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Introduction

This paper has the objective of defining the relavionship bucween
handling qualities and pilot stvess and workioad. [he rcasons under=
lying the importance of pilot workload measurement are discussed &nd ways
to amalyze or treat pilot vehicle systems are reviewed. The varicus
measures of piiot wovkload that have been used or considered are dis-
cussed and some new data on the possible use of pupil dilation as a
measure of stress are presented.

The pilot of a flight vehicle performs a range of tasks and combina=
tions of tasks between take off and landing. These run a gamut {rom
the most simple to those single or multiple axis tasks that may tax hie
capabilities to the limit, In preparation for the flight, certain

planning and evaluation futctions are performed by the pllot., 1In take

off and in other phaces of flight such as formation flying, terrain

avoidance, rough air situatiouns, gunnery runs, and approach and landing,

the pilot pexforms as a precision tracker. The difficulty of hise
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tracking task cbviously varies widely as a function of the basic dynamicse
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of his vehicle at the time, the condition or availability of any augmen=

tation system or display alds, and the disturbing inputs. The pilot
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devotes as much effort to these tracking taske as he feels necessary
for efficieuncy or safety, 1In difficult control or emuréency eituations
the pilot may regress to become a eingle axis cracker und ignore other
control axes or piloting fuuctions that are less demanding.

During the cruise phase of flight the pilot becomes in many cases
a monitor and decision maker. It is clear that, in genecral, the pilot
operates in a sampling manner, collecting information on various situa-
tions in flight, evaluating their significance, making decisions, and
takiig action or no. as circumetances require. In certain eituaticns
such as eugine or stability augmentation failure, the pilot may call om
a repertoire of learned behavior that allows more rapid response to
these situations.

The pilot and the stability and control engineer hav;, in many
cases, used the term handling qualities to describe the degree of piloting
ease or difficulty over the wide range of conditions, tasks, and situa-
tions that the pilot 1s faced with. The pilot opinion ratings collected
integrate these diverae factors. It should net be unexpected that these
ratings might vary over a wide range unless conditions of the test are

very carefully controlled.

Work lLoad And Its Implications
1t is well known that in some aircraft and in some flight conditibns
or emergencies that the pilut must work to the lmit of his ability.

Up to this limit it is also well known that if he desires he can wmaintain
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his performance of a task even though complaining bitterly, a factor
that prompted McRuer to vefer to him as the "Vocal Adaptive Controller"

(Reforence 1), To a pilot the multiple etresses of flight, huas workload,

‘are summarized wade ils judgment of the handling qualicties.

The handling qualities engineer has endeavored to find a wore
analytical approach to specification of pilot workload and to correlate
the pilot gpinion rating with such an approach. The critical task
philosophy, Reference 2, offers piomises of at least bounding the limita
of the problem,

The psychologists bave, in general, taken a more academic approach
to the problem., Lxperiments have been run with various side tasks and
problem solving situations. Many of the experiments offer relatively
little realism to the actual flight situetion and the piloting job.
Consequently much of this work hae had limited application to practical
system design other than in establishing trends oxr limits.

If a reliable method were avallable to obtain a measure of workload
or stress, it is uadoubtedly true that many of the anomalies in handiing
qualities data could be explained. As an example, Reference 3 reports
combat tracking errors three or four times greater than those obtained
under otherwise identical tracking tasks in test conditions. The
implications on criteria for the design of new aircraft, their control
systems and their display instrumentation are obvious. The systems
could be deeigned analytically or tested under realistic qimulation
conditions, The design could provide a reasonable safety margin in

pilot workload and yet take advantage of his capabilities where these
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are available and may savae gome waight and cost in the aireraf., improve
reliability or wmaintainability, etc. And yet thie capability of
wessuring, and undarstanding overall pilot workload and thereby being

able to utilize thig knowledge in vehicle design continues to elude us.

