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PREFACE

I:n 1976 . I ’ASMP/A( ARI ) a décidé a Ia demande du Coinité “Sciences du Comportement ” d’organiser une
reunion sur les charges tie travail des pilotes.

0 (‘ett e session a Cté div isée en deux parties:

MCthodes tie mesure de Ia charge de travail.
liudes de Ia charge tie travail des pilotes.

(‘es 2 sessions sont donc complémentair es. les “Etudes de Ia charge de travail des pilotes ” souhaitant avo&r un
caract Cre plus concret , pl us appliqué au travail de l’aviat eur dans des situations rCelles opCrationne lles ou lors de vols
simulés.

La nécessité de mieux connaitr e Ia charge de travail du pilote est chaque jour plus grande car les progrès de
l’aéronauti que . de l’avio nique . des a rmements , de I’Clectron ique

procure une complexité croissante des avions ci des hélicoptères ;
- developpe une sohpistication poussée des systCmes d’armes;

augm ent e Ic nombre des inforn iations a traiter par Ic pi lote;
mod ifie en permanence tes systémes de presentation , sans automati quement les simplifier.

La rancon de ces progrCs a pour consequence de rendre les missions plus difficiles plus stressantes, parfois aux
li mites des possibilités humaine s .

Malgré les nombreuses publications existantes , I’act ua lité du sujet persiste. Elle est mCme accru e de nosjours :

pour ks hélicoptCres, par l’uti lisation opérationne lle de l’hélicoptère a basse altitude en “rase-motte”, par son
emploi en condition de vol sans vis ibi litC ou de nuit ,
pour les avio ns, par l’avênement d’une nouvelle génération d’avions avec possibilité de manoeu vrabil itC
considerable donc génCrateur d’accélCrations importantes.

La fi nal ité des “Etudes de charge de travail” est d’essayer de quantifier La somme de travail que peut fournir urs
pi lote i chaqu e insta nt en Ic rep lacant dans I’environn ement physique particu lier de l’avion (temperature , bruits ,
vib rations , accClC ratio ns . . . )  et aussi dans Ic contexte psycho sociologique et affectif . . . Ces diverses variables peuvent
en effet avoir one inf luence importante sur les performances humaines.

Pour le meeting tie Cologne (avril 1977) 12 communications ont Cté sélectionnCes et rassemblCes dans une session
d’une journ Ce Ic 21 avril 1977.

PREFACE

In 1976 . at the request ot~ the “ Behavioural Sciences” Comm ittee , the ASMP IAGARD decided to arrange a meeting
on the work-loath of pi lots This session was divided into two parts:

Methods of measuring the work loads
Studies of the work loads of pilots.

These Iwo sessions are therefor e comp le mentary , the “St udies of the work-load of pilots ” aimed at being of a more
concrete nat u re , more app licable to the work of the airman in real operationa l situations or in simulated flights.

th e  necessity for a better knowledge of the work load of the pilot becomes morc important every day as the progress
in ae ronautics , avio nics , arm a ment . elect r on ics

brin~~ I ncreasing complexity to aircraft and hel icopter s .
develops an advanced sophistication of weapon systems .
i ncreases the amount of info rmation to be dealt with by the pilot .
continuously changes the presentati on systems without automati c ally simplify ing them.

As a consequence the penalty for this progress is to make the missions more dif f icult , wit h more stress, sometimes
up to the l imits  of human capabilities.
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Despite the numerous existing publications , the topicality of the subject endures. It is even increasing today ;

for the helicopters , by the operational use of the helicopter at low altitude in “nap of the earth” mode, by i t s
use in nigh t flights or flying blind ,
for the aeroplanes , by the arrival of a new generation of aeroplanes with considerable manoeuvring capabilities ,
thus generating high acceleration loads.

The end in view of the “Work-load Studies” is to attempt to quantify the sum of work which the pilot can provide
at each moment by putting him back into the special physical environment of the aircraft (temperature , noise, vibration ,
acceleration . . .  1 an - also in the psychosociological and affective context . . . These different variables can , in fact ,
have a considerable influence on the human performance.

For the Cologne meeting (April 1977) 12 papers have been selected and combined into a one-day session for the
21 st April 1977 .
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RESUME

La session consa crée mix “Etudes dc Ia charge de travail tie pilote ” a rassemblC douze communications.

Six communications concernent I’Cvaluation tie Ia charge de travail sur hélicoptC e n iontrant ainsi I’impor tance et
Ies difficultés nouvelles des missions opérationnel les sur hélicoptére. Elles comprennen t une étude génCra le des
contraintes part iculiêres du pilotnge de l’hClicoptère ( B I ) ,  les problCmes poses par Ic vol i basse alt i tude (B2 et B3 .
par les vols tie tongue dorée (114), par l’atterriss age et Ic pi lotage sans visibi lit é (B5 ci B6 .

Cinq communications sont consacrées a des problémes spécifiques aux avions , vol tie longue dorée sur avion tie
combat lors de dCploiement transocCanique (B7), coOt m étabol iqu e e ’ endocrinien du vol sur aviun de combat (118),
nouveau système de visée pour tir air sol (119) . appo ntage de nu it au cours de campagnes opérationnelles prolongées
sur porte-av ions (B 10), qualité de vol et charge de travail sur avion de transport court courrier (BI 1) .

Une communication étudie par questionnaire dirigé les caractéristiques particu liCres du travail des différentes
categories de pilotes (B 12).

SUMMARY

Twelve papers we re selected for th e session devoted to “Studies of’ the work-load of the pilot ”.

Six of these relate to the evaluation of the work-load on the helicopter , thus revealing the importance and the new
difficulties of helicopter operational missions. They comprise a general study of the stresses peculiar to helicopter
pilo t i n g ( B l ) .  the problems raised by low altitude fligh t (82 and B3), by long duration flights (B4) , by blind flying and
landing (B5 and B6).

Five papers are devoted to problems specific to aeroplanes; long duration fligh t in a combat aircraft in trans-
oceanic deploymen t (87), metabolic and endocrinal cost of fl ight in a combat aircra ft (118), new aiming system for air-
to-grou nd firing (B9), deck landing at nigh t during prolonged operational campaigns on aircraft carriers (B 10), fligh t
q uality and work-load on a short-haul transport aircraft ( B I t ) .

One paper studies by a selectively directed questionnaire the special characteristics of the work of different
categories of pilots (B 12) .



RAPPORT D’EVALUAT I ON TECHNIQUE

par

R. Auffret
Médecin-Chef du Centre D’Essais en Vol

et do Laboratoi re de Médecine Aérospa t ia le
91 220 Bretigny-sur-Orge

France

Le rapport d’Cva lua (ion technique comportera trois parties:

Présentatio,s des communications en les rep laçant dans Ic contexte des “Etudes tie charge de travail du pilote”.
Analyse et résumé des communications.

- Conclusions ci recommandations. 4

Presentation des Communications

Ic travail du pilote peut se résumer en trois types d’action:

( I )  -- Acquisition des données indispensables au pilotage de l’avio n et a I’acccmplissement tie Ia mission. La
meilleure appreciation en est donnée par Ia mesure des informations du système ar ’ioiz qui “entre n t ” dans Ic pilote. Ces
entrées sont surtout visuelles d’oO I’intérCt de Ia mesure des mouvements oculaires a I’aide d’oculomCtre (B2 ) ou des
mouvements tie Ia tête a l’aide d’un film (83).

(2) - - Analyse de Ia situa tion par le p ilote a partir des informations acquises. Les modifications subies au nivea u
pilote entre les “en t rées” et Ies “sort ies” (gCnéralement action sur one commande) peuvent donner une estimation de
cett e actio n , pa r exemple , fonction de transfert. Dc même , I ’étude des variables physiologiques . fréquence cardiaque
( 11 5)  des modifications metabo liques et endocnniennes (B7 (118) peuvent rendre compte tie cette étape du travail. Une
tiche secondaire permet aussi d’apprécier Ia disponibi litC du pilote (B2) (B9).

Les etudes subjectives par questionnaires dirigés: mesures de Ia fatigue , tie I’humeur , du sommeil (B4) (B7) (B 10)
(B l  I), des difficultCs de Ia tiche (B5) ou do travail avec des modes de presentation d’informations diffCrentes (B6) (B9 )
ou d’analyse des qualités tie vol (B5) (B l1 ) son t  donc frequemment utilisées.

(3) -- L ‘actio n du p ilote sur one commande , suivant une strategic , fonctio n de l’expCrience et de I’entrainement ,
pour atteindre l’objectif fixC , consistera Ic plus souvent , en une mesure de performances , identification des points
survolCs (B2), precision du vol stationnaire (B4), écart par rapport a une trajectoire idCale ILS (B5) , precision des
paramétres imposes du piotage (B6), temps d’acquisition et precision de Ia poursuite de Ia cible sur divers modes de
presentation (B9) .

En fonction tie sa dorée , Ic travail du pilote comporte:

one charge de travail a court terme , comprenant une phase tie vol . par exemple atterrissage , dCcollage . app roche
(B3 ) , (B4) et ( 115), ti r d’engins ( 119)

one charge de travail a moyen ou long tenn e, provoquée par Ia rCp étition ties phases tie vol , avec on seu l vo l ou
rCpétition des vols sur one jour née ou pCriod e tic trav ail plus longue , mettant en je o ry t hme veille-sommeil , déca llages
horaires . • - (B4 ) , (B7) et (810) .

Les diverses communications Ctant placëes dans leur contexte , nous pouvons maint enan t en faire I’analyse ci Ic
résumé.

Ana lyse et Resume des Communications

B-I . Rotondo analyse les para inétre s physiques ci physiologiques de Ia charge tie travail des pi lotes d’hélicoptère.
II a t t i re  I’att ent iun sur les aspects liCs a I’envi ronn ement particu lier tie l’hélicoptCre (vibrat i ons , br oil s) ci sur les facteurs
psychoémotionnels tie certains vols d’hClicoptCre qui déterminent one fatigue aussi importante que sur les avions de
combat.

8-2 , Sanders ci col. décrivent Ic travail visuel do copilote navi gateur b r a  des vols basse altitude en helicoptére. Las
mouvements oculaires enregistres par on collimateur NAC permettent de connaitre Ic temps passé a regarder ~l
l ’intCr ieur (instruments du cockpit), a regarder a l’extérieur de l ’habitacle (repCres extCrieur s ) ci a lire Is carte. Une
tãche secondaire visuelle apprCcie Ic temps libre disponible au coors tie Ia mission

8-3, Lovesey eni’egistre en vol I’activitC des mains et tie Ia tête do pilote lors de vols a basse altitude en hClicoptCre.
Sa technique de prises de vue , n’interfCre pas avec Ic travail do pilote. Elle montre que f ’act ivitC du pilote est d’autant
plus importante que Ic vol a lieu plus prIs du aol.
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Dans cet te situation particu l iCrem ent delicate , Cvite ment des obstacles , des lignes a haute tension , des arbres , des
posit ions ennemies . - . 1/3 do temps est passé a regarder dans Ia cabine , carte , instrument , radio . . . !!! Cc travail
déjà marginal . ati p lan tie Ia sécu ri t C . a cause de Ia mauvaise conception ergonomique dc Ia cabine est aggravé par Ic
port d’Cquip cinent s tie vol spCciaux (combin a ison tie protection , guerre chimi quc . par cxemplc).

13-4, Lees ci col. appréci ent Ia precision (IC Ia performance des pib otes d’hélicoptères lors des vols de longu e durée
avec et sans de pri vat ion tie sommeil par une mesure de performance (precision do vol stationnairc ) et par des mesures
subject ives tie fatigue ~ l’aitie de questionnaires.

B-S . Vette s au cours d’app roclies l.L.S. de diff icult C croissante sur hClicoptCre n ’a pas réussi a obtenir de correlations
ent re ks variations tic Ia frequence cardiaque ci les impressions subjectives des pi lotcs quantifié cs par one échellc du
type Cooper- Harper.

11-6. Beyer a rappel C l ’intluence tie Ia presentation des informations sur Ia charge de travail dans deux conditions
exp ér ii nentale s t ré s  diff Cr ent e s sur hClicopt ére :

4
Co niparai son de 2 “Head up displa y ” sur I S p ilotes pendant on petit nombre de vols ii l’aide tie questionnaires.
(‘omparaison entre “Head down display ” sur écran T.V . et pi lotage a vue par des mesures de perfo rmance et avis

subj ectils de 2 uti l is afeurs pendant un grand nombre de vols.

14-7. Hart m an ci col., au coors tie dCploiements transocéani q ues sur avions tie combat , déte rmine n t Ia fatig ue et
Ic stre ss des Cqui pagcs a l’aide d’une batter ie de inesures compori ant: échelle subjective de fatigue , éche lle subjective
d’apti tud e a remp lir Ia mission. temps tie sommeil , a nalyse bioch im ique des urines. Méme , a l’issue de Ia fatigu e importante
faisa .~t Suite i ces vols , Ia rCcupCration est pratique ment totale après une nuit de sommeil.

13-8 13-9, Weg mann et col., ai nsi que Manvil l e , absen ts , excuses , n ’ont pu presenter leurs communications
respective ment intitu lées:

“CoOt endocr inien et métabo lique tie pilotage sur F. I 04,G” .
“Un nouveau système de visCe tir air-sot apportant une mei lleure precision et one charge tic travail moindre ”.

B-to. Brictso n . cherche a mieux connaitre Ia performance et l’efficacité des pi lotes Iors des appontages de nuit  sur
porte-avions au Coors tie campagnes opérationnelles prolongées en les reliant a I’app réciation de l’état psychotemporel des
pilotes (so nime il . humeur . heures de vol , experience acq uise). La inCthodo logie employee permettrait de fournir one
bonne pred iction de Ia performanc e lors des missions opérationnetles.

B- I l . Stc’in inger app récie ks qualités tie vol d’o n avion de fransport court courrier et Ia charge de travail des
p ilotes a l’aide d’u n questionnaire (82 questions ) et d’inter v iew.

Il- I 2. ;oerres , éval ue subjectivement Ics divers élémcnts de Ia charge de travail des différentes categories de
pilotes par on important quest ionnaire de 170 questions posées a 217 pilotes de Ia G.A.F.

Conclusions ci Recommandatiuns

Au cours de cc symposium , les diffic ultés tie mesures quantitatives dc Ia charge dc travail ct I ’impossibilité de Ia
performance lors de charges de travai l importantes et de longue dorée soft apparues. Au plan opérationnel , il faut
cepe ndant noter que Ia rCcupCration d’one seulc nuit apporte restitution presque complete ties possibilites humaincs ( 117).
Devant l’ahse nce tic solution globale do probléme il convient tie mettre en oi’uvre one battcne de tests ou do mom s
d’a ssocier .i iouie étude subjective , une méthotie objective (mesure tic Ia performance) afin d’essaycr de trouver tics
correlation s .

Lii  cert. iin nombr e tie principes ci rccommanda t ions se dégagent de I’ensemble des comm unicatio ns:

l imiter  l’emp loi des n iC thodes qui risquent ti’interf érer avec Ic travail des pilotes et tie modifier sa performance
par Ia gene qu ’elles apport ent: Iimitcs tie l’utiisation des oculométres actue llemcnt sur Ic march C (uti lisation tiouloureuse
aprés 10 minutes ).

Chois des mCthodes déj a bien étalonnées et eourammcni utilisées par les laboratoires qoi Ics mettent en oeuvre;
ccci esi part icub iCrement vrai pour Ics méthodes psychomCtriques , physiologiques , biochim iq ues qoi n e do nn en t de bons
rCsultat s qu’entre lea ma ins d’expérimentateurs spécialisés.

NCcessitC pour I’expérimen iatcor responsable ties etudes tie se rendre “sur Ic terrain ” pour conn ai tr e les conditions
uperationne lles rCelles.

L imites des correlations entre Ics diverses mCthodes proposées.
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II convient cepentiant tie noier l’intér Ct primordial de certaines mCthodes ao coors dc situations opCrationne lles
partic ul iéres:

lors des i ’ols Basse altitude sur hElicoptère : Prises tie voe du travail du pilote effectuées par un expCrimentateur
place a cote tiu piote lors ties vols a bassc attitude sur hClicoptére;

ku’s des i of s  de longu e dorée: mCthoties biochim iques , étude do sommeil et tie I ’humeur par questionnaire;

— Po ur les compara isons d ’instru,nents et de presentation dinforp nati ons: mcsorc de performances et questionnaires
dir igCs.

_ _  

_ _ _  

_ _ _ _ _  
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TECHNICAL EVALUATION REPORT

by

R.Auf f  ret
MCdec in4 ’hef do ( en i re  D’I ssais en Vol

et du Laboratoire de MCdecine Aérospatiale
9 12 2 0  l lret igny- sur - Gr gc

1-ran c e

I h e  technical evaluat ion report will  be in three I ’ui ts

Presentation of the contr ibut ions  by placing them in the context  of the “Studies of the work-load oi the pilot ” .

Ana I~ s is and summ .ir ~ of the con t r ibu t ion s .

Conclusions and recommendations.

Presentation of the Contributions

Ihe  work oI the pilot can be summarised in three typical actions :

( I )  Acqu isit ion of data necessary for flying the aircraft and accomplishing the mission. The best assessiiient of
t his i. , the m ea surement  of the information from the a ircraft system which “enters ” into the pilot. These inputs  are
pr ed orn in ant l~ visual , hence the va lue  of the measurement of ocular movements with the oculometer ( 132 )  or of the
movements  of the head by means of a film (B3) .

( 2 )  -m al i ~o of the situation by the pilot from information acquired. The modificat ions undergone at pilot
lese l between the “ inputs ” and the “outputs ” (generally action on a control) can give an estimate of this action . cor
example. t ransfe r funct ion.  Similarly. the study of physiological variables , cardiac rate (B 5) ,  of endocrinal and metabolic
changes ( B ’ ) (B8 ( call provide an account of this stage of the work. A secondary task also enables the avai labil i ty of the
pilot to be assessed ( B 2 )  (89).

The subjective studies by orientated questionnaire : measurements of fatigue , humour , sleep ( B 4 ) ( B 7 ) ( 8 I 0 ) ( B I I ) ,
the diff icul t ies  of the task (B5) or of the work with different modes of information display (B6 ) ( 139) or analysis of
fligh t qual ity are therefore frequent ly used.

(~~) The action oj a  pilot on a control , according to a strategy, funct ion of experience and training,  to attain
the fixed aim , wil l usually consist in a measurement of performance , identif icat ion of the points overflown (82) ,
accura cy of hovering fli ght (B4), deviation from an ideal 115 fligh t path (B 5),  accuracy of the parameters set by the
l iv ing  (B6 ) ,  acquisi t ion t ime and accuracy of tracking of the target on different  modes of display (B9) .

In terms of its duration the work of the pilot comprises:

a short term work-load , comprising a (ligh t phase , for example , landing, take-off , approach ( 113)(B4 )  anti (B 5) ,
missile firing (B9)

a moderate or long term work-load , caused by repetition of the fligh t phases , wi th  a single (light or repeat of
fl ights over a day or longer working period , setting into action a watchful-drowsiness rhy thm , time-shifts . - - (B4 ) ,
( 8 7)  and ( 81W

The various papers being placed in their context we can now summarise and analyse them.

Analysis and Summary of the Communications

B-I , Rotondo analyses the physical anti physiological work-load of helicopter pilots. He draws a t tent io n  to the
aspects connected with the particular environment of helicopters (vibration , noise) and to the psycho-emotional factors
of some helicopter flights which result in fatigue as great as in combat a ir craft .

11-2, Sanders et al. describe the visual work of the navigator copilot in helicopter low alt i tude flight. The ocular
move ments recorded by an NAC collimator enabling knowledge to be obtained of the time spent in looking inside
(cockpit i nstruments) and outside the cockpit (external reference points) and in reading the map. A secondary visual
task assesses the free time available during the mission.

11-3. Lovescy records in fligh t the activity of the hands and head of the pilot in helicopter low altitude flight. His
tech nique of photographing does not interfere with the work ol ’ the pilot. It shows that the activity of the pilot is the
greater as the flight is nearer the ground.

xi



In this particularly trick y si tua t io n , avoidi ng obstacles , high vo ltage lines , trees, enemy positions - . . 113 of the ti me
is spent looking i n the cabin , map, instruments , radio . . . ! This work , already marginal in respect of safety, beca use of
the poor ergo nonIi ~ design of t he cabin , is aggravated by the carriage of special fligh t equipment (combination of
prote ction , chemical wa rfa re, tor ex ample )

11-4, Le~ et .iI .issess the accura L v of the perfo rmance of helicopter pilots in long duration flights , wit h a nd
without  deprivation ot sleep, by a performan ce measurement (accuracy of hovering fligh t ) and by subjective fatigu e
measurements b~ (luestion I~air es

11-5 . Vettes . dur ing  ILS approaches of increasing di f f icul ty  in a helicopter , did not succeed in obtaining correlations
between the sariat ions of cardiac rate and the subjective impressions of pilots quantif ied by a scale of the (‘ooper-l larm an
type.

