AD-A007 963

SIMULATION AND STUDY OF HIGH WORKLOAD OPERATIONS

ApvisorYy GRouP FOR AEROSPAZE RESEARCH AND DEVELOPMENT

O T

AprIL 1974

DISTRIBUTED BY:

Mational Tachaical lnfermation Service
U. S. DEPARTMENT OF COMMERCE




DISCLNBRNOTCE

Z @
Qe

THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE  LEGIBLY.



AD-Ho07 163

AGARD-CP-146

NORTH ATLANTIC TREATY ORGANIZATION
ADVISORY GROUP FOR AEROSPACE RESEARCH AND DEVELOPMENT

(ORGANISATION DU TRAITE DE L’ATLANTIQUE NORD)

AGARD Conference Proceedings No.146
SIMULATION AND STUDY OF HIGH WORKLOAD OPERATIONS

Edited by

Wing Commander A.N.Nicholson, RAF

RAF !nstitute of Aviation Medicine
Famborough, Hants
United Kingdom

PRICES SUBJECT TO CHANGE

Reproduced by

NATIONAL TECHNICAL
INFORMATION SERVICE

US$ Depariment of Commerce
Springhield, YA, 22151

Papers presented at the Aerospace Medical Panel Specialists Meeting,
held at Oslo, Norway, 24-25 April 1974,




THE MISSION OF AGARD

The mission of AGARD is to bring together the leading personalities of the NATO nations in the fields of
science and technology relating to aerospace for the following purposes:

— Cxchanging of scientitic and technical information;

— Continuously stimulsting advances in the aerospace sciences relevant to strengthening the common defence
posture;

— Improving the co-operation among member nations in acrospace research and development;

~ Providing scientific and technical advice and assistance to the North Atlantic Military Committee in the
field of acrospace research and development;

~ Rendering scientific and technical assistance, as requested, to other NATO bodies and to member nations
in connection with research and development problems in the aerospace field;

— Providing assistance to member nations for the purpose of increasing their scientific and technical potential;

— Recommending effective ways for the member nations to use their research and development capabilities
for the common benefit of the NATO community.

The highest authority within AGARD is the National Delegates Board consisting of officially appointed senior
representatives from each member nation. The mission of AGARD is carried out through the Panels which are
composed of experts appointed by the National Delegates, the Consultant and Exchange Program and the Aerospace
Applications Studies Frogram. The results of AGARD work are reported to the member nations and the NATO
Authorities through the AGARD series of publications of which this is one.

Participation in AGARD activities is by invitztion only and is normally limited to citizens of the NATO nations.

The conteat of this publication has been reproduced
directly from material supplied by AGARD or the author.

Published October 1974
Copyright © AGARD 1974

355.469:613.6:613.73

National Techmical Iuformation Service is mtho::l.ud to
reproduce and sell this raport

&

Printed by Technical Editing and Reproduction Ltd
Harford House, 7-9 Charlotte St, London, W1P 1HD




AEROSPACE MEDICAL PANEL

Panel Chairman: Colonel J.F Culver, USAF, MC
Pznel Deputy Chairman: Major General H.S.Fuchs, GAF, MC
Panel Executive: Lt Colonel P.Varéne, FAF
MEETING ORGANIZATION
1 Host Coordinator: Lt Colonel A.Borg, RNoAF
‘.‘ Technical Program
Organizer: Wing Commander A.N.Nicholson, RAF

B e il o b S

B e e T

—n

g

TR TR




PREFACE

1 The use of simulation for the evaluation of control dynamics, system components
' and procedures is well established, less certain is the use of such techniques in the evaluation
of aircrew performance in high workload sitiations of an operational nature. Studies in
the field present considerable difficulties, pariicularly when factors which may adversely

4 affect flight safety have to be assessed. Although laboratory and airborne simulation of an
: operational situation may lack reality, such techniqu.s may be the only way to predict
3 operational performance.

3 The mesting was intended to provide a series of presentations including analyses of
1 operational aspects from several NATO countries. It was hoped that recent studies on high
i workload situations in acrospace operations and accounts of simulation of such task
conditions in the laboratory and in flight would be included.
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TECHNICAL EVALUATION

The meeting evaluated the contribution w..ich simulation and study of operations could make to the under-
standing of intensive air operations. 1t was evident from the discussions that, though simulation provided opportunities
to examine in detail limited aspects of air operations, it nevertheless lacked the reality essenvial for a definitive
analysis. On the other hand the nature of actual operations often precluded a full analysis of the problem.

Several aspects of methodology were disciussed. An important tecr.aique in the analysis of high workload was
that of subjective assessment, but it is a technijue which nieeds careful study. Cont )is for subjective assessments
were frequently obtained under conditions of rcasonable workload, and the question irose whether subjects used the
same technique to evaluate workload under the circumstances of an intensive operation. There was a need for
subjects to assess the individual factors which contributed to overall workload, and in this way it may be possible
to create models of workload assessment and to define the stress which leads to a breakdown of the model. With
subjective assessments of workload the use of other parameters, such as physiclogical change, should be considered.
Physiological changes and assessments of workload should correlate with each other, but if they are dissociated a
careful assessment of the problem is needed.

Another area of importance was the use of physiological parameters as measures of workload. There was no
real evidence that physiological change was a measure of workload per se, but it may indicate 2 change in the
physiological balance of the body brought about by intensive workload. Change in physiological balance is a
response to workload, but it may also tell us how the individual adapts and suggest when adaptation is breaking down.
The breakdown of the ability to adapt may be associated with impaired performance. Several studies were presented
on the response of the endocrine system to stress and it would appear that advances are being made in this direction.
There is a need for a much more basic understanding of endocrine physiology under stress and its application to
intensive military operations.

The relation of optimum workload and optimum performance was discussed. Pilot ability during overload may
not be optimum, and it is in this direction that simulation studies may be able to play a greater part. The problem
of simulating high workload is a difficult one, and tlie use of simulation for studying high workload operations is
an area of uncertainty. But simulation may have a part to play as it is an experimental situation where systems
engineers, physiologists, psychologists and aircrew can work together.

A further area of interest was the prediction of operational capability. In this area airc ew to aircraft ratios,
continuous operational capability and preservation of skill under stress were included. if we were able to predict
operational capability then a considerable step would have been made in the human factors aspect of intensive
military operations. 1t is in this area where future work needs to be carried out.

o

AN.NICHOL*ON

Wing Commander

RAF Institute of Aviation Medicine
Farnborough, Hampshire, UK

Deputy Chairman, Behrvioural Sciences
Committee, ASMP
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SYSTEMS SIMULATION: A GLOBAL APPRNACH TO AIRCREW WORKLOAD
by

Harrv M, Hughes, Ph.D.
Bryce O. Hartmen, Ph.D.
Raul Garcia, M.S. (BRP)
Paul Lozano, B.A. (BRP)
USAF School of Aerospace Medicine
Aerospace Medical Division (AFSC)
Brooks Air Force Base, Texas, USA 78235

ABSTRACT

Adrcrev workload can be studied at many different levels of detail. 1ln the mnst general sense,
it is a function of the total workload imposed uron a unit ir relation to the number of crews in
that unit. An airlift system simulation prograr. has been designed using this global approach and a
nuaber of simulation studies have beer performed. Outcomes in terms of systems effectiveness meas-
ures, crew workload, and crew welfare measures will be presented.

INTROM'CTTON

A general sim:lation computer program capable of representing the major operational attributes
of a typical squadron of MAC {et transport aircraft and aircrewmen has been developed by the School
of Aerospsce Medicine. Given the resources (how manv planes, crews), the workload (number and route
of missions), and the rules under which to operate (various regulations), the program schedules the
missions, selects the crews and planes, and flies the missions, inserting random fluctuations to
represent delays and weather variations. During the course of the simulation, the program tracks
how the system is performing by acquiring operational data such as cancellations, flying time on
each leg, and delays, which can be later assembled into such statistics as time away from home and
work-month hours. The following sections will describe in some detail the general mechanics of the
simulation program indicating the input requirements (what we decide beforehand), the simulation
logic (what happens while {t {s running), and the output measures generated by each simulation run
(vhat can be analyzed afterward). A tvpical use of the program will be described and some results will
be reported, showing the apnlication of the program in making management decisions affecting aircrews.

DESCPIPTION OF THF SIMULATION PROGRAM

Input Requirements (what we decide beforehand)

The information tc be supplied tc the simulation prieor to a run can he prouped into five general
categories: policy, route svsten characteristics, resources, workload, and predestined events. The
first three of these are placed {n the computer at the beginning of the run; the last two are prepared
prior to the run and placed ¢n a tape to be fed in as their dates and times come up during the run.

We will describe these two groups of information under the headinps "Initialization” and "Exogenous
Events" respectivelv.

a. Initialization.

The first group of input parameters prcvides the means by which nolicy rules are established. Scme
of the more important policv {nput parameters are:

1. Crew Type--The crew types which we have thus far provided are cither "basic"
(with five members flving according to repulations), “augmented” (with a complement
of up to ten men on duty at the same time), or "double” (with five men on duty at any
given time while a second sh: ft of five men 18 aboard in a resting status). This latter
type, which alternates crews from duty to rest during the entire mission, i{s one of
the sugpested policies that this simulation wa- developed to investigate. The initiali-
zation defines the number cf pilots, navigators, flight engineers and loadmasters in
the squadron. These crew types can be simulated without further computer programming;
other crew types could be introduced with rather simple additional programming.

<. Factor for Awarding Free Time--At th- completion of a mission, free time is awarded by
multiplving the time away from home bv a factor set during initialization. A maximum
limit for the and>unt of free time awarded at anv one time is also established at
initial{zation. Free time based on differinp credits for differiag kinds of duty

time would require additional propramming.

3. “aximum Time Allowed for Delav at Home Rase--This parameter is used in determining when
to reschedule or cancel a mission. At bases other than home base, missions are not
re-scheduled or cancelled, but may be further delayed if the maximum duty day initially
prescribed for that mission is 2xceeded.

4. Maximum Flving Time Limits--The simulaticn oropram provides for two kinds of limitations
on maxirua flying time per individual ver period¢. DNefinition of such periods is quite
flexible.

5. Length of Crew Rest--This is the number of hours wnich policy states that a crew shall
rest prior to the mission departure. The same or another figure is specified for
crev rest enroute upor. arrival at a stage base or upon expiration of a duty day.
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Alr Time Between Afrcraft Mainteaw:ze-~ihile the priscipsl emphasis. of this simulatiea
1ies on crew data and crew affects, provisiom has been made to take aircraft owt of
servica at home base for two dif feremt lempths of pericds called mimor usiateasace and
major maintenance. This imsut marameter specifies the number of hours of air time

thet shall not be exceeded hefore minor maintemamca, the nmber of hours the plame will
be out of service for minor maintemsnca, the number of air hours that shall mot he
axceeded between periods of major msinisnsaca, and the number of days required for
major maintensnce. The simmlatiom program during the rua will utilize the expected
air tima of anv vronosed mission to estimata whether a particular aircraft would exnceed
its maintenanca limitations and vill accest or refect the sircraft for that miseiom om
that hesis. Thus, the interactive affecte of periodic mainteamamce limitstions wpom
crews are taken into account. A simpla modificatiom also provides the ability te
simulate isochronal maintenancs, taking plsnes out of servica at fized periods of
calendar tima irrespective of their air time.

Yuber of Stage Crews at Each Base——Part of the initislization is to placa the number
of stage crews needed at each of the stape points according to policy to be used in
that run. This policv is usuallv expressed as a iatio such as i/3C, mesning ome stage
crev for each )0 missions per month plammed to move through that stage pool.

Having looked at some of the major initialization parameters which specify pclicy we will now
describe some which specifv the system charactaristica.

Route Tyves--This set of parameters specifies for asch route type the number of legs,
the direction of each lep (in-bound or out-bnund), acheduled or sverage air times of
each leg, and identification of the bsses. The les direction is pertineat to the
setting un of directional stage crew pools. Nota that 'he inclusiom of scheduled air
times essentiallv identifies one type of aircraft with a route type. For a diffareat
tvpe of aircraft over the same geographic route, an additional routa type is defined
to the simulation.

Mission Tyne--For each kind of mission to be flown a code is entared idemtifying that
tvoe of mission, the crew tvpe to be used on that mission, the route :ype of the
mission, the bases vhere staping will occur, the total estimatad air time and the
maximum dutv day for each leg. Note that this does not specify any datas of departure
or srrival but meralv describes the charactaristics of a particular type of misslom.
Later during the course of the run, the axogenous tape will indicate several times
during the course of s month tha: a mission of type so-snd~so should be launched at
such~and-such a time on such-and-such s dov. That information gives ine identifying
code and time of launch; tha simulation will then refer to the initialized mission
type information to find out all the datails involved in the setup.

Pre-Flight Length and Delays--In actual nractice and, hence, in the simulation, the
length of time in pra-flisht has s normal planned value which is initially furnished
here, but for vsrious csuses occurring in fairly random fashion actual take-offs are
delaved. Excluding the nonavailability of plane or crew, we have made provision for
all ather delavs to be included in a random distribution which is initially submitted
at this point. Later during run time as each leg is about to be launched, the simula-
tion gets a random sample from this snecifiad distribution and scts the actual depar-
ure time accordingly.

Yeather and Cther Varisbilities in the Air-~In ordar to provide for the random fluc-
tuations in lenpth of air time alone a particular lap in a particular diraction
brought about onerationallv by fluctuation in such things as vind, power settings,
weights and a miscallanv of other factors, we provide for an initial specificatiom of
a distribution of factovs to be apnliad to the average no~wind-time for any leg.

the initialization nohase we snecify the resources that a particular run wilil have
include the followine paraccters:

Number of Flight-fualifiad Personnel--The nusmber of pilots, co-pilots, navigators,
engineers, and loadmasters in the squadron is specified separately and need not be
aqual. Vithin each of these groups all personnel are presumed to be flight-qualified
and no nrovision has thus far been mads for trainees and exmminers. lt is quits
fessible with a small amow.t of additional nrogramming to include other types of per-
sonnel. The crev tvyne parametar described abova would then have to be supplemented
80 that at laast ona crew type calls for one of the new tvpe of personmnel.

Number of Planes—The total number of planas assigned to the squadron is initiasl’y
entared.

b. Exogenous Events. The second type of information which is prepared in advanca of a run is
an exogenous event tape. This tape is a calendar of avents due to occur at a time independent of what
goes on in the simulation. It includes pre-plarued calls uoon the squsdron for missions, and it provides
a mechanisa for handling sick leave, planned lrave, emergency lsave, general military duties, and special
time-clocked squadron duties.

Mission Workload--The mission workload is placed on the axogenous tape in the form of a
notice to the squadron, each mission notica received just in tize to designsta a crew
and aircraft for that mission.

Unscheduled Leave—This 1is ptovided by notices at random timee that a particular person




bocomse sick or has s emerpeacy call for leswe. Ia ovder te gsaerste these met:

we sanyple s randen distriduticn which ea the sverage will give ws the experiemce
curred overatienslly as to frequemcy of emerpsmncy calls, of falling 111 sad the lemgth
of the 111 peried. The resuits of this saplisg are thea p o
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3. AMijestsble Dutize--Those cilitarv duties included in mmpewer snalyses wnder
ing “APNAT,” which stands for Air Porce Nom-svailable Time and includes ordimary
are spread out over the month snd assigmed to each individual st specific times oa the
emogencus tape. The difference frow the foregoiag categpories is thet duriag the rwm »
crewmsn, called upom for this tvpe of activity while sway from hoxe base, t
saved for him until he returns snd cumpletes his free time; them he will

to these duties.

&. Pined Duties-—-The third type of predetermined sssigament for sa individual is intended
to cover such items as squadron alpha alert, grownd traiming, and scheduling officer
duties. These evants occur not ramdomly but regularly and mmwet be fulfilled sa sched-
uled, s0 that during run time our computer looks shead and will not select a crowmen
for a particular mission if the forecast lemgth of that mission would comflict with
his being back in time for a duty specified here.

Thus the exopenous tape provides the simulation prosraa with a timing sequence for settiag up
missions and for putting crew members on leave or special duties.

Simulation ic (what while it is ruemi

A simvlation run is begun by loading the program, mounting the exogenous tape, and reading iz the
inicialization ~alues. This includes assembling the required initisl staje crews smd pre-staging them out
in the system. All planes arnd remaining crewmen are placed in pools of aviilable planes and crewmen. The
simulation clock {s started by reading in the first notice from the exogensus tape. As mentioned earlier,
the exopenous tape contains notices which scheduls a nmission or nctices to place an individual mem on
some "blocked Jut” status (making him unavailable for a miasion for a specified period). Ve will illustrate
the detailed events involved, by tracing a single mission from start to finish. Ve will discuss firat
those events which occur at home base prior to miasion departure, then the events vhich take place at an
enroute base, and finallv those events which occur at the completion of the aission. The cumputer actual-
1- performa the actions for all missrions by the simulator clock so that it mey successively select ¢ :rew
for tomorrow's mission launch, alert a stage crev at base F for an imminent d2parture, take a crev . of
free time status, launch an in-bound mission from an intermediate base, launch today's noon missi . from
home base, "arrive” vesterdav's mission &t an enroute base and compute its subsequent time of lewnch from
the delav distribution, all in order of the clocktine at which each event is supposed tn occur.

a. Pre-departure Fvents

Notices tc schedule a mission have been placed on the exorenous tape so that the notice appears on the
calendar (the computer finds out about it) 24 hours before the scheduled departure time for the mission.
At thiz time, selection of the plane and crew hepins. Information about crew-type, route, nusber of stag-
ing bhagses, and thc length of time the crew will be awvav from home is obtzined from the input. This in-
foreation .s used to insure that policv rules are not violated {n selecting the crew and plane. A crew-
man's eligibilitv is determined by:

1. 1s he available? A crewman i{s not assigned to a mission which will conflict with his
fixed duties. Tf a conflict inadvertently occurs because the mission actuslly lasts
longer than the normal time, the duties will be performed at the completion of the mis-
sion. He {3 not availatle if he is on unscheduled leave (sick, emergency). He
mav be assigned to a aission even if it conflicts with adjuatable duties, whizh are then
carried out after completion of the mission.

2. At the beginning of each leg, maximum flying tiae per crewman is imposed, for both short
(normallv 30-dav) and long (normally 90-dzy) periods, without waiver excipt to complete
a leg vhose norme' length would not have put him over the limit. In making up crews at
home base, an sttempt is made to see that each creuman selected can complete the entire
mission without exceeding his short or long flvine time maximums. If no one of a par-
ticular position such as flight engineer meets this criterion, then only the flying
time to the first staging point is used to determine availability.

3. VWho goes firmt?——If more than one crevman of a given position is availsble, the one with
the least accumulated flving time for the quarter (long period) is sele.:ed. In case of
ties, the one with the least accumulated flying time for the month (short period) is
selected.

A plane’s eligibility is determined by:

1. Will the plane be at home base in time to begin pre-flight?

2. ¥ill the sum of the plane's accumulated sir time and the air time required for thie
nission exceed the time for the next minur or majcr smintenance for that aircraft? Or
zlternativelv, wvill the pronceed miasion departure time plus normal mission elapead
time interfere with s scheduled isochronal maintenance fcr that plane?

If there is either no plane or no crew for a particular miesion, the mission ic cahcellod. However,
the mission is merely rescheduled to depart at the earliesz possible time 1f & plane and crew cam bde found




80 thet such rescheduling will not exceed the maximum time (supplied in the initialization) allowed for a
delay st homs base. As soom as sslectiom of the crew is completed, they are placed on home crew rest.
Upom cempleting crevw rest (usswally 12 hours), they are allowed travel time to report to the base. The
leagth of this status is curreatly fized at ome hour. Normslly, preflight of the plane begins at this
time. 1t is poseible, however, for the plane sssigned to this miaaion to be unavailable. This can occur
if the plame assigned is still in maintemamce, but will be available in time to prevent a major delay.

1f the crew has to wait, they are placed in a status called ramp time. As soon as both plane and crew
are available, pre-flight atatus begins for all. As stated earlier, the actual ground time is a random
value. If the actua) grownd time does not exceed the scheduled ground time, the plane departs and the
Crow status changss to flying time which is charged against their monthly and quarterly limits. If the
scheduled ground time ia exceeded, then the crew is placed in ramp status (corresponds to ramp pounding
dse to umscaneduled maintenamce or weather delays). The crew is allowed to depart if the ramp time doex
not exceed six hours (a figure se: at initislization). Otherwise, the crew must be replaced. A new
crev is selected and res:arts the cycle with home crew reat. .he program will continue to select crews
until it succeeds in getting the plane off.

b. Earoute Events

At the time of lsunch from amy bace, tiue simulator ascertains the normal le; time and 8 random factor,
computes actusl arrival time, and sets a reminder to act again on the mission at that time, or in some cases
an hour carlier as we shali see. If the next base is not a staging point, on arrival time the program must
check to see if the crew is qualified to fly the following leg. The program must verify that each member
would not exceed his flying time iimits on such leg. It must make sure that the maximum duty day will not be
violated. LIf the flying time limits or the maximum duty day would be exceeded or if three consecutive days
of maximum duty nave transpired, the crew is placed on enroute crew rest and the plane is placed on enroute
layover until tne crew is qualified to fly again. Upon completion of crew rest, they are alloved time to re-
port to the flight line and pre-flignt begins for the following leg.

If the next base is a staging pcint a notice wili be given one hour before arrival to alert a stage
crew to report for pre-flight at arrival time. The arriving crew goes directiy to crew rest after complet-
ing their post-fligat inapection. They will be placed in the staging pool as soon as they finish crew
rest. Crews in this staging pool rotate on a first-in, first-out basis.

Upon arrival the program sampies its ground time distribution and sets a departuvre time for itself. If,
as the clock runs, tine actual ground time e¢xceeds the scheduied time, the outgoing crew is placed on ramp
status. If the ramp time is less than six nours (or as initially specified), the mission continues. Other-
wis:, the crew is replaced. In general, this does not cause a large enroute layover of the plane at a stage
poiat since the replacement crew normaliy has already taken the enroute crew rest. That crew must, however,
perform its own pre-flight inspection of the aircraft. The program's strategy calls for alerting this re-
placement crew one hour before the unscheduled maintenance is completed. If less than une hour of unschedul-
ed maintenance remains, the plane is placed on enroute layover status until the crew srrives. The crew is
aliowed the usual hour to report to base operations.

c. Post-mission Lvents

As soon #s the plane arrives at home base, the program checks to see if minor or major maintenance is
required. If maintensnce is not needed, post-flight inspection is performed. The plrne is then returned to
the avaiiable pool. Those planes requiring maintenance are returned to the available pool as soon as main-
tenance is completed. [he crew members are granted free time based on the amount of time they have been
away from nome this mission. As each crewman completes ais free time, the program will check to see if a
period of adjustable duties ‘s pending. Before placing him on such duties, the program insures that they
will not cause canceilation of a mission. Eventually, the men are ceturned to the availzbie pool, complet-
ing the cycie of aii possible statuses.

Output Measurements (what can be ana:/zed afterwards)

During the course of the simuiation run, a log is maintained of every change in status of every man
and every aircraft. Tiais log is recorded on a history tape in which each transaction consists of one
change {n status of onc individual or plane. This history tape can thia be used as source data for various
summaries to describe what happened and for analyses that compare this run to other runs. Just as in opera-
tional activities themselves, there are many different variables that might be summarized and many diff-
erent ways of susmarizing each vne. Since this analysis phase is not truly an integral part of the simu-
lation itself we wili mereiy mention at this point a listing of some variables which ' ‘ve been computed,
by names which are self-explanatory. They are separated roughly into four categories: those pertinent to
individuais, those pertinent to crews, thuse pertinent to planes, and those pertinent to the system as a
whole.

a. Individual measures.
1. Totai time spent in adjustable duties by month or by crew position or both.
2. Total time spent in unscheduled leave by month or by crew position or both.
3. Total time spent in fixed duties by month or by crew position or botn.
4. Total time spent as free time by month or by crew pnsition or both.
5. Average length of the free time period by month or by crew position or both.
6. Distribution of feugth of free time period.

7. Average time awvay from home by month.
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8. Distribution of time away from iiwe v, monti,

9. Average fime between migsions by month.

10. Vistribution of time between missions by month.
1). Average flying nours per person by month.
12. vistribution of flying uours per person by month.

b. Crew Measures

1. Average length and distribution of pre-~flight time. Note that tnis measure merely con-
firms that the program is actually sampling the distribution waich was initially sub-
mitted to it.

2, Average and distribution of in-flignt times per leg. Tnis is really more of a system
measure which is pertinent to the formula approacn to crew management. Out of tne simu-
lation we get merely what we initially put in, within random variation.

3. Time spent in post-flight duties.
4. Time spent in enroute crew rest.

5. Time spent in enroute waiting. Tiils is an important indicator of the staging effect.
It will appear in many of the analyses.

c. Plane Measures
1. nNumber and length of nome layovers.
2. Tinme spent in pre-fligit.
3. Time in-flight by leg and by mission and by month.

4. Jumber and length of enroute plane layovers. This measure reflects those periods when
crews were an impediment to the system.

5. Time in minor and major maintenance.

6. Utilization rate. Tals figure, the number of uir hours per day per plane, is the most
often used management neasure of plane availability and workload. It is used in plan-
ning, but appears here as utilization rate actually achieved per period.

d. System HMeasures
1. Missions scheduled.
2. Missions rescheduled.
3. Missions cancelled.
4. Mission departures.
5. Mission acrivals.
6. Mission legs delayed, and distribution of delay time.
7. Resc.eduling delay, total and average time.

8. Work-montn-hours. Tnis is = measure of personnel availability or utilization most often
used in a manpower management and planning context to the extent that it reflects an in-
dividual's contribution to the Air Force out of his tairty days. It is also an individual
measure, of interest both as a squadron average and as a distribution from minimum to
maximum.

A TYPICAL SIMJU' ATED MISSION

We will illustrate the workings of the sirulation program by describing an actual run we made eariy in
our investigation. Even at that elementary stage of evolution we were able to set many characteristics com-
parctle to actual operations while keeping the run as a whole reasonably simple and uncomplicated in order
to assure ourselves that it was indeed doing what it wzs supposed to do. Actually, in any use of a simu-
lation program it .s important to keep the values and pri.ceuures usea as simple as possible consistent witn
the objective of the investigation. This keeps the computer processing within the spatial limitations of
the computev, minimizes the amount of time involved in running on the computer, and insures that any diff-
erences aricing in the resul' under different runs are indeed due ‘o the factor or factors being invest-
igated -ather than to some uncesired cause arising out of some complicated attempt to reproduce reality in
its fullert detail.

For this run, we chose the number of planes assigned to the squadron (input variable 13) to be 16, as a
numpber corresponding to reality that we felt could be handled within the computer storage available to us.
We chose to define for this run just one kind of mission (input variables 8 and 9); it was called mission
type 10, specifying the use of a "basic” crew. We described the route as being outbound from Charleston to
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Dover to Elmendorf to Yokota to Clark and in-bound from Clark to Kadena to Elmendorf to Dover to Charles-
ton. Stage pools were defined in each direction at Elmendorf with a pool at Yokota and another at Kadena.
Scheduled ground rise was set at two hours at each base. The eight legs were given scheduled air times
respectively of 1.5, 8.0, 8.5, 4.5, 2.0, 8.5, 7.3, and 1.3 hours. Anyone who has been over this route will
recognize that the numbers used do not precisely describe the actuality but that they contain enough truth
to represent the operational essence of this route. The maximum duty day was held at 16 hours throughout
this run. As a result of this definition of mission type 10, aircraft and crew will fly an average of 41.6
hours per mission, and the air tims per leg will average 5.2 hours. Finally, we furnished as part of the
initiaslization an estimate of 4.667 days away from home for the computer to use in scheduling crews to see
1f the mission would incerfere with some future fixed duty.

Next wc decided that when we prepared the exogenous event tape we would schedule two missions per day
having a fairly constant spacing and yielding a workload that would aversge out to 83.2 air hours per day or
exuctly 5.20 as a planned utilization rate. We chose to make this run with 40 pilots, 40 co-pilots, 40 nav-
igators, 4C flight engineers, and 40 loadmasters, giving an equal number of resources at each crew position
(input variable 12) although the program is written to accommodate unequal numbers. This total of 40 crews
corresponds to a crew rstio of 2.50 which 1s consistent with our desire to run at first with simple numbers
that would not stress the system. The "basic" crew type (input variable 1) was defined as one pilot, one
co-pilot, one navigator, one flight engineer and one loadmaster without distinguishing between individuals
qualified as command pilot and co-pilct.

As a policy for awarding free time at the end of each mission (input variable 2) the factor of one-third
was established for thie run, with an upper limit of three days for any one mission. If a mission could not
be launched within 18 hours of its scheduled departure (input variable 3), then the program was instructed to
cancel the mission. The limits placed on flying time per individual were for this run (input variable 4) 125
hours in 30 days and 300 hours in 90 days. Required crew rest prior to starting a new work day was sel at
12 hours (input variable 5). Maintenance (input variable 6) of 12 hours was required when between 258 and
300 air hours had been flown on that aircraft since the previous minor mainterance; "major’ maintenance of 96
hours was required when between 798 and 840 air hours had been flown on that aircraft since the previous major
maintenance. One flight crew was plsced 11iitially in each of four stage pools (input variable 7) as a siuple
and efficient use of the rsther limited numher of crews available.

For this run a distribut:.on of ground time (frcm crew reporting in to take-off) was inserted (input vari-
able 10) only after scanning the operational experience to thst date with tha C-14). The simulator was ini-
tialized to choose randomly each such ground time before take-off, from a distribution which would guarantee
in the long run that roughly

27 percent would be between 1 and 1.6 hours
40 percent would be between 1.6 and 2.4 hours
23 percent would be between 2.4 and 3 hours
4 percent would be between 3 and 4 hours
3 percent would be between 4 and 8 hours
2 percent would be between 8 and 16 hours
1 percent would be between 16 and 24 hours
When one of the longest times occurred, of course, the crew would "burn out" by exceeding ite duty day and
would be replaced by another crew if available.

To account for variations in air time for a particular leg, due operationally to such things as dif-
ferences in weather and differences in aircraft, we supplied a factor (input variable 11) having a roughly
normal disvritution from .90 to 1.10 with mean of 1.00; consequently all air times were within ten percent
of the standard (input varisble 8) for that leg.

In preparing the tape of exogenous events for this run we created a uotice for a mission of type 10
to depart at 0500 and at 1700 each day from home base, the notice to be received 15 hours before scheduled
departure. To create the notices of unscheduled leave we first selected a distribution of length of
unscheduled leave. For this we specified that 60X of the time it would last 2 days, 25X of the time it
would last &4 days, 10X of the time it would last 8 days, and 5% of the time it would last 16 days. This
averages out to 3.8 days absence per unscheduled leave. Next we calculated the average number of people
to be placed on unscheduled leave each day as follows: divide the number of aircrewmen in the squadron
by 114. This number was used in order that each person would average 12 days per year on unscheduled
leave, accounting for one day per month in the work-month-hour computation. For our run with 2G0 people
in the squadron this average comes to 1.7544. Then, for each day of the simulation, we sampled a Poisson
distribution with that mean to determine the number of men to put on unscheduled leave that day. Having
the number for the day, we selected the particular individuals at random from among those of the 200 who
were not then already on unscheduled leave. For each such man thus selected we sampled the distribution
of length of leave to determine how lorg that individual should stay on unscheduled leave. Finally, we
created a notice on the exogenous tape which specified the beginning and the end of each geriod of un-
scheduled leave.

In creating notices for fixed duties on the exogenous tape we blocked out tw~ kinds of duty. Each
week one pilot, one navigator, one flight engineer, and one loadmaster were selected to serve a period
of seven days on fixed duty. This was intended to simulate the aircrew manpower used for scheduling officers.
In addition to this, every member of the squadron served one day of fived duties each month. These rotices
of 7-day and 1-day fixed duties were placed on the exogenous tape such that at the end of one period of
duty the following one would be made known to the program. Thus the program would be able to check ahead
and avoid sending a crewman on a mission wvhich would interfere with fixed duties.

Adjustable duties of two kinds were similarly blocked out on the exogenous tape. One kind provided
one day per month for each squadron member; the other kind provided a period of four days of duty every
two months to simulate those duties that could be performed when each squadron menber was not individually
needed for a mission flight or its subsequent free time.

The exogenous tape was then compiled in calendar order. The initialization values were fed into the
program and the run wvas begun. Data were allowed to accumulate on the transaction (history) tape until
the notices of the passage of simulatcr time at the console indicated that 180 days had been simulated.

We will nov look at two of the output variables computed from that transaction tape, after the run
had bevn completed, in order to analyze what was going on. First, with the exception of the first two
15-day periods, we achieved the planned utilization rate (UR) of 5.2. These first two periods are not
representative because we begin at time zero with all planes at home base. While it would have been
possible for us to distribute men and planes throughout the system in an atteapt to approximate their
condition at time gzero it was actually easier mercly to run the program itself for a wnile to achieve
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this distribution. An average UR of 5.19 was actually achieved for the final ten periods. There were no
missions cancelled during this run, while nine missions were rescheduled during the six monthe' simulatiom.

With an expected utilization ratio of 5.2 for a 30-day month with 16 planes aad 40 crews we would
snticipate on tha average that each crew membar would fly 62.4 hours per 30-day month. On the actusl rua
if we ignora the first one month of getting the ~ystem running, the average flight time per parson for the
last five months of the simulation was $2.52Z hours. Now we know that in actusl practice some people get
much more than this and some less. Such variations would be expected to change from month to month, both
as to average and as to distribution within the squadron, and they would change even more when various
changes are made in workload, resources and policies.

RESULTS

Since the major factors affecting the perfornance of the system are the wcrkload stresses laid vouu
it and the resources made available to it, we made several runs to compare ths icsponses of the system to
variations in these factors. For a fixed complement of 16 planes the resovrcer made available cen be sum—
wmarized by the number of aircrewmen or crews made available, expressed succinctly as the crew ratio (CR) or
number of crews per aircraft. 1In order to maintsin simplicity and assure that any effects observed can be
reasonably attributed to the factor being investigated we ran an equal number of loadmasters, flight en-
gineers, navigators, co-pilots and pilots. As three levels of CR encompassing the range of values of opera-
tional interest we chose 2.50, 3.44, and 4.38, which are the ratios resulting from assigning 40 crews, 55
crews, and 70 crews respectively to the squadron.

The workload may be expressed in vsrious ways; for a fixed number of planes such as we are using, it
may be conveniently expressed by the utilization rate (IR) which is the average number of hours flown per
day per aircraft. By choosing to use the single mission type described above in the illustrative run and
by calling for 2, 3, and 4 such missions per day respectively, we established UR values of 5.2, 7.8 and 10.4
as planned utilization rates. By making one run at each combination of CR and UR values and holding ali
other factors as constant as possible, we created the data that would enable a comparison of the combined
effects of these two factors. Nine simulation (3 CR's x 3 UR's) are sufficient to analyze the combined
effects. We will now look at the results of this set of nine runms.

The primary outcome of significance to the managers of a jet airlift system is the achieved utiliza-
tion rate. This is shown for each run, slong with percentage figures for missions cancelled and
missions rescheduled, in Table I.

TABLE I

UR achieved and cancelled/rescheduled missions

PROGRAMMED UR

_ 5.2 7.8 10.4

UR achieved 5.2 6.8 5.7
(R = 2,50 Percent missions cancelled NONE 13 45
Percent missions rescheduled 3 2 2

UR achieved 5.2 7.8 9.7
CR = 3.44 Percent missions cancelled NONE NONE 6
Percent missions rescheduled 2 4 6

UR achieved 5.2 7.8 10.2
CR = 4,38 Percent missions cancelled NONE NONE 2
Percent missions rescheduled 2 & 5

The achieved URs are shown graphically in Figure 1. It can be seen that one cell in this nine-cell
matrix showed marked system :::gradation: the combination of crew ratio of 2.50 and UR of 10.4. In
three other cells (CR/UR = 2.50/7.8, 3.44/10.4, and 4.38/10.4) there were problems, as evidencad by

the number of cancellations which produced a UR well below that programmed., Obviously the system is
being stressed at a programmed IR of 10.4: slightly with a crew ratio of 4.38, a little more with

a crev ratio of 3.44, and dractically with a crew ratio of 2.50. /t the planned UR of 7.8,
cancellations drop the achieved UR noticeably for CR = 2.50; for the other two crew ratios there are
no cancellations and the UR is being achieved but the number of reschedulings is slightly higher than
in the first column, indicating that the system is probably ¢n the threshold of degradation. In the
runs with programmed UR of 5.2, that UR was achieved with no cancellations and a minimum of reschedulings
although the reschedulings with the smallest crew ratio of .2.50 averaged slightly higher than under the
other conditions, suggesting again that this combination of crew ratio and UR might be just under the
threshold of degradation. In summary, an adequate crew pool is a necessity if an airlift systam is to
avoid system degradation. Conversely there is little systemwide gain for an overly generous crew pool.
And this simulation toci pro.‘des a meaningful method of determining adequscy.




T P

AlS

w

=

;; 1¢] A =250 CR
I X =344 CK

3 ¥ 0 :438 CR

PA

e

- @

45

5ot

o~ el /

w

>

W g

T

T}

< 4 A 4 1 L L L 2

4 S5 6 71 6 9 10 W
PROGRAMMED UTILIZATION RATE
(HOURS)

Fig. 1. Achieved vs programmed utilization rates

The effects of increased workload for fixed resources are much as one would have anticipated,
with one possible exception. At the crew ratios of 4.38 and 3.44, cancellations appeared indicating
stress only at the highest UR while reschedulings gradually increased. At the low CR of 2.50 the
system was just able to handle a UR of 5.2, suffered serious degradation at an attempted UR of 7.8,
and at an attempted UR of 10.4 achieved a utilization of even less, which may surprise some people
at first reading. Basically, in trying to disperse the scarce crew resource throughout the system
to accommodate a high rate of flow, the squadron was left with too few at home base to get the missions
off the ground and the effects of cancellations kept ballooning. Experienced operational officers
will recognize this principle in their own past under highly stressed conditions.