Ways to Analyze or Treat Systems

The design of tho cockpit display system in the past has been
heavily intuitive wich great reliance placed on simulation using a "cut
and try'" approach. To attempt to put the display desigh process on a
more rational basis a methodology has been evolved., Reference 4 outlinee
a set of procedures which is often called time line analysis, although :
the complete methodology involves moxe than time line analysis, per se.
IPigure 1 taken from Reference &4 illustrates “he process, Figure 2
illustrates a typical time line assignment chart with allocation of
tasks to the crew members or the machine on g second by second or minute
by minute bLasis as vequired. The process of determining the human
workload under this procedure involves many sémall judgments and
probably represents a considerable improvement over a broad intuitive

.decision or a "cut and try" simulation. Once preliminary time line
charts are drawn and problem arcas isolated, the process can be iterated
with finer detaill if necessary.

Another relatively new approach to flight contro. eystem analysis
is the dynamic analysis of the pilot and the combined aircraft-sutopilot

system, The resulting pilotevehicle eystew can then be evaluated with
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respact to the adequacy of the sirframe, or airframe-autopilot, dynamics
for specific flight conditions, ‘Thie approach, of course, requires the
dagfinition of some form of wathematical model of the pilot. Thie
subject 18 covered in somewhat more detail in the next eection, but for
now the point is that pilote=vehicle analyses can be, and are being,wade.
The general approach is to: a. define and verify a wathcmatical model
of the human operator for specific control tasks, b. define a set of .
"adjustment rules" that establish the numarical values asesociated with
the pilot model for specific taske, o. establieh fundamental pilet
limitations that constrain the adjustment ranges of the model parameters,
and d, use all of the previous to predict the combined pilot-vehicle
dynamics: for the specific task in question., Referemnce 5 contains a
brief description of this general approach,

From a practical standpoint, the workload related factors in this
general pilot~vehicle analysis method include the constraints on the
adiustment ranges cf the medel parameters. That is, the task exceeds

the maximum pilot capability (full workload) if control of the airframe-

autopilot combination requires the adjustment of pilot model parameters

beyond known human limitations. Therefore, the parameter limitatiove
or constraints may be considered workload meesurements in this case,

and subsequent applicatiom via the pilot~vehicle analysis method can

yield: a. an analytical pradiction of the.pilotevehicle system

stability, b. some indication of closed-loop system performance,




TRETTIE

il Yl YR T et

¢+ an evaluation of the euitability of the airframe~autopilot eystesm, ) :
and d. an insight into the vehicle-autopilot dynsmic properties that

Axe ceueing any problems, with attendant epevification (handling

qualitios) implications.

The pilot-vehicle analysis approach outlined above has been extended

to a design procedure called Pilot-Controller Integration or PCI,

Reference 6. 7This procedure represents a oystemmatic design method

that considers control system failures as well as nominal performance.,

The procedure leads to a high flight-safety design, Figure 3 depicts

the PCI process (from Reference 6), and workload measures are used in
phases called "Failure Analysie by Paper and Pencil Methods" and

"F;ilure Analysis by Simulation Methods," Specifically, a workload

related measure 38 used in an "additive" fashion to determine if manual
control under failed conditions is pocsible (normal workload plus incre~
mental workload due to a eystem fallure does not exceed maximum capability).
If a fallure results in a workload level ab xinu
design changes are made to either reduce the total wovkload, or decrease
the probability of occurrence of the particular failure mode in questiom.
The value of this process, in one particular cese, is deéemonstrated in

Reference 7 where the manhours invested in the application of the PCI

‘process would be "recovered" through flight safety improvements in 8.8

aircraft flight hours.

The above methods of eystem analysis that vequire some measure of

workload, or a related parameter, are for the most part theoretical
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in nature. lowever, within cthe present state-of-the-art thess approsches
can be applied only to relatively aimple, though pcrh‘p; important,
cades, On the other hand, the complexities of modern flight vehicleo
dictate the ues of simulators s both syetem analysis toolw and experiw
mental devices to validate the more theoretical approaches.