11-6, Beyer recalled the inf luence of the information display on work-load in two very different  experimental
conditions in helicopters:

- Coiiiparison of two “Head up displays ” on IS  pilots during a small number of flights , by using questionnaires.
Comparison between “Head down display ” on TV screen and visual f lying,  by measurements of performance and

subjective opi nions of two users during a large number of (lights.

11-7 , lla rtman et al. during trans-oceanic deployment in combat aircraft determine the fatigue and stress of crews by
means of a battery of measurements , including: subjective fatigue scale , subjective scale of apt i tude  in fufil l ing the
m ission , sleep ti me , bioche mica l analysis of urine , Even after considerable fatigue following these flights recovery is
practically complete after  a night of sleep.

13-8, 11-9, Wcgmann et al. anti also Manvi lle , with apologies for absence , were un able to present th eir papers,
entitled :

- Endocrinal and metabolic cost of flying on F.I04 Gs.
A new system of air to ground firing aiming giving better accuracy and a lower work-load.

B-b , Bricton seeks better knowledge of the performance and efficiency of pilots in night deck-landings on aircra ft
carriers during prolonged operational campaigns by relating them to the assessment of the psychotcmpora l state of
pilots (sleep, humour , flight hours, acq uired experience), The methodology employed should enable a good prediction
to be ob tained of performance in operational missions.

B-I I , Steininge r assesses the fligh t qualities of a short haul transport aircraft anti the work-load of the pilots by a
large questionnaire of 170 questions put to 2 17 pilots of the GAF.

Conclusions and Recommendations

During this symposium , the di fficulties of quantitative measurement of the work-load and the impossibility of
predicting the decrement of performance with considerable work-loads and those of long duration have been revealed.
At the operational level it must , however , be noted that recuperation in a singl e nigh t brings almost full recovery of the
human capabilities (07) . in the absence of an overall solution to the problem it is necessary to employ a battery of tests ,
or at least to associate with every subjective study an objective method (performance measurement) in an attempt to find
correlations.

A number of principles and recommendations emerge from these communications:

- to limit the use of methods which risk interfering with the work of the pilot and change his prrfomiance by the
trouble they cause : limits of the use of the oculometers at present on the market (use painfu l after 10 minutes).

choice of method s already well calibrated anti currently used by the laboratories which implement them; this is
particularly true for the psychometric , physiological and biochemical method s which give good results only in the hands
of speciali sed invest igators.

Necessity for the investigator to be personally on the spot to know the actual oy erationa l conditions.

- Limits of correlations between the various methods proposed .

It is necessary , however , to note the prim e importance of some methods in special operational situations:

In helicopter low altitude f lights: Photographs of the work of the pilot taken by an investigator at the side of the
pilot during helicopter low altitude flights;

In flights of long duration: Biochemical methods , studies of sleep and of humour by a questionnaire ;

- For comparisons of Instru ments and Informa tion displays.’ measurements of performance and selectively
orientated questionnaires.

xii
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SU~~ AR.~~
After a rapid review — in the light of mod.rzs aetiopatho g.n.tio views — of the

possib.].i oaus .s of the operational fatigue to which air crews generally become subj ect
during the performance of their flying duties , the author d.sor i b.s and ana lyses in
greater de tail the nat’u’e and the entity of th. various stressing factors that constitute
the physical and psychic workload of the modern helicopter pilot in the carrying out of
hi. professional activity.

As regards this parti cular sector of flying, the author then pro ceeds to make an
analytical examination of the influence that the various traumatic and fatiguing effects
of the vibrations, the noise s and the psycho-emotive and psyoho—sensori al factors con-
nected with the ia.iltiplicity and the dan gers of thi s modern means of air t ransport — noes
days in constant techni cal evolution and employed in ever wider fields — exert , both sin
gly and jointly, on the genesis of flying fa t igue in helicopter pilots.

~~ the basis of thi . analytical survey it i. possible to conclude that the piloting
of helicopters involves a psycho—phy sical workload ‘tha t is certainly not inferior to the
one experienced by the pilot s of faste r and more powerful aircraft.

PRELIMINARY P~~ kRr~i • DEFINITIO N AND AZT I OPATH QGEI (E8I8 OF PILOT FAT I GUE.
It is a well btown fact that flying activities , here understood as a “vital” acti=

vity rathe r than a technical and operational on., subject the organism of the pilot to
both physical and psychic str ess as a result of the performance of a type of work that
has the special characteristic of having to be carried out in particular coeneetheti c and
environ mental condition s, of involving a high degree of psychologi cal tan iion and a consi
d.rable and prolong ed concentrat ion of the pilot’ s attention , and of being accompanied by
a particular emot ional state .

Just as in the case of any other type of working activ ity, all this may give rise to
a state of fatigue tha t , in the special terminology used in aerospa ce medicine , is oo on
ly known as ‘pilot fatigue’, ‘flying fat igue’, or ‘operational fatigue ’.

Since the term ‘fatig ue’ is generally understoo d (FRYER , 1971 , 6) to refer to a state
of decrease and deterioration of nervous , nusoular or senscria l activity due to a prolo ng—
•d and recent stisulati cn and activity, the whole associated with a diminished capacity
for physical or mental work and an unpleasant feeling of tiredness as a result of physic
logical exhaustion , bore dom, loss of motivation or emotiona l factor s, the particular case
of ‘pilot fatigue ” may be defined as the state in which , as a result of either a prolon ged
or an intense flying activity, there occurs a deterior ation of the pilot ’s per t ormanos *
a deterioration that involve s an increase of the ene rgy oost or the eff ort neede d to at-
tain a given level of effioienoy, and accompanied by a typical and subjective feeling of
tiredness , loss of energy , mental inertia , tension , irritability, with a consequent desire
to interr upt the flying activ ity. The precise schema of these effects , in turn , depends
on the pilot ’s motivation and also on whether his work is predominantly of a physical or
s mental nature.

In the specific case of flying fatigue , in fact, it i. possible to identify a number
of different components s
a) a physical ooaponent, the result of motorial, perceptive o~’ neux ome.aular work
b) a psychic ocaponont , ‘the result of mental work and prolonged psychic tension, and lastly
o) an emotive component, the result of exposur. to th. repeated and intense emotions that

are inevitably connected with the performance of an activity that Continuously places
the physical ego in peril and with the abnormal oo.n•athetio atinulations of the •xtou’m
e.l and the internal environment, stimulations that are often excessive in intensity,
kind and duration.

we therefore have a maltitud. of different factors that , either singly or in associ!
tion , may constitute the causes of fatigue during the carrying out of flying and, as a
result of the repetition and su tion of their eff ects in time , contribute to bringing
about a considerable workload end a certain physiopsyohi c exhaustion of the pilot .

Loaving aside a number of factors ~~at , altho~gh tuey undoubtedly aggravate fatigue ,
are c o o n  to other types of activity and not therefore exclusively associat ed with flying,
inoluding inadiquate nourishment, insufficient r st  or lack of sleep, worries associated
With family, career or money, abuse of alochol, tobacco or other stimalants, etc. , the
following stiaxiations may be recalled as being exolusively due to the flying activity
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and of a particularly fatiguing na ture $ the effects of var i ation , of altitude and ba
rometr io pressure during high—level flights ; the effects of aooslerati ons dur ing high—
speed or acrobatic flying ; the effects of acoustic and non—acoustic vibrations, of
light radiatio ns , of change s of temperatur, and variation . of the weathe r condition ,.,
of ai r sickness , etc. ; but more than anything else , as has already been suggested , the
continuou, psychic tension involved Lu the manage ment of the aircraft and the performance
of the aeronautical navigation even in normal condition., associated with the frequent
and intense emot iona l states that occur during any flight , and all the more so during
specially demanding and difficult flights , sot as psychic miorot raumes and can therefore
alter the affective equilibr ium of the pilot and provoke a psychic exhaustion in the
true sense of the word , with possible sonstopsych ic manifestations and consequent rep .r
cussioms of a neurovegetativ and sometimes even a n.u.roendocrine nature.

As regards , more particularly, the actual location of the fatigue phenomenon, one
has to bear in mind (ROTOJIDO , 1969, 3 1) that a preponderant part of the work involve d in
pilotin g an aircraft , just as in any other similar activity (driving a racing car , for
.xaaple), makes demands on the central nsrvous system of the pilot .

In actual practice, indeed , the piloting of an aircraft (or of any other high—speed
vehicle ) is the re sult of a series of conditionsd reflexe s and acts that have become sub-
stantially automated ; the .ngra~~~s of these acts and reflexes were formed during ap—
pr.ntio.ship and training, and they must be regarded as located in the highest ee~~~nts
of the central nervous system, especially in the cerebral cortex.

On the other hand , the expletion of the. . conditione d re flexes also calls for a
considerable degre. of coordination and readiness of the lower parts of the nervous sys-
tem , i. e .  at the level of the efferent nerves governing motorial activity, and requires
the entire skeletri c musculature to be in good working order.

In the case of the pilot ing of an aircraft , however , it is not possibl, to speak
of muscular fati gue in the true sense of the word , since this phenomenon (except in par
ticular- and in any case exceptional situations) is not normally very pronounced in a
pilot or, at least, does not involve large masses of muscles ; in such cases it would
therefore be more proper to speak of a fleuro—eusoular fatigue, that may at least in part
be caused by the obligatory tone that the entire ske letric muscula ture i. forced to as-
sume during the prolonged and more or less complete imeobility associated wi th the pi
lot’s position in the cockpit seat and the consequent state of tension tha t characterizes
a goodly part of the motorial nerves for the entire lenght be tween their spinal origins
and their peripheral terminations at the level of the neuromuscular synapse s.

&it a good part of the operational fatigue of aircraft pilots nay be due not only
to neuro—nuacular fatigue but also and even more so to a nervous fatigue in the true se~se of the word, a fatigue that would seem to consist of a functional depression of the
cortical activity, this latter, in turn , brought about by the functional exhaustion of
the neurons of the cerebral cortex ; these neurons, indeed, have to accomodate the pea
sage of the numerous pulses required to keep the oere bral activity oonstantl y alert and
vigil and to adapt it to the multiple and complex functional demands connected with the
management and control of the aircraft. Alternately, this fatigue could be interpreted
as the consequence of a state of sup.rtension of the neurons themselves, which are over-
loaded by the numerous stimuli of a psychic and emotional nature that are characteristic
of as demandIng an activity as the piloting of an aircraft.

In this latter cas. , in othe r words , we may be concerned not so much with a fatigue
of the sensorlal and motorial functions in the physiologioal. sense , but rather with a
p~sio14p fatigue that comas into play as one of the principal components of the socalled
nervous fatigue , whose other important comp onents are represented — as has already been
pointed cut — by mental fatigue (since the piloting of an aircraft call., for the inter-
vention of upper psychio processes and for a constant and prolonged commitment of the
pilot’s attention, which leads to a prolonged psychic tension) and, above all, emotive
fatigue (as a result of the many emotional micro’traumas which, in the long run , affect
the biological nucleus of affectivity.

These emotive factors could well be among the principal one’s re sponsible for pilot
fatigue, not least because this very mechanism of emotion produces certain peripheral
physiological effects that are undoubtedl y to a substantial extent responsible for that
state of subjective suffering that is characteristic of fatigue, effects that are due to
the action of these psychic and emotive pulse s that act through the channels tha t run
from the cortex to the vegetative centres in the thalamue and the hypothalamus, producing
effects that may be attributed to excitat ion of the sympathetic and/or the parasympathetic,
d.psnding on the part icular predispo sition of the individual , and sometime s also to a par
ticipation of the ne~iroendocrine system , first and foremost throu gh an intervention of the
axis between the hypuphysis and the suprarenal glands.



ANALYSIS OF THE POSS Im ,E CAUSES OP OPERATIONAL FATIGU E IN HELICOPTER PILOTS.
Having summarily examined the nature and the probable phyaiopathogenetic cause . of

flying fatigue in genera l, it seems to us tha t an interesting analytical inquiry would be
constituted by the study of the inf luence that each of the aforementioned fatiguing and
exhausting factors exerts on the genesis of operational fatigue In the particular case of
helicopter pilots, this especially in view of the altogether particular modalities of the
operationa l use of this type of flying vehicle that , on acoount of its outstanding versj
tility and handling characteristics, has recently been finding ever increasing employment
in both the military and the civil field.

In fact , given the multiplicity of employments that are made possible by this
exceptional manoeuver abillty, it is quite obvious that we are here concerned with an al
together particular and original flying vehicle , a means of transport whose continuous
evolution enables it to absolve an ever increasi ng number of tasks ; these tasks range
from the normal transport of men and equipment to the transport and evacuation of sick
and wounded people , to employment for rescue operations at sea and in the mountains, to
use in warfare , and to a variety of employments in the civil field, agriculture, industry
and publicity being cases in point .

Seeing that we are here oonoerxied with a modem and relatively recent means of tran.
port that is less well known than the various type, of fixed—wing aircraft, it may there
fore be interesting to analyze the possible causes of operational fatigue in helicopter
pilots and to try to identify the specific fatiguing factors that are inherent in the
carrying out of this particular type of flying activity.

A. Effects of Stresses and Stimuli common to all types of flying.
Pir.t of all, as regards the effects of accelera tions and variations of speed, alti

tude, pressure and temperature, air sickness, etc., all of which exert a well known direct
and indirect influenc, on the genesis of flying fatigue In the case of the greater pert
of conventional aircraft, and particularly those operated by jet engines, it is immedia
t.ly obvious that their influence must be muob smaller in the case of helioopte r. : Indeed ,
given the o~nsiderable limitations of speed, altitude and range to which this type of
vehicle i. subject, it can perform only relatively limited and slow displacements in alti
tude , latitude and longitude.

However , some importanoe may attach , especially in hot climates , to th. excessive
heating of the hoods and cabins of helicopters due to the vehicle being parked for a long
period of time in the open and therefore exposed to the sun in summertime (especially in
tropical regions) ; but the problem of overheating due to exoessive exposure to the sun
1. something that helicopters have in common with other types of aircraft.

Ait considerable importance may attach to certain other factors that assume a spe~cial and altogether particular physiognomy when helicopte rs are used ; these includ, the
eff ects of v~jbrstiona and noise and the effect, of psyoho—emotiv. and psyoho—sensorial
factors associated with flying this type of airborne vehicle .

3. Effects of Vibrptions.

As regards the vibrations and the noises , we are concerne d with an extremely complex
proble m that assume s particular import ance in the case of helicopters ; indeed , the vA
bratton phenomena may be said to be characteristic of helicopter., even though continuous
technical improvements are tending to produce a steady reduction of their capacity to
cause harm to the Inmates of th. helicopter.

As is known , th. helioo~ter vibration. are characterized by a frequency that, dep.n~ing on the type , may range from 280 to 320 Ha and an amplitude that varies as a function
of the balancing of the rotor blade or , as this is normally put in technical language , the
prop er tracking of the two halves of the rotor. This vibration is a vertical one and be
c o s  mor aocsntua tsd when, as often happ ens, the two halves of th. rotor are not in
perfect track. Durin g helicopter flight , in faot, both the pilot and the passengers keep
moving their heads forusrd and backwa rd, almost as If the y were continuously nodding in
assent.

Althou gh there exist many other vibration, of a oye3io type and various frequencies,
including horizontal vibrations and the varia blo vibrations that depend on the relative
wind and the ground resonance, these vertios]. vibrations undoubtedly remain the most in
portant ones as regards repe rcussions on the organism of the pilot .

Aooording to current terminology, however, one can distinguish several varieties
of vibra tions produced by helicopters and characterize d by the following definitions
a) Vertical , constant , one per rotor revolution i about six beats per second ; is felt

like a vertIcal rebound’ and manifests itself in perfect synchronism with each revo
lution el the rot or . Th. pilot and the passeng ers lift and drop in unison .

b) Lateral, one per revolution • similar to the vertical vibration, but with the diff!
renos that the pilot and th, passengers lift and drop out of phase ; thi s phenomenon
is more ~ ‘vious when It is obeerved from the rearmost seats .
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c) Mixed, one p.r revolution s this manifests itself intermittently, onoe per revoluti on,
but the individual beats may be irre gularly spaced. Beats of a certa in omplitude y
beoome superposed in a random manner on a vertical and costant vibration, one per revo
luticn. 8ometimes the phenomenon is more obvious at the cruising power. It generally
occurs on the occasion of rapid manosuvres and in turbulent air ; indeed , i t  may be
confused with the presence of turbulence.

d) Two p r  revolution : about twelve p.r second , difficult to coun t ; the y have approx l
.stely the same frequenc y as a pneumatic hammer.

e) Six per revolution or at a high frequency * impossible to oount • These vibration. aa
sums the oharaoter of a Nbuzz W

f )  Oscillations of th. rotor shaft about three per second or one ever y two revolutions.
This type of motion recalls that of a rocking chair it generally occurs during an
ascent or when flying at high power. It may be unwittingly induced by the pilot, i.e.
when he cause. slight to and fro motions of the control stick. In suoh oases It is
best to increase the friction of the cont r ol stick in order to minimize the effects
of the impacts caused by the pilot.

When studying the effects of the vibr ations and thei r inf luence on the genesis of
flying fati gue in heliooptsr pilots , one also has to bear in mind that, both in helicopters
and othe r type s of aircraft , the persons transported are not ~~~~ 

subjected to the vl bra=
tiane caused by the motive force that is transmitted to the passengers together with the
secondary vibrations produced by the surrounding structures.

During flights through zones of perturbed atmos phere , for example , troublesome vi-
brations of vi’ riable frequenoy and amplitude may be provoke d by looal differences in the
density and the temperature of the aix . Every time the helicopter crosses such a zone ,
it suffer. an impact that modifies it. speed and may also cause it to be thrown consider
ably off course in any direction . These impacts distin guish themselves from the ones
caused by the vibrations connected with the structure of the helicopter by virtue of the
fact that they are of short duration, irregular, and intense • Their violence inoreas..
in denser air, i.e. close to the ground , and also in bad weathe r conditions.

As is known , the ultimate effect of prolonged and repeated exposure to vibrations
of various frequencies and amplitudes may take the form of a wide rang e of dieturba noes
that consist essentially of headache , buzzing ears, general discomfort , a feeling of
dumbuess and generalized asthenia, irritability, deterioration of the capacity to pay
attention and to concentrate and of the will power in general, reduced rapidity of the
reflexes, psychic depression , tiring of the eyes and ears the se disturbances , given
their intensity and their persistence throughout the duration of the flight, may well be
said to contribute in a decisive and preponderant manner to the genesis of operational
fatigue in helicopter pilots.

Particularly troublesome and fatiguing Is the effect that the vibrations acting on
the whole body wi].) eventually exert on the pilot ’ s capacity of visual perception and ,
more particularly, on his acuity of vision i the v.11 that drop s in front of his eyes
as a result of the continuous vibrational mot ion of the helicopter will make it practic
ally impossible for him to read the panel instruments or the flying oharts at fre quencies
above about 15-20 Hz. It is well known that prolonged strain of the eyes leads inevitably
to general fatigue within a short period of time.

Particular practical interest may also attach to the effects ezex~~~d on the acuity
of vision by sinusoidal vibrations having a frequency of the order of 10 Hz and an amplj
tude in excess of 2.5 em, this particularly during low—level flights , possibly In perturbe d
atmospheric conditions. In fact, SIMONS and SCHu lTZ demonstrate d in 1958 that vibrations
of 2 5  and 3 , 5  Hz and values of the acceleration of the order of 0.17—0.30 g lead to a
10% reduction in visual acuity after 90 minutes. DRAZIN (1959, 5), likewIse , demonstrate d
experimentally that vibrations of 2.7 cm amplitude cause a 10% drop in the acuity of vj~
sian when the frequency is 1 Hz , a 12% drop when the frequency reaches 2 Hz, while a fre
quency of 3 Hz leads to a 30% reduction ; furthe r, with an amplitude of 5.5 cm, the acuity
of vision is reduced by 12% at 1 Hz and by 20% at 2 Hz ; lastly, when the vibration. have
an amplit ude of 11.25 cm, the visual acuity diminishes by 15% at frequencies of 1 Hz , and
by 25% at frequencies of 1.5 Hz.

These resulta may also be valid for those oases in which the pilot subjected to vj~
brations fixes his eyes on an immobile object at infinity (a distant reference point on
the horizon f or example ) ; on the othe r hand , if the object is fixed but close to the
pilot (a dial on the instrument pane l for example), the acuit y of vision will become r~
duced in a far more accentuated manner.

The motorial activity is also compromised by the action of the vibrations s in a
helicopter , Indeed , it becomes particularly difficult to perform the small movements
n.eded for the control operation s, .spscially when th. osoillation. are intense , of v~
n ab].. strength, and make thanselves f elt at irregular intervals.

Very Intense vibrations —y also provoke chest pains of an anginoida l type , visceral
pains, and even occasional diarrhe a with discharg es of blood. The slow oscillations cause
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a feeling of depressIon rather than disturbances in the true sense of the word. At basic
frequencies of less than 1 Hz and ampli tudes of several feet one can observe numerous
cases of meteoropathy.

