludas s pummsry i

of the anslyale of veriance for Bw dels poesentad,

setice oifanta, Curatderiay spectize eoffocts fiecst, Table 16 shows -
g amall bot acondobleat podwsbioes 1o bhs wvicipe vulere of uwnscengary tovne
made froe firan s 7900 Lils o owa o3 croblovs comblined velog the pletorial
dlapileg,  dweore L oyl nx s, & wodn g Tewgd alertiag Trowm S
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robdwmy,  Thy mworages sioe Seged voan 570 Aooract suintises ghisk wars

fiown during o mubjectis Ty foialp oo 2o problem. Anblecte 1 to 15

o the nlatordal 3ieplyyy woo, o%e o 00 Mo uted the oymbile Jdlasplay.

el T

zokieqs £ 12 <AL v ¥
dijest Pie. Spp. Tie. fymb. Bic. Jpab. Bieo Hwb. Pig. Syob.
1 % 3.¢ 1.0 L.a 3,7 2.8 4.8 2.4 w8 2.0 5.0
2 17 0.4 .6 T4 1L 2.4 F.B 2.0 ba0 2.2 b-b
D18 0.4 2.6 Po. . LA Lob LLh a8 38 2.2 3.8
4 19 3&0 Ted 2.0 22 Eea 5. Efﬂ Toﬁ 206 &98
5 =2 DnOI 1¢8 L6 1.6 c»ﬁ 532 Fe@ 305 200 3&3
£ 2L 0.2 O Led T af ARSI - 240 2.2 L 24
Y22 0.2 0,0 1.2 .5 200 5.8 24 4.0 2.2 3.2
£ 23 0.4 0.2 5.2 1.7 S ) 3.0 2.3 2.4 3.3
¥ o24 0.2 U8 1.2 RO E R A A D0 hew 2.6 3.7
o223 iR 1.5 Z.h 0 Zed =80 3. 33 Rz L0 3.6
Ll 6 0.2 1.2 1.6 2.5 300 3,4 3.0 3% 2.4 2.8
12 27 0.0 0.8 1.2 3.0 Zob 5.8 2.2 2.8 2,2 3.0
25 28 0.4 1.0 L.b 3.0 2.0 AR 2.8 3.2 2,0 3.3
l.-—'. 29 D,O 9;8 2.,’.: 2‘3 ;‘02 'of 3n2 21? 218 330‘
15 30 0.8 1.4 .2 1.8 208 Al 2.5 3.6 2.4 3.2
aan 0.56 1.05 CTL 2.0 2,87 5,52 2,51 3,56 2,39 3,37

wnber
aces-~-
ary U 9, 1. 3. 2o R < <o 2; 2.

hvarage

mmber
REOHE 0.86 .05 O.7L .03 Q2,831 2.f2 0,51 1.% 0.39 1.37

irfa 0049 0135 ].-ri'j. ' 0:-95 0098

o JiLf. 0250 2,211 3.200 0.399 G.20L

159610 1 a&]l 5-‘."?”‘{“ 2 )331 4-876
f <8 28 28 28 28

0.10 0.10 0,001 2,05 0.001



TABIEIE

AN ANALYSIS OF THE EFFECTS OF FRACTICE AND DIFFERENCES ok
IN PROBLEM DIFFICULTY AS REFLECTED BY UNNECESSARY P

TURRING ACTIVITY USING TRE PICTORIAL DISFLAY

The ousbers in the body of the table represent the average number of :
unnecessary turns mads by 15 aubjects during each of five trials cn sach
The averages are based upon the scores for all triaje .
The table includes a sumsary

.of five problems.

in whieh the problem was solved correctly.
o:r the analysis of variance for the daia presented.

Trial Trial Trial Trial Trial

Problem 1 2 3 4 5 Sum

1 1,20 0.53 0,27 0.27 .53 2,8=

11 1,07 0.93 0.60 0.73 0.20 3.53 .

III 1.13 1.27 0.93 0,33 0.40 4,06

v 0.87 0.33 0.7 0.47 0,67 3,07

v 0.20 053  0.20 0,60  0.40  1.93
Sum A 3.59 R,73 2.40 2,20 15.39 (3. oa} A,ﬁ,_‘%-
Mean 0.89 0.72 0.55 0.48 0.44 (3.08} 0,62_ ;:

Source of Sum of Variance Level of - y

Varjance Squarep  df  Estimste  F Significance % ¥
Between trials 0.710 4 0.178 2,094 n.s.. .
Betwesn problems 0.513 4 0.128 1.596 n.s
Residunl _L.366 16 6.085

- Total 2,589 A

[;f-'?-'



AN ARALIGLE OF ‘gl ER#0Ty (0 flro’l v AND DisRDRESGES
IN PRUBLEM [ /FRICULTT &5 RELLHOTAD BY UHNBCESHABY
TUBNING 4073wl Jd gl TH6 S¥R0LC DYAPLAY

The mumbers in the body of the tabhl. rapresent the aveTags nunbe™ of

Uneceseary turne mede by 15 subjents durlng esch of five trisls o

a saech of

fiva problens. The averagss sre e eed unon the poores for all triale in
which the problenr wes saive? sorrectly. The table includea s sumnary of

the analyels of varlanea fo. wlw dala peacerted.

) "Trisl Trial Trial Trial Triul
Ireblen ~ 1 R 3

— - . - Sum Meau

I 2.29 G 1.00 2,40 0.73 5.35 1.07

i .'; A, 1.15 0,07 Q.63 1.29 549 1,16

RO 3.38 3 AT 2.00 2.15 1.67 12.9% 2.53

v 2.5 1,18 2,09 0.67 1.1 7.61  1.52

v 1.93 1.60 1,23 1.43 1.00 7.19 1-44

£um 11.61 2.30 €.99 5.58 5.83 38.31  {7.66)

Mean 2,32 1.66 1,40 1.12 1.17 {7.67) 1.53

Scurce of Sum af Yarlance Level of .

Yariance Sgrarse af Estlnate F Significance
Between triale Auéza 4 1.207 £.831 .01
Betwsen problems 7.074 4 1.769 B.546 .00}

Residusl ' 3.30% 16 0.207
Total 15,211 7A



L P T
" - -

i e, ] - , L

. i%_-
.whan the pictorial dlsplay was usad all of the problems bscame .equally %:‘

‘fact that ell problema were solvdd correctly frea the very first t:rial 'by’ ‘@ﬁ“

. problem III which lavolwved outboumd Liracleilrg, among other things. In

~to about 18 miles on problem IfI, Tt =11l bs adotsd that the smsllest num- ;
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firet trial on each type of problem that the {"f‘adual subsequsnt hproveu 5
ment 417 not prove statistically significant. What little improvement .ﬁf‘
thers was occurred during the esriier problame only. For the pilots who 4
used the syubolic display, howsver, performuncs during initial triale on ?
all types of problems wes most inefficlent, and their lmprovemsnt with
pracstice, as reflected by the reduction in the average number of unmcaam
gsary turns during sut.pjueat trials, 4id prove significant at the 01

N

level (pse Table 17), Apparemntly thers was 1itils transfer from one i

problem to the next, for the pllots had to legrr how to use the display st
for molving each new type of problem as it was jresonted. .
o g

difficulty. The enalysls of the effocts of "

differcncu in problem difficulty pmviczaa anoiher striking comparleon . iy
betweer the {wo displays. Thesc analyses are also summarized in Tables -
16 and 17, The oxperimeni was designed so tbet ibe five probleme were - 5.

presented in an order which coirespondsd approximately with their in- ‘i
creasing diffioulty, However, the pilots whe used the plctorlal display 1.
rade no more unnecessgary turna on the supposediy more difficult p:robloni,j‘g;g&
than they did on the easier problems, The avoragoes for the various - &
problems did not differ signjficantly one way or the other. It is pos- iih

slble that there was a great amount of tranefer from practice on one typa™3
of problem to psrformence on other subssquent problese. Thie ia wnlikely s
however, in view of the inaignificant iwprovemsrt from trisl to trial om..
problems of the same type. It seems more reasocoable to conclude that

'*‘-

difficult, or rather they became equally easy. This {e supported by the .

g1l pllots who used tha plctorial discley. Sl

For the pilots who used the symbolle diepiay the averages for the
various problems differsd signiiicantly at tho 0201 level of confidence, -
Relatively few unneccesary turns were mede on problems I and IT which 1n-
volved flying directly to ths atation, MOI'e wnecoesary turng were made -
on prableme IV and ¥ whleh inyolved interee.’.-:; 4avecifled radisls to or #
from the etation, %he greatzst mumber of ll‘lFl"Cﬁ“lBBJ‘j turne was made on

e “,‘a»‘ e
"v«ﬁ%%ﬂ;**m

e e et

geneyal the larger numbers of unvoceasary turns are assoclatod with prob-
lems of grester Aifllouity, ’

&
,-d‘

r 14-1‘
'y
B

21though the number of un- %ﬁ

' Number of turme and length of pronlem. i
nacegszary turns corresponda roughly with the sstimated relative difficul e
of the probiemz, it beare an even ¢loser relationsilp to the over-all -ﬂf.

length of the vavlous probiens, The leogth ! the average school solutlon s
distances for tha five problems ranged Irem about sf{x milas on problea [

JbET‘

hy t[ .c'; -
w&é‘ N

bter of unnecespary worasg occuried on preblsm 1 and the largest number on
problem I1X. #s o matier of fact, ths pllots who uped the symbelic dis- 3
play nade about 2,156 turnu per mile of problen solution distance on all s
problems. Ths »aapective averazea for iba five probleme were: 0,173,
0,166, 3,141, ¢.230 and 0.16% m,nermwary durne per mile of aolutlon

.;

ot g
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dintanaac The produst momoaf Coreled oo Dehdzen avdrapgs mwibee o8 Jo-
necessyry turnas and problsn solution 32 wtp e wan 98, Although & cor-
erolation cosfficlent based upon omiy five pairs ie .of 1iitls :oliability.

