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1In contpernoorary flitnt siimuljtursp, cdtnouu ray tou c t \ j iJ Ulylay

JflA tynically useu to ulsplay flignt informlAtion to tile

in-struc to 1'ouePratur. HOvievelr, no0 onel s.-owS tile oest forinat>:, fur

Qlsl)iaylngy toys: Oa3td. Uh353.JOS: dro u:sudaly uae-o oni jn engjine, r'l es

u'JUSs 1> lignt if provious exoerience. As d resýuLt, UiSplayb a~te often:ý

u iffiCd~t to use, dou too) uluco Of trie 1.,trucwzr%ý Attention" i5ý cO.,nuinco

in ioet'±IY ssarcniflg for neeueuj in)for01ation. tile Air r-ufee fll~a in'ltidtCUo

a seýri-s Of stuiet 1PL C1Ii L dt ysteiiiatizifl noe uetign of tee

'~n~trucur'oSriro ttion k4o5ý) 'A'n inywruving tile uti Lty of azs0ciAtCu

Usqiaysý. Toet pjr,,os-e of tois, particular effort vwaa- to cievelup

tf-knniqupes for oujeortiely evaluating alternmative forniats uy abssessýiny

tricir inioact on) tnie instruotofl's: perfuriainice.

T11P adiO0.(roa WaS to U-VeC1OW a vWy to ilauctne insc6ir-ucto r 7

berfuor1Tan-ee1 On) seiPcte tasKsý. tny tiinsO n, tile eitect:: of ltt-rnative

ulsolaiy furnaltscuo i CUI35 UPN dPlku y flaivtlg Sujectý, Pe~ffluifltrctf

tAK ung tile u~ifF'-rent aiswialy, i;ý, conwiring tnireu-in

Tn-' sioci fiL tasK -l29 w-uý mn~itorifiy tlie pilot' % erfurmnce,

- ..- -- - . ..........



P. , oos'Wrving1 aid u s!uimilati;n) toe, cuun fl-otCflliO i

oroyrpss Dy Watching tole display. kV-' uievelOLJ-ý a dencilfliariský 3rric

onito, ring, tdSk' t10t We coulo repea-t in in experiwetl t b ý,ttily)ý. lo do

thiis, wp usý3u several prerecorucou fligot zyinto tO rive2 to i pi] t

o- eViluated. file s;uojpct waS requireo to carefil ly oozerve woe

o l s L)a y . AL tnp coniclusion Of Ioo ý eqiiint yv& d-K• bPecific L4 e tiOn

of trip suojpct to Ltest toep ouservatiorbns wi, a.cdlcýjdLl Ofiirijvtf

tnat displaiy. Wo rt-aoflunp tilat tileuC~s witfl wilici a- suajtet it) Cwle

to) (1UI& osstn accurate OLJS~pVdt1L-flb 15 .i' 1,IiL:,,ttifn L.1 tilC

displaylzs value in s:uodortirtg tn"t pertoniaounce, flofltnn to

SDPCi fics

We? rocoraoeu sevi-ral fliynt5, of econ of fiveI jý. ia~iO flafl .,aVCtcliiiu,

upscpnt, lpvpl tarn-, climoing turn, andu~d~l~l turn-. rQ-JI' tuCIl

rnanPuvPr, WP uOS'.qIRI q4uPstionsI' to dz,ýi%5> toeI, aCILaUaCy 'Aid)

conrhn~eesof tliZ> Isuu0 Cdts' ouservt~o uarn :svetlf repluy Of tile

se0giilpent . irPýAI'Iý u-t iscon1cerne iflultiii~dU1 and 111fl niiii' uLe of' (:ej

viriaulos aind tilet-r valuesý at stAl-teyto poLints -,.In toeilt'u1neuver. Tole

qupestLoios wer atgrle in)to fourJ tyocaeý t'. i utinIuwi-sil wrietir toie;

onrItaineuL to rang't, or exajct VuAIPS .j, variole. aidwoeiler11 "lucy

ct).noernedIP o~vtosover' a tspan or time or at on~e aotcil ic Liii'-' in trio

SuJi'CtS CI cusitýd of twent-)y ,-lo)u AndI u-1,LU 1lt rm cioaAt

waisnun-gton). Tonry were no-t to.'> iV1at Imuflm-?uLv-el toe'y aeCE ~ifl to

oawvu nstad,:iiy wo~re wdv`LD- tootL tiiey 'wit, to wactch1 t~ilt Ulrsuay
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ult t rNdj o nwrJtc%ýuu tUHipr ouuýtrvittioný reyaruinij

trw' valtip,3 of major varii~ules uuring~ Unth tlignt. a~F~c rdfluU~li*i+,u

o5gl Wp t,ýtpti Picl ýSuujt-ct us'fll P~icf Ot two d11>trnajive uiý4Jlays:

ujigital r,ýduuuts dflj reppat instrjoewnts. r~l'Lpt ýýei~ný were~ rinuouidy

lic'and' ro-olayetu on Woe uis-,jldty oeiny testeýu. Rt.ttr ejcn ~iet

tti Ixl~TlII~lt~~ dK~titO-~tesýt quEpstionfs orzily dnj recorup, toe

RF,ýu~ts of Anotp'roýt concprri: tiotn tnte utility of tnto. ovesril11 inewout

anJ tIoP IirtiCUldr comociriscn of tnw' two L~solays teH3teu. n'-' conclojeu

Ult UI tO'~ ntI100 ý.$ PXVtrPiiw'Iy IQrL)II~iL-I for e Va iuting~ Gi I lYS. our

s*urpc sXW ~ gpL''ts s~ll~ cndiuph' nOflileu to uiH inuti i2ý toe particuldir

* 1%ti0'IfS a3SK'U and tol# inoasul'Cinpnt'ft -'tnoti uýI'u. Out tnt? concppt ot toe

LooThlII-fil ý t~iSK j nc'co Od$vwen 0lsrly Uelilu,1ntrateu aý vvortilo:Iie.

\II'luttItIy tio~ -.nta-t was to Pvaludte Zne tnotnouuojoy ratner tindO

dCI~iP\VP J III'dMlInlytUl compiariSLn Of' UisoWldy', it iý, ttiil of interesDt tco

s-1, wont top' tosts r-vt-'dl-u. wp founti t~nL:t quo'Dtionmi reyoruing W',tcn,

* orsoopj, and verticull vF-Locity wprF, cinx---ereu morte dccuratply witil toep

r~oooator uiso'I.3y triln witn tn i )yl~cil mxio6out tOF14y ror utstiU--, tin

roll, npaw4Iny dnu oltituu.-', tnt~rp *a nu ý:r)itnicant Oiftere:iCe tienl"

t F' tW( d 501 ýy S .

j or 0itiC I I, LiOtl t Ili tYDie Ut' 1)J:)F'JVF3' -miu) t I/ OP 01 qUP';ti : OrOUUCtýU

Si~nf-XanL eff~tr'rt-. jiff-'r~nct- jot~vPfl tno t t ti,)l~y ucculreu Only

i-) tno -' C'oiu 6~iu cl imfL~ing turn). monoivpr tyti'- Jl0 L) ruuucoo a

'ýLglif"'Xdnt ftf-'Ct On -irsopko Iq~Httiofl. A% inqoU1t.u- ~t'2eerr
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weromlls for tile level tuffl F'or M2eadingI, Just tile OPIJJO~it- Wda.:

truJP, i.e., erosWere greater fur ttoe leve tr tilan- for an-y otoer k'
Ine tyoc of quesýtioin oruoucfco sign-ificaint effects for five Of tilt s.ix

variaules, airspeeo ijeang toe only excep,ýtion). on rIll, for texa~ple,,

qupstions o~n toe exytremejis of raill jurinjg tile seigiiient nIna tnp laIrYest

error-., adýI quP~sttIs asKing fur a singlep value- ut roll cat a spec-ific

painIt 11181 toep smalleist errors. dUterzi interesýtin~g reut eefuaro fur

tn,, rPmnainiing varlaUles, out toere iSý: no way to rationa'lize 11'1. tn-e

findin)jgs witoout aloitional Study.

Tnirn WaSý no strung correlation1 Oet~twn elap&Cde tiniif troti eventr to)

questionl ano tflP flagmtoule Of eros -ooetliiz i%; IML ci LconcluItjve

rpsolt oincaus~a tim study wis> not opz';'igneu to treat lisctI

Syst~i-iniicdilly. Tnts snaulo iw st~uuie fortoer uefo)re extensýive usCls

maojp of tno meptno~l.

In1 Conclusion, toe oencnnliarK taSK jipprojon aippears. to Ue an excelle-nt

way to Pvdtudtp toe COmflijdlitive effectiveness. of dsla ys. U ~ut iond I

mosoarclw n.,,eas to op Oprforiflo on tile quesýtion- 6et, tole pairticulair

moasores uspa, and tnp posstoLle effects, of n~iwory on) tas:K perfariunce.
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It Iroducti (n

* Th;e Air Force noovk, ain 0- ie'cti"O. ~tfiif _lt: for eval uating d isplays to be
!jO(: at th-e in-:ct.oertl tat i r.ri (10$) . The cusýtom-i.ý ' C'CCav node
Ila,, ihe'at the u1sE' of lO')Ldt( r intuetdi snlns that, for the ro.ost nart,
";nlicicate thos<,e u'.ir. the cockni t. Al ternati\'e modes of 1 nfenratior

u' sria wa',va h- u',orc eff'ct iv'I , hut tl.ere miust he sor~e ways of estahi is!h
in- rela tivye l,ýffeticrn vOss b r' a dci Sio 00o se~l ect one- canx he tiade(

inwl Pntlv ore st.andarC zesýt 21 rceui redl ýor c:etert n ni no the rol a-
t i y of ectiv'enes s f ki s i1 jx ti, ed

C s's ta11l i shren , £M (ILJ('dli nes for C(eM intir:,i' a.i'i (:2.;,lat jir P fS di sniavs
c,.' .r,4 he accmr 1niied hereference, to nerti cent ;i teraturp hecaus2 the.

rel~~~~ syn dat cotý no exs.T s iofe th Si Lu\ ;ir ewhn the srwcn
10c - ions 3n' rocot r-0nati l'' ýIvx to a~ny -faceted C CW' IP,:e. a~cti vi ties

suhis the \ork oif chc_ intutr iOt N.IP

h!Ie (I Oa I of ' his shad~ is, to dcevi se - ii tlZ f,- r detdrmi nine! 10$ di so? ay
oCis t i veress and Fcr cuQvol eni11 n' midlinsta srl ax enonnec ri r it,
(.Orr( frt 'arice v9 thfu an skil and liii ~tati~r~s Tie jr-iroacb is to plelcot

c'dfl~O~itiCton Lw reacti vities o-f the i nstruc toy/r/oe.rator (n
lecated' at as- 10S ro:~ote frori tims-,it Alat 'rnod to (loveor- abnhar

tel11 lased en th~os ;Ctiv tics. Thisý task -a tile), norforrrtr:(' tMet
US,.or one of Tho~r a'.te-rati vq 'i snI axs toý he eval uetc". Otriacti YC_

c:uar oti t,-ti VtO urectr !,-nee ea',e on rthe taswý \'cre t-()! anu Lvet'd ti' U o
ise nerncsahout the ut 1iity o-G tk Ais-'lav in surmortlt-o the:

1 "Stiuctor' s r~oni torinl', task ..~ techni nue was dot tonstrated( ')V u!,-!)(
to1! a.a Vaetodsla techni rius :cýi(i ito] readouts, versus renc'ater

II3 T. t'aclv iround

Tt,( is s.I c( m.c of two, stucies s'rot'orted to/ WFITL to cofve] on a tnchnrionue
or' ticr ova 1 .v tic c-1 r di so] a's, to 1)0 used at. an jfl& -ciat-d 'i-th ni lot

i ) ni pr 'n 11w] aro. inte first stud",, the iasi e rethods were
V(l' U' U C XFa re rijrary deron strati or. ThIIis first study
(If cuI ente;' r. m'r)IJ Ii C. 0 f th Iis renlort. The rest:] ts Of thie first

!jZ:.'v sh at I-' : zc~ 't.~otS hjjj z~ ::z1t!. Val 'oý
in ')." ol t \ csnn o' JO (soa effecti veness1. The intsýiot of
tho iarer ctý r.rUltovkfl. the h!ifrafuni~tv rarý

' r'n c i'i]-ia v e fceti 'wr.-,s, i'hi ;2e at tho s aie ivime perl ittf. -1nPc Ohe
re-e rcarolr tr. ee, 0 tl-e 1 ivilt:c of huti-rn ad Li . i t i (.S reqiardi tno norcor-

1 or ow retort in of vi sita 21v di s'fl ayed i uforriatior ITL sh.ouli- ' htI directed
os straIidr-itfrrot'' t o t, e ciite -f the( 1T). 0l,, tit other hand,

-!oztor ' -rnlma1 it. c fI tire firti nuts prom thei. oncittark tad recrOui reS cii at
IO, tsait! ,l I is ehret' forv a- %'i Oem ai-'0 1cat io CŽ- f the VVr:: ciis
L'fut-ure IF't tco e .l is a task 'A-JIse osoti haractomi s hicos

*CorICei n sik it-tU-rv-l FoI]. ?ý cil1i Li Cs,while be ir n ccrst tiotruod in -de( fram.ework

r IYni- t! 50 'wd ucstew ,cr pi '<Ott 'oer, t4 to rooMnjij'
%if irul tit-r' 0 '' fe mx tt i r tin; o.ind~cat inn for sotte



selected flicht parameter or the value shown at some identifiable noint
driq th~e flight seqment. In the second study, the cateqories oF
cuestions were treated systematically, with each of four question ty'nes
renresented once for each marneuver tyyne for each flinht oaranmeter (see
Fiqure 1). The inclusiet: of fli iht indication rannies throun-hout the
fliqht seaient and over a limited oortion of it (question tyoes 1 and
2) was made to represent more realistically the monitoring requirements
of tihe IP.

The first study used a "rMulti-Mission Simulator" cocknit analon disolav
with a cathode ray tube diqitial display mounted above the instrument
oanel, where one or the other disolay was covered durinn the nresenta-
tion of a fliqht seqment. For the second study, a remotel%,' ,iloted
vehicle (PNPV) control nanel simulator was used. The arrannement of
instrurients anr. nositions of the diqital indicators on the CPT l,:ere
the same in both studies but the RPV simulator was more convenient for
the subject and experimenter because of the quality of lighting and
wcod table surface for writing and leaning on elbows during the segments.
The RFV simulator also allowed the experimenter to be located closer to
th. subject, aiding communication.

The four subjects who served inthe first study were drawn from the Crew
Systems ornanization of Logistics Systems and Sunnort in the Boeirq
Aerosaice Company and had quite heterogenous t lyinq exonrienc.s.
•ncluded was a youna person with only 40 hours of solo ti:ie i, a liciht
gereral aviation aircraft, as well as one subiect whose flving tirie was
mo.r.iv in helicopters and two other nilots who had flown a wide ranqe of
fixnd 'ire aircraft, from early World War II equipment to multi-engine
iets.

in the second study, the 20 nilots serving as observers in the study
-err all currently flying either the C-13) or the C-111 aircraft. They
ha,,! e:,nerience more directly relevarr Lc fir Ferce interests than did
the four subjects in the earlier study.

In the earlier study, each s.l. iect rade ýfn resoonses, U) with each of
,,he two displays. In the second study, each subject made 240 responses
distributed evenly between the two display tynes; thus the exnerimental
variables could be treated more systematically. For examnle, the
earlier study was not desiqned to include qurwt~ens about all six fliohlt
nardr:ieters after each flight seqnient was oresented. In the second
study, all six i.cre ircluded each time.

'The most imnortant area for imnrovenrent was in the kinds of data analy-
se'4 that could be performed on the resnonses. it was annarent that the
analysis of variance (AMIOVA) was desirable for what could be shown about
intera;tions amonq variables, as well as main effects. The larger, more
systematic study nermitted the demonstration of such interactions.
Another benefit from thl'second study is the ability to do correlational
analyses.
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T'EMPORAL ASPECT

EXTENDED POINT

What were the extremes What was the change
RANGE of airspeed in the in airspeed in the

flight segment? itransition to level-
r~u• o f f ?

Type f
,, - Tyoe 2

What was the highest What was the airspeed
airspeed during the just prior to the trans-

C.., flight segment? ition to level-off?

SType 3 Type 4

Figure 1. Sample categories of questions.
(Maneuver: Altitude Change)
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Much of the improvement in the second study data analyses was related to
the treatment of the data in terms of absolute error instead of error
tolerance limits. That is. the difference betwep:i the displayed alti-
tude, for example, and the reported altitude (in feet) was the datum to
be included in the analysis rather than a dichotomous scoring technique
of right vs. wrong based on an arbitrary division point. Other flight
parameters were treated similarly.

Another goal in the second study was to develop a single measure of
display effectiveness. This was to be based on a transformation of raw
error scores into standard scores which assume a normal frequency
distribution for each flight parameter. Standard scores are in standard
deviation units, i.e., the deviation of the score from the mean value is
divided by the standard deviation. Thus, a deviation equalling the
standard deviation has a value of 1.0 regardless of the size of the mean
or the standard deviation in the original units. The assumption of a
normal distribution is accompanied by an assumption of equal importance
of all measures to be included in a composite score taken as a figure of
merit.

The variable of time interval between the occurrence of a flight indica-
tion and the end of the flight segment (when the questions were presen-
ted) was not analyzed in the earlier study but it was included in the
study reported here.

In summary, a number of changes were made to improve the benchmark task
evaluation: the ttest content, the testing environment, the subject 1W
population from which the larger sample of 20 subjects was drawn, the
experimental design, the treatment of data as centinuous rather than
discrete, the use of analysis of variance and cLrrelation techniques,
and the collection of more complete data amenable to more sophisticated
analyses. Of these, the most important were (a) enlarging the test and
improving the questions, (b) gathering more data from a more qualified
and homogeneous group, and (c) data analysis.

III. Research Methodology

The results of these studies are to be applied to the evaluation of lOS
displays designed for the monitoring of pilot performance when the
instructor and the student are not together, as would be the case with a
single-place training simulator. Of the many activities a pilot may
perform during a mission, e.g., weapon delivery, none is more basic than
flight management. For this reason, an important part of the IP's task
is to monitor the student pilot's flight performance.

The information chosen for display in this study was that shown in what
is sometimes called the "basic 7 of flight instruments. The horizon.
tally aligned airspeed indicator, attitude indicator, and altimeter are
the crossbar of the "T", while the heading 'indicator is centered below
these three instruments. They arre generally positioned in the instru-
ment panel directly in front of the pilot so that they are easy to scan
with little or no change in head position from that used for forward
extra-cockpit viewing.

14



The display modes selected for the validation of the benchmark task were
repeater instruments and a digital presentation on a CRT. The repeaters
are analog displays that require scanning of a type different from that
used for the digital reaoout. A well experienced user of this kind of
instrument frequently ignores the numbered dial when reading the pointer
indications. An all-digital display cannot be scanned in the same way;
it must be read by specifically noting the displayed numbers. These
widely disparate modes of display were considered to be good candidates
for the validation of the benchmark task.