When simulation is used as & eyetem analyeis tool, tha concepts
of workloading may be more implicit than analytical approaches, but
nonetheless thay are still present. For example, when a multistask
miesion phase is simulated, the "full workload" point is reached, or
excecded, when the subject cannot cope with the multitude of duties he
is euppased to perform. Complete simulations should, therefore,
include all task loadings including those related to stability and
control as well as navigatioun, communication, and octher functions. Uaderx
less severe couditions, simulation studies can still yleld, or utilize,
a measure of workload in the form of pllot rating to evaluate varioue
aliexnative designe. This measure, related to workload (as dlecussed
later), can be used in many multi-task eituations, and with suitable
roating procedures, quantitative as well ao gualitative resulte can be
sbtained.

In summary, workload or a related measure plays an important role
in a number of system analysis methods. The torminology im esch case

might be quite different, but A broad interpretation of "workload" is

applicable in each instance.
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Horkload Prediction and Manupl Contrel Theory

Over the past decada, a rather extensive body of literstures releiing
o mapual contrsl theory has besu produced (e.g. Referance 8. 1o fact,
bibliographies are available in che arvea (Refarence 9), Therafore, no
attempt will be made here: to summarize the current etatus. Itstead,
only the velationship batween current thiasry snd pilot workload pre=
diction will be coneidered.

For a single compensatory tracking Zask (ses Figure 4) existing
theory is quite sdequata to predict an operator’s ability to comtrol
lincar systems with random appearing inputs. Thet is, the limit of the '
opetator's capability can be fairly accurately predicted. In tarme of
workload this represants the "full workload" case. On the other hand,
the current theory cannot nccuraﬁely predict a "workload" messure in the
Ngray" area whera control is poseible but of varying "difflculty". Within
this gray area pilot opinion ratinge have been, and are being, used us
a measuxe of task difficuluy.

Reference 7 contains an interesting correlation of pilot opinion
ratings and workload measured with a eide-task. Although the population
size of the date presented s small, very good correlation le indicated.
Thie encouraging result euggests that if pilot opinion vatinge dould be
predicted from human response theory, vne could in turn predict & work=

load level for a given taek, A curxent U.8. Alr Force eponsored rogoarch
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- program, Investigating the tie bstween pilot opinion ratings and

mathematical modele of the human oparator in epacifio tasks, may resolve

this problew,

1t should be emphasized, howaver, that pradicting pilet workload,

P or some related messure, for a alngle task is only part of the overall

problem. To use this infoxmatlon in system desigh as discussed above,
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the “additive" effects of sovecal taske must also be pradicted. This
is by no merans easy. For oxample, the “additive" propecties of pilocI
opinion ratings It wultiple task situations (Reforence 10) are relatively

unknown. llowever, the vesulte of recent attempts (e.g. Refarence 11) to
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define mathematical models of the human oporatox in multi~axie tracking
taske may, agoin, provide the answer if pilot opinion tatings can
be predicted frow the resulting models.

All of the above discuasion concerns compensatory traoking taske.

ot n o At i A

It ls seen that even in thie area, whare probably the most useful and

extengive body of human vaspenee theory exists for flight control
applications, the pradiction of workload or a related measure stild

poses a puohlem  Dacouss of thie fact, it 1s not asurprising that the
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situation is eve worse with raspect to other piloting tesks, or com=

binations of taska. This La, in faci, the reason why expexrimental

e e

: simulation procedures ave the moet popular form of workload wmessurement

tedhnique ut the present time,

g

Although & truly useful overall mathematical model ¢f the human

oparatox 1s s long way off at this time, attempts are being made to
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“control, and altarnate modes of contrel along the 80P lines. Finally,

formulate such a model., In thie respect, cercain huiien "subeystems' such
88 the aye rovement servo and the hand controel eystom (a,g. Rafarencas
12 and 23) have besn investigated end wathemetical models formulated.
Thass "subsyetem' modele vary in complexity, but Figure 3 taken from
Referenco 12 18 a typical reprasentation. It comes ass ne surprise that
Figura 5 oxpandad to include all of the human oparator eubsystenw
important to piloting tasks would roproesent an extremely complex
rupregentation of tha known complex human operator. Yet, coch eubm
syatem, and combination of subaystems, affects the overall workload of
the human operator in a given task to soma extent.