-~ a coefficient ol .98 ie a most unccrmon valmn The implication ie that
" @hen pllots wers ueing ths agymbolle cispley thay tended on the average to

meie an onnecesaary turc abtout avery six miles no matter what type of

;. problem they were solving.

It is dlfficult to eeo just how thle atrange plece of information fits
inte the picture and to dicids Just how unnecessary turning activity 4s
related to problem difficiliy waen using toe symbolic display, espsclally

- when one considara that there waa no relastion between the meber of un-

necessary turns made using the pictoriel display and the lengih of the
problem polutions.

In_gensrsgl. Conasidersd together, the rempulte for the two displays on
thie aeasure can best be sxplisined something like this, Pilots have to
l12arn how to uze the syrbelic display for eolving oach new type of problam
that 1a presented. Using the pletorial dleplay this is not the case; Lhe
index of desired performance is always direstly apparent for any type of
provlen the first tine it iz enccuntered, Performancs on first trials
veing the pletorlal displsy left little rocom for improvement during sibmee-
guent trials. For thoes uszlng the syaholic dipplay aversge performence
on first trlale for any problem was alwaye lees efficlent than averuge per-
formence on Fifih triala for the preceding problem. Following the inef-
‘ficlent first triale on oesch problem there was significent improvement -
durlng =ubnsquent trials.

The conclusion foilow: that, although pilots with sufficient practice -
ueing the symbolic display aight learn *o solve frequently encountsrad
problens a& well as thay do with the pictorisl display, their performance
would often be unaatisfsciory wher thny sncountered new problems, eape-
cially in emorgency eituatilnns,

On measure 4 another comperison of performence using the plctorial
gnd Bymbulic displaye wae cbtalned by measuring the deviations from the
desired track made while bracketing a specified course. This measure was
appliad to problem I to obtain an astimste of inbound bracketing perform--
ance fram a known positlon atreight in to the atation. TFor an estimate
of thea performence tv be expacted fram privete pilots on bracketing ocut-
bound from the atatlion along & epecified course, the laat half of problem
I11 was used, The first half of problem III could not be used because
the pillots were started from an unkuown position and had a 15 degree
tolerance in the courses which they could elect to bracket inbound,

Flgure 7 giver a graphic representation of the bracketing perforn-
ance of the two groups of subjecte who used the two displays. The devi-

" ationa from the desired track were scoved at 1/2 mile intervals along the
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Chreck el bhen wvecsgel 100 200 1o ",u:.u gnd piotind oo Lo gpewdr.
i Tha greph ahows t,um, ﬂ*fa oy anieting 1o wates on the two dispioys 4l

not differ gresily. [obound bracled :.:o.g 1&'1 np the syaubolic dlepiey waa
siightly more asemrate ar the atabion =y cpproached. Bobbh curves riss
-sharply at the beginning of the cutbiuns g, This was due 9 the fact

RS

thet both groupe were lugirvcied o iy sver the =tatisg beflore heginnisng
the turn to interespt ©a rutborrd crdiecl on problem ITi. The graph
shows that the pilets valug the plotorisl display {14 not overshoot the
cours? aa much ag dld the pilote vslug the smbolic ddeplay. 4lthough
the pllots why vsed ths plulorial display did not otart ihelr turns be-
Tore passing the station, they could anticipate thulr arrivel at the
ateticn, and appawntly k.huy ware pmpamd tu waks the turn aore quickly

The results for thie sxperiment tead to confizm the intsrpretation
that ths apparent superiority of the pictorisl dieplay for outbound
biecketing observed in tis ;ravious typarizant wus iargely o functlon of
the fact thal the pllois were sllowed Yo make their terrna to the out-
bound redial just bafors resening the stztion.

r

Ho estimste was made af the effects of practice upan bracketing
vorforsance.

Maasure 5: “Orientation Time®

The final thres meeuures {35, € and 7) were applicable only to the

first phase of the orientatlon problaws, ramely, the first turn which was

mada to iritiate & problem solution. Msasure 5, the distance flown befcre
sturting the first turn, wea vesd as ar index of the time spant orienting.
As in tha previous experiment, 1t is sssumed that the pllot spends the
time from the start of the problem until he starte his flrst turm in
orienting himsslf and maklrg a decislion ag to the directlon in which to
fly in order to initia%e a solution to the problem. It is further as-
sumed that by the {ime the pilot staxte the first turn he has oriented
himself and has made sonn directional decisions. Ko assumption 13 made
concernlng the correctnsas of hie orientatlon or his declslon to fly in

s esrtain direction,

Q%Q%L%M;e first turn. Teble 18 gives tha average dlstences
flom subjects befcre making the firsi turn for sach of the four
orientation problems using the plcotorial sni symbolic displays. As in the
previous experiment, the differences in ®orisntation tines® favored the
pictorial display eignificantly for each type of orlentation problem, The
differencee were significaunt at the .01, .05, .01, and 001 levels for
problems II, IIY, IV and V reppectlvely. The aversge distance flown be-~

- fore meking the firsi tura for all problems combinad using the plotorial

display was about one-third of a mile, which repreeents about ten seconds.
The corresponding average distance for the symbollc display was about :
four-fifths of a mile, which represents about 2/ seconds. :

BT L
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A COWPARLSON OF ®OSIRNYLPIOY PIMASY (DISTARSE 40 FIRST TURN) FOR Ry
15 FILOTS ON POUE FRORTEM® LSiMG PTOTORIAL AND SYMRULIC DISPLAYS 23

The dlsiances are expiaased in =ilen. Ench value 1 the tavla im éz
based upen flve triaie fov snch of 15 pubjieets. The stundnard devistiona et
are bared upon avbject meana rathoy than individual triale mud thus re- i

fleot betyeen ludividusl vavlsbility. Renos: Af » (28-2), or 28, since R
the t'e are bosad upon inmdepewndent proupa of 15 subjecta each. g

Tyoblen 2 Problen 3 Problem 4  Problem §
P\, Smh,  ¥ic, Sywb, _Plc, Symb,  Pic, _ Symb,

-——pr LA A I A e ; L YA ] e T, b e e T
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o 0.357 0.0 . i35 0.485  0.5% 0,857 0,335 1.154 3
¢ 0.146  0.220 0338 0,23 0,178 0,589 0,175  0.646
oy 0.039 0.059 0.034 0.030 0C.048 0.157 0.047 0.173 wE

DeMy-Mp 0,252 0.152 0.5% . 0.819 TR
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Fractlce and problem diffleulty. The scerss from thls neusurs were
also submitted to treatment by the analysis of varlance teciniqre to test
the sffecte of practice and differances 1n problem difficulty upon orienta-
- tica times. Tables 19 and 20 show the averags d.stances flown by 15 sube
! ". Jects before making thelr first turns for esck of the five trlale on each
of the four orientation problems using the ivo dlpplays. Rach table ine
cludes a sumnary of the analysis of varlance for the data presented.

that the averages for all problems combined for cach of the five triale
did not decresse significanily with pracilice on elther dieplay. W®itn ike
pletorial dilsplay the orlentetion times an firet trisls for sech problem
wers go short that there wae little room for improvemsnt on subsequenty
trials. With the symbolle diaplay orlentation times on Tirst twiels ware.

jﬁ?ﬁz not so rapid, but apparently the amount of practice recsived during live
-5 successive trials on each type of problen vae not sufflcient for any sig-
ey nificant improvement to occcur. It would be expscted that with sufficient
z practice cn each typs of préblam thers would be e« pcubstantial reduection
éﬁg- in the time requirad te¢ orient and daclde wiich -my to fly using the
ﬁ}:ﬂ eymbelic display. This is sugguated .y the lact that there war lnprove-

ment, significent at the ,CL level, Ffrom first trisls on provlsm [I to
fiftk triels on oroblem III. T.& crientation itasks st the start of cach

r«.é: ]
e

. ?%‘

5
o
\‘

& of these probleme was the same, nemely, o orient and fly directily to
s the station., The fifth trialis on problem ITT uectually represznited *he
s, tenth time thne subjects had perion1ed the game type of orlantation task,

-

end their average crientstion time for these trisls (9.3 secords) was
appraximately the same na the cormssuonding vaive 8.7 seconds) for the
pllots who used the pietorlal displesy. Thus with aufflelsnt practies,

in this caee ten successlive irlals, the u!licts learnzd to perform this

cze particular type of erientatlon tazk Rlmost sz repldly es 14 2ould

be done using the pleterial digplay. lhowever, tile stateaent dous not
apply to any of the other crlentabtion taske performsd in thle exporimsut,

Problem diff‘culiy. Thy analyzis of Las eilfecte of dlyferanren-in
protlem 2ifficulty upon orieniaticn ives ¥iclzg vacvlite sinllav o wloss
obealnad from the corresponding anulysis of wmecssesry turns, Jor ihe
pletorial dlsplay the sverage cricutation times Tor the four problems ve-
guiring orientation sere almoat Ldeatlenl, appreximetely %tew secconda in
such case (sse Tuble 1%}, For Lie pictoria) disnlay the aversge orieniae
Lion times for the Tour problems were slepiflzzatly different at 4he
001 level. The average orleatstiion times for vrobleme IV znd ¥, in whilch
the pllots were required to take mp a hewdiiy .o laterespt some qyr clften
recdial, were much greater than they wers for the prnblﬁns 17 end ¥YIT, in
arich the pllots were to fly dlirectly %o tho shziion {eee Table 20).

