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ABSTRACT

This paper describes sn experimental peradigm and a set of results
whichk deronstrste ¢ reletionstlip tetweean the tevel of performance. on ¢
skililed men—mgchine contro! tesk, the skill of the operstor, tte Ievél of
ments! difficulty Induced by an sdditional task imposed on the ‘basic
control tesky 2and visuel scenning performances. Durlnp e consteant,
slirutsted pliotine tesk, visuel scenning of iInstrurents wes found to very
ps & functlon of the level of difficulty of a verbas!l mental losding task,
The averege dwell time of each fixstion on the pilot's primary Instrument
increesed ss o function of the estimeted s¥1i! level of the pilots, with
novices belnp effected by the Joesding tesk much more then the experts,
The results suggest trat visual scarnling of Instruments in e controlled
task mey be sn indicator of both worklosd end skill,
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INTRODUCTIGN

A persistent cifficutty in the desion and eveliuation ef wran-mechine

- systems Is the inatility to accurately messure operator worklosd under

. verlous condlitions.s Some of this cdlifflculty Is due to ean inebillty to
. define cleerly what |Is inesnt by worklosd, So far, not s single
def!nition of workload hes been developeds This Is not surprising sirce
" the topic Is Peosvily relsted to the study of buren bteresvior which Itselt
Is not an exect sciences The term workload has been constructed ¢to be
descriotive of the difficulty c¢f perforrino 2 taske One must usuelly
rely on varlous descriptions of worklioad including verbel and gqraphicel
erafogles. There ore at (leest tvo components to worklosd: mentel end
physicetls A Ullist of scorme of the sspects of these two types |Is
Itlustrated in figure 1,

The desire to messure workloed Is ususlily motiveted by the need to
oredict situations In which operetor operformence will declines The
reasons for this need are evident: if the operatcr tas too many tasks to
sccomplist in too short a timey the performence on 2il or some of the
tesks way he dirlinisheds The ssme mey be true If the overstor has too
few tesks to perforr ond asllows bls attenticn to wanee For exempile;
recent erperiments (1) suggest thet & general avistion pltitot flylng =
simulator eoulpped with san sutopilot hgs o decrersed sblility to detect
his owpr blunders os the scphistication of the —sutoriiot Iprcresses, It
shoulsd alse be noted that another Importsnt potential cause of
perfornance cdecrement is the occurance of an extremely rere or novel
event or serles of events, Pltot treinino methods sttempt to teke some
of the more cormon of these rare events Into sccount by having the pllot
practice procedures for deeling with problems suck 8s engine out, stsil,
loss of one or more Instruments, etce It mey bte tre  unususl fgllures
which hasve never been sgen before which represent the greetest difficulty
since they may csuse the pilot ¢to focus bhis sttention too narrowly)
perhaps forgetting sbout his primery piloting task at a criticel moment,
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Floure le= Aspects of worklosd Floure 2.~ Theoretical relationship
of performence, workload, end skill

One of tre Irportant tumgn fsctors questions In the cockplt Is bhow tc

specify ¢the prccecdures, displeys tesks, etce in such 2 wey thset Severe
over or underloacine of the ¢lilot will not occur In ery of the
anticipated circumrsteances: Thus, if one hrgs 8 cholice of 5 cdifferent

procedures for sccomplishing some task, It would be ovuite wuseful teo
compsre the relative difficulty of the procedures snd the effects of
verlous perturtations or externsl cdisturbences on esch procedure, Were »
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cusntitative corpariscn .possibiey the selection of the "best" candidate
procedure (or disclisy fermaty etcs) wigoht be orestiy feclifitetede Suct
meesures could alse be used to compere what Is currently In use with en
siternete approache