Some of the move recemt attempte to provide broader moduls of
the human operatox are raeported in References 14, 15 & 16. In Roforengce
14, Krendel and McRuar proposé a "Succesedve Organizacion of Pexception”
$0P) model of the human operatvor in tracking taske that accounts for
various methods, or modes, of control involved in ekill dovelspment.
Vosoiue, in Reference 15, discusees oye and hand models, and Voseius

ie currently considering an integrated model of visual pevception, hand

Sondoys, Elkiud, ond Smallwood in Reference 16 have propoeed a visual
sampling model that perhaps can be used in tracking as well as monitoring
casks. ELach of the above develophente represents an extension or expansion
of simpler "subayatem" models toward a broader picture of the human

operator.
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In summary, manual control theory showse promise as a means to
predict workload for, at leaet, certain combinations of pileoting taeks.
In addition, continued advances in the physiology of human subsystems
may provide even more refined methods for more complex tasks. However,

at the present time experimental simulator meagsurements, on an ad hoc

basis, ropresent the most practical means to determine pilct workload

in complicated flight control tasks.

Measures of Pilot Work Load

Figure 6 taken from Reference-l7, presents a view of the factors
involved in physioclogical meagurements. The subject reacts to the various
input factors which include the sustaining and sensory factors shown. 1In
addition the subject reacts to psychological factors that are regenerated
within himself from stored past experience. This ie indicated by what
ie termed in this reference, the re-sutrant loop. These are the
factors of anxiety, fatigue, stress, the reflex, inherent, and learned
behavior patterns, motivatiom, attitude, etc. The subject's output ie
divided into two basic classes, physiological and psychological with an
intermediate or "gray" area in between. The divieion into classes does

not occur neatly since it is known to laymen as well as physiologists

that the body reacts to stress in many ways. An aroused individual'e

heart pounds, stomach contracts, bledder relaxes, adrenalin increases,
pupile dilate, etc. These effecte illustrate the complexity of the feed-
backs within the human. However, for the purpose of normal measurement of

pilot workload thie etrictly physiological class hes not and is not expected

11
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to be particularly helpful. This includes such measures as heart
activity, electro-cardiograms, blood pressure and flow measurements,
respiration, and metabolism measurements.

The normal pychological measures relate to operator belavior.
One of the normal measures is that of performance in a tracking or
problem solving task where a scoring system is devised. This scoring
adight be based on time on target, rms error, etc. FPsychological
experiments are usually run with large number of subjects with the t;ekl
planned so as to allow statistical analysis techmiques to be applied.
Side tasks along with the primary Eask have been used in a number of
cases. The idea is to consider a reduction in side task performance ae
an indication of an increase in prima., task difficulty. These eide
tasks might be flashing lights or horms to be turned off at intervale
or simple arithmetic or other problems to be solved. Eye amotion studies
have been used in a number of display oriented studies to determdine

the areas of concern to the pilot, the time spent on a particular

* instrument, and the links between varioue inatyumente. Peychologiste

also use questionnaires aithough they have been suspicioue of and
generally have avoided ratings scsles.

The handling qualities engineer has placed less reliance on
performance in his eltuation or flight tests. Measures such as average
clearance in terrain flying, miss dietance, or average error in

tracking a target, of course, would be used where such crftorin were

12 .
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meaningful, This attitude towarde less raliance on performance springs
from his knowledge of the wide adaptability of the pilot to kezp hi
vorformance constant in spits of varying degrees of difficulty of the
task. He has tended to place his reliance on pilot opinion ratings.
Furthermore, he has tended to avoid the use of large nu.ibers of subjects,

for cost reasons partially, but also because of a prefe.,ence or a

~ greater confidence in the results from a "calibrated" test pilot. This

reliance on a small, especially selected statistical sample of aubjects
izas spawned a running argument between psychologists and engineers over
the validicy of each other's data. The engineer has begun to put
reliance, for specialized problem evaluation at least, on analyses of
the piiot vehicle combination by means of describing function data on
the human pilot. This has been touched on previously in this paper.
Between the strict physiological clase of measures and the psycho~
logical class 1e the eo called intermediate clase. Included in thie

‘class are a number of measurements that ave interesting to physiologists

‘but alsc may be of use to tiie psychoiogisr and the engincer. To thie

* date, however, they have been of little use to the handling gqualities

engineer. One of these measures ie the electrical potentials in the
nervous syetem or the muscles. The electrical activity of the braim
can be detected with electrodes and this is referred to as slactro-
encephalography, The highly amplified records are called BEG's.