In addition to the phenomena of general fatigue and not feeling well, moreover, a
chronic exposure to vibration may — as is ecU known — cause arthritic phenomena in the
skeleton and, more particularly, the spine, associated with pains and reduction of the no
tility of the various body segments.

The limits of tolerability of vibrations are less well defined than those of the t~
lerabIlity of oentnifugal accelerations, and this mainly because the threshold values vary
greatly from one subject to another, and because there is no simple relationshIp between
tolerance and freq uency. For example , at frequencies between 4 and 10 Hz there is an
unusual sensitivity that can be attributed to the particular physical constitution of the
human body, which in this part of the spectrum is characterized by a series of resonances,
and to the fact that the vibrations of low frequency and great amplitude, which cause the
thoraclo end abd ominal viscera to enter into resonance, have repercussions on the various
body segments of the pilot and the member. of the orew and can be responsible f or syndromes
peculiar to flying that, even though they are as yet barely known , are nowadays observed
with increasing frequency.

At about 4.5 Hz, for example , the scapular aroh and the upper part of the t runk
oscillate more strongly than the remaining part . of the t runk ( GUIGWARD and IRVING , 1959,
12) ; the abdominal organs, on the other hand, seem to react more markedly at rather low
frequencies ( QOERMkNN ct al. , 1960 ,4) .  Minor resonances in unidentified structure. deform
the reaction curve of the organism at hIgher frequencies (HOWARD, 1967 , 13).

C. Effects of Noise.

The action on the auditory functions of the flying ore w of the noises due to the
heli copter engines is al.aost a. disturbi ng and fatiguing a. the effect of the vibrations.

~~p.nimental studies have been carried out by various authors , particularly BJRDI—
IIAUD et al. ( 2) ,  who in 1956 exposed unprotected probands to the noises of a Dji nn heli-
copter for 20, 30, 60 and even 90 minutes , subsequently examining the modifications of the
acoustic threshold by audicmetnio means. They found that the resulting lose of hearing
presented the characteristics of a pure deafness and that about fifteen hours were required
before the disappearance of the loss of hearing cause d by en exposure for thirty minutes.

MRT CALP and TITTER (1958 , 22) also highlighted the fact that , after two hours ’ flying
in a helicopter capable of generating noises having a frequency between 50 and 2200 Hz and
an averag e intensity of the order of 119 dB, the auditory thre shold of their unprotected
probande was raised by an average of 22 dB and that this higher threshold persisted for
some 32 to 36 hour..

Another cause of discomfort and fatigue for the helicopter pilot derivi ng eithe r
directly or indirectly from the engine noises is connected with the use of the radio equIp

nt . Some disturbances are cause d by the pilot ’s earphone s or by similar devices built
into a protective helmet (excessive baokground noises, earphones not readily adjustable
to pilot’s head , poor proteotion against noise, earphones that hinder the dispersion of
heat), others by th. microphone (moisture sometimes condense. on the microphone). Even
the mere fact that the earphone s have to hi kept on the head for a long period of tine may
give rise to a feeling of annoyance and local discomfort at the areas where the earphones
make contact with the head s in this latter case , however, the disturbances are of very
short duration and are readily remedied by removing the earphones or the helmet for a few
minutes.

No matter wha t the origin of the noise in the helicopter ‘ ‘, there can be no doubt
that prolonged , repeated and systematic exp osur. to the noises of these rotor—p ower,d
flying vehicles, just like exposure to the noise s of piston —engine d or jet —engine d ~2)
aircraft, will lead to auditory fatigue and thus exert a conside rable Influence on the
coming into be ing and the subsequent aggravati on of general fatigue.

As regards their biological effects , indeed , it has been kn own f or a long time that
noises act in a particular nuer on the human ear , provoking — according to the duration
and the intensity of the stImulation — states of adaptation , of audItory fatigue, of deaf
mess , as well as other general effects on the various apparatuse s and the central and pen
pheral nsrvous systems.

ConsIdering acoustic damage in ths true sense of the word , when the noises attain a
cer tain intensi ty (of the order of 80 dl) and act for a e.rt ain length of time (at least

( 1 )  It is well known that the global moise of a generic piston-engine d airc raft depends
on the f ollowing oomstrue tional and functional characteristics engine power, thrust ,
number of pro pelle r blades , speed of the prop eller tips , number of H.P. per prop eller
blade , eta.

(2) In the cese of ji t aircraft partIcular importance seems to attach to the sounds and
ultrasounda produced by the a.rodjnamiq turbulence of the j etstre am, and by the rotat i on of
the turbine and the compres sor blade s (when the engine is equipp ed with a compressor ).
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12—16 hours), they at first produce a state of adaptation that consists of a raising of
the threshold of acoustic perception ( TT8 — Temporary Threshold Shift) if the noise
persists , this threshold shift remains constant (ATTS — Asymptotic TT8) and continues at
this level even after the exposure to the noise has o•ased if the cessation of the
noise exposure persists for a few days, however, the threshold value will re tur n to its
normal level.

Pollowing repetition and prolongation of the exposure to the noise , on the other
band , the initial sta te of adaptation may give way to auditory fatigue, which may be
defined as a diminution of the perceptive sensitivity due to a continuous stimulation of
the auditory apparatu s, a diminution tha t persists for some time after the cessati on of
the noise that has brought it about , but I. then followed by a period of recovery, rather
rapid at first , later markedly slower , possibly even with interruptions or short reversals.
There is a clear correlation between fatigue and intensity of the stimulus, and thi s be-
comes particularly obvious above 60 dB ; an equally clear correlation exists between fa
tigue and the duration of the stimulus.

Given exposure to even more intens• noise., in excess of 90 dB say, a true acoustic
t rauma may occur , a state characterized by the fact tha t a true auditory sootoma app ear.
in the audiogra mee. At fre quencies in excess of 800 Hz , this scot oma has its maximum
extent ha lf an octave below the stimulati ng frequency in the case of complex noises
the maximum occurs ar ound a frequency of 4000 Hz , while in the case of noises of limited
frequenoy it may sometime s be found in a different frequency zone .

If the exposure to noise becomes habitual, subject. having a special predisposition
may, in the ab.enoe of adequate protection , reach an ultimate stage consisting of ocoupa
tional deafness in the true sense of the word ; in that case the TTS baa become trans-
fo rmed into a PTS (Permanent Threshold Shift) and we are concerned with an irreversible
f orm of acoustic damage.

The various periods of the coming into being of thi. permanent damage , i.e. total
latency , sub—total latency and manifest deafness , are influenced in their rat. of evol-
ution by a variety of concurrent and oonoauaal factors that may be either endogenous
(individual susceptibility, age , previous ear affections) or exogenous (intensity, fre-
quency and rhythm of the noise , and working conditions).

Apart from the local effects on the auditory apparat us , it is well known that noises
may also exert general actions on other apparatuses s on the central nervous system, for
example , with modifications of the chronazia and the reflexes and the rea ction time s, v~riations of the circulation and the endocranio pressure , eleotr oenoephalographio anoma-
lies , and neuromuscular and psychic disturbance s on the circulatory apparatus, wi th
var iati ons of the cardiac frequency and rhythm, of the arterial pressure, and electro-
cardiog raphi c anomalies ; on the respirat ory appara tus , with modIficati ons of the rhythm
and th. frequency of the breath , end sometimes with apnea , followed by polypnea ; on the
digestive apparatus, with variations of the secretion of saliva, the gastric motions and
secretions, the motor activity of the intestine , etc. ( circulatory, respiratory and dig~stive disturbances that may all de rive from hyperreflexivity of the orthosy mpathetic
system).

We have already mentione d the considerable influen ce that prolonged and repeated
exposure to aircra ft noises in gene ra l, and the ref ore also to helicopter noise s in partio
ular, may exert , through the establishment of a state of auditory fatigue , on the genesi s
and evolution of flying fatigue .

According to 00EaI&1fl~ et al (1960,4) ,  the phenomenon of fatigue induced by noise
can, In fact , be explained as the final outcome of a victorious struggle of the noise
against th. other pulses that reaoh the enoephalus at the same time . The greater concea
tration needed to capture these desirable pulses implie s an excessive expenditure of
energy and leads rapidly to a nervous fatigue .

The observabl, manifestations of this nervous fatigue are the previously mentione d
neurological phenomena that can be obj. ctivi zed by means of exposure to noises similar to
tho se produced by aircraft ; these phenomena include the diminution of the cbx onaxia of
motor nerve s ((~ ANDPI~~RR and LI1L~IBE, 1947,9) ,  the lengtheni ng of the ~average time w of
simple reaoti on and the increase of the avera ge variatio n’ of the reaction itself , i.e.
the number of err ors and the inconstancy of the motori al reaction (STROLLO and DEB&RJWr,
1957 ,35 ), and lastly the attenuation of the patellar reflex (CAPOR ALE , 1959,3) ; this
latter phenomenon , however, is not observed when the subjects exposed to the noise have
been prot.ot.d by means of ear covers and can be inte rpreted as an exhau stion phenomenon
that is seconda ry to an earlier phase of nervous hyperexoitabil ity.

Pros this one can deduce that the noises exert their fatiguing action on the nervous
system, which in the long run also becomes an exhausti ng action , primarily through the me
diatio n of the ear. Ind eed , TIZZA1!0 (1958 ,36) affirms in this connsction that ‘the ear
Is not a olosed vessel that rely gathers and dissolves the noises it receives . Somewhat
similarly to a transfo rmer, it converte the sound vibr ations into neuron vibrations that
will transmit the perceived sensations to the brain’.
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D. Ef feote of Psycho—Emotive and Psyoho—Sensorial Factor..
Having reviewed the particular influence tha t vibrations and noises oan exert on

the genesis of operational fat igue in helicopter pilots and shown that they constitute
a substantial part of the physical stress to which the pilot ’s organism become s subjected
during the exercise of his specific professional activity, it is not superflu ous at this
point to recai.]. that, given the gradual but continuous improvement of a i rc raf t  and the
growing disproportion between the service demands made by the machines and the limited
possibilities offered by the human organism, we are nowadays witnessing an ever increa!
ing incidence of psychic workload and in the piloting of an aircraft this may easily come
to outweigh the actual physical workload.

This matter has already been mentioned In the introductory remarks where, treatIng
the pathogene sia of flying fatigue , attention was drawn to the innumerable and multiform
demands tha t the continuous nervous, psychic and emot ive stresses connected with the mane
gement of the aircraft  and the performance of the aerial navigation wake on the delicate
psychological and affective equilibrium of the pilot. It was also referred to when men
tion was made of the continuous psychic tension ; of the frequent and intense emotional
states that are involved in evey flight, even normal and not particularly diff icult ones ;
of the considerable psychic commitment, involving especially the pilot’s attention, called
for by the cont inuous vigilance and the monitoring of the numerous panel instrument., and
the need for instantaneously capturing and interpreting the aeneorial data supplied by
these instruments, which , in a perfect sensorio—rnotorial organization, must be immediately
followed by motorlal reactions that , in both time and space , are in perfect harmony with
the quality and quantity of the perceptive stimuli received.

~~it apart from the afore mentioned psychic and emotive fac tors , all of which have a].
ready been taken into consideration in connection with piloting any type of aircraft and
any ordinary condition of operative employment, the piloting of helicopters is also
subject to the intervention of othe r elements of a psychic nature that exert a fat iguing
effect and are connected with the particular employment to which this means of transport
is often put.

In fact , when the helicopter pilot I. called upon to perform normal missions that
are equal to those of normal aircraft of similar weight and powe r , ordinary line flights
and the routine transport of injure d pe ople in normal conditions be ing cases in point ,
there may be no substantial difference — aa far as fatigue is concerned — between
helicopter pilots and the pilots of ordinary fixed—wing aircraft ; in such cases , there
fore , our general knowledge of the operatiwial fatigue of aircraft pilots retains it.
validity. bit when the helicopter is employed as such , i.e. in operations that involve
the transport or the placing of heavy suspended loads, in landing and take—off operations
at hi gh altitude. in mountainous areas, in rescue and search operations involving the
over—flight of difficult and out—of—the —wa y terrain , or missions (no matter of what type )
carried out in adverse atmospheric oonditione, etc., then the effort and the fatigue in
volved in the helicopter pilot’s workload become truly considerable and can very easily
create the conditions that favour flying accidents ; indeed , accidents in this branch
of aviation are unfortunately still relatively frequent.

The more delloate and oomplax the mission in relation to the characteristics of the
ground (inhospitality of the terrain, in particular), the atmospheric conditions and the
type of transport, the more the helicopter becomes exposed to the risk of an aocident .
In this connection one only has to think of the frequency with which the helioopter,which
is consi dered to be an all—weather aircraft , is employe d for low—leve l flIght . over inho-
spitable or wooded or mountainou, land or over heavy seas all of which are oonditions
in which possible poor weather conditions, quite apart from being in themselves potential
causes of accidents (gusts of wind, electric diaohargee, eto.), can greatly facilitate— as a result of inadequate visibility — oollieione with trees, pylons or overhead high—
tension wires, hilltops or mountains , etc.

When carrying out particularly difficult and delicate miasione , therefore , the sub—
oonsoious of th. helicopter pilot , just like and possibly even more than the subconscious
of the pilot of other aircraft of greater power and speed , feels the weight of a conti
nuous state of vigilant expectation and fear of dange r , a tension that I. by itself su
ficlent to wear out the psych. and which make s itself felt at the level of the conscious
particularly in those momenta when the possibly violent emotions oocasioned by the sudden
or unexpe cte d arising of an internal or external emerg ency situation superpose themselve s
on the pilot ’s consciousness.

To this general state of expectation of danger during a flight and during the earn
ing cut of a mission one must also add the period of time that the cre ws spend on the
~~ouM before taking off on a mission, often an altogether nerve—racking experience. This
welting period involves a fatigue quite independ.nt of flying aotlvity in the proper sen
se of the word , and has to be taken into due account as a factor that undoubtedly exerts
a st ressing and exhausting aotion.

Lastly, the particular type of employment reserved for helicopter. involve , frequent



B I

take—off s and landings , operations that are always de nding and fatiguing, especially
when they are performed in places that are far from suitable as landing grounds. In some
oases the pilots also suffer from the flickering light that is caused by the rotation of
the rotor blade.

Another proble. to b taken into consideration is the one that arises, even during
flight, in traditional types of aircraft, in connecti on with the disorientation tha t the
pilot may experience whenever then. is a conflict between his own sensonial evaluation.
and the information supplied by the instruments , a conflict that may induce him — if his
critical faculty has not been sufficiently trained or if it has been compromised by fati.
gue — to co it no.uvening errors due to failure to correct the trim of the aircraft
(or an instinctive but erroneous correction ) in situations that call for manoeuyre s
wholly uninfluenced by the pilot ’s instinct..

In the case of helicopters this problem of disorientation becomes far  more serious
than in the ease of traditional fixed—wing aircraft , because aocelerat ions may occur si
multaneously along all three of the aerodynamic axes of the vehicle a in these conditiam
it is possible f or the pilot to experience environments and situation s that are ambig uous
f rom both the visual and the vestibular point of view.

The 3.nt.raction of the censorial inforaaticns frequently leads to conflicts in thom
situations, situations that can be resolved only by prop erly traine d and updated pilots
but the need for rapidly changing from visual flying to instrumental flying, the existen
a. of isolated light sources during the night , as well as the continuous observation of
the panel instruments durirtg certain vibration cycles, may supply censorial reference da
ta that are incorrect from the visual point of view and thus permit other erroneous sen
serial stimuli to arise .

COZ4CWSIC. .

Up to this point we have described and analyzed the nature and the entity of the
various stressing and fatiguing factors that act on the organism and the psyche of pilot s
in general, and helicopter pilots in particular. And — always within the limits compa
tible with a study of this type, in which many of the jud~~~nts and views y, at least
in part , be opini onable - as have analytically examin.d the iegree of influence that the
various biological , physical and psychic effects, both singly and jointly, exer t on the
genesis of flying fatig ue.

An analytical study of this type makes it abundantly obvious that , generally speak
ing, the exercise of the pilot ’s profession is underlain by a basic situation that in the
last resort permeate, the whole of the pilot ’, activity and exerts a multiplicity of no
flexes on the physique and the psyohe of the pilot ; the fundamental characteristics of
this situation may be summarized in the following three points
1.- flying involves the use of a machin, that is required - unlike other machines -to respect certain aerodynamic laws , and any infraction of these laws involve s an

immediate risk of crash and accident. In the pilot’s profession, therefore, more
so than in any other human activity, life depends on the macbins and it. continuous
efficiency, a situation that in actual practice expresses itself in the form of a
pe rmanent image of potential “vulnerability” undoubtedly present in the subconscious
of each and every pilot .

2.— The pilot’s activity depends a great deal on the spatial environment in which the
aircraft finds itself , on the thre e—dimensiona l displaceabi lity and the rapid tran !
lation of the aircraft and , indirectly, also on the variou, conditions that have re
percussions on the human organism (including accelerations , soou.tio and non—a coustic
vibrations, equipment, sensonial stress, etc . ) ,  all, of which constitute links in a
chain of factors that readily explain the wealth of interferences tha t act on the so
mate—psychi c equilibrium and ocmsequently also on the performance, the adaptabilityand — in the long run — the fatigue of the individual.

3. — flying does not just represent a techni cal or operative activity, i .e .  a job , but
rather — as XLNGIACAPRA ( 1949, 19) so adroitly put it — “a vital ac tivity and an
‘in tote ’ reaction of the ego to the envi ronment ” .

On this basic substrate , whi ch I, already in itself potentially stressing and qu~litati vely common to all pilots , quite irreapect ive of their specialization and the type
of aircraft the y fly, there then act the interferences due to the various physical and
psychic factors — each of wbioh plays a speoifio and individuali zing part — that we hmm
above endeavou r.d to ana lyze and descri be both in connection with aircraft in general and
the use of helicopters in particular.

One might add here that it would certainly be interesti ng and important if it were
possible to define the degre. and the limits of this psychophysi cal workload by means of
scientifi c method s that are technically valid and aooeptable , this not least with a view
t o obtain ing a differential assessment — in both qualitat ive and quantitative terms —
of the various flying specializations .



In faot, numerous methods have from time to tins been proposed and used for the
purpose of obtaining a measure of workload by means of a quantitative evaluation of the
functional modifications that fatig ue can produce . As is known , these modifications may
consist of a an increase of the duration and the inconstancy of the psyohomotoria].
reaction times ; an increase of the latency time of the pupillar reflex ; a diminution
of the oapaoity for rapid binocular fusion ; an increase of the accomodation time for
near and distant vision ; a diminution of the critical frequency of fusion (“flicker
fusion”) (VOZZA , 1955 ,38 ; IRUGMAN , 1947 , 16), and variations of other ophthalmic indloes
(AJGIB~ JST and PAPII , 1976) ; modifications of the characters and the duration (total
reflex time , spinal delay, motor plaque ’s synaptic delay, motor and sensitive conduction
velocity, Henshaw ’s phenomenon) of the mono.ynaptio spinal reflexes produced, for example,
in the area of the soiatio nerve ( c~JALT IEROT TI , MARGARIA and SPINELLI , 1958,11) vania
tions of the duration of the oentral nervous time of the orbicular blinking reflex under
light stimulation , and the time needed for a complex mental process (total time T employed
for a series of mental operations, subdivided into the reading time L , the time N needed
for mental elaboration, end the writing time S a SPINELLI and CERRETKLLI , 1961 ,34 )
diminution of the muscular force and the muscular tone ; increased instability in neuro—
muscular ooordination ; increased lose of electrolytes through cutaneous sweating
diminution of the volume of plasma in circulation ; variations in the urine elimination
of corticosteroids (GHINOZZI, 1951 ,7 ; ROTONDO, 1955 ,27) and cathecolamine (KLE 1’PING and
al.,1963,15, etc.); variations in the lactaoi tcmia, the glycemia, the cholesterolemia ,
the ratio between alpha and beta lipoproteins, the number of the eosinophiles , and the
hematoorite count ; electrocardiographic variations, and variations in the response to
the Schneider teat, the Flack test, and the cold pressure test ; variations in the
Ruffier and Dickson index of cardiac resistance (LE R(XJX, 1960,17), in anthropometric
indices , etc.

Quite obviously, how’ er , all these methods lend themselves very readily to cri =
ticism a indeed , none of the results yielded by any of these methods are capable of be
ing interpreted in a unique manner , because the methods are indicators and measures of
functional modifications tha t are or can be ooneiderably influenced by a wealth of othe r
factors , both endogenous and exogenous ones , including first and foremost the age of the
subject.

If therefore , in the light of the resulta of a detailed analytical study, one wanted
to make a comparative evaluation of the amount and the precocity of the stress and the
psycho—ph ysical workload produced by the individual stressing factors connected with f l y-
ing, one would have to admit that it Is extremely difficult to find a precise differential
criterion that could be used to obtain a quantitative graduation of this workload.