Since the ogocsl of worklosd meessurerent 1Is the orediction of
perforrsncey It 1Is often suggested that perforrance is the parereter
which should be ressured 3s the workioad conditions sre varied, Certaln
performence criteris msy be set snd when the pilot cannct meet them the
tevel cf loeding mey be Judoed to te too higke Such o technicue assumes

| that perforrence veries In s consistent fashlion with workiose snd skiil,

That Isy for ttis spproech to te aenerality wuseful, all pllots should
experlience ebout the ssme performance decrement for the ssrme Incresse in
worklosdse Experience suggests thet thls Is not the cease towevere. The
point s thet In sltuations such ss pllotings where performing manusi
dexterlty and verbal or mentel actlivities simultaneousty are especlially
importent, preformence of 8 skllled cperstor msy nrot stow e arest
decrement untll tre workload Is severe, end then ¢ precipitous decline In
perforrance may OCCUT,

Flgure 2 1Is @8 graphics! stetement of our bypottesls for the
retationstips between workliosd, perforrmence, oncd skille This hypothesis
is specificaily directed to the Lioh workload slituation, Performance may
slso decrease &t ltow worklosds. This figure does show thet performanrce
remeins corstasnt cver 2 renge of vorklosds regasrdless of skill flevel.
However, the reore skilled cpergtor con meintsin thet performoence level 2t
hligher workloads than the less skilleds In an sttempt to cenfirm this
hypothesis,

ue hsve been exploring these relationships by exerining the bteksvior
of slircraft pllots under varying task difficultys In the work descrited
bere we are concerned with the variation of e cependent variable, the
visuel scenning of Instrumentsy as a function of skift level, Inherent
tesk difficulty, and the difficulty of sesn ecditions! verbal mentsl
loading task, ¥e will explore how the timing of fixatlions on various
instruments varies 2s 8 function of verhsl tosk difficulty esnd the skiil
jevel of the pgilote We wlll discuss the implicotions in the results for
the assessment of skill level In a task whichk reauires skilled visuzl
performsnce under varying tesk difficulty snd in the evelustion of
learning bebtevior in this tygce of tosk,

PESCRIPTION OF EXPERIMENTAL PROCEDURES

These experiments are concerned »ith retstionships between *stesdy-
state" fevels of the verlious Independent parsmeterst pilotine
perferrencey skilly, send workioad. The spproech wes to osttempt to
deronstrate whether consistent steady state effects of ¢ constant mental
losding condition could be observede Thuss the piloting tesk end verbel
mental loesding task were beld constant for e perlod sufficiently lono
enouch to cotlect the cdats to evaluste the average effects of these
conditions A run lenoth of ten minutes was chosen as an estimate of the
rinirur amoyunt of tire recuired to vprovicde s suf®iclent nurber of
fixetlons to sstisfy the <essurmption of steedy state conditlonse The
piloting tesk chosen was 23 preclision stralgbt snd leve! path with zero
degree glide slope snd llve locelizer with constant sensitivities on the
needle moverents while rolintelning a constert heeading and oslrsneed, Ir
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order to force some plilot viplience on ¢this tasky ¢ low level of
turbulence was sliso introduced for eech rune

A desktop genefral aviation Instrument flight simuletor wes wused to
simylate these fliokt nmeneuverse This simulator Is shown In flgure 3.
Plliot lookpolnt on seven Instruments (Attitude 1Indlicator, Directionsl
Gyros Altimeter» Vertices! Speed Indicstor, Alrspeeds Turn and Banks and
Glide Slope/Locatizer) weas messured snd recordecd 8s indicated belowe’
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Floure 3,- Laboratory Eaulpment

The mental loedino tesk was chosen so as not to directly interfere
with the visual scanning of the pliot (leee the task would not reculire
the pitot to look swesy from the Instrurents In order to seccomplish the
task) while providino constent mental 1oading during the meneuveres This
wes scconplished by heving the pilots respond verbslily to s series of
evenly spsced three-nrurber -sequences (&) vpresented to them by 8 tepe
recordere The plliot wes told that he must respond to eacn three-number
sequence g5 elther "plus™ or "minus® {up or down respectively on a rocker
switeh) eccording to the slgorithm: flirst nurher leorgest, second number
srsllest = "plus" (esce §=2=4)y first number smallesty, trird number
lergest = "plus" (eoge 1-5=7); =@ell other seauence comrbinations are
"minus" (eeQe Q=5=1), The numters were prerecorded st & cecond end 2
second Intervels between sequences, These speoscing Iintervals Were
determined emplricelly to creste heavy sasnd severe ndditignal mental
loading respectively, The pilot wes instructed to glive the number tesk e
priority equal ¢to ¢tret of the rliloting tesk (ss It the verbsl tesk
represented » constent rate of redio communication),