These records are complex and by no means fully understood, Althoush'

not completely reliable as yet, iwportant bshavioral pstterne euch as
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s subject's estate of alerctnese and vhether his eyes are open or shut can
be monitored.

When individual musclee contract they exhibit potential changes

‘that can be measured. This is referred to as electromyography and the

records are called EMG's. These records can indicate the atate of
synchroniem of body patterns and may be used to show the presence of
fatigue., “Some consideration has been given to the use of myoelectric

signale for cerfain control eystem applicatione.

Also of the same type are measurements of the heart's activity

(ECG) which has been referred to previously under the strictly

physiological ¢lass of measureuments.

Another general technique, referred to as galvanic skin response,
(GSR), involves measurement of the resistance between two electrodes on

the skin to the passage of a small current. This resletance is affected-

by the action of the near surface capillaries and the sweat glands,

which of course are responsive to the nervous system. This measurement

has potential usefulness as an index of a number of psychological states,

- degree of alartuess, apprehension, fear, panic, and plapidity. The

system has ite problems both iu obtaining reliable signals and thea in

sorting these signals out, but to date thie measurement has been the

best measurement available for determining the psychophysiological

performance of & subject,
As noted previously, dilation or constriction of puplle se &

result of stress had been noted by the physiologists but little investi-

gation or use has baen made of the phenomenon., In Reference 18, Dr.
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lickhard lless presents some very interesting observatione of the reactiona

of the pupils to interest, emotions, attitude, and thought processes.

Figure 7 showe averaged increases in pupil size for five subjecte

performing mental multiplications of varying difficulty. Dr. Heee

refers to the eye as an extemsion of the brain, embryologically and
anatomically, and furthermore, an extension that is in plain sight for
the psychologist or engineer to peer at. Intuitively, it ie felt that
the possibilities of a useful measure of pllot workload are higher in
this case, than for such measures as EEG or GSR where measurement problems,
confusion in sigrals, and involved feedback loops are involved. Stimu-
lated by Dr. Hese's work, which was not concerned with piloting or
tracking situations, a preliminary experiment was performed to deterwmine
whether pupilometrics offered a ueasure of workload that we engineers and
psychologists could use. The experiment and ite general results are

described below.

Pupil Dilation Experiments

% The main objcctives of the experimental program were: a. to

% determine if pupil eize variations (similar to those reported in

g Reforence 18) exist when tracking tasks of varying difficulty are per-

é formed, and b, to determine how these variations, if any, are correlated
g with caek "difficulty" and "conventional” workload measurements.

To accomplish these objectives a low order, but difficult, manual

tracking task wiun an unstable firet order controlled element was

15

[ S I T T T T R L




SESLAMPEAIEEACH NI RO AL -

{
3
H
5

simulated, The subject's cye was photographed using available artifici{al
light and a 16mm. motion picture camera. Strip chart recovdings of
-appropriate gignale were made at the same time. To synchronize the eye
data with the strip chart racordings, the camera photogrephed the sube
Ject's eye along with a small voltmeter that dieplayed a measure of
tasic difficulty and computer start and stop signals. A sccondary elde~
task was also implemented on the same analog computer ugsed to simulate
the concrolled element dynomics, This side-task was used to provide ¢
“eonventional” measure of workload. The two tasks arve described below:
Tracking Task: Representing the pilot's input stick deflection by

¢, and the controlled element output by m, the controlled alement differ=
dm

ential equation was T Am = Ac, where-%ﬂ = time derivative of m(t).

at
The value of A, in rad/sec, controls the degree or “"difficulty" of the

tracking tasle, and the value could be held constant or varied as a

f ction of time. In the latter case, the parameter A varied at a rate
of .10 r;‘\d/sec2 from an initial 3.0 value until the tracking errer (-z
on tue oscilloscope display rcached a value of + 2 cm. At this point,
the A rate was switcled to a value of .025 rad/sec? until contxol was
lost (first tiwe an error of + 7 cm on the scope was reached). The subject
could see a region of about + 6 cm, on the scope. The time-varying case
{s called a "critical" task in Reference 2, and the minimum value Of %
veached by the subject is a good measure of his effective reaction.time
delay in this tracking task. In the prescat case, liowever, the task
served as a "ramp" loading ti.at pushied the subject to his limite (full

workload) .