In the present study of 1OS display evaluation methods, the basic "T"
configuration mentioned above and an added vertical velocity indicator
(VVI) were used. The VVI is an important indicator of altitude change
in that it permits the pilot to set the controls so that level flight
or ascent/descent at a constant rate is accomplished by reference to a
steady state condition rather than a uniform change in altitude indica-
tion. Furthermore, the VVI, like the altitude indicator
example of the type of analog display in which the orientation of a
pointer or a line (relative to a coordinate system based on the instru-
ment panel) is usually of more interest than the actual numerical value
of the indication. These flight parameters are displayed to the "experi-
mental IP" (instructor pilot) for assessment of pilot performance as
reflected in his recall of specific indications occurring during the
flight segment.

The maneuvers represented on the display were of five different types.
They encompass the group of maneuvers which comprise the tactics of
combat and weapon delivery as well as general aircraft control. The
basic maneuvers are climb, descent, level turn, climbing turn, and de-
scending turn.

Flight segments were between I and 3 minutes duration. After the
flight segment had been presented, the "instructor pilot" was asked to
report on such indications as the maxima and minima of flight parameters
or on indications occurring at specific places during the maneuver. In
the preceding study, the subjects were asked a series of questions which
were a random selection of those questions appropriate to the flight
segment just presented. The current study included questions from all
six flight parameters: airspeed, pitch angle, bank angle, altitude,
vertical velocity, and compass heading. Thus all flight parameters were
represented in the questions following the presentation of each flighti segment to permit a greater amount of comparison between flight seg-
ments! maneuvers. Appendix C contains all of the test questions along
with correct responses and question type designators (as shown in FigureII)
Each experimental subject (pilot) was presented four examples of five
maneuvers and asked questions concerning the flight indications at
various points and over various spans of time during these maneuvers.
The questiQns required the subjects to remember extreme values of speci-
fied flight parameters or to recall a flight indication which occurred
at some particular point in the flight segment, ihe four examples of
each maneuver allowed the four types of questions to be presented an

15



equal number of times. Recordings of the maneuvers were made on magne-
tic tape. Each example of a maneuver was "flown" separately so that the
subjects would not be seeing identical flight indications over the four
examples of a given flight maneuver. This reduces effects of familiari-
zation with the path flown and the corresponding flight indications.
Where such learning effects occur, unwanted variability tends to obscure
the experimental effects under study. Learning does occur in any experi-
ment where there are repeated trials. The subject learns something of
the approach to measurement used by the individual or group who designed
the experiment and of the nature of the task to be performed. In the
present study, each flight segment was presented twice to each subject,
once with traditional analog instruments (called "round dials" by the
pilots) and once on the CRT in digital format. While this repetition of
each flight segment may have facilitated recall of the contents of the
display, the randonization of flight-segment-by-display-conditions would
have minimized any systematic effect of this repetition on recall, i.e.,
while the variance may have been affected by duplicating a flight seg-
ment for the alternate display, this effect would not result in a bias
in favor oF one or another major variable other than that arising from
chance.

The design of any study is generated within the context of limitations
of time and other resources. In the present instance, the major concern
focused on the feasibility of the approach, namely the development of a
benchmark task which could serve as a standard for the evaluation of lOS
displays. Maximizing the potential information derivable from such a
study means balancing the effects that are to be observed against the
potential diminution for the demonstration of the effects of higher
priority variables. For example, the subjects were asked to monitor
only a few of the types of information that an instructor pilot might
have at the lOS. The display modes (analog and digital) and the manner
in which the information was presented were somewhat arbitrarily chosen.
The analog and digital displays used in this study were not themselves
the objects of study; the object of study was the OS display evaluation
technique.

The experimental variables are represented in the accompanyiny block
diagram, Figure 2.

IV. Experimental Design

The design of the present study differs from the previous one primarily
in that it utilized a larger number of subjects (20 currert Air Force
pilots as opposed to four non-military pilots) and yielded three times
as much data per subject. The design permits a look at the interactions
among the several variables. Of particular interest is the time factor,
that is, the time during the flight segment to which the question ap-
plies and thus the length of time during which the information must be
retained.

16
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The time factor would be expected to interact with display format and
type of question. Range-type questions might prove easier to answer.
The six questions were generated by reference to strip chart recordings
of the six flight parameters displayed for each flight segment. These
questions and the correct answers are shown in Appendix D. Question types
were counterbalanced to insure their equal representation across maneu-
ver types and flight parameters for each of the two displays. Questions
were devised on the basis of subjective decisions regarding the probable
clarity with which they would be interpreted by the observer pilots.

In some cases, the questions referred to relatively minor variations of
flight indication because of the path flown by the simulator pilot. For
example, if the maneuver was a straight climb, successful pillotage wouldresult in a constant heading, though the design of the study would

require the generation of a question regarding change of heading.

The time factor was also taken from the strip chart of the various
flight parameters. The elapsed time bet•,een the occurrence of a reques-
ted indication and the end of the flight was noted. Though this datum
did not accurately indicate the time between the flight indication and
the qajestion pertaining to it (because of sequencing of questions in the
post-flight-segment inquiry period), nevertheless it was chosen as the
most reasonable approximation, given the alternative of a cumbersome
measurement procedure.

The order in which the various flight parameter questions were asked was
randomized independently for every flight segment and for each observer
pilot. The type of question associated with a given maneuver was counter-
balanced across the four examples of that maneuver but remained the same
for all observer pilots. The forty flight segments were randomized
independently for each obsErver pilot. Display type and maneuver/rep-
lication were thus randomly variable according to a computer-generated
random order (2 displays by 5 maneuvers by 4 question types). These are
contained in Appendix E.

The primary statistical analysis used for the determination of the
adequacy of the lOS display evaluation technique for discriminating
between display types was the analysis of variance. This type of analy-
sis was chosen because it permitted the main effects and the interac-
tions among them to be seen. Additional analyses included correlations
between display types for each flight parameter and item-test correla-
tions of the mean error for each question with the mean of the total
errors fo- each flight parameter. Error magnitude correlation with time
interval was also calculated.

V. Procedure

Those who served as observers in this study were Military Airlift Com-
mand pilots from McChord AFB south of Seattle, Washington. Eighteen
were C-130 pilots and two were C-141 pilots. All were cooperative and
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seemed interested in the problem of OS displays, with the reservation
that they tended, in an understandable way, to react to the task within
the frame of reference of the MAC pilot rather than as an instructor at
an lOS associated with a single seat, high-performance fighter simu-
lator. Because of a belief that the nature of the task required of them
would be performed best if they had an opportunity to get away from it
periodically, two pilots served alternatively in one-hour sessions. (1,
soon became evident that this was a prudcnt step as the pilots wearied
at the task after about an hour). Thus, one pilot would observe the
displays and answer questions while the other could view nearby simu-
lation facilities, have a cup of coffee in the cafeteria, or read some
material of general interest in the labnratory area.

The 40 flight segments comprising the complete session were divided into
four sub-sessions of 10 each. These sub-sessions were a little less
than an hour's duration and two subjects could be run in a single day,
each serving 4 ho.rs at the experimental monitoring task. The McChord
AFB pilots were assigned to the 1 day temporary duty to serve in the
study on the basis of availability. The average age of the pilots was
29.6 years with a standard deviation (S.D.) of 3.0 years. Total flight
hours averaged 2248 (S.D. = 858). Current equipment for 16 pilots was
the C-130 in which they averaged 1128 hours (S.D. = 135). All had flown
the T-37, ranging from 80 to 1700 hours and all listed time for the T-
38. Ten of the 20 pilots also listed civilian light aircraft time.

After arriving pilots had gone tlrough the required check-in prucedures,
the experimenters led them to the nearby laboratory facility where the
display equipment for the test was located (Visual Flight Simulation'
Laboratory). Each pilot was asked to fill out a brief form (Appendix F)
for information about his age, current equipment, and flying time in all
types of aircraft. The observer pilot was then given a copy of instruc-
tions for performing the task (Appendix A). This briefifg material
included a general explanation of the goals of the study and a statement
to the effect that the pilots were not being evaluated regarding their
personal skills but that the display evaluation technique itself was the
subject of the investigation.

After reading the instructions, the pilot was asked whether there were
any questions about them. The next part of the task familiarization
included showing the pilot both of the display types: i.e., analog
instruments and digital presentation of the CRT. The pilot was then
shown how to cover either of the displays for the viewing of its alter-
nate. It was here explained that the display mode used for any given
flight segment was determined by randomization. This was also true for
maneuver type, question type, and flight parameter. The presentation
orders for each pilot are shown in Appendix E. Flight segment numbers
were assigned such that designators 1 through 20 referred to the analog
instrument display mode and designators 21 through 40 to the CRT digital
display node. The method of ordering the presentations of the flight
segments is called random without replacement, i.e., no flight segment
(as designated above) occurred twice for a given observer pilot on the
same display.
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Prior to the initiation of the first flight segment, the experimenter
pointed out the flight instruments to be used and compared them with the
same indications as shown on the CRT in the digital display mode.
Figure 3 shows both display modes. Figures 4 and 5 show each display
separately. The experimenter pointed out the locations of the pitch and
bank angle indications on the CRT because the digital attitude display
is not integrated as it is in the analog instruments.

The CRT was positioned above the instrument panel with the bottom of the
scope at eye level. The pilot's eyes were located about 53 cm from the
screen or instruments. Obviously, there were variations in the eye
position because of body dimension differences among pilots or different
postures.

The tube face was 30 cm wide and 22.5 cm high, while the displayed
information was 20 cm wide and 7.5 cm high. Approximate center-to-
center distances between adjacent flight indications were between 5 and
6 centimeters. Symbol size was adequate for easy reading.

The analog instruments extended horizontally 38 cm, vertically 22 cm.
The ADI was the largest instrument at 10.7 cm width, while the heading
indicator just below it was second largest at 9.3 cm width. The other
three inst-rumeiits, i.e., airspeed indcato r, vertilcal velocity indica-
tor, and altimeter, were all 7.3 cm wide. Center-to-center distances
from the ADI to the other instruments were 15 cm to the altimeter, and
13 cm to the heading indicator.

A mask for the CRT was made of Fome-Cor and had a hinged door which
could swing to one side to expose the face of the CRT. When the CRT was
being used, a mask was set in place to occlude the analog instruments.
This method permitted the use of simpler equipment design than would
have been necessary if one mode had to be disabled while the other was
being used.

Before observing the final 10 flight segments, each pilot was asked
informally to comment on the conditions of the test. Their comments
were recorded on tape (with their awareness) for later study. They were
asked to compare the two display modes for each of the six flight para-
meters and to add anything they might have to say about the quality of
the questions they were asked, the reasonableness of the simulation, the
quality of the test environment, or the conduct of the test.

Although the subjects were encouraged by the experimenter to keep trying
if they expressed doubts about their performance, they were told nothing
about the correctness of their answers. If anyone seemed hesitant about
answering a question, the experimenter asked that pilot to offer a
Guess.
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Figure 3. Photograph showing both dipl ays.



I

_____ I
WI I

I



I
4�0

-c

CE,
4-,

IT

C,

S. 4
0

C

a

En



VI. Results and Discussion

The independent variable of greatest interest was display mode, analog
instruments vs. CRT digital format. To see the effect of this variable
on the monitoring task, a separate ANOVA was computed for each of the
six flight parameters. The dependent variable in each analysis was the
size of the errors in the responses to the questions, the absolute error
magnitude. Appendix B contains the raw data, that is, the responses
actually given. The score was the absolute difference between tht
response shown in Appendix B and the correct response for that Question
shown in Appendix C.

To equate the four question types, the double-answer questions were
treated as two separate questions and the sum of the errors for the two
were averaged to yield a single score comparable to the single answer
questions. These data were used, along with the errors from single-
answer questions, in the ANOVA for the six parameters.

The ANOVA and means of pitch angle recall errors is shown in Table 1.
Pitch angle responses were given with smaller error when the observer
had been viewing the flight segment on the analog instruments compared
to his responses after a digital format presentation on the CRT (p<.05). While the difference in error is small, 3.04 degrees for analog
and 3.64 degrees for digital, the size of the error difference is ',ot as
important as the demonstration that a short-term memory task like this
One Can d, u1, ferentrIlate b etween dUIpIldy Lypes.

The type of maneuver is also a significant main effect (p < .05). This
is expected because of the correlation between maneuver type and varia-
tion in flight parameter values. Question type was also significant (p <
.05) for the pitch angle ANOVA, with the type asking for the extremes of
pitch throughout the flight segment (Type 1) yielding smaller error
magnitudes than the other three types. The reason for this is not
clear, especially in light of the fact that the third type of question
asking for just one extreme (half of the Type I question) yielded the
largest error of the four.

The display type by maneuver interaction is significant (p < .05) for
the pitch parameter and the means suggest that the difference in favor
of the analog display format occurred primarily with the straight climb
and, to a lesser degree, with the climbing turn. The superiority of the
analog display for pitch information is thus not uniformly evident for
all five maneuvers, not appearing in the cases of level turn, descent,
and descending turn. Maneuver by question type is also significant (p <
.05). For example, type 2 questions yielded the worst performance of all
20 combinations (four question types x five maneuvers) with the straightclimb maneuver but the best of all with the level turn maneuver.

Finally, the significant (p < .05) display by maneuver questior type
interaction means that the maneuver by question type interacti-
different for the two displays, being more marked for the di ital than
fur the analog display.
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Table 1

ANOVA arid Means of Pitch Angle Recall Errors for DisplayType (D), Maneuver Type (M), Question Type (Q), and Interactions

Error Deg. of Sum of Mean
Source Term. Freedom S.qLuares Squares Ratiz

Suoject 19 154.363 8.1211
Display Type SO 1 Y3.811 73.811 10.449,
Maneuver SM 4 962.919 240.730 37.476*
Question Type SQ 3 235.266, 78.755 10.757w
SD 19 134.213 7.064
SM 76 488.164 6.423
DM SDM 4 217.494 54.373 11.541*
SQ 57 417.20, 7.321
OQ SDQ 3 23.r94 7.865 1.246
MQ SMO 12 1811.072 150.923 19.4840
SDM 76 358.069 4.711

S0Q 57 359.863 6.313
SMQ 228 1766.036 7.746
D"Q SDMQ 12 135.224 11.269 2.237P
SDMQ 228 1148.630 5.038

*p <.05

Climbing Level fes ending
Climb Turn Turn Oescent I rn

5.425 3.188 3.144 2,712 2.238

DISPLAY BY MANEUVFR

Analog 4-100 2.938 3.175 2.700 2. 2 7F
Digital 6.750 3.438 3.112 2.72• 2.200

QUESTION TYPE BY ",'NEUVE-

(1) 4.825 1.925 1.950 1.750 1.700
(2) 7.825 4.300 1.400 3.175 1.550
(3) 6.725 3.250 1.775 4.1i5 3.25"
(4) 2.325 3.275 7.450 1.750 2.4fý

DISPLAY [Y QUESTION TYPE BY M'ANEUVEP

Analog-1 3.300 1.80Q 1.350 1.750 2.150
2- 5.200 4.200 1.750 3,050 1.250
3 5.900 3.000 2.000 4.300 3.300
4 2.000 2.750 7.600 1.700 2.400

Digital-61 I 2.050o 2ý550 1.750 1.250
2 10.50 4.400 1.00 3.300 1.850
3 7.550 3.500 1.550 4.050 3.200
4 2.650 3.800 1.300 1.800 2.500

DISPLAY Analoq Digital
3.038 3.643

QUESTION TYPE: (1) 2.430, %2) 3.650, (3) 3,835, (4) 3.450
:.•5



Tbl.c 2 shows the ANOVA and means of roll angle recall errcrs. Roll
angle recall performance was not significantly different for the two
displays. Mineuver types showed differences since those involving no
turns varied little from zero roll. Question type showed significant
differences (p < .05), wi h Type I (extremes of roll during the flight
segmenz) associated with the largest error and Type 4 (single indication
at a spucified point in the flight segment) the smallest error. As both
maneuver ard question type wera statisti~ally significant, so also was
the 'rteraction between these two factors (p < .05); the pattern of this
intertiction is difficult to inter,.r'-t, however. One might speculate
that in piloting an aircraft with the standard artificial horizon, there
is little concern about the specific number of degrees of roll, and that
the question asking for this number would tend to place that kind of
attitude display at a disadvantage. Nevertheless, there was no signifi-
cant difference in favor of the digital format.

Tablc 3 shows the ANOVA and means of heading recall errors. Heading
recall was not significantly different for the tv.o display formats.
Type of maneuver was a significant factor (p < .03) with the level turn
resulting in far larger errors than was the case with other maneuvers.
It should be pointed out that there was greater opportunity for error in
heading recall with this maneuver because the heading change was about
1.30 degrees, as opposed to the climbing and descending turns which
inv3lved heading changes of 90 degrees. Question type significantly
a'fected heading recall performance (p < .05), with Type 2 (change in
indication during some limited portion of the flight segment) resulting
in -che largest error. Type 3 questions yielded errors averaging three-
fourths the size of Type 2 errors, but the remaining two question types
were associated with errors only two-fifthc the size of Type 2 errors.
There is a significant interaction (p < .05) between maneuver type and
question type but the range of differences in the 20 combinations of
maneuver and question type suggests the possibility of a serious arti-
fact. The largest average error in the matrix was 132.25 for a Type 3
question on a level turn while the same type of question about a stra-
ight descent resulted in the smallest average error oF 0.125. The
heading recall data need closer scrutiny before they can be interpreted
unambiguously.

Table 4 shows the ANOVA and means of airspeed recall errors. Airspeed
recall performance was significantly better for the analog display
format (p < .05), Maneuver type was again a significant main effect (p<
.05) but the reasons for the differences observable in the data are not
immediately clear. The average airspeed error for the level turn is
about one-half that observed for three of the other four maneuvers and
only two thirds of that for the remaining one. Though question type is
not significant as a main effect, it does interact significantly with
maneuver type (p < .05). The basis for this interactiun is not appa-
rent.

Table 5 shows the ANOVA and means of altitude recall error. Altitude
recall errors were not significantly different for the two display
formats. Maneuver type was significant (p < .05) with the level turn,
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Table 2.

ANOVA and Means of Roll Angle Recall Errors for Display
Type (D), Maneuver Type (M), Question Type (Q), and Interactions

Error Deg. of Sum of Mean F
Source Term. Freedom Square Squares Ratio

t

Subject 19 1315.544 69.239
Display Type SD 1 7.220 7.220 0.094
Maneuver SM 4 5294.918 1323.729 22.054*i Question Type SQ 3 746.885 248.962 4.528*
SD 19 1451.626 76.401
SM 76 4561.660 60.022
DM SDM 4 128.523 32.131 0.517
SQ 57 3133.751 54.978
DQ SDQ 3 307.470 102.490 1.891
MQ SMQ 12 2601.275 216.773 4.700*
SDM 76 4725.688 62.180
SDQ 57 3088.623 54.186
SMQ 228 10516.60 46.125
DMQ SDMQ 12 607.268 50.606 1.103
SDMQ 228 10463.18 45.891

UD.