Pllot lookpolnt wes meassured using a Honeywell oculometer system
which hes bteen substentielly wodifled by NASA Langley Resesrch Center
{3)e This device Is non-invaslve ancd ol lows the user to determine the
tire course of eye fixations on Instrurents emrployed by the pliot and the
cdwell time of each fixation to the nesrest 1/3C second, Starting with
this Information, dwel|l tire Fristoorems for esch Instrument for esch
tosdlino conditlior could be plotteg as discussed belows These histoorams
sre s plot of ¢the nurber of fixation counts whick fall into bins of
specl?led tire duretion cduring s rune, Ir ttese floures, tre tin slze Is
0.066 seconds enpd t+a range of the time oxls Is O to 5 secondss The
instrurent rneme for eechk hystoarar is loceted on the left slide of the
tlgure, ’

Six subjects, verylng In skill tevel from nen=pllot to o bhiehly
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experlenced NASA test pliot perticested In these experirentss The subtject
numbers and epproxirate skitl level are listed below,

Sub ject Number Skiltl Level
4 Hiokly skillied NASA test piilot
11 Highly skillted oeneral aviation Instructor pliot,

NASA employee experlenced in simulstion experiments
] Genersl oviation pllot, current only In siruistors
5 Genersl gvistion pllot, current In eirplares
10 Student plilot
7 rnon=pllot

Sut jects S, 7, 9 end 10 are referred to collectively os "novice®
rllots [In this pepere Subjects 9 snd 11 were the anily pllots with any
previous experlence on this particuler simulator, The <subjects were
sllowed to practice the fiying maneuver snd vertel rental tesk until they
felt comfortebie .with the situetion.

RESULTS

Dwelt Time Histoorems
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Flgure 44— Dvetll bhistogrems for Flaqure 5¢= Dwell hlsto;rams for
pitot & pliot 11

Perhaps the rost striking effect cbserved In thesc experimrents s the
effect of the verbsi! loading task on the dwell time histoarsms of
indlvidus! Instrurents for e olven wmreneuver, In the four novice
sub Jectsy the dwell time on ¢the prirary Instrument (the attitude
Indicator in atl but the non-pilot who used ¢the olide slope/localizer)
became prooressively welghted toward extremely long dvells s tre verbal
task difflculty incresseds Floure & shows the dwelt tivre histoorams for
pilot 5 on the gsttitude Iindicator, directional ayros qllide
stope/localizery end verticatlt speed indicator, Nete that for the no
rentsl 1osdirg cesey the dwell histooram on thte sttituce Indliceator Fes 3
telrly stencerc shepe (2)e When nurbers are acdded to thre pliotirea task,
tre dweltlt becomres (longer and the mode of tre histogrem at 1/2 second
begins to disappesre The effect Is even more cdrematic for ¢the 2=second
Intervel cese; the entire distribution Is skewed towsrd extremely long
dwells on sttltude ss the pilot spparentiy begins to "stare" rmrore and
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wore 8t this Instrurent, Similar effects are seen for the other novice
pllots,

Mowevery, sn fInteresting difference occurs for subject 7, the
non=ollote Thii sublect had no previous plloting experience and was only
olven enough practice to allow him to stay norinally on course during the
precision strsloht eond level rsnreuvere This subJect sdooted the glide
slope/locaslizer os the orirery Instrument oepparently In en effort ¢to
accomplish the precision tassk by keeplna the needlies centerede Even
. though the subject adopts the inapprepriete instrurent to rccemplish the
plloting task, the dwells on thls Instrument ere affected in o manner
simlisr to those on the sttitude Instrurent for the more experlenced