This is not only due to the fact that the subjective element , here understood as the
individuality and extreme variability of the response of a given proband to every type of
stimulus , has a predominant weight in this particular activity, as indeed in every other
one , but also because the nature and the entity of the reaction to any type of stimulus
are in turn conditioned — as has already been shown — by numerous and extremely variable
individual , environmental and circumstantial factors.

But even I! reference were to be made, more or less, to the average behaviour of the
averag e subject, one may say that if, on the one hand, the physico—psyohic workload of
fighter pilots is to be considered to be of oonaiderable entity, this on account of the
well known multiple stre8ses involved in high—speed flying, and if a far  from negligible
workloed has to be borne by the pilots of transport , reconnaissance and rescue aircraft,
etc. (for whom particularly stressing and fatiguing factors from the psychic point of view
may be represented by the typical fluctuation of the state of vigilance , the boredom and
the monotony conne cte d with the long duration of the flights (on account of the great
range of the aircraft), the effects of the general tiredness, and of the eyes in particu
lar , induced by the constant fixing of the eyes on the radar screen. in an attempt to
identify the objects of the search, etc.), on the other hand there can be no doubt that
the entity of the physioal and psychic stress to which helicopter pilots are subjected is ,
once again, not by any means negligible.

These latter, in fact, no less than the others, are exposed to the part icularly
traumatic and wearing action of the various factors that — as previously described — can
be identified first and foremost in the vibration., the noises and the psycho—emotive fec
tor. connected with the multiplicity and the dangers of the uses of this modern means of
air t ransport ; indeed, the permanent sense of potential danger that we have seen to per
msate in a more or lees conscious manner the subconscious of air crews is inherent in the
use of helicopters and assumes particular intensity.

It is not therefore surprising to find that authoritative authors, including f or
example HOFFMANN , 8?RU EEL, RAABE and lOCI ( 1969 , 1 3) ,  after carrying out interesting e xper
m ental research work aimed at determining the different operational fatigue in helicopter
pilots and comparing the operational fatigue of helicopter pilot s with that of pilots of
other aircraft, even faster and more powerful ones, have unanimously concluded tha t the
piloting of helicopters involve e a psycho—physical workload and a fatigue that must be
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considered of an entity at least equivalent (and certainly not inferior ) to the workload
and the fatigue to which pilots of other types of aircraft are subjected.

For the pur pose of preventing this fatigue , one must obviously consider valid , just
as in the case of other forms of operational fatig ue in the various flying speoializa~
tions , the adoption of the usual rules re lating to hygiene , way of life , nourishment and ,
abov. all , work (for example , appropriate gradual adaptation of the entity and the dura=
tion’of the exposure to flying stress to the age and the physical conditions of the m di-
vidue) . adoption of a suitable roster of service and rest periods, etc.)  ; more over ,
helic opter pil~ts must be given the benefit of a oost ant medical assistance and peyoho—
physiologi cal check—up tha t will ~~~jmit the immediate identification of even the earl y
siga.s of fatigue and reduced physiop~yehic perfor mance .

The putting into practice of such a progre~~~ , which naturally calls for a very
close and unconditional collaboration between aerospa~~ phys icians , commanders of units
and th. pilot s the mselve s, would enable aerospace medie’~~~~ to continue its irreplaceable
work aimed at safeguarding end maintaini ng the psychophysical efficiency of air orews
and, further, attaining an ever higher degree of flight safety as a result of the preven 4
tion of flying accident s, too many of which are still due to the human factor.
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VISUAL WORKLOAD OF T’~E COPILOT/NAVIGATORDURING IERR.\IN FLIGHT

by
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SU~t4ARY

The emphasis on aviator workload has been of primary concern to the U .S. A rmy aviation coniliunity since
the incorporation of low altitude terrain flight techniques into the helicopter tactics repertory . Since
navigation is a part icularly acute problem at low altitudes , this project examined the visual workload of
the navigator/copi lot during terrain flight (nap-of-the-earth , contour and low level) in a UH-1H helicopter.
The navigator ’s task was to: (1) perform a map study of the prescribed course . (2) direct the pilot 4
during the flight as to the direction of flight , altitude and airspeed desired to traverse the course , and
(3) Identif y hover points and checkpoints along the route which were given to the navi gator in terms of
six digit grid coordinates. Visual performance was measured via a modified MAC Eye Mark Recorder used in
conjunction with a LO-CAM hi gh speed camera . This technique provided the means to objectively record and
analyze the navigator’s visual performance through the examination of: (1) visual time inside the cockpit
on flight and engine instruments , (2) time inside the cockpit on the map or other navi gation aids , and (3)
time outside the cockpit in various windscreen sectors.

A visual free time task (Strother, 1973) was utilized to determine the amount of visual time the
navigator had available , during fli ght over the prescribed course, for a nonfl i ght related task. The data
indicate that the navigator ’s normal workload was demanding; the visual free time task was utilized only
3% of the total time . The data also indicate that the duty of navigating required 92.2% of the copilot s
total visual time while the engine and flight instruments were utilized only 4% of the time. These data
are discussed in relation to the copilot ’s specified duties.

I NTRODUCTION

The tactical requirement to conduct Army helicopter operations close to the earth has presented formid-
able navigation problems to Army aviators. Aviators forced to maintain aircraft masking while proceeding
to enemy contact points , landing zones or MEDEVAC pick-up points , have the difficult task of determining
their position and navigating to and from these points with little aid in terms of salient landmarks and
terrain features. Further , this problem is considerably increased with the need for round-the-clock all
weather operations.

Pilot and copilot workload has increased significantly with utilization of tactical terrain flight
techniques. The increased workload experienced by the Army aircrew is due , in part , to the relative
perceptual speeds at which terrain is traversed and the subsequent short periods of time that navi gational
cues remain In the visual field. Terrain flight consists of nap-of—the-earth (NOE), contour and low level
flight profiles . T iese flight profiles have been defined as:

MOE. Flight as close to the earth’s surface as vegetation or obstacles will permit, while generally
fol l~~Tng the contours of the earth. Airspeed and altitude are varied as influenced by the terrain ,
weather, and enemy situation. The pilot preplans a broad corridor of operation based on known terrain
features which has a longitudinal axis pointing toward his objective. In flight, the pilot uses a weaving
and devious route within his planned corridor while remaining oriented along his general axis of movement
in order to take maximum advantage of the cover and concealment afforded by terrain , vegetation and man-
made fe&tures. By gaining cover and concealment from enemy detection , observation and fire power , nap-of-
the-earth flight exploits surprise and allows for evasive actions.

Contour. Flight of low altitude conforming generally and in close proximity to the contours of the
earth. This type of flight takes advantage of available cover and concealment in order to avoid observa-
tion or detection of the aircraft and/or Its points of departure and landing. It Is characterized by a
varying airspeed and a varying altitude as vegetation and obstacles dictate.

Low Level. Flight conducted at a selected altitude at which detection or observation of the aircraft
Is avoided or minimized . The route is preselected and conforms generally to a straight line and a
constant airspeed and altitude. This method is best adapted to flights conducted over distances or
periods of time.

The additional workload imposed on the aircrew during terrain flight has necessitated a division of
duties. The pilot ’s primary responsibility during terrain flig ht has been the demanding task of maintaining
clearance ofthe aircraft from all man-made and terrain obstacles as wel l as directing the aircraft over
the desired route. The cqpilo,~ therefore, has assumed duties which entail, among other things : (1)
monitoring the map and navigation Instruments as well as the terrain in an attempt to locate the significant
navigationa l cues needed for maintaining the correct flight path , (2) monitoring the helicopter engine
instruments and other flight instruments, (3) tuning the radios , (4) orally providing navigationa l
information to the Øilot that will allow him to maintain the apDropriate flight path , and (5) helping
the pilot locate and avoid potertially hazardous terrain obstacles.

Workload has been defined as “the sum of the task demands which can be clearly specified, plus the
operator’s response (and effort) to satisfy these demands ” (Gerathewohl , 1976). Pilot or navigator
workload can be evaluated directly in terms of activity or effort on a primary task or indirect ly by



I3~~

examining reserve capacity or time available for the performance of a secondary task (Gerathewohl , 1976;
and O’Donnel l , 1976). One specific approach for workload examination is in terms of visual demands upon
the navigator ( f l  this study) and the distrib ution of his visual time.

Previous studies (Senders, 1973; Jones , Milton , and Fitts , 1 946) have suggested that frequency of
eye fixation on any g iven instrument is an indicat ion of the relative importance of tha t instrument.
The l ength of the fixations , on the contrary, may more properly be considered as an indication of the
relative diff icu lty of checking and interpreting particular instruments .

Recent research (Strother , 1974) has Identified the visual workload problem s encountered by the
pilot during strai ght and level flight at varying altitudes . This research demonstrated that the
duration and frequency of visual scan intervals change between MOE and 300 feet of altitude and that
below 100 feet, any demands on the p ilot s time can only be of the simples t type unless he is unburdened
from hi~ visual tasks.

Since the duties and responsibilities of the copilot have increased a great deal in a very short
time frame , the objective of the current research project was to examine the existing visual workload
(oculomotor performance) of the navi gator/copilot during terrain fli ght.

METHOD

Subjects. Subjects participating in the investigation were ten recent graduates of the U.S. Army
Initial Entry Rotary Wing flight training program of instruction at Fort Rucker , Alabama . These pilots
had recent training in navigation during terrain flight and an average of 287 total flight hours. All
participants had at least 115 hours of flight experience in the UH-1H helicopter .

Apparatus. Oculomotor performance was recorded via a modified MAC Eye Mark Recorder used in conjunction
with a l6ein LOCAM high speed motion picture camera , through the utilizati on of the NAC Eye Mark Recorder,
the aviator s viewing point was detected by means of an illuminated reticle reflected off the cornea of
the eye. The optically focused reticle , reflected from the cornea , was sup2rimposed upon a primary
image with a field of view of 43.5° vertical and 600 horizontal . Figures 1 and 2 show a Subject aviator
wearing the modified Eye Mark Recorder . One can also see the fiber optic bundle connecting the Eye Mark
Recorder to the LOCAM 16rn camera , which is attached to the p ilot s seat. A detailed description of the
Eye Mark Recorder and scoring techniques utilized can be found in USAARL Report 74-7 and Siamiaons (1977).
The test vehicle was a JUH-1H helicopter.

-I
~~AFigure 1 . Aviator Wearing the Modified MAC Figure 2. Copilot Prepared for Flight in the UH-lH

Eye Mark Recorder Helicopter

The visua l free tame task utilized consisted of a 5X7 card containing random monosyllabic words
(reference Figure 3). The card was bcrdered in black and had a white background with black letters .
The card was sprayed with a glare reducing compound and mounted on the UH-1H instrument panel directly
below the vertical velocity indicator . The average distance from the subject’s eyes to the visual free
time task card was 87 centimeters (reference Table I for cockp it measurement data).

The maps utilized were standard 1:50,000 scale , with white background , of the Geneva (Stock Mo.
V744X38463) and Hartford (Stock No. V744X38462), Alabama area . A 255 square kilometer portion of the
maps around the Highfa lls stagefleld was prepared for use by the participants.

The navigation course, approximately 19 kilometers long, was marked on the map (reference Fi gure 4).
The participants were given six digit grid coordinates of five phase points/checkpoints plus the initial
point (IP) of the navigation course. These points were to be identified on the map by the subject
during his map study and reported upon passage c~uring flight over the course. The subjects were also
given a list containing six digit grid coordinates of five hover points located along the navigation
course. These points were utilized to represent land i ng points , such as equipment or personnel pick up
points , in an operationa l setting .

Procedure. The participants were first given a briefing concerning the general nature of the project
and their role in the project. The subjects were provided the map similar to the one shown in Fi gure 4
(excluding the location of the checkpoints and hover points) and the list of phase/checkpoints and hover
points. the participants were told that they were to act as navi gator or cop ilot and that a USAARL
pilot would act as first p ilot or aircraft conriander during the fli ght. The participants were able to
perform a map study for the rest of that day and reported to the aircraft the next day prepared to fly.
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lemediately before flight , the subjects were again informed that they were to act as copilot/navigator
and to perform all duties associated with that position. The UH—lH Tactics Flight Training Guide (March
1975), whIch identifies the pilot and copilot ’s In—flight duties , was given to the subjects to refresh
their memory as to the exact functions expected of them during the flight. The participants were told
that their responsibility for the flight was to direct the pilot to fly along the course Identified on
the naps provided . They were responsible for keeping the pilot informed so that he could fly the aircraft
as close to the course as possible.

The following VFT task Instructions , which are similar to the Strother (1974) study, were also g iven
to the subjects: ‘During the course of the flight , when you feel that it is not necessary to look inside
or outside the helicopter In performance of your navigation duties , read the words located on the card
mounted on the instrument panel . Start reading at any word and it Is not necessary to pick up where you
stopped before. Read aloud as many words as you feel you have time for and then stop reading and return
to your normal duties. ’

The MAC Eye Mark Recorder was fitted and calibrated on the subject inside the USAARL research facility
followed by a recalibratlon of the device after the subject was seated and prepared for flight in the
left front seat of the UH-IH aircraft. From takeoff to completion of the course, subjects were completely
responsible for the flight path of the helicopter with the USURL pilot changing heading , airspeed and
altitude in response to their directions . The subj ec ts were instructed to report the passage of the
five phase/checkpoints. Subjects were also responsible for Identifying the five hover points and directing
the pilots to hover at these points.

I . --I .
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~~~~~~~
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RES ULTS AND DISC USSION

For scoring purposes , the visual performance data were divided into ten visual areas of interest.
These areas are schematically presented in Figure 5. The copilot ’ s instrument panel was divided into
functional groups of Instruments, e.g., navigation instruments (the RMI and magnetic compass) engine
instruments , etc. The copilot’ s windscreen was originally divided i nto four quadrants, but these areas
were consolidated into one visual area for data interpretation purposes .

~
3 J

~~~~~~~~
~~~~~~~ 000

1. Copilot ’s Windscreen 6. Flight Instruments
2. Hand-held Map 7. Engine Instrument Cluster

I 2 J 3. Right Windscreen & Right 8. Navigation Instruments
Side Door Window 9. Warning Lights

4. Copilot’ s Side Door Window 10. Other Visual Areas
5. Visual Free Time Task

Figure 5. Schematic of UH—l Visual Areas

Tables 2 through 7 show the sunbnary of the visual data for each of the segments in the navi gation
course for all subjects whose data were scorable. Segments of data were lost on some subjects as a
function of camera malfunctions and film exposure problems due to the fact that the NAC Eye Mark Recorder
system does not have an automatic T-stop adjustment capability . However, the data remaining reflect
accurately the visual performance exhIbited during navigation .
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Some of the key Items of interest in Tables 2 through 7 are the mea n dwel l time figures representing
the average period of visual contact with the area and percentage of total time of the segment spent in
each of the visual areas.
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Figure 6 provIdes suninary data for all six flight segments in terms of the percentage of total
visua l time spent in each of the ten visual areas. The shaded area includes all mean data points for
each of the six flight segments. The consistency between flight segments Is particularly noteworthy .
These data indicate very little variability in percent of time each of the visual areas were utilized
over the entire navigation course. Though the terrain traversed did vary to some degree over the course 1
the information demanded from each of the visual areas remained relatively constant. That Is , visual
cues needed for navigation were primarily obtained from terrain viewed through the copilot ’s windscreen
with frequent reference to the handheld map.

It is noteworthy that the visual cues necessary for navigation were evidently present primaril y in
the area viewed through the copilot ’s windscreen. This fact is pointed out in the data presented in
Figure 6 and Table 8 which contains the suninary data for all six flight segments combined . The navigators
spent 46.8% of the total visual time during the flight obtaining information through the left windscreen
compared to: (1) 5% of the time viewing the terrain through the right windscreen and right door window .
and (2) 4.9% of the time searching for navigation Information through the left door window .

The magnitude of the demand for visual Information can be seen in Figure 7, which reflects suniiiary
data for all six flight segments combined In terms of the number of exits per minute for each of the
visual areas. Interpretation of these data should be made in light of Senders ’ statement that the
frequency of eye fixations in a visual area reflects the relatIve importance of that area . Thus , two
areas , copilot’s windscreen and the handheld map, far outweigh all others In terms of frequency of
demand of visual information. These data point to the copilot’s primary duty of navigating and seeking
information in the terrain which corresponds to that depicted on the map. Following these two high
visual use areas are two other windscreen or window areas: (1) right windscreen and right side door
window, and (2) copilot’ s left side window. The percentage of time in each visual area also shows the
same order of utilization: (1) copilot’ s w indscreen , (2 )  handheld map, (3) right windscreen and right
side door window, and (4) copilot’s left side door window . Again , the total visual contact for these
areas, for all flight se~uients, (reference Table 8) represents 91.4% of the time in flight. More specIfi-
cal ly. 56.5% of th. time was used by the aviators to obtain navigation cues from outside the cockpit and
an additional 34.9% of the flight time was spent obtaining information from the handheld map.
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Figure 6. Percentage of Time Across Visu a l Areas

Traditiona lly, heading reference obtained from the P141 and magnetic compass has been critical for
successful navigation at higher altItudes. However, the suninary data (reference Table 8 and Figures 6,
7 and 8), Ind icate that the magnetic compass and RMI are used very infrequently and for the shortest
mean dwel l time. When the percentage of time the RMI and magnetic compass were used Is added to the
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previously mentioned time spent outside the cockpit and time spent on the map, a total of 92.2% of the
visual time is accounted for by the performance of the basic duty of navi gation.
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Figure 8. Mean r 4 me in Each Visual Area
It should be noted that It Is the pilot’ s duty to °perform the pretakeoff and land i ng checks prior

to all takeoffs and approaches except when flying a position in formation other than lead.” Excluding
these checks, the copilot ’s specified duty, “monitor engi ne and fli ght instruments end advise pilot as
required,” coimanded only 4.0% of the copilot ’s visual tIme over all the flight segments of the navigation
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course. In scoring , the master caution light was not inc luded in warning light visual area. A very
small percentage of the time attributed to the other visual areas category could have been spent on the
master caution light. However, time spent in the other vIsual area category was only .7% of the total
time; therefore, the time devoted to this particular warning light was inconsequential. Although guidelines
are not established for the frequency of scan of engine and flight instruments and warning lights , one
would assume a greater frequency of demand of visua l information from these areas than existed (reference
Table 8 and Figure 7). The frequency of demand for aircraft and engine status information should directly
relate to the copilot’ s uncertainty about the status of this information as well as the degree to which
he feels responsible for determining this information. The low frequency of scan of the flight and
engi ne status instruments and warning lights would suggest that the aviators tested dId not perceive a
critical personal need for this information.

Link values or the number of transitions from each of the visual areas to all other areas indicates
the copilot ’s information seeking behavior. The link values reported In Table 9 are supportive of the
previous data in that the primary transitions are between the copIlot’s windscreen and the handheld map.

7*01 6 9

LINK 900.98$ IVTWtN 8I~ UAL AI1LAS
T’QT*iiD OCIOSS ALL SIt PLIGh T SEGIUNTS

1 2 3 0 5 6 I 8 ~ TO

RIgh t II,dscr,.n C46i lot’ s L• VT Visual EngIne Oth.r
Cop Ilot’s 0.44-14,14 0 lIght Side DoOr Sid, Door Fr,. TIne Fl Igh t I,str~~~nt lla.ig.tioe 0.rilng Visual

Mao OIndo, 01040. TasA jo 0tr~~~6t0 Clasti r Instr ~~~ot 0 Lig ht , Ar.is Tota l
I Copilot ’ ,
Windsor,,. - 14.40 331 796 30 96 55 20 7 16 7163

2 II. nd.i4,ld
Mop 1463 - 101 11 0 17 43 Il 27 9 9 1796

3 Right W isdscr~~n A
6191.0 5540 Door 253 165 - I? 2 3 9 4 6 22 476
Wind,.

4 Coçilot’s Loft
514, Door Wisdo. 207 06 1 , - 2 3 - 1 2 322

S VIsuA l PriI
Tine T4~ k 39 Il S . - 7 9 7 I I 79

6 Fl ight
1nst ,.,~~ n t s  66 22 4 4 7 - 13 28 1 1 146

7 (59551 Ln,tr..-
,~ ,t Cl..,tor ,8 71 2 7 10 13 4 IS ID 144

0 ,104t50.
I.,,t..~~~ nts 47 IT 4 5 20 I 1 2 101

7 2 2 - 2 7 i4 . 5 09

0 flt l..’ ~~~~~Ar,45 21 I) TO ‘ 3 3 11 . 70

/764 .  791 473 337 75 155 37 99 41 60

The primary act of navigation in a rotary wing MOE , low level or contour envirorinent could be described
as a feature or pattern comparison between the map and the terrain In sight. However, before the pattern
matching can occur , the navigator must first perform a search task for critical geographical features.
Navigation requires the constant integration of informatIon deemed critical on the map and comparing
this array of features to the actual terrain. The navigator ’s task Is made more diffIcult by the fact
that he must (1) vIew the terrain in a variety of states, e.g., seasonal changes, visibility or 1ll ~~Iinationdifferences , day and night; and (2) compensate for the discrepancies between the map and the terrain in
areas where significant terrain features have been changed, e.g., fields cleared , roads and bridges
added, etc.