Ay
"
ok

In general., Considered togethar, the rosuits ol the anelyses of wi-
necefsary turns ant orlentetion tlmes sugeset the foliowling canclusloig,
When pilots use the pleteriel displar, 831 cuwwmos navigatlion probles: are
golved repldly and efficiuutly Dron the very fuvatl time they wre ercouwr-
torad. ALl problems sve of equal diffleulil; and Clrsy trisl pertoriauures
lzave little socm fer imp:iAJv'%? Yhen yilyte vus3y bhs syabolie dipulay.
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Practice. Considering practice affects firat, ths two Yables show -
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AR ANALYSYS OF THZ Sreklle OF YRALT WK AND L. FFEHEECES JN PROBLEM
DIPFIJULTY A3 [ EORTERDR 37 *JRUBPALTON TIMES® USING THE
PTOTURLAT. DLSPLAY

The muokercz fn the ody of the table veprasent the average distance
in miles flown befora the first turn by 1% subjacts during euch of Tlve
‘triale cn each of feuar protlawa, The meana for problems end trials are
exuressed in seconds ae v2)1 aa miles. Tho averages are based upon gll

triale, both sorrect end incorrect. The table Includes a summery of the

analysie cf varisnca for the date pracented.

Trial Trial Trizl Trisl Trial M in
Problen 1 2 2. 4 5 Sm:  Mean  pecC,
II 0.47 C.31 .39 G.35 0.33 1.85 ¢.37 11.1
I11 0.32 J.32 0,34 0,40 0.2% 1.67 0,33 2.9
v 0.3, 0.3 0.32 0,36 0,28 1.60 0,32 9.6
v 0.38 0.28 0.34 0.32 Q.26 1.69 0.34 10.2
Sum 1.50 i.3%  1.40  1.43 0 1,16 6.8l (1.36)
Mean G.38 0.32 0.35 -0.36 0,29  (1.71) 0.34
M in sec, 11.4 9.9 1.5 1.8 8.7 ' . 10.2
;
Souree of Sum <«f Variance Lovel of
Varlance . Scanres a¢ Estipate F Significance
Between trials 0,018 4 0045 3.000 n.8.
Between problams 0,007 3 L0023 1,533 n.8.
Residual 0.018 12 .0015
Total 0.043 19
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TABLE 20

AN ANALYSIS OF THE EFFECTS OF PRACTICE AND DIFFERENCES IN PROBLEM
DIFFICULTY AS REFIECTED BY ®ORIENTATION TIME®™ USING THE
SYMBOLIC DISPLAY

The rumbers in the body of' the table represent the sverage distance
in miles flown before the first turn by 15 uubjects during each of five
triels on easch of four probiems, The meane for problems end trials are
expressed in seconds ac well as miles., The averages are based upon all
triale, both correct and incorrect. The table includes m summary of the
analyesia of variance for the dats prasented,

Trial Trial Trigl Trial Trial M in

Problem 1l 2 3 4 5 Sum Moan Sac.

11 0.82 0.58 0.5 0,55 0.53 3.9 0.62  18.6

III 0,67 0.46  0.47 0.52 €31 .43 0.49 14,7

v 3% 0.69 1.8  0.90 0.81 4.28  0.86  25.8

Y 0 l.22 1.2 1.32 1,23 0.88  5.77 1.15 3.5
Sum EAL 2.85 3,53 3,20 2.58 16.57 {3.12)

Mean  0.85 G.7TL  0.8%  0.B0  0.65 (3.89) 0.78

M in Sec, 25.5 21.3 26,4, 2400 19.5 : 23 .4
Jource of Sy of Yarlanca Level- of
Varlance Sguares ar Estiimats r Sigrificance
Between triels 0,156 L 0.039 1,930 | BoB.
Betwean problems 1,202 3 0.42) 231,550 ©.o01
Realdusl 0.237 . 12 9,020

Total 1.6688 9




first trial mrfnoiwonc:5 are neidher rapid nor vithoudl frequent unneces-
sury turne, and the verigus commoti navigation pioblems are not of equal
difficulty, #ith nractice using the symbolic diapley pilots improve |
rapidly in terns o the effliclency with which they employ the equipment

an a flight instrument to execute thelr declelons as demonstrated by the %%f
significant reduction in ‘he number of unneceesary turns from first to . ﬁggg
fifth trisle on 211 problems., ({See Tadle 17). However, practice in using e
the symbolic display does not result in rapid improvement in terms of the ’ng
time required to orient from an wnlnown position and make & decision as E:

to the dlrection in which to fly in order to solve a problem, This re-
quiree a consldergble amount of practice, snd the improvement is not gen-
eral but speclific to the types of problems practiced.

Measures © end 7: Analysis of First Turns

The results for messuree & and 7, which deal with the direction of
the first turn and the iritial heading assumed, can be comblned with the
results for measure 1, as they were In the two previous experiments, so

- [P
o brdiTu
(R e S e g
Wi T ATy

as to account for the outcome of each of the 300 orlentation problem solu= x
tions flown using sach displsy. The analyses of the results for each of .
the four orientatlion problems foi each display are shown in Tables 21 ';gﬁi
through 28, The tables are zelf explanatory and will not be discussed, . o
However, the corbined results for all protlems, which are summarized in "f@%
_ Tablea 29 and 30, will be discussed briefly. Also the combined results R
for all first tuwrnz made using the symbolic d.splay are analyszed from a 7'§§%¢

-
P

slightly different point ¢f view in Table 31.

¢ ison with previcus experiments. In general the results obtained . .
for the private pllots in this experiment are directly comperable to the
resulte obtalned for the instrument pilots in the two previous experiunents.
The private pilots who used the pletorial display in this experiment solved
all of their mavigation problems correctly, just as the instrument pilots
in the previous experiment had done. They solved the probleme with a
minimum amount of "4rial) and error," as witnessed by the fact that 97% of
their first turns were in the more economical direction, 967 were to the
correct initial heading, and 94% were both in the correct direciion and to
the eorrect heading. 1Ipn the few ceses in which they turned in the less
economical direction or to an incorrect initial heading, they quickly
nade the necessary corrections to solve the problems as requlired by traf-
fie control, These resulte require no further discussion,

T
£

e
w» i

1'1"‘ Cs T

.-:p -

S EielE
“ oy

:

-
e,
PRyt

Coa e A
F -
LT L

L)

F

AR g T

‘
¥

X
1

1 ta. ot Co -
P TR P
Puie dN I VR RL IN

The results for the private pllots who used the pymbolic displey were
quite different, just an were the repudts for the instrument pilots whe
used the symboilc display in the two previous sxperiments, In those ex-
periments the instrument pilots had falled to solve 19% and 25% of their
orlentation problems, rezpectively, The private pilote in this experizent
failed to soclve 12.3% of their comparable orientation problems, The lower ~
percentage in this case was to be expected since the private pilots were ’
presented each type of rroblem five times in succession, while the instru-
ment pllots in the firet experiment solved each type of problsm only twice .
and those in the second experimeni only once.
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TABLE 21

[

CLASSIFICATION OF 75 SOLUTIONS FOR PROBLEM II FLOWN BY 15
SUBJECTS USING THE PICTORIAL VOR WAVIGATICN DISPLLY

: OUTCOME DIRECTION HEDING
i OF FIRST ASSUMED

(T
e

e S T

!
| {
| : |
| ' i 72
l correct
} 72 1
, correct
I 0
| incorrect
) 75
problems solved 2
correct ’
3
incorrect
2
75 . incorrect
Totsl problems 0
fiomn
correct )
" ooent
A S R
0 incorrect
problems not
solved ———
correct
! ¢ S .
‘ lorrect
incorrec 0
Incorrect
\
- - L r



CLASSIRIZAT

~ ""n‘\ am
L‘JU'EIIJ J!.c S‘:

75

Total problems
flown

TON QT 75 SCLULLIORS
UsING 77 SYMBOLIC

QUTCTAE

68

——————

pronlens solved

7

TIULE 2«

FOT tA070 TN LY FPLOWN BY 15
VOr NATIGATION DISPLAY

problems not

solved

DIRESTION HEADING
OF FIRSY 4SSUMED
TURN i
i
| ’ l
| S
| 55
! correct
Lbr
o) o i
COFTag 7
incorrect
1
6 gorrect
incorrect
5
incorrect
Q
correct
5
sorrect
)
incorraect
Q
corract
2
incorrect
!
incorrect




TABLE 23

CLASSIFICATION OF 75 SOLUTICNS FOR PRCBLEM III FLOWN BY 15
SURJECTS USING THE PICTORIAL VOR NAVIGATION DISPLAY

OUTCOME DIRECTION HEADING
{ OF FIRST ASSTMED
| TURN i
| | 0
. correct
. b e
l [ correct
I 2
: incorrect
75 °
. problems sclved 3
correct
- 3
incorrect
Q
Incorrect
75
Total problems
flown 0
{7 ecorrect
S A y
correcy .
b 0 —_ :
0 incorrect
problems not
‘aolveqd !
correci
| 0 L
incorrsct (
3 a
incorrect