novice subjects,

The visuel scesnning behevior of the two subjects with bhloher levels
of skill wes glso affected by the verbsl toading althocugh te 8 mruch
lesser degree than for the novice pilotse Flgure 5 shows the dwell time
Ristogram for subject 11, who had the next to hlohtest skill level, snd
wes sorewhrat more sffected than the test pllot, especielly at the highest
loadina level, Subject 11 wuses @ large nurber of short dwells on the
sttitude Indicatur under the no loading cases When the rentel loading
tesk Is Introduced at 4=second Intervelsy, kis distribution Is shitted to
somewhet longer dwells, However, there Is still » very sionificant pesak
at sround 1/2 seccnde The actual shift in dwell times Is not as large es
thet seen in the novice pilot's ristoprers, even thouoh there rpoesrs to
be o fiarpe chenpe due to the recuctlon In maonitude of the histoorar
peske Even at the highest rental losding flevel, the shift to longer
dwells Is not ss severe as it is In the less skilled pliots,
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Tehle 2, Percent of primary Instrument Figure 6o Dwel!l histograms for
dwells greester then 5 seconds plilot &

The shift to longer dwells may slso be deronstrated by lookino at the
percentage change from the no loedina case in the number of dwells on the
prirarv Instrurent thet sre 5 seconds or longer in dureticn es the rentel
worklosd is chanpede The reaw counts of such cOwell are shown as the last
element In the histoarems, Table Il shows the percentage chance from the
no loeding csse for esch rpilote The percentsce of cwells |s seen to
increease with decreesing skill levele This holds for sll subjects exept
subject 7, the non=pilot, 1t srould be pointed outy, however, that
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sub jeet 7 used 3 different primary Instrument Prom the rest of the pilots
snd therefore had s completely different bssic scan psttern from the
other olilots, This fect mvy not stlow direct corperison of the results
from subject 7 with the other sut jectse This Is not e csuse for concern
since the results frorm atl of the plict subjects seem to be consistent
sndy therefore, any conclusions drawn from ¢thelr result. should be
eopliceble to other pllots,

The dwell tire characteristics on secondery Instruments were affected
most In the novice subjectss 8s may be seen Iin floure 4, Tris Is typicol
of #1! novice subjectsse The secondsry Instrurent dwells ore sean to
chenoe In 8 different manner than the primery Instrument dwells, AS
opposed to the shift to longer dwells, #s In the case for tre oprimary
instruments, the effect of mente) loading Is to decrease the number of
fooks »t secondsry Instruments, one exerrpie of 3 phenorenon know 6s losd
shedding, The shape of some of the bistograms changes under varying
loading conditionss Pllot 4 was ¢the only subject whose dwell time
histogrems on secondery Instruments were not sffected hy mentestl losding
(fligure 6)¢ Subjeec® 11 eppeers to exhibit some losd sheddings, primarily
on the sltimeter ond vertical! speed indicator,

Fixstion Seauerces

Ve eare siso !~tereste¢ In exarinino whether pllots develop 8 scan
pattern or patterns during tre constsnt flylng maneuver In our
experiments! parercdlome Assuring thst such petterns wmipht exist, It
sopenrred of Interest to determine whether they might be sltered by the
sddition cf mental loadings The results from one method of studying thkis
oyestion Is presented below, )

It the dwell times on Individusl Instruments sre lonored, Ppn ordered
list of iInstrurent fixatlons masy te developed for each ollot for the
varjous mente!l losding conditions. These lists may be broken wue Into
sreller seorents (or seaquences) of vertous lenothks for esslier analysise
Eech different sequence mpy bhe conslderecd as g2 component of ¢the overall
scen pattern, One may bypothesize thast the seauences which occur most
freauently during the maneuver sare those of most importsesnce to 3he pllot
snd ones which miort Indicste on ordered scan pettern,