Climbing Level Descending
Climb Turn Turn Descent Turn
() U2 (3) (4) (5)

1.688 5.450 5.700 1.475 8.200

QUESTION TYPE BY MANEUVER

(1) 1.750 8.725 7.350 4.900 5.500
(2) 1.350 5.225 7.750 0.0 8.925
(3) 3.650 3.200 4.350 0.150 12.375
(4) 0.0 4.650 3.350 0.850 6.000

QUESTION TYPE: (1) 5.645, (2) 4.650, (3) 4.745, (4) 2.970
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Table 3:

ANOVA and Means of Heading Recall Errors for Display
Type (0), Maneuver Type (M), Question Type (Q), and Interactions

Error Deg. of Sum of Mean F
Source Term. Freedom Squares Squares Ratio

Subject 19 94792.00 4989.051
Display Type SD 1 8026.441 8026.441 3.612
Maneuver SM 4 125262.5 31315.63 8.198*
Question Type SQ 3 84538.44 28179.48 5.066*
SD 19 42227.18 2222.483
SM 76 290318.5 3819.980
DM SDM 4 7440.688 1860.172 0.541
SQ 57 317027.3 5561.879
DQ SDQ 3 2140.688 713.562 0.190
MQ SMQ 12 5.36719.8 44726.65 10.178*
SDM 76 261191.4 3436.729
SDQ 57 214566.9 3764.332
SMQ 228 1001952. 4394.523
DMQ SDMQ 12 26969.56 2247.463 0.804
SDMQ 228 637550.3 2796.273 u
*n < 05

Climbing Level Descending
Climb Turn Turn Descent Turn(2 1 .__L (5) -

23.631 28.256 50.875 15.256 19.069

QUESTION TYPE BY MANEUVER

(1) 0.300 52 550 7.675 14.425 14.050
(2) 69.875 53.250 44.275 25.700 19.400
(3) 1.800 2.550 132.250 0.125 19.825
(4) 22.550 4.675 19.300 20.775 23.000

QUESTION TYPE: (1) 17.800, (2) 42.500, (3) 31.310, (4) 18.060
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Table 4:

ANOVA and Means of Airspeed Recall Errors for Display
Type (D), Maneuver Type (M), Question Type (Q), and Interactions

Error Deg. of Sum of Mean F
Source Term. Freedom Squares Squares Ratio

Subject 19 7955.516 418.711
Display Type SD 1 1180,980 1180.980 4.415*
Maneuver SM 4 8909.305 2227.326 7.669*
Question Type SQ 3 1410.525 470.175 2.232
SD 19 5082.129 267.480
SM 76 22074.07 290.448
DM SDM 4 434.387 108.597 0.787
SQ 57 12004.96 210.613
DQ SDQ 3 822.610 274.203 2.081
MQ SMQ 12 7078.277 589.856 2.667*
SDM 76 10489.30 138.017
SDQ 57 7511.195 131.775
SMQ 228 50426.39 221.168
DMQ SDMQ 12 1205.227 100.436 0.615
SDMQ 228 37208.82 163.197

14p < .05

Climbing Level Descending
Climb Turn Turn Descent Turn___._2) (3) (4) (5)

14.625 16.881 7.169 11.175 13.962

QUESTION TYPE BY MANEUVER

(1) 9.200 16.600 9.225 9.600 10.825
(2) 13.300 14.425 4.725 15.150 21.825
(3) 16.750 19.750 9.350 12.925 12.375
4) 19.250 16.750 5.375 7.025 10.825

DISPLAY Analog Digital
11.548 13.978

QUESTION TYPE: (1) 11.090, (2) 13.885, (3) 14.230, (4) 11.845
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Table 5-

ANOVA and Means of Altitude Recall Errors for Display
Type (D), Maneuver Type (M), Question Type (Q), and Interactions

Error Deg. of Sum of Mean F
Source Term Freedom Suares Squares Ratio
Subject 19 .45323E 08 2385465Display Type SD 1 .34915E 06 349155 0.100Maneuver SM 4 .17753E 08 4438392 2.843*Question Type SQ 3 .15627E 08 5209320 3,396*SD 19 .66584E 08 3504444SM 76 .11866E 09 1561343DM SDM 4 .59676E 07 1491920 0.788
SQ 57 .87436E 08 1533975DQ SDQ 3 .16659E 07 555303 0.373MQ SMQ 12 .63764E 08 5313693 3.523*SOM 76 .14380E 09 1892141SDQ 57 .84865E 08 1488863SMQ 228 .34393E 09 1508472DMQ SDMQ 12 .22421E 08 1868460 '1.245SDMQ 228 .34215E 09 1500682

-P< .05

CClimbing Level Descending
Climb Turn Turn Descent Turn

525.250 597.475 165.319 416.962 358.525

QUESTION TYPE BY MANEUVER

(1) 293.375 216.275 202.625 211.575 369.500(,) 557.625 1751.625 214.250 4?.375 202.800(3) 692.000 129.375 100.900 430.400 477.550
(4) 558.000 292.625 143.500 553.500 384.250
QUESTION TYPE: (1) 258.670, (2) 639.735, (3) 366.045, (4) 386.375
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as expected, associated with the smallest error. Question type was a
significant main effect (p < .05) with Type 2 questions yielding errors
averaging two-thirds larger than the next poorest question, Type 4.
Maneuver interacts significantly with question type (p < .05) but a "ook
at the matrix suggests cautious interpretation. On several occasions,
the pilot not accustomed to reading a three-needle altimeter made errors
as large as 10,000 feet.

Table 6 shows the ANOVA and means of vertical velocity recall errors.
Vertical velocity indications were recalled significantly more accura-
tely (p < .05) with the analog instrument than with the digital presen-
tation on the CRT. The type of maneuver was again significant (p < .05)
but not in any simple way, since the poorest performance occurred with
level turns while the best occurred with straight climbs. Question type
is a significant factor with this flight parameter, with the Type 3
question (single extreme value during the entire flight segment) showing
two and a half times the error obtained with Type 2 (change during some
limited portion of the flight segment). Display format interacts signifi-
cantly with maneuver (p <.05), the largest difference between displays
apDearing with descending turns where the error with the digital mode
was twice that with the analog instruments. Question type also inter-
acts significantly with maneuver (p<.05) but not in any clearly systema-
tic way.

The ability to recall information. should be relaLed to the elapsed t•M,
between the presentation of this information and the recall attempt.
Table 7 contains the correlation coefficients for the two displays.
In one analysis, error magnitude is compared with the time between the
occurrence of the event in question and the end of the flight segment,
and in the other analysis, this time period is converted to a percentage
of the total flight segment. The coefficients which are significantly
different from zero are identified by asterisks (p <.05).

Although 36 of the 120 correlations in the table as a whole are statis-
tically significant, the largest is r = .526 which corresponds to an
indcx of forecasting efficiency of 15%, % Efficiency = (I - 1 - r 2 )100.
This index shows the percentage reduction in errors in predicting. perfor-
mance from knowledge of the time interval between the event and the end
of the flight segment, compared to predicting the mean performance for
each time interval. Those correlations around r = .200 yield an index
of forecasting efficiency of only 2%. It is apparent that there is no
strong correlation between time interval and error magnitude.

The analog display mode shows significant correlations in seven cases
when time interval is used for the analysis and in eight cases when this
time interval is converted to percent of total segment time. Not unex-
pectedly most of these cases (six out of eight) overlap in the two
methods of analysis.

The digital display mode shows significant correlations in 11 cases when
the analysis is of time interval and performance and in 10 cases when
percent segment time is used, all 10 overlapping with those showinq
significance in the time interval analysis.
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Table 6:

ANOVA and Means of Vertical Velocity Recall Errors for Display
Type (D), Maneuver Type (M), Question Type (Q) and Interactions

Error Deg. of Sum of Mean F
Source Term. Freedom Square Squares Ratio

Subject 19 .4417906E 08 2325213
Display Type SD 1 .1709749E 08 17097490 13.0660
Maneuver SM 4 .2613584E 08 6533960 2.797*
Question Type SQ 3 .1199948E 09 39998260 19.147*
SD 19 .2486242E 08 1308548
SM 76 .1775190E 09 2335776
DM SDM 4 .1532442E 08 3831104 2.753*
SQ 57 .1190743E 09 2089022
DQ SDQ 3 .1354378E 08 4514592 2.415
MQ SMQ 12 .2548061E 09 21233840 12.287*
SDM 76 .'u57711E 09 1391724
SDQ 57 .1'65726E 09 1869694
SMQ 228 .3940280E 09 1728193
D0IQ SDMQ 12 .3133226E 08 2611021 1.730
SDMQ 228 .3441272E 09 1509329

*p <.05

Climbing Level Descending

Climb Turn Turn Descent Turn

S(2) (3) (4) (5)
725.844 1119.531 :274.081 1104.806 1077.519

DISPLAY BY MANEUVER

Analog 767.375 1004.375 1108.712 998.987 691.375
Digital 684.312 1234.688 1439.450 1210.625 1463.662

QUESTION TYPE BY MANEUVER

(1) 446.375 1165.625 648.875 616.875 963.875
(2) 387.500 1307.500 401.200 482.850 768.700
(3) 1757.000 516.250 3350.000 1658.375 996.250
(4) 312.500 1488.750 696.250 1661.125 1581.250

DISPLAY A 5 Digital
T"5 1206.547

QUESTION TYPE: (1) 768.325, (2) 669.550, (3) 1655.575, (4) 1147.975
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Table 7:

DISPLAY I - (Analog)

Correlations of Error With Segment Time Remaining

Maneuver/ Pitch Roll HeadinS Airspeed Altitude VVI

Climb .306* -. 526* -. 041 .035 .106 .163
Climbing Turn .138 -. 223* -,373* .066 -. 032 .131
Level Turn -. 249* -. 082 -. 071 -. 032 -. 116 .153
Descent -. 367* .176 .114 -. 133 -. 081 .139
Descending Turn -. 221* .002 .072 -. 365 -. 117 -,130

Correlations of Error With Percent Segment Tine Remaining

Climb .278* -. 475* .073 .027 .090 .122
Climbing Turn .117 -. 201* -. 358* .061 -. 043 .133
Level Turn -. 390* -. 010 -. 009 -. 009 -. 126 .212*
Descent -. 252* .227* .112 -. 129 -. 080 .132
Descending Turn -. 104 .017 .061 -. 336 -. 104 -. 088

DISPLAY 2 - (Digital)

Correlations of Error With Senment Time 2Ti~aining

Climb .485* -. 238* -. 043 .083 -. 066 .006
Climbing Turn .003 -. 188* -. 392* .234* .019 -. 200*
Level Turn -. 287* -. 172 -. 105 .003 -. 081 ,198"

Descent -. 107 .226* -. 048 -. 193* .006 .169
Descending Turn -. 179 -. 155 -. 088 -. 237* -. 025 .018

Correlations of Error With percent Segment Time Remaining

Climb .517* -. 174 .044 .081 -. 063 .070
Climbing Turn -. 023 -. 199* -. 381* .240* .002 -. 199*
Level Turn -. 268* -. 125 -. 040 .027 -. 039 .287*
Descent .174 .284* -. 046 -. 186* .022 .158
Descending Turn -. 168 -. 140 -. 121 -. 240* -. 054 .005

p < .05
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For the analog display, cnrrelations of error witn intervening time were
significant in seven instances, only one of which is positi4e in sign.
This instance occurred for the flight parameter of pitch in the climb
maneuver. However, each correlation is based on six responses to four
questions (see discussion of question types, section ) by 20 pilots.
While the magnitude of error in a response can vary widely among the 20
pilots, the corresponding time interval is fixed at a single value.

The content of a question was dictated mostly by the availability of an
event involving the given flight parameter, that is, an event about
which a question could be formed. The starting point for the generation
of questions (Appendix C) was the detailed inspection of the strip chart
records (Appendix D). The choice of question was further restricted by
the question type it had to represent. The point in the time segment
where occurred the event corresponding to the desired question left
little or no c8;2ice for a balanced selection of time intervals.

The digital display yields results similar to the analog display in that
the most significant correlations of error performance with time inter-
val are negative (seven out of 11). Since the test is the same as that
used with the analog display, the discussion of the results for the
analog mode applies here as well.

If the results of the correlational analysis are accepted as meaningful
on the basis of statistical probability even though the coefficients are
not high, then it is assumed that there is a tendency for the subjects
to remember earlier flight indications better than later ones. However
the possibility that these results are due to artifacts in the flight
segments as flown or in the test questions cannot be excluded.

The study was not designed to treat the elapsed time question in a
systematic way. The lack of a strong correlation between error magnitude
and elapsed time is therefore not a conclusive finding.

Item-Test Correlations

The item-test correlations are shown in Table 8. The error scores for
question types 1 and 2 were the average of the errors in the two answers
given. These were added to the error scores from question types 3 and 4
and total errors were summed across the 20 questions (five maneuvers x
four question types) for the subject to obtain a single score on
that flight parameter. The correlation coefficients range from .810 to
.015 in magnitude, and 20 coefficients are negative. The lower the
correlation, the less the question contributes to the total score and if
the sign is negative, larger errors in responses to that question are
associated with smaller total error scores. Such an item lacks homogeneity
with the other questions about that flight parameter, and its inclusion
in the test tends to weaken or, if negatively correlated with the total,
run counter to measurement goals. Therefore removing or improving low
and/or negatively correlated items should improve the test.
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Table 8:

Item-Test Correlations (Analog Display)

Vertical

Maneuver Run Pitch Poll Heading Airspeed Altitude Velocity

Climb 1 .291 .309 -. 343 .579 -. 026 .394
2 .432 .041 .544 .017 .600 -. 133
3 -. 102 .207 .486 .155 .261 .174
4 .194 - .113 .437 .787 .759

Climbing Turn 1 .356 .025 .200 .439 -. 020 .223
2 .418 .602 .384 .403 .760 .419
3 -. 052 .592 - .244 -. 100 .552
4 .365 .550 .056 -. 070 .269 .277

Level Turn 1 .183 .035 -.206 .Uv .18.

2 .528 .201 .405 .196 .086 .492
3 .355 .516 .316 -. 131 -. 122 .387
4 -. 176 .215 .035 .581 -. 061 .810

Descent 1 .128 .097 .427 .243 .020 .406
2 .090 - .359 .344 -. 032 .018
3 .346 .020 .122 .046 -. 161 .180
4 .256 .448 .241 -. 066 -. 093 -. 015

Descending Turn 1 .060 .153 -. 352 .187 .848 .144
2 .049 .547 -. 031 .509 .025 -. 138
3 .349 .382 .345 .066 .027 .046
4 -. 109 .166 .040 .127 .851 .361
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VII. Conclusions and Recommendations

The objective of this study was to test an STE display evaluation tech-
nique, that is. to demonstrate its validity by applying it to two osten-
sibly different display types and measuring the ability of IP's to
recall specific flight indications shown during short flight segments of
five different maneuvers, viz., climb, climbing turn, level turn, de-
scent, and descending turn. The flight parameters representing the flight.
segment included airspeed, pitch angle, roll angle, altitude, vertical
velocity,and heading. These six flight parameters were analyzed sepa-
rately to determine the sensitivity of the evaluation measure to display
differences. The goal was to validate the IOS display evaluation tech-
nique to determine whether it would be worthwhile for the Air Force to
pursue. In light of these results, the lOS display evaluation technique
described in this report deserves further attention, given that the
goals of the technique in this period of its development appear to have
been realized. The deficiencies which are evident are apparently not
insuperable, although attention is needed in several aspects of the
test.

The mest logical approach to the selection of questions for the bench-
mark task would be to choose flight segments from a larger group of such
segments to obtain a greater variety of reportable events and time
intervals. Though logical, it may be uneconomical because of the large
,mount of flight data to be.processc. Thepresent results fall short
of those ultimately sought but make the effort a worthy one within a
realistic framework.

One consideration pertinent to the understandiAig of the present data
relates to the airplane being simulated by the computer program or data
base. This simulated airplane is an "educated guess" about the flight
characteristics of some future extension of the A-7, referred to infor-
mally as the "Super A-7." C-130 or C-141 pilots would be expected to
perform much better on a task based on an airplane with more familiar
flight characteristics. It may well be necessary to have sets of ques-
tions relating to various general aircraft types so that the observers
evaluating a display can be matched, in terms of current experience, to
the display's intended application. Certainly, the "super performance"
of the simulated airplane in this study was confusing to the MAC pilots
who served in the present study.

Another aspect of the flight characteristics of the simulated airplane was
the interaction of these flight characteristics with the instruments
used in the analog display. For example, the strip chart recording of
one flight (Climb, Run 2) shows an airspeed of 700 knots though the
maximum limit for the airspeed indicator is 500. Another example is the
vertical velocity indicator which reads a maximum of 5800 ft/min while
vertical speeds frequently exceed this valie. (Maximum values for

analog instruments were used to set maximum values for the CRT digital
display.) These display limitations (or airplane excessive performance)
cause the evaluative power of the test to be weakened.
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Another weakness in the present study had to do with the current experi-
ence of the pilots serving as observers in the study. In several instan-
ces an altitude question re-eived. a response from a C-141 pilot which
was 10,000 ft. in error because he was accustomed to a tape readout
rather than dial-and-needle indications.

For some pilots who are accustomed to reading roll angle (bank) indica-
tions at the bottom of their ADI, there was a tendency to read right for
left and vice.versa on the one uýed in this study which had rolE indica-
tion at the top. This may account in part for the lack of significant
difference between the means for analog vs. digital in the ANOVA, since
in the digital mode the left-right designation is alphabetic rather than
being a tilt with respect to the artificial norizon. Roll angle inter-
acts with the type of maneuver in some fairly obvious ways; in an attemp-
ted straight climb or descent the roll angle will remain close to zero
and the size of the average error for these maneuvers will be correspon-
dingly small.

Heading recall errors were difficult to score because the magnitude of
the error was not as simply defined --s with altitude. For example,
should an observer report the heading to be 010 degrees (as presented on
the analog instrument) when it was in fact 020 degrees, the error is
easily scored as 10. Likewise, a report of 170 degrees instead of the
correct heading of 190 degrees is scored as an error of 20. However, if
the error is a difference between a heading greater than 270 and les i
than 090 the magnitude of the error is numerically larger than one Of
the same angular difference between a heading greater than 090 and less
than 270. A solution might be to measure the error as angular differ-
ence, but this approach would make no sense applied to the digital
display. Since the comparison of the two display types requires compara-
ble measures, it appeared more justifiable to score responses in terms
of numerical difference than to treat the digital display responses as
though it presented heading information in a way comparable to the
analog instrument, i.e., the round dial and pointer.

