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LETTER OF TRANSMITTAL

RATIONAL RESEARCH COUKC IL

2101 Constitution Avenue, Washington, D. C.
Divisicn of Anthropology and Peychology

Committes on Aviation Pasyohology

March 2, 1949

Dr. Dean B, Brimhall
Civil Aerdnautics Adainiatration
Room 5217, Commerce Building

Washington 25, D. C.
Dear Dr, Brimhall:

The attached report, entitled mmmmm
- or Uge ith the Oxnple-Dire 2949 HAn ,by‘-o .
Iillhms, Jr., and S, N, Roscos, is sublittcd by thn Gouittn on
Aviation Psychology with the recommendation that it be included in
the serles of Technical Reports of the Division of Research, Civil

deronautics Adminlstration,

This research represents the first of a series of investigatilons
initiated followlng a gensral survey of psychological problems in
cookpit 1n-t.ruuantation for the use of omni-directional range (ODR)
equipment in navigation, conduoted for the GCommittee on Aviatlon
Psychology by Dr. A. W, Meltor. The present study 1s limited in
scope, dealing only with the first of the two aspects of the pllot's
performance in using ODR instrumente; viz., that of deoiding In whioh
direction he must £ly iu order to solve the navigation problem at
hand, Additional research, utilizing & specially constructed Link
Traiver and operating displays, has been lnitiated in whioh selected
displays will be evaluated under conditiona more nearly spproximating
the flight situatlon, in order that the effeotiveness of the Alaplays
as flight inptruments can be determinmed. In additlon, consideration
is being given to the similar evaluation of Teleran equipment.

Cordially yours,

T At —

Morris S, Viteles, Chairmen
Committee on Aviatlion Psychology
MSVamaf Rational Research Council
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EDITCRIAL FOREWORD

Maximum advantage can be teken of advances in air navigation equip-
ment only when infurmation made available through suol equipment is pre-
sented to the pilot ln a form which ensures rapld and accurate cbservation
and interpretation. Research on the omnl-direotional range instrument
undertaken by the Committee on Avlation Psychology at the requeat of the
Civil Aeronautics Administration represents an effort to determine through
ocontrolled experimentation the types of preasentation which will yield
optimal results in the way of pilot performance.

As a prelimipary to such research, a survey wes made of payaliological
problems in oockpit instrumentation arising from the introduction of omni~-
directional range (CDR) and distance suring equipment (DME), Following
this survey, conducted by A. W. Melton,” of The Ohio State University, a
series of studles involving the evaluatlon of speociflc ODR displays was
undertaken,

The first of these studies, carried out at the University of Illinolas
under the direction of Dr. A. €, Williams, Jr,, 1s described 1n thia report.
This study is limited in scope, in that it pertains to only the first of
two aspects of the pllotits performsnce in uaing ODR instruments; viz,, that
of deciding in which direction he must fly in order to solve the navigation
problem at hand, In terme of this aspect cf the situation certain "pic~
torial displays," which present information by graphic representation of
the actual spatial relations Involved, were found to be significantly
auperior to certaln "eymbolic displays," which present inforeatlon in
terns of dial readings, needle deflections, and numbers,

It is of interest to note that although the "pictorial®™ dlsplays proved
to be superior, a relatively large number of errors was made in the use of
both types of displays by experienced pilots., This indicates the need for
Purther research on the OIR instrumentation problem, With respect to both
types of displays, further analyass of types of errors might yleld valuable
information, It is possible, for example, that certain types of errors
mey be considered as less critical than other types, in that they represent
alternative although less desirable solutions to navigational problems rather
than completely "wrong answers.,” Such analyses, which are under consideratiom,
would be of particular significance in the case of "symbolio" indicators, in
view of the wide use made of such indlcators in the instrumentation of air-

planes.

Additional research is necessary in order to evaluate the effective-
ness of the inmtruments with respect to other aspocts of the pilot's per«

lyelton, 4. W.

B

Washington, D. C

47 ety SLapce DA DE_egulp 2
.3 CAA Division of Research, Report No. 76, Febaruary 1948.
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SUMARY

The spsed and acouracy with which 48 pilots could use mockhups of
sight different VOR airoraft instrument displays to solve typlcal
navigation problems were measured., The pilot group was composed of
16 non-instrument pilote, 16 commercisl pllots with instrument rating,
and 16 soheduled airline pilots., The instrument and airline pllots made
fewer errors than the non-instrmment pilote but there was no significant
" difference in time scores. The rank order of dlsplays based on error
scores was highly correlated with their rank order based on time scores
both within each pilot group and between groups.,

With respect to both time and error scores there were significant
differences between displays, similar differences being found for all
groups, So=called pictorisl displays which mresented information in
terms of a graphic representation of the actual spatiel relaticns involved
were significantly superior to the so-called symbolic displays whioh pre=~
sented information in terms of dial readings, needle deflections and num-
bers. Ome plotorlal display vas superior to all other displays.

The reliability of the techniques used was inferred to be adequate
from measures of internal consistenoy sand from the simllarity of results
' obtained from independent groups. Imspectlon of the data suggested that
no marked trends indicating dependence between problems and dieplays were
evident. Ko effects of practice or fatigue weres found for error scores
although time acores tended to inprove during the early part of testing
cessionms. This tendency did not influence the comperison of diasplays
becauss the effects of practice and fatigue were balancsd in the maln
experimental deaign.
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EVALUATION OF AIRCRAFT INSTRUMENT DISPIAYS FOR
WITH THE OMNI-~DIRECTIORAL RADIO RANGE

IRTRODUCTION

The omni-directional redio range (VOR) provides the pilot with contin-
uous viewal information concerning his bearing to or from an ocmml-range
statlon. This makes 1t possible to fly to a station along any desired
track or from a station in any desired directicn, representing a considerable
advantage over the conventional 4=leg auditory redio range. In addition, VOR

employs a very high frequenoy signal which provides statio-free reception,
It is, however, limited to line of sight distance,

The purpose of thils study has been to evaluate selected aireraft in-
strunent displays which could be used with YOR. The basls for ‘eveluation
‘has not been concerned with engineering oriteria, Instead, ewaluation has
been based on the speed and acouracy with which representative pilots could
use the displays involved., An inspection of various existing VOR instrument
displays was sufficient to suggest that pilots would not be able to use these
instruments either quickly or without frequent errors because of the inherent
ambiguity in the immediate information presented.l

The problem eeemed essentially to be one of mode of display. The in--
formatlon presented by all dilsplays was both correot and adequate, but it
was often difficult to interpret, For this study, three new displays were
devised which it was belleved might represent an inmprovement in ease of
interpretation compared with conventicnal diaplays. For comparison thon
three wore evaluated in conjunction with five conventional
varylng design. In all, eight displays were evaluated, Thepe were: (1)
CAA Indicator, (2) Air Iine Ipdicator, (3) Air Force Indicator, (4) Ex-

rimental Symbolic Indicator , (5) Redio Magnetic Indicator (6),
f.) (8) special displays desiymed for this study., FEach of &hﬂ. d:l.lplayu
le shown in Appendix 1,

Designs (1) ~ (5) represent primarily symbolic modes of dieplay because
they present information by neans cof numerical pointer readings, needle
deflections, or numbers appearing in windows, Duigna (6), (7) and (8)
were intended to be graphio or plctorial displays because the actual
horizontal spatial relations botween airoraft, station and heading are
shown in ministure on the face oftheinatrmant In general, sysbolic
dieplays provide pleces of Information appropriate for a oog:ﬂ.‘t-ivo aclution
to a navigation problem, while pictorial displays provide ocues appropriate
for a perceptunl solution to & problem, In this case the dichotomy was not
absolute because some of the symbolio displays also provided cues which could
be interpreted perceptually, whils the pictorial dieplays provided some
symbolic quantitative informetion.