L
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TABLE 24, ‘
CLASSIFTCATION OF 75 SOLUTIOHS FOR PROBLEM IIT FLOWN BY 15
SUBJECTS USIFG THE STMBOLIC VOR NAVIGATION DISPLAY

P

OUTCOME DIRECTION HEADING
l OF FIRST ASSUMED
TURN

l
I
!
|

66
. correct

3

incorrect

B
o
@ 1
‘ probleng solved

correct
2

‘ incorrsct

~ . 0
' : incorrect
- 7’5 v
Total problema :
flom ' . 2
3 correct

i : ' correct
i Q

incorrect
FA

problems not )
solved l_
1 correct

incorrect

e,

: ‘ , {noorrect
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CLASSIFICATION OF 75 SOLUTIO
SUBJECTS USING THE PICTOR

75

TABLE 25

OUTCOME

75

NS FOR PROBLEM IV FLOWN BY 15
TAL VOR NAVIGATION DISPLAY

problems solved

Total problemn
flewn

Q

problems not
solved

DIRECTION AEADING
QF FIRST ASSUMED
FURH
| -
73 correct
%
correc 7
incorrect
Q
correct
2
incorrect
2
incorrect
G
correct
4]
it
correct ‘1 0
incorrect
- 0
correct
) {ncorraci :
0
incorrect



TABLE &%

CLASSIFICATION GF 75 SOLULTIONS FOR RORLEY TV FLOWN BY 15
SYRJECTS USINZ TUE SYMROLIC VOR NeVIGATION DISPLAY

. SUTCORE DIRECTION HEADING
i OF FIRST A 3SUMED

l
I
|
|

47
correct

t
CO‘I'I"GC 3

ineorrect

!
l
!
!
|
|
l
|

59

T - ———

problens cclved ‘ 2

correct

i . | incorrect 3
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o
A

o

e

incorrect
75 _ .

Total problems 1
{lown ‘

corract

el o
B T
" b e ‘t“'i

10
correct

Lo 20 } ;R
problemna not ‘
aolved , — L

3 Cen
incorreot 3§§ft

incorrect S

"_H‘

L3
A

*In three of these 16‘1nuorrect golutions no turn wue made: in each
case the subject simply flew straight ahead from his ‘starting position
until he had passed out of the VOB range,.
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TABLE 27

QUTCOME

75

i?-i CLASSIFICATION OF 75 SOLUTIONS FOR PROBLEM V FLOWN BY 15
' ' SUBJECTS USING THE PICTORIAL VOR NAVIGATION DISPLAY

g 75

S Total problems
& flown

£

SERG

e

AR

-\?g‘n

R, g T e e

probleme solved

¢

probleus not
golvaed

DIRECTION HEADING :
OF rIRST ASSUMED i
TURN | :
l i
| { ‘
! |
| Té
l 7, corract
%
COrrec 0
incorrect -
[
1
correct
1 -
incorrect .
Q
incorrect R
O
; correct
Teorsect | p
|__.0 .
incorrect
1 _
r O 5t
[ correct
¥
incerrect
8]
incorrect ’




- . CLASSIFICATICN OF 75 SOLUIIONS FOR PROBLEM V FLOWN BY 15
SUBJECTS USING THE SYMBOLIC VOR NAVIGATION DISPLAY

— a—

15

TABLE 28

OUTCOME

65

AR ——

DIRECTION
OF FIRS?
TURN

59

fer

:;,:ﬂéﬁé“m;;.

‘oY g'?

=

L
[Ty
Ih

jaj

Tty
ol

HEADING ’ e
ASSUMED

l ! . [
.
I !

i
9

e

SRS

= 2
=

L 45

correct

Total brOblemg
flown

A

-

| g ot

el

A

-

-

probleme solved

10

correct

6

incorrect '

1
correct

incorrect

5
incorrect

e

3

) corract

e

F
t‘f\-"ﬁ

(aps

pI‘Oblema not
solved

correct

4

incor:set’
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TABLE 29

OUTCOME DIRECTION
OF FIRST
TURN

. 10C% | 97k

solved |oorract

|

291

CLASSIFICATION OF 300 SOLUTIONS FOR ALL ORIENTATION
PROBLEMS COMBINED FLOWN BY 15 SUBJECTS USING
THE PICTORIAL VOR NAVIGATION DISFLAY

HEADING
ASSUMED

| oes

| correct

282

corract

I
l
I
| 1
|
}
!

300
problens sulved

9

ogorrech

9

incorract

Tncorrect
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Total probleas
flowm

L ’*‘5’?:@::._;; e

G

carrect

3

incorrect

0

correct

Q
problems not
golved

Q

correct

0

incorrecl
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incorrect

correct

incorrect
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TABLE 32

CLASSIFICATION OF 300 SOLUTIONS FOR ALL ORIENTATION
PROBLEMS COMPINED FLOWN BY 15 SUBJECTS USING
THE SYMBOLIC VOR NAVIGATION DISTLAY

OUTGOME DIRECTION HEADING B
OF FIRST ASSUMED - 5.
| TURN | o
] | : R
. ged 8 |75 oy
| solved E gorrect *| correct e
. D
! | u -
correct
I | 245
¢correct
| 32
I 1ncorrect
: 263
; problems solved .
correct
_ 18
inoorrect
12
incorrett
\ 300
Totel problems ) ] 5
flown
correct
.‘ 23
; aurrect
18 1
375 incorrect
prableﬂg-not
solved 1
\ correct
11
. ~{Hcarrect
. ' 10
inecorrsct
*Tn three of these incorrect aclutions no turn wap made.
::1" r“-l. "’r", - \I-f'* -




CLASSTFICATION OF 207 FIRSY TU~RS a0 0¥ ORIEATAT [
PROBLEMS BY LA SURJECTS USTdG 1HE SiMBGLIC '
YOR FAVIGATTON DISFLAY

The tuwrns ars clazrifisd asccordlnyg ic waether or not they were in
the correct direction, whether or not they were to tho correct hesding

and whether or not they led to s correct problem msolution,

The per-

centage of correct solutions is glven for sack cutsgory, togethar with
the percentage of turns which wers in {he incorrect directlon and the

percentege whlch were tn an incorreet heading.

.

DIRECTION HEADTIG QUTCOMR PERCFENTAGE
. OF FIRST 1A SSTHED OFY PROBLEM OF COUREGT
| § TURH | ; SOLUTTON | SOLUT [CNS \
|
l i q |
I ‘ | 213 A
i ! correct t
| \ 218 )
correct :
| I 5
incorrect
! 268
I corract .
correct {
' 50
incorrect
18
incorrect
297 3.0% 2L .2%
% &
Total number incorrsct inoormec ¢ 857
of turns SoTTent ——
7
correct
incorrect
29
incorrect
\12 ;54 a 5&
aorrect
22
incorrect
10
incorrect



' the 72 turns which were to an incorrect heading led to incorrect problen

- with the corresponding values for the Instrument pilots in the previous

The private pilots wiao used the symhoilc disrlay engaged in a consid- ekﬁih

El
arable ancuni of "trial and error" turning activity as snhown In Table 31. G
Of the 297 first turns which were made on the 300 problems {on three prob- -_n;%%
lems no turn was made at all), 9.8% were In the less economical direction - \ﬁg
and 24.2% were to an incorrect heading. The 29 turns which were in the S

incorrect direction led to incprrect problem sciutions A0L of the time; C R

solutions 39% of the time. In contrast, the 268 turns which were in tks fj?f
more economical direction led to correct solutioms 91% cf the time; and gé
the 225 turns which were to the correct heading led to correct sclutlons s
97% of the time., Finally, the 22 turns which were both in the incorraci - 82
direction and to an incorrect hesding resul’ed in incorrect asolutions R
45.5% of the time; while the 218 turns which were both in the correct o
direction end to the correct heading resulted 1ln ecorrect solutions 97.7% ;;%
of the time, g

In general. Thus the resulis of thls experirzent, as of the previovus uﬂrf
experiments, empheszlze the importance of rapid end correet initlal orien- *wégﬁ
tation for ibe correct solution of local navigaticn problems using VOR iy 8

equimment. Thils is reflected by the results for measure 5, the time' from
the start of the problem to the first turn, and measures © and 7, the
direction of the first turn and the hesding sssumed as s resuit oi the
first turn. The correciness o the heading assumed 1s more important

toan whether or not the first twrn 13 rmede in the more econcaical direc-
tion. Making a quick filrst turn to the courect initial heading almost
Invariably leads to a correct protlem solution usiug eitier the plctorial .
or the aymbolic display. The big-diilerencs between the two displays
seems to be that with the pletorizl display pilots can orient from an
unknown poeition mcra rapldly and turn %o a2 correct inltial heading nore
frequently than they can using the symbolic display. The private pllots
in thils experiment turned to a correct initial hesding 967 of the time;
those who used the synbolic display dié so only 75 of the time. The
average orientation times for the pllots uzelng the two displays were aveout
ten and 24 seconds, resrvectively. Theze valied ccrrespond approximately

experiment. Furthermore, the pletorial display had the additional impore
tant, advantapge that the index of cesired performance is always directly
apparent 8o that lncorrect turns can oe imnsdlstely perceived and core-
rectzd, f#ilth the synuolle Z2isplay the result of a turn to an incorrect
hesding is not imnediately apparent.