The vertical velucity, as displayed on the round dial (analo7) instru-
ment is another potential source of unwanted variation in the data. If,
in a given flight segment, the maximum upward velocity was £000 (+5000)
feet per minute and the maximum downward velocity was 4900 (-4900) fect
per minute, a report regarding maximum vertical velocity of -4900 would
be scored as an error of 9900 feet per minute. As a deviation from zero
feet per minute of vertical velocity the error is only 100 although the
algebraic difference is 9900. Of course, the same kind of crror may
occur with the digital display if the observer recalls a value with a
negative sign when it was positive or vice versa. If a value recalled
is the largest negative value while the largest value is actually posi--
tive, scoring can be based either on the basis of the difference bet;ve.mn
the absolute values or on the angular difference between reported and
correct values (algebraic difference), depending on the conceptual
framework used. The choice made for this study was to take the aige-
braic difference for questions about maximum vertical speed without the
direction (up or down) being specified in the question.
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Further improvement in the technique for evaluating lOS displays should
start with selecting or generating flight segment tapes which have the
range ard variety of characteristics from which to select items corres-
ponding to the question categories. The events to which the questions
refer should be easily distinguishable from other dctivity in the flight
segment. in the present study some events used for the questions were
not as distinctly separated from other activity as may be desired.

A longer time should be devoted to making sure that each observer can
read thp instruments correctly and understand the kinds of questions to
be asked. A response system should be developed to permit observers to
perform the task withot:t requiring the presence of someone to record
data.

The need for quantitative, objective measures of quality for intelligent
procurement of advanced displays hds received frequent mention, but not
much has been done to remedy tiie problems associated with the more u'sual
haphazard, subjective selection methods. The reason for this state of
affairs is probably due to the magnitude of the effort needed to produce
an objective evaluation technique.

The concept of the benchipark task applied .o this problem is demon-
strably worthwhile. Though it may require a number of iterations befere
it is developcý to a satisfactory level, this cvaluation technique is a
way out of the problems of older, methods. The prog;-am should receive
the continuity of attention required to maintain the momentum necessary
to bring it to success.
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APPENDIX A: INSTRUCTIONS TO SUBJECTS

You have been asked to take part in a research project aixzd at develop-

ment of evaluation techniques for flight simulator instructor/operator

displays. It is to be noted that the displays which you will be viewing

are not under evaluation nor do they represent the state of the art in

display technology. These displays are merely vehicles for testing the

evaluation method under consideration.

A series of short flight segments were flown in a flight simulator and

recorded. These recorded data will be played back to you on two dif-

ferent displays - analog flight instruments and digital CRT. After

viewing each flight segment you will be asked to respond to a set of

questions concerning the displayed data. Basically, we are trying to

determine if this method can be used to ascertain the relative efficacy

of alternative dis:ilays for providing different types of information to

the instructor located at a remote station. Keep in mind it is this

method for determining the power of the display, to provide certain

types of information under certain conditions, which is under evaluation

and not your individual powets of observation. It is, in fact, hoped

that observers are more alike than diffetent in their powers of observa-

tion and that individual differences will prove to be insignificant.

The questions will be of four types categorized on the basis of the kind

of memory task implied. For example, the question may relate to the

extreme values of a given flight parameter the answer to which requires

retention of display contents over the entire flight segment. Such a
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question may be worded in the following way: "What were the extremes of

airspeed during the flight segment?" The question concerns a range of

values over an extended period of time.

A second type of question deals also with a range of. values but refers

to a particular point in the maneuver, e.g., "What was the changc in

airspeed in the transition to level off:" The answer requires the

naming of two values, one displayed just before transition to level-off

was started, another after it was completed.

The third and fourth types of question ask for single specific values

rather than ranges. Like the first type, the third kind of question

applies to the entire flight segment, e.g., "INhat was the highest airspeer

during the flight segment?" (This particular question is Implied in

the first question about extremes of airspeed.)

The fourth type of question is like the second type in that it asks for

display content at some particular point in the flight segment and like

the third type in that a single specific value is requested.

The average duration of the flight segments is a little less than 2-1/2

minutes. They will represent five basic flight maneuvers: straight

climb, climbing turn, level turn, straight descent, and descending turn.

The flight indications displayed will most probably not be representative

of aircraft with which you are familiar since the computer program was

designed to simulate a developmental high performance aircraft.

You will be asked questions after each flight segment on each of six fligh

parameters: pitch, roll, heading, vertical velocity, altitude, and bearing
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APPENDIX D; STRIP CHART RECORDINGS OF THE
SIX FLIGHT PARAMETERS

S81

L 1i



05'

QP9~ Ln

2e

Ln'

(-U' -W

CD I

cfl

822



.4 0

---------

1-

ICI
¶ I

'.0
\ACW & CZc'

uj .
'0 .

Ln

Crj

'-4 c

.4,, O



tut
C~

en
cx am

Lit

8 4
U,,,

C-.

. •.- ,- .

p'.c

,U,

U,,

4...

____ __ .__.,.,.,___.___ /- - C.)1"
'•r C"¶



f-4

CLO

.6j
00

L Ln J

C31

-4.



r ~un

4,4

c.'J

LID

o~ff,

t.0

U)i

6n

L-u



C-A
u

V Cc

tfl

C6)

-cl I'
C-1

~'~l cm

LiLn

t0

C.. OaI
o L&.JW

LC2

+



In

cc

U-3

In

40
Ln

LO

f''- .
s.~....

______ ___ Q ?½ St
cl.

OSn
C 88



LLI

7 4

LWi

Lii

I- CM

.0 -~--..E £ £

LinU

IV-

iC)



C)

"U~. Q~

-4-

C3
LO

C4
w

W- -~

"le

0n
U-,

= -x

CC

LiO

CD C-

Q- -0

90 +



CD

-7 a

CD

4.4

7 ii C

0

LAi

ND L'i 4
IM - 0-0
Ln V)

* -cc C71

-A 0

LAI)U

In
01
+n



-k-

C44

+

wQ C
C a

CD
U-1

LAJ

LO.

C-j

--j 4-

L IC L 0

~LO c'

LO

CM LI-

.0

C'.)

rL - I -

92D~f



1ý Im, ga 44"ISIMM M poml- Ina

0\

Ln

r- -4)

Cj, 7c C

Lr~

CD

LO

LA -.. L LA

c'4

CD~

s-

C71

l-w

03 4.



Lc)

C U,

Cý

tLn
C'4

uC)

CZ

c 0j

U

Ci s- 0

Uf)

C\J

c-~n

Qw

cm~

Lc.)

0- Vi

L)

94 (Nj



* J-7

CD

(N

(U

cN -
LO -a

In LAJUq

CD

2= (
C) -

(NJ - U
-Ln

CN

CD
LC,

CD

ILL'

95N



IA-

In

L.J

hii

LL(

__ _ _ _ _ __m_ _ _ _ _ _ LLI

CC

C~

CD
Lilttz

96 +~





~~1 4-

I L-

LC)
ZVIj

LO -W

cu

CD

0

0

cz V
;m a-

C~

~01
CC

ajn

CC

C'.
98 4.



.4-I

CD

LOl

CC

N4-

cc:1

LO)

Q L( J VIC

(0

CU

LO~

I -

(A

01

Ca)

Ln0
99-



4-J
14-

0 -4

LA

Cl

u.j

0

LLJ

*k~

LC)

LO

- ~FtI ('

-7- -I Cm

C)~ i., l

o n
'0)

100 Ls4.



I, (NJ -

- D

'~ Al

I O ~

Lfl

C~

amw

C)
LO --

txJ)

CC 4

..... ..-.



APPENDIX E: PRESENTATION ORDER FOR
FLICHT SEGMENTS AND QUESTIONS
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SUB-SESSION
Fi.1 2

Flt.

-Sea. Flight Parameters PILOT ;NO 1

4J
3 1 ( 2 6 5 9• .. .. .....

"1 . .. 5 23

2 5 o 5 3 39
6 -- -3- -- .. --. "5- -. 2 1 6b -5- 2- 1 3 37

5 3 5 14 3- 22 -. .. . . . . . . .. . . . 5 3 4 2

5 3 1 lu 2 1L
28 --. . .- " b - 3 '5

-3 -2 53 31
3 b 2 3 5 4 1

2 b 5 2 2 3 ---
.6 2 5 3

' 2 3 5 6 lb
13 - 5 13

- '4 ' 3 5 1 2 40
5_ ' 5 1 3 b 2

3 1 2 b 5 ' 12-
2 1 ' 3 5

3 4

8 20
* . 5 3 1 b 2 b 3 5 1 u

2 6 5 3 1 1 5 b 23]
-2 7 . .. . . .. . . . . .

1 3 t) 5 5 3 2 ' 1

2 3* -- 5-----3 .... '- ---- .. b • - ' 5 1 6 2 3
35 32

1 5 43 2 .5 2 0 1 " o--19 34•
3 1 2 5 ' 2 3 l b b 1

3 6 - . .. . .

25 3 1 4 5 2 6

I.
-30--I-.-----.-..I

56 
2 4 34I 2I

262

263 2 3 5
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SUB-SESSION
Fi.1 2Flt.2

Seg. Flight Parameters PILOT HiO.

1 4 3 6 2 5 3 - - 5 6
1 15

1 3
21 -24

53 ' 1 1 23 5 2

13~~ -- 2--- - 2
5 5

2S2
39 18

3 2 a --- a"1 2 5 3 6

2 b I 3 1 5 6 a 2 3
20 23 - -.

1 . . 2 - 3 5 1 2 14 3
35 29

2b1 3 4 ' -- - 2 5 1 3
b 17

3 5 a 2 1 2 5 3

3 1q
33

2 5 6 3 a 1 16
2 - -2 -- 3 -- 6 1
- 2 1 5 * 6 36

1¶ 3 5 1 2 a

317 3 6 2 5
3 a 5 2 o 1322 3 -3 - - 2 -- 1 5

27 1 2 1 3 5

5 2 1 3 a 7 . . ..

2 5 . . .. . . .. . 3 5 1 I 2

52 - 632
-.. . 3 -- - 4.. -. . .2 - 2 8

0b 3 1 5 2
3 5 2 6 19 3.. ..

• 2 1 3d
5 - -b .1 a -5 3 3

i I
6. ~ ~ -.- - ~ -.- - - - - --..



SUB-SESSiON'1 2
MFt.
Se_. Flight Parameters PIL )T IO. 3

-• 3 ... b 2 --- .. .. •- 6 1 3 2

6 5 1 2 " 3 3 5 2 ' . . b-
25

S 1 2 1 36- - -.. . . . .

2 3
23

5 a 2 3 . .3- 6 1 2 5
S3 5 1 1 3 6 5 2 4

10
S 2 3 2 5 a 3 1 6

3•. 5
3 1 6 2 5 '• -6 - 2-- 5 - 3

-, . . . . . . . . 'JO
9 5 1 2 3 5 1 6 '4 3

' 1 •-- - 7 .. . . .

6 . 3 2 ' 5 1 Q 6 5 1 2 3
3q

2 1 6 5 3 -

3 4

34 3b
.... 5 4 1.-b 3 1-2 1 ' 2 b 5 3

4 b 5 3 2 1 5 2 1 3 ,
2 9 3 5 4 2 32

35 5 . - 3 2 1 5
I 3 6 2 a 5 3• b135- 6- - I 13

-Y21

1 6 3 5 1 32 4 5
b6 5 2 3 5

6 2 3- 17

2 l 5 2 23

6 -3 1 3 .2 6



SUB-SESSION
Fi.1 2Flt.2

Seg. Flight Parameters PIL(T 10. 4
b13. . .1 1. . . . 4. . • ' 3 I12

2 3.2 3 5 5
"4 6 1 2 3 3 2i 3 13 --- 6~~~3 -. 2--- --- b a-5. . a- b -

2 3 .4 5 b

£4 6 3 1 5 2 173 0 Q- '2 1 27

23 3 4

'43 4 6 35 1 1. .

2I 27 2 3-S Q

1 b 5 .2 b 3 5 -' 2

330i

'4 3 b 1 lb2

32 3, 6 1 7

39 5 2 2- __ b 34
3 .. b -1 3 5 - 3 -

55 2 2l b b 3 - -

3 
4 3

St 6 3 a 3 !

.2 5 3 . b
12 20 1

-3 1 2 3 2b

--3 E- - o-- '4 5 -S I 2 3 1 21

4 1 5 2 2

106



t1

SUB-SESSION
Flt. 1 PILOT 10, 5 2
Seq. Flight Parameters

25
Q 6 "3 5

5 2 1 373 6 Ib

3 5 2 6I 3 59

28 -4 2 1 3 6

12 5 1 5 2 3

7 - - --- i 5 6 4 2 3
4 6 ) 3 2 5 132 1 2 S 6 3 p

- .. 54 . - - -
2 3 6 71 S 5 6

-"- .... - - 5 --- 6--3 -- p--- --2 .... 4 ..

S3 1 2
' 1 2 5 3 6

26 2 1 is 5 2 'J 6 52 3 5 a 5

3 4

3 2 6 5 a 1 3 6 2 53- , -~

5 2 b I U 3 5 3 b 1 2
3 b 5 3 . 5 2 6 1 3

2 39

a2 3S--- f3 ~ 3 5 2
3•8 -1 ... . . .. ...... ...

23 5 2 i S 3 2
2 .. . . 2 1
S2 3 1 51. 3 2 5

31 20
.b -- 3 4 5 64 5 6 2 3 3

2 5 3 6 6 2 3 51

3- 31:107107:5 .



SUB-SESSION1 PILOT 0. E

Fit.
§. Flight Parameters

38

S3 a I- 1 2 6
6 - - 5... 2 - " 3 4l 1 '

3 5 2 3
1 -- 2 1 . . . . . . . .. .

a - -.. ...... . 6 1 5 3 '4

5 3 4 1 6 ---- 2 -5

I - -6---3 2 -o '4 12 2 1 3 4 5

6 . 3 4 ',2 5 -2 1 3 6J 5

6 6 1 ' 0 5 3 221

"61 5!2 - 4 2 3

1 3 . . . . . .. .. . .. ..

-- - -- - -5 Q 1 6 3
30

4 2 5 - -- 15 - -2 -3 1

3 45

b - 5 4 35

- -.- 5. - - -3

2• 3 6 2
3- 7 6 . . . . . . .. .. . .. . 6 -. . .S-- • . . -- '

1 61 356

S.. . . .... . -6 ' I -- -- ~

S19 2 3S! 1 5 U

2 3 2M

108
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SUB-SESSION PILOT '10. 7

Fl t.
Se2_ Flli 9 ht parameters
Iq 34

* .. I - - . - -'4 - 3- - !i 2. 5 t

'1 2 3 5 b 2 1 3 5

27

I 6 2 3 _ _ 5-
36

.- -- 
5 1 3 4

10 -25 .... 3 ...

5 3 4 b 2 '4 2 3 1 5

5 1 2 6 3

18 3 5
113

3 1? 5

5 36 2 5 3 1 38
-. . . - . . . . S..5 - 0 . . 2 . 3

1"'4 5 2 -

3 4

715

- b 5 2 3 1 1 '4 3 5

i1 --- -..-- -- a -.

"-32 . .. . . . . . .
5 b 3 1 .. .3 -- b 2 1 5

43u 39

. - 2 " 5 -- 1 3 2 5 b4 b

2 2 1 5 3 4 4• 2 -5 3-

7 22_2 3 '4-... .... 22

44 5 3 1' I52. .. -b - '4

'4 
9

.. . 1 3 2 3 5 2 1

2 -- 20- - -'- - - -- - -" .

2 • 5 l 3 3 5 2 !

'--29 .... 3
5 '4- 3 1 *..... ... 3 " b 5 2 a l

262i 0 2b

1-53 - 2 6 4t 2 1 5 -3

109



SUB-SESSION

Flt. PI10 1 NO. 3 2
SFlight Parameterys

20 32b 1 3 2 5 t-- 3 'a - 6 1.. 2 !•
- -... .. 1.4

5 1 2 3 3 1 2 5
39

5 6 ' " 2 4 3 1
5 -15

5 2 3 -b 2 '

11 9" !...2 - - 4 5 b 3 t 1
-23 -3 5 3 2

- -- - - - - - - - - - - - - . -2 b

52 3 5 1 3 4 5
-1 6

3 5 1 26o 3 5 1 2 4 3 - 2 . . .. 4 b " 5

3 4

17 -2-•
2 '4 3 5 1

5 4 1 3 3 2

23

Y 3-----'b - 2- . 5- 5 1 3 2
10 23

3-1 2 - 5 - 3 2

5 2 b 1 ' 3 5 2 3 u e
21 3

S 37 440

5 b 3 2 - 3--25 . . . ..
3 1 2 a S 6 2 1 3

31 35 -2 __.. . __. b 5 -3 1* 3 5 2 1
33

S " 3 2 5 5 - 2

110
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S~SUB- ESS ION

I PILO1 'NO, 9 2
Fit.
Seg. Flight Parameters

2 .6 5 3- ' 2 5 4 3 6

3 1 5 2 6 4 2 3 4 5 6

1'• 5 2 3 - a~- 3 ... -6...5- 2
3'. 1.0

55 2 3 - -- 6 32 3 3 5

S ' 2 o 1 3 3 2 6 5 '4
17 .32

1 3 2 5 '4 .. . 1 5 -3 6
18 21

S- 3 -- -5 - 1 2 4 5 3 1 b 2
22

2 '4 2 3 5 5 3 L ; b 2

6 1 '4 2 3 '2 5- 1 b J 2. 3
39 lb

. - 2 " b - 3 1 1. 3 2 5 6

23

'4• 2. b 3 22
7 -- 15 5

5 3 '4• • - 3 3 6

.. . 33
I 5 6 3 5 4 2- 2 5 -3 '

321 12
S22-- 3 ' 1 5 2 3

2 2

- 2 1 . .b 6 2

.. . .- 3 5 2 1 o .; 2 5

1• 3 2 5 1 3 5 2

- . -. .. - 2 .. . . . 5 3 -3

29 3b
S . ...- • .. -• -- .. 3 - 6 ~ -- 3 , 1 6 2 5



P PILOT 0. 10 2Fl t.

SeqFlight Parameters

35 21
5 U 6 1 3 2 . 6 2 ! 3 5

- .. 39
30 5 3 I - I 6

__ __ --35-. .....43- -. 2 3 2 5 3 5

25 31
'4 6 1 5 2 3 5 2 4 6

1 . 2 5 ' 6 2 3
17 - 3 -

] ' .. 2 ... 5 - 3. 5 6 2 1 3
7 '40

3 2 5 '4 1 5 I -3- 2 - 4
-- I_ -8

3 2 5 1 4 4 2 5 1 3 b
2 -3 6 - - - -.

1.... • -- - - 3. 5 2 3 1 6 5
27 -

3 a 2 5 1 -- b .. 13- 5

3 3

23- 2 3 4 5

1 5 2.

26- ----- I - - 3 5
11 3 5 6 2 1 32

5 3 -b 1 228 - b 3

6 1 3 5 2 20
-3 --- -- . - - - - - - -- - 537 --

3 5 6 ' 2 5
27 - 3 3 2 1 5

29 3 6 5 -1 6- 3 5-129 ....- 2 4 2 6---3 - 1 5

22 13

- 2 3 1 1
5 1 _

- . -_. . . 2 5 3 1 b



SUB-SESSION

1 PILOT 0. 11 2

Fit.
SeI. Flight Parameters

•7 2
.6 -4 1 3 5

6 3 4 b 23 1
20

5 6 2 3 1 '4 -- • 3 2 .. 5- I

37 19
13 - 2

4 3 5 2 1 4 3 1 2 5
32

1 3 6 5 ' 2 --..- .. --.... - - 3
7 11 .'