Examination of the resuits Indicated that secuences of four
Instrument fixations were the longest for which there was o sionificant
smount of repetition during o run, hence seauences cof lenoth four were
chosen for asnelysise The number of times esch four iInstrurent seaquence
occurred during a 10 minute run was obtsined os wes the total number of
sequences of length four In the rune Fror this dsts, tre pertentacge of
occurrence was calculested for eesch observed seauences For exarple there
might be 800 seouences of length four In 10 minutes, If the sequence,
ATT-DG~ALT-DGy occurs &0 times during the run, Its percentege of
occurrence vould be 07800 X 100 percert = 5 percents In tris fashion,
the percentege of occurrence of ell lenoth four seaquences In the no
rental loacire case w2s deteyrined for eech pilotse TYhe 10 seaquences
which occurred most frequently were eortitrerity chosen as 1indlcators ©ocf
the scsn opetterns normelly used by verlous pllotss The menrer In which
the percentace occurrences for these 10 sequences change as 8 function ot

mental losding Is skown for tuo,subjectslln figures 7 and 84 Figure 9
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i plots the sum of these percentsges scross mental loeding conditions for
- al] subjectse It is Important to note thet the secuences used as the

besis for csleculstion for sll concdlitions sre the ten rost freauent for

" the no mental -losding case, Each line bealnning at the no mental joading

case and ending at tnhe 2=second Interval <case represents the sSame
secuence,
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Figure 7+= Percent occurrence of Flgure 8+~ Percent occurrence of
seoyences for pitot 5 seauences for oiflot 11

Severs! Interestine observgtlion rey be rode by comparino the plots of
the skilted pitots with those of the novice subjectss A difference mey
be seen between the two ¢oroups In the percentege of occurrence of the
most often used seauencess The first tanp sequences used by the skilled
pilots corprise over €0 percent of thelr scan' pattern (see filqure 09),
The usaoce of these ten seauences Is relatively constant with chenges in
rental losding supoestino thet tre patterns sre not disturbed by the
mentel tlording tesks This findino 1Is certelinly in keepinog with the
intuitive development presented (n the Introduction which suagested thrat
it should be difflicutt to interfere with a skitled task,
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Floure 9= Percent occurences of ten rost freacuent
seaquences for sll pilots

The novice pilots! results differ In severs! respects from those of
the skilled subjects, howevers The ten most freauently used seausnces in
the no loeding case occupy much smeller percentages of ¢the total scan
tran do those of tre s«illed pilcotss This suscests the novices! surs frea
more rencor tran those of the skilleg subljects, even withrout tthe
jerposition of an escdditional task. :

The novlce subJécts also shou n conslstent decrelse ln the percentaoe
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occurrence of ¢the ten seauences as the mentsl worklosd Is increaseds
This decrense msy be the result of elther the eauelizstion of the numrter
of oceurrences of esch seaquence In the run (lee, ] trend to
randomization) c¢r a ‘change to e cdifferent set of seaouen~es from those
used in the no losding cese (leese 8 change in stateoy). These results
suporort out oripinsl hypothesis of » chenge iIn the tasic scen pattern as
mental worklosd Is Incressed, but Indicates the effect Is much rore
evident In pilots of moderate skiiil,

. DISCUSSION

Our results supgest thet In o skilled tesk such 2s pllotingy In which
visual scanning clays an Iimportant roley, the scanning behsvior masy serve
as an indlcator of both woiklosd end skill, PRefore discussinp some of
the Implileations of this findings It Is Importent to nota from the outset
thet tre results presented do not seem to support tre nrotion of an
sccuratey absolute messure of workioeds, However, a quantitetive releative
compsarison of rentst workloasd under verled conditlions does appeear to be
feesible,

One implication of the results sppllies to the estimation of workload
of some new procedure which mey hsve several possible levelss In meny
cesesy test pllots with superior filyine sklills are utillzed in the
estimation or ressurerent of workiceo, This often results In eauivocal
results when compering alternstive procedures, controls, or displavs,
The oresent results supgest that different levels of workioed mesy be
difetlcult to messure In such subjects since they appesr to be less
sensitive to lIncreased difficultys Our results suggest that pliots of
mederate skill sre more sensitive to the verbs! mentel loacding tesk.
Thus |{If one Is concerned with the auestion of the effect of cronoino thre
tevel of difficulty of some task; then us one step In thte evstustlion
the wuse of plliots of intermediate skill at several mentel (vadino levels
would seer appropriaste since thelr btehevior (visuel scsrning snd
performance) will bte osltered rmore ss o function of the rentsal loedine
task tren wiltl that of more skilted plilots.