The net result, observed in all “kree expausiments in whien the gyn-
boiic display has been psed to sclve orisntavion problems, i& that problems
are fraquently sclved incorrectly, both by privaite pilots and by experi
enced instrument pilovs. To dals, 47 of 4ie 348, or 13.5%, of sil orviewn-
taticn problems flown by both iypes of pilots have been perforaed in an
unsatislactory nannsr, A1l 31€ orlentatlion problems have been solved
coriectly usin: tha oletorisl display.
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"PART V

AN INTERFRETATION AND CRITICAL EVALUATION
7 .

uﬂ -"i:‘ i1
The over-all resulte of these experiments show the superiority of gk
the pictorial type VOR display over the symbolic type display. The L
questions now are, how much confidence can be placed in these results and . .¥
to what extent can we extrapolate from them to the actual flight sltua- il
tion with real aircraft, As the results stand pow they clearly indicate e
that a pictorial VOR display should be used in the cockpit. However, by
before accepting this conclusion the possibility that different results o
would have been obteined had the circumstances surrcunding the experi- s
ments been different should be examined. Should this bs proven to be the j$§ﬁ
case, results of the present experiments would have t.o be qualified and ‘JE‘
certain reservatlons attached to them. i
1‘%
Pactors Affecting the Resulta ‘ %;ﬁr
s
The particular results obtained in theee experimentes probably depend -ng

upon the contributicns of several factors. In the first place, had dife
ferent displays been used 1t is quite possible that different resulte

would have been obtained. In order to generalize it must be assumed that &
the particular displays used were representative of their respeciive types. i j=
It 1s wise to examine the possibility thal this is not the case and to S G
estimate the conesequences had other displays been used, A
. e
Second; the results of tnis experiment probably depend upon the pilots. /7l
who were used as subjects. Although the statistical treatment of the dats. ' o
enswers many of the problems posed by eampling, no statlstical treatment =57
can define the population from which the samples were drawn., It ls cer- jﬁ%
tain that the results achieved obtained in terms of the pilote who served 7;,%?
as subjects will hold for the populations which they represent, but ex- R AL
actly what are these populations? Pilots of all ages, for example, or of .7~
all nationalities, or of all socio-economic groups were not sampled, €

Again it 1s a question of how representative the pilot sanmples are of the .

total pilot population. It is importan®t to determine whether the sanpling ,;ééﬁx
of subjeots contributed to the results cbtalned. i

Third, had other navigation problems bwen employed the results quite :
possibly would have been differsnt. Agaln, it is a question of sampling osd
" and representativeness. Effort should Le made to discover whether the
results obtained are pertinent only to the particular navigation problems
used or whether they might be expected to occur 1 different problema wers
used, T

1)




Fourth, the facl that g1l of these resulis were obtained in a syn-
thetic flight trainer must be considersd. Had the results been obtained
during flight in real aircraft would they have been different? This last
point is probably the most important of all and warranis considerable
inspection. Each of these points wlll be considered in turn to sse
whether any importent qualificatlons must be attached to a atetement of
the experimental results, and conmsequently tu the conclusions drawn
therefrom.

1, The displays, Had cther displays been used in this experiment it
is safe to aspume that the results would have been somewhat different.
Findings to date indicate, however, the resulte would never be so differ-
ent ap to favor the symbolic type of display. In the original mockup
study there was little basis for making a cholce smong the five symboliec
displays used, There is no reason to expect that use of one of the
others in the trainer would have resulted in any improvement. On the
other hand, ia the original atudy, two of the three pictorial displsys
used were significantly inferior to the one which was eventually chosen
for use in the present experiments. Had ons of these other displays been
used In the tralner one would expect to find smailer but still =ignifi-
cunt differences in favor of pictorial displays.:

This does not rule out the posslbility that a symbelic display could -
be built which would be superior to any pictoriasl dlsplays now contenm-
‘plated, In the eame manmner il 1s possible that a so-called pictorial
display could be designed which would be inferior to any of the symboliec
displays, Indeed, suggestionr have been received concerning the design
of pictorial displays which might well fall in this category. Just be-
cause g display is plctorlal does not guarantee that 1t is easy to use.
By the same token it is not belleved that the pictorial diaplay used in
these experimente is the best posmible display of its type. The display
could undoubtedly be improved, for example, by the additionm of heading
information to the aireraft plp. Since the poesibllity of improving the
-plctorial display ie at least as great as the possibility of improving
a symbollc display we feel that their relative standlngs as shown in
this experiment would remain much the same, and that the resulte of the
experiment are valid in this reapect.

2, The pllots, Had other pillots been used in tkis experiment, would
the difference between thbe pictorial and symbolic displays have dlsappesared
or perhapa occurred with opposite sign? It is true that the pilot samples
used were not representative of the general pilot population. As indi-
cated above the samples were rather homogenecus with respect to age, edu-
cation, and socio-econanic status,

lin the original "mockup study® all pictorlial dieplays were superior,
to a statistically significant degree, to all symbolic displays. See
Killiams, A. C., and Roscoe, S. N., op, cit., Table 4, p. 6,
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With respect to training and past experience the pr:lva;tc. pilots nw
an extremely homogeneous group. The majority of them were recent gradu- i J&*
ates of the same training course. Few of them had much post graduate —u;r
experienoa as private pilote. The instrument pilots ware less hmogammﬁ?
as a group since they represented diverse backgrounds of military and f
civilian experience. Because of the homogeneous composition of the -~

.one might expsct that their absolute porformance would not te rupmuentatﬁ

of the total pilot population. Thue, had the total population of pilete - ;
been tested the mean nmumber of incorrect solutions, the mean amount of e;ﬂ‘fﬁ
cess distance flown, etc. might have been different. Nevertheless, it dc:
not appesr likely that the relative standing of the two dieplays wopld | v“’
changs a great deal., A different sample might have performed differuntlar ’ﬁ‘
with both displays but probably not on one display at the expenss of the ”-4‘

other, .

Of more serious conoern than sampling is the amount of practice t.he
subject pllots had with these diaplays. 411 of the pllots must be con- 73}
sidered neive in this respect. The results obtained therefore spplied -,

-to pilots who have had onl{ limited practice with the displays. It is if“

true that all of them received intensive instruction before starting the »4p
experiment but this does not compare with practice extending over several:;™
months or years. It would be axpected that as the amoumt of practice 1nr .
creased, the difference between the displays would tend to diminish, !
Evantually, after an unknown but fairly large amount of practics, there S,
would be little dlfference betwsen pilots' ability to fly with eithar Hf=-
display, as far as routine navigation problems sre concerned., Ons would "

expect, however, that if new problems were presented, other than thoee :;_ff"
upon which the pllots had practiced, then a diffsrence would once more | . %
occur in favor of the pictorial type display. e

’ ‘3,%
Similarly 1t 1s folt that in emergency situstions when the pilot is - ﬁ*
working under considerable pressure the plctorisl display would omce ngai.n [
prove superlior even though the problem av hand were one upon which the A
pilot had a great dsal of practice. This is of course a mattar of apecu~ ft;'g
lation., The evidence for this contention, mesger though it '1s, comes iraﬁ“
the privaete pilots' part of the present study, It will be recalled that.
five different problems were preasnted and that the pilots had the oppur-— “%
tunity to perform on each problem five times before the next one was pre~ '
sented, There was little improvement with practice in the case of either 3

'? .

display, but the introductisn of new problems did not deter the group i?p:
working with the pictorial display at all. They obtalned & high level of %
proficlency even on the first tria) with a new problem, Those working g‘:
nith the symbolic dieplay, however, responded as if they had to learm all e
over again whenever a new problem wes presented. "%

Apparently pliots using the gymbolic display did not benefit from s

their previous practice throughout the duration of the experiment, Introe.3:
duction of new problems evidently interfered with any gains that had pre=. '.@3’

viously been made. With the pletorial dispiay there was likewise no fr"f:‘ﬂ
- marked improvemsnt with practice but for quite 2 diffsrant reason., With = f
| | '-a:i‘rg

e
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gf“thia display perfc1uffrn was 2y ady st osush o onlgn Ievel thet thore was
%"*‘2» -1ittle room for laprovemoant.