2]5...3. .. 5 3 2 4 "

1 6 3 5 2 5 6 3 1 2
2 1 5 -31 -- --"

3

. 2 3 -2 3 55

3 4

-- 25-
25 3 b 2

S ... . .. ' 4 3 5 2 2 1 3 a 5
35 3;

4 3 -1 - 3 ' 5 2 2
30

13 5 3 , ' 6 2 , 3 5 I 6

1 2 5 3 2 " 2-- 2b~~~~ ... ..... .. . . 2

S3 2 e 5 13 2 1 5

2 13 5 2 ~1
29

S -- 2 o , 3- 5 I > • I 2

113



SUB-SESSION

Fit. I PILO' IO. 12 2
Lei.- Flight Parameters

4 1 2 b 3 5
29.. 3 5 2 6 1

1 'S b2 2 33____525 -b 9 24 -3 '15

b 2 3 '4 5

'4 2" '. .. -3 -1
" .. . I-- - -- lI-- - 3 5

'4 1 3 5522 38
3 3- 2 -6 1

1 3 '5 ' 2 6 2 -2- -1

S&5 2 3 5 1 3u
19 3 uo

3 - 2 '. . . ' " 1 - 6 -. . .. .. . ...
11 2 1 5 3 b

2 .3 " 5 1I -b 10 -- i -

3 4

212 2 3 2 1 4 32 '

3- l

33. . . .. . 4o

2 3 1 -22I

I -- --2 5 '
2. ..3 - - - 2 5 4 a 2

a 1 3 21"

3 2 4 6 '5 1 I3 2 S '173 5 3-~-~ - • 3 5b

37
-o 5 4 ' 3

3 7- " ------- 2- . . 1 - (

32 3 5
1 2 a 5 '4 3

- .. . .... 5 1 b 3 2
3 I 2 5 313 32 3 . .b 2 b5

131a . .2 .. 6 1 '5 - 3 31 -

241 3 2 '5 b
I 6 'S 3 5 2 7. ..

14 2 b 3 1



Fit. SUB- SjS ION P 1

Flight Parameters LI .O0 1

SI 5 44 6 2 a 5 44 1 3
6 - 6 2 3 5

' 4 2 3i II 12
S1 5 1 '2 -2- 3 5

38 -29 .. ..
1 5 b 3 2 ' 4 2 5 1 3 o

'13 6
S5 1 2 3 6 2- - 3 6 5 1

3 25
.. 5 1 2 6 3 3 5 2 6

17 * 2 7-. . . .. ... . . .
3 2 1 5 25 3

33 .I
1 2 5 b 4 3 . -- 5 -- 1 3

21 19
2 ' 1 3 5 2

3

32 28
- 5 - - 3 " " 6- b

222
6 2 3

5 6 14 3 12 b 3 6 1 '

. . .- 3 ".

4 1 3 o --

-... .- -- -3 - ~5 6 1 -5 ....

7 5 3 ' 2 b 1
I 5 2 3 4 *3

S.2 "5 3
2 5 5 33

6 2 5 3 35 . . ..
2 3-l 3 2

6 '2 5 1 3 30

11l5 5



SUB-SESSION1 PILOT NO. 14 2
Fit.

Flight Parameters
7

2 6 1 3 
5 2 --- I'-2 --- 5 2 b 32 1 3 5 ' 6 31lU ~3- -5- - - y -... 4-- 2* . .. b s -- 3.... 3

1 6 ID 3 5 1
23 2-. 5 3 53
28 

3 6 $"-- .... --- e- - - 3 -5 3 5•-
38 

3 5 2
"6 1 3 2 5-- 5.... 5 44 6 1 2 3
3 1 '4 6 2 5 3930 3---'I .. a-- b"....- -

3 5 - 4 2 b 10a 2 4 5 3 1 37- -- -- - 3
.. .. 6 3 2 5 1

3 4

13
. 3 5 2359 

1 2 5 1 4 3
34 1--2- ... 3 -- 5 -6

... 2. I-5 4 3 52 6
32 2 6 b 1 3

3 3 1 2 5 25-----" .
1- .. . .. ... . 3 b

3 4 5 6 1 22 1 8 L -

S .. .6 2 *4 -j i 5 3 1?
24 2 5 3

33 2.. .. ...
3 5 b 2 3 '416, .. . 3 o ,2 1 4

2.75 1 a 3 2 7
- 1. .. .5-" 3 - -5

20 2 3 1 2 4 e2 3 1 _ ' 6 S 
--.. . . .

2.. .. . 6 1 2 5 3

116

I



SUB-SESSION

1t. (PILOT 1-O. 15 2
Seg. Flight Parameters

-.. 39

5 1 3 I2 - - -- 5

6 "3 3 2 b b 0
S32 22

2 4 5 6 3 a ,2 5 b

'4• 1 2 6: 5 3 1 • 8 2 3 5
-2 

1 
• --

' .. .3 • - % - 6 2 - 5 3 6 5 2 1

* 38 18
3 6 5 1 2 . . 2 3 . . 5

i -- 3 . ....... . ... ... . ... ... 2b
5 3 3 - - - -6 2

14 5 S7 . . . . . . .

4027 
30So a 5 2 • 5... .--1 3 - 2 L--

- 35
3 2 1 5 2 3 S 5

5 2
3 4

5 2 1 o 3 b- -- 5 - 2 I " •

13 10

.-- ~- - - -- • .. .. - L J " S 6 1 3

1 -1 .
3 2 " 2 1 6 1 5 2 3 3i

-- 3

3•1 . a 5 2 2 -1 6 .3 aJ 5

S . . . . . . 2 - • 5b'- ( - • 3 .. .. a , 2

S225
S b 3 2 . 6 1 2 5 0 3

rV7 19

SP1 5 ! 3~ ~ a 2 2 2 * -

S2 5 2 5 4 6 37 m 2 S

51 37

1117



SUB-SESSION

Fit. 1 PILO NO. 17
Flight Parameters

5
4 2 5 1 6 3 5 3

26
4 2 5 3 0 5-2 2. a b -

21 11-4 -- 2 - 3 -- 6 - 3 6 1 4 5

S5 2 5 1 3- 3 b " - - - - - 22
2 1 " 6 3 5 1 - 2 -6

2u 
2

b -- ; ' 2 - 5...3 -- 5 6, '4 2 3
3 -2 0

2 3 5 1 '4 2 5 3 t:
13 -------------------........ 30

S5 6 1 3 ' 2 . 5 3. . --
' 35 17

3 5 b a2 I ' 2 4 5 3

'4 3 5 2 3 5 2 1

3

38
3'-- -- 4 --- - 5 3 2

7 3 2
3 2 1 5 34

4 1 5 3 2 b 37
19 5 2

22 5 1 3 2 5
3?2

3 5 2 u I 6 b

3 3 6 5 23
16 * ' " - -1- . .... .. . .

I -- -- 1 - -3 5 - 2 '
31 2 5 ' 3

27
'4 2 1 3 5 3 " . 2 5

3 55 - 3
25

6 3 b '4 1 5 2 3 • o

118I



Fit. SUB-SESSION

S Flt P ILO " ".10 18
Sne. Flight Parameters L

" -- .- - -25
S'1. 5 t4 2 3 3 -1 u S222

3 4

-- - LZ -1 2 b -3 1?~-

S- 212U 5 '

6 2 3
20 3 5 2 1

-2 -- 2o . . . . . . . .. . . ..
2S2 1 3 5 5 M 3 2 15 2

33 2 4

-2- 5- -4 ---- 5 3

- 3 5 2 2 7 2 5

1.

4 1 5 2 3 31

6 5 2 1 a 3 19
3 2 IA 4

_5 3 2 5

2 1 339-

13 -
Z- 3 2 3? 3 , 5 •4 .3 2

2 3 1 5.. ..

I-- -- 5 3 '1 U - -2 ,

S .. 1 .. .3 -5 - 6. a 2 33
-. o b 1 3 2 .

7 3 352

2...- 3 1 2 . *I

11.9



SUB-SESSION1 2

PILO 10. 18
Flt.

3b Flight Prameters 4 1 3

6 6 2 156 1 2 5 'I 3--35 ----------- -.. .. . . . 5 '4 2 6

24 21 '4 2 1 3 6 572 2 -$..3 6--- 3---....6---- --
23 16

2 1 4 b 3 6 '4 1 23 -33 - . . ..
.3 b 4 5 2 5 S , 2 4 3

2 29
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APPENDIX F: OBSERVER PILOT INFORMATION PORN

Pilot #________ ________

Date________________________________

Name_____________________ _____ Rank Age_________________

Total Flight Hours_______________

Present Equ�pment____ __________________________Flt.Hrs. _________________________

Hours
In Other Equipment______ ____________Type_______________________________________

__________________Type_________________________________________

_________________________Type___________________________________________

_________________________Type_____________ _________________________

________________________Type______________ _______ ______

_________________________Type___________________________________________

Comments: ______________________________________________________

Experimenter______________________ ________
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i. iNTRiuuOUT ior

Toe) p~urpose of totls initial stooUy was to oevelop ano imiple~iient a

recormmpnoeo metnoo of evaluating ailternative uiz.~play formats fur ute in

trie instructor/operator station of ai fligot siaiulatoLr. Toe worK incluueu

conducting a orief literature survey, ainalyzing toe anstructor%,- .jO, aflo

developing a goou uijproaco to uisplav evaluation, uur aipproacii centereo

around developing a oencoiflrK tasK toait exercises-ý fjodny of toe sKills oaeu

o~y an iLnstructor; ueveloping ways to measure a SUoJect-'s1 performaince of

tnat tasi<; ano using toe ueriveu measureffent metnoou experimerntatily to

infpr toe effecti~veness of i given cisplay formalt.

Toe following sections document toli- WorK anu present conclus'ions aino

rF~commenoat ions, Important refinements of toe metoou were toen

neirfn~rmej. 4-)n i noneconreenie tea;t inouemnt'to of toe uetou

was cofluocteo as a secono stuuy anu is uocumenteu in, toe main uooy of toe

repoort.

ii. LiILH.ATOKC S&Wtunr

NeI negani wito a literature survey E~u ueLerinine toie current

copaoilt 4tieS and KflOWI-tOe regaroing mn-ci-indcni-ne systLem performaince in

training systems. In particular, we selecteu anu revieweo )0 uocumientsý

pertaininj o omannoi tuin * icrivior, performand'ce

[De~oJCilfllt rxa latin econigues, ur<f I jplay systefl-s attu ouinln f'ccturs?
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teennology. These are listeo in Apoe . Iiih. fir:Dc review WIi~

uriiianly focuseci on tne dUttraCtsý aro, wnere jppropridte, mU'kUx~iet'. in

general, most reports revieweo uealt ditfl afalysiýý, evaluation, tiesi~n,

and oievelopment of' flignt simulator syste'm'z dnu suusystems. Vypic'dlly,

eirripnasis focuseu on wilue angle visual systeiiis, CuIWPmex m1otion PiauLfUfllzi,

sopnisticateu CýRT cocKpit uiSPLAYL- dno crew interfaces. iiese~rcn

relativP to tne functions anu interfaces fur tne i-istructor fis virtudl.Iy

nonexistent. (it woulu appedr tnat tWe uesiyn of tne instructor cunouc,.

flas ueen dictateu oy s5iimuldcor oeýý4grn rdtmer tfldf LJY inz~tructur fjnOcriunL,

anu inforMartion requirernznts.)

Uf tile 5U austrdcts revieweu, zu dppedreo to contain intfurmT-iun

apoiicaole to tnis researen. vve -)raereo complete cocuinentat-iun- for tne~e

worýýs ario rev~eweo tnein in more uetdil. Inese ztu reports are inoicoteu

by asteriSKs in AppFen~ix H.

TheP !s-ccnd level uf exaffirmintion focuseu on) ioipntificatiun or tnu.:ýe

oucuments witn specific dpplication to tnis proyramni. Tflrouyfln tfli5:

examnination, we iuepntifieo 1' oucume:-ts 'ýinuioateo LJy ujouole dsteF1,Ks' inI

t\Qii~noLX H) tildt wwfP uSetul to Line wruyrcmdlll Anoilayzeo triel in JI-eoLeF

cietall. Inis analysis iupnt,-ifieu tne tecnnuloyy cdte-jury of

aoolicauility ~mci-/mi~cnirme sybtf-ms, tasK/wurKL)CLu, uispla~y bystenisý,

p~rformance measureinp-nt, anu pert urmidnce LeValuotILonj, P'LLJUoCPo du-~trdCic

oF stuay scooe, anu summ.inizeu primary stuoy tecnnimques, u.;eu, din

inOUt'outULt arainete~rs, SPOCidl CupauiliT-ie'3 , ano limii td-imnsa onu ru
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of program applicauility. Ine results of tois review are sulnila,;rizeu in

In genpral, altnougn niata were ovailaule wnioni aPPlieu to Mnafy issues

requiring consiueration in toe conuuct of' tois stuuy ýsucn a-, taIsk

analysis, man/macnine task allocation, dovaflceo aisplay tecoinulogy, anti

operator performance evaluation), no oata were avallaule relative to toe

opvelopment of' mnetnooologies tnat coulo ue useo to quanititaitively coilipare

toe relative merits or aeficiencies of one aisplay system witil anotner.

How~v~r, toe literature review uio prove useful in estaulisning an

unui-rstanuing of tne potential teconical proolems inu in reinforcing our

kn)Owleuge toot tois effort woulu ue ?xploratory in nature.

ill. INST~iucTO Pluol Jow ANALY3iiS

To determinp canuiuate mane-uvers tfldit coula ue useu in UenclIýa~fS task

aporoaco to toe evaluation of lus5 aispldys, we conuucteti a urief anaLysis

of toe rule a-io duties of thie si-Mulator WF. loLz anlsi turesacou kl,

1JP duties, kZ) I0 tasKs aIIU SýKILlsZ, anoC -)± nu~al rqo i rement--

Ilnallysis metnodologyy as- well as results are oiscusseu in toeý followiny

paragraphs.

t IP D)uty Pnalysis
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We Iaentifieo tine overall outies of a typical remotely lUCdtfzd iP,

monitoring ano controlling stuuent performance in d simlulator, dind

categorizea tnem as follows: simulator set--up, proolein set-up,

systemn/stuaent Performance monitoring ano assessment, cuinmulicate/monitor

programs, on-line/off-Iine ocoriefing, ana altering or adapting tile

training prooilem depending on tine stuoent pilot'si performadnce. roe

relationsnlio of toe aforementioneu IP outies are illustLrateu in Figure

A~S tole Oo~rator of tne simulator iýset Up simul~jator), toe ir- is

exQPcteo to checK toe system to insure toat it is, reauy for toe training

session to oe unoertaKPn at toat timie. loiS may involveý tne reiiivui Ot

some conditions, left over from a previousý fliyot, coofdinotifly V~itn tim

SOftware con-trol- ooerator, as Well as testing and valioUtiLny OPeraual~iy

of ton sýystems and its componients.

In srF~tting op tile proulem tnle .tP must prepare inputs r-et4uired to

oroperl~y initiate tne systemn aý, well as, convey to toe tratinee wnlat is-

exinpcted of niii. Ine amount of interaction u~etwveen toe it' and traineeý;))

u'w: ~ LI Udt~. U~LU~ind expera'en-ce of toetrine r tnoe level

of dlifficulty of toe tasK to oc? train-.-ed. linus, even tinuugn tile overall

duty of tine IP remains toe same?, tine amount of time anu toe level of

uotail of interaction can vary significantly.

Monitoring of simulator functioning snoulu ue pertormed o~y wie system
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I

Alter
Problem

Set up Ip 'ftnior 1
[siul a toriProb'i enm'PerformanceKI•er formanc n coiimuni cati oný Progress

Monitor Debriefing
Student
Pe rfo rin an ce

Figure ;-I. Typical Instructor Duties
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ooF~rator; niowpver, trie iP is quite Often requireu to pe~rform tni,,

function inprely Uecause nis activity overlaps witn triat of tne operdtjr.

Also, for ro'asons of continuity or to mi-iimize aelay, trie iP will in mciny

instances, automatically monitor tne s\/st-elf functionsi even tflougn ne iz:

not 1'pquir'pd to 00 so. Inougo toiis- activity aues,: not usually req.uire

excessive 1P time or attention, it coulu ue a significant consiuerdtion

during fleavy tdSK lodaoiny anu [Rulti-cocKpiL monito~ring Sitoationb.

Tne tdSK of Monitoring Stuuent or trainee perfurindncpe uemanUs Lne

orimary attention of tne iP. he iý, jutn toe certifier anu

Qiagnostician. instructor efficiency aepenus On tne cdoauility to octect.

indications of stuuent pprforinanu'e. Sucn inuicdtiuns are tWe logicail

oasis for nis assessment of stuient performance of toe trainee, anj tnmP

IP's outy will vary. In retraining, tne instruuctor will ue requireo to

alt~r Wne proulem, com~nunicate witr tWe trainee ano/or support personnel

and,, 0pterminp toep effectiveness, of toe rentpoial mecasores taKen. I f tne

trainee's Qprformance is satisfac-tory, toen tne t,,sK ut toe ir-' i.-: greatly

simollifipu; oe inFrely monitors tnP s5tuuent',ý perforiiianct, tu ve-rif'y tmilt

it continues to ue satisfactory ano Ijretcrioes flew niaterial or nigjner

).Rvpls of Uifficulty.

IP TasKs and SKillS

-or tope ourposes of' tois stuuy, wp uevel0oJeo an oljerdtiunuL scendriu
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Ujpon wflicfl tue iP's task aflu Sk<ill dndlybi,ý was perforineu. Ine

operational mnission sýelecteu reijresenteo i typical air-.to-grouno missýion

cinunasizing tne terminal opnetraition ano attactk pnase. vwe selecteo tflis

oniase siince it involvec a variety of activities kin wne context of

monitorin-g student / svstein performance) tflait require tne IF to utilize

var~ious processes, skills, ano content of information presenteu.

InF- fun-ctionIs of tile termina'Il nadvigation ano attack pnadse iriclouc iA)

mnon!.tor simulator oerformance, ko) navigate, (c) searcoi fur ano acquire

targpt, Ku) preoarp for attack, ano (e) celiver weaipon. wirnin eacn

Function, we identifieu tasks tWA3 neeuco to oe performneu uy We stuuent

outlot. w~a tnr-n exjmineu eacnj of' tne Pilot's tasKs, from tWe viewpoint ot

top 1P as a monitor ano evaluaitor of tne stuoent pilot's performadnce of

triaL task. Witn~ tne exceution of monitoring tne simulator function, tne

tasks for tne stuuen-t were founu to oc quite ojifferent from tIUose 01' tlle

IF in toiat tne formner primnarily involve pnysical actions, s:uun as

activate, in)sert, etc., ano Wne latter primarily involve menItal actions5

sucnI as ou)Serve, aecio, verify, etc. wie usco tne iuentifieu IF tasks as

tile oa.Sis upon wnicn to generate suecific information requiLreo as Y~elI ib

Oisplay options tflat amP currently availaule. xesults of tnat analysis,

are snown in Taple U-I.