"Editor's pote. Hereafter dﬁsimf-od "Grether!s Indicator.®
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Ing the problems as they went from
» The order of prohlems within each set of ten was different for
each display so ap to further discoursge lsarning the problems,

The problem sets were givem to forty-eight pilots divided into three
as follows: Group 1l == pixtesn nom-instrument pllots with epproxls
mately 100 hours flight experiancej Group IT -- asixteen commercial pllote
with GAA instruoent ratings, most of whom wers also flight lnstructors;
Group IlI -- gixteen scheduled airline pilots.

In order to introduce the pllot-pubjects to thelr task it was found neces-
sary to prepare elaborate written instructions supplemented by verbal briefing
conoerning the displays and the types of problems to be solved, A set of |
general instructions covering all displays and problem types wes lesued.
followed by a specifio set of lnotructions for each display. These in-
struotions can be found in Appendix 1, , ,

8ince all dlisplays could not be used simulteneously by all pllots 1t was
necessary to arrange the gequence in which they were used so ap to balance the
effects of prectice and fatigue. The order in which the displays were rressnted
is shomm in Table 1, By virtue of this arrangement esch display was presented
once and only once in each eerlal position and also each display ococurred omly
once in each sequence. Two subjects from each group, or elx subjecte in all,
were aosigned to use the dlsplays in an order according to cach ssquence,

BEoy well displays could be used by the pilot-subjects was measured by
the time required for them to complete each set of ten problems and also by
the mmber of incorrect answers in cach set., A problem was considered in-
correctly solved if either part of the double answer wae wrong.

1
;
5
8
g
;
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The problems and procedurs were pretested using a separate group of eight
subjects. As a result of the pretest it mas found necessary to change some of
the mockups bacause of previously undstccted errors in their readings. Like-
wise it was found necessary to rewrite many parts of the instructions becauss
they were not understood by the pre-test subjeets. In general the instructions
had to be amplified,

TABLE 1
ORDER OF PIESEVTING DISPFLAYS 50 AS TO BALANCE EFFECT3S OF PRACTICE
AND FATIGUE
Sequence Order of Presentation

First Second Third Fourth Fifth Sixth Seventh Eighth

1 #3 #h #1 #e #8 #1 #5 #6
2 #1 #8 #1 #6 #5 #u #2 #3
3 #2 #6 #5 #8 #1 #3 #7 #4
L #6 #3 #B #5 #2 #1 # #1
5 #1 #5 #3 #l #6 #2 #8 #1
6 #5 #1 #6 #1 #l #8 #3 #2
g #8 #2 #h4 #3 #7 #6 #1 #5

#l #1 #2 #l #3 #5 #6 #8
| Numbers in Boxes Indicate Displays

RESULTS

1, Comparison of the Groups., DBefore any data pertalning to differences
among displays were analyzed, both the time scores and the error scores for the

three groups were tested for homogensity by use of the t-test. The three groups

did not differ significantly in their time scores. With respect to error
scores the groups were different, both of the more experlenced groups making
significantly fewer errors than the non-instrument group. Because of this
difference the three groups will be treated separately in the evaluation of the
displays.

The apeed and accuracy with which the various pilot zroups used each dis-
play are shown in Table 2, The time scores represent the average time required
to complete each set of ten problsms. The error scores represent the average
number of problems incorrectly solved per set of ten.

There was & strong relationship between the speed and aocuracy with which
the thrae groups used the various displays. This is shown by the rank order
correlation coefficients listed in matrix for in Table 3.
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i TABLE 2

= AVERAGE TIME AND ERROR SCORES PER SET OF TEN

’f:_' PROBLE'S FOR EACH OF TRE EIGHT DISPIAYS TESTED.

7 Display- Fou-Instrument Pilots Instrument Pilots Airline Pilots
L Time : Errorg Tims Brrors Time Errors
— (minutes) (minutes) (minutes) -
Pistorial "A® 7.9 2.8 5 6 0.9 6.0 1.5
© Pictorial "B" 9.5 TN 6.1y 2.8 9.9 2.1
>‘ Ploctorial wG® 10.0 h-a 8 S 208 10.1'. 2.5
. Radio Magnatic Indioator 1.2 5.8 15.L L 1.9 5.1
‘ Air line Indicator 17.2 6.3 15.4 L.l  15.9 1
% Adr Forcs Indicator 20.3 6.6 19.9 3.8 2aa 4.8
4 . Grether's Indicator 1,2 6.0 13.4 k.3 13.3 5.0
3} CAA Indicator ]-Bth 6.9 19.’4 h03 18.8 ‘ h.6
TABLE 3

L MATRIX OF RANK ORDER COEFFICIENTS BETWEEN TINE

b AND ERROR SCORES FOR DIFFFRERT DISFLAYS BY THE

A THREE SUBJECT GROUPS. '

% Variables: Ty ) . time scores for Oroup I, Ey = error scores
’ _ for Group I, Tyy = tima scores for Group iI, ete.

T E T E

3 1 B ™ I 11T 111

S

Tmoo.8 .ob

Ex g2 .83 .68

. Tt 99 5 9 6

; EIII -82 083 076 080 #76

| These correlations indicate that displays which were used more rapidly also
v tanded to be used more accurately. This relationship obtained for all groups of

**' subjects and even when ths tims scores for one group were correlated against the

o error scores of a different group.

¢ son of the Di . Table 2 shows eonsiderable variability smong
£ error scores Lor the different displays. For example, the alr line

i pﬂot-mquiredonthammnémtaatoaolntnpmhlm, of which anly 1.5
% ) .

L
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were wrong, using Filoioriae &2 whe:r ~g thsy regaired 21.. minuies and made 4.8
errors per len problenms, using the Alr Forcs indzZopter. Similar ranges wers
found for sll three groups-

As a preliminary tes> to determine whether differentws hetwssn displays ware
signiflicant enocugh to warrant more detalled treatment, analysea of variance Wwore
meds for the raw speed and sccurady scorws of the 15 gubjedis in sash of the thrse
groups. These six analyses showed the results tc be -onsiastent for all “hrse
groups. There were in all <sses significant amcunis of variance lat the 1% iavel)
atiributable to differences among the displays. All of tne varlan:ie could bs
accounted for in terms of two_sourcea: {I} differences balween dlsplays ard 2)
differences between subjectaﬂ2 in the case of the time scores of Greoup IT «lin-
strument pilcis) all varlance wams mcccunted f2:- by the differencey batween the
displays. In other cases, both the displays and the subjecis cont-ibuled sig-
nificantly te the total variance., In n: case was the residual varlan:» signi-

ican%, &ll variance being a:counted fecr by the iwo aubove sources,

Cn the basis of the Indicaved diffwrences among the displaya,. individual
vorpariacns were made hy the methcd of chl-square., The errar scores for esech
group on each display were pitted against the correspcnding sccres for each of
the other displays. Because of the strong relatlionship between time and error
scores (shown in Tabie 3) and slnce accuracy seems to be a more oritlzal criterisn
than spead, conly the srror scores were irested in this manner. The results of
these vomparisons are shown in malrix form 1in Table 4.

in Teble 4 the displays are llsisd mt the left srcording to their rank wrder
based on errcr scores. Aeross the .op they are listed In the reverss arder. auy
given percentage appearing in itnes matrix rofers to the lavel of significanve .f
the superiority of the dlsplay !ndicated to the left over the dlaplay indivated
above .