In conclusion , the data from this study will provide useful baseline information for comparison with
the performance of other aircrew duties or missions. As wel l , It is very important to note objectively
the copilot ’s priorIties in carrying out his primary and secondary subtasks. The imbalance in the
copilot ’s distribution of visual time across subtasks indicates that: (1) new maps should be developed
that will allow the navigator to reduce his Information processing and search time, and (2) new nav iga ti on
aids should be developed that will provide thformation which will reduce the navigator ’s time on navigation
tasks. Data from this study indicate that unless these developments are added to the flight inventory,
the copilot will have a very limited opportunity to perform other in-flight tasks such as target detection
and identification. As well , flIght safety is currently compromised because of the copilot ’s inability
to attend to critical engine status instruments.

DISCLAIME R

The findings in this report are not to be considered as an official Department of the Army position
unless so designated by other authorized documents.
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IN—FLIGHT R~X~ORDING OF R~1ICOPT~B PILOT ACTIVITY

by
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Head and hand activity patterns have been established for U1( Army and Air Force helicopter pilots under
a variety of operational flight conditions using a cine filming technique . A fully portable cine camera
f i t ted with a ‘fish eye ’ or wide angle lens has been used to record pilots ’ head and hand movements in
~ different helicopters and 2 fixed wing aircraft types during nap—o f—the—earth , low level and other
flight phases.

Apart from highlighting problem areas in the cockpit , the f i lm reCords show that activity patterns depend
more upon the flight profile than upon the helicopter type or the individual pilot. Subsequent film
analysis has shown that the pilot work—load tends to increase with decreasing height above the ground.
Dur ing nap—of—t he—earth tactical flying, a pilot may spend over a third of the t ime looking inside the
cockpit at maps , instruments and radios. This in precisely the time when he needs to spend the maximum
time looking outside to detect and evade potential hazards such as wires, trees , enemy positions etc.
Reasons for the apparently paradoxical behaviour and the effect upon pilot work—load are discussed.

Typical pilot activity patterns are presented, together with an example of how poor cockpit design can
obviously increase work—load and reduce efficiency.

ACTIV ITY RECORDII~1 S~UIPI~~JT

So.. problem areas can often be highlighted by studying pilot activity patterns dur ing normal flight
operations. The simplest way to do this is to mit alongside the pilot and note down his act ions as the
f light progresses, but this technique has a number of disadvant agee. First , the Obmerver is not always
aware or may not understand what the pi lot is doing. If several events occur simultaneously or in quick
succession , it is unlikely that all will be noted by the Observer. Perhaps the most import ant disadvan-
tag. of all is, that when the pilot noticee that the Observer is making notes, he will , subconsciously,
change hi. activity pattern.. A far better method, which overcome, most of these shortcomings, ia to
use a e m s  camera to record cockpit events. This has the advantage that the film can be viewed later,
analysed and re—analysed at leisure in a warm, quiet , motion free laboratory.

Although this oine recording techn ique is well established in the work study area, it has not been used
often in aviation. (i). This is due, possibly, to the difficulty in mounting a cine camera in a
cockpit in such a way that an adequate field of view dam l~e covered. One approach, in which t his
difficulty can be overcome is by replacing the cine ca.~rae conventional lens with a wide angle or
‘fish eye’ lens which gives a field of view of over 180 • This is wide enough to enable both head and
hand movement, of the pilot to be recorded simultaneously . A frame from a 16 mm cine f ilm is shown in
Figure 1. Although the picture taken through a fish eye lens is somewhat distorted, the worst distortion
is around the edges. Th. oer~t?e region of the picture is only slightly out of shape and can be inter-
preted easily .

By holding th. camera in the hand (see Figure 2) it can be re—al igned instantly to record any unexpected
event which might be outside the normal range of pilot movements. Any lack of poaitioning accuracy which
might be pr.s.nt with a hand—held camera is compensated for by the wide angle lens, which is not at all
critical in alignment requirements and needs only to be pointed in the generalS direction of the pilot .
Another advantage of this camera, which alao has its own power supply, ia that it can be carried aboard
an aircraft by the Observer and used i~~ediat e].y. A conventional rigidly mounted camera would require
time for airframe mount ing brackets to be designed, fabricat ed, approved and installed. These modifica-
tions would effectively limit it. use to one or two specific aircr aft. The hand—he ld fish eye cine camera
ha. no such restrictions.

P11(5!’ ACTIVITY PA~’I’~ WS

When a record has been made of pilot activity during flight , the film is proces sed and then enalysed frame
by frame. *Lltip ls activity chart s of head and hand activity can then be plot ted and times , eto , for
each activity can be calculated . (S.. Figures 3 ti’ 6). By recording the activity of different pilots in
the same airc r aft , and of the same pilots in different aircraft , whil. performing a var iety of tam., a
set of activity patte r ns can gradually be bui lt up. Figure 3 shows a pilot ’, head activity patte rn during
low leve l flight in a Wesaex at about 100 ft above ground level and at an air speed ( lAs) of 90 knots.
mis viewing pattern is typ ical of a helicopter pilot f lying at this he ight and speed . The pattern is
charaot.rined by the •a,jor’i ty of t ime epent looking to the front in long look, of between 10 and
15 seconds , separated by shorter glances of about a second or so to either lids or inside the cockpit
to instr uments.
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Wh en the helicopter pilot f l ies  cloner to the ground in ‘nap—o f— the—earth ’ (WOE) flight, the pilot ’s
viewing pattern will change to that illustrated in Figure 4. (Illustrations of what is meant by low
levei and HOE f l igh t are shown in Figure 7.) HOE pilot activity is typified by a rapid succession of
short glances or swift  hand movements of a few seconds or less. Less time is spent looking to the
front and more time is required to look inside at instruments , radios and maps . During WOE flight the
pi lo t is f l ying not onl y lower but in between or around trees, pylons , bui ldings arid othe r hazards.
He cannot afford to Icok for more than a few seconds in any one direction. Because he is f lying lower ,
he cannot see so far ahead. His horizon at HOE height may be only a few tens of yards away (see
Figure 8) whereas at 500 ft height he may be able to see for miles. (See Figure 9.)  Consequently
at low level he needs to spend more time navigating by trying to relate his limited view ahead or to
the aide with his expected position on the map.

The HOE pilot must constantly check his instruments to detect system changes before system failures
occur . For example, in NOE flight there is little time to take remedial action once an engine has
failed.

Bad ly inatalled radio, and other equi pment can Beverely disrupt a pilot ’s efficiency, especially during
N~ F flight. The friars from the fish eye cine fi lm in Figure shows a pilot trying to tune a radio which
has been installed behind his arid his co—pilot ’s seat. To do this a pilot has to remove his left hand
from the collective lever and hold it under his knee. He then has to turn round and face rearwarda to
see the frequency of the dial. The radio Installation shown i. still further complicated by being a
combination of I separate items of equipment. One item of which i. mounted upwards, the next on its
side and the third upside down. One wonders if the equipment designer thought by this  means he would have
a in 3 chan ’e of getting something righU

Figures 5 and illustrate how overt activity patterns change with flying task. In the case of Figure 5
the ~~out pilot is wearing chemical defence (CD) clothing, including a CD hood and ~ respirator. The
respirator, in particular , restricts the pilot ’s vision and is generally very uncomfortab le to wear with
normal f ly ing clothing . At the start of the sortie during hover tax i out on to an airfield, the pilot
is not unduly uncomfortable or stressed. This is reflected by the activity pattern in Figure 5 which
resembles that of the Wessex pilot at low level in Figure 3.

This relatively relaxed pattern changes when the CD Scout pilot begins to fly at low level. He is now
beginning to work f a r  harder and is in some discomfort . This results in a viewing activity pattern
much m ore similar to the normally clothed Scout pilots ’ pattern during WOE flight , shown in Figure 4.

Halfway through the sortie, the pilot removes ~~~ hood and respirator and, after a short rest , returns
at low level to the airfield. During this return ctsge of the flight his activity pattern (see Figure 6)
re turns to the m ore leisure ly pattern exhibited by the Wessex pilot at low level, shown in Figure 3.

Other phases of helicopter flight have been investigated by this method of cine fi lm analysis. (2).
Figure 10 shows how frequency distributions of time of glance by a Puma pilot vary with different phaSes
of fl ight . These histograms show that when a pilot is performing more exact ing tasks near to the ground,
of descent or hover in a wooded clearing, he cannot afford to look inside the cockpit for more than a
second or so at a time . By comparison, during cruise, when he is well clear of the ground obstructions,
he can look wore of ten and for longer period inside the cockpit. In other words, when flying close to
the ground , the helicopter pil. t , or for that matter any other pilot, needs to keep a constant look—out
of th e cockpit to see wire s, trees , bui ldings and other dangersin time to take avoiding action. Any
time spent looking inside i. potentially hazardous, At greater height . above the ground the risk of a
collision is much reduced and the pilot can afford to spend both more and longer periods looking within
his cockpit.

CONCLUSIONS

Although the c m .  f i l m  analysis technique outlined her, provides a far from comprehensive record of
helicopter pilot activity, it does reveal a number of interesting points and indicates some problem
ar ea. which m ight profit from further study.

Head activity patterns of wel l trained pilots tend to be a function of task and to a lesser extent of
the individual pilot, type of helicopter, or equipaent fit. With existing small to aedium sized heli-
copters , if a pilot has to fly at very low leve l due to tactical or other reasons he might spend up to
a third of his t ime looking inside the cockpit. He muøt therefore be provided with improved navigational
and radio aid , and with engine , fuel and vraxrem iasion syst ems having greate r reliability. In addition
every effort must be made to give the helicopter pilot improved protectiv, clothing, seating , controls ,
displa y., cockpit vision and cab in environment .
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I)ISCUSSION

K.A.Künbal: Contrar~ to your opening remarks. I would submit that you have made an excellent first step in assessing
a significant problem which we, at the Aeroinedical Laboratory , are presently concerned with that of the stress
induced by required life support equipment for the chemical environment for helicopter pilots. I would appreciate
very much continued information exchange with your organization on these matters.

R.R.Simmons: What is the average or normal airspeed which the Nap. of the Earth profile was flown?

E.J.Lovesey: 70-90 knots for Nap of the Earth, with perhaps up to 120 Kts at low level flights.

RG.lreland : In v iew of the maximum stress and strain imposed upon a pilot by the workload demands of a Nap of the
Earth mission as we presently see it , are you able at this point to provide the mission planner with an upper time limit
for pilot participation in such a mission, beyond whLh he must expect a rapidly deteriorating probability of mission
success or mission ~ompletion.

E.J.Lovesey: We are unable to provide such a limit in the present state of our knowIedge~ however, it is imperative that
investigation effort be applied to determine such answers as soon as possible.



H4-I

THE ASSESSMENT OF ROTARY WING AVIATOR PRECISION
PERFORMANCE DURING EXTENDED HELICOPTER FLIGHTS

by

Michael A . Lees. Kent A. Kimball & Lewis W. Stone
US Army Aeroniedical Research Laboratory

Aviation Psychology Division
Fort Rucker , Alabama 36362

SU*IARY

To insure the most effective utilization of his aviation resources , the rotary wing fli ght coelnander
requires information which describes how extended flight time affects the operational capability of his
flight crews. In response to this requirement , the US Army Aeromedical Research Laboratory has conducted
an investigation of the man-helicopter system performance during five days of extended flight. The current
report describes the changes in pilot performance and aircraft stability on one of the maneuvers performed
during the large scale fatigue investigation , the stabilized three-foot (.91 meter) precision hover. In
ad d i t i on , this report describes changes in subjective ratings of fatigue and flight performance , and
changes i n  the measurement of auditory reaction time.

The results obtained during the current examination strong ly suggest the occurrence of a learning
effect across the first day of extended flight. The most stable hover performance was observed during the
second flight day. By the third flight day, pilots attempted to maintain hi gh quality precision hovers
through an increase in the ni.snber of control inputs . Results obtained on the fourth day of fli ght suggest
tha t the pilots have shifted their control technique from actIve control of the helicopter to a more
passive strategy of responding to observed error ,

Results from the subjective rating scales clearly demonstrate a progressive increase In the rated
levels of fatigue between and within flight days. This increase in the level of fatigue corresponds to a
general decrease i n  the rati ngs of flight performance.

I NTRO DU CT ION

Today i n  the United States Army ’s helicopter fleet, there is major emphasis on developing the capability
to perform tactical operations over an extended period of time . One area of concern within the development
of this tactical staying power, is the lack of specific i nformation , which describes the effects of fatigue
and extended flight, upon the ability of the aviator to complete his assigned mission. The local flight
coirelanler requires an accurate and timely assessment of fatigue effects, and the establisisnent of basic
f lig ~~ time lim itat ions , to insure effective management of his aviation resources. However, an arbitrary
policy regulating fli ght time, would not preclude the possibility that a pilot could be unsafe with a
fewer number of flight hours, nor would it provide the coimiander wi th the flexibility , or the effective
management Information that he needs. Thus , what the flig ht comander requires from aviation research is
information which describes how extended flight time, and duty time , affect the actual operational capability
of his flight crews. Presently the local conanander has virtuall y no solid information that specifies the
effects of fatigue on the rotary wing aviator ’s performance.

Previous investi gations have examined the effects of fatigue on human performance,’ but very little
of the derived information is directly applicable in effectively determining operational limitations.
Although extensive research has been accomplished in examining the effects of fatigue on f ixed wing
aviator performance, much of this research is not directly relevant to fatigue in rotary win y aviation ,
because of the substantial difference in flight envelopes, and aircrew tasking requirements . ‘‘

The experimental results presented In this report were obtained from a portion of tie data acquired
during a large scale field investigation of the effects of fatigue and extended flight oi rotary wing
flight performance. The preliminary results csf this major investi gation were presented :0 the AGARD panel
meeting In Ankara , Turkey in 1975.’ The current report describes changes in aviators ’ pv ecision hovering
skills during the extended flight operations . This examination focused on changes In alrcr .tt stability
and pilot control performance during extended flight.

MET HODS AND PROCED URES

Subjects for this investi gation were six rotary wing aviators in excellent heal th, between the ages
of 21 and 26. All pilots had recently completed the United States Army ’s Rotary Wing Flight Training.
Each pilot had approximately 200 flight hours prior to his participation In the Investigation .

The entire investigation was conducted at the US Army Aeromedical Research Laboratory ’ s field facil ity ,
located in southeastern Alabama .

The in-flight portion of this Investigation utilized three Army helicopters. One of these was the
Aeroriedical Research Laboratory ’s JUH-1H research helicopter , which was specially modified to provide
information to the Helicopter In-Flight Monitoring System . The remainin g two aircraft were standard Army
UH-lH helicopters. One was used as a prima ry test vehicle , wit h the other used as a reserve test vehicle,
and for maintenance of airborne systems.

In-flight performance data was obta ined through the use of the Helicopter In-flight Monitoring
System (HIMS). This research tool provides for the real time acquisition of all major aircraft motion, and
pilot control parameters. HIltS i~on i to rs end records aircraft movements in all six degrees of freedom as
well as all pilot control movements on the cyc l ic , collective, pedals, and the throttle. Mea s ures of
rates end accelerations along each ax is are also obtained .
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An on-board radio rang ing system is utilized to constantl y track the research aircraft ’ s position .The HIltS continuously records 20 channels of information using an on-board incremental tape recorder .
Procedures for the Fatigue Investigat ion. Three genera l types of data were obt~ined during theIn vest Igat ion: (1) labor atory meas ures , (2J in-fli ght measures , and (3) subjectIve measures of performanceand fatigue.

Laboratory testing included the cardiovascular monitoring of subjects, routine samplIrrg of both t~ oodand urine , measurement of dynamic visual acuity , and assessment of auditory reaction t -~~. Objectivemeasures of the man-helicopter in-fl i ght system performance were obta i ned from the Helicopter tn-FlightMonit oring System.

Throughout the flight testing portion of the fatig ue Invest i gat io n , subjecti ve ratings were obtained ,which assessed the pilot ’s fatigue intensity , his mood , and his overall fli ght performance for eachflight period. Safety pilots , used throughout the flight testing, also evaluated the pilot s I”livid ualmaneuver performance, and his overall fli ght performance for each fli ght period.
Field testing for the investigation was accomplished during three, ten-day periods with two pilotsbeing tested during each period . Subjects were transported to the test facility 48 hours before theinitiat ion of flight testing . This time period was used to obtain baseline data on the physiological andbiochemical measures, and to permit the subjects to become familiar with the laboratory tasks.
Starting on the third day, a full schedule of in-flight performance measuremect; physiological ,biochemical , and perceptual motor measurement, and subjective rati ng was conducted . This testing Schedulewas maintai ned for approximately four and one-half days. The eighth , ninth , and tenth days of the testperiod were devoted to subject recovery and acquiring post-performance data .
The schedule of events for the five days of fli ght testing is presented in Table 1. The subjectswere awakened at 0430 hours. Testing continued until 0100 hours the following day. Thirteen 50-minutefli ght periods were scheduled each day. During the in— fl i ght testing, pilots received about three andone-half hours of sleep each ni ght.
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During the fli ght periods, each subject acted as the primary pilot for either the Instrumentedresea rch helicopter, or the sta ndard Army helicopter . Each pilot was allowed 50 minutes to perform themaneuvers listed in Table 2. At the end of fifty minutes , both subjects returned to the landing area ,quick ly filled out the subjective rating scales , and then rota ted to the other helicopter . The initial Sass igmient of either the research helicopter , or the standard Army helicopter was counterbalanced betweensubjects for each day. Following this procedure , each subject provid ed one flour of in -f light performancedata , for every two flight hours. During all fli ghts , the pilo ts were accompanied by a safety pilot.
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TML( 2

f l. I QIT PRO fI LE

Bad Weather

1. 3 f~. Hover - 1 minute Measured
2. 360” Pedal turn - left about mast MHsured
3. 360° Pedal turn - rigAt about mast Measured
4. Slop. * right skid Measured
5. Slope - left skid Measured
6. Hover taxi Measured
7. Latgre I hover
8. MO” P.4.1 turn - left about nose
9. 3600 Pedal turn - right about nose
10. 360° Peda l turn - left about pilot
11 . 3600 Pedal turn - right about pilot
12. 360~ Pedal turn - l.ft about tail
13. 3600 P dal turn - right about tall
14. Reerw.rd hover (Measured )

Ma~j inal Weather

15. 10 ft. Hover - 1 min ute Measured
16. 25 ft. Hover - 1 mInute Measured
17 . 50 ft. Hover - 1 minute Measured
18. Si.,lat,d max-gross take off Measured
19. Traffic pattern 300 ft. MI. Measured

Crosswind Measured
Do~ swind Measured
Base Measured
Final Measured

20. Shallow approach Measured

6oQ4 Weather

21 . Normal traffic pattern Measured
Crosswind Measured
(,o,mwind Measured
Base Measured
Final Measured

22. Normal approach Measured
23. Max perfor mance take of f Mea sured
24 . Low level flight Measured

Heeding Measured
Altitude Measured
Airspeed Measured

25. Confined area landing Measured
26. Na, perfor mance take off Measured

Heading Measured
Al titude meintenenc. Measured
Airspeed Measured

27 . Shallow approach Measured

Ire (Hood)
28. Standard rate c li~~ing turn left to 180°29. Ma in taIn Straig ht and leve l flig ht 15 sec .
30. Standard rate descending turn right to 1800
31 . Decel eration to 40 knots
32. Acceleration to 90 knots

The maneuvers listed in Table 2 were selected to provide realistic fli ght missions that could be
performed over a wide range of weather conditions . Those maneuvers which were measured to assess fatigue
effects on In-fl ight performance, are identified .

Measures Selected for the Current Examination. For the current report, only a portion of the infor—
nation obtair’°d during the major fatigue investigation was examined. This report describes the results
obta i ned from anol~is1c of the man-helicopter system performance on the stabilized three foot (.91 meter)precision hover man~uver. The three-foot precision hover was the first measured fli ght maneuver during
each of the 50—mlaute flight profiles. In addition , the results on four of the subjective rating scales ,
*nd the subject s performance on the auditory reaction time task were also examined during the current
investigatical .

tn—Flight Measures. Measures of man-helicopter in-flight system performance have been separated i nto
two generaT categorIes: (1) those representing pilot control input , and (2) those which measure change
in the helicopter’s pr imary movement axes .

The information used to develop both the pilot control i nput, and aircraft status measures was
obtained through the use of the HiltS. At each 50 millisecond sample period , throughout the data acquisition
process , the location of each aircraft control was measured. The cyclic stick , which controls the tilt of
the rotor plane, was measured in two axes — fore-aft and left-right. Position In fo rma t ion  was also
obtained for the collective control , which determines the pitch of the main rotor system, and for the
antitorque or peda l controls. These data provided the basic information for the derivation of values
representing avrrage control position , and the frequency, magnitude, and rate of control movement inputs .
These measures were then used to determine changes in the pilot’ s control performance.