SoPcific s'KilS tne instructor muat nave to carry Oi~t tt'1C3Ce tasDks are

varieu. Tie type of task~s performeu LDy trie 19 anu tneir relationsnip to

tnP procenss oseo and trip typical Uendvior or skilil reqUirkeo are oepicteu
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For tne IP to perform nis outies efficiently INe mu'st doss

var~iety of inherent Knowleoges in dauition to thle specific- skills,. lncý

IP must know flow tWe simulator reacts to control iriput:ý aflo wflat iLz,

limitations are. He mnust also Kno#v tne operational rueo tesmuae

system, its wmissions ano intenoca use. sneoeof sioiulator operation

is ouviously requireo. Fie troin-ing pnilosopny unoerlying toe content

and ordjer of items in toe training syllauJus as well as- tole flaflOer in

whion it musit Lie followeu snIoulo al!o oe KIIOWA rlu u~nu IttrStoou 01 tile

instructor pilot. Tne monitoring of stuoent performance at tile

ins:tructor's console for toe purpose of ev!Aluation- requires

considerationsý oa-seo on this poilo-sopny.

Knowledge of' toe studetnt piloC 6 relevant oac,<grOUnu of experience is,

also requireo as it iiay impir.g&, an tne OPprOach to oc usýeu in trdining.

To train a pilot to fly a jet-puwereu airplane wnen nis prior experience

was limiteu to prooliler-oriven macnlnes woulo involve i conzý,uerauly

different pr~cess thian trdining someone wnoose flyiny experience incluoeu

an airFplaneI witich was closely simiildir to toe one no isý. learning to fly.

ih~e joo Knowledgje requireo of tile iF, ais well azý, s~pecifick activities>

±nvolveu, ucet-nos on toe mission ano ooeraciondl cllarcicteristicsý. iPj juO

knowledge reqoireu to perform fligot simulation training uuty is, shownu' in

Taule G-3.
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Table G--2. Instructur Pilot Tasks, Processes, and Skills

Task Proce.ss Skil I

Search for & receiving Perceptual Det'ect, inspect,
information observe andi scan

Identify objects or Discriminate, identify,
events locate

Process information a Categorize, calculate,
code, compUL,(

Problem solvi nq./d.- Analyze, chouse
cision making

Conmiun i ca ti ng Vocal Advise, an;wer, direct,
inform

Simple/discrete Motor Activate, ccri•cut, join,
set

Complex/continuous Adjust, aligrn, regulate,
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Information 'ý ýire~inentz

W~ring toie analysis of tne 10's role and outies, we concluueu atnd

his jo)u in simjulator training can oe generally categorizeu into five

major funccions: (1) simulaitor setL-up, (2) proolew set-up, k_:)

simulator'stuoent performanice Iionitoriflg ano assessment, 'A)

communications, anou (D) un-line/off-line ueuriefing.

Altnougn IUS displays coulo op useo in toe perforifance Of all of

thiese functions, tne tniru function, monitoring moo assessment of

performance, appeareo to oe toe appropriate focus for tnis stuoiy. In

reviewingt tne LP's mounitoring duties, tour general categories were

ider-t if ifr ý'l) monitor only (resultt, in no specific action), ~

monitor-recoru (results in 10 recoruing informotion), t5)

nonitor-aeciuce-act (results in a upcision wnicn forceý, s-ome K-,ino of

action) ano (4) monitor-analyze (results in on-line asaessmaent o)f

system/studlent performance.

Information tyne ano man~ner of uiplay requireu oy an 103 oepenoa, on

the ooerational Situation. The relationsnip oetdeen tne aforemenrioneu

cateoorips of inonitzorig, duty ano mission segments selecteo iS- ir~ n

Taule U-4. Disolay information requireu oy t-ne i0 waý; ueriveu UJseu on

o-taileo task analys'is, of ooti tne stuuenL anu toe 10, toie rez;uitýD of

woicn w,-re presenteu earlier in Taule u-1.
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deL-ý? flCf)IA3-IK I [ask rit<'~

To oe a su itaule Ueauninank tasr,, thne tasK mIust ue one wflicf Can me

used to evaluate toe effectiveness of aifferent cisplays in meeting a

w4LiPý vari-ty Qf iP inforinati.on rýquijirelnpnts. '\ccuruingly, criteriai fur

tt-c dievelooment of tWe O~encnfnarK tasK Musýt incluue: U-) cri-ticality, ¼•)

freqLUency, (2,) comnplpxity, (tO measuraoi~iýty, u'-) imo(11ile-nenaoility to

muit.i-cocrqil-t monitoring. These criteria are expine in te following

&.ri tical ity. Tne tasK aevelopso' mius-t Lac one wracni includes

info~rmation) tnat -is oasic to the buccesýs of* toe 1P oerformuarii nais

function. Since mnucn of this, infourmaction will vary Frum m1dnieuver to

man,ýuvpir, tnie uenchmiarK tuSK snroulo contain info-iinationi elemients tnat are

oatn critical anou common across! a large numouer 0' infneuver:>. For

examole, trie requifemflpnt fur airspeeci information Is critica-l tu m'Any

mrnan-uvers anu is controil-u solely u~y actions Of Woesuu-n. nte

o~tnr) h-i ,tor fJ.Lý presisure :L-inurimatIuvm wuolu oe critica.l to tile

stuunnt in tole evenit of a fuelI puimp failuire, ti~s failure wouulo nave ueen

instigated( may toie instructor, anu toierefure, toe information woulo not oe

critical to toe instructor.

Frequonoy. Toe ucncimmmIdrIK tasK snoulu contain SuL]ta5Ký widecn are
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frequently performeu oy tWe iP. As used nere, frequency incluues outh

the amount of time spent performing a function ant tne number of times

tne function is performe,]. As wvitn toe criterion of criticality, for a

function to satisfy toe criterion of frequency, it snoulu oe cunsiuereu

frequent across a significant numuer of flight maneuvers. Fur example,

the turn ano DanK injicator is monitoreu witn nign trequency curing

particular maneuvers out is seloorri monitorec, at oLner times. ionitoring

of altitude, however, is virtually continuous uuring all pnase, of tlignt

and would unquestionaoly meet tne frequency criterion.

Complexity. Toe 1P jou is complex. He must ooserve ano integrdte

data to determine if tne aircraft is at toe oesireu point in space, at

the desired speec or aceleration, ano wnetner or not toe aircraft is

properly configured (power, trim, etc.) to prouuce tne uesireu

performance. For tWe uencnmarK tasK to De valic, it must require tne 18

to perform such complex functions.

MeasuraUility. For toe oencnillarK taSK to mneet the criterion of

mpasuraoility, it must leno itself to toe taKing of quanEitative

measures. Tois will nelp ensure that toe display evdludtion is Dojective

rather than suojective. That is, toe oeriveu figure oF merit for a given

display must ue oaseo on now effectively or efficiently tne informatiun

rpquireo oy the IP has oeen cisplayeu as opposeu to noy well toe iP liKeu

tne display.
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Imnlementaoiiity. As useu nerein, toe criterion of imiplementaoiltty

refers to toe ease with ~vnicn thie oenooimarK tasK can ue useo in a

laooratory settiAng for toe evaluationr of alternaitive uisplaiys. Iois

reqUires that tile source Gata for trie gpneration of information to oe

Ujisolayeo cce in a format wnicn, if not common t1o, is at lei:st easily

aoaotaole to presen-c ano ariticpateu a~isplay flarowdre.

Multi-C2cKpit Monioi Toe estaolisnhnent, of a Qencona~rK tdi

suitaole for' Use in toe' evaluationl Of Ui$PidayS to ue Used for-

moltl.-cocKpit monitoring requires toat tne inforhliLltiun pre::enteo ue tdKkfl

from maneuvers consncoereo redsonaule canoioate.s for mnulti-cocKpit

instruction.

trý-cninarK TdSK u~evelQŽDeEn t

A rpv'.w of toe 11- 000 Analysis reporteu in bect~ion iii of Lois

aoipndix r'eveals tLot toe IP's primeý function is to monitor.

Eurtno-rmor5, infornnation relative to Oit aircra;ft tlignt pdrdI'eterb, isi

relqu i mu ourino iil PHO~spS, if Milre of toe procedu"re or

mnenuver ucing flowný. 'vinile a wiuc viriety of' naneuverzo of vaýryiný,

lengtn anou comulexity cou).'j ue usieu to gP-enerte toe inforination wnicn

Wou~lo satiSfy toie uetlcflmarK tasiK criteria, five uaztc flipnt munepuverzý,

clillu ano level-off, descen-t and level-off, level turn, cliiiuinj turn,

ýinw oescpnuin0) turn were sitlecteo on toe osf ot tleif



comljrenenbiveness, representativeness, aflO siiouilicit~y. tAn,,Iy:D,i of tneýe

manpuvers6 reveals that tne transition ano steauy-state conuition-a coulu

oe strung togetner in ai manner nnicn woulo oescriue a3iiinot any fiijnt

maneuver. vflile this concept may nave certdin Iiutb ne mc~neuvers

selecteo are corisiaereu to generaite tie majority of 4P? inforination

requirements relative to tne mnonitoring of aircraft control performdnce.

The 1P information requirementsý gene-ralcau oy tnese flafltuver:ý care

representative of thlose founo in mosit flignt training situations Lino

satisfy tne criticality, frequency, anu complexity criteria. The

p.arameters useu to define these maneuvers lena themselves to tile

coll-ction of quantitative oata as> requireu oy the iiieasoradikity

criterion, in view of tne fact that tne maneuvers are not very complex

ano can up aaequately (aiolaypo tnrougn inuicdtions of five fliqn

pardmeters. i.e., airsoeeoj, attituae, altituoe, vertical velocity, anu

he-ading, there snouluo ue very little prouleii uevelopinyj source Oats-, to

implement We uencninarK tasK on- ai wiae v-iriety of oisi~lays. urcnl-eriiire,

tne maneuvers ano the tasK of mounitoring fliync irmtruiiients are typic0 1

of wliat is expectec to up encountereo in multicucKpit. monitorfingI

situation.

In suatiafy, tfle oencnlnarK taSK uevilopeu for tniz, effort con:sistý of

monantoring five flignt parameIterýr kair::ppeu, attituoc, aitituoe, vertical

vPlocIty, ano he~autny) auring ten f'llynt seygmefnts con.;,s-i;1y Ut tnO

rppetitions of five uasic fltjnt maneuvers kclimo anu level-off, uie-cent

dfla 1evpl-off, I pvel tu.rn,, cliffoing turn- anu uesuenutnj turn). Tilf-
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manner in which the flight segments were uevelopeu and presented and the

manner in whicn the UenchmarK tasK WaS performeo ano testeu are covered

i,• detail in Section VI of this Appenuix.

V. PEHFORMANCE MLASUwitS

Tne oojective of this pnase of the effort was to uevelop performance

measures which would discriminate the relative effectiveness of

alternative display formats anu confiyurations. uisplay effectiveness is

oest defined as the aoility of a display to impart desireo information to

aF, ouserver. In tnat there are no means to directly measure tnis

ability, it was necessary to devise some means of oeterrnininy now mucn

displayed data had in fact oeen perceiveu uy tne ooserver. Since tne iP

cannot respond to something ne nas failed to notice, the most

straightforward way to measure display effectiveness is to determine

whether tne information on the display was noted oy tne iP ano, if so,

now much of it was retained. Accordingly, tMe proceoure developed to do

this required suojects to ooserve oisplayeu flignt information generated

oy a series of short simulated flight segments ano to re!ponu tu

questions concerning tnE values of certain of the oisplayeu flignt

parameters at specific points during the segment. Tnis approach is

desirable in that a response may oe obtained regaroless of the quality of

flight or the ouserver's Knowleoge of such tnings as correct procedures

or aircraft performance characteristics. Tne ouserver is not requireu to
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judge the goodness of what he nas ooserveu out merely to report tnot

which has been ooserved.

On tiie basis of tne 1P information requirements determineu uuriny tile

IP task analysis (see Taule U-i), we developeu eiynt questiun6 for edcn

of the five oasic maneuvers. The manner in wnicn tnese questions were

employed to collect data is uiscusseu in oetail in Section VL.

There was no clear way of e5taulisning wndt limits snoulu we set fur

scoring a response as "correct"; therefore, we examineu tne collecteu

data and selected limits wnicn woulu provioe maximum sensitivi.Ly tu tne

effects of various conditions. Since this was not an evaluation of

displays but rather a search for a feasiole means to evaludte sucr

displays, this was considered to De Doth a proper ana necessary jiianner in

which to proceed.

In scoring responses to the questions on altituue or vertical

velocity, a response in error greater than 'UU feet was consioereu

incorrect and scored zero, an error of less than 5UU feet wcs cunsioereu

correct and scored one. Tne choice of 5U0 feet as a cut off point wds

oased on a f!rst cut analysis of tne raw data wnich inuicateu thdt )UU

foot cut off point would provide a measure witn good sensitivity to

variability of performance. Similar rationale leu to estaulisn a five

degree error limit for heaoing, roll, ano pitcn anu a corresponoing ten

knot allowaule margin for airspeed.
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In tne ausence of sufficient data to estaolisn statistically reliaole

resoonse distrioutions, no attempt was made to give aifferential creolt

for more accurate responses.

In summary, the metric of display effectiveness useu wds an inuirect

measure Uased on the percentage of correct ouserver responses made to

questions aoout displayed flight information, wnere the criteria for

"correctness" were estimateo uy the investigators.

Vi. O•MONSTRATlui' ANd TtST PRUCWUti

Approach

As stated previously, the oojective of this research was to develop a

means of evaluating the relative effectiveness of candidate flipnt

simulator instructor/operator station oispldys. Tne approacn taKen wda

to aevelop a oencnmarK tasK ano performance measure sucn tnat when tne

Denchmark task was perfor~neu using alternative uisplays anu tne

could be determined. Towaro this enu, tne oenchinarK tasK estaulisneu was

one which required an ooserver to view prerecoroeu flignt informatiun on

a candidate display anu to respond to questions auout the uisplayeo

information.
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General Discussion. To demonstrate the above approacn anu to test

its feasibility, four test ooservers performed the benchMarK task using

both an analog flight instrument display and a CRT digital aisplay. Tne

test conducted was a first lOOK at the feasibility of the oenchmarK task

approach and as such daid not produce sufficient uata for rigorous

statistical analysis. However, it was consiaerea to ue a reasonaole

compromise between a vigorously quantitative test ana a purely suujective

one.

Test Suojects. Four test suojects were used for this test. Tnree of

the subjects were well qualified pilots witn prior military flying, over

3,000 pilot hours, and experience as instructor pilots. Qualification of

tne fourth subject was limitea to flying experience of aoout 4U nours of

piloting a light plane under visual flight rules (VWK) conuitions only.

The rationale for including a subject with winigiwm experience was to gain

some initial oata on whether or not extensive prior experience using a

standard instrument aisplay might inhibit the experienceo pilot's aoility

to work with a non-stanuaro oisplay format, viz., tne CRT aigital

display, o- otherwise bias the data in favor of the stanoaru oisplay.

Presumably, the nignly experienceo pilot woulo have a reldtively greater

oifficulty with the strange format than someone who wa* not overpracticeo

with the standard instrument display. Tne preliminary test trius

represented a broad range of experience, ana inaivioual differences in

auility on tne task were accentuateo uy this selection.
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T-st material. The uispliays represienting tne five wdneuversý

previously oiscusseo constituteu the test materials of the up-ncfinai-•

tasK. Tne two tyines Of UiSPlays uJsco were stanuaro fii.gnt ins:truments

ano oigital presenitations on tne U:RT. The instrument panel naj- the

airsopeu inoicator, tne attitude inuicatur (artificial norizun), the

vertical velocity indicator, heading indicator, ano the aftimeter. Ine

arrangemen't Of flight inuications on the CRT was, loentical to) tne

instrument paniel. N~o other instruments in the instrument panel were

activated. On tnie CR1, all of tne inoications were presenteu in oiyital

form, wnite un h)iack oacKground. For [iton ano roll information, tie

symouls, "Up'," "UNI, "L,~" nan "W' appearea to the left of tie aigits as

apou~rooiate.

1n!-I Cr4- wA- l--r--fltP, jiist aoovP thie instrument panel irt Lie samie

viewing distance as the analog instruments. The information was

oisolayeo simultaneously on tne instrumnentsj anu t.AT. mne c~r-U unit flau 'I

covpr which could oe positioneo over the vuoc face wnen thie informaition

was to ipe viewed on tnp instruments. Instruiiients were liKewi!sC covereu

whien the Q:R- was exoosed.

LToskFacil~iuy. Ire, experiRpnt utilized a general purposie simulation

facility, multi-mission si-mulator (MMS) uevelopeo for contiuctingreserc

roquirin-g mnd--in-toeP-loop simulaltion.

Figure u-2 is a olocr• diagram shiowing toe major elements; of tne
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flignt sirmulator uti1lizeu. "ICAINNW" missions were proviueu uy flying

close~d-1oolp man--ln-tne- loop m~ission segmpnts drid recoruinj tne uilot.

inpjut commanus to tne digital. computer.

TrI Varian 7ý) comput"Ing ,,ystew ý,olves. tn equcition:> of motion of

reIpresrontdtive fignter aircraft ;znu provides simultaneous uisplay inputs,

to a Sanders 1\dus ý)0U grdonics sýystem ino to trie fliynt. instrumentts in

tne simulatea fignter cau.

Tne Sanaprs yrapflics system provides uiyital informaition for ui~plaiy

on a 10-incii Hewlett-Pacikard l,)uuA CI-<T. Mhe uiy~tal informaition

displayea on tne u-<T represents trŽ 6same type of informaltion proviueu to

cne analog fiignt instruments (dltituoe, dattituue, anu fleauing,'.

Simultaneous information was, proviaed to uoto tne u<T dfld tne fligint

instruments. Special macsK6 were useu over trie oisplays wnicfl tloveu tne

test suoject to view eitner tWe analoy filignt insýtruments or tne d-ijital

disolay onl tfle JRT.