Another major variable used by MAC headquarters in managing its world-wide airlift system is
average flying time per month per aircrewman. As in the case of utilization rates there is programmed
flying time and achieved flying time. Average achieved flying time per 30-day period for each of the
nine runs is displayed in Table 11. As anticipated the flying times increased for fixed CR as IR is
increased, except that in attempting to exceed a UR of 7.8 with a CR of 2.50 the average flying time
is actually decreased: a dyop-off under stress. 1f the squadron is manned at an effective crew ratio
of 3.44, it is able to handle a workload between utilization ratios of 8 and 10 with an average monthly
flying time for the squadron of between 70 and 85 hours. Individual times will vary widely from person
to person and from month to month in a way that can be deduced from the simulation.

TABLE 11
Average flying time per month (in hours)

PROGRAMMED UTL1L1ZAT1ON RATE

Crew

ratio 5.2 7.8 10.4
2.50 62 81 69
3.4 45 68 85
4.38 36 53 70

T ere is another measure which is pertinent to the question of wvhether manpower is interfering with
proper utilization of the system. This is the number of times that a pline is delayed in taking off due
to lack of a legal crew., We express it as a percentage of total number of legs flown and display the re-
sults in Table 1l1. These figures indicate that there is little difference whether a squadron is manned
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at a CR lavel of 2.50 or 3.44 s’aca the percentaga of delays due to lack of crew seems to be essentiaslly
the same on aach line. Notice, however, that this is a percentage of legs actually flown, so what theaa
figures say is that once a mission i3 launched on its way we have plenty of stage ~rews to keep it going.
The stress o higher workloads in this set of nine runs was felt in rescheduling aad cancellation tut not

in delays down tha line.
TABLE III

Plane: delays due to lack of crew
(Percent of take-dffs thus delayed)

PROGRAMMED UTILIZATION RATE

Crew
; ratio 3.2 7.8 10.4
|
i 2.50 8 & 3
'
lz 3.44 8 5 4
!
| 4.38 8 5 4
}
j i Enroute waiting is a measure which our simulations hsve demonstrated is very important ir indicating
: ! vhether or not the system is wasting its manpower unneces;arily in the stage pools, as well as a measure
»' which reflects one rource of lowered crew morale when it becomes ercessively high. One period of enroute
4 waiting begins at the time the crew completes the reqrired crew rest after the previous leg, and extends
3 until the crew begins its travel to the briefing office for the following flight. The average such wait-
3 ing time in hours is displayed for each of the nine runs in Table IV,
TABLE IV
j' Average number of hours of enroute waiting at each staging
r—l point after completion of required crew rest
1 PROGRAMMED UTILIZATION RATE
£ Crew
ratio 5.2 7.8 10.4
i 2.50 11 14 29
3.4 11 11 12
4.38 11 11 11
Here we see the ~esults of a constant stage policy in all but three combinations—~these being three
of the four where system degradation has already been noted. then the system begins to break down, crews
start spending wmore time in stage pools, are thereby less available for further assignmeant at home base,
thereby creating further cancellations and extending the staging periods of those crews that are sent out,
in a vicious circle. The amount and direction of degredation shown by this variable are consistent
L with that noted in the achieved UR and in the cancellaticn and rescheduling measures revicwed earlier.
We now come to a set of measures connected even more directly with crev management and crew welfare.
The first is the elapsed time between two departures from home base by the same individual, measured in
3 days. The average such time between departures for the whole squadron during the run is displayed in
] Table V. As one would anticinate, the time between departures increases with increased crev ratio.
Similarly the time between departures falls off as the UR increases, except that when the system g:ts in-
to stress and missions begin to get cancelled the time between departures levels off and even rises,
yielding-another indicator of break point.
1
TABLE V
Time between departures (in days)
PROGRAMMED UTILIZATION RATE
Crew
ratio 5.2 7.8 10.4
1 2.50 20 15 18
1 3.44 28 18 15
4.38 35 23 18
] The measure "time at home" is one of the more important areas of concern to aircrewmen. This measure
E refers to time at home base between missions, measured in days. The squadron average for the time at home
between missions for each of the nine runs is presented in Table VI. Por a fixed crew ratio, the time at
home drops cff with increasing utilization, apparently to a bottom or minimum value. Unless the system ia
unduly stressec, the time at home naturally rises with increasing crew ratio.
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TABLE VI
Time at homa batween missions (in days)

PROGRAMMED UT1L1ZAT1ON RATE

Crew

ratio 5.2 7.8 10.4
2.5 10 5 5
3.44 18 9 5
4.38 25 14 8

The complementary measure, time away from home per mission, again shows (see Table VII) that ona af-
fect of dagradad system performancs iy to lengthen the crew time away from home, and the amount of length-
ening appears to raflect the amount of stress. Note tha slight rise in tha top centar and right centar
values 18 well as the s2lmost 501 increase in tha upper right corner over the stabla unstrassad valuas.

TABLE V11
Time away from home, per mission (in days)

PROGRAMMED UT1L1ZATION RATE

Crew

ratio 5.2 7.8 10.4
2.50 9.5 10.3 13.5
3.44 9.5 9.4 9.8
4.38 9.5 9.4 9.5

The measure vhich combinas meny of the former measuras of kesan intarast both to msnagement and to
personnel slike is the work-month-hour measura, vhich is used aspecially in manpower planning to describa
tha number of hours per month that an aircrewman is at work--on duty that is, Let us computa, from ths
simulated operations, a figure as cl: ':a as possible to actusl work-month-hours achiaved. We will do this
by adding together in-flight time, pre~flight time, ramp time (craws ready but waiting for plana to be
raady), adjustable dutias, fixad dutias, unschedulad leave, and enrouta waiting. Thus, vhile on s missiomn,
that time spent in required crew rest would not be counted toward tha work-month-hour measura but all other
time would be. 1n order to be comparabla with othar usas of this measure, it seemed nacassary for us to
uske some adjustments. Three of tha measures included above would count, for exampla, an entira day of be-
ing sick as 24 hours apainst tha work-month-hour, vhereas the proper definition allows only for eight houre
of each work day that would be migsed due to illness. Similarly, figures for leave ara customarily
visuslizad in tarms of eight hours per day while they were accumulated at 24 hours per day om our trans-
action tape. For that reason, in accumulating our work-month-hour achieved figures, we accumulated tha
unscheduled laave, the adjustabla dutias and the fixed dutias and dividad the total by three before incor-
porating thesa three components into the work-month-hour total. All other components msntioned sbove
were added in full. The averaga work-month-hour thus computed is displayad for asach of tha nine runs
in Tabls V1Il. 1In the low-CR/high-UR combination the personnel were being very highly stressed over an
axtendad six-month period even though, as other measuras showed, the production of the system was falling
off. The simulation at present does not hava any psychological or physiological factors built into it;
in actusl operationa further degradation of the system would be anticipated due to tha loss of afficiency

by aircrew persomnal.
TABLE VIII
Work-month-hours at 1/30 staging policy

PROGRAMMED UT1L1ZAT1ON RATE

Crew

ratio 5.2 7.8 10.4
2.50 210 286 354
3.44 162 220 278
4.38 136 182 227

VERIFICATION OF THE SIMULATION FROGRAM

Although we have already seen that we can depend upon the simulation to fumction according to the
policy rules and distributiona which we give it, we should compars simulation results against observed
operational results to assure ourselves that thers iec s modicum of reality in the fumctioning of our
simulation program befora we start to draw any further conclusions about operationsl policies from our
simulations. To do this lat us turm to operational data which summerized the axperisaca for pilots of
the 9th and 75th Military Afrlift Squadrona over a six-month period from Ayril o September 1967.

The utilization ratio they experienced was 7.98 hours per day; we will therefore use our results at
the programmed UR of 7.8 hours per day. The study Teports an effective crsw ratio of 2.76 for pilots
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available aud trained, which is 27.66 percent of the way from a CR of 2.50 to a CR of 3.44. We wiil
therefors interpolate between our results for those two crew ratios in order to get comparative figures.
We notice further that during the period of the study the number of crews in stege was not exactly that
used in the simulations previously described (1 in 30). The sverage for the three stage points of Yokots,
Clark and Wake was reported to be 1 in 40. We have found tle staging to have a decided effect on *he
results, so we must somehow account for this difference in staging. This we can do by using an additional
set of runs we made holding stage policy constant at 1 in 45 but with all other conditiona the same as be-
: fore. An interpolation one-fourth of the way from 1/45 to 1/30 between the two numbers achieved for the
g programmed UR of 7.8 will then produce a simulation figure to be compared to the operational figure.
3 let us first look at the work-month-hours, which measure was the principal one used in the operational
summary. The total work-month resported for the pilots in these squsdrons during this period was 231.8
hours.

On the bottom line of Table 1X our simulated work-month-hours for a CR of 2.50 is shown as 241 when
adjusted for a 1/50 staging policy. Similarly, simulated results would be a work-month of 185 hours for
a8 CR of 3,44 when adjusted for a 1/40 staging policy. Interpolating between these we calculate a simulated
3 work~month=hour of 225 to be compared with the observed figure of 231.8 hours. This is an exceptionally

good corroboration when we consider that the observed figures sre averaged over two different squsdrons
using a varying number of stage crews and are based on overall averages of many kinds of real conditionms.
L Puthermore, our simulated figure could staad to be adjusted slightly upward for the 72 by which the observed
4 utilization ratio of 7.98 lies above 7.8 in the direction of 1C.4. We will not attempt to calculate this
last adjustment since it would be expected to be rather fine anyway. We will examine, however, the

several vork elements which go into the total work-month to assure ourselves that the consistency of simu-
lation with reality carries through with each of these work elements.

f TABLE 1X

Comparison of work-month-hour elements against operational results

¥ CR = 2.50 CR = 2.76 CR =3.44

1/45 1/40 1/30 1/40 1/45 1/40 1/30
3 Simulated Interpolated Simulated Calc. Oper. Simulated Interpolated Simulated
{ Aiht:eonnvailable 29.4 29.3 2%.1 29.4 33.0 29.8 29.5 28.7

Ground Training

Sq. Addl. Duties 13.4 13.7 14.6 13.2  14.0 11.8 12.0 12.5
S¢. Alpha Alert

1 Enroute Alert 52.3 70.3 124.2 63.3 66.1 33.3 45.1 80.5
1]
Flyirg Hours 90.3 88.0 81.1 82.4 81.9 67.8 67.9 68.1
Pre~-flight Hours 40.4 39.5 36.7 37.0 36.8 30.6 30.5 30.4
Total work-month 225.8 240.8 285.7 225.3 231.8 173.3 185.0 220.2

Col (2) is interpolated between Col (1) and Col (3}
) Col (7) is interpolated between Cc: (6) and Col (8)
Col (4) is interpolated between Col (2) and Col (7)

In the body of Table 1X we present the comparison of the work-month-hour elements interpolated from the
simulations against those gathered operationally. The first, third, sixth, and eighth columns in this table
are actual results from runs previously mentioned. The second column is interpolated hetween the first and
third columns to adjust for 1/40 stsge policy. Similarly, the seventh column is interpolated between the
sixth and eighth columns to adjust for 1/40 stage policy. Finally, we interpolate again hetween the second
and seventh columns to adjust for the crew ratio 2.76 and place this result in the fourzh column aiongside
the operational results in the fifth column.

Except for two items these overall averages are unly tenths apsrt. ln the case of the Air Force
nonavailable time we put into the simulation about 32 hours but got back only 29.4 hours. This is probably
due to our handling of crew members who "fell sick" while away from home basc on 2 mission. To avoid having
to provide the mechanism for switching the membership of crews while out on s mission, and excusing our-
selves on the basis that an aircrew member only slightly ill would prefer to continue with his crew if
at all able to function, we simply ignored that sick leave which fell during an away-from-home period,
thereby reducing the total time spent in Air Force nonavailable time. The only other element dilfering
by more than half an hour is enroute alert, waich differs by less than three hours. When we consider
4 that both of the figures being compared were obtained by rather bread interpolations and composite calcu-

lations, and when we consider how sensitive this figure is to stage policy, it is an extremely good fit.

Aithough only u 3ingle comparison of simulation results with data from actual operations is obviously
not adequate to pruve the realism and validity of the simulation, the results in this case are very en-

couraging.
CALCULATING A CREW RAT10

We have shown how the influence of crew ratio and utilization ratio on each of several variables could
be studied by presenting the results of nine simulation runs in a square array for each variable. Bafore
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trying to build a composite picture of the UR/CR effect let us make use of the techniqus preeanted in an
earlicr report wuich releted the outcomes of e simulation in terms of the ratio CR over UK. Whils in the
former report we explored several approaches to this retio, we will here confins ouvrselves to programmed
CR/UR. One of the principal reasons for settling on the use of programmed UR rather than achieved iR

is thet the ratio then can be used easily for planning purposes since the programmed UR is known et
planning time. While either UR over CR or CR over UR could be used to tell the same infcrmation we
choose the latter, primarily becsuse g frection less than one will not be confused with one of the ratics
UR and CR. For quick reference we aisplay this retio in Table X for each of the CR/UR combinations
discusse? thus far. We will now show how the verious previously described output measurea of the simu-
letions vary vhen zeleted to the CR/UR ratio and then proceed to use this information in <discussing the
selection of an optimum crew ratio.

TABLE X
Values of the retio CR/UR

PRCGRAMMED UTILIZATION RATE

Crew

ratio 5.2 7.8 10.4
2.50 .48 .32 . 24
3.44 .66 Jhb .33
4.38 .84 .56 .42

First, let us consider the principal evidence of system stress--the inability to move the plarned
loed. One wey to displey this inability is by releting the echieved UR to the programmed UR, which we
express as e percent decrease in programmed UR. Precticelly idraticel inferences can be drawn here by
studying the percentege of mission cancellations, which yields simpler figures. In operetionel situe-
tions theee might not meesure the same thing beceuse there might be e tendency to cancel the longer
missions in fevor of the shorter, or some such bias, but in our simuletions the fect that ell missions
vere alike permits us to use the percentege cancelletions to study this effect. In Figure 2 we have
plotted the percentege of missions carcelled egainst the CR/UR retio without maintaining the structure
of the simuletion matrices as we have been doing up to this point. In sddition to the originally des-
cribed nine runs having stege policy 1/30 we have displeyed an additional set of six runs having stege
policy 1/60. Note that for both policies there is e sherp break around ratio .33, signs of low level
systea stress between .33 and .47, with zero stress ebove that figure. Although the degree of stress
represented by percent cancelletion is less for the staging retio 1/60, the regions of valuves of CR/UR
in wvhich stress occurs seem to be essentielly the same regerdless of steging retio.
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PROGRAMMED CR/UR

Fig. 2 Percent of missions cancelled vs CR/UR retio

Now let us turn to the question of selecting a ''rew retio. We have seen how, even efter muking other
runs for other constant stage policies, our results still consistently reinforce our previous finding that
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stress conditions do not seem to exist above e CR/UR retio of about .47, that there is gradual syitem
degredation for CR/UP. retios down to about .33, and that there {i e marked repid degradetion below that.
We are led to the existence of e zone of CR/UR retios between .35 and .47 wherein e) the system is at
the point of mild stress degradetion implying full use of fecilities and b) eircrews ere functioning

et e full but not overly stressed work level. The logic of our previous work for choosing a CR still
stands:

1) dntermine the h'ghest UR thet may be programmed ary length of time. If e UR is maintained long
erough to be recorded in the reporting statistics then presumably it will have been maintained long
envugh for its stress effectc to occur.

2) choose a core crew ratio which must sbsolutely be above the low end of the zone for this UR in
order to avoid serious syotem breakdowns due to lack of crews.

3) prefexebly choose & core crew retic et or above the middle of the slight~degradetion zone for
this UR.

To be precise consider a systems planner who wished to fly a routine program of utilizetion retio
6.5 wvhile mainteining the cepebility to fly e demand program of utilizetion retio 8.0 for extended periods
without creeting frequent system crises. We will need to use the information in Table XI. Manning et e
crew retio of at least 2.80 is imperative; this would yield a CR/UR ratio of .43 for the routine program=--
cancellations running routinely around one percent. In the extended periods of UR = 8.0, “R/UR would be
.35 with cancelletions running to five percent of programmed workload. This represents continusl evidence of
marginal overetions and the ever-present possibility of e serious inebility to perform the mission. To
accommodete the extended periods of UR = 8.0, a crew retio of et least 3.44 is advisable. At this level
routine operetions would be at CR/UR = .53 yielding no cancellations so that the programmed workloed is being
accommodated without overstrassing or under-utilizing crews. Extended periods of UR = 8.0 would yield around
one percent cancellations so that the system, including crews, is slightly stressed but still has a reserve
margin for peak short-term demands without serious failure.

TABLE X1
i Core crew ratios related to CR/UR ratio

i o PPOGRAMMED UR

5.0 5.25 5.5 5.75 6.0 6.25 6.5 6.75 7.0 7.25 7.5 7.75 8.0

.33 1.65 1.73 1.82 1.90 1.98 2.06 2.14 2.23 2.31 2.39 2.48 2.56 2.64

.35 1.75 1.84 1.92 2.01 2.10 2.19 2.28 2.36 2.45 2.5 2.62 2.71 2.80
.37 1.85 1.9¢ 2.04 2.13 2.22 2.31 2.40 2.50 2.59 2.68 2.78 2.&7 2.96

.39 1.95 2.05 2.164 2.24 2.3 2.44 2.54 2.63 2.73 2.83 2.92 3.02 3.12

.41 2,05 2.15 2.26 2.36 2.46 2.56 2.66 2.77 2.87 2.97 3.08 3.18 3.28

43 2.15 2.26 2.36 2.47 2.58 2.69 2.80 2.90 3.01 3.12 3.22 3.33 3.44

.45 2.25 2.36 <.48 2.59 2.70 2.81 2.92 3.04 3.15 3.26 3.38 3.49 3.60

47 2,35 2.47 2.58 2.70 2.82 2.94 3.06 3.17 3.29 3.41 3.52 3.64 3.76
.49 2,45 2.57 2.70 2.82 2.94 3.06 3.18 3.31 3.43 3.55 3.68 3.80 3.92

.51 2.55 2.68 2.80 2.93 3.06 3.19 3.32 3.44 3.57 3.70 3.82 3.95 4.08

.53  2.65 2.78 2.92 3.C3 3.18 3.31 3.44 3.58 3.71 3.84 3.98 4.11 4.24

SUMMARY

! We have described a crew-oriented computer simuletion program which yields data on system-wide opere-
: tion in formats which facilitete management decisions on manning, crew welfare, tolerable workload, and

4 . mission effect eness. Typical data vere presented. Verificetion egainst operetion;l data was reported.
3 The use of this technique to derive e crew ratio suiteble for a wide range of operetionel demands 1llus-
tretes but one epplication of simuletion epproaches. Both simple and radical departures from existing and
aircrevw management policies can be explored at low cost.
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DISCUSSION

Most of this work was done on computar simulations and 1 prasums that vou mede
some attempt to verify or get field data which would sllow you to vracheck soms of

the sssumptions?

Ve have three validations. When we built our prograsme we had a saspla system

in being and w: put in some of the variablas. We then ran a prolongad simulation
to see if we could regenerats the original data. Purthar at tha tims of the
Viatnam war we raported thet MAC could not sustain an 8 hour ner day utilisation
rcta. At that tise MAC had beewt at the 8 hour per day utilisation rata for about
9 or 10 months, but they found very snortly that it was necassary to cut back
becsuse the system as s whols was in difficulty. Finally in our wost recent
work wve have been flying many wars insida a computar with vi.icus grofilas.

Wa flew tha 31 day Isrseli spisode rasupply operation.

Did you simulata tha unstable condition of tha system and can you meks some
comment on how long tha svstem takas to stablise. Ara thera favoursbla or
unfavourabla conditions to achiave this?

We did not intentionally simulata tha unstasbla condition as it occurs spontan-
eously as a rasult of negative intaractions when ths workloaed is high. Por an
airlift tha enswer is about 20-25 days, but from this time the operation begins
to degrada.
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A SIMULATOR STUDY TO [NVESTIGATE
HUMAN OFERATOR WORKLOAD
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SUMMARY

human response characteristics in cortrol situations of wide.y varying alfficulty. The experiment
was aimed at & tecter understanding of the human operat.r llmitatl nz In terms of control effort as
inciuded ir the optimal control modwi.
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ir. tkis Chapter the principal features of he optima: contro. m des o the human as n ferdtack
controiler developed by Fleinmarn et al (Rel. 1, arc briefly dis-~ussed. The moldel o tased .u .ptimi-

zalion and estimation theury ani can te used for multivarialle lirear contrs! systems. This approach
is more appropriate for the analysis of complex man-machine protiems (Ligh werkiomd, muitiioop coutrol
3ituation) than the conventiunal servo-sysctiens appreach whicsh relies tesvily on judgerents concerning
the cicsed luop systexm structure.




The model is based on the assumpticn that the vell-motivated, well-trained human operator behaves
in a near optimal manner subject to his inherent limitations, and constraints and his control task.
The representation of the human limitations, as included in the model, is discussed next. Paragraph
2.1.2. contains a system and task description.

2.1.1 Human limitations.

The psychophysiological limitations of the human operator which are included in the model are:

1. A lumped equivalent perceptual time delay T , representing the various internal time
delays associated with visual, central processing and neurcmotor pathways.

2. Controller reanant which is taker to be the component of human response that is un-
predictable in other than a statistical sense. The various sources of human randomness
are represented by errors in observing system outputs and executing control inputs by
inciuding observation noise and mctor noise in the model. Observation ncise might re-
present the effects of random perturtstions in human response character.stics, time
variations in respcnse parameters, random errors in perceiving display variables. In
general it will also depend on type, quality and form of the displayed information.
Motor noise can be tssociated with randomness in executing the intended control move-
merits and {(or) the fact that the humar does not have ; rfect knowledge of the control
inputs.

3. Neuromotor dyrnazics represented by a firsi order Iag indicating that the human operator
is not able or willing to zake rapid control movements.

The foregoing carn be summarized referring to Figure !'. It is assumed that the human perceives a
aelayed, noisy replica of the system output which is processed by an egqualization network. This
netwvork represents the means by which the human attempts to optimize his control strategy. The
3 commanded control (u.) perturbei by motor nvise is operated orn by the neurcmotor dynagics to provide
the control motion u.

TSI —

2.1.2 System and task lescription.

The human operatuor's basic task is t: control, in some way . a dynamic system. Both the charac-
teristics of this systez {dyrnami: characteris®izs, disturbances involved, displayed variables, etc.)
and the criteria which the human cperat.r is instructed (adble or willing) tr optimize, determine
system performance and the 1oad impused on “he human operator to achieve this performsnce.

The mathematizal represerntation .f the task eavironment, the human operator's control objectives
ard his iizmi-ations i{s (among others) given in Peference 1.

Z.2. Zopural effere.

Zleige Backgrouni.

Levison et ul (Ref. ¢ define a workloai index as the fraction of the controller's capacity
that is rejuired to perform a given task t< some specificd level of pertormance. The concept of
this index is tased or the assumption tha% the human sperator possesses a fixed amount of (chantel)
sapacity to be sharei among these tasks. The Ienerality of this model is limited because the worklosd
1 index is highly task-dependert and "calibration” experiments are .ecessary to determine the human
cperator's "full” capacity in a given countrol situaticn. Next the frac*tion of this "total™ capacity
can be jetermined in multiple-tusk situations. As such, the workloai index serves only as a means
for comparing the relative .oad izposed on the humarn operator bty various tasks. The aext paragraph
contairs a brief discussion of an experimental program Which was conducted tc provide data for a
variety of zontrol siwuations to buiid and validate an absclute workload model.

2.2.¢ Experiments.

In order to irclude all possitly izportant charscteristics of pilot behaviour in control situa-
tions of (our) interest, a variety of single axis control ‘asks vere performed by four vell-trained,
highly motivated subjects {erperiernced fighter pilots). The choice of the tasks was determined by
two characteristics: pilot adaptation to the task (position-, rate-, and acceleration control) and
the sensitivity of task performance to the effort exerted by the human operator (level of instability).
The task vas to regulate against a disturbance input.

The experimental resu.ts (Ref. 3) were presented in terms Jf scores of system parameters of
interest, frequercy domain measures {describing functior and remnant data), and subjective information
obtained by means of rating scales. Model parameters (time delay, lag factor, observationm noise, and
motor noise) vere obtuined by fitting the experimental data.

The results have showr that

for a variety of control situations the availabie measures of humen operator behaviour can
accurately be duplicated by the optim=) control model by primarily a variation in the
pertinent noise ratios

g . the valueg of the noise ratios are task depeadent
. the effort involved in achieving the pertinent noise ratios is clearly determined by the
tasx.

} Based on foregoing observations a control effort index is proposed in the next paragraph con-
sistent with some notions of attention and effort of the experimental psychology (Ref. &).

L | R o
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Jeced Control effort index.

Humar, operator tehsviour is partly determined by mechanlszs that contrcl the cholce of stimull,
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N
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DISCUSSION
HOLDEN Across a number of diffarent controlled alements you could presumably identify
the noise disturbance required to come out with an equivalent worklosd measure
for ell the diffarent controlled elements. If that i{s true would you expect
i tha pilot subjactive rag onses to be the same i{n tarms of evaluating workload?
|
WEVERINKE That's right, That would be a possibility. We would have tha opportunity to
very ell kinds of tasks and environmentel veriables and see how they effect
the workload.
NICHOLSON In your model do you assume that a subject assesses workload by tha seme
technique under high worklosd conditions as undar low workload conditions?
WEWERINKE

We obtain retings by prasenting the scelas and esking tha subjects to inaicete
§ the level of effort they haud to expend. We wera not awara of tha mental
processes involved so I cannot mske e very scientific stetement about that,




LABORATORY RESEARCH INTO HUMAN INFORMATION PROCESSING

by

Jo H P Huddleston
Human Faotors Group
Royal Aircraft Establishment
FARNBOROUGH HAMPSHIRE UK

WORKLOAD MEASURES

An hour or two in a technical library soon shows that we have begun the development of three main
families of measurement in the (acute) workload area. Glibly, we can measure how well a pilot is
meeting some set of physical criteria (objeotive), we can assess autonomic and related indices of task
arousal/involvement (physiological), and we can ask the pilot what he thirks (subjective).

"Subjective® data can never be complete and accurates I cammot describe fully and precisely how I
hold my pen or read my own English in public, nor can I agree to relinquish part of my esteem and salary
beoause myriad other people might have the same skill, What holds for me holds equally for the piloting
fraternity, and it would be churlish and maive to expect them to be able to describe their personal,
occupational or social nondition coldly and in detail. Given a little intuitive statistics, however, one
can see that asking, say, 12 pilots whether subtask X is 0.4 or 2,3 times more demanding of visual
attention, say, than subtask Y might be a defensible but piecemeal way to proceeds Inviting a test pilot
to confess he cannot meet a challenge, or a line pilot to admit he is overpaid, is asking for more than
verbal trouble, however,

"Objective® data are not so much complex, in the amusing intellectual sense, as voluminous, in the
boring sense., After some systematic cataloguing of what processes the pilot is controlling, there
follows a listing of likely measures. Thus height keeping, for example, can be represented meanly as a
needle=chasing task, and the deviation between actual and demanded needle positions can be spot~checked
or time-averaged in some acceptable way, and control utilization similarly recorded. In this sense,
cockpit ekills are normlly exercised in a oontext which is rich in data, to the point of embarrassment :
and occasiomal despair. Nevertheless, one can impose additional (unnatural) tasks if one thinks their |
measurement is simpler. Herein lies the "secondary task®™ philosophy which, to my mind, has been more
clever than effectives |

"Physiological® measures seem to spring in and out of fashion, perhaps as researchers exhawust one l
line and attack another. They are always disturbingly indirect in their implications, however. Popular |
examples will serve to argue this: heart rats iz controlled by more physiological etc subsystems than !
task-induoed stress, and eye=point-of-regard may often be to the featureless geometric midpoint of
several sites to which one is paying attention.

Currently, there is much hope {and little evidence) that a triumvirate of measures will be helpful,
Thus we talk of measuring subjective, objective and physiological activities concurrently, without really
attending to the logic and arithmetic of the case, For perfor-ance measures cannot be understood without
asking the pilot what his work criteria were; physiological indicanis of im'olvement/arousal similarly
demand that the pilot name what was concerning him; pilot opinion neithex reflects overt activity
precisely nor remains uncorrupted by personal predilections. It is improbavie that there will be an easy
agrecment between such measurement families, or hence any qgnera.l solution. It is more likely that the
finance expended in this search for the psychophysiologist¥s stone will be more than the differential
risk capital of the specific avionics or procedures options at issue,

LABORATORY PSYCHOLOGY

Crudely speaking, Human Factors seems to attraot two kinds of workers. There appear to be those who
syzpathise with humanity and scorn what has been called “the crunting fever®, and those who believe in
the precise, step=by-step application of scientific method and who speak disrespectfully of any cther
“wisry-washy nonsense". Though this is a caricature, it will (o to make the point that the latter "tyme®
of expert finds he can su:vive in aerospace circles, and the fcrmer feels that entry is forbidden him.

Now the psychophysiology of intelligent, well-motivated adult males, riding the sharp ende of metal
tubes through weather, is likely to be highly oomplex. Not surprisingly, those Human Factors experts who
volunteer for this area tend to go for experimentation which cann>t be attacked by their scientific and
engineering fellows. Sadly, this gives rise to preoise data whica lack the vision due to any member of
markind. It describes pilots as needle-chasers, or requires more accurate language from them than can

reasonably be expeoted. At the limit, it yields methodologically unassailatle studies of constrained
situations which do not encapsulate flying.

As examples, recent literature in experimental psychology can be considered as if it divided into
"pure® and "applied”. In the former area, great siore is placed on studies of spoken messages to
different ears or of simple pictures flashed at different eyes. To be scientifically controlled, such
studies have to be uncomfortably simple, so that a great gulf is fixed between erithmetical results and
aeromutical conclusions (if any). On the bright side, we are winning a painful understanding of how man
defends himself against an onslaught of imprecise data and reaohes those brave 2-choice decisions
necessary for survival. In the “applied" area, tracking tasks, time-shared with some visual or auditory
monitoring, still hold pride of place. Unfortumately, marual tracking is becoming obsolete faster than
we are understanding ite At best, it never aohieved more than a very demeaning model of man,
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WHAT SHALL WE DO?

I shall ignore contradiotion, and offer four points of argument., First, we ocould give up; secondly,
ve could oontimie as now; thirdly, we could bring more people (more money) to bear; fourthly, we oould
spend longer wondering where to place our few bets.

It will be no surprise that the first two couvses of action do not have my sympathy. As to giving
up altogether, the pemalties of failure are frankly too great, especially when one notes how quickly the
market and technology can change, As to oontimuing current practice, it seems to me that this would be
to expeot diminishing returns from a sustained investment., For the nicely mamageable areas of human
factors were marked out for treatment before about the mid 1960s. Even the remmining ergonomics issues
turn out to have vasi queries embedded in an apparently simple structure. To give an example, the straight
question: "How do we design a warning panel?" tarns into the asking: "What are trains good at and what
are computers good at, and how do we mate the two?",

Option 3, to buy more expert activity, seems justifiable to a degree. Aircraft Losses, for example,
may have a greater than 50% "human error” atiribution of one kind or another, This rather suggests that
we are cleverer at providing tools than we are at understanding workers, and argues that some cut=back in
tooling cocts may al.ow rather betier labour relations to be nourished.

Option 4, to consider our bets more carefully, appeals to my taste for intellectual gambling. To
expand the argument a little, let us pretend that aircrew workload has the following components:

1 A knovwleige of goal-tactio=stralegy.
2 Lockout.

Flight path control,

Navigation,

Commnications.

Engineering systems maragement.

- 0N N s W

Social.

The first item includes an appreciation of a vast range of ambitions, from "Contirmue the human race =
by earning cash and social respect®™ to "Hope the weather broadcast is repccted — I'm too busy changing
frequencies now®, It is a uniquely human ability (at the moment) to switch from macro to micro and back,
or choose to linger at intermediate levels, in a hierarchy of ambitions like this,

Item rumber two involves human vision, either through cockpit transparencies or of electronically-
generated display screens, As with item one, this skill is (at the moment) a uniquely human attribute.
The welter of detail which has been added to the literature in the last century serves to mask our
undisturbed ignorance of what visual perception is really about. As a gross oversimplification, each
individual spends his initial 5 years moving rowwd and feeling those objects of whioh his eyes demand
investigation, while the sensors and processor r sult from millions of years of evolutionary R & D. We
shall not mimic this askill yet awhile.

Items 3, 4, 5 and 6 constitute the mein stemping ground for engineering and human factors effort in
the aerospace field, In the main, they cover problems to do with quite well-understood physical phenomena,
such as systems dependent on electrons moving through metal with, as the fimal stage, some aircrew inter=
facing. At the limit, it would be possible to automate the pilot out of such systems (though it would be
neither cheap nor popular). A blark CRT screen, say, would mean all pre-programmed aspects of altitude,
course, systems and messages were being tolerably dealt with. A message on tho screen might be of the
kind "Umable to accept 35,000 ft: can offer 37 or 39" or "No 3 engine has been shut down™ or "Non-routine
message awaits re hydraulic meintenance®. It is relatively easy to argue in these areas; it is relatively
easy to see what R & D deserves being undertaken; it is relatively easy to conceptualize the appropriate
man~machine oomplementarity.

Item rumber 7, like some aspecis of items 1 and 5, is not a person-automaton interface but a person—
to=person happening. For one of the few ways we have of estimating the integrity and effectiveness of a
sicilled human performer is to ask an equally skilled performer to do the estimating. For example, peer
ratings, as a method in the work-study area, are used to bridge the alleged gap between “objective®™ and
"subjective™ measures as defined earlier. At its slightest, ths technique appears in job-unrelated
conversation between cockpit crew members, and serves for exampls to assure pilot and mavigator that each
is in a presentable condition today. It goes without saying that this kind of aotivity is not to be
automated foreseeably.

Hence "pilot workload"™ can be expressed as the coping with two main clusters of problem. One cluster
is equipment=based and theoretically amenable to physical modelling, even replacement, The other cluster
is emphatically to do with humanity (and man-mede tools would perhaps never be welcome here); to do
with those elusive personal gambles on whioh life is felt to depend, At any rate, pilot workload might
arguably be the maintensnceof a mental model encompassing these two kinds of time-varying input; the
continued provision of a mental solution for two sources of uncertain problem. If that is so, then the
most we can do at the moment is respectable transfer-function work; we can vary inputs, monitor outputs,
and debate black box oontents with a rare freedom,

So far, the nicely-mamageable areas (in the “physics™ problem cluster) have attracted most fimance,
so we have an understanding, defensible to engineers, of the engineering-like inmputs and outputs. The




.

A aodu o)

ol 3

shifty, social areas (in the "humanities® problem cluster) contirue to frighten us. We would like to

acknowledge their importance, tut they will not yet fit the rarrow mould of scientific method, and we
may feel they never will,

Would anyone care to bet, with me, that avionics-based workload is not so much crucial as nicely
menageable?

Crown Copyright
1974
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SUMMARY

Any stie- st to measure workload must be based upon a satisfactory definition of the nature of the
workload that is being investigated. Workload can be considered as having task oriented and subject
oriented elements; a variety of measures can be applied to the assessment of either or both of these
elements. Morecver, the experimental evidence available suggests that if a comprehensive analysis of
workload is to be achieved a range of measures must be employed.

The paper describes an experiment in which a flight instruwment trainer, resembling a twin jet
communications aircraft, was used to evaluate questionnaire, performance and activity analysis measures
of pilot workload. Attempts were made to distinguish between the physical, perceptual and mental
components of workload. For this purpose three flight plans were devised, of approximately equal
duration, differing markedly with respect to the three above components. Six professional pilots flew
each flight plan and after landing completed questionnaires to assess the workload levels and the task
content. During the flights video recor?ings were made of the pilot's manual and communication activity.
Performance during ILS approaches immediscely before and after the experimental flight plans was also
measured.

From these measures it was possible to obtain significantly different results relating to the
different flight plans. These results were capable of distinguishing between the three components of
workload represented in the flights.

INTRODUCTION

Workload may be considered as having task oriented and operator oriented elements. The task oriented
element is synonymous with task difficulty and is related to the nature of the task and the quality of
the equipment provided for the performance of the task. The operator oriented element takes into account
not so much what the task is but what the task costs the individual in terms of his effort, fatigue etc.
A variety of measures can be applied to either or both of these elements. Moreover, the experimental
evidence to date suggests that if a meaningful analysis of workload is to be achieved a range of meas-
ures must be employed (1, 2). In the experiment described in this paper three particular types of
measure were employed and assessed namely, direct performance measures relsting to the quality of air-
craft handling, observation of the pilots’' physical activity and subjective assessments by subjects and
observers. Activity recording and subjective assessment were chosen because recent field investigations
have indicated that they appear to offer a viable means of gathering descriptive information (3, 4).
However, it was argued by the authors that the accuracy of the information obtained from these measures
required verification. It was therefore decided to undertake an assessment of the information provided
by these in a situation where the nature of the flight task could be controlled and systematically
varied to emphasise different aspects of the pilot's work.