The matrix conld be construtted in this way becsuse there were ns revursals
ir the hierarchy of differences. Althocugh & higher ranking display was not alwaya
significantly better than all lower ranking dispiays ! see 1.wor part of metlrix' a
lower ranking display was never superior, for any group of subjects, to one rank~
ing above 1,

There were virtually no significent differencaes emong the flve displays
deglignated as symbolic. In four s.attered cmees the hadio Magnet!v Indicatcr
ras used more accurately than the thres l.owust ranking dieplays. in three of
thease four cases thia sdventage obialned .nly for *he airline pilots who may navs
ned some additional experience with some almilar typs of display.

in gensral, this matrix omphesizes the dichotomy, discassed sarliar, bt weer
pietorlal and symbolie type dieplays. #lso It indicales the advantage of taving
piatorial displays orlented abocut the omnirange atatiicn rather than abou” 1he a'r
craft, a3 demonstrated by the superiorliy of Floworisl e ovar efther Plutoriaj !
or !
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wetrix of significant differences in arror uncores for Groups I, 11, and 111 on
the different display8e parcentages in boxes indicate the jevel of significance
of the superiority of the display indicated at the 1eft over the display in-
dicated at the top. Ihe gingle division line emphaslaes the dichotomy between
the "pict.orial“ and” the"symbolic" displays: Tae double diviaion line emphasizes
the superiority. of the station srionted pierorial display cver all others,
including the airplane oriented picborials.

Composite
Error .
Rank [isplay Gro C.AAs 3.5.1, F.I, A-L:1s R.M.I, PicGPicBPicA
1) % 1% 1% 3 SN v
1 w5 15 15 A 14
15

2

3

4

5
I -~ ———

(’) ﬁ\-FuIa II —— L
It -
1 -

? G)Squ 11 ——
111 ——

B CnAeAu

3, Reliabillty and Internal consisteney OF Tegt, Inasmuch 88 the experimental
technique cupLOre —oneiated of a paper -3 pencil tesl, guch a test should meet
cortain standards of relisbility, internsal consistency, ranse of difficully, etc.

No diract reliability data were available since 8 aingle- form of the test
was glven only once to any one gubject, and aince tha 1pdividual problem sals

RS iy
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were hardly long enough %o employ the split half method. However, a measure
of the reliability of the test may be inferred from the consistency of the
results for the three independenht groups of subjects. [urthermore, an item
analysis showed each of the ten test items or problems to correlate accept-
ably with the total test error ‘scores for each of the three groups, as listed
in Table 5, below, ~ ' ' ' . ' © '

As for the rangs of difficulty of the ten problems, Table 6, below, shows
that the 16 non-instrument pilots of Group I made totals of from 52 errors
on problem "8" to 101 errors on problem "6" out of a possible 128 (16 x 8)
errors on each of the problems, The 16 instrument pllots of Group II made
totals of from 20 errors.on problem "1" to 87 errors on problam "6" out of an
equal number of possible errora. The 16 airlines pilots of Group III made
totals of from 22 errors om problem "1" to 70 errora on problem "5", The
differences in the difficulty of the 10 problems, as indicated by the
frequencies shown in Table 6, were found to be significsat at the 1% lovel
by the method of chi-square. The rank difference coefficients for the
relative dilfficulty of the ton problems for the three groups are as follows:

rh°12 = 073’ " rho 13 | .62, , rh023 L usal

TABLE 5

RANK ORD:zR CORRELATION COEFFICIENTS BETWEEM THE SRROR SCORES OF THE
16 SUBJECTS IN BACH GROUP ON EACH OF THZ TEN TEST PROBLEIMS AND THEIR
TQTAL ERROR SCORES ON THE ENTIRE TZST. .

Test item . "~ Group I ~ Orowp IT : Group IXX
1 .TL 66 .62
2 c?h -65 050
3 o 79 .75 .55
h u?h 0&‘ ‘57
5 41 +70 .65
6 -h? '59 t59
7 59 o2l 12
8 .69 - 76 »35
2 6l 69 67

10

.83 47 272
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OF THE EIGHET DIFFERENT DISPLAYB, THE POSSIBLE NUMRER OF ERRORS OB AWY

ONE PRCBLEM WAS 128,

b
S VY- B S fg: 7.8 .2 29  Istal

Group I 5, 72 68 67 76101 63 52 73 T &97
Group II 20 30 35 3% 65 87 32 33 5% 35 429
Group III 22 50 34 50 70 62 46 L0 44 26 Add,
e wnos between Problenss gnd Displayp. 1t would be of interest
1o determine whether some instruments are ralatively more effactive than

others in working certain types of problems; i.e., whether thare is any
sinteraction” betwesn instruments and problems, Unfortunately, howsver,
the dats are not such as to'yield m Teady answer to this question, The
intersction could not readily be evaluated by analysis of varlance prooe-
dures? and the assumptions underlying use of certain other statistics,
such as chi-squared were not completely justified, Inspection of the data -
sted, bowever, ibat no marked trends indicating dependence between
problems and displays ware evident, It 1s to evaluate intersction
betwesn probleas and dieplays more defipitively in further research on the

problea now in progross.

5 otice ) 4 . The experimsntal design was pur-
posely constructed so aa to balance any effects of practice and fatigue.
However, by reshuffling the date, 1t is possible to deternine whether there
was any improvemsnt or deterioration in performsnce aa the testing sessions
progressed. This was dane by rearranging the data for essch subject in terms
of the sequence in which he worked the eight different problen seta. Table
7 ahows the total frequencies of errors made by each group of 16 sublects
in the eight serial positions, Table 8 shows the total time in mimutes ro-
quired by each group in séch of the eight serial positions. Eech value in
these two tables representa the composlte score for 16 subjects,

Inapection of thess tables indicates no trend suggesting a marked rela-
tiopahip between number of errors sade by subjects in the roapective groups

JAnalysis of Yariance, categorical in terms of Displays, Problems, and

fpdividuals was not made since (a) srror scores were dichotomous, 1,e., the °

solution of individual problems was either correct or incorreat, and (b)
tipe scores for individual problems wers not obtained, 1.e., only the time
necesssry to tomplete the entire parisa of problems was recorded.

-
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and the serial order in which problems were presented, Howsver, in terms
of time scores the effect of practice is readlly apparent, marked decrease
in time scores baing evideni particularly during the first four or five
presentationsa,

DISCUSSION OF RESULTS

Within the acope of this experiment the results have shown that plo-
torial type VOR displays can be used to scolve navigation problems with
greater speed and accuracy than can symbolic type VOR displaya, Whether
those results are applicable to flight depends upon the significance of
the discrepancies between the experimentsl task and the flight task. In
the use of any such Instrument display, the pilot's task involvens two .
aspevis of performance, one of discrimination in which the pilot zust de-

cide-what to do, and ome of manipulation in which he must execute hia de-
cision,

In this experiment, it was posaible to geil at only the first aapect
of the pllot's task, namsly: his declialon concerning which way to fly in
order to solve the navigntion problem at hand. For this task it 1s felt
that the results are pertinent to the flight situation, . On the other hand,
by using mockups some informatlon was lost which could have been obtained
in flight by watching ths trend of the instrument readings. But this
bandicap would apply squally to all dlaplays and would probably not affect
their relative standing,

A pecond disadvantage to mockups is that the subjects could not manip-
ulate the instrument so as, for example, to change a "to" course to a "from"
course or vice versa, as could be done with some of the actual inatruments.
At the same time the opportunity to manipulate an instrument is alsc an op-
portunity to make an error in manipulation as has been found to be the case
in a Link trainer equipped with VOR, Even though the inabllity to manipulate
the mookup might handicap some of the symbolic displays, the same handicaps
existed for the plctorial displays in the case of their track selector which
tould not be manipulated on the mockup but could on the real inatrument,