Ef‘? 3
'jig-” Extrapolating Trom these reanlts one would expsct that with the
k» synbolic dimgplay a large amount of practice with say problem or group

.i-of problems would ultimately result in improvement but that the introduc-
é% tion of new problem types might concelvably set Lhe pilots back to a8 lower
:% ‘level of proficlency. The same might be said for performanee under emer-
5?&: igency conditions, Ueing the plctorial display, however, with performance
:: already at a high level without practice, ihe chancez of a set back upon

;k_ the 1ntroduction of new problemsz or emergency conditions would not be so
¥y great nor so severs.
~§;§5 3. Ths problems. The2 recsults obtained in these experimants depend

.. most certainly upon the problems used. Seven different kinds of problems
jwera ueed in all., Different results were obtained for each problem.
1Tﬁerefore it would be expected that had other problems been used still
other results would have been cbtained. Unlike the use of different
- -samples of pllo%is, the use of different nevigation problems would probably
. have a differentiel effect upon the relative standing of the displays.
i’ . For the sasy problems the displays were more »early alike than for the
%' difficult problems. Had only simple problems been used throughout, the
¥° superiority of the pletorial display would not have been so striking. In
*ﬁgf,a sense, all the problems; were more difficult than those normally en-
_Q;ulcounterod during en rout: navigstion. This 1s true becsuse ul} problems
¢ involved navigetion entirely within a radius of %en or eleven miles from
«%  the station. When this clore to the statlon, changes in agimuth position
F7 ogeur with greater speed., Precislon flying and navigation within a polar
i eoordinate system close to the.statlon 'is more difficult than it is
. farther awsy from the statlion. 'Far out from the station a pilot can fly
4" in the wrong direction for “wo minutes without causing a major change in
.. hie orlentation problem. Close to the statlion this 1as not possille,

e Nevertheless there is considerable justification for testing these
oo displays vnder difficult rather than easy conditions, It is not enough

. to kpmow that pllots can navigate adequately with a dlsplay when precision
% is not required, even thopgh precision may not be required three-quarters
-, of the.time., Close to the station precision is required for purpcses of
% - traffic control, and the penalty for lack of precision is great. Since,
-7..ap far as the pllot is concerned, precision 1s more difficult to achleve
close to the etatlon because changes happen so quickly, this seems to be
- the logical sltustion under which to test the displays.

A All thie simply means that when a pilot is 20 to 30 miles away from
+._ . the VOR station in a slow alrcraft and his only task is to fly directly
< to or away from the station, one would expect to find little difference

‘.« between hie performances using the two displays. But the fact that he is
<" 4n this position most of the time is no reason to use it for testing the
.. displays. There will be times, and not infrequently so, when he will be
?i'zdiracted to fly along designated tracke to or from the station while he 1s
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still close to the station, This is a much more difficult feat to perform
and carries with i1t a premium on accuracy. Should the pilot be unable to
use hie display at this point it makes 11ttle difference how well he can’
use it when far out frem the station with no pressure on him. For this
reason 1t i3 felt that the problems used in thie study were well chosen
and that the conclusions need not be quzlifisd because of them,

4. Tralner ve, alreraft. To what extent can the results obtained
in a synthetic flight tralner be considered vaiid for the actual flight
situation? With respect to the problems used in these investigations omne

 can expect the validity to be high. Abllity vo solve the problems used

in the present experiment, and consequently abllity to ecore well on the
measures used, does not depend upon the “Ilight” characteristics of the
trainer, The pllot's task 1s essentiully a perceptusl and intellectual

nne, that of perceiving where he is and deciding which way to fly in order

to solve the problem as presented. Thus the accuracy with which the
trainer simulates the feel of the aircraft is not involved here.

It is therefore believed that the tesic wasz mo more difficult in the
trainer than it would te in tle mircraft., If enything, the teask was
easler in the trainer than in the alrcruft, Being on the ground in the
trainer the pilot does not carry the same responsiviiity as when he is
in'the air., Presumably this may free aim to devote & larger amount of
effort to the navigation task. If the task is easier in the tralner than
in the aircraft one would then expect thai the diffurence between dis-
plays found in the traimer would te an underesiimate of the difference
foumd in the alr. It has already been shown that the difference between
displays increases as the task 1s mad¢ ueire difficult, There is no
reason to suppose that this would not be ke case when going from trainer
to aircraft, For these reasons it is felt that the results of these ex-
perimsnts provide a wvalld predlction of results to be expected in the eir.

Conclusion. It is therefore concluded that the resulis of these exe

periments indicate a merked suvperiority of piecterisl), as cpposad to syne
bolic type airborne VOR displey. 7% 1s not pozsible io predict from
these results the frequency with which errors in navigatlion will be made
using elther display irn the ajr., WNor can one predict the probable size
of the errors wlth any accuracy. Neveriheless one can predict that whet-
ever their frequency and size, there wlll le relstively fewer and smaller
arrors made 1f a2 pictorlal Jdiepley 18 used than if the symbolic display
1= used,
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APFENDIX I

A STUDY OF THE MOVING FIGURE AND ORIENTATION OF SYMBOLS
08 PICTORIAL AIRCHAFT INSTRUMENT DISPLAYS FOR NAVIGATION

The following is a review of o recent study walch was done by Thoman. .
A. Paynel at the Aviation Psychology Laboratory, University of Illinois,
undar the ausplces of Speclal Devices Center, Olflce of Naval Research
(SDC Human Fngineering project 20-L-1}.

R
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Thig study consisted of two eeparate experiments. In both experineni&
-~ private pilois drew solutions to navigation problems, using printed draw-
- ings of piectorial aireraft instrument dlsplays. The purpose of the first: -
experinent was to compare performances of the subjects in drawing the move- ¥
ment which would be made by the moving figure of the display throughout the
solution of the problem, when the moving figure represented (1) the station
and (2) the alreraft, (when the station moved, the alreraft was represen
at the cen'er of the display. tHien ths aircraft moved, the staiion was in''

a fxed poeition.]

- '
STE

oA,
Al

Results of vhe first zuperiment showed that it took aver seven times. S
&8 long to worlk the stavion movement prohlems, with only one-fifth of them -

correct, as 1t tock to work the sireraft movement problems, with four-fiftﬁq
cf them carrect. ‘
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“he puvpose nf tne sscond experiment was to compare performances of i
private pllois la drewlag the figure wovement for the solutions to naviga-‘aféi
tion probleme when the moving figure always represented the aireraft and V.-
in which there were diffarent arrangements of two variables, namely, (1)

E the'locaticn of the fixed siation, snd (2} the orientation of the compass =74~
; rose ("Horth" at the top of the djeplay o1 “North" mot at the top). R
Error scover In the eecond experiuent Indicsted that it made no =ige~ ffEﬂ
nificant differsnce whethe~ the conpass rose was orlented with "Nerth* at b
the top or rotated so that "Norta" appeare? at some other positlon, The e
time scoras, however, showed smail but consistent Jdilferences in favor of igﬁi
raving "North" at the top of the display although no individual comparisen |
proved significant beyond the 10F lavel. Ry
- Both time and error esccres indicated that it does make n difference £
wherc the station is located, the center position being esignificantly :%ﬁ
better than any teripheral location. B
R

- lPayne, Thomas A. A _siudy >4 the moving figure aad orientation of

N - symbels on pickeorias nireraft instmameal displsays for pavigation. Port
washington, N,Y.: U. &. Navy, Spocinl Devicer Center, Technleal Report
SDC 71=10~-0, July, 1950,
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In a maporandur, gatod Getober o7, i3, froy: Dirseler, Techaicsl .‘ﬁfﬁr
Develommert aund Eval w: tion (encar, CAd, entitled "Siudy Conmtr.ct for Alr- ‘;gﬁw-
borne Plctoria® [lsplay of Fositionsl Ind'smeefion Obtained from VHF Ounl- o
racge and Distancs Meeosurine Boalraent,® six questions wote raised con- éﬁip

cerning decirsile ohureeteristics for o pictorisl savigseiion dieplay.
These gqu2stlons are iistel delow fogether with the hert anucwers we can
give at this tine.

1. QUESTION: "Assusiug that the grouad rtation, from which the sircraft,

is obtaining its postiloral infermution, is locsted in the center of tie . Mif
display on a map, phould the rap be orlented with -
L
{a) north ?irecticn elways at Lhe top of the dilsplay, . IQE;
e
(b) ' the desired course o: the sireraft located directly up on the )
dlsplay, or . : jk%a
(e) the sctual heading of the alrers™ Jcca'ed directly up on ‘he e
displayi® g
1. ANSHERs The Imporianh tbing is that the compase rose bhe fized In po- . 5
sition., In no case should the conpass rore rotate automatically so that A4§§

the heeding of the alrcrafl apreers always et the top of the iisplay.

Por nost nevigatlen tasks 1% ie best to have the compasas Tose Tixed with

north at the top. Bowever, Lf it would bes possible for the entire display, 5%

including the fixed cowpess roze, uo b2 rotated menuslly by the palot 30 5?

that Lis desired course aAppears at the top, tois would have Lhe advantage Ta

that departures from the dzsired courze would be rroparly oriented as %o ﬂgﬁﬁ
4

S

T
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right and left. This Ed?dntagP night te of some importance Por accurate
{inal straight-in approacaes to & 5u£uiona

2. QUESTION: ¥shat 1s the cp dmm size of the map and display? Assuming
thet the display Ls located at the normel distaone as the present instru-
ment panel. is located from the =ilct's eyes, should the display bte

{a) ten inches in diumeter with a scale of eight miles ver inch,
(b) ten inchas in diaueler with a scele of four wniles per ineh, or
{c¢) x ipches in digm=ter with a scale of y mllee per inch?"

2, ANSWER: %e have no direct evidence concerning bthe optimur size and
distance scale of the display. Cur pletorial dlspla; used in the Link
trainer is five inches in Adlameter with B8 peule of approximately . four niles
to the inch, It is our oplaior tha* a larger display, perhaps ten inches '
in diameter, would Le botter, and that there shoulcd b2 different scales for,
crosas country navigatioa und for closseiln preocedures. - A




3. QUESTIONs “3hculd tha changing position of the airceraft on the display
e asde a vermanant trace line or just a spot noulng present pesition?®

3. ANSWER: We have no ccaparative evldsuce psrtinent to peimasnent trate
lines versas a single pl or spot deautiny prezseni position. Gur display
rresents a bright plp danciing prosent posltion wlilekh leaves a short trace
givlng a rongh Indlention ot heaninb and rate of turn. The trace appears
az g couet tall about cvie-fourth of en inch long. 7This is undoubtedly
belter Lher ao trace ut all. The gquration is closely related to the more
taoortan. question of how te present heading on the display.