Two primary parameters of the pilot’ s control responses were: (1) the number of significant control
movements he produces, and (2) the number of occurrences of control steady state, that condition where no



104.4

si gnificant control movements are being produced . These parameters were developed us ing  the l i m i t s
specified in Table 3. Other major parameters were, the nianber of control reversals , and the percentage
of time the pilot spends in control movement.

TABL( 3

CONTROl. LIMI T S FOR D(TS~~ INING CONTROL ROV IP(NT
SIlO CONT RO L STSADY STATS CONDITIONS

Cjtlit Fort/Aft Cytlic L~ft/Iiiht Cul uict i , .  PedalS

I .  li.t dari t lo n rtqolred for control
steOdy state (In seconds) .25 .25 .25 .?t

2. Contro l enanymat l I n it s  (ninlim *,
rj tC o~~l~~ in in c h e s )  .015 .0Th .075 .07S

For this particular investigation , several additiona l parameters of the pilot ’s control responses
were developed , Using the procedure as outlined by Harper and Sardanowsky ,° position data for each
control channel was entered into a fast fourier transform. This procedure developed an index of the
characteristic frequency (in hertz) of the pilots control i nputs . Two measures were selected f rom this
transformation for further use. They were (1) the mode frequency, or that frequency where the maximijo
power was measured, and (2) the cut-off frequency, or that frequency where 95% of the power was applied at
a lower frequency, and 5% was applied at a higher frequency.

The 28 varIables , presented in Table 4, were determined to be the most relevant in determining the
effects of fatigue on pilot co,utrol performance. These variables represent seven major parameters on each
of the aviator ’s primary control channels.

lolti l

PIlOT ~~~ 0(( INPU T 10*10001 S

- Cy cl I c ‘ - n  0~. Cat,,. A*,al,t. Control lt,o.noc. T I.qnlt .d. - P..’.

2. C, , l ic  l o r o / A f y  Ca.. t ,-ol ~5 o l ~ tn Ca..crol ttv~onnt M.gnlt.d, . St ondai d D,oi.t lOe

I C y c  I I I  . , n Mt  C*,.t ra l ltd. I ‘*00.10 1

0 I t o  C c.. Of Centra l u a l o f ’  Fr000,ncy

C,.. ‘ -  - ‘ n  O t t  C ontro l P e d a l  of I ion I n Ca.I t ra l ltonflnt

6 Cy c l I c  ctn O ’ . Centra l Nnon,r of Ca,t.-o l lto,neott Pen Se000d

I Cy cI  IC ,.e 0.1 C~~1rol O~~~ pr a! Central  O,anr..l Per Second

~ C y cl I .  e lf  -0t ~ t .oPt rol Abtolo t e Contra ’ Ao.onnl M.g.fftod. . P.00
S ( ph l C , r f t . W ,  gal Cont.a l  Absal ~ ta Contr ol t’no, nl  ‘.r tad. - St.odard O, , i I t l aOl

10 Cy c l I c  (oft(e1 0t Contr ol ‘td. fr*qn,ac y

I I  - Cpa h o  ,n ’i /00 Aot Contro l CatO~~ Fr.q0..,c,

h i - : , r l  IC L . f t / ~ ,q6t Control P.rc.nt of I on in Control Poasot

I rd IC 1.I l/ * lpot  Control %a. r eq Con t ro l t,on nt s Per Second

I I  ‘ph I I t  C e n t / e l g O t  Con t ro l  t .  of Contr o l fl,r,,1, Per Second

‘o l I n t i  l o t  Control ObSOlo tn I ortro l ‘tallUrt M.galt adn - P.On

IS c In .  II.. Contro l 00. -. 1 ,1. Contr ol ‘to n y it5nliade - St000.rd On o lOt lan

I ? .  . . t I e .  - ootro l Ito. i roo4oenc ,-

l~ C c l  local . .  Contro l Cotof! raga.,,

IS C o l l ect I,. Con t r a  I Port ,.? of t i e  in Control ., ,t

ZS Ca t t ed ’.. Control  0~~~~~r of ra,,trol I00o~~~o?, P.r Second -

21 Cal l nc t lon  Contro ’ Oo10a, at Control lto.rs. I, Pnr S.cand

2?. P.4. 1 Contro l  AMa l ale Control lta .t N.~~h I t a dn - N,.n

r b  c.-l’*I 0000lot. Control  lto yt ln.,g.altiad. St.,ad.rd Q,ol.t lap
(4 Pnd. I Centra l ‘tde Fre quency

$ Pe4 Co n t r o l  Cot,!! r reqo.oa,

21. P.2. 1 Cont rol ,ro,ot of ‘ion In Control P.o. nt

77 Peqel Control i0~~ er of Contro l P... nt s  Per S.cnød

(‘P Ped.l Contr o l ‘Oc~~ n. of Control heoer,.l, Per Second

Parameters utilized in this investigation to describe changes in the aircraft’s stability were
derived from measured changes in the pitch, roll and yaw axis. These data provided the basis for developing
appropriate measures of aircraft stability and error during the maintenance of a controlled hover platform .
Deviations from experimentally defined constants, and the rate of change in each axis were also measured.

The variables presented in Table 5, were selected as most relevant for describing changes in aircraft
hover stability.
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TABLE 5

AIRCRAFT ATTITUDE STATUS VARIBLES
SELECTED TO MEASURE AIRCRAFT STABILITY

1. Pitch Standard Deviation

2. Roll Standard Deviation

3. HeadIng Standard Deviation

4. Heading Average Constant Error Front Init ial Heading

S. Roll Rate Mean

5. Roll Rate Standard Deviation

7. Pitch Rate Mean

8. Pitch Rate Standard Deviat ion
a

Subjective Measures. Four subj ective rating scales were examined during this investi gation. Ratings
of the subjects ’ ov er~T Ff l i ght performance , for each flight period , were obtained from both the subjects
and the safety pilots , using a questionnaire modeled after the Cooper-Harper rating scale as discussed by
Helms. ’ in addition, each subject rated his overall flight performance and fatigue intensity , by placing
a mark on a line of standard length , a Scoring technique effectively used by Hartman.’

Perceptual-t~ tor Measures. During in-flight testing, subjects received one hundred trials on an
auditory reaction time task , three times daily. The means and standard deviation of the reaction time
latencies were examined across flight days.

Anaj.y~sis . Th~ experimental design , for the present examination of the precision hover, divided the
first f~ur complete flight days into three time blocks per day. Each time block contained data from
approximately four hours of flight which occurred either in the morning, afternoon, or evening of each
flight day. In this manner, changes in performance across flight days, and within flight days, were
addressed.

The primary analysis technique used throughout this investigation , was the multivar late analysis of
variance. This technique provides for the simultaneous consideration of all dependent variables during
signif icance testing . The multivariate analysis of variance also provides an indication of how many
orthogona l , or unrelated , dimensions of performance are present in the dependent variables , and shows the
relative contribution of each dependent variable , to each of these dimensions . This technique also
provides an index of the r e l a t i v e  posi t ion of each treatment group along significant dimensions of per-
formance.

- The 28 pilot control variables and the eight aircraft stability variables were examined using a three
factor multivariate analysis of variance. The three factors were: (1) fati gue effects across flight
days, (2) fatigue effects within the flight days, and (3) the effect due to intersubj ect variability . To
acconmiodate for the repeated measures structure of the in-flight data , the intersubject variability was
pooled with the normal error term for testing each of the main effects and their interaction. The f i ve
covariates found In Table 6, we re also included in the multivariate analysis of pilot control and aircraft
stability va r iables , to adjust for error contributed by the enviromental and field investigation effects.

TABLE 6

COVARIATES USED 10 ADJUST
FOR ENV IROMIEN TAL AND FIELD EXPERIM ENTAL EFFECTS

1. DaIl y Ma neuver Sequence Nt.rbpr

2. Wind Speed (knots)

3. Gust Speed (toots)

4 . MInoteS of Fuel Bu rned Before The Start Of The Maneuver

S. Crosswind (Absolute Difference Between Average Heading and Wind Direction)

The variables examined in determining significant changes in the subjective ratings and the auditory
reaction time task were also analyzed using a similar three factor multivariate analysis.
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RES ULTS AND DI SCUSS ION

The results of the analysis on pilot control variables are found in Table 7. It can be noted that
there were significant differences across flight days and within the days of flight. Also , the interaction
of days , and time of day , was not significant. This demonstrates that the effect of fatigue and extended
flight , on pilot control, was consistent throughout the days of in-flight testing . The regressions
(Table 7) of the covariates on each main effect, and their interactions , were also significant. These
significant regressions demonstrated that knowledge of how many previous flights had been accomplished and
knowledge of the prevaili ng wind conditions , was effective In predicting changes in pilot control variables .
The error in obtained measures , that  was accounted for by the five covariates , was then extracted . The
rema i n i n g  var iab i l i t y  i n  pilot control var iables could then be attributed to fatigue.

1*815 I

4IL IIV A RIPOII MIAIYSIT OF 068185(1 /005*0!
PILOT CONTROL PN I/SURE~,

Degrees of Degrees of
Sean Squares Freedon for Freedo,. f~~i P Le SS

I’ llatio Tested Hypothesis - (~~~~~~~~~~ _ Then Root 4

C - Tao effect udjusted for
f o e  C000rlates 1.380 0/OS A WC 184 .00 117 .551 .053 1

~ a,e .  of day eff eCt od-
J u st ed  f o r  f l o e covur l ates 1 .587 T/TS a WC 56.00 68.00 .035 I

3 Day P. t I n e  of day in teractIon
udjusted for floe Covarlates 1 .160 01/015 0 80 168 .00 325.963 .130  I

& Regressioo of cooeriotns on
1000102 day I subjeCt inter-
a C t b O n  V nl ttlln cells error 1 .84 1 RegressiOll/ 140.00 197 .593 .001 I

25 • do 1. 430 Residual Error 108.00 59. 48 .020 2

5. Regressaoo of Looariates On
pooled t l l i t  of day P subject
iptera tlOn & .Ithin c e l l s  1 .704 Regresslon/ 140.00 112.909 .001 1
error (T5 a 1 .390 ResIdua l Error 108 .00 139.622 .034 2

6. Regress’on o f COoa rhatel On
poc ed doy I t ir *  of doy 0
subject interaction I wIthIn 1 .735 Regresslon/ 140.00 27 1.64 7 .001 I
ce l l s erro r ([iTS o WC( 1 . 416 Residua l Erro r 108.0 219.054 .016

00 t h  rOots etCh sig.o ,ftCiot rn .elts are presented.

The variables that contributed most to the overall discrimination between flight days (Table 8) were
Identified on the basis of their standardized discriminant function coefficient. From these data , i t  was
determined that this between flight days performance dimension represented a continuum describing the
quantity of control Inputs. Thus, high values on this discriminant dimension , were associated with a
relat ively high number of control movement inputs .

TABLE 8

PRIMARY VARIABLES MEASURING CHANGES
IN PILOT CONTROL ACROSS FLIGHT DAYS

Standard D i scrim inan t
Pilot Control Variable Function Coefficients

1. Collective control percent of total
time in control movement -1.554

2. Collective control number of control
movements per second 1 .494

3. Pedal control number of control reversals
per second 1.366

4. Cyclic left/right control percent of
total time in control movement 1.172

5. Col lective control cutoff frequency 1.044

6. Cycl Ic left/right control number of control
reversals per second - .959

7. Cyclic fore/aft contro l cuto ff frequency - .865

8. Cyclic left/right control absolute control
movement magnitude - Mean .863

9. Pedal control absolute control movement
magnitude - Mean - .795

The relative level of each days flights along the dimension of control movement inputs is shown in 4
Figure 1. These discriminant score contrast values indicate that during the first flight day, pilots
produced the largest quantity of contro l inputs. By the second flight day , pilots showed a substantial
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decrease in control inputs. On the third day, pilots again demonstrated increased control movement, but
on the fourth day of flight , pilots produced the lowest quantity of control movement inputs .

vi
I-
~~_ 1.5’

DAY 1 DAY 2 DAY 3 DAY 4
FLIGHT DAYS

‘p
FIGURE 1. PERFORMANCE DIMENSION I- BETWEEN

FLIGHT DAYS. OCCURRENCE OF PILOT CONTROL
MOVEMENT INPUTS)

When the changes in pilot control inputs , between the dail y flight periods were examined; the variables
Dnted in Table 9 were identified as the major contributors to changes between the morning, afternoon
evening flights. The dimension of performance , within flight days , interpreted from these variables ,

was substantially different from that found between the days of flight. High values on the within days
performance dimension, represented slow , irregular use of collective and pedal controls , Increased lateral
cyclic movement, and irregular fore-aft cyclic inputs. A high score on thi s dimension was interpreted as
representing flights where there was a relatively high level of measured control input , but that  the
control input was not appropriate to maintaining a stable precision hover. Thus, the increase in control
movement is associated with a corresponding decrease in control quality .

TABLE 9

PRIMARY VARIABLES MEASURING CHANGE IN PILOT CONTROL
BETWEEN THE FLIGHT PERIODS WITHIN FLIGHT DAYS

Standardi zed Dlscr iminant
Workload Variable Function Coefficient

1 . Pedal control number of control
movements per second 4.362

2. Pedal control absolute control movement
magn i tude - Mean -2.325

3. Cyclic left/right control absolute control
movement magnitude - Mean +2.2)8

4. Pedal control percentage of total time in
control movement +2.140

5. Collective control absolute control movement
magnitude - Standard Deviatlon +1.964

6. Pedal control mode frequency -1.727

1. Cyclic left/righ t control absolute control
movement magnitude - standard Deviation -1.591

B. Collective control absolute control movement
magnitude - Mean -1.290

9. Collec tive control percentage of t ime in
control movement -1.274

10. Cycli c forefaft control absolute control
movement magnitude - Standard Deviation +1.026
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The relative position of the morning, afternoon and evening flight periods , along the within day
performance dimension , are presented in Figure 2. It can be noted from this illustration tha t there was
a progressive increase in the quantity of control inputs from the morning to the evening flights. Since
the control Inputs did not contribute to improved maintenance of a stable hover , the increase in the
quantity of contro l inputs shown in Figure 2, also represents a gradual decrease in the quality and
effectiveness of those control inputs, throughout the flight day.
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FIGURE 2. PERFORMANCE DIMENSION I - BETWEEN DAILY
FLIGHT PERIODS. (LEVEL OF CONTROL QUALITY
AND QUANTITY OF CONTROL MOVEMENT INPUT)

The analyses of the pilot control variables have identified several noteworthy changes in the level
of pilot control input across the four days of flight. Examination of the daily level of control inputs
(Figure 1) i l lustrates tha t there was a substantial decrease in the quantity of control inputs on the
second flight day. This decrease in control input for the second flight day corresponded to hi gh control
qua li ty  a nd fol lowed a learning trend over the first flight day. By the third fli ght day, the pilots
demonstrated an increase in control inputs , as compared to day 2. The increase in control movement was
apparently introduced in response to the Increased fati gue brought on by 48 hours of extensive flight
requirements. On the fourth fli ght day, the pilots dramatical ly decreased the amount of control movement
input. However , further analysis has demonstrated that this decrease in control movement did not reflect
improvement in hover maintenance , as observed in the second day; but rathera it demonstrated a substantial
decrease in control quality brought on by the fatigue effects which accumulated over three days of extended
flight.

The consistent increase in control quantity and decrease in control quality seen within the flight
days (Figure 2) ,  is particularly noteworthy , t onsidering the substantial changes In the daily contro l
input levels observed across the four flight days .

Aircraft Stability Measures. The results of the multivariate analysis of variance on the aircraft
st-abili ty variables are presented in Table 10. Both the flight day, and within flight days , main effects ,
as well as their interaction were significant. Adjustment for environmenta l and experimental effects,
through the use of covariates , was again effective as demonstrated by the significant regressions.
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TABLE 10

PRJLTI VAPIATE 81181.9515 Of VARIANC E 51)446110
AIRCRJIFT ATIIIUDC STATUS P~~A SURtS

Degrees of Degrees of
Mean Squares Freedo,,, for Fr eedom for P Less

F Ratio Tested Hypothests Error Than Roota

- Day effect adjusted for 2.676 D/OS + WC 24 .00 165.919 .00 1 1
five co+arlates 1 .866 14.00 115.000 .031 2

2. Tin,, of day effect ad- 3.555 T/TS + ac 16.00 104 .00 .001 1
justed for floe covariates 4.040 7.00 52.50 .001 2

3. Test of d6y 1 tIne of day
InteractIon adjusted for 1. 744 DT/DTS I IC 48 . 00 358 .333  .003 1
five cofariates 1.293 35.00 319.135 .131 2

4 . Regression of floe co-
nar l ate s on poo l ed day
O subject interaction & 2 .519 Regresslon/ 40.00 251 .252 .001 I
w i thi n cello error (OS • WC( 1 .139 Retidual Error 28.00 213 .801 .016 2

5. RegressiOn of five cooarlates N
or pooled time of day 0 sub-
ject Interaction I within 2.071 Regression/ 40.00 229.457 .001 1
cells error (75 + WC( 1.484 ResIdua l Error 28.00 195.362 .06 5 2

6 RegressIon of five co-
variates on pooled day 0 tIn,. 2.480 Regression 40.00 316.635 .001 I
of day I subject interact Ion 2.004 Residual Error 28.00 269.118 .003 2
& withi n cells error COTS o WC) 1.823 18.00 212 . 423 .024 3

u0,,1~ roots with significant results are presented.

The presence of a significant interaction between the day and time of day main effects, indicates
tha t changes in aircraft stability were not consistent across the days of flight testing. Thus , this
interaction was examined to determine what changes in aircraft stability did occur. Subsequent analysis
identified two important dimensions of aircraft stability . Those variables which were major contributors
to the observed differences between and within flight days, are presented in Table 11 . The high discriminant
scores on the first dimension of aircraft stability , were interpreted to represent erratic or relatively
uncontrolled changes in the pitch and roll axis , or a relatively unstable hover platform . High discriminant
scores on the second dimension of aircraft stability were intorpreted to correspond to Increases in the
gross or observable error n measured for the pitch, roll and yaw axis.

TABLE 11

PRIMARY VARIABLES MEASURING CHANGE IN AIRCRAFT ATTITUDE
STATUS BETWEEN AND WITHIN FLIGHT DAYS

Standardized Discriminant
A ircraft Status Variable Function Coefficients

1 . 1st d iscrim lnant function (Root I )
a . Roll rate - Standard Deviation -1.299
b. Rol l  axis  - Standa rd Deviation .965
c. P i tch ra te - Standard Deviation .673

2. 2nd discriminant function (Root II)
a . Roll axis - Standard Deviation 1.068
b. Heading - Standard Deviation .687
c . Pitch Rate - Mean .445
d. Pitch rate - Standard Deviation .441

The relative levels of stability for each flight day, and time period on both dimensions are presented
in Figure 3. The discriminant scores contrast values indicated that the precision hover platform was
most stable on the morning of the second flight day. However , by the evening of the second flight day a
relatively high degree of erratic motion was observed. During the third day, the morning flights showed
a slight improvement in aircraft stability from the previous evening. The afternoon flights on the third
day showed a substantial increase in st-ability over the morning f l ights , followed by a slight decrease in
stability for the evening period. This trend of stability shown on the third day, was not demonstrated on
the fourth day of flight. For the fourth day , there was again an increase in aircraft stability for the
afternoon period. By evening , the precision hover had become more unstable than the morning flights , in
contrast to the third day where evening flights were more stable than morning fli ghts .

The values on the second dimension of aircraft stability (gross or observable error), as presented in
Figure 3. follow a trend similar to the hover instability dimension, except during the second flight day.
During this day, an i ncrease in hover instability , shown during the afternoon, is accompanied by a decrease
in gross error. By the evening of the second day, the two aircraft stability dimensions again present
similar patterns of change.

The analyses of the aircraft stability variables clearly demonstrate that there was an observable
learning effect across the fir st flight day, resulting in the most stable hover on the morning of the
second flight day. It is Interesting to note (Figure 3) that the Second flight day produced both the most
stab le and the least stable hover conditions. The results of the hover stability analyses have indicated
tha t the rest period during the evening of the second flight day was only marginally effective in increasing
the hover stability duri ng morning flights on the third day . The afternoon period of the third fli ght day
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produced a substantial increase in aircraft stability over the morning flights and demonstrated the highe s t
level of observed stability for fli ghts from the afternoon of the second day until the end of the fourth
day.

The results of the pilot control and aircraft stability measures strongly suggest that there w~s atransition of the man-helicopter system performance after approximately 30-48 hours of extended fli ght
requirements. During the second fli ght day, the aircraft ’s hover stability falls from the highest observed
level in  the morning to the lowest observed level in the evening. In a partially successful effort to re-
establish high quality in the precision hover , the pilots i ncreased the quantity of control inputs o~ thethird day. By the fourth flight day, pilots appeared to abandon attempts to maintain hover quality through
increased control movement. The sharp decrease in the level of control inputs observed on the fourth
fli ght day was accompanied by relativel y unstable hover performance and relatively hi gh levels of observable
error.