METHOD

The investigation was undertaken using the Institute‘s flight simulator research facility (Fig. 1l).
The device, a procedures trainer, is representative of the Hawker Siddeley HS125, a two crew twin jet
aircraft. The cockpit unit is mounted on a motion system haviug pitch and roil axes. There is no
representation of the external visual world. Inside the cockpit bcth pilot and co-pilot are provided
vith a full main instrument panel (Pig. 2). The first pilot's panel includes a Collins FD 108 integrated
flight system, an Omni Eearing Selector (OBS) and Distance Measuring Equipment (DME). All primary and
secondary flight controls are represented and an auto-pilot is provided.

Three experimental flight plans wvere prepared for the evaluation by a military pilot in curreat
flying practice. They were designed so that as far as possible they involved grossly different types
of activity; namely physical, perceptual or mental workload.
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The physical flight plem (Flight A)

The physical flight plan was designed as an 'air test' in severa turbslemca. Air traffic comtrel
directed the aircraft’'s position and progress throughowt the flight, minimising the pilot's navigatiom,
timing and procedural workload. The pilot was required to carry out manoewwres imvolving repid changes

of heading, height and aircraft comfiguration under normal and asymmetric power. The auto-pilot was
not used.

The perceptusl flight plan (Flight B)

This flight plan required the pilot to carry out an wnorthodox and complex approach procedura in-
volving the use of most of the navigation inatruments to maintain positiom accurately whilst turning

continucusly in a large arc. Throughout the flight the RT background was noisy and the pilot was required

to make many mode changes in his flight system. His attention wus directed more than normally to the
engine instruments by two occurrences of low oil pressure.

The mental flight plan (Flight C)

This flight took the form of a timed navigation exercise followed by an accurately timed 'fly past’
cver a known datum point. The pilot did not know the wind velocity and the 'overheed time' was paased
to him approximetely ten minutes before he was due to overfly the datum point. Physical and perceptual
worklosd was reduced as such as possible by allowing the pilot to usa the auto-pilot.

All three flights started at the ssme airfield. After take-off the aircraft turned right and
executed an ILS approach and roller landing at another airfield close by. After clearing the circuit
from the second airfield the pilot carried out one of the three flight plans deacribed abrve. At the
end of the exprimental phase, the pilot returned to a point common to all threa flights, and carried

out an ILS approach and landing at the same airfiald at vhich the ILS was executed at the begioning of
each flight.

Prior to the commencement of the evalustion all subjects undertook a programme of familiarisation
in the simulator. These were designed to acqusint the subject with the handling characteristics of the
simulator and the operation of the Collins FD 108 Flight System. The order iu which subjects flew the
different experimental flight plans was balanced. Befora each flight the subject received a detailed
briefing. The flight was then flown in the form described above. In each of the experimental flights

the subject was accompanied by a co-pilot who mot only performed the specified duties of the co-pilot
but also observed and assessed the subject's performance.

The three categories of measurement; performance, observation and subjective assessment were used
in the following ways:-

Performance Measures

During the ILS approaches at the beginning and end of each experimental sortie recordings of glide
slope and localiser deviation, air speed, aileron and elevator activity were mede on FM tape and proces-
sed using a DEC PDP 12 digital computer. Recordings were made between the outer and middle markers on
the approach (between 5.2 and 1.25 miles) and digitized at a rate of 5 samples per second. Localiser
and glideslope data were reduced to mean deviation score per 3 second epoch and the mean modulus devia-
tion was used for analysis. Air speed was reduced to a score of the mean air speed per 3 second epoch
and the standard deviation of these data was used in the analysis. For elevator and aileron activity
sll changes in control position of greater than 2 arbitrary units (stick position being calibrated bet-
wveen O and 100 representing full displacem:nt from extreme to extreme) and lasting for longer thsn 0.3
of s second were defined as a movement. The snalysis was based on the number of such movements reccsded
during the period of the approach examined.

Observational Measures

To record the pilot's activity a TV camera with s wide angle lens was mounted cn the roof of the
simulator and positioned so that it was possible to record movements of the subjects' hands anyvhere in
the cockpit (Fig. 3). The television picture together with a sound recording of all communications
messages between pilo: and co-pilot, and pilot and ground control were recorded using a Sony Video-
Recording System. The method of analysis of the pilot's hand movement activity was by means of a key-
board, the buttons of which vepresented the cockpit controls. An observer watching the video play back
of pilot sctivity shadowed the movements of the pilot's hands with two fingers moving over the keybcard
(Fig. 4). The keyboard was linked to the PDP 12 digitsl computer which calculated the total time for
which each control was used and the distribution of times spent on each control. Commmication messagss
were analysed in terms of the number and length of the messages to and from the pilot.

Subjective Measures

The pilot subjects completed three questionnaires at the end of each flight. The first question-
niire was task oriented and listed a range of activities. Tha subject was asked to indicate the extent
to vhich each was present in the flight just completed by making a mark on a 10 ca line, the extremes of

vhich were defined as 'totally absent' and 'extremely prominent'. The activities assessed were derived
from two sources:

a. From the literature on the taxonomy of task description (5).

b. From a preliminary study in vhich sirerew were asked to define the activities which they
considered vere part of aircraft operations.




Fourteen categories were used for assessmeat. In the main these were sub-divided into three
sections - gathering iaformatica, processing informstiom sad takiag action. In addition the swbjects
were asked to mske sm assessment of the opportumity provided by the flight for relaxing. A full list
of the activities is iacluded in Asmex A.

The second questiommaire vas operator oriented, seeking to obtain the pilot's assessment of the
nature sad extent of the mental, perceptual sad physical workload he experienced during the experimental
flights. 1Ia all a total of 21 individual scales were presented to the subject asking for ratings of
factors such as ths extent of meatal and physical effort expended and the extent to which he comsidered
the flight to be complex, exhausting, difficult sid demsnding. Again 10 cm rating scales were employed.
In this case the sztremes were denoted by ‘not/none at all' and 'a very great deal'. The scales employed
are listed in Annex A.

The third questionnaire combined ratings from the task oriented and subject oriented areas. Four
categories of activity were chosen - ‘monitoring', 'calculating and estimating informstion'’, ‘logging
information' and 'meking adjustments to the aircraft's primary controls'. For each of these categories
of activity the subject vas asked to make the following assessments:

a. Howv busy were you in this activity throughout the flight?

9. In this activity how much effort did yon spend searching (looking, listening and vatching)
for information?

¢. 1In this activity how much mental effort did you spend throughout the flight?

d. How much physical effort did you spend altogether on this activizy?

The subject made his response on a similar scale to that employed in the second questionnaire.
Observer Ratings

The observer who zcted as co-pilot for the experimental flights rated the subject's performance in
respect of the following:

Checks.

Take-off and climb.
Aircraft handling.
Instrument flying.

RT procedure.

Procedural flying.
Operating the flight systea.
Approaches.

Airmanship.

For each of the above categories the observer assigned a merk out of a hundred with a mark of less
than forty indicating failure to perform the activity satisfactorily.

Subjects

Six subjects participated in the evaluation. All were volunteers drawn from pilots working or
residing in the immediate area of the Institute of Aviation Medicine. Five of the subjects were military
pilots and one was a commercial pilot flying with a national airline. The subjects had an average total
flying hours of 2,500 hours with a range from 1,500 - 3,500 hours.

RESULTS

Before presenting the results obtained from the several measures of workload, it is in order to
discuss the performance of the subjects as assessed by the co-pilot observer. Table 1 shows the mean
rating given to each subject in each of the three flights.

TABLE 1

MEAN OBSERVER RATINGS OF PERFORMANCE

FLIGHT
A B c
Subject
1 79 59 69
2 78 74 77
3 58 67 66
4 77 n 70
5 82 n 8s
6 80 n 70
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All the subjects were rated as performing sbove the 'fail' mark. There was no significant diffaremce
hetween the flights in respect of mean performance ratings, or the ratings on individuasl scales (Priedmea
two-vay anslyses of variance). On only ome scala was a rating of less than 40Z achieved - by subjact 3,
vho was given 38X for take-off and climb in Flight A, Thus, in the opinion of the observer, the general
level of performancs was satisfactory and did not vary significently from flight to flight.

Performsnce Messures
The analysis of the ILS recordings was in three parts, The first concerned differences hetween the
three sorties which wera compared in raspect of the changes in performsnca and control activity hetween
the first and second spproaches. Table 2 presents a summary of these changes.
TABLE 2

MEAN PERFORMANCE AND COMTROL ACTIVITY SCORES

FLIGHT
MEAN Percentage
4 R & change het-
Approach | 1 2 1 2 1 2 1 2 | vem flights
Measure
Localisar deviation 26.7 | 264.7 | 29.9 | 24.1 | 28.6 | 30.9 | 28.4 | 26.6 - 6%
(arbitrary units)
Glideslope deviation 11.6 | 14.4 { 18.2 | 15.1 § 15.5 | 17.3 } 15.0 | 15.6 + 62
(arbitrary units)
Airspeed variability 5.2 6.9 4.5 5.8 6.2 5.4 5.3 6.0 + 172
(arbitrary units)
No of elevator movements 61 74 68 8 54 68 61 74 + 222
No of aileron movements 69 73 59 69 71 82 66 75 + 122

No statistically significant differences between the three flights were found for any of the above
variablas (Friedman two-way analyses of variance).

The second compariscn was of performance on the first and second approaches irrespective of the
intervening sortie. No significant differences were found in relation to localiser and glideslope dev-
iation or airspeed variability. However, the number of control movements, both aileron and elevator,
wvas greater on the second approacb (p < .05 in both cases: Wilcoxon matched pairs signed ranks tests).
Expressed as percentages, on the second approach there was a 221 increase in the mea: number of elevator
movements and a 121 increase in the mean number of aileron movements.

In order to discover if any other changes in control activity had taken place the data were re-
examined to obtain measures of the mean smplitudes and durations of both elevstor and aileron movements.
The means obtained are shown in Table 3.

TABLE 3

MEAN NUMBER, AMPLITUDE AND DURATION OF CONTROL MOVEMENTS

s il

APPROACE
1 2
Mean No of
movements 61 74
Mean amplitude
Elevator (arbitrary units) 4.84 5.08
Mean Movement
time (secs) 0.72 0.72
Mean No cf
movements 66 15
Mean asplitude
Aileron (arbitrary units 10.83 11.16
Mean Movement
time (secs) 0.87 0.84
. heusacictnine
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. In both cases mo difference im amplitude or duratios betwsen the first snd second spproach could be
found. This result led to the comclusion thet while the number of movements iucressed during the second
approach the type of movemests made remsined wachanged. Also, if the finding ves takea in conjwmction
wvith the periormsace msasures, there was no indication of any chemge in performsmce accompanying the in-
crease in comtrol movemssts.

The third part of the analysis looked for dixferences betweea the swbjects. Using Kruskal Wallis
ons~way analysis of variamce teeis tbese were found to Le preseat for three of the variablas, glideslope
deviation (p < .02), elevator activity (p < .02) and asilerom activity (p < .01). Product momeat cor-
1elation coefficients were calculated between thess three items. The vaiwes obtained are showmn in
table 4 helow.

TARLE &
PRODUCT MOMENT CORRELATIONS BETHEEN CONTROL
ACTIVITIES A GLTDESUGPE DEVIATION
Blevatu.r Glideslope
Activities Devietion
Aileron
Activity + .70 wht - .63
Elevator
Activity - 43 *
* = p<.,05
" = P« 01
*t% = p < ,001
N = 24

These reletionships suggest a consistency in the pettern of control activities and that greater
amounts of control activities are associsted vith smaller deviations from the glideslope.

Consistency of control activity style was further examined by two comparisons of the number of
aileron and elevator movrments made by the subjects on the first and second approeches.

The relaticnship between the nuxber of elevetor movements on the *wo approeches was positive (p < .05)
and produced the lineer regression equation:

Y = 29.82 + 0.70428 X

vhere X = the number of movements made on the first epproach and
Y = the number of movements msde on the second epproach.

The reletionship for aileron movements was also positive (p < .01) with the lineer regression equ-
ation:

Y = 13.87 + 0.95241 X

Observationsl Measures

Hand ectivity was exsmined in terms of the cumulative time spent on the various controls in the
cockpit. Tabtle 5 shows the percentage time spent with the hands on the control column, on other controls
and off the controls.

TABLE 5

HAND ACTIViTY: PERCENTAGE TIME ON CONTROL COLUMN ON
OTHER CONTROLS AND OFF THE CONTROLS

FLICHT

A B C

Off controls 5 4 28

Left Hand Control colummn 9% 95 9
Otber comntrols 1 1 63

Off controls 11 17.5 40

Right Hand Control column 69 55 2
Other controls 20 27.5 58
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This asalysis showed differences in hand activity hetweea the flights. It also showed differences
hetween left and right hand activity. Ia Plights A and B the left hand was oca the coatrol colwma al-
most all the time (942 in Plight A and 952 in Plight B). 1Ia Flight C vhen the awtopilot was engaged
the left hand spent much more time on other comtrols (63X) but also wes less active and spent more time
vff comtrols.

Compared with the left hand the right hand spent more time on other coatrols in Flights A and B
(20. and 27.5%2). It also was off comtrols wore during these flights. Ia Plight C the right hand was
also less active and the time spent oa other ceatrols increased.

Table 6 contains a breakdown of the time spent on coatrols other than the coutrol colum.

TABLE 6§
HAND ACTIVITY: PERCENTAGE OF TIME ON COMTROLS OTHER THAM
CONTROL COLUWR
FLIGHT
A B C
Stop watch - - ')
Left Hand Flight documents = = 41
Flight system 1 1 18
Flight system 1 2 6.5
Altimeter = 1 =
Pitch trim 5.5 8 =
Throttles 12.5 13 =
Right Hand Flap selector = 1 =
Radio - 2 1.5
Autopilot - ~
Rudder trim 1 = -
Flight documents - 0.5 3%

The differences in the nature of the tasks comprising the three flights are reflected in the uae
of other controls. In Flight A, containing manoeuvres under assymetric power, the bulk of the activity
is related to the use of the throttles and trim controls. Flight B, containing an approach procedure,
has activity related to power, trim, radio and flight system. Flight C is different again, with the
activity heing associated with the use of flight documents, the flight system and autopilot.

A similar method was used to analyse communicatioms activity and the results are shown in Table 7.

TABLE 7
COMMUNICATIONS ACTIVITY; PERCENTAGE TIME IN EACH
CATEGORY
FLIGHT
A B C
Pilot speaking 9 11.5 9
Others speaking to pilot 28 20 5
Silenc2 63 68.5 86

Flights A and B again contsim wure activity than Flight C and with the pilot being spo.en to more
than speaking.

Subjective Measures

In the case of the task oriented questionnaire significant differences between the flights were
found in seven of the fourteen rating scales. Table 8 summarises these data.

The subjects reported less activity in gathering information from maps, documents and displays
other than the main flight instruments in Flight A than in B or C. Flight C was reported to involve
more calculation, estimation and logging of information than Flight A. Flight A was rated as requiring
more coatrol movements, both large and small, than Flight C, and Flight B required more small control
adjustments than C. Operating the autopilot was rated as more prominent in Plight C thar in A and B.

- >~ . it s
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TASK ORIENTED 3 MEAN RATONGS AND SICGNIFICANT
rLicer
significance
A B c Level Iadicatien

Rat Scale
Obtainirg informatiom from
subsidiary imstrumsats 27 61 (] * A<BSsC
Retrieviag informstiom from
charts and documeats 9 38 & L A<BSsC
Calculating and estimating
information 29 » 6 L] A<C
Making large movemsats to a/c
primary coatrols o 48 28 * A>C
Logging informatiom ¢ 23 &3 bl A<BG&C
Making smsll adjustments to
a/c primary comtrols 68 66 45 * ASB>C
Operating the autopilot 3 o 49 bkl ASB<C

p<0.05 *pc<o0.01

Five of the twenty-one scales in the operator oriented questiommaire distinguished between the
flights. Table 9 summarises these data.

i TAMLE 9
1
i OPERATOR ORIENTED TOMMAIRE: MEAN RATINGS AWD
S DIFFERENCE!
FLIGET
Significance
A B c Level Indicetion
Rating Scale
] Physicel effort 52 29 22 * A-B>C
Perceptual effort 48 n 80 L A<B<C
Complexity n 51 74 il A<BceC
Exhaustion & 36 46 * A>B&C
Confusion 8 46 2 * A<B
r.

* p <0.05 ** p < 0.01

The subjects reported the expenditure of more physical effort ia Flight A than in B, and more in B
than in C. The greatest smount of perceptual effort (looking, listening, watching for informatiom) wes
expended in Flight C, the least in A. Flight C was reted more complex than A and B, and Flight A more
exhsusting than B and C. Flight B was thought more confusing than Flight A.

The third questionnaire showed significant differences between the flights with respect to the
distribution of meutel effort among four mejor ectivities. Teble 10 summarises these date.

In Flight A the mejor part of this effort was devoted to control adjustments. In Flight B it was
1 to monitoring displeys. In Flight C it was to calculetion and estimation.

DISCUSSIOM

The three types of asesure employed in this investigation ell provided informaticn of varying value
in differentisting and des:ridbing the three sorties in reletion to the task and operetor oriented ele-
ments of workload.

The performance measures recorded et the beginning snd snd of the experimentsl sorties provided no
informaticn which discriminsted between the three sorties. There was the finding that irresepctive of
the sortie flown the number of control movemsnts mede during the second epproach and lending was greater
than that made during the first. However, nr changes in asplitwde or duration of movement accompenied
the increased number of movements and the ep.:uach performince was not different from that produced during




RATINCS OF MENTAL EFPORT ASSIGEED TO VARIOUS ACTIVITIES

FLIGNT

A B Cc
Activity
Momitoring (m) & 58 65
Calculating and estimating (c) 56 48 9
Logging (1) 26 20 46
Making control adjustments (a) 67 31 32
Level of significance bl L L
Indication l<ade a>? l<mbec

the first approach. These resuits have more value to the description of operator behaviour than to
task demand. The measures of performsnce show individual differemces and these are hest interpreted as
indicationa of variations in particular 'operator style' which relate not so smch to the quality of the
performance as to the mode of control hehaviour used to achieve the required level of performance. This
observation is supported by other studies (6) and the present data arc currently heing re-examined to
look at these individual differences in more detail.

The recording of operator activity generated valuable informstion and a viable technique for the
translation of operator hehaviour into an obiective and quantifiable record. The major value of the
activity measure is seen as contributing to an understanding of the task oriented element of the work-
lozd. The results obtained distinguished hetween the three flights in terms of the amount of activity
and the locations at which this activity took place. Similarly the analysis of commmications gave an
indication of the relative frequency of communication and its direction. The data derived from these
measures are clearly more relevant to ergonomic considerations than to workload. The inspection of
transitions hetween controls, the frequency with which controls are used and the length of time spent
on particular controls, provided informstion which can he used to assess the design effectiveness of
particular configurations. In sddition the technigue provides observational measures which allow an
assessment to he made of the operator's hehaviour when performing checks, procedures and cockpit menage-
ment generally. Failures in these areas can also he identified which are not revealed through traditional
performanc: measures. For example, one subject performed all his calculstions in Flight C aloud. The
activity recording revealed an error of 90 seconds in one of his calculations which persisted until the
subject, suddenly realising his mistake and its effect upon his msnagement of the flight, retrieved the
situation with a drastic change of power setting and configuration. Such errors would normally come to
light in the real world when they are catastrophic.

In relation to the operator oriented element of workload the activity analysis provided little
information. 1t indicated what the subject did but not what it cost him to do it. Again there are
indications of individual differences between subjects in relation to the frequency of movements, the
time spent on particular controls end hand preference. These findings are being investigated as part of
the examination of individual differences.

With regard to the operator activity measures it is worth noting that the technique of visual
shadoving requires very little training for the observer. An opportunity did arise to allow a comparison
of inter-observer variability. Using three different observers analysing the same portion of video record
very little inter-observer variability resulted and a consistent picture of the operator's patterns of
activity vas obtained from all three observers.

Information regarding both the task and operator eiementis of workload was obtained from the subject-
ive rating scales. Using the operstor to undertuke his own assessment of task content lead to the
identification of a number of important activities. The results were consistent both with the contents
3 of the sortie as initially designed and with the observation of operator activity. It is, however, recog-
nised that the three flights were intentionally designed to he merkedly different from one another, and
it remains to test the technique in more subtly varying situations.

The operator oriented questionnaire revealed differences in the reactions of the subjects to the
threc flights. It is of particular interest to note that vhilst the sc:les differentiated hetween the
r three flights in terms of the amount of physical and perceptual effort it .as not initially possible to
discriminate between them in terms of ¢he amount of mental effort each contained. This finding suggests
that the subjects recognised that so long as the task demanded their conscious attention there was an
element of mental load present to vhich could be added varying amounts of physical and perceptual load
depending upon the extent to which control display configurations and tasks varied. The third question-
naire clarified this situationa by identifying that the smounts of mental load subjectively considered
to he presont, while similar, were actributed to different elements in the task situation. Again, these
differencss :ecflicted the differing nature of the three sorties. Finally, there is the indication that
different descriptions of the subjective feelings of the operator in relation to his experience of task
load are differentially associated with the varying sources of load. Thus, for example, the term
‘complexity’ appears to he associated with mental load, whereas assessments of the feelings of exhaustion
experienced by the subjects are more related to physical load.
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This initial trial usiag the Instiiute's flight simulator facility has provided information which
can guide further experimentation snd development. The use of and refinement of subjective assessment
techniques for examining both the task and operator aspects of workload appeers to be worth pursuing.
A combimation of thuse measures vith objective performance measures and the obszrvation of ectivity
would appear to offer ¢ useful perspective om the globsl effects of cockpit leyont, task content and
operator experience of workload sad fatigue.

1. ROMMERT, W. & LAURIGC, W. Work measurement. Psychologicel and physiologicel techniques for essess-
ing operetor and workload. Int. J. Prod. Res. 9, 1971, ?47-168.
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work losd. Applied Ergoaomics &, 1973, 199-206.

3. HOPKINSOM, J.A. & SHACKEL, B. Summary report of the flight-deck ectivity study. Loughborough Univ-
ersity of Technology Department of Ergonomics Report. LUTERG 83, 1972.

4. ROLFE, J.M. & CHAPPELON, J.¥. The epplicetion of aircrew opinions on cockpit tasks and equipment
to flight sefety research. AGARD CP-132, 1973.

5.  CHRISTENSEN, J.M. & MILLS, R.G. What does the operetor do in complex systems? Humsn Factors 9,
1367, 329-340.

6. HUDDLESTON, H.F. Developing meesures to reveel individual styles in the use of an acceleration
control. Int. J. of Man-Machine Studies, &, 1972, 33-44.
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ANNEX A

SUBJECTIVE ASSESSMENT SCALES

(1) Activities rated on a scale: Totally absent - Extremely prominent,

Obtaining information from main flight instruments.

Obtaining information from all other instruments, displays and gauges,
Recvieving information from charts and documents,

Obtaining information from aircraft crew and ATC,

Calculating and estimating information.

Choosing between alternatives.

Passing information to crew and ATC.

Making large movements of the aircraft's primary controls.

Logging information.

Making small adjustments and corrections to the aircraft's primary controls,
Operating other controls in the aircraft.

Relaxing.

Operating the autopilot.

Monitoring.

(2) Operator oriented rating scales.

How vigilant were you throughout the flight?

How relaxing was your experience throughout the flight?
How pleasant was the experience throughout?

During the flight how automatic was your behaviour?

How much physical effort did you expend altogether?

Throughout the flight how much effort did you spend in searching (looking, listening and
watching) for information?

How tiring was the flight for you?

How uninterrupted was your behaviour throughout the flight?
E How active were you throughout the flight?

Were you tense throughout the sortie?

During the flight as a whole how attentive wers you?

How busy were you throughout the flight?

; Row much mental effort did you expend altogether during the sortie?
+ .4 demanding was the flight?

Was the sortie difficult on the whole?

- Was the flight confusing?

3 Was the flight boring?

Was the sortie unusual?

How strenuous was the sortie as a whole?

How exhausting was the sortie?

Was the sortie complex?
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Fig 1 General view of 1AM Flight Simulator Facility

Fig 2 Cockpit layout of simulator
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Fig 3 View from video camera position

Fig 4 Observer monitoring pilot's activity using keyboard
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DISCUSSION

Wee there eny correletion between eubjectively reted mentel effort and the
observer'e rating of the level of performance, even if the veriations in
neither of theee wes very lerge?

There were some correlatione but others which we expected were abeent.
The workload may be covert and inherent in some other eepect of the job
which ves downstream from the finel overt activity,




A TLIGHT SIMULATOR STUDY OF MISSILE CONTROL PERFORMANCE
AS A FUNCTION OF CONCURRENT WORKLOAD

by

K.G.G, Corkindale
| Royal Air Force Institute of Aviation Medicine
Farnborough, Hampshire, England. i

SUMMARY

Eight pilote took part in a part-task simulation of the delivery of a stand-off air-to-surface
guided weapon. The attack phase of a sortie wae eimulated. This phase lasted some 3 minutes and
included a low level run to the weapon release area, weapon release, target detection on the TV monitor
display and the aiming of the mieeile at the target., Four levele of workload were etudied., These
were:

1., Missile control taske only.
2. Manual control of the eimulator.

3., Missile control tasks plue manual control of the simulator.

4, Missile control tasks plue auto-pilot monitoring.
The resulte showed that:

E 1. Performance at the miseile control tasks was degraded by increasee in concurrent
workload,

3 2. Manual flight control and auto-pilot monitoring were adversely affected by concurrent
4 missile control taske,

. A emall group of non-pilots wae put through the same experimental programme, A eimilar pattern
of reeulte to those of the pilot group were obtained but the absolute levels of performance were pre-
dictably different.

Eye movement data and subjective data allow the deterioration in two-task performance to be

1 explained. The results of this study confirm laboratory secondary task experimente in that a deterior-
ation in primary task performance ie associated with the occurrence of a secondary task deepite instruc-
tions given to the subjecte to maintain the higheet level of performance poeeible on the primary task.

j INTRODUCTION

The research flight eimulator offers the systems designer the opportunity to assees, at an early
etage in a development programme, the effects of alternative equipments and working proceduree on air-
crew performance. The alternativee that are to be compared may be seen as providing different levele
of aircrev workload and the designer'e interest is in how these different workload levele will affect
aircrew performance and the implicatione of any changee in performance on system capability.

. During studiee of the operator's taske in controlling a etand-off air-to-surface televieion guided
weapon (TV ASGW) a flight eimulator trial wae conducted in which the effecte of other aircrew tasks on
miesile control performance were examined. Four working conditione were studied, these wers:

] 1. Missile control tasks caly. The taske were to monitor the television dieplay for target
detection, to align cross-hairs on the target and to home the missile on to the target by
continuoualy tracking the target as it moved across the TV screen.

2, Simulator manual control using a Head-Up Display (HUD). A standard pattern HUD was pre-
sented to the pilot who manually fiew the flight eimulator according to the HUD demande,

3. Missile control tasks plus HUD manual control. The pilot carried out the TV missile
taske (as in 1 above) and also manually flew the simulator (as in 2 above).

4., Missile control taske plue HUD monitoring. The pilot carried out the TV missile

taske and was also required to monitor the HUD whilet the eimulator was flown on auto-
pilot. As a check on the efficiency of the monitoring, the pilot was required to

respond to an infrequent eignal on the HUD by preesing a button mounted on the control
column, !

, These four working conditione allowed two major comparisons to be made. Firstly, the effect on

! the TV tasks of alternative concurrent workloade. Secondly, the effect on aircraft control of the

| additional workload caused by the TV taske, As the pilot was required to perform two separate taske,

i his primary task being control of the aircraft and the secondary task being missile control, the

I situation can be interpreted as an example uf the measurement of mental load by the secondary task
technique. Rolfe (1971) has reviewed the extensive work. on the secondary task technique. Hie main

l finding was \1at deepite the inetructione given to subjecte the presence of a secondary task depressee

i
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performance on the primary task,although in some cases changes in performance on the primary task could
not be clearly identified due to the use of insensitive measures of primary task performance. It vas
intended that the present study could provide a check on this general finding when the two tasks were
seen by the subjects as having some real-life significance,

Another question of some interest that wses examinsd during the trial was the use of mon-pilots as
subjects in flight simulator studies. The main experiment used experienced “jet pilots as subjects but
a second experiment used non-pilots who although familiar with the simulator, through having worked with
it as experimental stsff for some months, had no aircraft piloting experience.

METHOD

The flight simulstor was a single-seat fixed-base cockpit unit provided with a control columm,
rudder pedals, throttle and intercom system. Conventional head-down instruments and the associated
controls were not represented. An outside world view could be provided by means of a slide which gave
an indication of ground-horizon-sky visible from the pilot's seat. This slide was controlled by out-
puts from the simulator computer so that pitch and roll information was available to the pilot, No
representation of forward movement was provided. The pilot's primary information source was a HUD
wh.ch operated in a director mode., For the manual control runs the pilot was required to keep the
aircraft symbol centred over the target marker, In the HUD monitoring mode the signal which the pilot
was required to detect wass the appearance of s small cross on the display.

The TV display wac generated on a 200 mm (8 inches) 625 line monitor situated some 750 ma (30
inches) from the eye datum position and some 20° down from the horizontal forward line of sight, The
TV target was a small white square which could be made to sppear on the TV tube faco in any one of
twelve pre-set positions, From the time this target wes switched on it followed an exponential growth
lsw which approximated to the rate of change of contrast of a target in the real world when being
approsched st uniform speed, Two cross-hairs working in display x and y were controllable by a
simple displacement joystick control mounted just aft of the throttle lever and worked by the pilot's
left hand.

The task presented to the subject was a simulation of the sttack phase of s stand-off TV ASGW
mission. In detail this part-task simulation consisted of the following events:

1. High speed low level run (90 seconds, TV display off).
2. TV weapon relesse, TV monitor switched on.

3. Weapon run to target area (42 seconds, TV on).

4, TV target bright-up started.

5. Pilot detacts target on TV, presses button on control column to call cross-hairs onto
TV display.

6. Pilot centres TV cross-hairs on target and presses control column button.

7. Pilot tracks target with cross~hairs as the target is moved across the display for
10 seconds, at the end of which time TV is switched off.,

8. High speed low level run (20 seconds).

The average total time for esch experimental run was some 3 minutes 10 seconds, the exact time varied
slightly due to different target detection times and cross-hair aiming times. This sequence was varied
slightly in the case of the simulator manual control runs (working condition 2) as no T™ tasks were pre-
sented to the subject who was required to track using the HUD for 3 minutes and 10 seconds, Similarly,
for the missile control tasks only runs (working condition 1) the initial and final low level runs were
shortened to minimise the time the subject sat in the cockpit with nothing to do, In the TV tasks
plus HUD monitorins rune (working condition 4) two signals were presented on the HUD, one during the
first 90 second period and the other during the target bright-up phase; the exact ‘imings of these two
signals were randomised.

The eight pilot subjects were all experienced on high performance jet sircraft, their average age
was 30 years and their sverage total jet hours were 1,600, The four non-pilot subjects were drawn
from the staff who maintained and ran the simulator and although they had some simulator flying
experience they had no aircraft piloting training or experience.

On arrival at the simulator the subjects received a standard written briefing on the trial and
were familiarised with the equipment they were to use. The subjects were coached in the use of both
the HUD, for control and monitoring functions, and the TV equipment until they were familiar with their
tasks, The subjects then undertook training runs in which they experienced all of the various working
conditions.

The experimental design required each subject to complete 16 runs under each of the four working
conditions. Preliminary work had indicated that four runs in succession did not cause the pilot any
fatigue which could have influenced his performance. Therefore, the suojects conducted four runs at a
time, which occupied about 30 minutes, followed by a 30 minute rest outside of the cock. . Subjects
completed questionnaires during and at the end of the trial wuen they were also debriefed by the experi-
menter in order to amplify the questionnaire responses.
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The principal dependent variables that were recorded during the experiment can be listed as

follows:
TV _Tasks
TV target detection time: Time from start of target bright-up to pi_.
pressinz button on control colum,
TV tracking error: Integral of error between target and cross-hairs

in display x and y for 10 second epoch,

HUD Manual Coutrol

HUD tracking error: Integral of error in azimuth and elevation in
display x and y for first and second halves of
runs.

HUD Monitoring Task

HUD signal response time: Time from on-set of HUD signal to subject
pressing button on control column,
Eye Fovement Data l
: Time spent looking at HUD: Pen record of vertical eye movements based on l
] electro-oculographic recording analysed to show i
3 percentage of time looking at HUD, |
3 i
1 fubjective Data |
‘ |
Cpinions on trial and Based on questionnaires and final debriefing,
working conditions:
RISULTS
5
. Unly the data from the eignt pilut suojects will be considered in this section; the data from the
four non-pilot subjects will be considered in the 'Discussion' section.
Cffects on TV Tasks of Concurrent Jorvload
The TV target detection times showed that the addition of the HUD monitoring task increased the
average detection time by 0.3 seconds whereas the addition of the HUD manual control task increased the
detection time by 0.9 seconds compared to the baseline figures obtained when the subject was performing
the TV tasks only. Analysis of variance showed that these differunces between conditions were
statistically significant at the 0,1% level,
The mean TV display tracking errors over the 10 second period (in arbitrary units) are shown
below:
R <
Working Mean Tracking Error Score
Condition Ihx iny ¢
i
TV + HUD Manual 39.0 38.9
TV + HUD Monitor 38,0 23.1
™ Ouly %.1 22.5
1
Analysis of variance showed that the differences between the working conditions for the y axis were
significant at the 0,1% level,
Effect on HUD Tasks of Concurrent Workload
The HUD manual tracking errors in x and y were compared when the pilot either had or had not the TV
tasks, that is the second halves of the HUD manual and the TV + HUD manual runs were compared, The
mean tracking error scores are shown below (in arbitrary units):
) Working Tracking Error Score
Condition
in x iny
HUD Manual 49,1 2.2
TV + HUD Manual 95.7 55.6

Analysis of variance showed that the addition of the TV task significantly impaired HUD tracking
performance in both x and y (p < 0.1% for both axes),
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The response times to the HUD monitorin; signal were examined to see if there was any change in

mean response time when the TV tasks were required of the pilot., The mean times for the 25§ signals
are shown below:

Vorking

Condition | Mean Seaction Time (secs)
™V off 0.43
™ on 0.93

Analysis of variance showed that this difference was significant at the 0.1% level,
Eye Movement Data

The percentage of time that the pilot spent looking up at the HUD was analysed according to

whether the television moritor was on or off for each of the two working conditions; the results are
shown below:

Working Percentage of time looking at HUD
Condition ™ off e
HUD Manual
Control 60,3 29.3
HUD Monitoring 43,0 2.4
]

Analysis of variance showed that the differences associated with the TV monitor being on or off

were significant at the 0,1% level., In addition, the differences between the two HUD working cori=
ditions were significant at the 17 level,

Subjective Data

The questionnaires asked about the conduct of the triul, in particular as to whether the subjects
thought that the amount of familiarisation and training that they had received was adequate and whether
the work/rest scheduling of the trial had caused any fatigue or eyestrain, Responses to these
questions indicated that the subjects thought the training scheme had been adequate (a finding supported

by the objective data analysis) and that they thought that their performance had not been affected in
any way by fatigue or eyestrain,

Subjects were asked to rank the working conditions from hardest to easiest; the overall order that
was obtained from these rankings was (hardest working condition first):

1. TV tasks plus HUD manual control,
2. TV tasks plus HUD monitoring.
3. HUD manual control only.

4, TV Tasks only.

A coefficient of concordance showed that there was significant agreemen. amongst the subtjects on this
order of difficulty (p < 1¥).

DISCUSSION

Dual Task Performance

When the two tasks of controlling the aircraft and of operating the TV guided missile were per-
formed at the same time, performance on both tasks was degraded compared to the condition when only one
task was performed. This general deterioration in performance took place in spite of the instructions
to the subjects which emphasised the primary nature of the aircraft control tasks and would also appear
to be against the experience of the subjects who, as experienced pilots, would be aware of the relative
importance to be given to the two tasks in the real airborne situation. This finding fits ir with the
work summarised by Rolfe where in the secondary task experimental situation it is customary to find a
degradation of performance at the primary task even when the instructions stress the importance of
maintaining the highest level of performance at that task.

The subjective ranking of difficulty of working condition showed that the situations in which the
pilot was required to undertake both the TV tascks and the HUD tasks concurrently were judged to be the
hardest. The order that the subjects unanimously agreed on was that the addition of the HUD manual
control task made more difference than the addition of the HUD monitoring task. This finding is con-
firmed by the effects that the two HUD tasks had on the concurrent TV tasks, For both TV target
detection and TV target tracking, perfcrmance was more degraded by the need to undertake the HUD manual
control task than by the need to perforsm the HUD monitoring task,




The cye movement data show that when the TV display was on, the subject spent significantly less
time looking at the HUD, It is interesting to note that when the TV display is on and the pilot looks
at the HUD for only half of the time he spends when the TV display is off, that his HUD tracking errors
and the HUD monitoring response times double in size. It would appear from the data on viewing times
and on tracking performance in the HUD manual control runs that subjects achieve their best level of
performance when they spend some two-thirds of their time looking at the HUD, For the tasks studied in
this simulation situation it appears that any other cockpit task that occupies more than the remaining
one-third of their time would appear to cause a deterioration in their primary control task performance.

Comparison of pilot and non-pilot subjects

The results obtained from the four non-pilot subjectc were very similar in the pattern of perfor-
mance to the results obtained from the eight pilot subjects. The non-pilot subjects showed the same
significant increase in TV target detection times and in TV tracking errors as the concurrent workload
was increased. Similarly, performance at the HUD tasks was degraded when the subject was required to
undertake the TV tasks,

The main difference between the two groups was that the non-pilots showed a greater fall in per-
formance at the aircraft control task as the total workload was increased. This can be illustrated by
the HUD manual control performance scores:

Mean integrated error score
(arbitrary units)
Working
Condition x axis y axis
Pilots | Non-Pilots Pilots |Non-Pilots
HUD Manual only 49,1 61.4 2.2 23.2
TV + HUD Manual 95.7 153.3 55.6 6h,1

This result agrees with the finding that a secondary task has a greater effect on primary task
performince for the less-si:iilled subject than for those who have achieved a hizh level of skill on the
orimary task (see Buker et al, 1951).