For this reason it i1p doubtful that lack of manipulation diascriminated un-
fairly between the various types of displays, On the whole it 1a the opinion
of the investigator that so far as the pilot’s initial task of orientation
and discrimination is concerned the results of this experiment would recur

in the actual flight situation,

After deciding what to do as a result of reading end lnterpreting a
display, the pllot must then make goocd hie declsion by flying the airplane
accordingly. To do this the pilot uses sdditional instruments suoh as the
artificial horizon, altimeter, etc, But he alsoc uses the VOR display aa
a asourge of directlion information along with the compass and directional
gyro. When used in this way the display can be considered to be a flight
instrument apd, as is true in the cape of other flight instruments, the
pilot's task im-chiefly one of alignment. Using the aircraft controls the
pilot must align a moving indicator of some sort with a previously determined
fixed reference on the display.
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TABLE 7

TOTAL FREQUENCIZS OF FRRORS MADE TW BACH OF THE EIGHT SERIAL POSITIONS

Group I
Group IX
Group III

Qrdar of Pirusantation

93 98 80 103
6 50 60 L1 5k k9 57
58 66 56 &8

8L 76

87

8

i

79
52

5 S0 49 L2

Total

697

k29

Group I
Group II
Group 111
Totals

TABLE 8

TOTAL TIME IN MINUTES REQUIRED BY SIXTEEN SUBJECT3 10
SOLVE SIXTEEN SETS OF TEN PROBLEMS, TWO SETS ON RACH OF
EIOHT DIFFERENT DISPLAYS, IN EACH OF THE EIGHT SERIAL
POSITIONS.,

363
302
299
965

286
253
265
810

{rder of Presantation

-

ezl
224
228

673

4

)3

6

8

Total

231
m
237
629

153
177
170
500

187

162

203
552

18
183
162
526

1786

1765
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This sort of performsnce cannot be evelusted by use of static motkups
beocause there are no controls and no moving parts involved in the mookup.
It wonld be unfair and unwise to suppose that the resulta of this experi-
ment could be used to infer the adequacy of these displays in their capac-
ity es flight instruments. To the contrary there is reason to believe on
theoretical grounds that a more accurate flight path can be achieved using
sone of the symbolic displays than by using the pletorlals, Symbolic dils~
plays using the cousse line deviation indicator are more pensitive to dim-
. placement from the selected track than are the pletorial dieplays, Both
the Alr Poroe Indieator and Grether's Indicator were designed so that an
asyaptotic approach to a seleoted track could be achieved by maintaining
a simple alignment on the face of the display. Presumably the ease of ac-
ocomplishing this performance using these dlaplays would not be surpassed
using piotorial dlsplays. Certainly an evaluation basad on mookups ia not
relevant in this respect, . )

On the whole it is accurats to say that this sxperiment has thrown no
light on thes adequacy of the displays when they are used as flight instru-
ments, There is reason to auspect that those displeys which were found in
the experiment to be superlor would not necessarily be superlior when ussd
in this nenner.

It must be remembered, however, that VUR 1s primarily a navigation
device, Its chief purpose is to supply the pilot with information from.
which bhe can orientate himpelf and from whioh hs can decide on a proper
direction in which to fly, If the VOR display frlls in this reaspest so
that the pilot makes wrong decisions, then whatever excellence it might
have as a flight instrument is wasted. If it were a case of the pilot
doing the wrong thing very well as opposed to, parhaps, doing the right
thing passably well, the latter alternative is to be preferred., This ex-
periment haa contributed evidence bearlng ok the inelination of pilets to
make correct or incorrect decisions as a result of using different kinds
of VOR displays. For this reascn it is felt that the oxperiment is per-
tinent to the problem as 1t exists In £flight and that the experimental re-
sults should be considered when making a cholee of dlsplays for actual use,

PLANS FOR FUTURE RESEARCH

'Because this study was limited in scope as described above, additional
work is necessary in order to evaluate. VOR dlsplays in their capacity as
flight instruments., Some of this work 1s now being done, with more planned
for the future. At the present a display similar to the CAA Indicator has
been built for use in & l«CA.]l Link itrainer, Equipment neceagary to simlate
VOR automatically has been construoted in conjunction with the display and a
sample of pilot=subjects has been tested flying problems simllar to those
used in the mockup study. Their performance using this display will be com-
pared with their performance using a display similar to Piotorial A which is
now under construoction, Preliminary results with the CAA indicator in the
Link show that subjects tend 1o make the same kinds of errors as were made .
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when the display was used in mockup in additlon to new errors which are
solely manipulatory in character, By themselves these results are of

no great importance even though they tend to wvalidate the mockup techmique
in the case of the CAA indicator, Only when comparabls data have been obe
tained for Pictorial A can a useful comparison be made,

For the future it has been dedided to study displays used for making
instrument approaches and landings. R,T.C.A. has recommendsd that the
same displey should be ueed both for instrument landing and for point to
point navigation., From the pilot viewpoint the former requires zore pre-
oision than the latter and is more difficult to perform. It is likely
therefore that a display suitable for instrument landing would also be
sultable for VOR but that displays suitable for VOR might not always be
suitable for instrusent landing,

A program of research has been approved 1ln which various inatrument
landing displays will be evaluated and studied in an 8NJ Link trainer,
The displays were selected sc as tc sample various kinds and cosbinations
of informetion pertinent to instrument landing, Both aymbolic and pictorial
type displays are included and in some cases piotorial and symbolic elements
are combined in a single dimplay, It is hoped that the results will allow
conclusions to be drawn concerning general principles of display in sddition
to the relative effectiveness of specific displays.



Instruotions for using VOR displays in this experiment

AFPFENDIX 1

including general instructions for solving the navigaticn
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INSTRUIT.INTS TG BE USED IN VaRIOUS ODR INSTRUMENT DISPLAYS

Course Line Selectora:

=7
(Both read 45 degrees)| | |O] [4] [£7 ] 8
Counter Type
i
Compass toae Type -

TO « FROM Ambigulty Irdlcators: '
(A1l read: "Indicated Course
is TO the etation.")

Tr2OM
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T | 8
- | a N——7
Directional Gyros and,/or Gyre {tabilized Corjecsess )
_!l'._ (511 rend ot Degrees)
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APFENDIX 1

THE EVALUATION OF VARIOUS OMNI-DIRECTIONAI RANGE
COCKPIT INSTRIBENT DISPLAYS

General jnctructdong

A new kind of ravigation device 1s being developed for use by pllots.
It is called theomn2-diractional range (VOR) end will soon replace all of
the conventional foureleg .radlo ranges. It differs from the old type radio
range in that it enables & pilot to approach a radle station from any de-
aired direction or to fly away from a etation in any desired directicn,
This 1s made possible by the fact that the ODR gives the pilot continuous
information es to eitber.the direction from hie plane T0 the radio station
or the direction FROM the station to his plane., Like the comventional four-
leg renge, however, 1t gives no information as to the present heading of his

+ Since the plane's heading is independent of its position, and

since both heading and position mwst be known in order to know which way and
‘how muah to twrn in order .to fly to or away from a given ODR station, head-
ing information must be obtained by the use of some direction ilnstrument
such as a gyro stabllized compass or a Directional Gyro (DG).

Just how this position end direction information obtained from differ-
ent sources 1g to be integrated and presented to the pilot 1n the cockpit
hae not beon decided., In this test which you are about to tuke you will do
gsome problems using elght differont possible instrument dlsplays, each of
which gives you the necepsary information to solve the problems. The test
1s so designed as to determine which of the eight proposed displays you are
able to use most effectively in aolving certein navigation problems.,

The displays are essentially different in the following ways. Some
are dlal type instruments in which a pointer lines up wlth a lubber line or
reference mark to glve you your position and/or heading. Some are counter
type lnstruments in which a mumber appears in & window to give you this in-
formation., And some are pictoriul displays in which your slrplane is repe
resented by a silhouette, en outline, or an arrow, and the ODR station by
& pip (-4-) on a radar-type screen.