16




The tracking error (-m) was displayed to the subject as a horizontally

moving dot on the display, and control was achicved by moving a vertically

nountad side-stick aontroller with a left-to-right wriet motion. The
controlled element had no external input, and therefore the system output

wae a result of pllot actions only. In all cases the subject was told

to keep tha dot centered on the scope with a minimum of error.

Side=Task: The side=task used wae a version of that described in

Reference 7 for “conventional" workload measurements, This task con;ieced
of centering a hordzontal line on a uecond dicplay scope adjacent to the
tracking task display scopa. A random noise source triggered tha "line"
from a zero sctting to a plus {up) or minus (down) position in a random

‘fashion at an average rate of about 3.25 seconds between inputs. The

subject used a three position trim switch in his left hand to generate

a pulse that would veturn the "line" to zero. Once cxiggered by the
randown noise, the line would hold the off-zevo setting until the subject
reapouded.’ The absolute value of the displayed signal was integrated
over time, and a "scove" (T) wne obtained as the integrated value divided

by the product of the number of random triggering siginals that occurred

VA I v e A AN ST TS s DY A1 1 SO ﬁ*““*tiiHW'ﬁwaf"

during a given run and the offset voltage value, The measured score was,
therefore, proportiounal to the subject's average time delay iun responding
to the side~task. During experiments with the subject operating both
; : -~ the tracking task and the side-task, the subject was told to give the
s tracking task the highest prioriiy, and respond to the side~task only

when possible.
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The specific experiments performed consisted of four classes:
1. Time=varying A tracking.
2, Fixed A tracking (varioue A values).
3. Fixed A tracking with glde~task.
4, PBrrov observation only, no other tasks.

The latter wrs accomplished by recordng the tracking erroxr during
experiments in the first and gecond classes with an F¥ tape recorder, -
and then reproducing the output for the sawe subject to observe. Photo-
graphs were taken in each case. TFor cach class the genaral experimental
arrangement is shown in Figuxre 8.

Although several subjects have participated in the experiments made
to date, the results presented here were obtained with a single subject,
This subject, a rated pilot, has a nominal amount of experience with
tracking tasks and simulators in general, and a fair amount of experience
with the tragking task used here., In the latter experiments reported,
he obtained time-varying A values of about 6.5 rad/sec which approached
the values of very experienced subjects as reported in Reference 2.
Perhapse the most dramatic results of the experiments are shown in
Figure 9 where ervor, A, and eye variations in the form of pupil diameter
to iris diameter rvatios (R) are given for a time-varying A experiment

(Class 1). In addition, R values for constaut A'a (Clsss 2) are spupere
imposed, using the symbolws, on the R plot at the time polint correspording
Figure ¥ indicates a large variation in R (about 36%) over

to each A,
18
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the 46 gecond run., Furthermore, the R variation le seen to exhibit a
steady increase with incroased A (increasingly more "difficult" taek) as
well as rapid increases that are directly correlated with the envelope
of errors That 18, R increases (pupil dilation) with large error
excurgions at points {n the run where the subject almost loses control,
Finally, the coustant A values of R (from déta recorded shortly before
the time~varying run shown) aevidence the same general steady increase,
in R up to a A valua of about 5.2 rad/sec. The fluctuations in the R
data, with about a two second period, may be due to meagurement arroxra
in reducing the camera data (data points taken at about one second
intevrvals), Or, these variations may ba "unreat" fluctuations of the
type reported in Reference 19.

The resulta of a series of Class 3 runs are compared with eye
measurements from a series of Class 2 rune for the same fixed values
of A in Figure 10.