CONCLUSICN

The increase in workload resulting from the addition of a secondary task in a simulated flying
situation resulted in a degradation in performance at both of the tasks despite the instructions given
to the subjects,

The subjects did not attempt to maintain their primury task performance level constant and fit in
the secondary task when possible but rather tried to achieve a satisfactory level of performance at
both tasks. It can be argued that in the real flight situation the pilots would employ different
tactics to those they used in the flight simulator. However, no evidence, either objective or sub-
jective, is available from this study to support this hypothesis.

Tre overzll conclusion is that if the highest level of performance is required of a pilot then he
should be frced from the requirement to undertake any possible conflicting concurrent tasks.
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DISCUSSION

When the subject was monitoring the head-up displey alone was he spending only
43% of his time looking et it? [Is this not rather low? Have you any explanation?

We did not record in detail vhere the subject looked in the cockpit., We recorded
only the amount of time they spent looking at the haad-up displav. The rest of
the time they looked at the television display or st the other controls.

Was the pilot using only tna haad-up displav to control the aircraft or were
othar instruments present which he could lcok at?

The subjects used other instruments es well,

Tha instructions did not sey thet making a hit was . .. voject of tha mission,

It would seem to me that under these conditions they would try to pey e lot of
attention to the television missila control test ss long as the aircraft was not
getting out of control.

That's right. Obviously you come beck eventually to tha difficulty thet any
simulator study which purports to be a high rpeed low lavel situation lacks
thrast to the subject.

1 would ergue that in fect it was optimal under the ground rulas you impose on
tha subjects and the conditions you impose on them,

It wss optimal under thie ground rules the subjacts imposed on themselves which
was their ravrite Of our instructions. Tha subjects always appear to try to
optimise evervthing or optimisa the completa mix. One would rather gat pass
narks on everything rather than high marks on one task and zero marks on enother.

Did you instruct the pilots to perform the monitoring task?

We did not formally instruct them on the scen pettern for munitoring the heed-up
displev.

I wonder if vou would agree that there may be come high load situetions where
tvo tesks may be better than one?

1f vou have two tasks, one of which is undemanding or unarousing, then an
additional task is likalv to improve performance. Tha difficulty comes whan
you hava two tasks both of which require a fair amcunt of attention, In that
csse you may overload the individual,

You were providing the subjects with two saparete tasks precticallv idanticel.
If you want to get the missila on the target vou require e different type of
display from the head-up ona.

This has been suggested. If vou could in this sort of situation bring about a
trua integration of the two information sources than this may be one wey of

gatting the pilot to integrate the two tesks. Unfortunetely thare {s doubt as
to how fsr such integration is feasible since the gubjects would tend in many
casas to regard a s0 callzxd intagrated task as teing composed of two elements.

We have been looking to-day at tha use of simulation and the emphasis so far
has been quita diffarent from mv experiance. Simulation has bean a very
effective tool in the researcn and developmeni of controls and displays.

In this approach there is no naad to duplicate ell aspects of reality., We heve
been looking at simulation from one of its weakest points ie the need to
duplicate reality., But you can work in a cost affective manner with simulatfon
wvhich will laad to flight validations,

Thank you for your comment, parsonally I would agree. One of the problems
I have felt with regard to simulation is transferring in an absolute sanse as
opposad to a scraening approach.




SIMULATION OF HIGH WORKLOAD OPERATIONS
IN AIR TO AIR COMBAT

Dr. F. M. Holden, Major D. B. Rogars
and Dr. C. R. Replogla

Asrospece Medical Research Lsboratory
.Wright-Pattarson Air Forca Basa, Ohio 45433

INTRODUCT 10M /SUMMARY

General methods and tachniques for prasdicting tha mission affactivenasa of candidata systems in tha
praliminary design stage and predicting tha human oparator's aubjactive praference for the candidats
dasigns ara not generally availabls. For thosa tachniques which have been used, vith some success, there
exigts tha qusstion of validation and general applicability. Thus, tools and tachniques which can measure
humen performanca and its consequence upon mission affactivensas ars curreantly limited in their applicetion
to spacific systems. This report discusses tha problems associated wich workloed measurement, provides a
structure for tha study and analysis of human performance and dascribes tha tools and techniques used by
the 6570th AMRL/EM to provide affectiveness versus desigr data vwith epecific examples from air to air
combat aan-in-the-~loop simulations performed in tha Laboratory. The report concludes with a discussion of
man-in-the-loop simulation as a tachniquse for system specific human performance data and as a sourca for
the dats requirad to develop genaral methods and tachniques for predicting tha performance of manmed
wveapon systems.

WORKLOAD

Attempts to msasure human workload suggest that workload per se is a usaful concept in the deaign and
evaluation of system performance. Workload has thus become a figurs-of-merit commonly used to rate the
excellenca of a system or to comparatively evaluata the excellance of severzl systems. Current measures
of workload, however, are primarily dependant upon man's capability to perform, e.g. response/reaction
time, his subjective evaluation of tha job and its difficulty, e.g. pilot rating schemes, and physiologic
msasures of affort, e.g. hesrt rats, oxygen consumption. There ara very few measures of workloed which
arise solely from an engineering analysis of the system itself or from direct msasurement of system
performance. Thus, workloed, while being an intuitively desireable and oftcm usad critarion for evaluation
and comparison collapsas into an situationally dependent, often incorsistent and essantially indirect
msasyre of man's effactivenass and his subjectiva evaluation of that affectiveness.

SYSTEMS ANALYSIS

We have developed an alternative approach to systems studies involving manned wespon operations. In
order to provide a framework for tha discussion of high workload operations in air to air combat, tha
systems using air combat missions will be disected into three parts and an analysis of workload factore
for each of the three parts will be done from the viewpoint of the aircraft system dasigner.

There are three areas of concern to tha system dasigner in the large sense. First is the engineering
performance of the system hardware. In air to air combat these factors include climb/dive rate, rate of
turn, thrust to weigh ratio, payioad, and mission range. Second is the man's ability to operate and
control the system. Again in air to air combat these factors include control and display interfacas,
cortrol system design, cockpit configuration, life support system, ride and flight control quality. The
third major area is that of mission performance. The major factors here in air to air combat include air
combat maneuverability, survivability of the aircraft, and the effectiveness of the aircraft in delivering
weapons, avoiding threats, en routs navigation, take-off and landing. Levels of workload are crested or
established in all three arcas. The engineer designs the hardware system which man must use thus building
into the system hardware dependent workload factors. The pilot touches, manipulates and controlc the
various interfacas available to him according to his concept of system operation and mission objective
thus generating on man depaudent workload factors. The pilot and his aircraft work together to achieve a
mission driven goal and objective thus establishing mission dependent workload factors.

Obviously, all thrae of these areas interact and are mutually dependent upon ecach other. Further, it
is usually the mission goal which drives the design considerations of the system and also drives the
notivation of the human operator to best utilize his expertise and the capability of the system he is
opersting to accomplish the mission goal. There are, in addition to the sbove factors, constraints imposed
upca the system designer and humen operator which include costs, maintainability, relfability, training,
and prior experience.

DESIGN CONSIDERATIONS

This reprasentation of the air combat scenario providas a method of putting into perepectiv~ some big
questions concerning workload. What is workload? How should it be measured? Are there general principlas
and techniques of wvorkload simulation and measurement which can be applic] to any system? Can the
application of thase general methods and techniques be used in the preliminary design stage to design and
build better military systems? Can the uncertainty of human performance and the uncertainty of human
response to environmental and psychological strass be included in these general methods and techniques?

The most important short term problem for the system designer is the availability of data to be used
in the evalustion of the mission effectiveness of candidate system dasigns. Vslid evaluations of the
mission effectivenass of candidate systems can be used in conjunction with costs, maintainability,
reliability and training factors to arrive at useful trade-off judgments in the selection ot specific




design goals.

The most important long tera problee for the system designer is solving for the optimal design of a
systea with tools and technigues which the designer can use hizself and in which the dasigner has confidencs.
These tools and techniques would include represantations of the hardware and human performance and also
include representations of the mission scenarios and goals.

The messurement of human workload is ohviously involved in the solution of the first, short term,
objective, and is obviously involved in the second, long teram goal. The short tera goal can he satisfiad
by data alone, vbile the long term goal requiras reduction of the same data into generic predictore of
performance. If th- techniques used to solve the firet short tera goal are valid and if in developing

. and uaing these techniques the investigatore are aiming at the solution of the long tera goal then the

predictive technigques required in the soluticn of the second gosl will evolve naturelly in the process of
supplying the system designer with system spicific mission effectiveness evaluations. Integral within
this philosophy is the requirement for ccusistency of the techniques and methods used in the evaluation
and the requizements that all systems specific studies use consistent techniques and methods which can he
valideted. These techniques must absorb engineering definitions of hardware systems and essentially
similer engineering definitions of human operator performance. Rssearchere in the ares of human workload
generally are working towards the second goal since the heart of valid predictore of human and systeam
performance require understanding of and insight into the mechanisms of human and systems operetor and
interaction. The research appeal of this approach, however, is often ignored and rejected by the system
designer who must design, build and test specific herdware to he used by specific types of human operators.
Further, the assumptions and constructs required to avoid the vacuum of underetanding of mechanisme and
deta for validetion often lead to non-tastable results and vagueness intolerable to the hardware oriented
designer. Current econcaic concepts also provide little rationale to suprort the assentiality of such a
long term, reasonably expensive approach.

The structure and philosophy for the simulation and measurement of manned system performance svaluation
has thus hean logically, although somewhat argumsntativaly, established. The techniques to be used must
evaluate the mission effectivenass of candidete systems. In doing so they implicitly evaluate the worxload
capability of the human operatore. These techniques must slso allow the laboratory to collect and structure
a deta hase which can be used to Jdevelop general techniques to be ultimataly usad by the system designer
for predicting the performance of candidate msmned systems and to optimize the man-machine design interface.

6570 AMRL/EM msn-in-the-loop sisulations of weapon system engagemsnts is being used hy our laboratory
to evaluate the effectivensss of countermsasures against the human operator of hoth ground based antiaircraft
artillery and of aircraft engaged in asrial combat . 1-3 Man-in-the-loop simulations are performed in our
laboratory to msasure the effectivenass of manned aircraft in air combat missions as a function of
snvironmental stresses such as thermal and suatained acceleration loads.4-5 Finally, man-in-the-loop
simulations of air to air combat are .gcrfor-d in our laboratory to mesasure the mission effectiveness of
candidete aircraft cockpit dasigne.$

The objectives of the man-in-the-loop simulatirns performed in our laboratory sre to provida the
dasigner with deta wvhich he cen directly use to evaluate the mission effectivenass of candidate systems or
subsystcms. Inherent in the affectiveness-vs-design data are the effects of human workload capability
since real men are performing the actual jobs required in the real mission. The designer, however, may
not be able to discern from the effectivenass-vs-design deta whether the differences in effectiveness are
dua to human workload limitations. The signals recorded during the man-in-the-loop simulations, however,
contain all the information required to make this determinstiomn.

An Integral part of the research progrem in our laboratory is the analysis and modaling of the signals
recorded during the man-in-the-loop simulations for the purpcose of determining the control capability of
man, i.e. his workload capacity and the interactions between man's control capability and the hardware
design features and the mission objectives. The analysis and modeling of the human operator is a research
effort which will result in generic predictore of human performance. Curreatly, if the designer wishes to
know if the effectiveness of a system in & specific mission is being comprised by human performance
limitations, this answer can he provided through the analysis and modaling effort, but only for the specific
uissions studiad in the man-in-the-loop simulations.

In the area of air to air combat our laboratory has provided affectivenass-vs-design data for tiit-back
cockpit seat configurations and is currently evaluating two specific aircraft cockpit designe. The
laboratory has edditionally provided effectiveness-vs-design data for air to air combat countermeasuras,
and has recently completed aan-in-the-loop simulations which provided effectivencss-vs-design data in the
area of emergency airborne ascape proceduras for the B-1 and F-15 aircraft.
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The prediction of pilot performance in fiight anvironments to dangerous to produce in flight test is
a generic problem exsmplified hy a task recently completed for the B-1 System Program Office. The question
oddressed wvas that of numan performance in an ejection sequence during sbmormal flight attitudes. The
Dynaaic Environment Simulator (DES) wvas used to produce a man-in-the-loop simulation of the B-1 mission
profile. Pilots in a B-1 cockpit simulation flew a low-level, high speed profile, followed hy ons of a
set of adveree flight situations. Acceleration forces as seen in a spin were applied to the pilot who
then attemptad to perfora the required ejection sequence. The study shows (Fig 1) that the time required
for the ejection sequencs, from start to completion, is datermined by the magnitude and direction of the
G vector. The rasults of this ltudy9 vas used by the airfreme contractor to evaluate the effectiveness
of the emergency aircrew ejection system.
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In support cf the F-15 High Angle of Attack tast program a man-in-the-loop simulation study of an
F-15 spin recovery operational sequance was performed. Three F-15 tast pilots vere subjected to three
acceleration profiles. The three accelerstion profilas vere selected on the basis of the adveree g forcas
vhich the F-15 pilots would be expected to encounter in spin recovery operations in the F-15. The profiles
lasted for 40 sec and consisted of -4.3 Gx, +1 Gz, -4.3 Gx, -1 Gz and -4.3 Gx with an oscillating Gz
component of * 1 Gz at a .5 Hz frequency. The DES cockpit was configured according to the F-15 cockpit
complete with seat restraint system and a mock-up of the spin recovery control box to be used in the actual
flight test program. The pilots were F-15 test pilots, and members of the centrifuge subject panel.

The results of this study showed that the pilous could tolerate the three profiles with some incipient
nauses reported during the oscillating Gz profile, but that major changes in the F-15 hardware spin recovery
system vere necessary. The spin recovery control box was modified in its switchology to allow for better
switch function and the procedures used in returning the aircraft to a stable configuration in terms of
the pilot's use and manipulation of the rudder and contrel stick were changed.

MAN-IN-THE-LOOP SIMULATION

Man-in-the-loop simulation in conjunction with the evaluation techniques of vulnerability assessment,
survivability assessment and wespons effectiveness msasurement is a satisfactory technical approach to be
used in the evaluation of mission effectiveness of system specific candidate manned systems. Further, data
generated during a man-in-the-loop simulation study can be used directly to develop models of human
performance and asn-machine performance which can be used to optimize the design of systems whose parameters
are in the neighborhood of specific system simulated in the man-in-the-loop studies.

The feasibility of using man-in-the-loop simulations for mission effectiveness measurement is dependent
upon the rasources available to the designer or laboratory and upon the validation of the effectiveness
measurements. The advantagas of man-in-the-loup simulation should include; a realistic work environment,
i.e. real man o7 man performing the real jobs; a task and task sequence which can be controlled by the
sxperimenter; stressors associated with the real wvorld which can be applied dynamically; a sufficient
statistical data base. Also, the human operator should be given weapon performance feedback information
and the human operator should be allowed to optimize his control and strategy. The costs of obtaining the
mission effectiveness data wveighed by the advantage of having a sufficient statistical data base are less
than comparable field and flight tast data and finally, the real vorld data base is directly comparable to
the man-in-the-loop data bsse thus validation is possible.

Despite this impressive list of the advantages there are real problems associated with using man-in-
the-loop simulation. Funds and msanpower resources may limit the detail used in the simulation, and it is
not alvays possible to retionally priortize simulation requirements. Thus an investigator may choose to
compromise the fidelity of a display in favor of a more faithful reprasentation of the control system.
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These compromises may and usually do lesd to scae uncertainty in the interpretation of the rasults of the
simulation studias. Enginesring equations describing the dynamic response of a target or an airtrame or
the associsted wulnerability representative of the target and the ballistic characteristics of projectile
missiles and warheads mey be in doubt or contested awong the many experts in these areas. Thus one group
of researchers may arrive at resulits which are in conflict with stother researcher's results solely because
the two groups used differing miasile models. The gathering of a statistically eignificant data base from
am-in-the-loop simulation requires good expertise from the discipline of peychology, aspecially in the
aress of experimental design and analysis, subject selection and training, and motivation. Mission
effectiveness evaluation {s straight forward when the primary concern is wveapon delivery accuracy. The
sigaificant variables such as hits on targst, probability of kill anc homb dispersion are easy to caiculate
snd analyze. If however, the primary concerns are in the areas of mane\vering performance, vigilance, and
optimal force mix, engineering definitions of candidate metrics are much mcre difficult to construct, and
availebility of differing viewpoints leads to unresolvable compromisee and erdlese discussion.

Tha problems aseociated with man-in-the-loop simulation can usually be resclved through discussion
among the representatives of the asveral disciplinas required to complete an »~ceptable man-in-the-loop
etudy. A major problea area in man-in-the-lcop studies which receivas much discussion but little activity
is that of validation. Consider the spectrum of simulations starting with the large number of available
digital simulations for everything from antiaircraft artillery/aircraft engagements to full scale campaign
wodels, and the fewer but etill impressive man-in-the-loop simulations, to the sparse but er.remely
expensive field and flight test rangas all of which produce comparable data bases and all of which attempt
to replicate environments of concern to the system designer. There are very few examples where » program
office reeponsible for developing a system fully uses the power and rescurces of these three simula.!-n
facilities. Man-in-the-loop simulation data can and should be used to develop better digital modals of
human and systea performance and data from field and flight test programs should be used to validate the
msn-in-the-loop simulations. The marrying of data sourcas and objectives of these three areas of
eimulatica will lead to the development of -alid techniques “or predicting human and system performance.
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SUMMARY

A longitudinal study of pilot carrier landing performance wus conducted to describe the influence of
prolonged overations on pilot performance. A landing performance criterion previouslv validated in a
fleet environment was used to measure and compare pilot and squadron performance var.acions over
time. Three le~sls of cumulative workload were defined to evaluate concomitant changes in performance
associated with each workload. Pilot landing performance improved over time with more improvement
found in night performance than day. The influence of practice on carrier landings is discussed in rela-
tion to high cumulative workload. The performance criterion was used to identify potential night pilots
on the basis of landing proficiency. High and low proficiency pilots also were identified and diagnostic
training information provided. A statistically significant increase in night landing performance during
high cumnulative workload may be due to practice effects as well as workload.

INTRODUCTION

The effects on pilot performance of prolonged high-intensity flight operations and the accompanying
accumulation of stress and fatigue are of prime interest to operational commanders. In the U.S. Navy
the effects of extended flight operations on pilot performance would be useful for flight frequency and
ship deployment schedules as well as for indications of pilot performance effectiveness over time.

Landing verformance data seem well qualified to serve as one indicator of pilot performance effec-
tiveness in fleet operations. Carrier landing is acknowledged as a critical phase of flight and is regarded
as one of the most complex and demanding tasks required of the naval aviator. The assumption made in
this report is that pilot performance in a carrier landing task can be measured and used to describe the
relative effects of different intervening variables including workload. The recent development of a valid
and reliable criterion of pilot carrier landing performance haz facilitated the collection of performance
data in the fleet environment and allowed us to measure and describe some of the implications for carrier
aviation.

Early studies of pilot landing performance in a fleet environment have focused on relatively short
term flight operations usually of one to two weeks duration (1,2). Ample pre-operation rest periods
were available to pilots prior to those studies and any intensive look at performance variations due to
cumulative high workloads was precluded by the limited data collection time span.

To complete a longitudinal study of pilot performance at least two things are required. First a cri-
terion measure is necessary that will reliably reflect variations in pilot performance across prolonged
time periods of flight operation and different levels of flight workload. Second, different cumulative
workload levels need to be operationally defined in order to clacsify and measure specific segments of
work activity in the fleet setting.

A pilot performance criterion that is capable of providing descriptive information on relative levels
of pilot ianding proficiency has been developed and tested under short duration flight periods. The cri-
terion is called the Landing Performance Score (LPS) and has heen found to be a sensitive and valid cri-
tr ‘+a of pilot carrier landing performance (3). The LPS has been further validated in two studies
d ned to predict pilot performance. One study used academic and flight training measures to predict
i pilot carrier landing qualifications (4). Another study successfilly predicted landing performance
t .. measures recorded during final approach to night recovery (5).

Meanwhile, in the area of aircrew workload, Nicholson (6) and McHugh (7) have provided the basis for
and operationally defined pilot workload level. Nicholson suggested the iGea of continuous operational per-
formance capability as distinct from optimum performance demands experienzed under high workload and
adverse circumstances. McHugh reformulated the idea into a cumulative workload concept derived from
flight hours/pilot/day over time during dangerous missions over hostile terrain. He defined three levels
of cumulative workload and found them useful in interpreting the results of a study of biochemical and
emotional effects of high warkload. The successful application of LPS in short duration descriptive and
predictive studies and the concept of cumulative pilot workload levels provided the techniques required
to describe, analyze and compare the longitudinal pilot landing data presented in this report.

METHOD

Sample

Two squa »>ns of naval aviator: flying the F4J fighter aircraft were used as subjects in the field
study. The sample consisted of twenty-nitie pilots who embarked on an attack aircraft carrier for a long-
term deployment cruise to the Western Facific. All pilots were carrier qualified and ranged in rank from
Ensign to Commander with a mean age »f twenty-nine years. On the average pilots had 1. 25 years of
carrier experiencs, 1451 hours of gens.ral flying experience and 706 hours of specific flight time in the
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F4 aircraft. The two squadrons were considered representative of the existing population of naval jet
pilots and in terms of mean age, education and flight experience thought to be an unbiased cross-secticnal
segment of the naval fighter pilot community. Two A7 squadrons also were used in the study to provide
comparative data for & different aircraft type. The AT is an attack aircraft with & somewhat diflerent
mission than the F'4 and was selected as a second sample for additional information on performance
changes over time in different aircraft types. The A7 sample consisted of 22 pilots who completed the
entire cruise. Their background and experience were similar to their F4 counterparts.

Data Collection

Landing parformance data were collected for different time periods during the deployment. In some
cases data were also recorded during predeployment refresher training to obtair additional baseline per-
formance information. Landing data for day and night approaches were obtained from ship logs and
Landing Signal Officer (LSO) log books and included information on pilot, aircraft, launch and recovery
time, landing sequence, landing results and LSO qualitative evaluations of each recovery. Environmental
data in the form of wind-over-deck, sea state, weather, deck pitch and trim, ceiling and visibility and
sun/moon/horizon data were also routinely recorded.

Landing data were categorized by individual pilots, squadron or aircraft type, and by day or night
recovery. Each aircraft approach resulted in one of six landing categories: a technique wave off,
wire #1, 2, 3, or 4, or a bolter (touchdown without arrestment). The landing categories were assigned
weighted scores representing the quality of landing as described by Brictson (3). In simple form each
landing category was objectively assigned a score based on a scale of 1 to 6. The scale had been pre-
viously rank-ordered and assigned weights by senior LSOs (see Figure 1). The result was a criterion
measure of pilot landing performance called the Landing Performance Score (LPS). The LPS is based
on an equal interval scale of landing quality that represents an LSO concensus of the relative mmmerical
value of each possible landing outcome.

Each pilot carrier landing was transformed into LPS data and converted to card form for computer
statistical treatment and printout. LPS data were compiled into specific time periods and statistically
grouped to facilitate comparisons ove. relatively equivalent time segments.

Pilot Workload

Workload considerations were based on an operational definitiou of three levels of aircrew workload
as described by McHugh (7). A cumulative work concept was employed based on the product of average
flight hours/per pilot/per day, the number of consecutive days of flying activity and the relative danger
of the mission. This conceptual framework resulted in the definition of three cumulative workload
periods: zero, moderate and high. The zero cumulative workload level consisted of pilot landings made
after a prolonged non-flying period, usually in-port, during which adequate rest, recreation and recovery
time were provided. A moderate cumulative workload level was defined by eleven consecutive days of
flying missions over nonhostile territory. The high cumulative workload level consisted of double the
moderate level plus missions over hostile territory with the possibility of death, capture and/or heavy
enemy offensive actions. Thus, high workload was defined by 22 days consecutive flying over hootile
terrain with a high degree of danger. The three workload levels were selected in coordination with
another Navy data collection team that was investigating biochemical, emotional and sleep correlates
associated with stress and fatigue ov.r long term flight operations for the same pilot sample (7).

RESULTS

The results are presented in two parts. Part one describes longitudinal measures of pilot landing

performance by comparison of population,squadron and pilot data. Part two describes the effects of
cumulative worklcad on pilot performance.

Longitudinal Measures

Population Performance. Figurec 2 illustrates a population distribution of day and night landing per-
formance scores based on approximately eight thousand carrier landing approaches by all fleet jet air-
craft. It shows a mean night LPS of 4.55 and a mean day LPS of 4. 78 across all aircraft. Comparison

of LPS data in this study for all F4 and A7 landings over the entire cruise resulted in the following
information.

Day LPS Night LPS
Sample X ¢ Percentile X g Percentile
F4 5.08 .26 88 4,67 .31 78
A7 5.05 .22 87 4.87 .28 90
Baseline
4, . X g
Population 87 24 50 4,55 25 50

Both F4 and A7 night and day landing performance were above the populatiox mean for all aircraft
and signify that a high level of proficiency was demonstrated by the deployed aviators throughout the
cruise. In fact the A7 night mean performance was also above the day mean landing performance for all




aircraft and fell at the 90th percentile for the night baseline population. F4 night performance was at
the 78th percentile for all night carrier landings. Although F4 and A7 LPS means were found to be
higher thaa the population mean neither F4 or A7 differences were found to be statistically significant.

Squadron Performance. F4 and A7 squadron performance for different equated time periods during
the cruise is shown in Figures 3 and 4. Figure 3 shows F4 LPS data compared day and night across
refresher training and deployment. Day landing performance was consistently above night performance
and showed a gradually increasing slope of landing proficiency over time. Although the sixth time seg-
ment shows a slight drop in landing performance the gradual upward trend is evident again in the last
time period. Overall day landing performance showed a gradual but continuous increase in landing per-
formance scores from refresher training through the end of the deployment.

Night F4 LPS data show a steep early gradient of improvement over time compared to day landings
but also reflect more variability across time segments than corresponding day LPS for the same pilots.
The finding is consistent with other reported day and night landing differences (1). Time segment five
shows a marked increase in performance followed by a gradual decline through time seven. In general
night landings improved over time from refresher throughout the cruise.

A7 day and night landing performance are chown in Figure 4. Day landings are characterized by a
moderate improvement gradient over time similar to F4 day performance. A7 night data show a steep
improvement curve most significantly depicted between time segment one and two but characteristic of
the entire cruise. In no instance did average night landing performance exceed day performance for
either aircraft type.

To determine whether the zradual pilot landing improvement across time was a function of increased
cumulative landing practice, the first three time periods were analyzed by five day intervals at the start
and end of each period. Each five-day period was depicted Ly a mean LPS day and night. For night land-
ings there was a consistent drop in landing performance between time periods with night scores lower
at the start of each time period compared with the end of the preceding time period. Cumulative practice
elfects for night landings were verified by the data analysis. Day landings appeared to be more consist-
ent with no appreciable change in performance as a function of increased practice or stop and start time.

Pilot Performance. Individual pilot landing performance is described in Figures 5 and 6. Figure 5
shows F4 pilot LPS data rank-ordered by day with each pilot's corresponding night landing performance
plotted directly below with his day rank order. Individual day landing performance shows a consistent
high level of proficiency within the F4 pilot sample. Night landing data are more variable. Pilots #9
and 10 show the most consistent day/night landing performance while the greatest difference in day and
night landing proficiency shows up for pilot #5 and #14. Pilot #14 had the lowest LPS day and night for
the entire cruise.

Figure 6 shows individual A7 pilot landing performance rank-ordered by each pilot's day LPS with
his night LPS aligned with his day rank order sequence. The most consistent pilot was pilot #1 who had
the highest day and night landing performance score for the cruise. Pilots #11, #12, #13 and #14 were
most consistent day and night as measured by the smallest differerce in day and night LPS values. Four
pilots had higher night LPS values than day with pilot #19 showing the largest increase in landing per-
formance at night compared today. Four pilots had large night landing performance decrements (Pilots
#4, #5, #10, #15). Againas with F4 pilots, “ay landing performance was relatively consistent across
pilots with larger variability in individual night landing performance.

Pilot reliability data indicate that during the cruise pilots were consistent in their landing performance
as measured by correlation coefficients. Day and night pilot LPS data correlated for A7 and F4 samples
atr = .53 (p <.0l) for the entire cruise. In terms of pilot consistency between time periods three time
segments of F4 pilot LPS data were correlated with independently derived LSO evaluations of each pilot's
landing performance. The vresults indicate a statistically significant relationship with correlations of
r =.83, .64 and . 87 for time segments 1, 2 and 3 respectively. The first and third correlations are
significant at the . 01 level with . 64 being significant at the . 05 level.

Figure 7 illustrates the diagnostic capability of the LPS measurement technique for two F4 pilots,
#1 and #14, the highest and lowest landing performers for day recovery operations. Wire three is the
aiming point in carrier recovery operations and as can be seen in Figure 7 Pilot #] touches down on the
target wire 30 percent more than Pilot #14 during day recovery periods. At night Pilot #1 lands more
than three times as often at the target wire than #14 who boltered once in every four night carrier
approaches during the cruise. Relative differences in day and night landing outcomes are readily apparent
from the histogram. At night Pilot #1 catches the target wire 1/3 less than by day and increases the pro-
portion of his long (¥4 wire) and short landings (#] wire). At night the low performing pilot (#14) shows
the greatest increase in long landings (bolters and #4 wire) at the expense of targe: wire arrestment.
Figure 7 represents a diagnostic description of pilot landing performance signatures or baseline per-
formance data for prolonged operational flights.

Cumulative Workload Measures

Different patterns of landing performance by F4 pilots across three levels of cumulative workload
are presented in Figure 8. Day and night landing performance scores dropped slightly from a zero work-
load to a moderate workload which consisted of 11 consecutive days flying over nonhostile terrain. The

: most significant change in pilot performance appears at night between moderate workload and high work-
load or 22 days consecutive flying over hostile territory. The increase in night landing performance
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from moderate to high cumulative workload was found statistically significant ata t = 10.97, p < .0l.
Landing performance improved significantly at night under high levels of workload compared with zero
and moderate work levels. By day, however, pilot landing performance measured under moderate and
high workload levels was consistently below zero workload level landing performance.

F4 night landing capability was highest during high cumulative workload. F4 pilot night LPS data
were also found to be higher than either of the performance means for the entire cruise or the baseline
data. Day LPS data were highest under zero worklcad while moderate and high workload landing per-
formance was equivalent to the day F4 mean for the entire cruise and slightly above the baseline norm.

DISCUSSION

Pilot landing performance during long duration flight operations can be measured and described
through application of the Landing Performance Score metric. Squadron and individual pilot performance
signatures were obtained during fleet operations and variations in performance were described for differ-
ent time periods including three levels of cumulative workload. The significance of LPS application to
actual fleet operations may be in the broad spectrum of operational landing performance that can be
quantified, described and diagnostically fed back to all levels of command from individual pilots to fleet
commanders. The LPS proviles a common, objectively derived performance scale that can be used to
develop performance standards for lifferent levels of pilot training and experience or to provide individ-
ual landing performance curves for both aiv and night operations.

There are several operational implications of tii> study which may have practical significance to the
fleet. The possibility that some pilots may land more eftectively at night than by day was suggested by
some of the A7 pilot performance data. Four A7 pilots had highes night landing scores than day, while
36 percent of the A7 pilots had night scores approximately equal to or abcve their day landing scores.
In addition, it was demonstrated that diagnostic training feedback on the quality cf landing performance
could be obtained from LPS data. Pilot landing scores were used to rank-order plilots c» a continuum
of landing quality and to identify high and low proficiency pilots. Pilot landing distributions were com-
pared for diagnostic data such as target wire arrestment or long and short landing trends. Such types
of information could be useful to squadron and airwing officers or LSOs to assist in effective utilization,
training and assignment of fleet aviators. In view of the current energy crisis or other flight curtail-
ments such data conceivably might be extended tc provide operaticnal selection criteria for individual
flight and mission assignment, especially if flight frequency shortages affect maintenance of long term
pilot landing proficiency.

Different levels of cumulative workload were found to influence csrrier !anding performance only in
the high workload condition for night performance. The increzsed tempo of operations and accumulated
night experience acquired over 22 consecutive days of flying suggeets that recent night landing experience
may be related to the significant increase in night landing performance during high cumulative workload.
Some evidence exists to support the idea that practice effects are interrelated with high cumulative work-
load, especially at night. During the cruise pilots had a significantly greater number of day landings
than night landings so that under high workload conditions the increase in performance may be partially
due to more night experience rather than a simple effect of high workload. LPS data for the entire
cruise lend added support to the contention of practice effects since landing performance showed a gradual
improvement for both day and night performance over time. Night performance tended to show a steeper
improvement gradient over time, especially in the early stages of the cruise. Day landing performance
changes were more gradual than night changes probably due to a greater number of day landings per pilot
for each time period. - With an equivalent increase in night landing experience we would hypothesize that
pilot night landing scores for zero and moderate workloads would increase to correspond more closely
with day results. However, not all of the increase in night performance can be accounted for by practice
effects. Some of the striking increase in night pezformance under high workload is probably attributable
to optimum pilot performance as suggested by Nicholson. Our data show a high workload nigkt perform-
ance level that is considerably higher than that accountable by practice effects alone.

Night landing performance was isolated from day performance because it is more demanding of the
naval aviator. It requires more skill. attention and concentration by the pilot compared to day recovery
and probably is more sensitive to fluctuations in cumul»ave pilot workload. Previous studies (8,9,10)
have separately reported increased physiological response during periods of pilot final approach and
landing. Those data indicate that landing is a demanding and stressful task that can be associated with
changes in heart rate, finger tremor and blood chemistry. In this study we found night landing perform-
ance to be more sensitive to worklead fluctuations than day performance even when practice effects are
taken into account. In any future work in this area night landing measures should be used as the primary
performance measure to obtain data that is more sensitive to operational workload conditions.

In summary this paper has discussed the application of a criterion of pilot carrier landing perform-
ance to describe performance variations associated with prolonged operations and different levels of
cumulative workload. The intriguing question of the predictability of pilot performance from intervening
variables such as experience and psychophysioio_tical factors collected concurrently with the data
reported here is discussed in a sequel to this report (11).
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DISCUSSION

Did you collect information other than on the touch down point. This msy help

to diagnose poor or good performers from the standpoint of angle of descent,
rats etc?

Not in this particular study, We have collected previously about 6,000 day
and night final approach records which describe this type of information.

We could account for a large percentage of performance variants sssociated
with the final approach by simply using a final or terainal landing condition,
There is a number of reports vhich correspond this landing performance score
to the radar records of the final approach, including glide slope angie,
altitude above the deck, sink rate, pitch angle and final approach speed.

In addition we had the LSO (landing safety officer) estimates of final approach
and landing.

What spread in the data do vou get through weather conditions?

During lign: to heavy rain as opposed to normal recovery conditions we found
no significant differences. The greatest difference we find is with a
pitching deck,
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AIRCREW WORKLOAD AND HUMAN PERFORMANCE
1JE PROBLEM FACING THE OPERATIONAL COMMANDER

Lieutenant Colonel W.D. Macnamara
Defeuce and Civil Inatitute of Environmental Medicine
1133 Sheppard Avenue, West
P.0. Box 2000, Downsview, Ontario, Canada
M3M 3B9

SUMMARY

The information available to an operetional commander
on the reliability and serviceability of the human
component in the air weapons system is limited when
compared to that availeble for the aircreft and
other systems componenta. The common use of totel
flying hours does not provide the commander with
informstion consiatent with that now available from
aircrew workload and performance studies. A besis
for and the background in the development of a trial
approech to providing commanders with better
information on the human component is deacribed.

INTRODUCTION

For over 60 years, the problems of human performance in eviation have been subject to study in
verying intenaity. In recent years, the study of aircrew workloed and performance has become increasingly
importent for three main reasons:

e. wmodern eircreft ere more relieble, sophisticated, and efficien. and cosmonly
can outfly their crews;

b. airspace and eirports have become more congested, increasing the demanda
placed on crews; and,

c. financiel constraints ere forcing maximum effectiveness and utilizetion of
both eircreft and human resources.

A relatively recent increesed interest in the problems of eircrew workloed end performance 1s
reflected in the lerge number of papers on this subject in the past five yeers. Noteble ere those from the
Hartman group in the U.S., the Klein group fn West Germany end the Nicholson group in U.K. While those of
us interested in this erea enjoy the understanding arising from the freedom of communication in the litere-
ture end et international gatherings, the operetional commander has a problem.

The problem fscing the operetional commander is how to obtein for precticel use the human perform
ance date that we, es specielists, have. How cen he metch enticipeted workloed with crew performance
potential?

It is the eim of this peper to explore the nature of this problem and to present e prectical
epprosch that we have sterted using in the Cenedien Armed Forces.

THE NATURE OF THE PROBLEM

The militsry commsnder is en executive whose role is to manege his resources to essure the effective
etteinment of his essigned mission. In eir operetions, excluding the self-evident morel obligations, the
conservation of eircreft end manpower resources is good business. Not only the financial cost but also the
time cost in the replecement of the resources could leed to operetionel limitetions that would compromise the
probability of successful mission completion. The resources cannot be committed cepriciously. The commander
must therefore have date on the probability of effective performance of his eir weepons systems before he cen
make his finel stretegic end tactical decisions lesding to the disposition of his resources.