Only tne rear staticn Of a two station COCKpit WcS uti.liZeu, anu toe

Hpw!Ptt-PdCKýra C-RT w-,- mountcu ji-ec~tly auove to'-- i~edi ,:,Lciion flignt

instrument panel.. The arrangement of tne anilog fiiyflt instruimenl'tz Was

as snown in Figure G-JX

Existing software Was oIsed wn-kn flau veen uevelopeo for anl Auvcncetu

Tactical Fignter Simulation. mnis programf was Made up Of 6tinuaru

mooduI's ana aircrdft-ur~ique mooulesi. Tnere vvere ýýjx stanudiru miujules
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used in tois simulaticon. Four of tnose ktranisforimicion maitrix, ei~oatlonaý

of motion, integration, ano aircraft relateo quiantities) proviueu tne

capauility to cetermine toe aircraft trajectory, orientation, dinu dynamic

response. Thie remaining two stanuaro mouules. (atmospnere ano windo-)

proviop toie natural envircniment surrounuiny toe xlircrdft, Toe equipiient

used incluoeo two Varian 7> miiinicomputers witto 40K lo-nit woru:s of meiwory

each. One computer was useu to orive toe grapnics, anu tnie sicono was

used to si.mulate toie figoter.

Thst Procedure. Toe five maneuvers overe flown four- times ea;cn two

dupicaesOf eadcU maneuver On eaco of toie two oispfly formaits, fur -,

total of twenty flignt segments. Prior to presienting triesýe to toe test

suo~jects, toe flignt segments, were ranoumnizeu. Lignt qet.4unstfS wereI

gpnerateo (Appenoix 1) for eacii of tne five naineuvers,ý ciri: toesie were csJ,Ou

ranuomizeo. Tne ranuoomizeu uisplays, questions, aind fligot semnt 1re

shiown in Appenaix J. A ranoomizoa set of four questions was yivtfl afIter

toe first replication of a given maneuver snowai on a ois.plaiy, ano toe

remnaining four were given after tne secuno replicaition of toe samne

mianpuvpr snown on toep same uisqolay. -specific test proceduresi for e'scn of

toe SUoJPcto' were u follows:

Toie suo~ject was seateu ti toe cockpit oft toe mm$ witoi tne

expe-rimentei sitting oesiue him uut-sioe tn.-? CocKplt. lie wasgie{ writt--n oriefing material to read consisting of genteral iný,rouLtionsb '9.

thie effect tnat all tne participant was required to uo was to ous,ýerve

:ruoioations ois uirecteu on eitner tile analog instrumnents or on toe ad,-.
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A.fter the subject finisr~eo reading tWe oriefing instructions, ne wais

shown now to position a special MfdSK to OCClUde tne inuiedtions ufl toe

display %vlicn he was not to USP. and nlow to exp!ose tnose ne wds to use.

(During tfl'ý test, tne pxperimenter ensure-j tflat toe proper uispldy wd,.

indeed occlueop.) Tne ouserver was trien given a typed set of

instructions regarding nis tdSi< ý.ppenaix U). Tnese were intenueu to

prepare him for tne kiiods of' questions, ne woula ue 6,sKeu. Te s,,uoject

was then presented witn d ranuomized] fli-*gnt segment on one of tne two

displays for a uuration of l--ý minutes kuepenainyj on tWe particuldr

fligflt segment). At tWe conclusion of tne presentation, ne Wda, dsýKeu

four pre-randomized questions oy tne experimnenter. Tnis proce-oure Ncds

repeated for edcn of tne Zo flignL segmient!s, witn a five-minute oredIK

after Wd flight segments. Toe session for eacn suoject wis commpleteu in

approximately one and a rialf flours incluuing tne oreaK. Tne suujects nau

no practice on eitner of toe test aisplays pr'ior to tne actual testingj.

After all four suujects tiau completeu toe experiment, tney were

.jpDriefpo in an inforipril, unstructui'eu manner. The rebults of tnis

deoriefing are tredteu in Section Vii. (Nesults anu Oisýcussions).

VIJ. RLSULI.S- AN) UIN±LS'3UUS N

The test conuucteu was; concerneu primimarily witn uemmonstrating Itne

ff~asiutllty of toe uencninarK taSk ippruacn for toe evAludition of uisiplalys

to up used at a remote 1US. Since insufficient uatd were tdKe;n to
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perform, statistical tests of uifferences, the only "analysi:s" performeu

on tip data was t'io summing of correct responses across tne several

factors.

Overall performance (all suojects dnu all flignt segiients) wds

oprivea oy summing all the correct responses oy four suojects to tne

questions aoout tne twenty flight segments viewed on two uisplays, anu

oivioing tnat sum oy tne total numoer of qiuestions asKeO. The resultant

outcome of tnis calculation of o6l was a fortunate one in tnat it is in a

range rtricn allows for variaoility in uOtn directions. uuviously, a mneun

percentage of control responses close to zero or one nunureo woulu nave

forced tWe oistrioution to De sKewed dnu woulu nave inuicdteu tnat tne

questions were eitner too difficult or too easy.

Tne major factor in tne test was cisplay type. oe expecteu tndt tne

standard instrumpnts woula prove inore efficient for use cy tnose alreauy

familiar witn this type of displdy tnan tne all-uigital oispJ.ly on tne

CRT. Tne results support this expectation in uirectiOn uut not in

magnitude of toe difference, bo correct for instruments anu o4• for

CHI. Tnis small difference would not likely ue statistically

significant, consioering the relatively large variauility oue to otner

factors. it snould ue noted, however, tnct fdd una' metnou of scoring

oeen inore sensitive, e.g., uifferential rdtier tndn oinary, toe magnituue

of trie difference night oe more suostantial.

As snuwn 'n Taule G-5, the range in scores (80% to 55%) due to pilct
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Table G-5. Da•ta Simmary hy Display, Maneuver, and Pilot

No. ol Ccrr'c t EPusponses

Ins trumen t CRT

Pi 1 ots A 8 C D z: % A B C D Y

Maneuver

Climb 8 4 7 8 26 81 6 5 6 7 24 75

Level Turn 7 3 6 4 20 62 5 4 7 7 23 72

Descent 5 5 7 6 23 72 7 4 6 7 24 75

Climbing Turn 3 4 6 3 16 50 4 3 4 3 14 44

Descendi ng Turri 6 6 6 5 23 72 6 2 4 6 18 6

29 2 32 26 108 j28 18 ?7 30 103

C/ 72 55 80 65 68 70 45 .3 75 (.
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differences with instruments is 25 percentage points, wnile witn tne LýNT,

it is 30 percentage points 7>A anu 4>m). This is six to seven tiwes tne

rangp in scores due to oasplay differences 667 and oQk. if we compare

correct responses for inuiviuual suojects, we see tfnat Pilot A

Uistrioutea his correct responses nearly evenly oetween tne two uispldys,

Pilots 0 and U gave 5A and •q/ of tneir correct responses, respectively,

to instriffents, and Pilot 0 gave only 4u% of nis correct responses to

instruments. -ilots A, 6, anu L nave many nours of experience looKiny at

instruments while Pilot U nds only a few and all of ilot c'. L,, flyiny ncs

ueen VFR. Thus, the experience factor ooes not seem to account for tne

differences among pilots in tnis study.

WR might notp furtner that less experienceu Pilot C not only wds tne

to.p p.rfo.er i .th instru..nts oot also snOweu Lrie largesit uifference in

favor of instruments. One miynt nave tnougnt tnis pilot wuulu nave

perfornpo r•]atively uetter witn tne CRT uisplay tnan woulo tne pilots

with long experience using instruments. Pilot u als( nau tne jest

oerformancFi overalll wnicn also was a finding not pr iicteo. Altnouyn

lookinq for "rea sons" oeninu tne ouserveo uitferences among suujects is

fnrr;ly speculative, one is tempted to suggest that tne superior

performnance of Pilot C may ue aue to youth more tnan anytning else.

Profering an alternate potential explanation, it uiyfnt ue suyge.,steu

thiat a !oL of expierience leaus pilots to Le more selective in tneir

mo-'toring o.f f liig!t indications.

Comuariny oisplay forinats at tne level of tne inuiviuual maneuvers,

we oosr'rve oifferemices of an inconsistent nature. in two of tne five
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maneuvers, the total percent correct responses over all suojects isInumerically higner for trie UNT AiSP~ldy. vNo inferences are oriwn witn

regaro to the confiaence to oe placeo in tiuc an ouservdtion k~as witfl

otrier ouservations in tnis uiscussion) out, on tne otner odnu, it wuulu

weaken any tenuency to td<e seriously tne overall performadnce uifference

in favor- ol' instruments.

As to tne aif'ferences in correct responses for toe various uianeuver;,,

troe Uata sorted in tnis way are very naru to iinterpret. Toe eiynt

qui-stions for eacn maneuver were not yenerateu witri a requirement tndt

they oe of equal uifficulty dinong maneuvers. N,,ot even toe bimplicity of

toe maneuver is reflected in any consistent way in toe res:ponses. Yfly

snoulo a clinioing turn oe more difficult to monitor tnan , uescenainy

torn? But tnen, we nive no reason to assume equivalence in toe

conoitions present in toe test.

Wnen tile data are summari~:eu py mdneuver dniu fligot inoicdition

(AppenUix L,, toe numoers in inuiviuiual cells are too sMdll to uisýCuISi,

Dut in a larger study, one may oe aule to place fliyot inuicatioos- in

order of importance anu fionitoring difficulty. Since toe scome fliynts,I wer-o seen whiere instruments were mnonitoreu as wnen toe inuicationý, were

presenteu on tne C8T, anou, ~imilarly, toe sdme quettionz, were dS~(CO, IWe

may assume thiat woere uifferances uetween toe two uisplays are larye,

toiere is a strong suggestion that toe ooserveu uifference woulu nobu uQ

in a lary,-r stuuy. r~or example, questions iuout ciltituue were ,n:;fereu

correctly 7dfo of toe time wrien toe iniformation wdi, redU from toe
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instruirents out only 50% of toe time from tne GKT. Koli also was reau

more often correctly (and rememuereu) with the instruments, .Lul as

opposed to 60% of toe CRT. un toe otner nano, pitcn questions were

scored correct only 56% of the time witn instruments, out al• withl tne

CRT. The other toree flignt inoications snow mucn snaller uifference5

between displays.

One would expect to see learning over tne courýse of tne twenty fliqnt

segments oecause of tne unusual cnaracter of toe tasK. As snoNn in

Apopenix M, two of tie pilots (b ano C) snow some evicence of learning

oased on toe numoer of correct responses in eacn quarter of tWe

questions. However, pilots A ano LU shown no learning treF.nds.

After all pilot ooservers nau completeu tneir participation in tne

test, they were given an opportunity to express their opinion duout te

techniques used. They inuicateu tnat toe taSK was a cifficuit one,

primiarily oecause tney aid not Know vinat toe maneuver wjas to up or wnat

questions thley Would De aSkeU. They pointeu out tnat in flyinu to an

artificial noiizon they are less interesteo in tUu specific volues if tne

airolane is In toe attituoc they intend it to uc in, wnereas toe UtT

display rr-qu'red them to reau the digital presentation. Tne least

experienced pilot missed tne 'seat of toe pants" feeuhacK experienceo in

Sligot airplanýe.

wcen asked auout the tasK cf jn instructor pilot as representeu in

the uevelopment of uetter oispiays for an luS, they pointeu out the

individuualstic approach to tne usp of instrument inuications, sugyesting
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th -t one arrangement might not uest suit all iPs. Tney also felt tnat

the interaction oetween I ant student must oe tailoreu to the situation

and tne personalities of cotn. Snoulo the IP oe simply a cnecKer of

student activity? Snould ne aoopt a tutorial attituue' Snoulu ne oenave

like a martinet'd Snoulo ne concentrate on ouiloiny tne stuuent'%

confidence? No single answer can oe given.

Vill. CUNULUSIUNS ANU iitU It4NLJATiUNb

Wnile the scope of this program oio not permit quantitative scdling

of responses, it aid allow for quantitative c;oinparison among oiiplays.

Altnough the evidence is not unequivocal, tne test conaucteo temonstrated

that tne approacn useo is teasiole for tne evaluaticin Of SPLdy5"• ...

could prove useful in the development of design specificdtions for

displays to De used at a remote luS.

If more oata coulu ue collected ant tne questions anu responses

refined, the development of an "instructor pilot stantdru ouserver"

representing average monitoring aoilities anu tendencies woulu ue

possiule. witn the collection of sufficient data, standaruizeu scores

coulu !e computed wnicn would permit future evaluitions to tie inciue

against a scale having the necessary statistical properties.

A proDoem associateo with tnP approach useu is that tne IP quite

often 1 0OKs at th- flight inuications as d group rather trnan a set of

individual indications. That is, if the combination of inuicdtions in a
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giv.Thn instance is correct, toe it-' ;iily nOt t&Ke pdrticular qutfe of eicol

Lpii vaue out merely satisfy nimself toat ifluicatioFns are correct

:d ggregatp. Snoulo Wis occur, altlicugo tole uisplay perturineu itb

function of urovioing toe informadtion, toe uuserver may not ue auile to

r,,sooniu to a question relative to its value at tihit point in tnoe

maneuver. HoWeve~r, carefulj analysisý, to ensure Mat toe questiuons asKeu

oranto 'informnation constuereo important at ai ce~rtain point in tile

inaneuvpr, snouli mninimize tnii proulem.

ffiie every effort was-' maue to aevelop dt OefltfifldrK tasiK applicau"le to

tile orcajeSt poýSsiole range of ii-' nonitorin5 , funcýtions,, toe s:cope ut' tflli

effort old nlot cerinit aevelopmnent Of' mane)uver segiients wnicn wuulo

gene-rate all of toe i' -Informdtion- requiremients. guuitionai worK isi

roquire -a ou up toliilvle Wi at. all oL u ' iie ir jill Olulat. iu -- ie-jt-!Ui Itf IItIeLb CL ý

lou, orospnt stuoy nabs afown tflat one snoulld expect a wicA variation

in top asuility to mnonitor insýtrumentIs, or otnler oisplays, even for ri-lyoly

exoprionced pilots. lois may me,,n tootit's if ilnure- carefully selecteu

anu'jor trand:.PL, coulo snow greateýr efficiency ini toceir iio.-oLturifly

performance.

Tile upencnniir, tasýK aýiproacol q4uite OL)Viju6ly sýnoulu uinue-rgo)

c-onsioeraoie- refinemiient uefore its utility can- uc voLioateu. L-AtensDion

of top priasornt effort snoulo in)cljue tnorouyo btuuy of twe t-rdininy

situations if initerest. l-ernoaus more imnportant, tutuirp >LtuuiP.3 net.uý to

Pxulor-- top use of inure senisitive maueof pertoiguiince on tuie

Ur',nncmarK tdSK. Instructor tdsKsý anu toe informadtion nkecued to dertOrn
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tnen snoula uc researcoed more toorougolly. meaningful altern`dtive

approaches to display tecolniques coulo toen up- cumIparco for effectivene0s

and cost.

woile tnis effort was directed towards aeýveloping a meansý of

evaluating- ratflpr tnan Of designing oisplayS, tole WOFK evoKed

consionraole toougflt aind discuss~ion relative to uezajyn. Tnis inforuiation

is summar'iZed in tile following paragraois.

An effort snoulo op conducted relative to optimizing toe uisplay

format according to toe type of informiation. Pointers5 Z.ntiuidiaL may

r,ýndin upst for certain inojicaitions ou-t most liKely nut for all toe

indications triny are used for tole typical cocKoit. uuou insipection of

trendus, for example, woulu certainly ue easier wiuL di uispjloy tfldt 3nuwej

inorem than toe present status, e.g. , a siffple grPI)f Of fligot statuz' v:s.j

ti.

Top tyu)P and formadt of informiiation presentationl ½ j a sinficant

factor. For exanpip-, an dltitUue Profile djisplayed Ofl a kOPý' may perilit

anI IP to KPPO track Of a stuuent wito lezts effort. on) tole om~en oAnu, a

sivglp uigital indication mnay Of- sufficient fui-r toe recu~ruing of extremnip

valUeS for somn~tn~in-g liKP lIa~XiifluIf b, fore- or exoaost ga t inture.

Anotoer way to enoadnce tole capacity of a Ui~Solay ano tile speed o

rp~swons-l or ratont ion) of dptails uy toe iP' is. tO u3'o of Li color urd.

Color may iop uiseu to separate- tyiipsý of indiecations, iurte cleArly or it. may
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op~ us,,ýo to snow tne soveriy of ai conuition, e.y. , reu f'or low te

resprves or angleý, Of cattdCK close to Stall conoitions5.

The constraInts Of tile CuC~pit environinent snoulu not ue retdineu tur

tne iiuS if some utner uisolay teconnique will permiit toe Lr-I to perforw nii'

tasi• more easily, if tne lrP uoeCS n~t ildve tJ iniu)Ltor dil inbtruiients, ne

snoulon't nave tnein clutteriny up toe lUjý: ui~plcy aired. Furtnteriiire, if

*twe aisolciy formnat enocIdVeS tnose iinuications requiriny nihs attenltion,

*tnP iP may L.? aule to monitor severdl 6tUi~en-tt at toe Sdine time.

A\ orograin of resedrcll in iuS aisolays fromII tioe Stanupoint of I1uinanf

resources s;roulu incluoc ai strong emwnasi:s in visual perceptual.

* autlities. mDifferer-itial sensitivity cissýociateu Nitn retinal iocdtion care-

I~3tLCLuJcdTIy impi~tirUciL '.Ia miiu~mi~ofinj TdSK since toe reliatively low.

acuityc~ in we oieriwnry mreanis toait suIine way isý neecuco to urifly tn1

oosi-rvpr to fixajt;e toe inoicatiun Of imoortdnce witn centril nign acuit-y

v I.sir-n. (A flasninly lignt flds jeen successfully usPL3 for tnis-.)

I-) sumiidry, tile oe1IncndnrK tdSK apProaCil to IU!-, UiSPliy evaluation i5s

consijpreu fesu~anu turtner r-etin-eln~nt d-nu inve~tiydtion iz
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APPENDIX H: LITERATURE SURVEY ABSTRACTS
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APPENDIX I: TEST QUESTIONS

CLIMB AND LEVLI OFF

Cl At what altitude did the a-ircraft start to nose over to
level flight?

C-2 What was the highest altitude reached?

C-3 At level off, what was the heading?

C-4 What was the vertical velocity just before the start of
level off?

C-5 What was the highest airspeed in the climb?

C-6 What was the roll angle in the transition from climb to
level flight?

C-7 What was the maxiium pitch up angle?

S-8 What heading changes were there, if any?

Correct Ar,- lfrr.

Fl ght Seg:ment Number
Question 1 2 3 4 Unit

C-i 19670 19880 19500 19700 ft.
--983, 20010 ..... 19920. ft.

C-3 0 0 0 I degrees
C-4 5800 580C 5800 3100 ft/win.
C-5 360 680' 365 350 knots.
C-6 0 0 0 1 dege-Ces
C-7 23 29 15 12 degrccs
C-8 0 0 0 0 dcgreL.
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LLVEL IURN

LT-9 What was the maximum roll angle?

LT-10 What was the minimum altitude during the turn?

LT-1l What was the maximum altitude during the tu,'n.

LT-12 At what heading did the roll out begin?

LT-13 What was the airspeed just before roll-in?

LT-14 What was the airspeed just after roaM out?

LT-15 What was the maximum airspeed in the turn?

LT-16 What was the minimum airspeed in the turn?