Lo QUESTIONs "Should the center of the dispiay denote the aireraft's
poaition or the statlon's position?*

4. ANSWER: The center of the display shiould denote the positinn of the
Etatlon,

5. QUESTIOH: "In the cese the dlsnlsy iiated in subparagraph 1 above
ile used, should tne ailrcrafite pesition ba displayed as a apot or as an
.arros showlng tha heading of the wircraft?®

5. ANHSWER: We do not have direct comparailve evidernce pertinent Ln this
ynestion; however, il is ouar ohservation that a comet tall trace 1s better A
than & spot alcne, and 1%t is our fplnion that an srrew showing heading ;
wonuld ba even bettsr,

2. CUESTION: "To wag® #xiert ew. Lhe pletoris) display be used as a
flight inetrument? For exanple, carn the lnstrument Le used o replace
all of the fynetions provided by the present VWF and LME instrumentation?®

6. ANSWER: This gusstion Is difficult to anawer keewuse it depends upon
what in meant by the t:m ¥{lipht Inetrument." This ek can be sald,
There is ev.cenc: %o show that tie pictorlal display can be used to ie-
place with 7reet advaniage 2l of the Pmetlons vrovided by the present
VOR and LUME lnstrasentation except osne., Thnt ome estccption, for wilaeh
we o not have clear-cut evidence ouas may or the othar, is the accurscy
witk wiich the Glspley can te used fur e Tivrel straight-1n approach 1o
a statlon, When used In this way the display is belrg used almoet exclu~-
slvely as e "Illght Ilnstrument! {tr the sccurate control of heading., The i
evicence to date indicalsa that heading can be conbtrelled more accurately
using tne verticzl polrter of ths ILAS instrument. Fowever, the pilp on
our pietorigl display ras sitficlertly disturbed by tis earth's magnetic
= field, depending upon the heauing of the +rainer, o prevent us from ac-
A% curately determining how w2l) pllots can be expected to *hit the ctatlon® ,
s using the display, Wish a more dependable plp and o iarger scals Gisplay -
' it wondd be expe:iod chel performance wmoula be guitas eccurate. :
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APFERDIX 111

TECHNICAL DESGRIPTIONS OF THE PICTORIAL AND SYMBOLIC
DISFLAYS USED IN THE 1-CA-1 LINK TRAINFR

I. THE PICTORIAL DISPLAY

, : , The device used to produce the pictorial dlsplay receives a mechanicailf%ﬁ
i position signel from the trainer recording crab ase transforms this infore. Ezékﬁ
uation into voltages proportisnal to its location in a system of recuangu»UK'
lar coordinatos, Tliess voltages are simplifiec and impressed on the de- ‘_7;;;,1{;:
flectlion anodes of = cathode ray tvbe in order to deflasct Lhe electron g

proportional to that of the trainer recording crab.

The mechanical arrangement uged to transform the position of the’
ocrab into proportional voltages 13 shown in Figure 1.

As the erab moves along the map 1t cauges rod "a" to rotate abort LA
shafte "b" and "c" and to slide through bearing "d." VWhen the crab moves gﬁg

I

along an sast-west line (there is no north-south coaponent}, it causss a

k- rotation of shaeft "b," and shaft "c® remaius Fixné, Attached to shatt FW
2 “b" ere the two sliding contacts whicih run along resistore R% and Ry, I'hll‘?i"x
cauges a voltege %o be developed betwcen tusse contacts that is proporti»“r_‘
to the distance of the crab zasl or =west of the center of the mep, P
s
Coaversely, motion oy the ¢rub along £ north-scuth line causes a rota o
tion of shaft Yc," which in turn ceusss a voltage o be developed between-. %i%
: the contsects on R3 and Ry trat Is proporticnal te vhe north or south dladfﬂﬁ;
f placement of ths crab. These volteges are ldentical end descripticn of s
¥ ore will apply to the other. ‘f
3 sections, ,@g
Tha position resistors iy, Rz, Ry eni Ry are connected threugh ]owm ;i%;
nase filters (Rg, Uy) to *the grids of the Gal5 “utes, Resistors Rs cre —gﬁ%
: used to adjusi the volt.age apreurirg batween these grids when the ered i
; is located at the edge of the map, These should be adjusted so that the -}
A *pip" will appear on the ten mile clivle., The voltage impressed on the | 4
L grids is amplifisd and appears across resistors Rg., These polnte are bys.: i?
; passad by capacitors C3 to remove any altnrnhting'currenu comporants, and ‘;ﬁ%
they are connected ¢» the deflection plates of the SUP? cathode ray tube. .  "i.
,.%ﬁﬂ
Reslsters dyy are used %o balance the grid voltages sc that when the§ gﬁ-
crab is in the center of th> nep, the "pip* will be in the center of the . i3
; tube face. Hesistors Ry are used wo adjnst the screen voltage of the 1 A"
- tubas @20 that the ampilflcasion factor of the H-3 aupiifisr will be iden- :é%
tical to that of the E-W amplifier. 1)
£
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SCEEMATIC DRAWING OF THE PICTORIAL DISPLAY EQUIPKENT

FIGUERE 1.
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. The function of potentiometar Ry, is to edjust the anode Ro. 2 vol-
.tage so thet iv is eguel to the average of thz voltages on the dellection
plates, This adjustment enables the piiot io obtain sharper focus cf the
"pip¥ when he adjusts Ry, . The potentioaeter Rlﬁ is used to very the in=
itenslty of the "pip."

The powsr supplles snd fllier nstworks are corventional, and the sche-
matic diagran will provide an edequuate desvripiion of them.

The syshtem vwas “ested Jor linsarity in ithe following manneyrs

On the wmap end on the face of the dispglay tobe ars inscribed eircles
with en lnterval of uwe mitng. If Lhe crab is moved from the center of
ths mep alorg any radlel to any of these circles, the “"pip" should epjear
on the corresponding civele or the tube face and cu the corresponding
radial,

When thls test was made with tie treiner siatioaavy, the resulis were

- excellent, With the tralner In actusl use, howaver, it musi.rotats cn

its bage and thua its reliation to the eartiulc nmgnetic fleld 18 not cone
stent, Since the cathods ray tube is mounted ta the tralner, -1t 1s sube
ject to a constently changing nagnetic field. This field was found to
bepd the elactron stream and dlsplace the “pip" about a querter of en lnech
on the face of the tnbe. .

Tais effect could probwily hove been greatly reduced by enclosing the
tube ip a “Mu-Matel® ‘shield, Thls was, hoisver, doemed inadvisable because

-of the difficnlties caccuntered in obtalning a specislly made shleld. As

a substitnte, a rhield wes constructed of 20-gauge cold rolled steel gnd
cz2% iren pipe, anc the effat was redaced lo hzlf of 1bs previous valus.

- The insccuracy cuused bv the remelning maguetle digplacement was over-
comz by adjusting the euuntersing conirols with the traiper bturmed to the
Tiral heading cf «ach pronlea, '

Sonsld:ring the ezvor due ©o thz earth's magustic fleld, changing
lire voltage and tube bampevaiiiz, and the Iimit of eccuracy of resding
the positilon of the “pilp* Cuas to its dlamet.r, it ‘= esztimated that the
position of the traines ous bs datermined within a yrarter of a mile by
raading the pilcetcrial displey.

Enb

' ‘.’-!:-.t



, Part List for the Fiotorial Display Fquiprent:

£ Resiatorz:

R, Rp, Ry and f) . . . 10,000 uim 10 watt wire wound

¢ iresaigglal

Bg v v v s e e e e 2,500 om wire wourd pot
1 RE ¢ « s o v s o o v s LG K 1 watt carbon
L R7 v v o v v s e v v s 200 chm 1 watt earbon
B | BE o v v v o n o o+ 100F - 4 watt carbon

Rg v o v s v n v o s o+ 25,000 obm 5 watt wire wound

}A - Rig . - . C e e e l . 50,000 ohm wire wound pot o
% Ril o « o o o » o « » 50,00 ohm 5 watt wire wound
: Ri2 o v o s o s ¢ o a» 100 K . caiboa pot
; ' RIT v o o o o v - » s 2 (B} Lueg resistors {1-watt)

7 514 e e o w s e e e 2 wag carbon pet

H35 5 . e s n a4 u a ; 1 neg 1 watt carbon

% I P O 1 neg carbcn.pof )
v Rymy Rig » v o s o e x50 1 watt carbon
il ng C e e A e e e 200 ol rire wound pét

Capacitora:

Cpoe Cpand Gq v 0 v o & 0.} mfd - 400V. paper

soHT L

: Cfp oovm v e a e e 26 mid L0V, alectrolytic
/r’ G5 s a4 %+ « m B 4 & & ® 0-1 'Tl-f.‘d _550011. 011
£
W
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| The device ugad Yo prodie: whe suntolle dlsplay < elste o & reelist-
s  ance brldge clreult thal iz ectunterd by the wcbiaa oF Zhe traluer roscerd- .
. ing erav. {See Flgure 3.7 .,

4 Plexiglass block iz mounind on the treiier 2rnb oad is Sres to o
. rotete about 1ts vertirzl centoer lirns, "his Bleee contialiv hyo carbon ‘
&%\ brushes that combect coppsr strips "e® acunted ¢p eliler side of arm "hL."