For the eircreft, eeroneuticel engineering end maintenance technology provide the commander not only
with s reliuble system but slso with a pre-mission indication of the serviceability of that system. Notwith-
standing 60 yeers of effort, we cennot provide him with similer date on the reliebility end serviceability of
the human component. There is =o instrument that can identify for the commander the performance cepability of
an individual aircrewvman, decermine whether or not a crevman is suffering from fatigue sufficient to ceuse e
performance decrement, or correlete performsnce decrement with the probability of succeaaful mission com-
pletion. To date we cannot guide the commander, in human performance terms, through that decision pathwsy in
which he must integrate the various priorities of flight sefety and miasion completion in peace, and of
maximm effectiveness st minimum cost, in war

PRESENT POSITION

As evidence that the human performance guidelines for eir operetions rmmain somewhat vague, it is
interesting to note the following veriation in aircrew flying times found in our 1972 survey of seven
military air services. (1)
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TABLE 1
SURVEY OF AIRCREW FLYING TIME REGULATIONS
Alr Force Maximum Monthly Limit on Rate Maximum Aircrew Duty Day Minimum Daily

Flying Time to Monthly Maximum Crev Rest
A 120 hrs 50 hrs/7 days 15/17 hrs* 10 hrs
B 125 hrs Nil 18 hrs 9 hrs
c 120 hrs Nil 16~20 hrst* 11 hrs
D 120 hrs Nil 16 hrs 14 hrs
E 125 hrs Nil 16 hrs 12 hrs
F 90/100 hrs* 25-30 hrs/7 dayvs* 10 hrs 12 hrs
G 125/150 hre* 50 hrs/wk 12 hrs 15 hre

*Varies with type of aircraft

The monthly maximum flying times range from 90 hours to 150 hours. The controls on the distribu-
tion of the flying hours vary from nil to as little as 25 hours per 7 days. Maximum aircrew duty days range
from 10 hours to 18 hours with the minimum dafly crew rest from 8 to 15 hours, allowing some adjustments for
special circumstances.

Against this rather wide variation in regulations, both past and recent literature recognize the
variability in human performance between and within individuals, between and within given days, months and
seasons. The masses of data arising from studies of human performance in a wide range of specific aircraft
operations permit very few generalizations; but, specific studies could probably be found to support or
refute the flying time positions held by any of the above air forces.

In seeking guidelines i how to handle this problem, we conducted, in conjunction with a number
of exercises during the period 1971-73, informal interviews of a cross-section of supervisory airvcrew in
the Canadian Armed Forces to determine their general knowledge of performance, workload and fatigue effects.
Out of these interviews only one commc: thread appeared - the judgement of how well a given aircrewman is
performing at a given time is dependent upon how well his normal performance is known by his peers and
supervisors. Failing any performance decrement being noticed at the supervisory level, the regulatory
control is simply flying hours. The individual still has the right to seek the counsel of the Flight
Surgeon if he feels "fatigued", but the responsibility is with the individual. However, several perceptive
aircrev encountered in our interviews expressed concern in their ability to recognize any impairmwent of
their personal capability because they also recognized impaired judgement as symptomatic of fatigue.

The recent literature clearly points out that the daily, weekly, or monthly flying hours cannot
be used as simple determirants of the probability of next mission success in a given crewmember. Looking
at recent operationally oriented studies, Nicholson (2, 3) has emphasized that the quality of sleep is
important and that chronic disturbances in the sleep pattern tend to lead to reduced dutv capability over
a period of days. Hartman (4) has pointed out that although a strenuous mission can be carried out success-
fully, evidence of the 'physiological cost' is seen days after the completion of the mission. The work of
Morgan and Alluisi (5) has indicated that after sleep deprivation, performance may return to near normal
after 24 hours rest. Klein (6) has details of some performance decrement during periods in which sleep is
normally e:pected - the so called 'physiological low’. Finally, Harris and 0’Hanlon (7) have emphasized
the complexity of the environwental, physiological and psvchological stresses that may contribute to reduced
performance.

From the literature, we concluded that the activities of individual aircrew in the 24 hours
immediately prior to their mission could function as reasonable parsmeters for operational commanders to
judge the performance of their aircrew. It was further reasoned that by educating the operational super-
visors in the factors that contribute to performance decrement and encouraging them to recognize and manage
individual variations in performance, they could manage their men rather than being limited by flying time
regulations.

THE APPROACH TO THE SOLUTION

'sing a modification of a list of potential stress areas from Harris and O’Hanlon (7) the following
approach hae been developed for presentation to Flight Safety officers and Squadron Commanders.

Operational £ffect!vcnecs = Human Pffectiveness
Human Effectiveness = Management of Human Design Limitations
Managesent of Human Design Limitations =

Research and Developaent +

Clinical Surveillance +

Education of Operational Commenders
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Human Design Limitations are seen in the effects of:
Prolonged Physical Work
Sleep Deprivation
Circadian Deaynchronies
Reaction to Infection
Environmental Stresaea
- Temperature
- Weather
- Decrsased atmospheric pressure
- Noise, vibration, impact, acceleration
= Visual and Vestibular Problems
- Toxic Compounds
~ Confinement
- Nut-itional, water and electrolyte balance
- Weapons effects (including NBCW)
Situation Stresaes
- Social and Domestic activities
- Change in Life Events
- Inexperience
- Threat of Injury or Death
- Command responsibilitcy
Moderate detail ia provided to indicate how each of the factora affecta human performance in aircrew.
Commandera are encouraged to try to identify factora contributing to a perceived performance decrement in
a given individual. Emphasis i3 placed on the need for squadron and flight commanders to know and monitor
the normal activitiea, behaviour, and flying performance of their crews and, particularly, to recognize
the individual and daily variationa.

The use of thia approach has the following objectivea:

a. to provide the operational commander with improved information
on the performance potential of those under his command;

b. to permit the squadron commanders to manage flying hours;
c. to validate concluaions found in or based on existing literature; and
d. to identify priority areas for atudy, through feedback from commanders.

Although early indicationa are that the coumandera are interested in this approach, we have as yet no indi-
cation of overall aircirew acceptance or co-operation.

CONCLUSION

In preaeating thia firat hesitant atep at improving the management syatem for aircrew workload, it
ia our hope that it will atimulate discussion among NATO members and will ultimately lead to improved relia-
bility and aerviceability of the human component of the air weapona aystem.
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DISCUSSION

To which category of pilots to the figures on flying hours refer?
These figures were obtained from the air forces directly,

I just cannot see how any fighter pilot could fly any more than 40-50 hours. As
far as flving instructors anything between 30-45 hours is, I think, about the
maximum, In our regulations the maximum hours for instructors are 40 per month
on jet aircraft. Perhaps my RAP colleagues would bear me out with the
regulations at present in force for the Royal Air Force.

In the RAP the figures for fighter pilote are based on sorties., We allow a
maximum of 4 sorties in a day, but there is also an hours maximum which depends
on what you have been doing in the sortie, The flying instructors limit is

S0 hours in a month, the highest figure I have ever achieved instructing is

90 hours in one month on a light aircraft. 1 quite agree that is quite
debilitating and requirer a month's leave to recuperate., We have very strict
working hours which require that you have at least 8 hours continuous rest in
any 24 hour period and a maximum working period of 16 hours at any one stretch,

There is a standardisation agreement (STANAG) on this malter for NATO countries,

Our US Army helicopter pilots in Veitnam flew over 100 hours a month and ve.y
often as high as 125 hours a month,

My suggestion was that we should permit our commanders to have more flexibility
in managing the hours of their crews. I would like to sound a congratulatory
note on this attempt to provide a first step towards assessing these problems,
Would you try to assess all those factors which vou have listed? You would
need observers but do vyou think you would get enough co-operation from the
crew to have them fill out their own check lists,

In the past one of the difficulties has been that we run into a squadron and
as a group of specialists we tell the commander he has a problem when he
doesn't have one! The approach we encourage is for the squadron commander to
look at the problem with us. In this sense we need to work closely with the
crews using their own information.

il e o . B " 4 . 3 1 5 s h
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SUMMARY

Endocrine-metabolic measures have been used at the USAF School of Aerospace Medicine in a series of
field and laboratory studies performed during the past decade. The field studies involved different kinds
of military aircraft as well as missions of varying nature and length. Certain aspects were studied in
simulated flights conducted under laboratory conditions. The data accumulated in the ten-year period have
now been subjected to a cross-sectional analysis in an effort to ascertain the basic relation of endocrine-
metabolic activity to the workload in either actual or simulated flights. For the present purpose, load
represents degree of flight difficulty multiplied by duration. Difficulty was based upon USAF expert
rankings, and duration was based upon fractions of a day. Multiple linear regression analysis was performed
on data for urinary epinephrine, norepinephrine, 17-0HCS, urea, Na, K, and the Na/K ratio. This report
presents the findings in the first phase of the cross-sectional study. Definition of the utility of
endocrine-metabolic assessments of workload in the flight situation is expected to emerge ultimately from
additional analyses.

INTRODUCTION

During the past decade the USAF School of Aerospace Medicine has conducted, under either field or
laboratory conditions, studies of human responses to flight. The working hypothesis has been that flying
operations act in the manner of stressors, eliciting interrelated endocrine-metabolic responses which are
compensatory in nature, tending to maintain a state of physiologic balance (homeostasis). A battery of
urinary determinations was used to assess the physiologic cost in a wide variety of circumstances,
including flying operations of various types and durations which took place at various times of day and
utilized a variety of aircraft. Statistical evaluation consistently indicated elevation in physiologic
"cost" which apparently related to (a) type of aircraft, (b) flight complexity, (c) flight duratiom,

(d) time of day, and/or (e) crew position. Additional factors also seemed to be contributory, affecting
some or all of the endocrine-metabolic functions under study. Preflight circumstances unquestionably
exerted recognizable influence on the physiologic state in a subsequent flight period. The data collected
in this ten-year effort are now being subjected to a cross-sectional analysis, hoping to bring out basic
features which possibly can be useful to flight surgeons, commanders, or aircraft designers. This is a
preliminary report of this cross-sectional study.

METHODS

Seventeen of the previously-published stress studies (1-13) and two unpublished studies provided the
data which were to be considered from a spectral approach. As the first step in this collective study,
multiple linear regression analysis was performed. The "load" for each of the studies was computed in
each case using a value taken from a 7-point "complexity'" scale multiplied by a value from a 5-point
duration scale. The complexity (degree of difficulty) scale used expert ratings on the difficulty of
flying the several different aircratt in our studies which were supplied by the USAF Directorate of
Aerospace Safety, Norton AFB, California. The duration scale used 4-hour increments based upon a 24«t.our
period. The "loads" thus established comprised a spectrum which was regarded tentative, and the physiologic
trends were used to predict loads. Thus, for these man-machine combinations, man is considered a ''sensor.”

The urinary determinations are as follows: (a) epinephrine, an index of adrenomedullary activity,
(t) norepinephrine, an index of sympathetic nervous system activity, (c) 17-hydroxycorticosteroids
(17-0HCS), an index of adrenocortical activity, (d) urea, an index of protein catabolism, and (ej sodium
and potassium, indices of mineral metabolism. The ratio of sodium to potassium is considered an index
of metabolic balance (homeostasis).

As background, it is essential to know the character of the circumstances of varying load. Only
endflight data were obtainsble in certajn of the atudies. In some of these cases the flights terminated
in daytime; ir cthers, there was nighttime termination. Where within-flight determinations were made,
the overall average was ur :d. If the entire flight (whether real or simulated) took place in daytime,
the average cf the within- /light values was placed with the endflight values for daytime. Similarly,
ayeraged within-flight data for flights mude in nighttime periods were placed with endflight values
obtaiued at night. In very prolonged flights the averaged within-flight data were placed in a separate
category, namely, combined day-night.

Daytime data were obtained in the following cases: (a) 18-hour F-4C flights, (b) B-52 test flights
losting 9-14 hours, (c) 8-hour FB-111 test flights, (d) C-135B staged global flights lasting 6 days,
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(e) 6~hour F-104 transatlantic flights, (f) staged F-102 transoceanic fiights, (g) 6-hour F-100 transoceanic
flights, (h) a 12-hour simulated flight, and (i) a 4-hour period of normobaric hyperoxia.

The combined day-night studies included (a) a 28-hour HH-3E transatlantic flight, (b) S54-hour double-
crew C-141 intercontinental flights, (c) trausvceanic C-1358 flights made during a 7-week alrlift exercise,
(d) 66~hour double-crew C-5 intercontinental flights, (e) C-141 staged intercontinental flights of 5-7 days
duration, (f) 2-hour F-100 training flights, and (g) air traffic control work.

Nighttime termination studies were limited to the following: (a) 20-hour C-130E round-trip New Zealand-
Antarctica flights, (b) a 36-hour simulated flight, and (c) night shift work.

RESULTS

The endocrine-metabolic values for the individual studies are given in Tables I to III. In each
table the studies are arranged in descending order with respect to load. MNone of the endocrine-metabolic
indices shows clear-cut relationship to load. Obviously, task complexity, duration, and time of day are
not the only factors affecting physiologic cost. It is reasonable to consider the assigned lovads faulty,
thereby contributing to what appears to be nonpatterned variation. Table IV shows the results of the
multiple linear regression analysis. On the basis of the data irom all 19 studies, combinations of
endocrine-metabolic variables other than the catecholamines showed statistically-significant load-dependence
when adjusted by use of a numerical factor for time of day (nigiit = O, day-night = 1, and day = 2). The
endocrine-metabolic variables which, collectively, showed the best relationship to load were sodium,
potassium, and the scdium-potassium ratio. As shown in Table IV and Fig. 1, load can be roughly predicted
by this complex of variables (r = .8l). The regression equation appears as a footnote to the table.

Since epinephrine and norepinephrine data were unobtainable in two of the studies, a secondary analysis
was performed on the 17 studies which had complete data. Potassium, Na/K, norepinepnrine, and time of day
collectively gave the most clear-cut load-dependency (r = .84) (Table IV and Fig. 2). Using more of the
physiologic variables did not greatly improve this prediction.

DISCUSSION

As we indicated in the introduction to this paper, our working hypothesis is that the task of flying
involves a complex of stressors acting in some unspecified combination to produce changes in the physiological
status of the crew, We interpret our findings and make recommendations regarding specified problems in
flying operations within this framework. However, this step from a physiological change to an operational
recommendation is indeed a large one, perhaps too large to withstand close scrutiny. We have, therefore,
undertaken a critical analysis of this entire approach, using our own studies as a starting point.

Workload is a more concrete variable against which to perform our first analysis than our working
hypothesis implies, but it is obviously of great interest to operational groups, so we accepted the
challenge. Many procedural and technical problems surfaced once we began rating workload and identifying
the appropriate endocrine-metabolic data to be evaluated, and compromises were made which may have weakened
the analysis from a physiological (not statistical) point of view. In addition, there are three major
aspects of the study which are of concern. First, the workload rating procedure is less than completely
satisfactory, in that it does not take into account operationally-significant factors whicn logically
deserve consideration, such as the type of mission, the tactical and/or environmental threat, etc. The
outcome of the multiple linear regression analysis is no better than the workload ratings which were
assigned, It does, however, have the advantage of being objective rather than subjective. Second, the
workload rating procedure resulted in many ties and considerable clumping in the middle of the range of
scores. This can compromise the efficiency of the statistical analysis., Third, the statistical demands
of the analysis would not fully accommodate all of the physiology which deserves consideration. In
particular, we were unable to consider the highly useful time courses of the physiological changes without
discarding so many of the early studies that the analysis itself would be compromised.

Nevertheless, it was the impartial assessment and judgment of the statistician to whom we chose to
submit our case. The results from this first analysis are less than a complete indorsement of our approach
and more than the bitter disappointment of random fluctuation. We consider them sufficiently promising to
proceed with further analysis for this sub-evaluation.
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TABLE 1

DAYTIME STUDIES

Vol. 44,

1973, pp 871-881.

Physiologic cost of
Vol. 44, 1973, pp 999-1008.

Test Endocrine-Metabolic Index

Circumstance Load E NE 17-0HCS 1] Na K Na/K
F4C flight 30 0.74 3.80 444 1.39 6.1 1.8 4.0
B52 flight 18 1.52 5.09 691 1.69 12.5 4.6 2.7
FB111 flight 18 0.83 5.55 395 1.34 15.0 4.7 3.4
C135B flight 15 - - 338 1.16 9.4 3.6 2.8
F104 flight 14 1.83 5.72 298 1.26 14.6 4.2 3.6
F102 flight 14 1.60 4.33 341 1.78 11.1 3.9 2.9
F100 flight 14 1.28 3.57 373 1.52 11.2 4.5 2.6
12-hr Simulated flight 6 1.56 4.92 462 1.82 12.4 3.9 3.8
Hyperoxia 1 0.56 2.88 325 1.33 11.4 5.1 2.6

E, NE, and 17-0OHCS = epinephrine, norepinephrine, and corticosteroids (ug/100 mg creatinine);
U = urea (gm/100 mg creatinine); Na and K = sodium and potassium (mEq/100 mg creatinine); and Na/K =
mean ratio of sodium and potassium, not ratio of mean sodium and mean potassium,

TABLE 11

DAY-NIGHT STUDIES

Test Endocrine-Metabolic Index

Circumstance Load E NE 17-0OHCS 1] Na K Na/K
HH3E flight 26 1.70 3.93 217 1.40 7.1 2.1 3.4
141 double-crew flight 15 i.11 4,47 294 1.32 12.4 3.2 4.3
C135 flight 19 1.16 3.37 369 1.47 10.6 2.6 4.6
C5 flight 10 1.07 4,83 305 1.24 11.4 4.0 3.3
Cl41 single-crew flight 8 0.99 4.30 212 1.30 10.7 3.1 4.0
F100 training flaght 7 0.74 2.69 280 1.16 12.4 3.6 3.8
Alr traffic control work 6 1.60 4.75 289 1.35 11.7 3.8 3.5

See Table 1 for explanation of terms.
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TABLE III

NIGHTTIME STUDIES

Test Endocrine-Metabolic Index
Circumstance Load E NE 17-0HCS U Na K Ra/K
Cl130E flight 20 0.99 3.63 196 1.22 7.5 2.4 3.2
36-hr Simulated flight 9 - - 243 1.35 10.3 2.4 4.6
Sedentary work 2 0.68 3.18 274 1.30 9.2 2.8 3.4
See Table 1 for explanation of terms.
TABLE 1V
ASS1GNED AND PREDICTED LOADS
Assigned Predicted Predicted
Study Load Load* Load**
(1) F4C 30 27 29
(2) HH3E 26 24 24
(3) CI130E 20 15 16
(4) B52 18 11 11
(5) FBl11 18 11 11
(6) C1358, global 15 19 -
(7) Cl141, double-crew 15 10 10
(8) Floz 14 18 18
(9) F104 14 17 15
(10) F100 14 12 11
(11) C1358, transoceanic 10 12 9
(12) ¢5 10 6 10
(13) 36-hr simulated flight 9 7 -
(14) C-141, staged 8 11 12
(15) Fl00, training 7 10 3
(16) 12-hr simulated flight 6 12 14
(17) Air traffic control work 6 7 10
(18) Night shift duty 2 11 9
(19) Hyperoxia 1 2 3

*Load = 7

35(Na) + 7.42(time) - 17.9(K) - 12.1(Na/K)

1.3 + 3.
**Load = 46.8 + 3.70(NE) + 6.16(time) - 9.70(X) - 6.70(Na/K)




Al0-S

30p
on'
3
=1
(o)
=
3 Q
; -
; @
] L 10p
L]
0 A 'l J
0 10 20 30

PREDICTED LOAD

Fig. 1. Predicted load versus assigned load

30 ¢
- °
3
. g Ay ¢ &
; =]
-
f= ?
x;:z [ ] ® 0
o
0
9 10 b
@
L ] ° ®
L ]
4 b 3 i ]
) 10 20 30

PREDICTED LOAD

| Fig. Z. Predicted load versus assigned load




e ST R YD LU B AR TR 5 e

o
™~
L]
"
~
-3
iy
c
o
- 3
-t
3
° =]
1]
' -
& 2 o
- -
= L
o
= 3
)
A -
-
© .
=) )
fa
——ta A A A A a
W M~ W N M N o O
XoNAndAUI
«
- - — - yr— "™ o T r— : i e o




All-}

TIME DEPENDENCE OF THE FLIGHT INDUCED INCREASE OF FREE URINARY
CORTISOL SECRETION IN JET PILOTS

G. Ulbrecht, Col., GAF, MD; E. Meier, Cpt., GAF,MD; R.RothenfuBler,
GAF, Research Technician, K.v.¥Werder,Cpt.,GAF ,MD
German Air Force Institute of Aviation Medicine
808 Fiirstenfeldbruck, Germany

SUMMARY

A modified competitive protein binding assay of free urinary cortisol using a single solvent
oxtraction and a cortisol binding globulin from a dexamethasons suppressed male subject was
devqloped. The seperation of bound and free cortieol was performed by adsorption of the free
cortisol to dextran coated charcoal. The sensitivity of the method allows to measure as low as
0.2 ng per tube. The coefficient of variation within one assay is only 4.8 %, which makes this
method suitable to measure minute changes of free urinary cortisol excretion during ths day in a
!rngtion‘tcd 24 h{-urinc collection. The m¢can free cortisol excretion in 35 normal men was
63 - 3 ng/24 hrs - SE ehoving the expected circadian rytha of adrenocortical activity. In seven
F-104 pilots flviu‘ tvo missione g day the 24 hr free urinary cortisol secretion was signifi-
cantly higher (3 I 12 pg/24 hrs = SE) compared to 12 pilots on day of rest (43 X 7 ng/24 hrs.).
Vhen 26 F-104 pilots, 12 RF 4E pilots and 14 weapon system operators (WSO) wesre evaluated by
measuring free urinary cortisol excretion in short intervals it could be demonstrated, that only
the pilots flying early in the morning showsd an enhancement of adrenocortical activity coapared
to norsal controls, suggesting a change of excitability of the hypothalamo-pituitary-adrenal
eyetem during the day. This might have to be takeninbaccount if investigations about streess of
flying and adrenocortical activity are carried out.

INTRODUCTION

It hae been shown that there is a variety of different stressful situations leading to the
activation of the human adrenal cortex (1). The increase of cortisol secretion is always induced
by an increase of circulating adrenocorticotropic hormone (ACTH) (2). The ACTH-secretion froam
the anterior pituitary is again stimulated by the release of corticotropin releasing factor (CRF)

from the hypothalamus (3) which is under control of higher brain centers (4) mediating the release
of CRF (Fig. 1).

CHORDOTOMY

BROKEN
LEG

Fig. 1: The hypothalamo-pituitary-adrenal system (CRF » ACTH # Cortiscl). Stimulating - &

- secretion are depicted. Stress leads only to CRF-
secretion if the neural transmission is not interrupted (chordotomy). CRF-secretion is
also influenced by general aneethesia (5) and biogenic amines (6). The shaded pathways
repreeent the nagative feedback eyetems which exist between the adrenal and the

pituitary and hypothalamue (long feedback), the pituitary and the hyrothalamus (short
feedback) and probably between the pituitary and higher brain centers (4). There is

aleo a negative unspecific fesdback of cortisol upon other pituitary horsmones
(somatotropic hormone = STH, tkyrotropin = TSH, and follicle etimulating hormone = FSH).
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The wagnitude of the increase of the cortisol plasma level reflects the functional state of
the hypothalamo-pituitary-sdrenal axis as well as the intensity of the stress activating this
systes. Since flying a jet is a situation in which the pilot has to cope with a variety of
psychological and biophysical stresses it is not surprising that adrenocortical activity in pilots
is found to be enhanced on day of flight (7,8). If the activation of the hypothalamo-pituitary-
adrenal-eystea is due to psychological influences or to the actual physical stress has not bdeen
clarified yet. Since it is difficult to weasure ACTH or cortisol blood levels in a group of pilots
during the actual time of flying one has to rely on the measurements of cortisol or cortisol
metabolites in the urine. In most of the previous investigations concerning the influence of
flying upon adreno-cortical activity the conjugated 17-hydroxycorticosteroids were measured(,7,8).
Since the nonmetabolized socalled free urinary cortisol is in contrast to the conjugated 17-OHCS
independent of the cortisol binding protein moieties in the serum and of liver functiom, it
reflects far better than these 17-0HCS the instantaneous functional state of the adrenal cortex
(9,10). This has been provsn in clinical medicine for the diagnosis of adrenocortical abnormalities.
We have developed a simple technique for the measurement of free urinary cortisol which is based
on the competitivs pro%ein binding radio-ligand-assay originally developed for the determination
of plassa corticoids by MURPHRY and PATTEE (11) and modifisd for the measursment of urinary cortisol
(12).

MATERIALS AND METHODS

The basic principles of ths competitive protein binding analysis (CPBA) has been discusssd
praviously (13). Our method employsd is patterned clg;oly after that described by HSU and BLEDSOE
(12). It differs in that ths assay system employs a “H-cortisol labsled cortisol-binding-globulin
(CBG) solution and dextran-coated charcoal adsorbsnt. Only one aliquot of the dichloromethane
extract of ths urine is subjected to a single alkalin: wash before the CPBA is psrformed.

1, 2, 6, 7 -3H-Cortisol with a specific activity o7 290 mCi/mg was purchased from the Radio-
chemical Centre, Amersham, U.K.. Highly purified dichloromsthane was obtained from E. Merck,
Darmstadt, Germany, Dsxtran T 70 (Pharmacia, Uppsala, Sweden) and Norit A charcoal (Serva, Heidel-
berg, Germany) were ussd for the adsorbent. The CBG-ssrum was obtained from a normal mals subject
4 hours after oral administration of 2 mg dexamethasone. Liquid scintillation counting was per-
formed in a Packard Tri-Carb using Insta-Gel (Packard Inst.Comp., Downers Grove, Ill., Cat.No.
6002174) as scintillator system.

Cortisol standard curves ranged conventionally from 10 to 100 ng/m. To 0.1 ml of the
standard solution 0,7 ml of 0.05 m phosphate buffer, pH 7.4 was addsld. The CEG-serum was diluted
1:50 in phosphate buffer and an equal volume of the 38-cortisol solution (also diluted in phos-
phate buffsr) with 40.000 cpm/ml was added (Fig. 2). 0.2 ml of this CBG - JH-cortisol- solution
was pipeted into the incuba&ion mixture, aftsr which an incubation at 40" C for S minutes was
followed by 30 minutes at &4 C.

Dextran-coated charcoal was prepared by mixing equal volumss of C.5% Nori. A charcoal in
phosphate buffer with 0.0%5% Dextran 10 in phosphate buffer. This solution was kept in an ice bath
and constantly stirred when used. 0.5 ml of this solution was added to ths incubation mixturs
(Fig. 2) after which all samplss were shaken vigorously and kept in an ice bath for 10 minutes.
After centrifugation 0.5 al of the supernatant was pipeted into a counting vial together with
10 ml of Insta-Gel and counted for 10 minutes.

W-comteo  ciG8 SRR Fig.2: Schematic picture of ths CPBA for cortisol

us dextran-coated charcoal as adsorbent.

1. The EBG-sﬁ-cortisol solution is prsparsd
(left).

2. An squilibrium bstween free and CBG-bound
labeled aznd unlabeled cortisol iz estab-
lishsd (center).

3. Ths fres labsled and unlabeled cortisol
is bound t5 the charcoal and the CBG-bound
cortisel is in the supernatant (right).

M- Cortisot bound Fig.3s
(%]
50~

nfluence of time after charcoal addition on
-cortisol binding to CBG. The adsorptiom of

i °--_-"“~\w — JH-cortisol to charcoal from 8 to 14 minutes
“0- —_—— T after adding the charcoal solution is nmot
significantly different as is demonstrated by
Sl the constant JH-cortisol binding to CBG. This
plateau leaves enough time to handls up_to
20+ 60 samples. After 14 minutes a fall of “H-
| cortisol binding_to CBG is observed due to
ok dissociation of JH-cortisol from its CBG-
i binding sites.
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A 1/1000 th or 1/2000 th aliquot of a 24 hr-urine collection is extracted with 10 wl of
dichloromethane. The agqueous layer is discarded by aspiration and the organic phase is washed
once with 0.1 normal sodiumhydroxide. 5 ml of the dichloromethane extract is dried after which
0.8 ml phosphate buffer and 0.2 ml of the JH-cortisol-CBG solution is added. This is incubated
and handled in the same fashion as the standard curve. A control urine is measured with each
assay. The coefficient of variation within one assay is 4.8%, the variation from day to day does
not exceed 13%. The crossreactivity with other steroids is shown in fig. 4.
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Fig. 4: Specificity of Steroid-Binding to CBG. Corticosterone and 17-OH-progesterone show
complete crossreactivity. Progesterone shows partial crossreactivity whereas 4 - 4 -
androstenedione and dehydroepiandrosteroue (DHEA) do not significantly interfere with
the assay. Since there are only minute quantities of free corticosterone, 17-OH progeste-
rone, and progesterone in the urine compared to cortisol, the crossreactivity of these
steroids can be neglected.

With this method free urinary cortisol excretion in 24 hr-urine was measured in 35 normal
males (physicians), 12 jet-pilots on day of rest and 7 pilots flying two missions a day. The
circadian rythe of cortisol secretion was evaluated in 15 normal males seasuring free urinary
cortisol every 3 hours over day-time and in one nighttime collection (6 hours). These results
were compared with the free urinary cortisol excretion of 26 F-104 pilots, 12 RF-4E-pilots and
14 weapon system operators (WSO). The pilots and WSOs emptied their bladder after they got up
in the morning. The time was noted and the urine discarded. Before the flight they emptied their
bladder again. This urine was collected and the time noted. Roughly 3 hours later another urine
was collected. During this collection period the pilots flew a training mission (high and low
level, range, ACT) lasting from 50 to 120 minutes. Ths second urine collection was followed by
a third one, again covering a period about 3 hours. Free urinary cortisol excretion was calcu-
lated in nr/min. Since the collection period varied the first urine had to be regarded as
baseline v ine, from which changes in free urinary cortisol erxcretion in the following urines
were calculated and compared with the normal circadian rythm of free urinary cortisol excretion.
Therefore all data had to be plotted in percent increase or decrease from basal cortisol excretion.

RESULTS

The mean free uringry cortisol gxcretion in 35 normal males (resident doctors of L} university
medical center) was 63 -~ 3 pg/24 hrc- SE with a normal range from 27 to 99 ,ug/24 hrs (- 25). Five
patiente with adrenal insufficiency had levels ranging from less than 5 to 24 pg/24 hrs and two
patients witk Cushing's syndrome had a free urinary cortisol excretion of 846 pg/gh hrs, rospoctivo-
1y 360 pz/2h hrg. Seven jet pilots (F-104) flying two missions a day excreted - 12 pg/24 hrs - SE
compared to 43 - 7 pg/24 hr of 12 pilots on day of rest.

In 15 normal subjects the typical circadianxythm of free urinary cortisol excretion could be
established (Fig. 5).
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The free urinary cortisol secretion pattern in 26 P-104 pilots flying a wission between

6 a.m. and 3 p.m. is depicted in Fig. 6.
Fig.6: C s of free cortisol :
excretion dur t. i
e mission - ainutes) took

place between 6.a.m. and 3 p.m..

The change was calculated in

percent from the preflight excretion
and compared with tha normal circa-
dian periodicity (ehadowed area =
mean - SE).

It waa apparent from these data that only thoae pilots had exaggerated increases in msorning
urinary cortisol excretion who flew early in the morning, wvhereas the othera showed no sigaificant
deviation in their cortisol excretion fros the normal pattern. When free urinary cortisol excretion
wvas seasured in 12 additional RF-4E-pilota and 14 weapon systeam operators we plotted these data
according to tha coamencement of their miasioa. Arbitrarily the pilots starting their sission
bafore 9 a.m. were put togethar in ona group and were compared vith those whoae mission had begun
paat 9 a.a. (Fig. 7). A striking difference could be observed in that moat of the pilota flying
aarly in tha worning ahowed an increase of their cortisol axcretion compared to nonflying indivi-
duala vhereas the pilots flying latar had in most instances a complataly normal circadianrhythas of
adrenocortical activity.
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e of free urinary cortisol excretion during flight in jet pilots and weapon systea
e calculation was performed as in fig.

ying before 9 s.a. ehow increases in cortisol excretior compared to the nonflying groun
(thick line), the pilots starting with their missions past 9 a.a. show genmerally a normal

circadianxhytha of adrenocortical activity.

DISCUSSION

To evaluate adrenocortical activity in pilots during flight one has to rely usually on the
measureaent of cortisol or cortisol metabolites in the urine since obtaining plassa saaples at
short intervals under inflight conditione ie iapracticable. Most of the investigators studying
inflight adrenocorticel activity eetimated the excretion of cortisol metabolitee by the availabdble
standard proceduree (7,8). The half life time of plasme cortisol ie about 8C ainutes (5,14) and
soet of the eecreted cortisol ie reduced to the tetrahydrofors and coupled to glucuronic acid ia
the liver. The measurement of the conjugated 17-hydroxycorticosteroids (17 - OHCS) therefore doee

not reflect the instantaneous etate of cortisol secretion since the overall 17-OHCS excretion

depends also 'a liver function which aight be iapaired during jet flight due to changee in hepatic
circulation. The free urinary cortisol c¢xzcretion ie independent of liver function and reflecte far
better the actual etate of sdrenal activity (9), eince only the free plasma cortieol, i.e. the

biologically active fraction which ia not bound to the cortieocl binding glohulin (CBG) or albumia

ie found in the uriae. Since binding capacity of CBG is liaited and the affinity for cortieol

bindiag of albumin ie low (15), an increase of total plasma cortisol levels ie accompanied by an
even greater increase of the free, unbound cortisol, which will be reflected by the urinary free
cortisol excretion, thus aerving ae an amplifier for the detection of adreamccortical activation.
The previous methode for the wsasurement of free urimary cortisol were baeed on colorimetry and
fluorometry necessetatiag chromatography (16). With the adveat of the CPBA for eteroide thia has
changed. Our method involviag a solveat g¢xtraction of the urine with dichloromethane, a single

alkaline wash and eubsequent CPBA witha “E-cortisol-CBG solutioa fulfille all criteria for a
practicable laboratory procedure. The ssneitivity, precieioa and reproducidbility ie good, the

Bethod ie fast and only small quantitiee of urine ere aseded. Our reeulte of free urimary cortisol
oxcretioa in normale aad is patieate with adrvaal abnormalitiss are in good agreement with other

iavestigatore (12).

Enhancemeat of adremocortical activity in jet pilotsduriag flight has besn showm previously
(7,8). Wether thie is due to actusl physical stress or due to psychologicsl factore ie not clear
yot (17) Activatiom of the hypothalamo-pituitary-adresal syetes represeate the common termimal

pathway of the aasver to & variable and sometimee complex etressor. Our fisdimg that pilote
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flying mieceions early in the moraiag seeam to have a higher cortisol secretion compared to those
vho etart their flight in the late moraiag hours suggest ariytha of hypothalamic-pituitary adresal
responsivensss. Such oyclicity of the responsivesmess of hypothalamo-pituitary adremal-systes to
stressore has reported and discussed bdefore (18,19). If our findiag can be explained oaly

by time facto an ot be etated with adsolute assuremce eimce, though the traiming of all pilots
etudied was comparable, two differeat jete were flowa. It has beea showm that thie alome can cause
differoat responsee regardiag adrenal activatioa (20). Though absolute valuee of cortisol exeretion
would bave helped clarifying this phenomemon, because of the irregular urime collection periods
due to the pilot‘e traianing program it was not poseidle to compare the absolute valuss obtaimed in
our etudy.

Taking all thie in account the difference in the respomse of inflight adrenocortical activation
depending on the daytime of flight and moet likely the etate of the endogemous circadian sxyths of
cortisol eecretion, ie strikimg. It has to be further investigated before any coaclusions should be
drawvn but should be looked for if etudiee concerming adremocortical activity in respomse to complex
etressore are carried out.
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EMOTIONAL AND BiOCHEMICAL EFFECTS OF HiGH WORK-LOAD
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Navy Medicai Neuropsychlatric Research Unit Dunlap and Associates, inc.
San Dlego, Cailfornia 92152 La Jolla, Caiifornia
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Navy Medicai Neuropsychlatric Research Unit
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SUMMARY

A preiiminary longitudinal witifactorial study of the Interrelationships of blochemical, mood, blo-
graphical factors and landing per ormance under high work ioad conditions has been carried out with U. S.
Navai Aviators. Leveis of serum ch.l'esteroi, serum uric acid, biood iactate, pyruvate, and mood assess-
ments were made during perlods of norn-flying activity and during periods of increased cumuiative work load.
Uric acld vaiues feil during moderate cumulative work load, and choiesterol values fell during high cumu-
lative work ioad. increased variabliity of pyruvate and lactate were noted with Increased cumulative work
foad. increased cumulative work loac 4id not affect emotlions or performance but altered mood assoclatlion
patterns and aitered the relationships of mood and performance. Experience was correiated wlth performance
under zero cumu'!atlv- work ioad conditions. Emotlon correlated with performance under high cumulatlve
werk !cs? comditions.

INTROUCT I ON

The concept of homeostatic controi of the internal environment has been a keystone of physlologic
theory for many years and many studies of environmental stress have utilized this concept. Untii recentiy
however, there have been few comprehens|ve theorles regarding emotional and behavlorai aspects of stress
response. Teichman has eiaborated the concept that the organism Is a complex self regulating system that
responds to both physical and symboiic stimull by compensatory responses whose purpose is to control physio-
loglc and behavioral phenomena within certaln IImits. Thus a s*ress reaction |s defined as a variation in
behavior beyond normal limits, and stimuil associated with stress reactions are defined as stressors. |In
this analysls it becomes appropriate to conslder the stressor, the compensatory action of the regulating
system, ancd the phenomena which are controiled (I).