There are certain gadgets chomm on the cover vhich are common to sev=-
-eral of the displays, First is the Course Line Selector, It is used in -
this way. £48 soon es the pllot has tuned in the perticular ODR station he
wishes to fly, he must find out where he is with reaspect to the statiom.
To do this he rotates a kmob on the lower right corner of the instrument
(not shown in the problems). This knob can be rotated in either direction,
It 1s mechanically linked to the Course Line Selector which is either a
compass rose or a directlon counter, as the case may be for the pertioular
Instrument .being used., To determine the plane's position with respect to
the station with this Instrument i1t 1s necessary to refer to a second in-
gtrument, the Course Line Deviation Indicator (CLDI), The CLDI is a pointer
(similar to a runway localizer needle) which is free %o move through an arc
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to the right or left of & lubber 1ine. The position of thim poiuter is

-affected by the reading on the Course Line Selector and by the position of

the plane with respeot to the station. In actmal practice the pilot rotates
the Course Line Selector knob until the Courme Line Deviztion Indicator
(CILDI) is centered on the lubber line, When the CLDI is centared then the
course shown on the oompaes rose, or on

correct direotion of the plane to or from the station. In
whether this reading gives the dfrection TO or FROM the etation, an Ambi=
gulty Indlcator is provided which gives this information. On scms instrue
mente there is a needls which is free to point either to ths *TO" or to the
"FROM" which are painted on the face of the ingtmment. On other instru-
mente either "IO" or ®FROIM

this means that the reading on the compass rose, or the direction counter,
of the Course Line Selector 1s the direction fron vhers you
are, If "FROU™ is indicated .

gtation to your poeition.,

Since the problems vhich you will solve are
it will not be neceseary or possible for you to :
Seleator knob, Also on some of the instrument displays, such as the plo-

tha

!
%
E

torial type, this manipulation is all dcne automatically for the pllot.

In some of the problems to be solved the CLDI will be centered
all you will have to do is observe the selected course

3
4
&
38
:

formation you will be able to decide which way to turn and how far in order
to get on the desired track to or from the ste
lenm, ' '

thi

CIDI needle 1s ocentered, it will be necessary for you to do just that,
that ie, you decide vhere you are in relation to the :
shorm on the Course Line Selector,

'Hmmthmusoutimuantﬂecmﬁum“tohmhw

_the directlon in which the CLDI needle is off from center, The rule is
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& Mtraok" to the station of North or zero degrees 1s selected,
and problems the word "traock® is used to refer to

the flight path you are to meke good over the ground in relatlon to the sla-
tion; it may or may not be the same as the courss to the station showm on the
Course Line Selector.} N
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track

is a North track. To be on the right-hand side of a North track is to be on
of the track. You are gomewhere to the Bast, or on the right-hand
’ e North track which runs through the radio station. Now if yom
ppen to be headed North them it would be true that the to

Af you happen to be headed West, them the track would be dli
of you, If you were headed South the track would be on yo
you were headed East the track would be directly behind you
cases your position with respect to the track vould be
'1a,youwou1dbontharight-hnndsida,orj_%mnoftm
that is what the OLDI poimter would coneistently indicate. It
no difference whether the track selected 1s a "IO" or a "FROM" truck.
pointer alwaye telle you vhether you are on the right-~hend side or on
left-hand side of it, or, of course, vhether you are directly en 1it, If
mmtheﬂght—handsideofa'matraok,thntmmmmonﬁn
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slde of a "FROM" track, that meens that you are on the right-hand side
of the selected track from the stotion. .

Within certain limits, the amount of deflection or the distance that
the CLDI needle is off from the lubber line indicates roughly how far you
. are from the selected oourse or track. If the needle is off less than a full
scale deflection, for exmmple, you know that you are very near the indlcated
course.

The above instructions apply to some but not all of the instruments you
are about to use. Individual instructicoma will be given for each of the in-
struments before you attempt to use it, so that you will know whioh instru-
mente these instructions apply to. Some of the lnstruments are almost com~
pletely automatio in their operation and glve you direetly the information
necessary to solve the problems, For exanmple, on the three piotorial display
instruments there are no Course Line Seleotors, no Course Line leviation In-
dicators, and no TO - FROI Ambigulty Indicators. Doth the positiom of the
station and the position of your plane, as well as your present heading, are
shoon graphically upon the face of the ingtrument, On these pictorial in-
atrusents, however, there 1s one new device which the pilot uses in the -

t-hand side of the selected track to the gtation; if you are on the right-
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- your ‘new heading, that is, ammnwmmmw,m

actual flight situation. It 1s called the Track Selector and is simply a
fine straipght line pointer mounted over the center of the lngtrument amd

to each outer edge of the soope. The pllot may rotete this needle
tohiadasiradtmok’aoaatohave‘amfmanmalongwhhhtoﬂy. In
all of the problems, this Truck Seleotor is set for the desired track called
for in the particular problem. .

In the problems you are about to solve uelbp the varlous instruments
and groups of inetruments certain things have been done for you. It is al-
wys assumed that you are tuned im on the station. Any necessery manipulas
tion, whether of the Course Line Selector, the Track Selector, or any cther
mnipalatory devices has been done already, The instruments are all set up
to solve the problems. In certain cases it would be possible to obtain more
or different information and thereby solve the problems more easily if it
were possihle to manipulate the instrument, but always the problems can be
solved with the present sstiings of the lnstruments. Sometimes an instru-
ment de set so that the course shown 1s the ons you are on at the moment)
eometinmes you must determine where you are in relation to the eelscted
cmoradenirodtmk A'Hawind'conditionietoheaaamodforﬂl

;u'ohlﬂ .

Theproblemaareofﬁogeneraltypes (I)Eitherm‘buklutoﬂy
to or from the station on a track pasaing through your present position, or
(myouhaﬂtoﬂyt.oorfmthestationalomm other track whioh doss
not run through your present position. In the former case it 1s not neces=
sary that you pass over your present posliilon again on your way %o or from
the station, Instead, you turn so as to rejoin tho track as quickly and
simply as possible, usually at an interception angle of about 45 degrees to
the track, Suppose that your present poeltion were due West of the station
and you wanted to fly to the staetion. Then a track through your preeent
poeltion to the station would be an Fast track, and that would be the one
you would want to fly. But suppose you wore headed South. It would be im=
possible to turn so quickly that by the time you headed tomerd the station

.you would still be on the Iast track. You would have flown somewhat to the

South of the desired track in makirg your left turn to & heading of East,
Therefore it would be necsseary for you to continue your left turn beyond
the desired heading of East, say to a heading of 45 degrees, so as to

a position over the ground along an Eastbound track to the station, This is
the procedurs you chould mse when working this type of rrotlem. In the above
example there might be some quostion as to whether e left turn or a right
turn would offer the most "economical" method of turning to your new heading
of 45 degrees to your desired track. Inaolvingthasoprob]nstherulcto'
use in deciding which way to twrmn is this: eloays make the shortest turn

‘5"

ﬁwthodsairedtmcktoorﬁmtheetaﬁm even
always do it this way in the actual flight eituation.,

In the sscond type of problem, the one in whish your dssired track is
determined by your present position, you have to figure out the relatione

you night
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ship between vhere you are and the track :ou eventually want to be . on, and
taking into consideration your heading, plan the most economical way %o [iv
in order to get on the desired track. Onece araila, a 45 degree angle of in-
terception is usumlly the most ecomomica, If, héwever, your engular dis~
tance from the desired irack ls very great, thot is, more than L5 degrees,
1t would be neceseary to intercepit the track at aboult 90 degrees in order
to be sure of getting on the irack belore passing over the stavion, On tho
other Land, 1f you are very clogse to ihe dspired track, it may be better to
intercept at an angle of less than 45 degrecs, Use your best Judgnent in
these matters, :

The possible szolutionus to the prvdlens are given below each problem in
o double multiple choice manner., I'or exanple, LF your problem were "To ap-
proach the staticn along a track through my jresent position,” your double
multiple chclce of answers might be: :

Morth,
turn right 90 degrees.
T should fly straipght to/on a headlng of same as present,
tirn leit 180 degrees,
270 degrees.