Ancther possible spplicetion mey be the assessment of pllot skilise
The results hove suppested thet there. Is o relostionshic between the
scanning behevior of trhe pliiot and his skill level, The obvious place
one might wuse this technique is in treaininge One may hypo tesize that,
#os n pllot's skills developy, his visuerl scenning behosvior will bhe less
snd less sffected by ron~visusi Increrents In workiosde Spedificelly, It
appears that es skiil Incresses;, the percentage of long dwells decreases
for a8 perticulsr ments! loading levele The scsn pattern used durino ¢
fixed raneuver Is elso unsffected by ments! lomdina ot Ploher skill
fevelis, This findinp might be utliflzed In assessing pllotst ‘currency,
competency, end level of skill} the technlaue migoht be used ¢to vpinpoint
eress whilch mey require escditionel treinino or orectice.

The work described here hes barely scratched the surfsce on the issue
of predicticn of perfromance via workload measurement, The results
sugaest thet this will be possible Ipr st leeset some types of clturtlons,
In orcer to exerine this wmretter cwrefully, vperformence on btoth the
plloting task s8snd tre verbal rental losding tesk mrust be closely
ronitorede
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trument Scan - Is it an Indicator of the Pilot's Workload?
by

A. R. Ephrath, J. R. Tole, A. T. Stephens, and L. R. Young
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ABSTRACT

This paper describes an investigation of the relationship between an air-
craft pilot's visual scanning of instruments and his level of mental activity -
during a simulated approach and landing. This study is motivated by the im-
creasing concern in several areas of man-machine interaction with the effects
of changes in manual control and monitoring procedures om mental workload.

This concern is particularly keen with regard to airline pilots, air traffic .
controllers, power plant operators, and persormel in control of large ocean- ;,
going vessels, since the cost of error can be quite high in any of these man-

machipne systeas. %

Visual scanning behavior plays an imgortant role im each of these systems,
since the operator will typically be required to monitor a number of instiuments
which display system state variables. In each of the above roles, the human
acts as a decision maker, a planner, a manual controller, a monitor, and an
event detector. His ability to perform these tasts is generally inflnenced
by their nature, number, and temporal arrangement, by his general physical and
psychological state, and by the occurrence of unusual or rare events such as
mechanical failures, bad weather conditions, etc.

One may speak of the ability to carry out such tasks in terms of total
capacity. Total capacity is a hypothetical liait on tasks which may be
performed concurrently and within a certain time period. Under this definitiom,
a person working at 100X of capacity has no resources available to handle addi-
tional tasks, while one working at 70% of capaicty could be said to have 30%
available capacity which might be applied to additional tasks or held in reserve
for use in an emergency.

One must be particularly concerned with pericds of extremely high or low
utilization of capacity, since experience shows that these tend to be the times
at which an operatcr is most prone to error. In the case of high loading, the
error(s) may result from inability to accomplish ail required tasks within an
allotted time period, or failure to detect some item of critical importance
(e.g. aircraft altitude several hundred feet lower than expected during an
approach). At periods of low loading, on the other hand, errors may result




simply because of a low attention level fnduced by long periods when little or
nothing is happening (e.g. loug distance flights over the ocean where the afir-
craft is controlled by the autopilot and the number of other planes along the
airvay is low).

Ideally, then, a human operator's job should be designed in such a way
as to require an appropriais fraction of the operator's capacity. To accomplish
this design objective, icuever, the designer must have a method at his disposal
of astimating the expendad capacity under different conditions. While there
exists a numbar of these aethods, none is sufficiently benign and non-invasive to
be used in the field (for instance, im an airliner's cockpit in flight).
Consequently, we have set out to develop an estimator of mental loading based
on the operator's visual scan pattern.