As a stressor is encountered, the stress reaction Is first noted ir the variation of the compensator-
mechanisms, and if these fall then varlation exceeding the normal Iimits would be noted in the response
the controlled phenomena. in considering the reaction of an indlvidual to a stressor, only the chai..n3s
relation to the normai |imlts of the controlling variables and controlled phenomena need be considered.
the reaction of a group of individuals to a stressor, not only must the levels of the controiiing va !
and control led phenomena be studled, but the heterogeneity of the group's reaction to the stressor must
considered. As the strength of the varlous compensatory mechanisms must vary from one indlvidual to anc »r
so the reactions of the Individuals to a unlform stressor will vary and the heterogeneity of the grour
reaction as measured by the varlance will be Increased or decreased. This change, however, must be
tempered by the fact that as a variable reaches its blologic limits its range of variations Is necessarily
restricted. Hence both increases and decreases in variance may be significant. According to Gellhorn, and
others, the direction of any compensatory physiologlcal actlvity induced by a stimulus depends upon the
concurren* physical status of the body inciuding the degree of physiologic arousal and the awareness of the
stimulus +2). Thesé facters Interact with each other and with learning and memory in a complex ma.ner to
infivence not only the dlrection but the degree of physlologlcal responses.

Field and laboratory studies indicave that the factors influencing physiologic responses are culte
complex. Acute rises in serum choiesterol have been noted in medical students taking examinations and in
accountants during periods of Increased demand for audlting services (3, 4). Similar rises in serum chol-
esterol have been noted In UCT trairees during periods of overwhelming demands (5). Indeed, fallure to
respcnd diochemically to the stress was a vaild predictor of impending failure in the training program.
However, adesptation to the demands led to a decline in cholesterol levels (6)

Emotioral factors can moderate biochemical responses. In a study of Iaborers facing iminent unemploy-
ment, elevations of serum cholestero! occurred only in those whose prospects for reemplcyment were low and
who ware emotionally depressed (7).

The degree of invclvement or responsibility of the incividuals interacting with the stressor, modifies
the biochemical response as shown by Rubin's study ot Naval Aviators and Flight Gfficers during carrier
landing qualifications. The pilots who had active filight control showed greater adrenal cortical steroid
response and lower anxiety levels than the flight cfflcers whose role was passive(8). Rubin's study also
roted that increasing ‘aml|larity with the tash decreased the biochemical response, a finding also noted for
heart rate curing simulated iancings (9).

Long term memory or experience is a potent modifier of biochemical response as is illustrated by
Kramer's study of an 18 hour flight in the F-4C aircraft. Flight duration and difficulty, and flying exper-
ience acted jcirtiy to determine physiologic responses to the tlight. When difficulty and duration were
he!d constant, ¢lying experience was inversely related to tiochemlcal response (10). With a few notable
excwptions most studies of flight stress have been corfined to shori term situations. Consequently, the
tong term eftects of prolonged stress are only vaguely known. The data that do exist indicate that the
effects are far from simgle.

The work of Nicrclscr and cthers on the eftects of aircrew work load has led ro several important
concepts regarding acaptation to cortinuous stress. A moderate work ioad, such as maintenance of contin-
wous operational capabillty can be sustained ir extended miss:.ons at the expense of a deterioration in
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sleep pattern. Such deterioratlon progressively lImits the number of duty hours as the mission is extended
and severgly limits the crew's ability to achieve optimum performance (I1). Nicholson also noted that the
high work toad associated with difficult landing situations profoundly modified the central nervous acti-
vity of the pilot and iendered his assessment of work iocad more varlable (12). Thls observation ralsed

the possibility that very high work load may lead to central nervous states that Impair judgement and per-
formance.

Studles of alteratlons in schedules and procedures to maintaln performance In high work load situations
have led to several additlonal flndings. Work load sharing between ‘the pilot and co-pilot reduces the
pilot's central nervous excitation but only when the sharing Is actuated during the final portion of the let
down (12), Work load sharing in extended missions by the use of a double crew does allow for a greater
maximum work load but this can be sustained for only a few days and is physiologically very taxing in com-
parison to staged missions of the same distance (13).

The physiologic cost of extended misslons has Immediate and delayed components. Fragmentation of
sleep patterns during extended missions is a direct result of high work {oads and continues into the post
mission recovery phase (14). |In the post mission recovery phase, there is an endocrine-metabolic depression
that lasts 4 to 5 days. The physiologic cost and subjective fatigue experienced depends on the nature and
the length of the mission and appears to be relatively independert of the work-rest cycle (13). Note-
worthy in several studies of extended missions is the fact that performance does not deteriorate desplte
increasing fatigue and sleep deterioration (14).

Fighter and attack aircraft rarely participate in extended missions: the more common practice is to
fly multiple short duration missions interspersed with periods of nonflying activity. This results in a
pattern of very high work {oad imposed for short periods of time which may continue for days or weeks.
Naval dviation entails an additional burden on the pilot in that most of his nperational landings will be
made on a carrier deck where the margin tor error is slight. |Intlight electrocardiographic monitoring
indicates that regardless ot the mission, the highest heart rates occur during carrier landing and second=
arily during catapult launch (15) In addition to its obvious survivai value, proficiency in carrier
landing is a high!y regarded skill among naval aviatcrs and is a matter ot concideratie peer involvement.
Each recovery is graded by the Landing Signals Officer and recorded on video tape. The scores for each
squadron member are posted in the ready rooms and the televised recovery is reviewed after each mission.

There are few studies of the cumulative psychophysiologic effects of chronic stress and fewer still
invelving highly skilied occupations such as aviation. There are severa! clinical studies of psychologic
change resultirg from cnronic combat stress but cnly a few involve quantitative psychologic and physiologic
measures. Field studies of groups under stress have emphasized the use of simple reliable mood measures
and biographical data, in conjunction with valid criteria, as being more productive than the use of more
comp lex personality and cognitive measures (16). Even with reliatle measures and criteria it is difficult
tqQ interpret data irom tield studies in the light of theories developed from laboratory data. Somewhat
arbitrarily, we have assigned the pilot's carrier ianding performance as the controlled variable. The
cumulative work load, approximated as a function of the product of average ¢light hours/per man/per day,
ard the number of consecutive days of flying activity plus the relative danger of the mission, has peen
designated as the stressor. Biochemical measures and changes in mood and sleep patterns were then desig-
nzted as controlling variables.

METHOD

Twenty-six pilots and 23 tlight otficers drawn from two squadrons on an aircraft carrier deployed in
the Western Pacific participated in the 6-month study. The aircra¢t flown by the squadrons was the F-4J
Phantom, a two man, high performanre fighter. During a nonflying period in transit to the Jep!oyment arca,
the subjects completed a diet and activity form, the Mood Adjective Check List and a biographical form,
The subjects also had a blood sample drawn for subsequent determination of cnolesterol, and uric, lactic,
and pyruvic acids. These gata constituted a nonflying control, At a later date, just prior t> the first
mission ¢lown after a prolonged in-port period, during which little or no flying was done, sim lar data
were collected and constituted the zaro cumulative work load level. Similar samples were drawn and data
collected atter 11 consecutive days of missinns fiown over nonhostile territory, and egain after 22 con-
secutive days of missicns flown over hostile territory where there was significant danger of death or
capture. The latter two samples represented respectively moderate and high cumulative work load periods.

Immediately after collec*ion of the blood samples, a 2 m! aliquct of whole blood was precipitated with
cold 0.6 N perchloric acid anu *he sample frozen for subsequent analyses for lactic and pyruvic acid. The
remainder of the blood sample was centrifuged and the serum recovered and frozen for subsequent analyses
tor serum cholesterol and uric acid. Cholesterol was determined by the method of Rubin, et ale (17) ard
uric acid by the enzymatic method of Liddle (18). Lactic acid was determined by the Rapid Lactate Method
(19). Pyruvic acic was determined by enzvmatic methods (20).

The Mood Adjective Check List used in this study is a 40 item {ist that has been factcr analyzed and
contains six factcrs: Happiness, Activity, Depression, Fear, Anger, and Fatigue (21). The diet and acti-
vity form elicited information regarding dietary content and amount, the use of cigarettes, ethanol and
medications and the amount of physical exercise taken in the previous week. The bingraphical questionnaire
elicited age, height, weight, flying experience, specific aircra¢t evcerisnce carrler experience, educa-
tion, and inforration regarding |ife events and accidents.

The landing performance criterion is that described and developed by Brictson and assigns a score
based on the wire number utilized in the cariier recovery (22). Landing pertormance scores were collected
throvghout the deployment and the indlvidual scores for the periuds under conslderation were averaged.

During tnhe period of high cumuletive work load, the sleep patterns of a subsample of 27 aviators and
a control group of 28 non-aviation related personnel were recorded by sleep logs kept by each subjec . The
subjects recorded daily the hours of duty, time of going to bed, time of awakening, and responses to diffi-
culty in going to sleep and whether the subjects felt rested upon awakening. From the log data, the total

R

e




Al.-3

sleep duration per 24 hour period, the duration of sieep episodes, and the time Between sieep episodes could
be calculated as weli as the variability of these measures.

All daia collected tn the study weic transferred to punch cards for computer analysis. Comparison of
levels of variables during the perlods of the study was by analysls cf variance for repeated measures com-
parison. Oiffersncus between varlances of the varlables at perlods of the study was by the F-Max test for
uniformity of varianca Relatlonshlips between varliables were determined by correlations cziculated for the
dlfferent timo periods.

RESULTS

The changes in mean levels and variabllity of the biochamical, mood and performance measures are
depicted In Flgire I.

Flgure |
Blochemlcal, Emotional, and Performance Changes as a Resuit of Cumuiative Workload
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Uric acic¢ decreased signlflcantiy under moderate cumula*lve work load and showed no further decline as
rumulative work load increased. Cholesterol leve! decreased progresslvely as work load Increased and thd
decrease was staristically significant under the high work load condltlon. Tha mean levels of lactlc acld,
pyruvic acid, and of the lac*ate-pyruvate ratio did not change slgnificantlv under Increasing cumulative
work load.

The variability of the subjects' serun urlc acid levels parallsled the fall in the mean urlc acid
level and decreased significantly with the onset of moderate work load. The varlabllity remalned at a low
level under the high cumulative v2rk concition. Similarly, the variabillty of the subjects' cholesterol
levels decreased slightly witn moderate work load and fel! significantly during the hlgh cumulatlve work
load condition.
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Aithough there was no significant change in the mean biood iactic acid ievei, the variabiiity of the
subjects' iactic acid leveis showed a significant increase under the moderate cumuiative work ioad condi-
tion. Simiiariy, despite an unchanged mean biood pyruvic acid ievei, the variabiiity of the subjects'
biood pyruvic acid leveis increased signlficantiy under the high cumuiative work ioac condition. Conse-
quentiy, the variabiiity of the iactate-pyruvate ratio decreased under the high cumuiative work ioad.

The_ effects of increased work ioad on sleep patterns Is shown in Tabie iA. The data are taken from a
one week period representing the 16th to i8th day of consecutlve fiying activity and are thus representative
of a point between moderate and high cumuiative work ioad. There was no significant dl fference between
aviators and non-aviation personne! in totai sieep duration or sieep episode duration. Aviators had a sig-
niflcantiy shorter intersieep interval. There was no difference between aviators and non-avliators in the
variability of total sieep duration or of sieep episode duration. However, there was far more variation in
the inters'eep intervais of aviators than of non-aviators. Aviators' sieep was more irregular.

Sieep Patterns of Aviators anza:;i-;Ciafors Under Moderate Work Load
variable Aviators Significance Non-Aviators
- (Mean+3.F.) “TWean+S.E.7
Total Sieep Duration (Hrs/24 Hrs) 7.741.5 N.S. 7.46+1.2
Sleep Episode Duration (Hrs) 4.8+1.6 N.S. 5.1i+1.8
inter-Sleep Interval (Hrs) 1i.743.8 p<.05 i4.5¢2.6
Sleep Duration Variance 11.67 N.S. 7.61
Sleep Episode Variance 13,28 N.S. 17.i3
Inter-Sleep Interval Variance 74,94 p<.05 35.76

Tabie IB iists the correlations betweer tne sleep measures and the biochemical leveis that occurred
during the succeeding period of high cumulatlive work icad. Only intersieep interval and variance were
related signiticantly to the biochemical values. Intersleep interva! variance was not related signlficant-
ly to landing performance during the period when the sleep logs were kept, but its relation to performance
during thz high cumulative work load period has rot been determined.

Table 1B
Corretations of Aviators' Sleep Parameters with Biochemical Values

Variable

L

Inter-Sleep Interval:

I. Cholesterol (change from non-flying to High

Cumulative Work Load condition) 407

Sleep Episode Variance:

I. Lactate Level (High Cumulative Work Load condition) .352

2. Pyruvate Level (High Cumuiative Work Load condition) .357
inter-Sleep Interval Variance:

I. Lactate Level (High Cumulative Work Load condition) .399

#p<.05

‘‘here were no statistically significant changes in any of the emotional states as measured by response
on the Mood Adjective Check List., There was a slight unward trend in Fatigue and a slight downward trend
in Activity and Fear, as a consequence of increasing cumulative work load. Except for Fatigue, the varia-
bility of the subjects' moods did not change as a consequence of increasing work load. The variability of
fatigue response did increase under the high cumulative work lcad condition, although the increase was sig-
nificant only in comparison to the non‘lying state.

The interrelationship ot the various moods is shovn in Figure |i which also illustrates the changes in
mood association pattern as a consequence of high work iocad. At all times there was a consistent positive
correiation between Fatlgue and Depression, Happiness and Activity, and Depression and Anger. There was a
negative correlation between Activity and Fatigue. Flying activity regardiess of work load added a nega-
tive correlation between Depression and Happiness to this pattern. Moderate work load gave rise to an
inverse relationship between Depression and Activity; this relationship continued during the high work ioad
period. Under hlgh work load the relationship between Happiness and Fear that was present in the moderate
work load condition disappeared, and the relationships of Fear and Depression and Anger and Happiness
appeared.

The pilots' carrier ianding pertormance s .ores did not decrease as a result of increasing cumuiative
work ioad and in tact, there was a slight, but insignificant upward trend in performance. Also, the
pllots' performance was not more varialbe under increasing work load. Indeed, there was an insignificant
reduction in variability.
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MOOD ASSOCIATIONS AS A FUNCTION OF CUMULATIVE WORK LOAD

Non Flying Control.

Happy Fatigue 552 — Depression Happy
! 387 552 I
640 403 541 640
Active Fear Anger Active
No Cumulative Work Load
Happy Fatigue 475 ~—Depression -— -.526 — Happy
-571 AB
647 569 647 i
|
Active Feat Anger Active

Moderate Cumulative Wurk Load

Happy — -494 F lu;ue 677— Depression — - 432—Happv

)
H
51\
- 533
Actve Fear Anger Acnve

High Cumulative Wurk Load:

Happy- —-.499 ;ﬁgue —— .629-— Depression — -.622 ——ymy
- 663 gzs/T\ 563

|
753 746

2

.616 ——Anger blw

Active Fear

Indicates statistically signlflcant relztlonshlps between moods., The values are correlation
coetficients (r),

The relatlonship of biochemical and mood factors to blographlcal data was altered by cumulative work
load as is illustrated In Table Il. Cholesterol which was significantly related to flving experlence and
age under control and mo erate work load conditions, becomes inversely related to hel...t, weight, and
accident history under condltions of high work lcad. Conversely, urlc acid under high work load condltlons
loses the relatlonship to helght and welght that was present under control flylng conditlons., Under high
work load conditions lactic acld becomez strongly related to age, whereas under the zame conditlons,
pyruvic acld loses its relationshlp to height, welght, and carrier experlence., The lactata-pyruvete ratlio
fol lows the pattern of pyruvic acid. -

There was no common pattern of ralatlionshlp of moods to biographlcal data. Happlness, which under non-
stress condltions was related to experiential and physicai factors, lost a'l relatlonship to blographical
data under condltions of cumulatlve work load. Fear under high work load condltlons reestabllshed Is
initlal relationshlp to specific alrcraft experlence, and lost the relationship to education that was
present under ml /der condltions. Surprisingly, Fear was not related to accldent history at any state.

The relatlonship of Anger to carrler exper'ence was lost under condlitlons of curulative work load.

r-wu... .
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Table 11
Correlations of Blochemical and Mood Factors wlth Biographical Data
4
No Moderate High
Cumulative Cumulative Cumulatlve
Non=f lying Work Load Work Load Work Load
Cholesterol:
F-4J) Experlence .145 275 .290 -.091
Flyling Experience .457* .498% .325 .18l
ACC-2 Years .007 -.103 -.201 -.397%
ACC-6 months -.011 -.015 -.099 -.155
Age .580%* LT10%* L473* .210
Helght -. 172 -.221 -.172 =577
Welght -.130 -.143 -.163 -.406*%
Uric Acid:
Flying Experience - 192 -.C99 - ALt -.259
ACC-2 years L0958 L 367 .261 .06C
ACC-6 Months -.099 .039 . 102 .079
Height . 305 .486* .251 . 133
Weight . 309 .455% .443% .039
Lactic Acig:
Age -.297 -.245 -.273 =, 228
Height -.198 -. 152 N . 206
Weight -.124 = 32412, .-84% .236
Pyruvic Acic:
F-4) Experierce . 5 .379 -.106 -.228
Fiying Experience -. 162 -.071 -.250 -.190
Carrier Experience 077 .393% -, 193 -.158
Age =295 -.170 =195 -.353
Height 152 -.039 .270 .374
Weight 084 -.406* .202 L5
lactate-Pyruvate Ratio:
Weight . 140 L428% .248 . 226
Happy :

{ F-4) Experience .476* .1 . 198 .082

: Flying Experience -.30€ 377 . 341 21

; Carrier Experience -.386 135 14 .0943

1 ACC-6 Months .48 * .495% .303 .334

Age 21 313 .377 .099
Height ST .225 .269 .043
] Weight 62T A5 310 -. 131
Fear:
Ecucation . 186 -.390 -.397* -.353
F-4) Experience -.508%* -.126 -.128 -.422*
Flying Experience -.349 -.333 -.232 -.346
Height -.149 -.246 -.2217 -.384
Anger:
Carrier Experience -.501* -.560%* -.306 -.249
Height ~. 194 -.237 -.346 .225
3 ¥ 0.0l
* p<.05

]

] Table 111 A indicates the relative strength of the tac*ors determining performance under various work
load conditions. On the initial flights, following non-fl!ying duty, experience in the aircraft was the
most important factor in determining pilot performance in carrier landing, On subsequent flights as work
load accumulated aircraft experience continued in 'mportance, and carrier experience became an important

1 consideration. At high work load, experlence was less of a factor and emotional and biochemical influences

1 are seen.

9

3




P

P T

Al27

Table 1il1A
Correlations of Biochemical, Emotional and Biographical Data with Landing Performance
No Moderate High
Cumulztive Cumulative Cumulative
Work Load Work Load Work lLoad
F-43 Experlence 536 60T .338
Flying Experience 30 . 166 .378
Carrier Experience ~-.162 -, 53¢ . 209
Accident Past 6 Months -.062 242 -.G67
Accident Past Z Years -.192 .038 -.002
Age -.03€ -. 115 .225
Cholesterol -.04¢8 -.089 .374
Depression Maan -.218 -.081 -.501*
Fear Mean -.123 .038 -.382
Table t11 B lists the significant relationships between performance and biochemical parameters at

three cumulative work load levels. Several items are worthy of note in this table. The pilots' cholester-
ol levels were determined by thelr age and total flying experience. Their uric acid level was a furction of
neight anc weight, whereas their lactic acid level was inversely related to age, and was related to the com-
ponents ct the lactate-pyruvate system.

The variability of the pilots' cholestercl values was a function of age, flying experience, and the
mean level ot chclesterol. However, the effect cf age on cholesterol variability was very strong. The
partial correlation of cholesterc| variatility with age indicated that older men have more variabie chol-
esterol levels tran could be accounted fcr by the increased mean cholesterol levels found in older men.
The variability of uric acid was closely related to its mean level. The variability of the lactate-
pyruvate systemr was related tc the mean levels of the lactatc and pyruvate.

Table 111B
Cerrelatiors cf Mean Performance and Biochemical Data with Biographical
and tmotional Factors Irrespective of Cumulative Work Load

Mean Factor Correlates c
Performarce Mean I, Depressior Level -.402%
2. F-4) Experience L694%¥
3. Total Hours Flown .412*
rerformarce Variaoce I, F-4) Experience -.487*
2. Depression Variance L3604+
3, Fatigue Variance .520**
Cholestercl Mean I. Total Hours Flown 421
2. Age .546**
Cholesterc| Variance I. Cholesterol 413"
2. Total Hours Flown .437*
3. Age J719%*
+4, Age (at constant mean) .648**
Lric Acid Mean I. Height L3794+
2. Weight 365+
Uric Acic Variance I. Uric Acid Mean 505 **
2. lelght 414
Lactic Acid Mean '. Pyruvic Mean .462*
2. hAge -.526**
Lactic Acid Variance 1. Lactic Acid Mean .606 **
2. Weight L4933
3. Lacrate-Pyruvate Ratio .509 **
Pyruvic Acid Mean 1. Lactic Acid Mean .462*
2. lactate-Pyruvate Ratio -.539 **
Pyruvic Acid Variance I. Pyruvic Acid Mean 4551
+ Partial correlatior * p<.05
++Not statistically significent *p<.01

Gt particular interest was the strong dependence cf performance on feelings of depression. Even more
striking was the dependence of performance variability on emotional variability, particularly fatigue.

CISCLSSION

These results indir.vc thct the physiologic and emotioral cost incurred by pilots of fighter and attack
aircratt in combat coes rot seenm to be as severe as that incurrzd by transport crews flying extended
missions (14), Fighter a'r crews do suffer a deterioration of sleep pattern but this is mild compared to
that noted in transport crews on extended missions. There is a metabolic depression manitested mainly as a
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decline in cholesterol and uric acld levels, which Is not great enough to be of pathoiogical sligniflcance
and may represent a successful, aithough temporary, adaptation to the Imposed stress. An Inverse rela-
tionshlp between flyling experience and the blochemical response to stress was not present In thls study.
In contrast to Kramer's study, the stress Imposed In this study was comparatively mild, and the effect of
experience on performance was strong.

In an analysls of the responses of a group of Indlviduals to a weak stressor, both the mean level of
any paramater and the variability of that parameter may be of significance, as both may change as a result
of environmental stimuli. Indeed, partition of variance is commonly used as a statistical test of treat-
ment effects. Much of the change in variance associated wlth environmental stimull can be attributed to
alterations in the level of the parameter affected or of closely related parameters. Thus, the decreases
in the variance of urlc acid and cholesterol noted as a result ot cumulatlive work load are owlng largely
to the significant decrease in mean levels ot cholesterol and uric acid.

However, charges in variance that are unaccompanied ty changes in mean level are a useful and early
measure ot the responsa of a group to 3 stressor, in that they represent the responses of some but not all
mempers of the group. For example, in this study more ot the variance in cholesterol is related to age
than to cholesterol level and partial correlations indicate that older men have greater cholesterol varia-
bility than would be expected simply trom the higher cholesterol level that occurs in older persons.

As the variability ot the biochemical parameters in this study is related only to the mean level of a
particular parameter, or to relatively fixed parameters such as age, or weight, a change in the variabllity
of a parameter in the absence of a change in its mcan level is an early Indication of the compensatory
response of that parameter to a stressor. Thus, the increase in the variability of lactlc acld with
mocderate cumulative work load and the increase in pyruvate variability with high cumulative work load are
indications of the pilots' compensatery reactlons to the stressor--cumulative work load.

Of the physiological, emotional and behavioral measures considered in this study, cholesterol, uric
acid and intersieep interval responded to stress with changes in mear levels and variability. Lactate,
pyruvate, ancd the lactate-pyruvate ratio responded by changes in variability only. Mood measures showed
only a slight change in variability, and performance did not change at all in either mean level or varia-
bility. On *he basis ot degree of response to increasing levels of work load, the measures used in this
study can be ranked in terms of sensitivity to stress. Uric acid is the most sensitive followed by chol-
estercl, or sleep measures. Measures ot emotion are less sensitive than biochemical or sleep measures
but more sensitive than changes in pertormance.

Even in the absence ot significant changes in mean level or variance, shifts in association pattern
both within moods a.¢ between experiential tactors and mocds, and tetween experience and performance, do
occur as a result of work load accurulation, Such shifts are not only sensitive indicators of stress
response but they greatly complicate the process of pertormance prediction. Depending on the accumulated

tlying work load, mood, experience, sleep or biochemistry can enter into the prediction of performance.

Teichman's concept ot stress response interposes a compensating mechanism or mechanisms as controlling
variables between the stressor and the controlled behavior. From the data in this study it would seem that
E there is a series of elements in the pathway from stressor to stress response. Correlation coefficients,

) as a measure of the coordinate variation cf twc parameterc, express the closeness of the relationship

! between them, From the high correlations between mood factors and performance, it would seem that emotion
is one of the main controlling var ables of performance. The relationships between lactate and pyruvate

an¢ emotion were of low order and .~signlflicant, leading to the hypothesis that some unmeasured variable

r or variables mediates emotion ancd the lactate-pyruvate system, The absence of change in iactate and

: pyruvate levels |Is to be expected from their relationshlp to Intracellular oxidation-reduction states which
woula be affected only by a severe stress such as hypoxia (23), Cholesterol changed markedly in reactlon to
the stressor, but its correlation tc lactate and pyruvate was weak, again suggesting an Intermediate varla-
ble. Of the three sleep measures only one showed response to stress. Sieep measures were correlated with

both cholesterol and lactate and nyruvate; sleep may be a parallel to the link between cholesterol and the
lactate-pyruvate system.

In summary, Teichman's concept of the organism as a complex self-regulating system, whlch responds to
increasing stress by a sequence of progressive corrensatory changes that operate to control behavioral
phenomena, seems operationally valid. Cholesterol and uric acid are most sensitive to stress, followed by
sleep alterations and changes in the lactate-pyruva~2 system., Emotion and performance are the least sensi-
tive to stress. In this study we have analyzed several non-contiguous eiements of the system. The roles
; of catecholamine, and adrenal cortical steroids as Intermedlate variables are currently under investigation.
] However, the exact role of the various experiential factors Is stl!l not clear. Although specific aircraft
! experience is a sirong determinant of performance, other aspects of experience also seem to affect emotional
response and biochemical change. The protound modlfying effects of experience do not seem to fit Teichman's
behavioral model and it may be necessary to develop further theoretical framework to account for the effects
ot experience,
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SUMMARY

A preliminary longitudinal study of the factors affecting the carrier landing performance of naval
aviators under high workload conditions has been carried out. Using stepwise multiple regression
techniques, a substantial portion of the variability in landing performance could be accounted for by
six factors under zero cumulative workload conditions and by seven factors under moderate cumulative
workload conditions. High cumulative workload conditions sharply reduced predictive ability. Although
specific aircraft experience and total flight experience were important predictors of average landing
performance, blood biochemical levels and emotional states had significant predictive ability. Sleep
patterns relate strongly to performance. 7The factors that determine landing performance change as
cumulative workload increases. Suggestions for further research in this area are discussed.

INTRODUCTION

Because of their great theoretical and practical value, studies of the factors affecting pilot
performance have interested flight surgeons and aviation psychologists for a number of years. Identi-
fication of the skills and factors involved in operating high performance aircraft would facilitate the
rational design of successful training programs and would permit the development of selection proce-
dures to assure efficient use of such training. In addition, knowledge of the factors and skills invol-
ved in pilot performance could lead to greater safety and efficiency cf air operationms.

Modern statistical techniques such as factor analysis and stepwise multiple regression are
extremely useful not only in the evaluation of relevant factors, but also for the development of pre-
dictor equations for experimental testing. The use of such techniques does impose some severe limi-
tations. Stepwise multiple regression requires that a linear relationship exist between the predictors
and the criterion variable. 1In addition, the criterion must be valid and quantitative and the number of
subjects must be fairly large {1). Brictson developed a measurement based on the wire number used in
aircraft arrestment on a carrier as a measure of landing quality., The use of this criterion in a mul-
tiple regression equaticn identified aircraft handling factors that influenced carrier landings (2).

By the use of a similar approach several training variables were found to predict landing quality
during night carrier qualifications (3). Other investigators have used multiple regression techniques
to evaluate several training variables that critically affect training performance (4).

Several authors have suggested that performance under stresaful conditions may be determined by
physiologic and emotional factors (5,»). Brictson has noted that carrier landing performance is to
some degree determined by the pilot's cxperience (7). 1In a previous report, we noted that the relation-
ships between emotional states, biochemical parameters, experience and performance shifted as a result
of high workload stress. In that descriptive study, the relative contribution of the various factors to
performance was not evaluated (8).

The purpose of this study is to report the use of multiple regression analysis to isolate the
factors affecting carrier landing performance under conditions of increasing cumulative worklocad. 1In
addition, we will (:scribe the relationship between sleep changes and performance.

METHODS

As predictor variables, biochemical, emotional and experiental data were gathered from 26 F-4J
pilots deployed on an aircraft carrier in the Western Pacific, As previously described, blood samples
for analysis of serum cholesterol, serum uric acid, blood lactate and pyruvate, and assessments of
happiness, activity, depression, fear, anger, and fatigue were obtained prior to missions representing
zero, moderate and high cumulative workload. Workload levels were determined on the basis of average
daily flying hours, number of prior consecutive days of flying activity, and the relative danger involved
in the mission. For a one-wcek period representing a cumulative workload level between moderate and high,
the sleep patterns of a subsample of the aviators were recorded on sleep logs kept by the aviators. The
logs reported total sleep per 24-hour period, sleep duration, and intersleep interval (8).

The pilots' landing pertormance scores for the missions flown immediately after blood sampling and
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emotional assessment were used in the analysis of factois affecting individual mission landing perfor-
mances. The average landing performance scores for missions flown in the 10-day period following blood
sampling and mood assessment were used in the analysis of factors affecting mean landing performance.

The relationship between sleep parameters and individual mission landing performance was examined
by corrclation. The statistical procedure of stepwise multiple regression was used to identify pre-
dictor variables which accounted for significant variance in the criterion. The resultant leart squares
linear regression equations allowed for the prediction of individual landing performance scores as a
function of the predictor variables,

RESULTS

Table IA lists the factors that entered into the predictor equation for individual mission perfor-
mance during the zero cumulative workload period, The strongest predictor ~- history of having had an
accident within two years of the study —- accounted for 27% of the variability in landing performance.
Addition of serum uric acid and cholesterol to the equation significantly improved the predictive
ability. The addition of total flying experience to the equation increased predictive ability signifi-
cantly but addition of blood lactic acid level did not.

Table IB lists the factors that entered into the predictor equation for individual mission perfor-
mance during the moderate cumulative workload period. Specific aircraft experience was the strongest
predictor of landing performance, The Mood factors -- depression and activity -- contributed signifi-
cantly to prediction. The only biochemical factor to enter -- blood pyruvate level -- increased the
predictive ability, Accident history, carrier experience, and anger entered last and raised the mul-
tiple R to .927. The seven significant factors accounted for 86% of the variance in mission landing
performance.

Table IC lists the factors that entered into the predictor equation for individual mission perfor-
mance during the high cumulative workload period. The strongest, and, indeed, the only significant
predictor was serum cholesterol level. Addition of the serum uric acid level and the lactate-pyruvate
ratio to the equation increased the multiple R but provided no significant increase in predictive
ability. The three factors accounted for only 42% of the variability in landing performance.

Table 1IA lists the factors that entered into the predictor equation for average landing perfor-
mance during the zero cumulative workload period. Specific aircraft experience entered first and
accounted for 28% of the variance in landing performance. The addition of two blood biochemical levels --
blood pyruvate and serum cholesterol -- to specific aircraft experience accounted for 57% of perfor-
mance variance, The addition of three mood factors -- depression, anger, and happiness -- resulted in a
further significant increase in predictive ability. The six factors together accounted for 78% of the
variability in average landing performance,

Table IIB lists the factors that entered into the predictor equation for average landing perfor-
mance during the moderate cumulative workload period, Two experience factors -- specific aircraft
experience and carrier experience -- together accounted for about 50% of the variability in average
landing performance., Smaller but significant increases in predictive ability were achieved by the
successive addition of anger, blood pyruvate level and serum cholesterol level to the equation. The
addition of fear and fatigue raised the multiple R to .94 and the seven factors accounted fcr 897 of the
workload conditions.

Table 1IC lists the factors that were considere] in constructing the predictor equation for average
landing performance during the high cumulative workload period. An equation with significant predictive
ability for average landing performance could not be developed. No factor could be found that would
account for a significant portion of the variability of landing performance. Total flight experience
and carrier experience had the highest correlations with landing performance but neither reached statis-
tical significance. The addition of the mood -- depression -- and the addition of the biochemical
factors -~ blood pyruvate level and serum cholesterol -- raised the multiple R but did not make it
statistically significant.

Table 111 depicts the relationship of sleep pattern and landing performance. Only one sleep
wedsure -~ variability of intersleep iuterval — correlated »ith fudividual laiding perfomuance., The
correlation coefficient was significant at the ,05 level. Thus, the more variable the sleep-wakefulness
pattern the lower the landing performance.

DISCUSSION

The relatively enall nwber of subidcors: (n this stuly Livtts the powor of the stemwf. - ultiple
regression procedure. The presence of & small number of subjects can lead to spuriously high multiple
correlations, if the data distribution is skewed. The .21l nuuber of subjects also does not allow the
use of a "lwtd out" sample for cross vaiidation, so th.t i validity of the predictiuns so developed
catiiot bt vars Med, We have used the stepwise wultiplo repression technique only to tentatively identify
thiose fazTors =1t contribute to carrier landing perfori: necs under conditions of increasing cumulative
workloag

The most striking finding was the effect of high cumulative workload on performance prediction.
tider corditions of zers aud nwderate vndlative workload, more than 700 of the variability in individual
landing pertormance could be accounted for by the preldictor variables. Under conditions of high cumu-
lative workload, only 40% of the individual landing performance variability could be accounted for by
the predictor variables. The prediction of average landing performance was even more severely disturbed
by high cumulative workload. Althourh our previous report had indiczted that there was a shift of the

r



Al33

factors associated with performance in the transition from low to high cumulative workload, the absence
of significant correlates with average performance during the high cumulative workload period was rather
striking (8). MNicholson noted that a pilot's assessment of workload became less predictable under high
workload conditions and suggested that either the pilot used a different technique to assess workload
under such conditions, or that marked central nervous activity during high workload interfered with the
pilot's assessment (9). The data from this study indicate that the situation is more complex. Although
a high multiple R could be achieved during zero and moderate cumulative workload periods, the factors
contributing to the prediction changed as workload increased. Also,predictive ability abruptly declined
in the high workload period. This may mean that, as workload accumulates, different factors determine
performance and that the factor contributions may be non-linear.

It is quite clear that one factor that must be considered in performance prediction is workload.
Several studies have shown that increases in workload are accompanied by a deterioration of sleep
pattern (10) and as these data indicate, irregularity of sleep pattem is closely related to landing
performance. At least, irregular sleep is an indicator that the pilots are reaching the maximum toler-
able level of sustained performance,

In a previous study we noted that sleep patterns were related to cholesterol, lactate, and pyru-
vate levels (8). The appearance of those biochemical parameters in equations predicting landing per-
formance may be a consequence of that relationship.

As might have been expected, stable factors such as specific aircraft experience, had greater
predictive ability for average performance than did labile factors such as blood biochemical levels.
It is not known why experience factors did not appear in equations predicting average performance
during the high cumulative workload period, Perhaps the effects of experience on landing performunce
are inhibited by the deleterious effects ot high workload on older, more experienced pilots, In any
event there is no firm guide to enable operational commanders to select pilots for high performance,
high workload operations.