Subjective Measures and Laboratory Measures. In addition to the in—flight measures of pilot and
aircraft performance, the current investigation also examined the subjective ratings of the pilot s
f a t i g u e  and perf orma nce, and the perceptual-motor performance on the auditory reaction tinie task.

The results of the multivar iate analysis of four subjective rating scales are found in Table 12. It
is evident that there were significant differences between, and within fli ght days, on the subjective
ratings of fati gue intensity and ovc~~~l flight performance. These results (Table 12) also demonstrate
that there was no significant it~teraction of the fatigue effects, or that the subject ratings were consistentbetween and within flight days.

TABLE T2

PVJtII VARI A II ANALYSIS OF VARIANC E 5)814689
S1iB.IECTIIF 8111110. MIOSURIS OF FATIGUE AND FLIr,HT PERFORPV.NC[

Degrees of Degrees of
Mean Squares Fr.*do. for Freedom for P Less

~ kt!2 !B9.SRL __ Hypotheglo Error Tha n Root

I. Day Effec t 23.195 0/05 * IC 12.00 603.523 .001 I

2 . II.. of Day Effec t 11.034 T / TS • IC 8.00 446.000 .001 I
3.194 T/TS • IC 3.00 223.500 .002 2

3. Day ’ Tine of Day
Inter actIon MS 07/075 * IC 24.00 848.936 651 I
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For the subjective ratings, there was only one significant dimension of change across fli ght days.
The standardized discriminant function coei~ficients for each rating scale (Table 13) demonstrate that therated level of the subjects’ fatigue was the major contribu tor to the differences observed between fli ght
days. For subjective ratings between da ily flight periods , there were two dimensions of difference
(Table 13). On the first dimension , a high discr iminant score represents a high rating of fati gue and a
low rating of performance. On the second dimension of change between daily flight periods, a high
discrim inant score represented a situation where the pilot rated himself as being low in fatigue with a
correspondingly high rating on one scale of overall performance. The safety pilot, on the other hand ,
provided a lower rating of the pilot’ s overall performance.

TABLE 13

VARIABLES MtASUKINC. 1.118141)15 Ill SUBJECTIVI RATINGS
06 FATIGUE *140 FtIGI1T PtRFORMAI4CI

Standardized Discric inant
Variables Function CoefficIents

I. Chan ges Between Days Root I

a. Fa tigue ntens it y - subjec t rated line scale 1 .064

b. Onera ll f l Ight  performance - subject rated lIne scale .015

c. 1)19111 performance - safety pi l ot rated - Cooper-Harpe r scale .055

d Flight performance - subject rated - Cooper-Harper scale .267

2. Change s Between FT iqht Periods Root I Root II

a. Fatigue intensity - su bject rated line scale .534 - .644

b. Ooerail fl ight performance — subject rated l I n e scale - .041 .462

c. Flight performance — safety pIlot rated - Cooper-Harper Scale .183 - .824

d. FT Ight performance — subject rated — Cooper-Harper scale - .728 .1)80

The discrim inant score contrasts presented in Figure 4 clearly illustrate a progressive increase in
the subjects ’ fatigue intensity rating across flight days. The contrasts between the daily fli ght periods
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on the first dimension (Figure 5), demonstrate that the rating of fatigue increases throughout the day ,
as the rating of performance decreases.

1.5

MORNING AFTERNO ON EVENING

FIGURE 5. SUBJECT RATING DIMENSIONS WITHIN
FLIGHT DAYS. DIMENSION I - FATIGUE / PERFORMANCE

Thus, the subjective rating scales hays provided a straightforward assessment of the relationship
between extended flight requirements, performance, and fatigue. Subjects rated themselves as increasing
in fatigue with each successive flight day, with a dail y increase in fatigue from morning to evening.
Over the four flight days an increase in fatigue rating was accompanied by a decrease in the performance
quality rating.

Results obtained from the auditory reaction time task were analyzed to determine changes across
flight days and between the daily flight periods. Neither the multivariate analysis of the response
latency means and standard deviations (Table 14), nor the univariate tests of these two variables were
significant.

TAB LE 14

INJLT IVARIAT E ANALYSIS OF VARIANCE 0)811689
TESTS OF CHAIIGUS Iii REACTION TIP(

Degrees of Degrees of
Mean Squares Freedor For Freedom For P Less

F RatIo Tested Hypothesis Error Than Root

-ay E f fec t  1 .831 D/ES 6.00 16.00 .156 1

2. ~~~ of _ay l~~fect .541 T/TS 6.00 16.00 .770 1

3 ~ay ~ re o’ Day
nterC ction 1.023 DT/DTS 18.00 52 .00 . 451 1

CON CLU~ IONS

On the basis of the results obtained from this examination of the man-helicopter system performance,
several conclusions regarding the performance of the aviator and the aircraft, during the precision hover
maneuver, have been developed.

This investi gation has clearly demonstrated that there are changes in the man—helicopter system
performance during extended flight conditions . Additionally, it has been shown that the complex skill
required in flying a helicopter was not degraded merely as a function of extended flig ht tine. However,
it should be noted these are not new or even remarkable findings. The most interesting aspects related
to the effect of fatigue on the man—helicopter system , were the shifts , or transitions, in the aviator s
control performance observed across the four days of flight.

Examination of control i nput performance and aircraft stability strongly suggests a learning effect
across the first day. The highest level of aircraft hover stability was demonstrated on the morning of
the second flight day, even though the overall quantity of pilot control inputs had decreased from the
level previously observed during the first day ’s flights.

Between the daily flight periods, a gradual and consistent increase in the vuaiber of control inputs
was observed. However, even as early as the end of the second flight day, it was evident that this
general increase in control inputs was progressively less effective in maintaining a stable hover condition.
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The aircraft stability observed on the morning of the third day was degraded from that seen during
the previous evening . The overall number of control inputs for the third day increased substantially from
the level observed during the second day. This increase in control Inputs , while effective in providing a
stable hover for the afternoon flights , became considerably less effective by the evening of the third
day.

In the morning flight period of the fourth day, there was a marked decrease in hover stability as
compared to the previous evening. During the afternoon, the hover stabi lit , again improved from the
morning flights , but by evening, precision hover stability had fallen far below that seen on the previous
evening . Thus , this assessment of the precision hover maneuver appears to have identified a situation
where the pilot shifted his control performance strategy from active control of the helicopter , through
the introduction of a high level of control inputs for the third day , to a more passive strategy of merely
responding to gross changes in the aircraft’ s attitude and position on the fourth day .

In suninary, the analysis and subsequent interpretation of these data from four days of extended
flight , strongly suggest a measurable learning effect over the first 24 hours , represented by a high
degree of hover stability and a relatively low xcurrence of control movement input on the morning of the
second flight day. In response to fatigue introduced by 48 hours of extended fli ght , pilots attempted to
maintain hover stability by increasing the quantity of control movement inputs. After 72 hours of extended
flight , pilots shifted their strategy from aggressive contro l of the helicopter to a more passive strategy
of responding to observed error in attitude and position.

In conclusion , it must be pointed out that the precision hover is only one of several types of
maneuvers measured during the major fatigue investigation. As analyses and subsequent interpretation of
the other flight maneuvers are accomplished , it is expected that a more complete understanding of the
effects of extended flight, and fatigue, on the man—helicopter system , will be developed.

DISCLAIMER

The findings in this report are not to be considered as an official Department of the Army position
unless so desi gnated by other authorized documents.
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RESUME

L.. .nrsgi.trem.nt. Sn vol d. la frequ.nc o cardiaque at do la variabilite du rythm.
cardi aqu. .ont .ff .ctuee ch.z 4 pilot.. d’e..ai d ’helicoptâre du C.E.V. au cour. d’appro—
ch.. I.L.S. d. d iff icul t~~. croi ..ant. . vol man. v is ibi l ité do jour at do nuit. Vito...
(V I )  d ’ approcho d~ croie.antse

Cinq types de t iche sont dif ini. , chaque t ype ~tant i-epéti 5 fois au cour. du sire
vol. Le. ispr...ion . r es..nti.a St 1.. difficuit é. rencont ri.. mo nt égalomont note., do
1 a to .

L.a réiultat . obton u. font r...ortir un. augmentation de la fré quenca cardiaqu ,
avec b.i... conco mittant . d. 1. variabi lit é cardi aqu . d ’ autant plu . important, quo 1.
.ujst a uns grand, variabilite mu repo.. C.tto augrentation du ryths. cardiaque oat exa—
c.rbé. par l’adjonction d. factour. •xt.rn.a (turbulence). L’influ .nc . de l’ apprenti .—
sag. Sit marque , par un, diminution .sn.iblo do cotta acceleration cardiaquo au cour. do
rep etition. .uccei.ive. d’uno mime tiche. L’adjonction de en ter.. aubjoctif . pout par—
fot. apporter quel que. ren..ignomant. utile..

L’Ctude do is variabi lité cardiaqu. parait itro Un critCra eup érieur C l ’ enr .gi .tre—
rent  d. la frequ.nce cardiaqu e in .tantan Ce , copendant on no pout pa. encore affirmar une
proportionnaliti etroito ontre co o paramitrea et la charge do travail aerien.

INTRODUCTION

Le travail aéri an reprecent s- par I. pi lotago eat e .aer~t3ellem .n t uno t icha inte l-
lectuoll. os’6 los efforta muacul ai ro . propromont dit . oont 1. plu. couvont rolativoment
reduita . La travail du pilote pout a. resumor en troso actyo n e principal..

— I ’ acqui.it ton do donnée~ on diop onsablos mu pilotago at mu derouloment do is
05 lOU ,

— l ’anaiyao do Ia si tuatiors ,

— Ia repon .o of foctupe .

Cotta tich, so trouve .inguiiCrement compl iquée lorsqu ’il .‘agi t  pour lo p i l ot o  do
réali .er do. approche . I.L.S. dons do. conditions onvironnantea oxtrimomont diffici les .

La mesuro direc t, quantitativ, do Ia charge do travail impose , dan. d. toll.. cir—
con.tances e.t prat iquo mont impos.tblo . C.pondant tout. une acn e do method .. ont etC
propo .Co., aussi bien our 1. pl an phy sioiogtque que p .ychologiquo .

to. phy .tologi.too Ctudiont et enr agiotront l ’ act ivit C Cloc triquo cCrCbrale ,
l’Ctat do tonu. ot do contraction nsu .culaire , Is. mouvemont. oculairo s , la re.1.tanc.
cut ane ., la frC quance ro .piratoire , Ia frequenc. cardiaquo , etc..,

La. psychologue . rocuei ilen t aprCs le vol los coimnontaire . de l’ equipag. aur ii
nature at is. notation . our la difficulte do Ia tAch . C accomp l ir .  C.. notation. aont
o ff oct uC.. ..lon una echeli. do di f f icu l te .

L’ anaiy.o d. cc . d i f ferent.  paramItro . p.ych o—phy .io logi qu o. trad uit pluo ou mOm .
i ’C tat de rCcept iv it e et d. reac t i v i t C  do. .ujat., donc jour niv eau de vigi l ance.

Pour reali .er do. onregi .tremont . an vol 11 oat indi.p .nsable do choiiir uno •Ctho—
do .impio apportant 10 minimum do gin. pour Jo pi lot s , n ’in torfCrant pa . .ur ion travail
.t fl’.fltro~nant aucuno incidenco .ur la .CcuritC.

C’o.t pour coo raison. qua nou . avon . etc amonea a uti lisor tine tochniqu. d’snr.—
giatrom.nt do is frC quonco cardiaque at do la v ar imbi l itA cardiaquo conjoint.m .nt I un.
.nqu$t. piycho iogiquo Ctabli..om ,nt aprI. is vol d’uno fiche d. notation Corr..pondaflt

~ jR ~~C)~o~ jo do Coopar (voir tableau ci—asprI .).



QIIALIFICATD N o t e  Des c r ip t ion do . conditi o n. Pout att. rnj r
do charge do t r a v a i l

I Excellent.. — parfa it , out

Sati .fai,ant 2 :Bonno . — t ravai l  ag rCab la. out

3 :Sat i .f a i s ant os  malg ri que l quo .
:d i f f i c u l t C .  ou l

4 :A cc o ptab l o .  mats dev enant
:de .agreable . oui

non 5 :n i f f i cu i t é  l imi ts pour una
.at i . fa i.ari t :o p erat ion no rmal. : oui

b :Acc o p t a b les  saulem ent dan.
:d os condit ion. d ’ urgence out

7 : Inacc o pt ab los mA ma an ca .
non :d ’ urg.nce doutoux

accaptab lo : H • Inaccept ab laa — dangerous .. non

9 : Inacc eptab lea — incontr8lablo . non

~mpo ..ibl, : 10

En o f f e t , 10 rythme card iaque .uit 10* fluctuation. d ’ uno tAc he perceptive travail
viou al. Si mu repoa la period. cardiaque est inatable at van e phy.iologiquement
ary thmio sinu.ale , comnie l’a mon tré KALSBEEK , cotte irnigularitC diminue d’ uno facon
signifi cat ive avoc la charge mentale alors qua dan . la mime tamp. la fré quanc . cardiaque
croft. C~~tte augmentation pourrait A tre ainsi un trés bon critIra d ’Ctudo des charge.
Visue l lea  pe rceptive..

Nou x av ons donc ch arché C app récier l ’j nt Cr lt  do l ’Ctudo du rythma cardiaque at de
sa va r iab i l i t C  dan, l ’Cv aluat ion do la charge do travail impo sCe C different . pi lot ea ,
au cours d ’ approch a. I.L.S. .ur hCl icopt Ire .

La p i lotag a do. hClicopt Iros es t part icu liIremont dél icat , vu l ’ i nat ab i l i tC pro pro
do Ce. aCronef.. C~~tto tiche e.t randu. encore plus difficila .ur 1.. hClicoptCr. .
b urn s. Cc c i oblige 1.. con.tructeurs C concevoir do . sy .tImes d’aido automat iqu. mu
p ilota ge pour amCliorer lea qua litCs do vol de ce. machine. et on rondre le pilotag o
agrCab l a.

Dan. notre experimentation , lea approches gont effectuées San. aide automatiquo ,
cc qnAi expl ique la diff icultC at la comp lax i tC do la tA che d,mandCe.

Protocol . d’eaaai

Ce s masura. sont faitos .ur 4 p h o tos  d ’es.ai du Contro d’E.aai. en Vol dont 1’*ge
.‘eche lonno do 35 C 50 an. , .u jats particuliCramen t bien antratnC . at motive, pour cc
ty pe d ’ axp Crimentation.

La tiche roqui .e conii~~to on i ’ at terri..aga d’ un helicopter. Super Prelon .ur
faisc eau ILS ou e~v,ntual1 .mont our faisceau C granda pant, du typ e TALAR, tou. 1..
at terr i . sag o a mo nt reali.C . .ur la piato du C.E.V . C BRETIGNY.

Cmnq t ypes do t ic ho aont dCf ini.

I - Ssn~ pilot. automatique
do Jour avoc bonn. vis ibi l itC oxtCriauro
V tto..o d’approche con.tante : VI 100 kt..

2 - Sans pilot. automatique
iou. ca pot .
Vtt ...e d’approche con.tanto : VI - 100 kt. .

3 - San. piloto autolnatiqu.
.ou. capote
Vites .. d ’ approch , dCcroi ..ant. VI • 100 C 40 kt ..

4 - Sen. pilots muto matiqu a
d. nuit san. Acran — pu t. Iteint .
Vita... d ’ approch. dlc rot ..anto : VI 100 1 40 kt i.
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5 - Av.c pilmt. autosatiqu .
.ou. ca pote
Vit.... d’ approch. dlcroi. .ant. : VI • 100 1 40 kt..

Chaque pilot. doit aff.ctu.r 1. tiche donni. cinq tot. de facon rIpltitiv.
.fin de d.t.ct.r un fsct.ur iventuel d’appr .nti..ag. .t d’adaptation 1 la tich..

La •..ur. du ryth . cardiaqu. eat o..urCe I partir de 3 ~1.ctrod.. cutanCee
d. gr.nd. aurfac., placi.. dana is rlgion .ou.-.am.lonnair. (2 Iloctrod..) et parav .rtl—
bral. (1 4l.ctrod.) (Fig. I), dIl iv rsn t  dea tension. diffCr.nti.ll.. appliqué.. I l’en-
tr Io d’un *.plif icateur C.S,Y.  La sortie d. l’ amplifi catsur o,t .nr. gi.trI.

— dir .ctoaont .ur un. pu t. d. is band. magnetique ,

— indir.ct•a.nt .ur unto sut*-. pi.t. I traver. 1. “normali.at.ur d’impul.ion ”
qui Cli.in. la perturbation du cardiograma . p.r 1.. contrection i mu .culairo . at dClivre
Un. i.pul.ion adaptI. au progra . de caicul (Fig. 2).

— Description d’un. explrienc.

Lu pilot. un. foi. Iquipl da. il.ctro~~a. d. l’Ciectrocardiograimno .‘a..eoit 1 son
post. .t connect. ... Al.ctrod.. I l’éi ect rinique a..ociCe par l’int.rmCdi. ir. d’una
pri.. rapid. dir .ct.a. nt dCcrochabie.

AprI. avoir dCcollC .t niali .C Un circuit autour du terrain , ii aff.c tua sa ticho
d ’atterri..ag . e.lon 1. plan suivan t

— 1 1 500 pj,d. interc erition du locali.aur VI • 100 kt.,mi.o on route de l’onre-
gi.tro..ent •agnCti qua , intorc.pt ion du glide

— top i 1 000 pied.,

— bouveau top 1 600 pied.. Dan. 1. cas d’e..ai C VI decroi..ant., ii cit demandC
au pilot. da faire dlcroitr. cet te vito... C part ir da 600 pied. do façon linCaire pour
atteindr . 50 C 40 kts 1 50 piod...

— descent. Ju.qu ’I 50 pi.d.,

— 1 50 piod., rash., dci gas , nouvasu circuit pour r.prandr . is mime manoeuvre .

L’ aliumage d. la po . .ignole un Ccart tt.ip important at le non rCu ssita do i’ appro—
che ot is ~ Cca .siti do ia ren a. do. gaz .

A la fin do chaqu. .irio (5 )  1.. pilot.. de retour au .01 rempli.sent daux fauilles
aur I.a~u.ll..il. inscrivent l.urs impro..ion. gCnCral.. sur lea difficultCs rencontrCa .
qu ’il. not .nt d. 1 1 10 (planch .. 1 .t 2 ) .

Au cou r. du vo l , 1’ .xpCnimentat.ur d. bord remplit une autro fouilla con.ignant
I.. carsct.ri.tiqu.. du vol, om it quo lea ob.orvation . du pilot..

— DApouili . .nt du . enr.gi.tr.monts

L. batt.mont cardiaqua cit tran.form iC en un signal Cl .ctrique du niveau at de
duree normalisé.. L’ onr .gi .tremant oat donc colui de creneaux .ynchrono . avec 1.. con-
tractions cardiaque . .t d’un. bas , do tamp..

Si t~ ..t 1. temp. d’appanition de 1. nilme pulsation , on appelle

— pCriol. cardiequ.

T .t — tn (n)  (n — 1) (second..)

— PrCquonc. cardiaque n

F = —~—~ ~ 6o (pulsations par minute)
a

— Variab il ite
V . T (~~) — 1’ 

~~ -

— Re.ultat .

h a  .ont expr i.C. .ur 1.. tab iaaux 1, 2 , 3, 4 ot los figure. 3, 4 at 5.

Chaque tab l.au r.prCsente is valour moyenne pour chaque type do tlche rCp etCe 5 tot.,
de la f rIqu.nc . cardisqus (.n battement a/minute ) et do la va riab ilitC cardiaque (an me)

ev.c 1.ur Icort typo.

Oaf s la pr.. iIr. co lonne , int itu lCe ,numCro da vol , 1. nombro plac e entro parenth I-
a.. indique 1. type de tich.. Pour do. rai.on. technique , is tich. 5 ne figure quo chez
d.uX pilot.. (tableau 1 •t tableau 2).

La. chiffr.. reprC..nte. dan. is troi.iIm. .t la aiximnio colonn e , indiquent 1.

no&’ra 4’.chantillons choi.ii (nb )

b i_  _-
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La f r .~qu .nc e card iaqu a , en mo yanne da 65 C 70 hattemants par minute au repos
pas se ~i 75 — 80 ot mime plu. pour 3 do no. .uj e t s  (tab leaux I — 2 at 3), chez ‘In soul
(.~ij . t  LOll ) ella e.t .upcrieur . C 100 pour doux typo. d’appro ch. (tabloau 4 (2 )  .t ( 3 ) ) ,

~. p t t o  a c c . l i r r s t i o n  im port anta eat due , comm. nou. la vorron. , C da. cau .es per tu rbat r i—
c o . .xtCri.ur... Dan. l ’ .n.esbla on observe Un. bai s.e de cotta accélCration card iaque
au fur et C mesure d. la rep et i t io n do 1. mA ma t lcho (o n moyonn o 4 é 5 battament. par
m inute) .t co d’au t an t plus qua la f ré quanc o cit Clove.  mu cour. do la prami Cro appro cho
(tablosu 4 (4 )  — table au 3 (2)).