In the current work, experiments were conducted in a Terminal Configured
Vehicle (TCV) fixed base flight simulator at RASA Langley Research Center. Three
NASA test pilots were presented with a piloting task, an arithmetic task de-
signed to vary mental loading, and a side task for calibration of the mental
loading task. The pilot lookpoint was obtained by using a highly modified
Honeywell oculometer system, and the pilot's eye scan of the instruments was
recorded. The piloting task involved flying a curved Microwave Landing System
(MLS) approach from s specified waypoint to touchdown. To aid in data anmalysis,
the approach was divided into six segments: downwind, turn to base, base,
turn to final, final, and ilare. The pilots were aided by a new generation of
flight instruments based on CRT displays which were installed in a simulator.
These were an Electronic Attitude Direction Indicator (EADI) and an Electronic
Horizontal Situation Indicator (EHSI) in place of the conventional flight
director and horizontal situativan indicator. The EADI provides conventional
flight direcror information such as localizer and glide slope deviations,
and pitch and roll attitudes. It also provides additional features including
flight path angle, flight path acceleration, radar altitude, and a dynamic
perspective drawing of the runway. The EHSI is a moving-map display with ownship
at the center. During the MLS approach, the curved MLS glidepath is drawn and
the pilot may use various optional features to allow navigation. Features include
trend predicor vectors to show aircraft position up to 9° seconds in the future
and display of all other aircraft (traffic) in the approach pattern. For
further discussion of these displays, see Harris and Mixon (1979).

The mental loading task was chosen so as not to interfere with the visual
scanning of the pilot while providing constant loading during the approach. This
was accomplished by having tie pilots respond verbally to a series of evenly
spaced three-number sequences. The pilot was told that he must respond to each
three-number sequence by saying either "plus” or "minus"™ according to the
following algorithm: first number largest, second number smallest = “"plus";
first number smallest, last number largest = "plus"; otherwise = "minus", The
numbers were recorded at twnety second and ten second intervals. These intervals
had been determined empirically to vary mental loading under a similar piloting
task. .

The workload measuring side task employed :wo lights, one mounted above
the cther, placed just outside the pilot's peripheral view abuve the instrument
panel. The lights came on at random intervals between one and three seconds and
remained on for one second. The pilot was told to turn the lights off by using
a three-position rocker switch on the control grip (moving the switch up
tumed the upper light uff, down turned the lower light off). This was done
only when the pilot had time left from performing the primary task of flying
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the airplane. Thus the number of correct responses to the lights gave a measure
of the residual capacity of the pilot from which a workload index could be
calculated.

The experimental conditions were arranged in a 2 x 2 x 3 factorial desigm.
The conditions were the presence or absence of traffic (other airplanes in the
same approach pattern) on the pilot's EHSI display, presence or absence of the
side task lights, and mental loading task (no numbers, three number sequences
at twenty second or ten second intervals). Two replications were obtained for
each pilot. Of the twelve runs per replication, only the six involving no
light-cancelling side task were used to study the scanning behavior, since the
presence of the side task lights would alter this behavior.

Results of the side task showed a definite increase in workload when the
arithmetic task was introduced. The x-y plots of pilot lookpoint for each
segment of the approach also show substantial qualitative differences between
the different levels of loading. The three instruments used most by the pilot
in the scan are the EADY, EHSI and the air-speed indicator. The largest number
of transitions were within the EADI, while the next lcvgest were between the
EADI and the EHSI, followed by the airspeed and other instruments. The detailed
scanning within the EADI is of particular importance. The display is used
almost exclusively during final approach and flare, those segments when workload
is usually judged subjectively to be the highest.

A computer algorithm has been developed to obtain the first-order, discrete-
state, discrete-transition, Markov model for each pilot's scanning pattern. It
is assumed that workload is constant within each of the six approach segments
since the piloting tasks are essentially constant over each seg- -
ment. This allows comparison of the instrument transition matrices for each
segment with those obtained under different loading conditions. The relation-
ship between visual scanning and workload is given by the change in the ele-
ments of these matrices as loading varies. Higher-order Markov models may also
be used to provide a more accurate discription of the processes taking place.
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