1
L
The small number of subjects in this study and the high multiple correlations achieved emphasizes |
the need for further research in this area. When the number of subjects is small, the factors that
initially enter into a multiple regression equation are likely to be the most valid. These factors
should provide the basis for a future study which would consider the effects of sleep, mood, and cumu-
lative workload on landing performance. Such a study should include a large number of subjects so that
cross validation of the predictors would be possible,
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TABLE 1A
Factors Entering into Predictor Equation for Individual Mission

PERFORMANCE DURING ZERO CUMULATIVE WORKICAD PERIGD

Factors B !2
Accident History - 2 years L5249 .274
Accident History ~ 2 years - Uric Acid Level . 6220w .387
Accident History - 2 vears - Uric Acid Level

Cholesterul Level .688%e* 474
Accident History - 2 years - Uric Acid Level

Cholusterol Level

Total Flight Hours L7588 «572
Accident History - 2 years - Uric Acid Level

Cholesterol Level

Total Flight Hours

Lactic Acid Level 787N .619

*ex [ 00F

**p < n}

fABLL 1B
Factors Entering into Predictor Equation for Individual Mission

PERFORMANCE DURING MODERATE CUMULATIVE WORKLOAD PERICE

Factors R R2
F-4J Experience 2 60 7Wirw .368

V-4J Experience
Depression L 635 %4 .404

F-4J Experience
Depression
Activity L ¥ hkdd .620

F-4J Experience

Depression

Activity

Blood Pyruvate Level .83gwww .702

F-4J Experience

Depression

Activity

Blood Pyruvate Level

Accident History - 2 years 865N . 749

F-4J Lxperience

Depression

Activity

Blood Pyruvate Level

Accident liistory - 2 years

Carrier Experience .892Www .765

F-4J Experience

Depression

Activity

Blood Pyruvate Level

Accident History - 2 years

Carrier Experience

Anger L927*w .859

**k 5 < .005
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TABLE IC
Factors Entering into Predictor Equation for Individual Mission

PERPORMANCE DURING HIGH CUMULATIVE WORKLOAD PERIOD

Factors R 52
Cholestervl Level .525%¢% .276

Cholesterol Level
Lric Acid Level . 604%* .365

Cholesterol Level
Uric Acid Level
Lactate-Pyruvate Ratio . 646*¢ .418

*s p < 01

TABLL I11A
Factors Extering into Predictor Equation for Average Landing

PERFCRMANCE DURING ZERO CUMULATIVE WORKLOAD PERIOD

Factors R 32
F-4J Experience 536%** .280

f~4J Experierce
Blood Pvruvate Level 696 ** .481

F-4) Experience
Blood Pyruvate Level
Serum Cholesterol Level YR L .568

F-4J Experience

Blood Pyruvate Level #
Serum Cholestervl Level

Depressior .785¥** .610

i t-4J Ixperieuce

Blood Pyruvate Level
Serum Cholesterol Level
1 Depression
Anger LB40***x 700 1

F-4J Experience

Blood Pyruvate Level

Serum Cholesterol Level

1 Depression

Anger

Happiness L8B4 NN* .781

**% p < 005




TABLE IIB
Factors Entering intu Predictor Equation for Average Landing

PERFORMANCE DURING MODERATE WORKLOAD PERIOD

Factors R
F-4J Experience L607*w%

F-4J Experience
Carrier Exper.ence . 703%%*

F-4J Experience
Carrier Experience
Anger .760%**

F-4J Experience

Carrier Experience

Anger

Blood Pyruvate Level LBL3RHK

F-4J Experience

Carrier Experience

Anger

Blood Pyruvate Level

Serum Cholesterol Level .850%%*

F-4J Experience

Carrier Experience

Anger

Blood Pyruvate Level

Serum Cholesterol Level

Fear . 884%**

F-4J Experience

Carrier Experience

Anger

Blood Pyruvate Level

Serum Cholesterol Level

Fear

Fatigue 942k %%

ke P < .005

TABLE IIC
Factors Entering into Predictor Equation for Average Landing

PERFORMANCE DURING HIGH WORKLOAD PERIOD

Factors

1=

Total Flight Experience .378ns

Total Flight Experisnce
Carrier Experience .439ns

Total Flight Experience
Carrier Experience
Depression .497ns

Total Flight Experience

Carrier Experience

Depression

F-4J Experience .529ns

Total Flight Experience

Carrier Experience

Depression

F-4J Experience

Blood Pyruvate Level .562ns

Total Flight Experience

Carrier Experience

Depression

F-4J Experience

Blood Pyruvate Level

Serum Cholesterol .585ns

ns - Not statistically significant.

.578

.652

.723

.781

.888

.142

.193

.247

. 280

.316

.342
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TABLE II1

CORRELATIONS OF SLEEP PATTERNS WITH LANDING PERFORMANCE

Slevp Parameter
1. Total sleep/24 hours

2, Sleep Episode Duration

3. Intersleep Interval

4, Variability of Total - Sleep/24 hours
S. Sleep Episode Variability

6. Intersleep Interval Variability

*p < .05

i

R
Hith Performance

.000
.000
.000
,000
.000

.762%
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WILKINSON

ULBRECHT

WILKINSON

McHUGH

WILKINSON

McHUGH

HOLDEN

McHUGH

TER BRAAK

McHUGH

BRICTSON

QUESTION

McHUGH

OBERHOLZ

McHUGH

FRANKE

BRICTSON

BRUMAGHIM

HARTMAN

HARTMAN

1 would like to knov whether there was 8 control condition for rising sarly
but not flying?

All pilots and subjects had to rise at 0600 hours.

Did you investigzate the partial correlation between sleep interval variability
and performance holding experience constant?

No,

Brictson reported that cholesterol was higher in inexperienced pilots even
though performance was raised, but I believe M:Hugh gave us the impression
that the cholesterol might be higher, because it was a symptom of higher
effort on the part of the inexperienced pilot to achieve higher levels of
performance.

We are not sure what cholesterol represents, but suspect it is a reflection
of a metabolic arousal. Experienced pilots tend to have somewhat higher
cholesterol levels and so during the period of high cumulative workload the
cholesterol values of experienced and inexperienced pilots were approximatelv
the same, We think this means that inexperienced pilota are expending more
energy to achieve their performance improvement,

I was wondering if the regreszion analysis examined the interactive terms and
i{f any sensitivity studies had been done to establish the stability of the
regression line?

We did not examine interactions or stabilitv.

Do you consider that to emphasise performance on deck landings avoids
important assessments of mission success?

We quite agree that the mission is the important item, but it is difficult to
evaluate objectively performance in the overall mission. The carrier landing
performance criterion has been validated against a pilots overall skill in
carrying out his complete wmission.

We are conscious of this relatiorship. The assumption of this studv was that
carrier landing is a critical task and that performance on this critical task
at the termination of the mission gives us some idea of vhat stresses have been
experienced. 1In terms of relating carrier landing performance to other pilot
proficiency we are now in fact looking at correlations between pilot landing
performance and their combat flving proficiency. Preliminsry results indicate
that those who are good at landing at night on carviers are also the best in
carrying out their mission.

Do vou think that sleep logs are an efficient method for estimating quality
and quantitv of sleep?

For a field studv the sleep log ia a highlv reliable measure which correlates
fairlv well though not perfectlv with EEG recordings of sleep qualityv.

How did vou measure the level of depression and anger?

We measured the level of depression and anger using a 40 item adjective check
l1ist, This questionnaire which takes about 30 sec to complete has been
validated on 5,000 naval recruits. In addition it has heen validated against
performance, illness and disciplinary action in naval recruits,

Can you say that a particular landing point on a carrier deck i{s a normal point
and all deviations depend on the pilot behaviour at that moment?

You have raised the question about random variables entering into any
particular landing approach, FExcept for the conditions which I mentioned
vesterdav about measures taken under rain etc we have measured these
approaches with twin precisjon radars from 1% miles down to touch down for
over 6,000 landings and found tha: some variables do coter into the assessment
but not in a systematic biasing fashion.

I was interested in Dr Hartman s presentation of a quantitative index of stress,
This {s a continuing problem in ground based simulation, 1Is the School of
Aerospace Medicine looking at the use of phvsiological indices of stress?

We have hiochemical and subjective data which indicates that flviry a
simulator is equallv stressful as flying a transport.

(in replv to Ulbrecht on correlation between Liochemical measures and workload).
Sodium and potassium excretion arc subject to many factors but thev do provide
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HARTMAN

FUCHS

HARTMAN

a useful index and relate to the other measures in an effective way. As far
as hormone estimations are concerned we would prefer to weasure cortisol. We
are also interested in 17-keto sterfods.

Was any recording made of tre illimination level and were tne performance
graces broken down for the teletvpe operator?

We srranged for an environmental survev of the craft before the exercise. The
lighting wvas unsatisfactory. The answer to your second question {s no.

Did vou clarify whether the headache may have been due to a wedical condition
such as sinusitus?

No, but I think we should have followed this up.
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LONG RANGE AYR-TO-AIR REFUELLING
A STUDY OF IUTY AND SLEEP PATTERNS i
Wing Commander N.H, Mills RAF ’ing Commander A.N. Nicholeon OBE RAF
Royal Afir Force Strike Command Royal Air Force Institute of Aviation Medicine
High Wycombe, Buckinghamshire, Farnborough, Hampshire,
United Xingdom. United Xingdom.

SUMMARY

The sleep patterns of ground crew, pilots and tanker crews involved in & long range air-to-air
refuslling miesion have been related to their duty hours. During such compiex operations workload may
vary considsrably and the demands placed on some sircrew may be very high., It ie suggeeted that the duty
hours demanded of individual aircrew ehould be related to their overall workload. In this way it may be
possible to maintain an acceptable eleep pattern in all aircrew and ensure that no individual pilot or
crew member is subjected to excessive duty hours.

INTRODUCTION

Long range air-to-air refuelling demands not only eophieticated logietic support but aleo careful
attention to the duty and .eet pattermms of both air and ground crews, Air-to-air refuelling may te used
to transport ehort range aircraft many thousands of milee within a short period of time and such opera‘ioms
require long and irregular hours of duty both from the receiver pilots and tanker crews, Tom:rd tlLr end
of 1969 ten Lightning airoraft were transferred from the United Kingdom to the Par East using the technique
of air-to-air refuelling., Thie paper is concerned with the duty and rest patterns of the aircrew involwved
in the exercise, Operational aspects have been included if they are relevant to this analysis.

Operational Detajle. The exerciee, which was preceded by about a month of day and night air-to-air

refuelling training, was scheduled over two sectors - United Kingdom tc the P:rsian Gulf and the Persian '
Gulf to the Far East, The aircraft departed from the United Kingdom in formatione of 3, 3, 2 and 2 on

four successive days and the refuelling aircraft operated from airfields in the United Kinsdom, Cyprus,

Persian Gulf and Indian Ocean. Supporting ground crews were deployed along the route and pilots not

operating the first seclor were transported to the Persian Gulf by a Hercules ajrcraft,

The firat sector from the United Kingdom to the Persian Culf was straightforward and with favourable
tail winds the flight timee averaged 8.5 hours, The aircraft took off at 0330 hours each morning to
ensure arrival in the Persian Gulf before dusk. The first three hours of each eector were operated in
darimees, Three r(fuelling brackets were completed and each fomation was east of Malta before daylight
brocke, There were no obvious difficulti.s with this plan, but an unsatisfactory sleep pattern preceding
the sector and air-to-air refuelling in darkness during the early hours were considered to be eignificant
factors in the induction of crew fatigue.

Two aircraft were di.->rtsd to Cyprus, one retuming 300 miles from Turkey unaccompanied., Fortunately,
the weather was clear and the excellent range of the Andana Tacan beacon made this relatively easy. In
general, radio compass bearings in thie area were poor and such a recovery could have presented consider-
able difficulties. The remaining eight aircraft arrived safely in the Persian Gulf but it was clear that,
though a flight of about 9 hours was feasible, an instrument approach in poor weather would have imposed
a considerable final gtrain on the pilot. Thie ie why daylight landings were mandatory during this
exercise, A thirty-six hour reet period proved eesential to refresh the pilote for the next sector.

The departuree of all aircraft from the Persian Gulf for the second eector were - schedule at
0530 hours local time., The first hour of the sector was in darknees, but the weather was perfect. About
100 milee northwest of Gan (Indian Ocean) each formation met severe weather conditions and on the worst
day a fomation of three aircraft logged over five hours cloud flying on thie eector. These conditioms, i
together with an instrument recovery in poor weather at the end of an eight hour flight, were found to be
a most trying experience for all pilots., Planned fuel recovery figures were affected adversely ani in
twe oasss pilote landed from a GCA with limited fuel. Signs of excassive strees and fatigue were obvious
at the end of this flight. Six diversions occurred during the sector. Two sircraft were diverted due to
a commmications misunderstanding concerning the weather and another aircraft becangse of a serious fuel
leakage, The unfavourable weather camplicated the refuelling plan specially as far as the three wave
formations were concerned.

The unfavourable weather during thie eector and the prolonged cloud flying led to pilot disorien-
tation far greater than the pilots believed possible., Most pilots encountered between two and five hours
of oioud flying and experienced the 'leans' for periods of between ten and twenty mimutes. In some casee
the symptoms were eevere and increased the eense of fatigue., The tankers appeared to be doing aesrobatics,
refuslling in the inverted position or flying contimously banked. No loss of contiol occurred, but |
soamning of instruments had to be curtailed when in dense cloud to avoid losing the formation, Alter- :
ations in heading by the tankers to avoid the worst of the weather did little to alleviate the situation 1
and when flying unaccompanied after the final refuelling ceveral Lishtning pilote found themselves in the |
worst of the weather before any diversion could be made, The operation led to overt fatigue aid could
have jeopardieed safsty during the miseion. Most pilots realieed that they were in no condition to
operate for at least twenty-four hours after arrival and that they needed about forty-eight hours to
acolimatise to the new envirument,

s of Sl tterns and Workload., Sleep and duty pattems for all aircrew and some ground crew
wsre obtained from personal diaries, 3chedules of five Lightning pilots, eix crew members of the tanker 2
aircraft and two ground crew were analyeed in dstail, DPreceding the exercise contrcl sleep pattermns, as
far as possible, were obtained, The minimum smount of sleep required by an individual pilot over any
three day period preceding the exercise was used as an indication of his minisum sleep requirements.
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During the exeroise the aircrew contimmed to record their duty periods and to estimate the duration of
their sleep periods. Total sleep was calculated over three duy periods during the exsroise to oompare
with the data derived during the oontrcl period. The workload of the ajircrew was oaloulated as cumulative
duty hours and related to duration of their individual schedules., The duration of each schedule, for
purposes of calculating cumulative duty hours, was from twenty-four hours preceding the first flight to
the end of the duty period of the last flight. In the event of & break in flying duty exveeding three
days, only the high workload part of the exercise was analysed. The estimated hours of sleep for air

and ground crew are given in Table 1, The duty and sleep patierms of the Lightning pilots are illus-
trated in Pig. 1 - 5 and siailer data are provided for the tanker orews in Pig. 6 - 11 and for the two
ground crews in Fg. 12 and 13. Aircrew workload during the exercise is given in Table 2,

Fic. 1 Fiz. 2
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Pigs. 1 - 5. Duty (hatched) and sleep (black)
periods of the five Lightning pilots, The
horizontal axis covers a twenty-four hour
period around midnight, Duty periods involving
a flying sector are indicated by departure and
arrival airfields,
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Pigs, 6 - 11. Duty (hatched) and sleep
(black) periois of the six tanker aircrew.
The horizontal axis cuvers a twenty-four
hour period around midnight. Duty periods
involving a flyins sector are indicated by
departure and arrival airficlds,
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Figs. 12 & 13, Duty (hatched) and
sleep (black) periods of two ground
crew, The horizontal axis covers a
Ej twenty-four hour period around midnight,.
A Arrows indicate transit flights.

Total duty hours | Durstiom of Missioa (days)

Ll 72.0 6.5
2 %.5 2.3
¥%.0 2.4

. 4 42.3 4.
32.8 35

Vi ».0 2.3
2 42.0 1.6
] 2.5 4.4
4 8.5 4.1
L) 4.0 4.6
6 5.0 4.3
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DISCUSSIM

Severe disturbances of slesp were experienced during this exercise and the unusual duty hours during
the days preceding the operation together with the need for am early take-off (0330 hours) led to unsatis-
factory sleep preceding the first sector. Not only was the amount of sleep immediately preceding the
first sector reduced, but the pattern of sleep during the three day period before the mission was unsatis-
factory in some aircrew, One of the Lightning pilots (L5) experienced a thirteem hour flight to the
Pereian Gulf as a passenger in a Herculee and was required for non-flying duty within sixteen hours of
arrival and then operated a Lightning to the Par Sast two days later,

The workload involved in this exercise (cumulative duty hours related to durstion of schedule) was
related to previous studies on transport aircrew in which duty patterns compatible with am acoeptadble
sleep pattern had been established, (Xicholsom 1970, 1972). An air-to-air refuslling exercise is very
demanding and cannot be eguated with a norsal transport operation, but it iz worthwhile comparins the
workload of the Lishtning aircrew with duty patterns which are known to be only just acceptable for
transport aircrew, On the other hand it is considered that the workload of tanker crews can be assessed
in the light of experience with transpo-t crews,

It can be seen fram Pig. 14 that the calculated workload for the Lightning and tanker crews was close
to a workload which was likely to ~ive rise to sleep difficulties in transport aircrew studied previocusly.
In the case of the Lishtning pilots the minimum duration of the excrcise (from United Kingdom take-off
to Par East touch-domm) was 2.3 days. Pilots flying the two sectors within 2.3 days were not required
to act as c reserve to the other formations, The duration of the other schediu.es were longer due to
additional duty periods or diversions (over six days in one pilot) and the workload tended to be maintained
at a high level, Studies on long haul ajircrew have shown that workload needs to be reduced a8 a schedule
progresses and this would be particularly important if it was essential to maintain the well-being and
operational effec:iveness of the aircrew beyond the end of the refuelling exercise.

“ o

0

n 4

»l Pig. 14. Yorkload of Lightning pilots and
tanker crews superimposed on a graph relating
workload and an acceptable sleep pattern for

s transport aircres, The lower line indicates

[ workload which is likely to be compatible with

an acceptable sleep patiem. The upper line

so} iniicates the maximum workload which may be
compatible with an acceptable sleep patterm
for trausport aircrew. (Xicholsam 1972},

sr The workload involved in two double crew

o con'{mous flring operations are plotted as

ti.angles (Atkinson, Borland amd Ficholsen,

sot 1970).

SE O Tenker Crews

O Lightning Piiots
OF A Doubls Crew
Operations




Amalyeis of the verklead of the five Lishining pilets suggested that the schedule weuld have besn
imcompatible with an seseptable slesp pattesn in feur of the pllets (11, 12, 1] and L5) and likely %
have created difficulties in the remaining pilet

(Pig. 15) largely confimmed these predictisms. Pilets L1, L2 and
during the emsrcise theugh rilots 1) and L4 maiatained satisfactesy pattewms.
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The total duratiom of the schedules of each tapker crew were similar (around ten days), though the

workload was canocentrated within a four day period,

Analysis of the duty periods of the six tanker air-

crew suggested that the workloed would have been incampatible with an acceptable sleep patiem in two
orews (V1 and ¥vS) and that difficulties would have been expected in three other crews (V2, Y3 and V4).
These predictions were largely bome out by the slwep patterns of the crews (Pig. 16). Satisfasctosy

sleep patterns were obuerved in V5 and V5, lut in the remaining four crews at least some difficulties

wore experienced,

The transit flight in the Hercules had an adverse effect on slesp patterns (Pigs. 12 and 13)., (ne
of the ground crew managed to recover an excellen: sleep pnttern, but the other remained in difficulties
throughout the rest of the exercise (Pig. 17).
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Pig. 16. Estimated sleep gain/loss for
the six tanker aircrew during the aission.
Arrows indicate flying duty.

Pig. 17.
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Tetimated sleep gain/loss for

the two ground crew during the mission.

The arrow labelled T indicates a transit
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CONCLUSIONS

This study has explored the relationship between workload ard sleep patterns during a long range air-
to-air refuelling exercise and has shown that in practice disturbences of sleep pattern oould be priaicted
fron a study of anticipated individual workload, Disturbances may affect adversely the well-being aud
operational effectiveness of aircrew and contribute to fatigue which is likely to be, in any oase, a
potential factor in this sort of exercise. It is considered, therefore, that careful ‘attention to wnrk-
load is necessary to ensure that ajircrew are not umnecessarily fatigued and that particular attention
should be paid to the relationship between cumulative workload and the duration of the individual's
schedule,

Studies on long range transport aircrew have shown that unusual pattems of work and rest have an
effect on the ability of aircrew to obtain aatisfactory sleep and it is suggested that the relationship
between cumulative worklcad and duration of schedules for long range transport aircrew, which is known
to be just compatible with an acceptable sleep paitern (Nicholson 1972), could be used, initially, as a
model for toth tanker crews and fighter pilots. It is appreciated that the workload demanded of Lightning
pilots differs greatly frrm that of long range transport aircrew, but it can hardly be expected that
operational effectiveness can be maintained if workload in exoess of that which would be tolerated for
transport aircrew is demanded.

Studies could be carried out on aircrew involved in particular exercises to determine the nature and
significance of unusual duty patterns. Such studies could assist in the planning of operations and may
help commanders *+o prediot the overall well-being and operational effectiveness of their crews at any
time during a complex operation.

ACKNOWLEDGEMENTS
We are indebted to Group Captain G.P. Black for access to his report on the exercise.
REFERENCES
1, ATKINSON, D,7., BCRLAND, R.G. & NICHOLSON, A.N,
Double crew contimious flying operations: a study of aircrew sleep patterns.
Aerospace Medicine 1970, 41, 1121 - 1126,
2. NICHOUSON, AN,
Sleep patterns of an airline pilot operating world wide East-West routes.
Aerospace Medicine 1970, 41, 626 - €32,
3. NICHOLSOR, A.N.

Duty hours and sleep patterns in aircrew operating world wide routes.
Aerospace Medicine 1972, 43, 138.

et B g e el e iy e




i

PR

o nu o e By ad e R Dt e o e s = Car T Ln

Al7-1

HIGH WORKLOAD TASKS OF AIRCREW IN THE

TACTICAL STRIKE, ATTACK AND RECONWAISSANCE ROLES

by
F. ter Braak, lL.eutenant Colonel, RNLAF

SHAPE, Belgium

1. The title of my paper oovers the high workload tasks of aircrew performing three
distinot tactical roles, namely the rtrike, the attack ané the reconnaissance roles. In ‘he
oourse of my presentation I will cover the total mission, which is from the time the pilot
receives his orders until the debriefing following the flight has been completed. At the same
time I will also point out the differences between eaoh role, as related to workload, so that a
fairly realistic comparison can be made as to the workload of each category.

2. I would like to point out that the task description is based on the piloil flying a
single-seater airplane. At the end of my presentation, however, I will include scme thoughts on
the difference in workload between pilots flying single-seater aircraft and aircrew manning a
two-seater, such as the Buccaneer or the F-4.

3. Before going through the missions step by step, allow me to give a general description
of eaoh category.

a, Strike. The word "strike" in NATO terminology is usually connected with nuclear
missions; in other words, a strike pilot is trained to deliver one of mankind's most lethal
wveapons, The tactical strike pilot is 2 lone operator; from take-off onwards, he alone is
responsible for the proper execution of Lis mission. His standard of training and his experience
must therefore be of a very high quality. A pilot selected to become a member of a strike squadron
will normally have served several years in a fighter squadron executing a different mission., As
a seoondery task, a strike pilot must also be able to deliver conventional weaponry,

b. Attack, An attack pilot is trained to deliver conventisnal weapons, such as rockets
or bombs on & variety of targets. They range from airfields or radar stations to tank colummns or
dug=-in infantry. The attack pilot normally operatee in a formation of four or more aircraft. The
proper execution of his mission does not only depend upon his skill in weapon delivery but also on
the teamwork attained in the formation of which he forms a part and on the tactics used. He will
be trained ‘o perform visuml reconnaissance missions and must also be able to execute limited air
defense tasks, using guns or cannon.

o. BRecoppsissance. The reconnaissance pilot is often described as the eyes of the air
and the ground oommanders. Flyirg an aircraft, equipped with several types of cameras, tape
reoorders and so on, he is tasked to reconnoitre two or three targets and bring back an exact
desoription of hia targets, backed up and oompleted by sets of photographic prints, Wnen making
a reoonnaissance of army targets, he must give an inflight briefing to the in-flight reporting
post, norually oollocated with the army commander, so that the required information is available
in the shortest possible time. He, like the strike pilnt, is a lone operator flying an aircraft
normally carrying no defense weapons,

4. Let us now look in detail at the tasks to be performed by each category.

a. BRefors Flight Perjod

(1) Intelljgence Briefing. Strike: Target briefing and siudy. Enemy air order of
attle. IFF-SIF, Bail-ocut security. Escape and evasiom. Constraints policy. Attack: Target
briefing and study. Enemy air order of battle. IFF-SIF., Bail-out security. ELscape and evasion.
Reconnaissance: Target briefing and study. Bequired data. Enemy air order of battle. IFF-8IF,
Bail=out security. Escape and evasion,

(2) Operatjons Briefing. Strike: Required flight profile. Recall procedures.
Badio prooedures. Diversion procedures. Joining instructions. Actions after landing, Attack:
Required flight profile. Number of aircraft. Badio procedures. Recall procedures, Type of
formation., Tactics enroute. Defense pene’ration., Target selection., Weapons carried, Tactics
in target area. Diversion procedures. Joining instructions. Actions after lunding. Reconnais-
sanos: Required flight profle. Recall procedures. Radio procedures, L. ersion procedures.
Joining instructions. Aotions after landing.

(3) GLO Briefing. Strike: Position own troops. In-flight reporting. Own AA and
SAM positions. Attaok: Position own troops. Target info (for direct support and recce sorties).
In-flight reporting. Own AL and SAM defenres, Reconnaissance: Position own troops. Target info
(for army targets). In-flight rsporting. Own AA and SAM defenses.

(4) Yeapons and ECM Briefing. Strike: Weapon settings and checks. ECM procedures.
Attack: Veapon seitings and cheoks. ECM procedures. Reconnaissance: Camers settings. ECM
procedures.
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(5) Flight Planning. Strike: Bun-in plct. Map preparaticn. Extensive weapen
release computing. Radar plctting and interpretaticn. Attack: Map preparaticn. Radar plotting
and interpretation. Reconnaissance: Map preparation, Radar plotting and interpretation.

- (6) Time Avajlable. Strike: < 3 hours. Attaok: % 1 hour. Reconnaissance:
- 1 hour,

b, During Flight Perjod.

(1) Basg to Target Area, Strike: Take-off and leaving procedures. Map reading.
Radar interpretation. Flight plan ad justments, ECM checks, Instrument checks. Look-out and
redar scan. Attack: Take-off and leaving prccedures. Map reading. Radar interpretaticn. Flight
plan adjustments., ECM checks. Instrument checks. Formation keeping. Look-out and radar scan.
Reconnaissance: Take-off and leaving procedures, Map reading. Radar interpretation. Flight
plan adjustments., ECM cheoks, Instrument cheoks, Look-ovt and radar scan,

(2) Target Area. Strike: BHun in. Weapon settings. Highly accurate navigaticn.
Execute attack maneuver, Highly accurate flying. Escape maneuver., Attack: Run in., Weapon
settings, Highly accurate navigation. Pull-up. Target recognition and selecticn. Attack.
Lscape maneuver, Reconnaissance: Run in. Camera settings. Highly uccurate navigation.

(3) Retyrn Flight. Strike: Map reading. In-flight reporting. Diversion procedures.
Joining and landing. Attack: Map reading. Visuzl recce sortie. In=-flight reporting. Diversion
procedures. Joining and landing. Reccnnaissance: Map reading. In-flight reporting. Diversion
procedures. Joining and landing.

(4), Time Availsble. 6trike: © 1 hour 20 minutes. Attack: % 1 hour 20 minutes,
Reconnaissanoe: <+ 1 hour 20 minutes.

c. After Flight Period.

(1) Debriefing, Strike: Intelligence, GLO, OPS, Attack: Intelligence. GLO.
OPS. Reconnaissance: Intelligence. GLO. OPS,

(2) Time Avajlable. Strike: I 30 minutes. Attack: < 30 minutes. Reconnaissance:
40 minutes.

"+

d. Total Time Available, Strike: 2 5 hours. Attaok: b 3 hours. Reocnnaissance:
3 hours,

"~

5. Now let us consider how to translate the previous tasks descriptions into workload.
Total workload of a tactical pilot is built up cut of three factcrs, the physical, the mental and
last, but by nc means least, the psychological one.

a, Physical. At first glance the direct physical factor does nct seem cverly large.
Flight preparation, consisting of briefings and flight planning, takes from approximately 1 hour
for attack and reconnaissance pilots to 3 hours for a strike pilct. This should pose no prodblems
for a fit men. A flight time of say 1% hours, the average duration of s tactical mission, may
also not impress for instance a transport pilot used to flying trips of 6 hours or more. In the
case of a tactical pilot, however, several subfactors lead to a high increase of the physical
factor. In many cases a taotical mission is carried out at a very lov level. Altitudes between
100 and 500 feet over various types of terrain with speeds ranging from 400 to 600 knots are normal.
The terrain avoidance action will-constantly have to be taken &t these altitudes and speeds, serious
buffeting will often be experie 'ced resulting in G-forces from minus two tc plus two. Maneuvering
in the target area may require G-forces of up to 6-G. To meintain the required formation keeps
the attuck pilot normally fully occupied. Added to this the physical effort required to perform
defensive maneuv:rs in case of fighters, it must be clear that the physical factor in toto is not
as small as at first glance it seemed tc be.

b. Mental., The mental effort required to perform a tactical mission forms a large part
of the total workload., The briefings and flight preparation, as described in paragraph 4, require
from 1 to 3 hours of highly concentrated wvork. During flight the mental effort required to perferm
the low=level navigation and to readjust prepared flight plans because of unsuspected weather
deterioration, technical problems, and/or enemy action will demand a very high mental capability.

« The psychological factor as it relates to the total wcrkload is of
course ditficult to measure as it varies from person tc person and also from day to day. The
influence this factor has on the total workload depends on many things such as stardard of training
and total experience, physical condition, personal prcblems and many others., Whatever the situation
oay be the psychological factor has a direct influence on the cutput the pilot or aircrew member
can produce and therefore on the total workload.

6. Training. In the past minutes I described the multitude of tasks the tactical pilot is
required to perforam in the course cf his mission. From the total time available to for instance
an attack pilect, it must be clear that many of the actions described have become more of a rcutine
patter thanks to the training received. The more intensive the training and consequently the
higher the proficiency standard, the more influence this has on the total workload, Whether this
training is executed by the actual execution of simulated wartime missions or by simulation is a
matter which will be disoussed at a later stage cf this meeting and I will therefcre refrain from
discussing this at the present.
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7. Two-pan Crev. As stated at the beginning of my prssentation, I would now like to offsr
a few thoughts on workload for two-man orew., At a first glanoe, one oould draw the oonclusion

that as two quaiifisd men are availadble to oarry out the tasks dssoribed ths workload per orevman
if not halved is most oertainly reduced by a fairly high factor. This howevsr is far froam the
truth. The physical faotor is not reduced as each orewman performs his task under ths same
oircumstances as a singls pilot. Usually, however, this factor is somevhat higher bdsoause the
missions acoomplished by a two-seater orew are cften more complex requiring grsaisr physioal sffort.
The same argument covers the mental faotor. Thirdly, the need for orew oocordination during the
mission is a task in itself keeping workload high. 4And fourth, the psychologioal factor whioh is
equivalent in both cases. In olosing, I believe I am right in saying that in general we cannot
speak of an appreciable difference in workload bstween the two oategories.

DISCUSSION

PO..LARD I would like to edd to the presentetion e couple of wors stresses which we
heve found to be perticulerly importent. The first one is thet of extended
missions of up to 6 hours which involve 2-3 hours of eir-to-eir refuelling
end tl.e second 1s the difficulty of communicetions over tacticel crowded
frequencies.

TER BRAAK Yes. I quite egree with you but I wes uneble to deel with these perticuler
problems in my presentation,

NICHOLSON In deeling with the problem of single end doub'a crew eircreft I would like to
link this to the question which you reised ebout creeting en optimm performance
under the very high workload of the acquisition end delivery phese. 1Is it
possible thet ¢ two man system could provide ¢ better performance during the
very high workload situation of the ecquisition end delivery?

TER BRAAK I think thet a two seeter eircraft would definitely be en improvemsnt in the
total performance. The workload is not lower for eech man, but the performance
could well be improved. The wore complex missions nowadeys take e lot out of
you. You cennot fly more then one mission ¢ dey. Possibly with ¢ two men crew
we could increese the number of missions to one end ¢ helf e dey.

FRANKE From the stendpoint of reseerch end looking to the cost effectiveness of zn
eir force I have no indicetion thet e two sesgter eircreft is more cost
effective than e single seeter. I would like to question our U.S. colleagues.
Do they heve information thet e two seeter eircreft is more effective?

POLLARD It seems to me thet the A7 1is just es effective es the P4 if it is en ettack
mission, but in many instences there is equipment eboard the F4 thet the A7
could not cerry, such es laser designators. 8o there ers missions which the
A7 18 not equipped to fly., It depends on the mission end the equipment eboerd
the eircreft. I would agree thet with ¢ two seeter aircreft you could perheps
extend the mission and the roles of tne eircreft.
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THE AIR DEFENCE ROLE

Wing Commandar J. Hutchinson RAP
Royal Air Porca ivbrook
Lircoln
United Kingdom

Introduction

In considaring the workload involved in the air defanca rola, it is important to be claar as to tha
dimencions of tha subjact. On tha one hand, any air dafance situation will posa a problem which can bs
dafined in absoluta mathematical tarms, and whosa solution implias a cartain dagrea of effort from tha
dafending pilot or crev using given aquipment. HNowevar, tha essanca of air dafanca is that tha intrudar
will usually set about msking tha dafendar's task as difficult as possible, tha tactics ha adopts, in
addition to meking tha pcoblem less tractabla. may also reduca, through stress, fatigue, fasr or sevaral
mora factors, acting singly or in coacart, tha ability of tha air defanca crew to solva tha problem. Tha
percaived workloed fecing tha crewshosa ability is thus impaired may prove to be beyond their capability,
even though in absoluta tarms the problem is not overvhalming.

My specialisetion is tha air dafanca of tha United Kingdom, end any examplas I cita will be basad
upon oparations conducted in that rola. 1 must also be careful to dafine 'Air dafenca' as tha finding,
and shootiag down of airborne enemy intruders using menned intarcaptors. Some would claim that tha air
dafenca rola includaa all means used to reduca an enemy's offansiva air capability, but we ara concerned
hare solaly with tha difficultias axperisanced by dafending air crews.

In tha post-nuclear-tripwire aga, air dafanca covers an anormous span of possibilitias, against all
of which the dafending crew has to maintain a capabiiity, becausa it is tha enemy who dacidas tha tactics. !
In the Royal Air Porca we train our pilots to operata round tha clock in dafenca of tha United Kingdom; !
in dafenca of Meditarranean and Cantral Suropesn basas, and in dafanca of tha flaat at saa; and for all
thase rolas we train agsinst all possibla threats from supersonic air-lgunched wissilas at high leval,
through high subsonic bomber penetrations at low level, to air combat manoeuvring against fightar-type
aircraft. This ranga of possibilitias includas haad-on, beam and raar attacks with missilas, guns or

both, prassad home aithar semi-autometically using alectronically-computad steering informetion, or
visually.

Definition of Workload

Tha total load on tha crew operating in this rola is tha sum of saveral diffarent prassuras - physical,
mental and esotional being tha most obvious. Unfortunataly, in air dafanca tha anemy by dafinition holds
the initiative, end can build up prassura on tha crew in any or all of thasa araas, concaivably without
firing a shot. Physical or physiological prassura is a product of the crew's working environment und
aquipment. Air dafanca sircraft ara normally dasigned to achiave a performanca advantaga, and a prica has
to be paid for this. Ratas of changa of haight achiaved ara very large, 50 - 60,000 faat per minuta not
being uncommon for short periods. Most modern fightars have tha thrust, at any rata at low laval, to
sustain very high g loadings indefinitaly, and thay can usually approach 1€ linear accalaration in laval
flight. Altituda changes ara large, frequent and very fast, and, particularly whan combined with rapid
speed changes, thay placa considarabla strain on tha crew’'s sensory mechanisms.

Also in pursuit of performanca, cockpits can be vary small, rasulting in cramped conditions, with
instrumsnt prasentations miniaturiszed to tha point whara intarpratation requiras much affort, if thay can
be saen at all. Tha view from tha driving seat can also be severely restricted, making for mora physical
affort to maintain good loskout. And lastly, I have never flown an aircraft in wvhich it was always
poseibla to achiave a comfortabla temperature throughout without excass noisa and commotion. All this
adds up to an appreciabla physical strain on tha crew, before a singla shot has been fired, and {t
undoubtadly makas for a high dagraa of fatigue.

Then thera {s tha prassura of tha emotions. Patigue {s tha cosmonest, and most annarvating, but
avery air dafenca pilot knows tha dabilitating effects of hungar, pain (usually from tha bladdar, or the
saat, but occasionally from cold fast, hot feet, cold hands or jarrsd albows) and apprahansion or even
fear. Disoriantation, though physiological in origin, is a very cffective trigger for the main and
standby adrenslin pumps and i{s most common on dark nights at low lavel and high speed. Tha art of mastar-
ing thesa forcas {s a part of tha training of avery air dafanca crew, for tha bettar thay can overcome
them, tha mora of thair total intalligenca they can devote to tha svliution of tha intarcaption problems
thay faca - tha mental prascura.

Tha Mental Pressura

Air dafenca as we ara considaring it consists of sasking out ths ememy in the air and dastroying him.
Befora this end can be achiaved, a good many links in a dalicata chain have to be complated. Pirat, tha
dafanders have to becoms swara of tha ememy’s prasanca and divine his intentions. Than tha dafending
pilot has to get airborme himsalf; next ha has to nevigata to tha vicinity of tha enemy and meka contact
with him using his own sensors. Then he has to menoeuvre into a firing position, and finally, he has to
salact a wespon and diachargs it from a position from which it will dastroy the anemy. If I tall you that,
for the pilot dafending tha UK, the whola of that sequancy can taka place 50 milas from his bese, at super-
sonic speed in the stratosphara, within 15 minutas of his being fast aslasp in bed you will have some idaa
of tha problem ha facas.

In theory, tha problem yialds to mathematical solutions. The ground station picks up tha enemy and
a computar calculatas his coursa and speed and scramblas a weiting fightar towards tha computed point of
intarception, Knowing the fightar's performanca, tha computar can tall the pilot exactly how to navigate
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until he picks up the intruder on his own semsors. Neving locked his radar to the iatruder, the fighter
pilot csn be presented vwith steering information to mamoeuvre him {nto ¢ firing position, cemputed fres
the eccuretely measured sngles and rcnges supplied by his ewn vadar. All he hes to do 1is to lawnch @
weapon vhen the computer tells him to.

Nowever, all this theory collapses before three unfortunate facts. Pirstly the emsmy may ouccess-
fully avoid esrly detection by friandly semsors; secondly having been detacted he may take steps to
rcntuse the semsors which ere tracking him. and thirdly he mey seek by mamosuvring to complicate the
defender's prodles in attempting to shoo: him down. In attempting to solve am imterceptionm equatiom in
which every one of the veriables is chenging repidly. the pilot's mental capacity, which {s the omnly
alternative to mathemstical computation which allows qualitative judgements, is taxed to the full. Per
one thing, by deleying his discovery until the letest possihle momeat. the smemy compresses the reseltant
stalk and interception into minimum time, speeding up the rate at vhich the defendeor mmst work: amd for
another. by producing false elactromagnetic maves to compete with the genuisc ones {mitieted by the
defender. Na cen camse the letter to heve to bese some fiacly belanced decisions wpon a whelly sehjivetive
weighting of the perceived evidence.