A1l of the answer choices are in this form. You are to select the di-
rection to turn and the heading to which you would turn, thus meking a com-
plete statement of the best of the offered sclusiions, You will be scored
both upon whether your solutions are correct and upon the time it tekes you
to solve each set of ten problems (one set for each different instrment
display),.so you should work both as quickly and as accurately as you can,

Read these instructions until you believe you understand them. Then
read the specisl Instructions for the {irst instrument you are to use, Then
you have done this you may start the first zet of ten problema. Just before
you stert any set of problems, record the time in the space provided. Then
wvhen you have rinished any set of prublems record the time once more. Ree-
member to do this for each set of problems, (mce you have started any given
set of problems you may refer back elther to the instructione for the par-
ticular instrument belng used or to the genersl instructions, but the time
spent doing this must be ineluded in the totel time roquired for that set of
ten problens, llork the elght prcblem sets in the order in which they are

presented, [Le you Cinish each get of problems and record the findshing time,

place the set to one side, face dovm, keeping the oets in the same order as
they are prcsented te you. Once you have Cinished any set, do not return te
it agein,

fnswer all problens, even 1if you erc not sure of your sclution. ‘Remen-
ber always to record the time before you gtart and after you finish any part
of the test and work as quickly and as accurately as you can,
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This instrument dieplay includes a compess rose type Course Line
Selector, a TO-FROM Ambigulty Indieator, & conventional Course Lins Devi-
ation Indicator (CIDI), and a Directional Gyro (DG). These instruments
are all used exactly as described in the general instructions.

Your selected course 1s shown in the upper window of the Course Line
Selector, The vertical center line of the instrument serves as a lubber
line, The reciprocal of your selected course is shown in the lower window.

The cross hatch merkings on the CLDI and the Ambigulty Indicator are
of some additionsl assistance in locating your positlon in relation to the
selected course, If the CLDI needle is off to the left in the eoross
hatched ares, this moans that youwr position is in one of the eross hatched
sectors to the right of the vertical center line of the Amblgulty Indi-
cator, This vertical center 1line represents your selected course, so it
follows that you are to the right of that course showm in the upper win-
dow, If the CLDI needle 1s off to the right in the white area, as shown,
your position is in onc of the white scetors to the left of the course.
“hether you are in the TO sector on the bottom or the FROM sector on the
top is shown by the TO-FROi! pointer.
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INSTRUCTIONS FOR THE AIR LINE INDICATOR
(#2)

Course

Selsctor
Window CLDI

Anbiguity Inddcator

This instrument dlsplay includes a counter type Course Lins Seleotar,
a pointer type TO-FROM Ambiguity Indlecator, the point of which appears
either in the TO or the FROM area of the vertical window Just below the -
horizontal counter wirdow, and a conventional Course line Deviatiocn Indi-
cator, Imhoadingingimbythnnimuomloyro (DG) in the usml
nanner,

mmmmmmmuunnmmmmm
instructions,
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TNSTRUCTIONS FOR THE AIR FORCE INDICATOR
(#3)

Course Line Salector Amblgulty  ~ o

Glide Path
Indicator ~——"
"(not used)

Course Line

~ Deviation
; Indicator
(cLDI}
| Relative
g Heading
{ Indicator
! (RHI)
!
f
'

L - T

Thie ipstrument irnoludes & countur type Courpe Libe Celector; a
I0=-FROM Ambigulty Indicator, a Course Line Deviation Indicstor, eand &
Directicnal Gyro (%), all of whiuvh tave besn described in the general
instructions. “he CLD differs from the ccavautlousl type in that it is
always verticai (and perpendiculer Yo the 5llde Peth Indieetor, which
may be ignored 1 sciving these prohlexs;. However, it moves to the
lef't or to the right indicating your positica in relation Lo the nelected.
coursge in the saie way as the conventicnel rolater type CLDI,

There 1e¢ one gadget fourd only un ¥.is instrumeni which has not been
described previously. It is the Belative eading Yndlcetor (RBI). It 1=
the pointer pivoter at the center of ihe irstrument, 1its deflectlon from
the top dead center of the <ial face cives you the angular difference to
the right or to th: left between your regnetic heading and the selscled
course ag showm in the counter wjwdow. This diffecemse, that is, the
angular deflsotion of the needle to fThe rigit or left, tells you whick
way and hoo auch you wculd Lhave fo turn your plave in order to get back
onto & heading pareliel to that ehown ir ths counter window of the Cowrse
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Solector. If the RHI pointer 13 off to the right, ae shown, you should
turn to the left to bring it baek 4o center, and vice versa,

In the present problems, s you know, the task is not to fly parallel
to the desired track, but to fly sc as to get beck direotly on the desired
track. To do this you should use the instrument in this way. If you want
to fly Lo the statlon, and 1f your desired track 1s the same or the recip-
rocal of that shown in the counter window, you should turn in the most
economical direction wntll the arroy pointer of the FHI ie lined up with
one end of the CLDI, You can decide which emd of the CLDI to line the
pointer up with 1n this way., If the Amblgulty Indicator shows TO, turn to
the upper end of the CLDIj if it showe FRO!M, turn to the lower end. (This
rule applied 1f you want to fly to. the gtation.) Then notice how much
and vhich way thls 1ew pointer positlon deviates from the selected course
shown in the counter window to determine the new hceding to which you have
turned , ‘

Now 1f your problem is to fly away frog.rather than to the station,
snd the course shoem in the window iB the same or the reeciprocal of the
track you are to fly, then the procedure is the sceme except that you

- 1ine up the RII polnter with the opposite end of the CLDI. In other words,

1f the Ambigulty Indicator shows T9, you would turn until the RHI pointer
ip lined up with the lower end of the CLDI; if it showe FROM, turn to the
upper end of the CIDI. (This rule applies when you want to fly

o) Oncs again you will have to declde what heading you have
t to by observing the differonce botween yotir new position of the
BRI pointer and the sourse shown in the counter window,

For the problems in which the desired track is not the same as the
courpe shown in the coumter windoo of the Course Selector, you will have
to use the CILDI and the TO-IROII Ambiguity Indicator in the usunl manner
to determine your position 1ln relation to the denired track and the
Iirectional Gyro tc determine your present headingy, tith thios informa-
tion you will be sble to decide which way and how much to turn in order
to intercept yomr deslred track-

—"
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INSTRUCTIONS FOR THE EXPERIMENTAL SYMPOLIC INDICATOR
(#4)

TO

L\'_(}m.:::'ﬂ:o

Deviation
Indicator

This instrument combines the Course Line Selector, the Course Line
Deviation Indicator, the TO-FROM Ambiguity Indiecator, and the Directiomal
Gyro iIn ane instrument.

The compass rose 1s the Course line Selector and 1s rotated by & kmob
onthoinatrmentwhichismtahmninthediagnm Thecompaurou!.a
readatthlubberlimatthatop

In the ourved window Just below this is the nsedle point of the Course
Line Deviation Indicator, Ita center position is the same lubber line,

Above both of these 1s the Ambigulty Indicator which tells whether
the course shovm on the cowmpass roee 13 TO the station or FRO!! the station.