" These siripe are conrscted %o th: kalves of the brides clirovi’ as show
iz in the cireult diagrae, Yigars 4. The deim oo wileh ibe bridge o;rmui

" is mourded is mechamicrlly 2nunected to Totate with ane Thot
.

O L voltage is fed talfhgh ihz Lrosbea end copper wirips wo the bridge
+  eircuil and copascted Lo the course 1iva devilaviar ingieator {(GIDI) and
to-the epblzuity (TO-FAM) Inicator ithrongh aus 2f.% These arus :re
rotated by The szloyw zomaivar "g® cornecled to Lie evvrss lime selsctor
selsyn trzaswliler in ‘e drainer

Yhen the palr of contact amna connectad +0 bhe Juul £ in contact

7 with the center of resistance elementsg "d,% the TLDI will be centared. !
» ~The pair of arms connecteld tc the TO-FROM indicator will. +hen supply it L
- .. with voltage of the vroper polarity to mske it rzad 70" or "rROM.® ¥

If Lhe course line s:lector is rofaded anﬁ the contuct arms moved,
the CLDI will give an off ~éurse indicavion. Yhe copper contact stripﬂ
mounted oa the eldes of arn b are conneetad sn tha', the peseage of the
treiner over the station will produce a reverszl In the polsrity of the
wvoltage fad to the bridge clrcuvit., (Se=z Filgure L.} The pussege of the
crab over the station w211 not effiel the rescimg of the CLLI if tre eval
.remalns on the proper ¢ovrse, but the reversal 1o the nelariiy of the
voltago supplied to the TO«FROH indicator will 2ause the reading Lo swing
from "TC" to "FROM® or vicec versa.

s eanis

To put thie equipment inte use the pllot may tura the couvrse line
seleetor knob, which wlll votate avms IR uiriil ha raceives a zero resd-
~ing on the GLDI At this tins the palr of amms cemmectad to hhis meter
will be in the center of the reasistan:e tridge slenent, wnd the pair of
st grms counectzd Lo the TO-7ROM iadicator will be convacting tona coppar - ‘ ~
. strip on drum "e¢* giving a resdiug of “"G¥ or “FROY.® A3 the pllot '
' follows his selocted courss “o the statlon, %ie bar "b" 7311 remain sta-
tionary, and there will be no change in the —ardinga of his instrmmants
untll hs hss cro_red the center of the station. At this time the TO-FRCM ;e
indicator will swing from "T0% to "FROM,® ,

If the pilot wishes to Tly to the atation on a, ziven course he may ' RS
turn the course lire selector to tlie proper bsaring causing arms "f" to
rotate toc the proper position. He will then fly the treiner in such a N
i .way that the crab will rotate drum "c®* until the resistance elements %4"

& 0 fall under the arms connected to the CLDI. He will) then reczive & zero
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CIRCUIT DIAGmM OF THE SYMBOLIC DISPLAY EQUIPMERT

FIGURE 4.
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readisg and cen turn the traluer to the courss he has selected to My to
the staticn, '

The seawracy of thls eguipment depends largely upon the sensitivity
of the bridg: «~ireunil and vpon the acrurzyr with wileh ams “f* follow
the course ilne selector weleyn in the tralner, it Is estinated that
the accurccy of ths equipment is withln iwo degrzes regardleses of the
distance from the trainer recording crab to the station.




,.L.E m L ™
Wa.e:_ f f. " iﬁk,n,l H e S

.?:4 e N T vv.mmw..&;
A o AT ARG

. Ve

ROCEDUF

g WY

T

B
1)
a

4

T

A
>

AT R Ae
T

¥
Ry
YR
Yo

o
A
MY

-
£

109 ¢

b )
==
-

H

a2

"

"

&L




A PPRENDIX IV

l§? A DISCUSSZI0ON OF THE &AW -RD Sdx EEaf&SS'PRUtHUUHE FQH'Vuﬁ STATIONS

& The Flgure shown lelow 1s an actual copy ol the standard Can change

5* of attitude by-pszc noocedurs for VOH stations (ec printzd on the (M-

- Experimental Onnt Charit Ly Jwe 0.5, Cossi and Geadeile furver, uader the

S' authority of the Searstavy ol (s we, woshingion, D.G., Aglst, 19487,
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. STANDARD VOR BY-PASS FUOGEDURE

,5 Ay-Pasa Proeodure for V& cladl o assuring that an eirercfi has not com~
. pleted chapge of aliitads upon reseklng vhe 15 mila point from the VUK
" station, ' ' .

] Exenple ol by-pacs procelnrs.

Ei : (Although not requirgd vy the praescurce, s nethod for checking iistance L
= fram station when fiying ryproxioalely pucallei to the en rovte vedial is ﬁ:gi;
N inclnded. } ' S
. If elrereft reecies point A" or altiiude radiel "EP and fas not conpletied

7 altitude change, the sircraft Huwrag LH¢ to the right to follow & track

: 14-B® approximately paralil:) to Lhe o, route radiul. The Jigtance st

5 which tne elreraft will pess thy etation 1s Zetarmined vo follows:

? | (a) The tine st which the aircrat™ tutnz 152 to the right fron She

i ' altitede ranial is roind to hhe nearest S~iecouc increment.

¥ (b) The mziruti selssicr 13 thea wet to ihe radial wiich is 157

1ese thon the eltiinds adiel "M%

pat-

{¢) The time et which *he zireraf% interasccts the R - 15° racdial
at *C" iy noted to the nearest 5S-second increment.,
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& track of 2709 {(a-bi, bui For =ume reaus

{d) Thae distnce flown betseen "i’ £nd Aet 3 Shen determinec by
applying the grouwmd spezd to the elapsed tine tetween A" and
HC 5 [H

fe) The fistouce flowm is divided by e {2 and the veault is the
)‘ -
distagea "C-L® al walch tke sireraft «#ill puss the station whan
abeer thereol and oa the heading bz ot *a " ;

The instrument pliotz who {Jew the by-poes probiem im the Link trainer

uping the conventlonal ryubholle VOR disdiay '.zrs lnstrocted to feilow the
gbove procedurs in orcer to detsymirs arafsves beudlng correctlons were
nazesasary in orider to by-pdass toe stetlon Ly wc.asily two miies. (In
sctual proctlee oilots ar: suppesad to trepoes the station by four miles.)

study of 1ba pro saurs dlseloses th-t 1t 18 appli-
cenle only 1 thr track (lown aftor maging “he [pltial 152 turn i3 cxectl;
peraliel to ihke desirzd wveelk, Thur, o alid =275, en Zmpvopor correction
for arif* or & fallwwz do nalatain ewmcdly o Jeelrsd heading wonld cause

)

whe correction iadlested Ly the prceedurz to bw funpproprlale.

PFowevnr, 4 favines

Juppnse, ae ln the Jilspgysn below, thabt o pilob intnngded <o make good
che setually wede goed a reck
of 2659 {s-c}. how, tie tire flown botwisi peirds %8” ard “¢” vould te
loager thah thw Sime wereally raquirad o flv ebgron fownis #a® npd 1,9
Thus, when tre wime acivalls flsown 13 cceveried 1uie dfstence and divided

oy twe, the Indlewtisn world e Ghet the pidov soudd by-jmar whoe station

ty more than iwe miizc Aetwelly, If ae nods - Pned Nis psaent treek, he
aould by-nase tihw stallorn by Loes bhan oo milss,
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If the pJTOt were 4o make the correction Lndlcatei in tha &bevnkn -
ample, he would turi: evan mors homzard *h@ station with the result that. ﬁirc
would pess even cleser Lo the Etaticn. Lt will he noted also that Lf the;
pilet hed maude good & teack of L75C fron poiut *a® rather thaa 2659, this -
too would have resulves ln an ixcarrert indiceciioa, but of the opposite
sign and not guite so serioug, dCoungiie-ing ubet a irecking error of as
little as five degr:es will resuit in a gsrione misgindication, we con-
clude that thz proceodure 13 of 1itile proctical value for ectual use and
may even be en atditional source of ccn'wnion Tor ths pllot, :

ITn the present experimeat, dus bto iiw i1zztricted area of a ten mile
radius ebout the stetion walell covld be ased ﬁi*h ths Link trainer, the i
time to start the first tvrn was strictly e function of time flown from *
s knowm gtartivg po.nt on the itound 150 altitude radiel. A8 a resuly i
some of the p!Zots didan't bother to uze Lhe recoumended procedure av all,
ané few madﬂ any precirz corrmetlione from its use,

On the Baale ol Lbezn Facts ve coneluda That the aianderd by-pass ';’
pathern cermos be fiowe accurately vslngy only The iunformatlion provided -
by %he comventi.:rel upmtolie VOR diepluy. Twe additional pieces of ine
feimaticn ere ~eceusavy: (1 e cortect 'mowlegre ~f the wind, from Which 7
ground speed ond orifi can be compnted, wcud (P} the ewsct pocitinn zloBg Hdim
the inbound 159 altitude radiel av whizt the dnitial 15° turn is to be iﬁgﬁ?
made, Tuls inlormation ia provlded by ofl-cowrse conpubing equipmant anﬁaé
wag presenxC Ty the pictorlal Jdisnlsy used in thess experinents,