Congider the components in the total skill of the air defemce crav. Pirstly, they have to get eir-
borne. 1If warning i{s available ssrly emougk, they will be well briefed before they go, usually by secure
mens, thet is their firm baseline. If warning is denied or may be denied, they will go onm an estimats,
to sit astride the enemy's most like!y line of approsch. In either cese, they mmst be priparsd for just
about anything, because they can only react to events. Omnce ai:borne, they are entiraly dependent on the
propegation of electromagnatic waves for further instructions and for early detsctiom (the omly altermstive,
the humsn eysbell. is very restricted in range indesd). They carry several semsers, beth sctive snd pessive,
end 1if they hope to achieve surprise they will initially valy only on the passive omes. Unfertwmately,
none of the pessive semso~ (s able to distinguish friand from foe, and the enemy, if he judges it tecti-
cally sound, will try to fiil them with felse informaticon, spurioms and imcorract redio imstructions being
one obvious example. 1If the crew hes to switch to active semsors. the ensmy will be made aware of its
presence and any attempt to lock om will signify to the emsmy that he hes besn detected clearimg him to
transeit his full range of electronic daception measures.

On the wey to the target area the crow will navigete either by inertiel maens or oa imstructioms
from the ground controller. If neither of these is availahle the only msans is dead reckoming. eided by
aircreft radar vhen pointing at. and within rangs of the coast, which in the case of the Ik {s sway froa
the enewy. Prom now on, dead reckoning mevigetion hes to be eleveted to the level of a precise sciemce.
An ervor of 20 miles built up over an hour, which is adbout 5% of distence travelled., could make the
difference between getting home on minisum normel fuel and runming ont - aed in the UK ell fighter beses
are close to the coast. so there are no drop-short alternatives.

Once on station, the crew of ¢ UK air defence ¢ircraft hes the further navigatiom problem of in-flight
refuelling. Mamny air defence missions rely on this techaique. which roquiras first that they find the
tanker. Nere the problem is three-dimensiomsl: it is necesssry to lesve statien with encugh fwel to resch
the tanker's aseoumed position. and to errive there with emcugh to go hems if the temker is not there or
unable to supply. Most eir defence refuslling missions are conducted in radio silence. 90 the crew cam
drev only on its own cunaing and experience to find the tamker either efter on interception or fres s
patrol line. There is one further complicating factor in this equation; fwel consumption rates very widely
according to eltitude and speed, baing roughly dowhled for supersomic flight. Whilst e computer cem be of
help {n solving meny of the attendant prodbleme. a properly belanced solutienm cam only be devised and kept
up to date by the crews acting as swch on intuition as on any scientific process.

Apart from navigetion, the crew hes to wrestle with the problem of detection. Here there are two
difficelties; the ground comntroller can usually see what is geing on, bet he hes to tramemit it to the
crev by electromagnetic means which the enswmy will try to hinder; and the crev hes to mesipulate its owm
airhorne sensors to pick up the ememy, who will do his utmost firstly to avoid such detsction and secondly.
once detected. to reduce the quality of information thet the defender can glean abowt his movemsets.

Uncil somebody invents a foolproof unjsmmable radio. commmmication between controller amd crew is
bound to be difficult. It cen not be entirely prevemted but it requires continuous frequency changes awnd
the interpretation of other informstion such as intercepted jamming sigmals. and takes both tise and mentel
effort and the resultant information will certainly be of reduced quality.

Rader operation ased the cowntermsssures to which it may be exposed is & subjact on its owm. Sssemtielly,
e computed attack requires comtinuous range and angle information om the snemy eircraft. If either of these
ts denied - and ¢ wnole range of means ia available. each of vhich has its own counter-play-the computetion
ts transferred to the pilot's head. When you are comsidering attacking a targst om which you ere closing
head on et 1000 knots, an error of S seconds im timing can meen am error of a mile or more in firing range:
clearly in spite of other distractions. a high level of ability tath to read a very smsll radar scresn,
and to meke complicated calculations quickly in the head, is essentiel. The enemy. of course, will do hi:
utsost to wske the radar screen unresadshle aund only a huwsn eye con separete the gemuine frowm the srurious.

Wext. the problem of wespon release. Nodern missiles cam be very effective, provided they ure fired
from within what is called & success sone - a pocket of sky of defimhle velume within ¢ certrin distance
of the quarry. Unfortunately. the emswmy 1f swave of the fighter's pressuce. will certainlv take steps
both to prevent him from computing the point of entry to the swccess sone. eed to make it 4s emall es
possihle. The success 3ome cen be couputed frem the maxiswm and minimus veanges of the missile, the height
of lewnch. the height and sagslar differences betwesr fighter and tarpet. the relative speeds. retas of
turan, climb and descent snd the mavigatiomel and fusing cepehilities of the missile. The deaisl or
corruption of eny ome of these paramcters, before launch. or their seheequent el:sretiem, cem result in @
felsely computed lawnch poimt, and of course ¢ resolute swemy will taks steps to eneure thet he achieves
fust thet. both by use of BCN snd by evesive ssmesuvre. The crew’s task is therafore te be resdy ot may
time to compute the wespen reloase point mwentally, a task for which the time aveilghle is usually msasured

in seconds. and vhich hes to be conducted net in on srurchair beside the fire. bet in ¢ dyvamic sitwation
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with superimposed distraction supplied from a variety of sources, not the least of which may be the
target’'s owmn defensive armasent.

After all that, the crew has only to find its way back home, or on to its station, or to another
task, which msy seem childishly simple and probebly would be if only its brains would work, the sun would
rise and the weather waa fine,

Operational Bquijment

1 should now like to illustrate what I have been seying by relating it to the equipment we use.
907 of the RAP's air defence force is provided by various merks of Lightning. all of which are externally
fairly similar but which differ in fuel capacity, instrusentation, equipment, weapons and fire control
systems. The Lightning was conceived 25 years ago at s time when the relatively low-thurst engines avail-
able were the limiting factor in achieving the desired Mach 2. and as a result the unique layout wes
dictated by the need to keep the frontal area as small as possible. The resultant aircraft has e very
good performence. even today and flies like a real aeroplane even though it doesn't look much like one.
But the internal stowage volume is minimsl and the cockpit very cramped even for the single occupant,
even the view out being restricted by the design of the canopy. The flight instrumentation i{s unique.
a wminiaturized integrated display which combines into five dials the informetion normally spread over ten,
There is a good autopilot. or flight control system. whose aid is very necessary when the pilot has to
concentrate on other tasks. for like all good fighters the aircraft is of low aerodynamic stability and
is sensitive to small changes in pitch angles. The aircraft will accelerate at about 10 knots a second
all the way to sonic speed at sea lovel, and will reach the tropopsuse from rest in about two wminutes.
All marks heve AAR facilities and can stay airborne for up to 11 hours.

The aircraft’'s navigation facilities are rudimentary but reasonably effective under favourable
circumstances. It has TACAN with an offset computer, that {s tha ability to 'move' the ground beecon
about by elec:ronic means to put it anyvhere it is required. TACAN is of course. susceptible to
corruption by jamming. The aircraft’'s radar has a coest-mapping facilitv out to 60 miles, or 140 miles
using second time-bese returns, which 12 useful if it happens to be pointing at a coast but not otherwise.
Apart from that, navigation has to be conducted by dead reckoning, or on instructions from the ground,
except that it is possible to home onto a radio transmission by using an anti-jasming device, a facility
we sometimes us' to find both |ammers and tankers.

The Lightning's integrated radar and fire control system is besed on a simple and reliable pulse
radar eugmented by computers which generate electronically-displayed instructions. The radar aerial cen
scsn an area of sky 80 miles wide by 20,000 feet high at 40 miles range once every two-thirds of a second,
and it has & vida range of selective manual control facilities. Control is under the left hand, on a
single handle containing 14 different controls which perform 18 separate functions. Interpretation of
this display is by eye a process which {s analogous to reading a book the learning of it being one of
the earliest lessoms undertaken by the aspiring fighter pilot. The screen is only about & inches square
s0 precise interpretation is an art vhich takes time to acquire: we always practice the worst case, which
i{s that of a return appearing on the tube without any supporting information being supplied by the growad
controller. In that case, the pilot has to assess its relative height, speed and heading by a process of
mants] arithmetic, and act accordingly. baging his actions on an intimete knowledge of his own aircraft's
performance. When I tell vou that a supersonic rear interception can take as little as 4S5 seconds from
inftial contact, you gat some idea of the rate et which the pilot has to work. In snother case. a high
flier interception started from 30,000 feet below the target. can take as little es two minutes. In the
extreme case, a head-on interception against e supersonic target can take 20 seconds or less from initial
contact to weapon release. hut in this case lockiag on is essential. Even so. in tnat time the pilot has
to spot the target. highlight it manuelly, compute and make an initial course correction, lock on (an
action requiring four separate actions performed with the left hand itself and three of the fingers).
follow the steering instructions. monitor the locked-on indicators. compute e breaksway manceuvre. check
the wissile scouisition and programming end press the trigger.

One other rader function {s the visusl fdentification of unlit tsrgets at nignt. This exercise
which may require closure to e fev vards range on an evading target at low level. requires extreme
delicacy of aircreft control in response to information displayed on the radar tube, and of course. csn
not be autometed in any way.

When it comes to firing his weapons the pilot has e choice between locking on and giving his
computers the task of calculeting the missile success sone, or of sighting visually and doing the
computation himself. In the first case. provided the enemy has no means of breaking or deceiving his
lock he need only monitor the computer’'s solution and execute.tha steering instructions {f they appear
to be reasonable. In the second, he must compute the solution himself using his judgement and whatever
facts he can ecquire; but of course he makes his adversary's ECM task very much more difficult.

Whilst 111 this is going on, the pilot of the Lightning has also to keep abreast of his fuel state,
the tactical situatior, and the state of his home bese and diversion weather. Be also hes to operate his
secondary radar transponder to charging codes to ensure that ground stations can identify him in the face
of any enemy attempts to compromise the systew.

Conclusion

I have said little encugh, but I hope I have given you some idea of what is involved in the eir
defence wission. War of course. has always been a contest between people not machines, and that remains
true today. The problem of today is that tha dynamic situation has speeded up 80 much thaz the load on
the individual has reached proportions which threaten to engulf him. One answer to that in air defence
is the two-men crev. a solution vhich ve embraced years ago but abandoned temporarily with the Lightning
in response to the seductive wocing of those who believed that all things can be solved electronically.
Vith the introduction of the Phentom in place of the Lightning in the UK air defence force. another brain
and set of senses will be available in any situatici: but one thing remains certain. and that is that in
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tha heat of tha chase the crew will raquira all its fecultias in full working ordar if it is to kaap
abraast of tha problem,

DISCUSSION
JEX Would vou comment on tha possibility of remotaly piloted interceptors for the
Air Defence rola?
HUTCRINSON 1 believe that current research is concarned more with the air combat

situation than with tha bomber intercaption mission which forma our primery
task. I would say that unlass you cen find sous means of propagating secure
electromagnetic signals for a remotely piloted vehicle thare are very considsr-
able difficulties. There has always been a counterploy for avery ploy you put
into effect and this is cartainly true today. If we are on the vergs of a
bresk through in completelv sacure signal propagation I would be enthusiastic,
though I would hate to think  f operating a fighter from behind a dask under-
ground somevhere. I wouldn't quita get the feel for {t!

HOLDEW I imegine you go through a number of simulated missions in the year with real
flights. Do you assess tha performanca of these missions and what are the
prime causes for mission failure?

HUTCH INSON We certainly run through full scale missions both i{n ground simulators and in
the air. Tha mejor recording facility we use is a camera which records the
pilot's view of the radar scope. It doas not record any othar paramestars.
Pailures come about as a result of the breakdown in any one of the links
I mentioned in what is a delicate enough chain. I wouldn't like to put my
finger on any specific one which is any mora common than any othar, axcept
to say that tha threat of tha low level attacker remains by far the most
difficult with wvhich we have to cope. This is tha area, naturally ancugh,
in wvhich we get most failures and they are usually through ingbility to detect
in sufficient time. A low leval attacker doing high subsonic speed is a pratt:
tough nut to crack in the intercaption business. If you turn in behind, outs:da
firing ranga, vou are committed to a long tail chase and that is somsthing we
wish to avoid. A tail chase of more than 40 to 50 miles lasves a hole in your
defences.

HOLDEN Can you give a claar identificstion of pilot failure as causes for borderline
or failed wissiong?

HUTCH INSON Pilot failure usually comes about as a result of degradation of ability. This
is usually cumulative as a rasult of a number of factors of which I would say
the most common is that the dynamic situation will simply prove too fast. Por
example. in the case of a low level intarception at night with minisum warning
time failure will most always result. This is a combination of the pilot's
inability to pick-up the intruder soon enough and the difficulty of the control
agency (airborne aircraft or ship) in meking contact with him and giving to
him the information he requires.

HOLD®M Are most of those factors dependent on the availability of tha information
within an adequate period of time and not on the adbility of the pilot to
operate on the basis of that information?

HUTCRINSON That is perfectly true. I think that &1l nations are suffering from a wide gap
in their low level aarly warning facility. This is the ability to get airborne
and to do what you hgve to do. I should #dd that in the Lightning the
performance of the aircraft sets its own problems at times, because, as far as
I know, it is tha only seroplane currently ia servica in tha Westarn world in
which you can attack a supersonic target hasd-on gnd {f you miss go round the
back and have another go. It will sustain about S g all the way round and
clisb at the same time. A very axhilarating manceuvre, but one which taxes
tha brain to the absoluta ultimste.

BRIFAGRIM It appears to me that the intarcaptor pilot is a fairly select individual,
1 wvonder 1f you would give us soms words about the selection process of a
person able to hendla euch a workload, What do you feel is the most productive
screening for a succassful intarceptor pilet?

RUTCHDISON If you have about three or four hours I would be very happy to go into that!
The intarceptor pilots of the Royal Air Porca are selected initially by the
sams means as every other pilot. They all go through the aircrew selection
centra, but their training is a great daal longer in the advanced stage than
that of a pilot who is dastined to becoms a co-pilot on a bomber. I dou't
think enyone has diecoversd tha ultimsta in selection procedures. Imevitably
selections have a wide scatter around what the desired figure would be and eo
selection must continue right threugh operatiomal servica. I would say that
by dalaying selectiom for each stage until aach pilot has approached the end
of the previous stage, you cen reduca tha error to acceptabla proportions. Ve
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are slwave seeking to reduce the westege, of course, because the cost of the
final product is estronomical. In short we don‘t have an answer to the
gelection procedure. You cannot take a man off the street and say he will
make an air defence pilot. There ie no test you can subject “im to because
though he might well Lave the education, the mental and physical attributas
you are looking for involve another dimensfon, whick ro one has yet menaged
to megsure. This concerns his dynamism shali Je say - the amount of energy
he can apply to the job.

In the kinds of wmission you heve been describing, particularly low level
interception, cen you give us a fael of how serious in practice is rough motion
and vibration in interpreting displays and carrying out mental arithmetic, Is
it a common or serious problem or a fairlv incidental ona and if it is a sarious
one have you any practical suggestions from a pilot's point of view as to how
we might improve the situation?

I wish I could answer your question., The bumping around which goes on at low
level can have a very distracting affect. To giva you some feal for tha
problem in the case of the Lightning, which has no radio altimetar, tha alti-
mster arror at about .05 is of the order of 1,500 ft which is grounds for
apprehension., There is some physical discomfort though an aircraft of that
kind, wvhich was unique whan it was designed, has a very low gust rasponsa and
so the ride tends to be fairly smooth, On a dark night with no horizon the
time available to a pilot to interpret the radar pictura is raducad. Ha has
to devote much attantion in the low level role to flving the aeroplane and so
ha has less of his total mental capacity to devote to interpratation. Now !
vhat can you do about it? The best thing is to put anothar man in the aeroplane
to work the radar. We suffar, more than in any other role, when we ara operat-
ing low down in the dark.

Does the physical motion of being bumped around lead you to baliava there is
any way in vhich display dasigns mey be {mprovad?

We have a relatively low gust rasponsa in tha Lightning. I tnink that most

air defence aircraft ara dasignad on similar linas and it doas not worry me
usually, If you do get into a vary bumpv pieca of air than vou hava difficulty
in saeing the instruments on occasion. A head up displsv may help. I hava
only had exparianca of haad up displays in aarlier aircraft, such as tha
Javelin, but I {ound that in tha darknass thay tended to spoil vour ability

to sea out.

Have you or vour colleagues aver experianced disruption of vour mental
arithmetic by very savare bumping?

The short answer to that is 'ves'.

Could I have your comments on the value of the similator as a davica for
training and maintaining skill under high workload conditions?

Tha simulator is a verv usaful tool but it has its limitations. You can load
up a pilot to brea'ing point vervy aasily with a simulator and to that extant

it is useful for suparvisors to know undar what sort of load an individusl is
likely to crack. As a Squadron Commandar I find that usaful in ftsalf, In
radar intarpretation a simulator is a vary usaful aid, but if vou want to know
it 1f helps to flv tha aeroplane then the answer is 'no’', becausa its rasponses
ara not anywhara near enough rc¢presentative, In fact most of us doing
simulator intarcaptions fly on autopilot all tha tiwme becausa averytime vou
trip the autopilot it turns upside down and dives into tha sea. Similarly,
thera are some tasks on tha existing Lightning simulator which cannot be
simulated., Low laval ground raturns cannot be produced on tha radar, so in

the very high workload situation tha simulator has its )imits. Tha simulator
is a very useful tool particularly to those of us who ara concarnad with the
organisation and supervision of others, but it has vary definita limitations in
assassing thair ability to copa with a real lifa situation,

I fully agrae with Wing Commandar Hutchinson. The problem with the simulator

is that it does not flv lika an aircraft. You can usa it for procedure training
and emergency training, but vou can never simulata an attack or a run in on the
target, I faal that simulation of missions can only ba dona properly in the
air in normsl aircrafte.

You camnot of courge simulata flight rafuelling in a simulator and that is ona
of the most testing parts of a long distanca air dafance mission, You cannot
simulate the navigational problem of finding a tanker or of finding vour combat
station,

T believe the maritime simulator is a good tool to detarmine tha lavel at which
the crew can no longer cope. I would agree with tha otue: mewmbers that vou
cemnot wiwulata all the mfesion profile and certainly in a complex crew
structure like the meritime aeroplane vou .an very quickly saturata tha crew
members with workloed.
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SUMMARY

4 During Exercise Night Star the personnel of the YMational Emergency Airborne Command Post success-

3 fully documented their ability to maintain a continuous airborne alert for an extended period. Biomedical
3 evaluation began with a pre-exercise baseline study and continued through a postexercise observation
period. A variety of psychological and physiological parameters were measured in order to determine the

£ degree of stress, fatigue, and change in performance induced by the extended airborne alert. This bio-

4 medical evaluation showed that performance was maintained by the mission teams, flight crews, and ground

3 support personnel. When significant fatigue did occur, whether in flight or on the ground, it developed

; near the beginning of the exercise. The only cases of marked or persistent fatigue were seen in thcse
groups whose day/night, work/rest cycles were shifted and can be attributed in major part to the resulting
sleep loss. However, all groups appeared to adapt to their new work schedules as the exercise progressed.

Partial physiologic and complete psychologic recovery were evident within the first 36 hours after the
exercise.
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! INTRODUCTION

g ! Exercise Night Star was conducted in May 1973 by personnel of the National Emergency Airborne Command
Post (NEACP), the Emergency Airborne element of the Joint Staff, and the first Airborne Command Control
Squadron (ACCS), an elite separate squadron of the United States Alr Force. As an alternate command center
of the National Military Command System, NEACP provides the National Command Authorities with the emergesicy
means essential for accurate and timely decisions for the direction of U. S. military forces. The 1lst ACCS
provides aircrews to man the EC-135J Airborme Command Post circraft, as well as tiie necessary maintenance

i and communications electronics support. During the 11 years since it became operational, the capabilities

) of NEACP have been repeatedly expanded. Consequently, Exercise Night Star was designed to test the ability

3 of NEACP to maintain a continuous airborne alert for an extended period. In addition to tests of equipment

5 and procedures, an evaluation of stress, fatigue and changes in performance was also desired. For this

purpose personnel from the U. S. Air Force School of Aer~space Medicine and the Aerospace Medical Research

Laboratory, both constituents of the Aerospace Medical Division, AFSC, were invited to assist in the exercise.

A variety of psychological and physiological parsmeters were measured to determine what changes were induced

1 by the extended airborne alert. The results of that biomed!~al evalustion constitute this report.
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STUDY PLAN

3 Data collection was started on 14 May 1973. Baseiine information was collected from the members of

1 onc of the three migsion teams over a 24-hour period while they were on duty in the alert facility.

: During the baseline collection period, the duty team knew they were vulnerable to the start of Exercise
Night Star but were otherwise following their normal duty routines. Data were collected every 4 hourr with
the exception of the 0300 mid-sleep collection, which wag omitted.

At 1900 hours on 15 May 1973, Exercise Night Star was initiated without warning. The alert aircraft
with team 3 on board departed the alert facility in less than 5 minutes from the first sounding of the
Klaxon. During the ensuing sirborme alert, the mission teams were inveatigated intensively while less
information wss obtained from the flight crews and ground-support elements. Each miscion teaa was com~
3 prised of 17 individuals occupying positior: in one of five functional areas: Control Section, Intelli-
gence, Emergency Actions and Communications, Operations and Resources, and Plans. Members of all three
aission teams were subjected to the physiological and most psychologicsl measurements shortly after takeoff
and every 4 hours thereafter during all 11 flights. Most of the missions were 85 hours long. However,
the first mission of team 3 and the second mission of team 2 were 12 hours in length and included aserial
refuelings. An inflight refueling was conducted during the fourth flight of team 1 as well. The group
that resumed alert after Night Star was studied for 36 hours to determine recovery rates.

The results and conclusions which follow sre based primarily on the findings from teams #1 and #3.
The data from team #2 were consistent with that of the other teams but were not used for illustrative pur-
poses because team #2 flew three missions while the other two teams flew four, because there was one
missing data collection during each of the three missions of team #2 and because the flyi:g times of the
other two teams permitted sharper differentiation of day versus night effect:.

4 Several comments are warranted on the physiological measurements made on the mission teams during

Exercise Night Star. Flying operations have repeatedly been showu to exert considerable influence on

bodily functions which are not under voluntary control. Consequently, biochemi:al as well as biophysical

processes can be measured for the purpose of assessing flight etfects, the so-called physiological "“costs.”

These flight-induced costc are superimposed upon the rhythmic daily physiological changes that occur in

all healthy persons. The baseline determinations made before the start of Exercise Night Star were there-
fore used in the assessment of all data collected during snd following the various flights. By gubtracting
the baseline value in each case from the so-called "flight” or "recovery” value, it was possible to show
vhether the costs were normal or excessive,
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The physiologic sssassment was broadly based. The indicas chosen were body temperature, sodium
output, potassium outpu:6, urea output, urine volume, and the balsnce betwean sodium end potaseium excretion
Increasas in the output of these chemicals indicate that compensatory physiologic sdjuatments are occurring
to changss induced by the exercise. Specimens were collected from each tesm member shortly after the
start of each flight and every four hours thereafter. Thus e¢ total of three or four specimens were
collected per mission, depending upon the miesion length. The early data served to show whether or not
there were pre-flight elevetions (predispositions), whereas the leter data showed the direction and magni-
tude of each flight-induced physiologic shift. For esch collection, the subject voided into a 250 cc
plastic bottle to which 2.0 gms of boric acid had been added as s preservetive. Samples were sent to the
USAF School of Asrospace Medicine vhere laboratory.asnalyses were performsd using the AutoAnalyzer and flame
photometer. Orel temperatures were taken with Yellow Springs Instruments Telethermometer probes or
individually assigned mercury thermometers and were recorded by observers onboard each eircreft.

Subjective fetigue forms were filled out every four hours et approximately the sams times that the
physiologic sampling took place. Sleep histories were completed by each crewmember once per 24 hours
following the longest sleep period. Both the fatigus and sleep history forms were those which had been
used many times at the USAF School of Aerospece Medicine. Consequently, the scores obtained during Exercise
Night Ster could be interpreted in light of an extensive experience with e veriety of stressful flying
operations.

The effect of extended missions on team performance was assessed by both subjective evaluation and
objective measurements. Overell changes in general cherecteristics such as mood, elertness, and coordin-
etion were evaluated by means of subjective reting sceles, critical incident surveys, and debriefings. In
addition, an ettempt wer made to quantify performarce during certain mission segments by tape recording
them and subsequently applying time and content anz:yses. Eight key personnel from each team were selected
to fill out e rating scale twice during eech mission. The team members sampled were the team chief, CCOC,
operetions officer, plans officer, emergency ections officer, intelligence officer, commmications officer,
and commmicetions NCO (teletype). The performance eveluation was conducted et the mid-point and neer the
end of each flight to allow comparisons between the first and second helves of the missions. These evalu-
etions consisted of self-reting questions, questions about specific job ereas and overall mission appreisals.
These sceles probed the ereas of response spsed and accurecy, stress level, support quality, and more
subtle behaviorel changes such ac anticipetion of date requirements and decisiveness. In addition, an
observer flew with eech mission of team #1 and made systematic checklist observetions of team ectivity
during the mission scenarios. As e moduletor of these eveluations, the team chief was debriefed efter each
scenario to determine the reletive difficulty of that mission. Tape recordings of all intercom traffic
during two of the mission scenarios of team #1 were analyzed to detect stress- or fetigue- induced changes
in the team's style of operetion.

In eddition to the informstion obteined from members of the mission teams, fatigue forms and
orel tempere.ures vere obteined from the flight crews et four-hour intervels and sleep histories were
filled out deily. Urine was collected every four hours from eech eircreft cosmander. Members of the mein-
tenance crews completed fatigue forms and sleep histo. ies during each duty period.

PHYSIOLOGICAL RESULTS

The data on physiologicel costs ere summzrized in Teble 1. Generelly mild to moderete stress developed
during Exercise Night Ster as judged by simple metebolic indices. For example, urinary electrolyte
sxcretion, which increeses with nonspecific strees, did not rise appreciadbly during the flights. Corres-
pondingly small changes ere seen vhen pooled date for urea excretion, sodium/potassiua ratio snd urine volume
from the flights of team 1 (dey) and team 3 (night) ere expressed as deviatious from the baseline velues.

No performance decrement has besen associeted in past studies with this degree of physiological change.
Thus, these rssults are competible with the sustained crew performence actually observed.




Table 1

Physiological Cost Sumsary
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Test Time Urinary Index?*
Conditicn of Day Vo lume K Na Na/K Urea
Preliminary 0700 43 1.9 3.5 3.5 885
1100 67 4.0 10.3 2.6 984
1500 84 4.0 12.2 3.3 1056
1900 87 3.4 13.4 4.3 1183
2300 74 2.6 14.0 6.1 1139
Flight 1 1900 85 3.0 14.4 5.1 1300
2300 82 3.2 14.7 5.3 1322
0300 79 2.4 10.6 4.6 1317
0700 93 3.1 9.8 3.8 1198
Flight 2 2300 53 3.3 7.9 2.8 975
0300 63 2.8 7.8 3.9 1029
0700 59 2.2 7.2 3.6 1170
Flight 3 0300 54 2.7 6.9 2.9 1278
0700 60 3.5 7.3 2.3 1564
1100 78 4.1 9.2 2.4 1398
Flight 4 0300 43 3.1 5.5 2.2 877
0700 76 3.5 7.1 2.4 1014
1100 51 4.2 7.2 2.1 1040
Flight 1 0700 " 3.8 11.8 3.4 763
1100 135 6.4 16.8 2.9 1336
1500 62 2.9 9.5 3.9 1064
Flight 2 0700 62 4.0 8.7 2.6 1072
1100 143 6.5 14.5 2.5 1285
1500 75 3.8 10.6 3.0 1245
Flight 3 1100 n 6.4 10.9 1.9 1378
1500 86 5.1 10.1 2.2 1317
1900 106 3.7 12.6 4.0 1683
Flipht 4 1100 73 5.3 7.8 1.5 1055
1500 66 3.7 7.6 2.1 932
1900 74 3.4 10.0 3.4 1329
Recovery o700 57 2.4 5.3 2.2 1192
1100 57 4.9 7.1 1.5 1130
1500 109 5.1 9.5 1.9 1164
1900 81 3.6 9.7 2.9 1241
2300 73 3.1 9.9 3.2 1320
0700 64 2.0 7.1 3.8 1436

*Each index is a creatinine-based ratio (ml, mEq, or mg/100 mp creat.)

Although the effects are mild, they demonstrate a difference in the resyornses of the team depending
on wvhether they flew at night or during the day. For example Table 2 shows .odium output as milli-
equivalents of deviation from baseline values. The dav team showed a relat.vely high sensitivity (indi-
cated by larger positive vslues) to flight fsctors early in the mission whereas the night team consistently
showed it at the late time. This table also illustrates another interesting finding.
the most stressful for both teams as indicated by sodium excretion. This findinp is confirmed by the
other urinary messurements. Either the workload decreased or adaptation occurred, resulting in decreased
physiologic cost for later flights. A corollary of this finding is that cumulative stress evidently did
not become a factor over the 96-hour exercise. The minimal changes observed during the operation indicate
that the work schedule could have been maintained for additional missions if necessary.

Flights 1 and 2 were
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Table 2

PEYSIOLOGICAL COST

SODITM OUTPUT®
n
Nighe Dey Wight Dey Wight
n +6.3 +0.7 -2.7 .3
” +3.2 -6.1 -1.6 +1.7
” +0.6 -2.9 -0.8 -1.1
~“ -2.5 -4.3 -3.4 -3.1

#In uiq of devistion from baseline values

Duriag the 36-hour postexarcise observetion period, only partial physiological recovery was datected.
For example, in Figure 1, ures sucretion in mg per 100 mg of creetinins is plotted against tims cf day
for the baseline period, the flying portions of the emsrcise and the recovery period. Although the recovery
values eve respproschiag the bassline values, some flight induced deviastions sre still evidemt.

Oral tempersture date reveal that persietent hypertherwmie was present during all flights of Emercise
Night Star. The tempersture elevation wes generally greatsr in the case of team 3 flying st night than
that of team 1 flying during the day. In Figure 2, the pooled data from all three teams substantietes
the progressive fall in body temperature between the beginning end end of eack mission previously observed

by Narris et el. (1). This overall tempersture change paralleled the decreasc in alsrtness (incressed
fetigue) detected using the subjective fatigus forme.
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Figure 2: Oral Temperature

PSYCHOLOGICAL RESULTS

Exercise Night Star generally produced onlv mild fatigue, although flying always produced significantly
greater fatigue than that occurring normally during the same periods on the control day. However, with the
exception of the first 12-hour mission performed by team 3, the fatigue level seldom fell below a mean
score of 9 (lower scores indicate increasing fatigue). Previous studies have found that complete recovery
following an 8 hour sleep period normally occurs when fatigue is at this level.

The maximum mission team futigue occurred at the end of the first 12-hour flight (Figure 3). This
leve) of fatigue (mean subjective fatipue score at 0700 hours, 16 May for team 3 = 6.7) has previously
been found to produce incomplete recovery within one normal sleep period. Thi: relstively low score was
probably a result of the combined effects of the l2-hour mission, plus the preceding 12 hours of alert duty.
The magnitude of the fatigue in this case wag at a level consistent with moderate persistent psychological
cost, although performance was maintained at an acceptable level.

Figure 3 also shows that the team 3 average early mission faripue increased over missions. This may
be the result of incomplete recovery from missic 1. However, it should also be noted that mean late
mission scores were similar for all missions indicating that overall fatigue was mild.
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Figure 3: Subjective Fatigue Early vs Late in Flights

There was little evidence of cumulative fatigue over missions. A comparison of early mission, mid-
mission and late mission scores on mission 4 and mission 1 (team 1) and late mission scores on mission 4
and mission 2 (team 3), all corrected for time of day, showed only one significant difference. Team 1
showed relatively greater early mission fatigue on misaion 1 than mission 4. The only evidence for any
cumulative fatigue was the progressive decrement in ‘early mission acorea for team 3. However, this may be
due in part to the small number of hours (5.6) devoted to sleeping prior to their fourth mission.

The mean number of hours of sleep obtained during Exercise Night Star are shown in Takle 3. There was
r) 8lecp loss for team 1 which performed four daytime missions and slept at night. On the other hand, the
members of team 3, who were required to sleep during the day, slept an average of 1.2 hours less than team
1. Consequently, there was a difference in the responses of team 1 and team 3 to the question "How do you
feel?" Team 1 peraounel awoke feeling refreshed each day, whereas the members of team 3 felt somewhat less
rested. Sleep loss was responsible, at least in part, for the progressive decrement in the early mission
scores of team 3. One way to detect cumulative effr.ts is to compare recovery data with pre-exercise base-
line data. Figure 4 shows that recovery from Zatigue appeared to be complete within 24 hours.
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Table 3

i
I MEAN NUMBER HOURS OF SLEEP ¢
OBTAINED DURING EXERCISE NIGHT-STAR ,

l PHASE TEAM 1 TEAM 3 :
]
! Pre-exercise Control 6.2 6.5
|
Between Missions 1 and 2 6.8 6.0
Between Missions 2 and 3 8.2 7.5
Between Missions 3 and 4 8.0 5.6
| Postexercise Recovery 7.3
t
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% : Performance ratings were obtained by administeriag a questionnaire to 8 key individuals on the mission ;
3 teams. Although about 162 of the data is uissing, the re:ponses are internally consistent and seem to
4 represent valid measures of the feelings and attitudes of the reapondents. No one failed to make at least !
E_ some differentiation in the warious estimates. Observational data also appear reliable, but suffer from
3 the lack of standardization between missions.
] Subjective performance efficiency was determined from the subject's own impreseion of his performance
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as indicated by the number of mietakes he noted in details of the mission and by people working for him. i
There vas no significant difference between halves .f the missfons and there was little change over the i
four missions in subjective performance efficienc;. These measures were interpreted by the subjects as
indications of how well things were actually going during the flights. They showed that at least as far
as the team members were concerned there was no decrement in performance during the exercise.
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However, respondents seemed less certain of their work as the test period progressed. They reported
working somewhat slower and feeling slightly less “accurate” with succeeding missions. The overall impres-
sion 1s that real efficiency and capability to react were not impaired over the test period. However, by
the end of the period, more than normal care and attention were reqiired to maintain efficiency. Con-
sidered in 1light of the overall feeling thet just as good a job was being done, the decreased certainty
probably represents a slight change in the style of working. Such a minor performance change would be
of no operational significance.

Flight Crew Subjective Fatigue

Thus far, the findings from the mission teams have been discussed since they provided the bulk of the
biomedical data. The information on flight crews is sparse and difficult to snalyze since few personnel
were involved and fewer missions were flown per person. Furthermore, the missions flown were often on
different shifts, thus making individual comparisons impossible. However, a few comments are warranted. As
shown on Figure 5, the overall mean aubjective fatigue score after 8 hours of flying was 9.6, an acceptable
level. However, the sircraft commander, co-pilot and navigator from the first mission of the exercise
represent a significant exception. They were required to fly a 12-hour night mission including an inflight
refueling following a full work day on duty in the alert facility. Their mean score was 3.0, a level of
fatigue which can be associated with significant performance decrement. The flight crew evaluations also
ahowed that there was little variation among crew positions in subjective fatigue after 8 hours in flight.
However, a comparison of average scores for crews flying 8-hour overnight missions with those of crews
flying during the day, ahowed that night flighta produced greater fatigue (mean score 7.6) than daytime
flights (mean score 10.5).
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Figure S: Mean Subjective Fatigue in Flightcrews

Ground Crew Subjective Fatigue

Although the deta on the ground support elements is also limited, several conclusions seem justified.
The fatizue scores of night crews at the end of the first two work shifts were 4.0 and 5.4, a level of
fatigue vhich can be associated with decreased efficiency. The low values in the first two nights are
probably due primarily to the abrupt change from day to night work which most night shift workers experi-
enced when the aler: began. There appeared to be a slight recovery from fatigue by the end of the exercise.
An apparent progressive increase in feelings of fatigue was detected among daytime personnel. However, other
data shows thst thie change occurred primarily in crews working a 12-hour shift. Those on an 8-hour day ehift
showed no changz.
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COMCLUSIONS
Ths biomedicel evaluation conducted during Exercise Night Ster has revealed the following findings:
1. Th:a general level of stress and fatigus was mild.
2. Parformance vas maintained by the mission teams, flight crews, and ground support personmnel

3. When significant fetigue did occur whether in flight or on the ground, it occurred during the firet
pert of the exercise rether than near the end.

4. The grestest effects were seen in persons who had to work et night both in the air and on the growmd.
The only cases of marked or persistent fatigue occurred in those groups whose day-night work/rest cycles
were stiifted. This can be attributed in major part to the resulting sleep loss.

S. All groups appeared to adapt to their new work/rest schedules as the exercise prograsss..
6. No cumulative effects were seen.

7. Partial physiologic and complete psychologic recovery were evident within the first 36 hours after
the exercise.

ational 1lications

The biomedical findings from Exercise Night Star have several immediate and future operational appli-
cations. No crew vulnerabilities were reveeled which would require immediate changes in the mode of NEACP
operetions. Airborne alerts for periods longer than Exercise Night Star eppeer biomedically feasible.
Finally, e data base has been accumulated and personnel subsystem test procedures have been developed for
the initial operational test and evaluation of the E-4A Advauced Airborne Command Post.
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