At the center of the instrument is an airplane silhoustte and this
serves a8 the Directioral Gyro. It points to a number on the compass rose
and that 1s the heading of your airplane.
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INSTRUCTIONS FOR THE RADIO MAGNETIC INDICATOR
(#5)

Compass —"
| —Station
pointer

This instrument combines the magnetic hesding of the alrplane as
obtained from a gyro stabilized compass and a direct indleation of the
direction from the airplane tg the ODR station as determined automatically
by the mechanism of the ingtrmment. It therefore gives & continuous reed-
ing of the magnetic heading of the plare and the directlon %¢ the station,

The magnetic heading of the plane 1s read at the lubber line at the

“top of the dilal. The lubber line 18 statlomary, and the compase card

rotates as the plane turna. Thus the number on the compass rose which
lines up with the lubber line is the headlng of the airplane, Thus your
present heading as shown is 45 degrees.

The pointer mounted on the face of the Instrument 1s free to rotate
asbout its pivot at the center of the instrument and indicates the direction
to t from the sirplane, For example, 1f the pointer lines up
with the "O% on the compass rose, as shown, them the direction to the sta-
tion is 90 degrees, no matter what the heading of the plane may be.

Since the arrow head of the alwaye indicates the direction tg
the station, the opposlte end of the pointer givea the direction
the station. 5o to fly along a certain track avay from the statlom, you
would use this opposite end of the pointer, ‘

-
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INSTRUCTIONS POR EXPERIMENTAL PICTORIAL “A®

(#6) - i
Tixed Compass Rose _

"rack Selector

DG .

| lT) 9 8 B

BERERN

Divestion pip would .

move wlth pressnt

heading

~ Airplane pip

This instrmment is & visual exhibit cf ao area on the ground ectend- N
ing aprroximately 120 miles in all directiors from any ODR station. The . i
station always appears es a circle in the cexter of ths zcope and your air- T
plane a3 an errow-ahaped pip scmewhcre on the scope. T

The directian that the pip, or your airplane, is moving mey be detor- - <
mined eithor dy obssrving the direction the pip is polnted, or by croas
checking with your Directicnal Gyro (DG), which would bs quicker and more -
accurate. The pip will move acrose the scope in the same manaer that your i
airplane moves over the face of the earth.

The scope hes six concentric circleas on it, rerresenting distances ¥
fran the atation. It will not be necessary 4o use these in solving the '
problems. A seventh circle forms & compass ioee marked off every 5°. The
Track -Selector needle appsars a8 a fine siraight line cn the face of the
scope. It rotates about the center of the scope and In actual practice 1o o f
operated menually by the pilot. In each problem it is set in the proper ot
position to imdicate your deslred track.

In solving these problems you are to decide in vhat way your airplane B
should be turned in order tc meke the arrow-shaped pip move to the deslred
track as specified for each problem. -
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INSTRUCTIONS FOR EXTERIMENTAL PICTORIAL "B7 -
(#7) |

Track Seleotor

. Airplans pointer

Thie instrument is a vidua) representation of the ground for an area
120 miles in all directions about your own alroraft. Your plane
is represented by the arrow-shaped pointer vhioh 1s pivoted at the center
of the instrument. It ie free to rotate as your plane turns and always
points to the heading on the statiomary compass Pose whioh corresponds to
the magnetic heading of your alrplane. T

The station always appears as s pip ( ¢-) somevhere on the face of
the soope., It shows the position of the station in relation to your air-
plarne. In actual flight, this station plp 1s moving oonstantly, thus
giving at any given moment a graphic reprepentation of the position of the
station in relation to your plane. '

The scope has £ix concentric oircles on it, representing distances
from your airplane. It will not be necessary to use these in solving the
problems, EHowever, it 1s apparent that if you were flylng toward the sta~
“tion, the station pip would move toward the center of the scope; while if
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you were flying away from the station, the station pip would move away
from

the center of the scope. Thus it is apparent that the station pip
noves in the opposite direction to the boading of your airplane as
shown by the pointer. For example, if you were flylng on a heading of
orth and the station plp appeared somewhere to the right of you, that is,
the Fast, the pip would move slovly dotm the face of the soope parallel
your center pointer and in the direction of the tall end of the pointer,

{

888

Although 1t is not neceseary for solving problems with this instrument,
a Directiomal Gyro (DG) is provided, glving you an accurate reading of the
present heading of your airplane, Youwr heading may be determined equally
well by cbaerving the center pointer and/or the follow marker at the edge
of the scope.

4 Treck Selector needle appears as a fine stralght line on the facs of
the coope. It extends to each edge of the ocmpeass rose and mey be rotated
‘manually about the center of the acops, In each problem it 1s set in the
proper position to indicate your desired track as specified.
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INSTRUCTIONS FOR EXPERIMENTAL PICTORIAL "G"
(#8)

Thie inptrument ls a visual representation of the ground for an ares
extendirg 120 milea in &1l directions sbout your om airplane. Your alr-
plane 1s represented by the outline at the center of the instrument, It

is fixed In position, always pointing stralght ahead, as it were., The
card of the compass rcse is free to rotate as your twrns, so that
your present magnetic heading i1s alwaye read at the arrow hea,doftha

vertical lubber line which extends from the nose of your fixed alrplane
outline,

The station alwaya appears as a plp (-¢~) somew somewhere on the fi of
the soope, It shows the position of the statlion in relation to your a.:Lr-
plane, both in terms of direction and diastance. In actual fligh p

is constantly moving, thus showing at any glven moment & graphic re
sentation of the position of the station in relation to your a:l.rplo.ne

The scope has slx concentric cireles on it, representing distances
from your eirplane. It will not be necessary to use these in solving the
problema. However, it is apparent that if you were flylng toward the
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station, the statlon pip would appear directly in frant of your airplane
outline and would move slowly down the face of the scope toward the
centerj while if you were fiying amay from the gtation, the pip would
appear directly behind your airplane outline and would move slowly down
the face of the scope away from the center. Also if the statlion plp were
to one side or the other of yomur airplane outline, as chown, it would
move alowvly down the face of the scope paralilel to the vertical lubber
line which shows your heading.

Furthermore, whenever your plane 1s turning in flight, the statlon
pip wlll move rather rapidly about the face of the scope in the opposite
direction to the direction of your turnm, thus consiantly showlng the relu-
tionship between the direction from your plane to the station and your
momentary heading. For example, il rou were to make a right tum, both
the conpass card and the station pip would rotate to the left, that ip,
in a comnterclockwise direction, If you were to moke a left turn, the
compass card and the pip would rotete to the right.

A Track Seleotor needle appears as a {ine stralght line on the face
of the scope, It extends to each edge of the conpass card and may be
rotated menually ebout the center of the scope. Once :t has been rotated
to correspond with the heading of any desired track on the compass rose,
it automatically follows that hecding on the rotating compass card, no
matter how the airplane may turn in flight. In each i»oblem this Trock
Selector needle 1s set in the proper position to indlcate your desired
track and will turn with the compass card so that no further manlpulation
is necessary,

o,
T

T,
s Lt d!

ket o
AR P

T A
it g

S pren YT
P L

- 0 AT [
B SR R



AFPENDIX 2

Semple Problems: eight of the ten basic problems used in
the test are shown, one problem by each of the eight displaye

tented.

Thoe prodblem is stated above each display and the double

multiple choice of answera below.

The ansver key for the eight sample problems is ap follows:

1.