C.nrrrcŽ , ers

i :I ignt Segment NuiIbe• i
5Question 6 7 8 Unit

LT-9 34 32 28 33 degrees
LI-10 19810 20030 19710 19690 ft.
LT-1I 20400 20950 20100 20500 ft.
LT-12 131 176 9? 263 degrees
LT-13 280 255 2N0 275 knots
Li-1 275 245 270 205 knots
LT- 15 280 260 295 290 knots

Ll-16 275 235 265 270 knots
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VESCCNT

D-17 What was the pitch angle when the iiose ,.,As lows c?

D-13 What was the airspeed jlut befo"- the , rcraft nosed over
for the descent?

D-19 What was the airspeed just aftcr leve&-off?

I)-20 What was the altitude prior to the descen-t?

D-21 What was the altitude dfter the descent?

D-22 What was the initial heading?

11-23 What was the heading after level off?

D-24 What was the maxirmum roll angle (left or right)?

C~orrec: t P!nswers

V ight Segmeont hL;IMLbcr
Ques ti on. 9 10 11 12 Unit

D-17 -1 -7 -.6 degrees
D-18 310 285 29S 290 knots
)-19 315 2100 2&5 29 S knots

1)-20 20000 20220 201 2 20240 ft.
b-21 153/0 15100 !59 15170 " I.

D-22 0 0 0 0 dei ree s
D-23 0 0 2 0 denrecs
D-24 0 0 2R Ilk d9gie,-s
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CLIMBING TURN

CT-25 What was ttno airspeed just afLer roll out?

CT-26 At what heading did the roll out begin?

CT-27 At what heading did the roll out begin?

CT-28 What was the maximuni pitch--up angle?

CT-29 What was the highest airspeed in the climb?

CT-30 What was the vertical velocity just before start of level
off?

CT-31 At level off, what was the heading?

CIT-32 At what altitude did the aircraft start to nose over to
level flight?

C~o;'rct AnrS'•Prs

Flight Segment Number
uestion 13 14 15 16 Unit

CT-25 345 255 335 400 knots
CT-26 126 122 107 260 degrees
CT-27 40 27 29 38 degrees
CT-28 9 19 11 16 degrees
CT-2g 350 270 345 )90 knots
(0-30 3050 4000 4300 4)50 f t/mi n.
CT-31 127 122 ,07 262 degrees
CI-32 19750 19800 20140 20,40 ft.
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DESCENDING TURNi

DT-.33 At what heading did the roll out begin?

D7-34 What was the pitch angle when the nose was lowest?.

DT-35 What was the airspeed just before the aircraft nosed
over for the descent?

DT-35 What was the airspeed just after level-off?

DI-37 What was the altitude prior to the descent?

DT-38 What was the altitude after the descent and level-off?

DT-39 What was the initial heading?

Dl-40 What was the maximum roll. angle (left or right)?

I!

Cnrmrct !nsi,,,Pr ,

FI gJht e,:nL , e
Question 17 18 19 20 Unit

DT-33 216 167 84 262 degrees
DT-34 -I -5 -4 -5 degrees
DT-35 300 295 300 300 knots
,0T-36 295 300 350 315 knots
DT-37 20000 20320 198 89,C- 20i000 ft.
DI-38 15520 13360 15230 lblO ft.
DT-39 0 0 0 0 aegrecs
0D-40 39L 47R 32[, 32L degrees
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APPENDIX J: TEST CONDITIONS AND DATA

Pilot A
Flight

Maneuver S9•ment Display Puestion ýýeported Indicated

1) LT 8 CRT 10 19,690 ft
16 245 270 kt
11 20,000 20,580 ft
15 285 290 kt

Correct = 1

2) CT 14 CRT 29 225 270 kt
28 14 190
30 4,COO 4,000 ft/min
25 225 255 kt

Correct = 2

3) DT 18 CRT 37 20,000 20,320 ft
36 300 300 kt
38 15,000 13,360 ft
33 165 1670

Correct 3

4) CT 13 inst. 30 4,000 3,050 ft!min
28 ?* 90

26 115 1260311 12 127

Correct = 1

5) L7 5 inst. 14 280 275 kt
12 ?* 131°
10 19,900 19,810 ft
15 280 280 kt

Correct =3

6) D 9 inst. 22 0 00
20 ?* 20,000 ft
18 310 310 kt23 0 on

Correct 03

7) C inst. 6 0 00
4 5,000 5,000 ft/min
2 19,900 19,830 ft
7 20 230

Correct 3

8) C 4 CRT 2 19,900 19,920 ft
8 none none
3 0 10

7 10 120
Correct = 4

Indicates the response "I don't know."
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Fl ight
Maneuver Segment P isplay (•estion Reported I-d(cated

9) 0 12 CRT 18 300 290 kt
24 6 11"R
19 325 295 kt

23 0 00
Correct =3

10) D 10 CRT 21 15,000 15,100 ft
20 20,000 20,220 ft
22 0 00

17 -7 -70
Correct = 4

11) D 1I inst. 24 3 20

19 300 285 kt
21 15,500 15,490 ft

17 -70
Correct =2

12) DT 20 CRT 34 -2 -50
40 25 32"
35 300 300 kt
39 0 0,

Correct =

13) DT 19 inst. 40 29 32035 300 3OO0 kt

37 20,000 19,890 ft
, ~33 7- *

SCorrect =3

14) CT IL inst. 32 19,500 20,140 ft
27 25 290
29 360 345 kt

25 340 335 kt
Correct 2

15) LT 7 inst. 16 270 26.5 kt
11 20,250 20,100 ft
13 280 270 kt

9 28-30 280
Correct 4

16) C CRT 5 615 680 kt
4 5,800 5,800 ft/rin
6 0 0-
1 ?. 19,830 ft

Correct - 2

* Indicates the response "I don't know."
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Flight
Maneuver ScD -nt D j as y J Question Rcported Indicat.ed e d

17) CT 16 CRT 26 ?* 260°
32 19,800 20,740 ft
27 33 380
31 260 2620

Correct = 2

18) DT 17 inst. 38 15,500 15,520 ft
36 300 295 kt
34 ?* ..1"
39 0 00

Correct = 3

19) C 3 inst. 8 +4 none
3 4 00

1 19,500 19,600 ft
5 370 365 kt

Correct = 4

20) LT 6 CRT 13 245 255 kt
12 176 1760
14 250 245 kt

9 29 320

Correct = 4
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Pilot 13

Flight
Maneuver Seoment Disply Question Reporecd Indicated

1) D I1 CRT 22. 0 00
23 4 20
18 390 295 kt
24 4 20

Correct = 3
2) LT 6 inst. 13 280 255 kt

14 280 245 kt
15 280 260 kt.
10 20,300 20,030 ft

Correct 1

3) LT 7 CRT 14 270 270 kt
15 295 295 kt
10 19,500 19,710 ft
16 270 265 kt

Correct 4

4) DT 19 CRT 33 19,306 1-.,230 ft
39 ?, 00
34 -15 -40
40 25 320

Correct 0

5) D 9 CRT 19 340 315 kt
21 19,300 15,370 ft
1 7 - 1 - I °
20 24,000 20,000 ft

Correct 1

6) DT 17 CRT 35 290 300 kt
37 21,000 20,200 ft
33 340 2160
3295 295 kt

Correct = 2

7) C 2 inst. 5 700 680 kt
6 0 W -
7 10 290
2 19,300 20,010 ft

Correct = 1
rI

3) CT 15 CRT 30 4,3100 f-./1.:in
31 100 1070
26 80 1070
32 18,000 20,140 ft

Correct = 0

* Indicates the response ".don't know,;."

176



Flight
Maneuver SLomenL .Disp1ay Luestion Bported Ir-icated

9) D 10 inst. 21 13,300 15,100 ft
22 0 00

23 0 0°

18 380 285 Kts
Correct = 2

10) DT 18 inst. 37 20,000 20,320 ft
38 13,000 13,360 ft
39 0 0°

34 -5 -50
Correct = 4

11) LT 8 inst. 16 300 270 kt
11 20,300 20,580 ft
12 300 2630

9 31 330
Correct = 2

12) LT 5 CRT 11 24,000 20,400 ft
13 295 280 ,t

9 15 340
12 024 1310

Correct = 0

iB) u 12 inst. 24 10 "I11 R
19 320 295 kt
20 20,400 20,240 ft
17 -10 -60

Correct 3

14) C 4 inst. 8 none none
3 0 10

4 4,000+ 3,100 ft/min
1 19,300 19,700 ft

Correct 3

15) CT 13 CRT 27 44 400
29 345 350 kt
25 330 345 kt
28 10 90

Correct = 3

16) C 1 CRT 3 0 00

5 345 360 kt
1 13,000 19,670 it
4 200 5,800 ft/imin

Correct = 1
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Fl ight
Maneuve, SemeK .Di,,_ 9u si . i n Rej orted Indicated

17) CT 14 inst. 29 2160 270 kt
30 4,000 + 4,000 ft/min
31 120 1220
26 090 1220

Correct 3

18) P-T 20 inst. 40 30 320 L
35 280 300 kt
36 300 315 kt

"- 260 262"
Correc= 2

19) C 3 CRT 6 0 0o

7 14 150
2 19,700 19,940 ft
8 none none

Correct = 4

20) CT 16 inst. 32 20,600 20,740 ft
27 32 330

28 10 .6o

25 320 400 lt
Correct
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Pilot C

Flight
Maneuver Sc_:,ent Display" uestion Reported Indicated

) LT 6 CRT 14 240 245 kt
15 260 260 kt
16 240 235 kt
10 20,000 20,030 ft

Correct 4

2) C 3 inst. 6 0 00

3 0 00
1 20,000 19,600 ft
2 20,000 19,940 ft

Correct 4

3) DT 17 inst. 36 300 295 ft
40 35 390
39 0 0 °

37 20,000 20,000 ft
Correct 4

4) CT 16 CRT 28 16 160
27 26 330
25 390 400 K
29 330 390 kt

Correct 2

5) 2 CRT 6 0 00

7 15 290
8 1 none
2 19,99C 20,010 ft

Correct 3

6) LT 7 inst. 14 300 270 kt
11 20,000 20,100 ft

9 25 280
10 19,600 19,710 ft

Correct 3

7) CT 15 inst. 30 2,000 4,300 ft/min
27 30 29'

25 340 335 kt
26 60 1070

Correct 2

8) DT 19 inst. 38 16,000 15,230 ft
35 300 300 kt
33 80 840
34 -40

Correct = 2

* Indicates the reýponse " don t know.
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Fl ight
Maneuver Se •IeS, Pis_ is y ! Quqyestion Reorted p Indicate

9) DI 20 CR, 36 300 315 kt
35 300 300 kt
33 250 262"
37 20,000 20,000 ft

Correct = 2

10) D 11 inst. 22 0 00

19 250 285 kt
17 -10 -7o
18 300 29b kt

Correct = 3

11) D 10 CRT 22 0 00
23 0 00

18 295 285 kt
24 7 00

Correct = 3

12) D 12 CRT 19 350 295 kt
20 20,000 20,240 ft
17 -9 -60
21 15,000 15,170 ft

Correct 3

13) C 4 CRT 4 2,000 3,100 ft/mmi n
"*2 "I 10
1 20,000 19,700 ft

5 350 350 Ui
Correct = 3

14) C inst. 4 5,000 5,800 ft/mmir
8 none none :3
7 20 230
5 350 360 It

Correct = 3

15) 0 9 inst. 20 0,000u 23,v Vf
24 0 00
23 0 0o
21 15,509 15,370 ftCorrect =4

16) LT 5 inst. 12 120 1310
16 280 275 kt
15 280 280 kt
13 280 200 t

Correct 3

180



Flight.
Maneuver Seamen L Di 2plja Qt-eti on Reported Indicated

17) CT 13 inst. 28 8 90
32 19.700 19,750 ft
31 130 1270
29 350 350 kt

Correct = 4

18) DT 18 CRT 38 15,500 13,360 ft
39 0 00

40 26 470 R
34 -4 -50

Corre-t = 2

19) Cr 14 CRT 30 2,500 4,000 ft/min
31 122 1220
32 ?. 19,800 ft
26 120 1220

Correct = 2

20) LT 8 CRT 12 260 2630
11 20,500 20,580 ft
9 25 330

13 280 275 kt
Ccrrect 3

* Indicates the respc.nse "I don't know."
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Pilot D

Flight
Maneuver Segment, uisE Question Reported Indicated

1) CT 16 inst. 31 ?A 262"
26 ?, 2600
29 300 390 kt
28 10 160

Correct = 0

2) C 3 CRT .5 355 3C5 kt
8 nonle nlO1i;
4 5,800 5,800 ft/min
6 0 00

Correct = 4

3) DT 20 inst. 139 3 00
34 -6 -50
37 19,000 20,000 ft
36 300 315 kt

Correct = 2

4) CT 14 inst. 32 19,000 19,800 ft
25 260 255 kt
27 25 270

30 4,000 4,000 ft/min
Correct 3

5) C 1 CRT 3 0 00
1 19,800 19,670 ft
2 20,000 19,830 ft
7 16 23-

Correct = 3

6) CT 13 CRT 27 40 40_
25 300 315 kt
2o 90 126:
31 90 127'

Correct = 1

7) 4 inst. 7 12 12°
2 20,000 19,920 ft
5 360 350 IA
4 3,000 3,100 ft/minu

Correct 4

8) U 12 inst. 23 0 0°
18 360 290 kt
21 15,000 15,170) fL
20 19,000 20,240 ft

Correct = 2

* Indicates the res;ione " dnn't ia."
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r IFlight---n
Maneuver Seoment Dpi s_ lay question R pertAd indicated

9) Lr 5 CRT 11 20,300 20,400 ft
9 30 340
10 19,000 19,810 ft
15 275 275 kt

Correct 3

10) LT 8 inst. 15 280 290 kt
10 20,000 19,690 ft
13 280 275 kt
12 270 2630

Correct = 3

11) DF 18 inst. 40 45 470
33 140 1670
35 300 295 kt
38 13,000 13,360 ft

Correct 3

12) D 10 inst. 24 0 00
17 -12 -70
19 3'10 300 kt
22 0 00

Correct = 4

13) CT 15 CRT 29 350 345 kt
32 15,000 20,140 ft
28 8 110
30 1,000 4,300 ftimin

Correct = 2

14) C 2 inst. 8 none none
1 19,500 19,880 ft
3 0 00

6 0 00
Correct 4

Do T CRT 35 300 3uu kt

33 190 2160
34 -2 -1l
39 0 00

Correct 3

16) D 9 CRI 19 310 315 kt
'17 -2 .-1°
18 300 310 kt
23 0 O'

Correct = 4
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Flight
Maneuver SLe9!ent Lisla test•o• ReorteAd Indicated

17) DT 19 CRT 37 19,900 19,8ý0 ft
40 26 32°'
36 360 350 kt
38 15,000 15,230 ft

Correct = 3

18) LT 7 CRT 13 275 270 kt
16 270 265 kt
12 90 92'
14 275 270 kt

Correct = 4

19) LT 6 inst. 16 260 235 kt
9 25 320

11 20,500 20,950 ft
14 260 245 kt

Correct = 1

20) D 11 CRT 21 17,000 15,490 ft
24 2 20
20 20,100 20,130 ft
22 u 00

Correct = 3
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APPENDIX K: TEST IP BRIEFING

You are being asked to paruicipate in a test %Ahich is being developed

for future evaluation of cockpit disploys. In the present instance, we

are limiting the display to the flight performance indications, specifi-

cally a) airspeed, b) airplane pitch and bank at{.itude, c) altitude,

d) vertical velocity, and e) heading.

You will see two types of displays, standard instruments and digital

prescnLatiooi on a cathode ray tube. These have not been cho.sen because

of a question about their relative effectiveeness bujt because of th2ir

diissimilority - it's rather W O t . di -e r ,e be twee n a tr-Id I iui.. , I

watch with diil and hands and the ,cv. dig i tal watci-.s ; oe forma;t may be

good in one situation while the other may best suit anothcr.t.

It is important that you know that, alth.ough we ask you to work sincer-

ely at the task, we are not testing your Obil ,Ly but rather the effici-

ency of our approach to the evuluation of dibspi ys. Since von wii,; see

both types of displays, we can compa,-e your •.-,.ance with 3ne type

against your perfor;ninc- withl the oLtier typu. lhUs we arn not corican-rrc

with co:1,palri:ons b, tvienn your perfori-..mssc adi so;:'aone else 's, only with

how effectiv., is our aproach tu disploy evoI taoion.



In this, the initial stage of research in this area -- information dis-

plays at an instructor/operator station in conjunction with flight

simulator training - sonic artificialities are required. For example, we

will ask you to view a series of short one o- two minute flight seyw'ients

without describing the nianeUver before its presentation. The infor-

mation presented to you will be limited to that merntioned earlier;

airspeed, attitude, altitude, vertical velocity, arid heading. This will

be shown either in digital forln on a cathlode ray tu..be or on standard

instruments, circular dial wimh pointer except for the attitude indi-

cator. The arrangement will be standard with the airspeed on the left,

attitude indicator in the niiJdle above the heading indicator, and alti-

tude on the right next to the VVI. The digital foriat on the cathode

ray tube (located above the standard instruments, v.'hich will be covered

during the cathode ray tube presueitati o v.,) will I-b 11argu•:d itl tie !n!e

mianner as the stafdard instru.eerits.

After each flight segment presentation, you will be asi.ed questions

about the inforination shown in the display. These que.sti.uris i..ll be

corcerncd wiith the values displayed at various points in the ,irteuver

such as maximum ind wininimn altitude, attitude, ait-peed, vertical

velocity, or heading at various points in thl: maneuver. You are beirrj

asked to renrain alert to all of the five ir-truri:nt indicatiu-es tilnojtl-

out the short flight se'greriL,- this beiit.g the teason fur your i,!.. ir.q

to½d about the maneuver Lefot, eand.
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The questions have been selectced to represent typical student errors in

flying in a simulator and will therefore be relevdnt to the maneuver

presented. However, since you will not be told about the maneuver prior

to the presentation, the questions will be related to identifiable

portiots of it such as beginning airspeed in a turn or altitude at

level-off in a climb.

This research is being conducted as part of an Air Force contract with

the Boeing Company. As a research and development effort conducted

under contract, the Air Force is, of course, not responsible for the

specifics of this test. However, the Coii4pany has obvious interest in

its success. We, therefore, ask you to do your best in the task in

which y"ou arc p, rt ici ingn, and ie welco! ,_ any suggestions you mnay1 have

for iiiiproving the quality of this evaluation technique.

187



APPENUIX(L DATA >-j~ui.iRY BY MANlFIVER AND IANDI CATL ,ION
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APPENDIX M: LEARNING EFFECTS

luaL:er of Correct Priswers

Fliqft
Seqr~ent Pil(t
Order P. C

1 1 2 1

AA
4 1 C 2

11
1F 0 17 1

7 '7 ! 2 -1
iC a n) 2 2

o ':7 2 ~ "

I f 
4 A

II 2 2 3 3

12 r 3 A

1 4• 2 ;•3 A

15 ~, 2 ,,A

1r11 1"1'

iF 1

|3

10l
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