The data are average vaiues for one 30 second tracking task rum,

and two 60 secord tracking plus side~task runs for each A. The

workload measurement, T, increases as the primary tracking task becomes

more difficult (A increases). Above a A value of 4.9 rad/sec, a leveling
off and scatter is obsevved in the data. This may be due to nonlinear
variations with A, or perhaps training effects are involved. At any

rate, the R variation with A is much thc eame as the T variation

indiceting a direct correlation of iuncreased "conventional” workload with

pupil dilation. Above A = 5.5 rad/eec valuea, however, the data do not
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show similar trends in R and T. Again tralning effects may be avident,
oxr tho small data population uay be the anewer to thie diffarenca.

. In an attempt to determina if the pupil - _atinne obeerved were the
diract results of observing the display only, and not unique to the
combined observatiou-coatrol task, a limited amount of data was . collected
from Class & oxperiments. Figure 1L shows data from the last 20 seconds
of a tima=varying A experiment in the form of R values during actual
tracking, and when the sybject io simply observing the sama arror signal.
A difference in the R values at coincident times is evident up to the
last few seconds of the experiment. Film veconde aleo indicated much
mors eye blinking, and soma eye tracking, in the: monitering record. The
tracking record showed a steady "stave'. It ahould be noted, however,
that a higher speed, and grainy, film used in the run shown caused data
reduction problems and asscociated scatter in the data.

Finallx, a number of Class 1 experiments with a variety of subjacte
with very little training showed a quite universal effect, with R ratio
increases from near zcero to 20% over the time=varying A runs.

Although the experimente reported here ave certainly preliminary,
the main objectives were met, and the following teuntative conclusions
can be drawn:

a. Pupil dilation is evident in certain monual tracking taske of
increasing "dicflculey”.

b. This dilation 18 corvelated with the vesults of at least one,
more or less conventional, workload measurcment techuique, and is aleo
correlated with task "difficulty".

20
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¢, 'The exact causd ¢f thie effect is unknown, but it does not

appaat to ba tha sole raesult of errov obsarvation., That 4, the phenomenon i

~

appeare to he a result of etressce from the combined obpervation=control
tash.

Much remaing to be dona before pupil slze varlations cen be used
with confidence a8 a manual control workload moasurement technique, but
the pweliminary vesulto reportad here are encouraging. TPFurthexmore, the
advantages of the method, 1f verdfied by furcher work, ovar side=task
nethods are c¢lear with respect to rapid response, thoe degree of subject
distraction from the main task, and the possibilicy of electronde on~line

data reduction (e.g. Pupilomater of Rafarence 19).

LT Daifatkil

Conclusiona and Recommendations

TR I

In conclusion it can be said, without fear of contradiction, that

there 18 a real need For consideration of workload in setting the require-

| .~ ”
v‘wwwmwwwmmmwmw«wmmmmwwmwwmmmwmumw?mmﬂmﬂMMHmﬂﬂﬁﬂﬁﬂﬂMﬂ"mmmgi“x,, W

wente for and specifications of pilot velated aivcraft rarametera. Once

[

. . available, quantitative measures of workload would play a very lmportant

e

i I o
vYole in the design of ¢

b

I -
iysiam. loe

benefits would be real and important.

Tt has been poincted out that there are a wwber of methods to measure
some workload related parameters, none of which have been very generally
wseful or widely applied. Human responac theoxy and physiology develop~
ments may provide mechods to predict work loading for certain control
related tasks; however, at present, experimental eimulation proceduree

are the most useful.

21
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A nev workload related measurement technique, based on pupil
dilation, 18 ehown to have some promiee from praliminary experiments.
The method 18 applicable to flight control taeke, provides rapid
responae, and prosente no gubject distraction. Additional, wore exteneive,
and wore carefully plamned experiments are definitely in order to
explore the possibilicies,

There 16 no question but that the handling qualities enginear ghouid
broaden his ideas of worklouad and make a concentrated eoffort to apply
th¢ ideas and measurcment tools of the physiologiet and the psychologlet
to tha. quantitative measurement of workload, The nead ie clear and the

poesibilities are apparent. The time ie opportune for those in research

to take action.,
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