2‘

3.
L.
5.
6.
7.
8.

I should turn right to a heading of 215 degrees.
I showld turn right to a heading of 165 degrees.
I should turn right to & heading of 207 degrees.

I should turn right to a heading of 2135 degreea.
I should turn left to & heading of 190 degress.

I should turn left to a heading of 200 degrees.
I should turn left to a heading of 300 degrees.

I should turn right to a heading of 305 degrees.
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Problem: To fly directly away from the station along a track through my present

poaition )

- CLDY

turn right

I should fly etraight to/on a heading of 305 degrees.

turn left

e

168 degrees.
215 dﬂmﬂo

258 degrees,
cane as present,

FROBIEM 1

T leat oy
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Problem:

To fly away from the station along a track through my present

poaltion,

cCLDI

turn left

275 degrees
185 degrees

I showld mms.ght to/on & heading of 130 degress.

FROBLEX 2
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Problem: To aprroach the station along a track of 183 degrees,
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J 205 degrees.
turn right same as present,.

I should fly straight to/on a heading of 183 degrees. , \
turn left : 3 degrees. .-

250 dagreen, . )

PROBIEM 3
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Problems 7YTo approach the station om a track of 143 degrees,
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sane as present.
tuwrn right 190 degrees.
I should fly straight to/on a heeding of 100 degrees.
turn left 55 degrees,

280 degrees,

PROBIEM 5
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Problem: To fly away from the station on a track of 243 degrees,

iy e

29 af 21

PROBLEM &
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Problem: To approach the station along a track through my present
positiaon, .

~ :
» #3 2

65 degrees.

irn gt game ag presant.

I should fly stralght to/on & heading of 300 depvracs. 2
, turn lef't 210 degrees. 4

345 degrees.

PROBLEM 7
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turn lefd

PROBLEM 8
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APPENDIX 1

TABLE 1

SUMMARY OF THE ARALYSIS OF VARTANCE F(R THE

ERROR SCORES FOR GROUP I

Bource of Variance Sum of Squares Degrees of Freedam Estimate of Variance

Botween diasplays 211 r
Within displays 699 N
Total , 910 R

-rlna-],-T
~-r =128 - 8 & 120
-15128 -1 s 127

30.1%3
5.852

¥F e 30.243./5.852 2 5.175 (F = 2.82 at

1% level for 7 and 120 degrees of freedom) .

Betwoon subjects 435 n
Within sub jeots L5 |
Total Q10 N

-1
-n

-1

16 -1:15
128 - 16 - 112

128 - 1 = 127

29.000
b.2k1

F =29.000 / 4.241 = 6.838 (F = 2.20 at

1% lovel for 15 and 112 degrees of freedam)'

Total 910 F-1
Between displays 211 r-1
Betwoer subjocts L35 n-~1

Reaidual 264

128 - 1 : 127
8-1:17
16 - 1 « 15

o ~1) {r-1)e«15

-

{30.143)
(29.000)
2.514

The Residual Variance is less than either the Within Display Veriance (5.852)
It 1o therefore insignificant. .

or the Within Subject Weriance (b.241)..
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TABLE 2

SUMMARY OF THE ANALYSIS OF VARIANCE FOR THE
TIME SCCRES FOR GROUP I

Source of Variance Sum of Squares Degrees of Freedom Estimate of Variance
Botween displaye 2263 T 323.290
Within displays 10k89 | 120 : 87.410
Total ' 12752 127

F - 323.29 / 87.41 = 3.695 (P « 2.82 at 1¢ lovel)

Between subJocts 5038 15 _ 335.500
Within subjects TTLL 112 68.900
. Total 12752 127

F x 335.90 /68.90 = 4.875 (F = 2.20 at 1% level)

Total 12752 127
Botween displays 2263 7 {323.290)
Between subjects 5038 : 1D (335.900) -
Restdual | 5451 ioa | 51.900

The Residual Variance is less than either the Within Display Variance (8T.k1)
or the Within Subject Varience (68.90). It 1s therefore insignificant.




SIMMARY OF THE ARALYSIS OF VARIANCE OF THE
ERRCR SCORES FOR GROWP II
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Source of Variance GCum of Squares Degress of Freedam Fgtimate of Varianoe 1

Between displaye

Within displaye

150
60k
754

7
120

127

21.429
5.033

¥ 21429 /5.033 « 4.258 (F = 2.82 at 1% lovel)

Between subjects

Within sudb jecia

344
410

S5h

15

112

127

22,933
3.661

e 0
B Ty Wl F

ESCNERFNE

F=22.933 f 3.66). = 6.264 {F = 2.20 at 1% level)

Totnl

Botwesan displays
Betwean sub jects

Besidual

754
150
3k

260

127
7
15
105

(21.429)

(22.993)
2.476

e e et

The Residual Varlance is less than either the Within Displey Variance (5.033)

or the Within Subject Veriance {3.661).

It 15 therefore insignificant.
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TABLE b

: SIMMARY OF THE ANALYSIS OF VARTANCE OF THE

TIME SCORES FOR GROUP II

i Source of Variance Sum of Squares Degrees of Freedom Estimate of Variance
Between displaye 3510 7 501.429
Within dieplays St1k 120 45.117
io- Total 8ok 127

iy F « 501.429 / 45.117 = 11.114 (F = 2.82 at 1% level)

S

Between subJjects 1416 15 o9 . 40O
]

¥ Within subjects 7508 112 67.036
:,

T Total 8gek 127

S T B e v e, s
' Kl

F = 94.500 / 67.036 = 1.408 (not.aignifioant; P axl.76 at 5% level)

Total 8g2h 127
Bq.t\roon Dieplays 3510 i 501,429
Between subjects 1416 15 o4 . 400
Fealduel 3998 105 38.076

The Residual Variance 18 less than either the Within Display Variance (45.117)
or the Within Bubject Variance {[67.036).

It is therefore insignificant.
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TABLE 5

SINMARY OF THE ANALYSIS OF VARIANCE OF THE
. EHROR SCORE3 FOR GROUP III

- .
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Source of Varimnce
Betwoen dlaplays
Within displays

Total

Sum of Squares
200
542
The

Degress of Freedm

7
120

127

Estimate of Variance

28.571
4.517

Fz=28.571 /4517 2 6.32% (F = 2.82 at 1% lavel)

Betwoen subjects
Within subjects

Total

.

29%.25
L4775
h2

15
112

127

19.617
3.998

F =z 19.617 / 3.998 = £.907 (F = 2.20 at 1% lovel)

Total
Between diaplays
Betwoen subjects

Beoidunl

T%e
200
294 .25
247.75

127
T
12
105

(28.571)
(15.617)
1.360

The Residual Variance is less than eithar the Within Display Variance (4.517)

or the Within Subject Variance (3.998).

It 15 therefore Insignificant.
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[ . TABLE 6
i _ SUNMARY OF THE ARALYSIS OF VARIAXCE OF THE

TIME SCORES FOR GROUP IIX

L . Source of Variance Sum of Sguaves Degrees of Freedam Estimate of Variance

r | Between displays 2737.69 7 391.100

Within displays, . 5233.31 120 43.600

Total 7971.00 187

B0 Foz391.1/M43.6:8.97 (F=2.82at 1% level)

Botween subjecte 2009.89 15 133.990

g Within subjects 5961. 11 112 53.220

Total A 797100 127

Y F=133.99/53.22 : 252 (F - 2.20 at 1$ level)

Total , 7971.00 127

' Botween displays 2737.69 7 {391.100)

‘ Between subjects 2000.89 15 {133.990)

o Residwal . - 322332 105 30,700
The Residusl Varianco is less than either the Within Display Variance (43.600) °
or the Within Subject Variance {53.220). It is therefore insignificant. ,
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