La va riab ili te cardiaquo diminue au fur at C mo.ura do I’ augmontat ion do la
1r.~quenc o c ardiaqu. (Pig. 3 ot 4 )  slors qu ’au rapo., e lla  o~~t extrimament fluctuante ot
depend de l ’ arythm i. .inu.a le du su j e t , souv ent li Ce au ry th mo r. .piratoiro .

En ca qui concern, le. notation. donnCe. aux different .. tA che s 1 — 2 - 3 - 4 -

5-cf., sont axtrim.m .nt variables d ’un .ujet C J ’ autr . .

D ’ un e facon general. I.. not.. J o .  plus Clevee. 6, 7 sont donnc.~ pour lea
t Ach .. 3 — 4 : sous capote do Jour avoc V I  d ecro i .aanto - at do n . in t  p i s t o  ~‘ t e i nt e  VI
d ..~~r ’1i5ant a , Ce qui corresp ond iouvant avoc una acc~~I ration cardiaque .

— Discu ..ion
A la s ui te d ’ uno te l l. exp e r imen ta t i on , doux enso i gnement s  important .  pau v ent

At i- .  t i m e

— ursa augmentat ion de Ia frequenc e cardiaque ,

— tine IégIre diminution do c e t t o  augmentat ion mu cour s do rep e t i t ion de Ia
t~~ he donnCo .

On observe une augmentation con .tanto do la m o y e n ne  da Ia  f rC quenc e cardiaque
su ours d ’ une t lcho de pilotago do nnu~e par rapport a Ia frC quanc a moyonne do repo..
C e t t o  aug montation es t Ia l’ o rdra de 10 C 15 ba t tomon t a/ min t i ta  at  correspond a ce l lo
on~~t atis par RASBROOK et coil. Ion. d ’ approche i  ILS cur .imu loteur .

)~ c & t t e  augmontation cor r,.pond ursa ba i sse do Ia v a r i a b i l i tC  card iaque , b.i.s~
d ’ auta ii t plus importanta qua 1. euJot pr eiento tine v a r i ab ili t important. au repo..

Dan. la f igure 4 on v u i t  qu ’ a l le  u n i t  par d ispara ltre an f in d ’ approche lo r s
du travail ac~ri en maximum , al or. qu. la frC qu ,nce cardiaque in itantanCe e.t trus impor—
t a n t e  .up èrieur . 1 110 batt .mant ./min ut .. La pilot. e .time d ’ a jll e u rs cotta tAc h o tres
d i f f i c i l e  ot Ia co t a  7, c ’e ,t—C— d ire : in accoptabla , mime an cas d ’ urgenc o. Dan. la
rC sli te tin tol att.rri ..ag. rest.rait doutonts et ob lig or a it 10 pi lot .  C remet t re  le. gal.

On note dan. l ’ .n.ambl. tine di minut ion plu. n’u main. impor t a n to  de Ia moyenn e
do l ’ eugsentation du ryt hme card iaq ue au cours do la r e p e t i t i o n  cIa Ia mime t lche . C e t t e
dim inut ion e.t de I’ ordra do 5 C 10 ba t tomont s  en moyenno , ontre Jo  premiere approch a at
Ia cinqu i mma , .auf c m. ex cep t i on l i e l .  oii de. f a c t e u r s  e x t o r n e a  v io nnant i n te r fe re r  aur
l ’ ac com p l iaso mo nt do la iiche , turbulent , par .xemple. Ce tte baja.. C long ter r e pourra it
A t r a  a t t r i bu c a ,olon HASBROOK ~ t n u l l ,  a an offet d’ ntc onan od a tion at mu r6le de l’ appron-
t I s.age.

L~~~ugman t at ion de la r -q uan n~e c nn rd i aqua pout C notre av i s  itre a t t r i b u C e  mu
et r e s . ” rep rn s c nt i  par le t ou ~ d ’ appreho n.ion et  I ‘a t t e n t i o n  .outenue du p i l o t o  mu

c ,nirs de son approche. (latte augmentat ion as t  d’ ,i l I eiirs exacerbCa Innr .que de~ f a c t e um s
extemne. viannent interferer. C’..t le a. du su j a t  LOR qui presonto mu cour. des t i~—
cha. .~ a t  3 tine augmentat io n de la ~~ y.nnr do Is IrC quenca cardiaqua trés important.
sup. rleure a 100 battemont . 117 — 113 — 107 — 204. Or ne pilot. a dii rCaliser son ap-
pron ha d. type den . un trauic $a~-±e n den.., Ia pre ..nc a d ’un Mirag e dana 1. cir c u i t
l ’ obli gaant C ef f .c tuer  une “baionnett e’ uno r~ mia. intemp ..tive de. gas , il .‘an.uit
d ai ll eur . Un. vivo altercation .ntr. cc ptl ,’te a t  le co ntr 8l .ur mu so!. Dan. l’ appr oc he
de type 3, 1. facteur .xtorn o ..t reprCsentC par m o  mauvaise mitCo prii.nc o de tur-
b ulonc .. at rafa le i qul ginent con.idCrabl .ment 1. p~~Iot , .t l’ ompich . d’ offectu .r uno
decro i..anc o l inCaire de am vite.se d’appr oche .

Un autre facteur intCro .iant C analy ..r con. i i t e an Ia compsrai.on antr . 10.
notat ioni donnC,. pa r  lei pilot. . le. .nregi.troment . phy .iologiquae frCquonce , varia-
b ili t C cardiaqu. •t lea rCuul tm t. do is p .rforsanc..

Pout— on dire qu ’il exist. Un. corrilstion Ctroit . entre eux 7 A notre avii il
no nous pars? t pa. po ..iblo d. ripondro de facon absolu. C tin, toll. que .tion . C.. nota-
tion. subjective. dépond .nt des .uj.ts curtain. notant do fsçon optimist . 3 C 4 alora
qua i’spproch. e.t ratéo , d’ autres de facon p.s.imi.te 5 - 6, parfoi . 7, alori que is
mission e.t parfaito .ent .xCcutC. , 1. frCquonc. csrdisque augmentant , ii vsrisbilitI
cardisquo diminuant plu. ou mom s.

Sur 1. trace 5 on con.tst. pour une approche d. type 3, an. vsriab ili tC car-
disque prstiqu enient mnchsn gC. , rn• lCgIre .urougm .ntstion de is frIqu.nce cardisqu. en
fin d’approche , pourtant co pilot , note is d i f f i cu l t i  6 1 savoir I point. scc .ptsblo
dens un csa d~urgence , pourtsnt ii rius.it parfait.ment eon opproche . Ii convient de
signaler qu ’il i’sgit d’un .uj.t r.lativ. ..nt AgA , pilot. d’hClicoptlr. trIs confirm i ,
parfsit.m .nt entrsfn. mais toujour. con.ci.nt de is tich. demsndCe.

Ii nous .embl. done qu ’I l’heuro actuoll., on ne pui ..o pa. sffirm.r l’exi.-
tenc. d’une proporti innslitC Itroito entre is charge de travail , is frAqu.nce et is
verisbilitI csrdiaque.
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CONCLUSION

Lea .nregi.tr.ment . de is frC quenc e cerdisque ot de la variab ili tC cardiaque .ont
•ff.ctuA . ches 4 pilot.. d’...ai d’hClicopt Iro du Centre d’E..ai. en Vol mu cour. d’ap—
procho. ILS de difficultC . croi..snt... Co~~ o ii avait etC deja dCmontrC par AU~ FRET at
Coil., l’anrugi .trement de cea porsmItre., psra?t itro un en ter. utile pour l’Cva lua—
tion do is chai-;o de travail sCrion ou ia detection de . variation. de charge mu cours do
ce travail a predominanc e percaptive. L’sdjonction de en tire . .ubjoctifa pout ~galomont
opporter de. r.ns,ignsment. utile. , mai. ces en tire. d.vraient itro simplifies , Ia
cotation de 1 1 10, ..ion l’ech .lla do Cooper , appara i..ant C notra avi . un peu trop
co pl ex..

L ’Ctud , de s vantabilitC cardiaque perm It itre un cnit Cra sup Crie lir a l’ enragis—
tr.m.nt simple de is frCquence cardisquo in .tantanCe .

Un. tOll. method. d ’ enr.gm .trom,nt do rCali .ation .implo doit itre ut ilisC e an
oIronsutiquo , afin d’..esyer d’evau uer la charge do travail des équipagoe , d’ aidor C
repartition et de det.ctor 1. ..uil maximum oü l’homme ne peut plus fa i re  face .  Car
c ’e.t is ripCtition de co. exp Cn ionc o . qui pourr o pout —i t ra pormettre la quant i f i ca t ion
de is chorge do travail grAce I l’itude do Is variab ilite cardiaque .
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SUJET LEN... FREQUENCE CARDIAQUE VARIAB ILITE CARD IAQUE

N de Vol ‘ILS 

: 

Nb Moyenne Leant t ype ~~ Moyenne ~~~ mr t  t ype

* 2 8 31 : 79,90 0,07 30 : 4,33 0,30

47 * 3  : 24 : 78 ,58 0,24 23 3,73 0,31

: 4  ; 27 ; 79,44 ; 0,21 24 5,29 0,29
(1) : : : :

5 : 12 : 77~~58 • 0,37 : 13 : 4 ,92 0,30
I I I

* 78,87 : 0~22 : : 4 ,56 0,30
z :

* : I I

* 1 44 : 83,56 : 0 ,60 43 : 3, 06 0,29
I I :

2 n 40 81,85 : 0 ,48 : 39 2 ,38 0 ,25
1 1 1 : I

50 : 3 s 38 80,81 0,20 : 37 : 3,59 0 ,27

* : I

* 4 a 37 a 80,27 : 0,16 : 41 : 3,90 : 0 , 16
(3) : a : : I

* 5 I 39 a 80,33 : 0,14 : 38 : 3,63 : 0,27

Total 81 ,36 0 ,31 3 ,31  : 0,24

: 1 : 42 a 80,16 : 0,23 : 42 : 3,59 : 0 ,42
* a a a I

2 a 46 a 77, 80 : 0 ,25 : 46 : 3,56 : 0,29
a a a 1

52 a 3 a 46 a 79,76 a 0,19 : 45 3, 17 : 0,31

* a a a

* 4 : 49 a 79,55 * 0,20 : 48 : 3,29 : 0 ,41
I I I I

* 5 : 47 79,65 0,83 46 : 2,82 0 ,23
i i --c — —

I I Total * 79,38 0~ 34 : 3,28 : 0,33

* 1 a
i i  : 37 a 77,83 : 0,38 : ~6 : 4 ,25 : 0 ,33
a : a : :
:2 a 38 * 77,34 : 0 ,37 I 37 : 4 ,72 : 0,37
* a a : I

58 * 3  * 40 : 77,72 : 0 ,36 : 40 4 ,40 : 0 , 43
a a a : :

a 4 * 39 77, 64 a 0,32 : 39 : 4,41 0,31

(5 )  I I : : a

* 5 a 44 a 77,29 : 0,39 : 43 : 4,16 a 0,28

I I 1 1.
I * Total  77,56 : 0,36 1 : 4,38 a 0,34 a

* I * : I

TABLEAU N ’ I

_ _ k
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SUJET MA~7 . . .  FREQUENCE CARDIAQUE VAR IABIL ITE CARDIAQUE

do Vol ~ILS Nb Moy .nno Ecart typo Nb Moy .nna Ecart type ’

: 1 :  79 : 8 1,08 : ~~~~ 78 : 9, 01 : 0 ,44
2 a 66 84 ,~~ 1 ,39 66 8,15 ; 0,45

I I : a • a a
* 45 1 3 : 70 : 81,12 1 ,19 69 a 9,13 : 0,52
a * a : a a
* ( i )  a 4 : 74 a 78,29 : 0,63 71 : 10,26 a 0,60
a a a a a : : I
a a : 76 : 76~ 90 a 1 ,04 ; 74 a 11,47 * 0.57

Total 80 ,46 1,02 

: 
9,60 0,51

I a 1 a 35 a 81,8z : 2 ,90 a 35 : 8,77 a 0,81
a a a a * e :
2 : 33 : 87,03 : 2,55 33 : 8,12 : 0 ,79

53 3 32 84 ,68 2 ,77 31 9,48 ; 0,97

(2) : 4 : j4 a 92,41 a ~,4o : 33 a 7,90 : 0,94
a a 5 a 27 : 81,51 a 2 .35 25 a 10,12 a O,9g
a a : a a a a a
I : : Total . : ~5,49 : 2,79 : 8,87 * O n90 a

1 34 77,52  1 ,67 34 10,76 : 0,78

2 31 76 ,96 1,73 31 11,90 0,99
a a : a a : : a
a 55 : 3 :  34 : 76,91 : 2,31 : 33 : 12,21 : 1,12

1 (~~) 
* 4 :  33 a 74 ,1*2 : 1,91 a 33 a 10,81 a 0,89

a : 5 a 30 : 69,60 a 1,59 a 30 a 13,00 : 0,83 a
a • -r a
* 1 I Total a 75,08 1~84 : 11 ,73 a 0 ,92 a
a I I a a a a :
a a a : a a a a
* : 1 : 42 : 97,73 : 3,37 41 a 4 ,58 a 0,49 a
a a * a a : a * a
* a 2 a 45 a 88 ,64 a 2 ,42 : 44 : 5, 61 * 0,56
* a : : a a a a
a 59 I 3 a 40 a 92 ,00 a 3, 01 a 39 a 5,71 a 0,67 a

40 84 ,95 : 1,82 : 38 a 6,63 : o,~6
a 5 a 43 a 80,62 S 1~ 75 a 43 a 7,72 a 0,72

$ To ta l  88 ,78 2,47 6,05 : o,6o
: a a a a I I

a a a : * a a
a : 1 a 25 a 81 ,28 2 ,55 : 25 a 11,00 : 0 ,92 a

a : a a a a

* : 2 : 33 : 80,24 2,64 : 33 8,8i : 0,81

61 3 35 76 , 22 : 1,86 35 9~ 31 a 0,83

4 32 71 ,53 a 1 ,36 31 11 ,64 * 0,73
* 

(5) a a a a a : a
a * 5 a 33 a 67,96 a 1,23 a 32 1 13,78 a 0 ,91 a
I I I —I—- -I a
a a : Total : 75, 44 : 1 ,93 a a 10,90 a 0,84 a
a a a a a a a a

TABLEAU N’ 2

___ H
- - —- — —- - --- — - — - -  - - . -—-- ---- —
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~SUJET CAS... FREQUENCE CARDIAQUE VARIA BILITE CARDI*QUE

:~~
• do Vo I :ILS Nb : Moyonne ‘Ecert  typa~ Nb Moy.nn . t Ecant type

34 ; 89,44 ; 1 ,31 j4 4,~ 3 
; 0,38

a : a a a a * a
2 31 : 84,58 : 0,93 : 30 5,43 : 0,43

54 3 36 83,83 0 ,80 35 : 6 ,05 a 0,66

(1) * 4 :  j6 : 81 ,36 : 0 ,37 : 36 : 5,72 : 0,38

80 ,8 2 ;  0 ,28 34 6,76 ; 0,43
a •

a Total : 84,00 : 0,73 : a 5,63 : 0,45

: 1 :  39 : 103,71 : 1 ,34 : 39 : 2,30 : 0,25

2 : 37 : 99, 81 : 1,13 : 37 3,18 : 0,36

56 a 3 37 93,78 : 1 ,19 : 36 : 2,91 : 0,31

(2) : 34 : 90,50 : 0,92 : 34 : 4,00 : 0,36

86,6 8 ;  0,71 ; 34 3,91 ; 0,30
a .

Ta,tal : 94 ,89 : 1 ,05 : 3, 26 0,31

* * 1 : 24 : 86,87 : 1 ,17 : 24 : 4 ,83 : 0,61

2 29 ; 92,72 ; 1,01 ; 27 3,07 ; 0,34
a a a a a : a a

57 : 3 : 33 : 88 ,00 : 0,98 : 33 : 4,00 0,33

* (3)  : 4 :  25 : 85,92 : 1,07 : 24 : 4,20 : 0,34

34 ; 85, 0 5 ;  0,86 33 4,48 ; 0,44
a • .

Total : 87,72 : 2~ 02 : 4,ui : 0,41

;~~; 43 ; 76 ,6 0 ;  0 ,59 39 7,58 ; 0,39
* a a : a : a
a a 2 a 41 : 75,46 a 0,68 a 39 a 7,48 a 0,43
I a a a a a a a
a 60 a 3 a 44 a 78,59 : 0,29 : 43 : 6,79 : 0,35

(4) , 4 a  44 77,40 a 0 ,53 a 43 a 7,30 a 0 ,38

a 5 a 46 : 75, 67 a 0,76 a 45 a 7,48 : 0,42 a
a • I p -1

Total : 76 ,74 : 0,57 : 7,32 : 0,39

TABLEAU N’ 3 

—~••— ~~~~~~~~~ .— ——
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:SUJET LOR... FREQUENCE CARDIAQUE : VAR IABILITE CARDIAQUE

N’ do ~01;ILS; Nb : Moyenn. :Ecart ~~~~~ Nb : Moyeun . Ecsrt type :
a a a a a a a I I

i 31 78 ,06 1,25 28 13 ,53 0 ,91

a a 2 * 37 a 77,40 a 1 ,36 a 38 a 11 ,39 a 0,74 a
a a a a a a a I

4’. * 3 a 43 * 77,76 a 1 ,08 : 40 a 11 ,20 a 0 ,84 a
I a I I a a a a

a Q) a 4 a 47 a 77,51 a 1 ,08 a 47 a 12,97 : 0,84 a
a a a a a : a a a
a * 5 a 45 a 79,93 a 0,80 a 43 a 12 ,44 a 1 ,12 a
a a a a a a a

Total : 78,13 : 1 ,11 : 12 ,30 : 0,89

1 a 45 : 113,97 a 1 ,89 a 46 : 3,63 : 0,56 :

* 2 : 35 a 106 ,77 a 2,06 : 34 a 4 ,64 0,68 a
a a a a a a a

46 a 3 a 40 a 107,57 a i ,68 : 39 : 6,84 a 1,05 a
I : * : : a : a

~ : 30 1 117,50 : 2 ,11 32 : 4 ,53 1,06

a 5 : 35 105,71 a 1 ,52 a 35 a 6,20 a 0,76 a
a a a a a

Total 8 110 ,30 1,85 : a 5, 16 : 0,82

a a a * : a a a a
a a 1 a 36 a 113,80 a 1 ,64 : 34 a 6,79 a 1,52 a
a a a a a a a a a
a a 2 a 45 * 107,71 a 1 ,09 a 43 * 6,39 a 0,88 a
a a a a a a : a
a ‘.9 a 3 a 44 a 104 ,11 a 1,08 a 43 a 6,97 a 0,84 a

~~ 
4 : 44 i 97, 20 a i,26 45 7, 66 : 0,68

* Total 1 105,70 a 1,26 a a 6,95 : 0 ,98 a
a a a a a a a — a

a * a a a : a a a

* 1 a 67 a 83,8o a -0 ,93 : 66 a 12 ,96 a 0,96 a
a * I a a I I I I

a 2 a 49 a 82 ,24 a 1 ,18 * 49 * 11,85 a 1,02

* a a a I I a a

51 * ~ * 48 a 85,31 a 0,80 47 * 8,40 a 0,76 a
a a * * a a : a a

a 1 4 a 4~ * 89,42 a 1,41 a ‘.4 a 8 ,29 a 0 ,81
a I a a a a * a
a * 5 * 47 * 80,44 a 0,58 a 47 a 9 ,87 a 0 ,53 a
a a t a a

I * Total I 84 ,24 : 0 ,98 a a 10,27 * 0,81 a
* a a : I I I a

TABLEAU N ’ 4

_ _ 
_ _  

1~~~~
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Dst. * /T5LANCHE N’ I I
N ’ du vol *

No. du Pilot , a

Natur. du vol

Co ents ire. du Ph oto aun is nature do is d iff icu lté do. assai l (Etude Charge do tra-
vail)

C

/~~J~NCHE N’ ~ /
Oat. a

N du vo l * N’ do la passe

No. du pilot. a

Nature de l’e.aoi a

Conditions atmosphiriquos a
noter is turbulence (1 null ., 2 fsiblo , 3 moyann e , 4 f o r t e , 5 tres forte)

ConaidIrse—vou. ovoir atteint l’objectjf da votro t lcho 7 OUI — NON

Esti.ez la difficult i ate votro ticho a

0 minimum

10 uaximum

5 corrospondan t I lo difficultC limit. nornialoment :
ad~~i.. pour un att.rnia.oge I.L.S. a

(..ion l’ icholl e da Cooper qui vous a iti fournia)

Co~~~.ntairo i particu liers du Pilot , a

— - -—S- - ------ - -  — — ____ .—__..- s-
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-

Fj~ .1 a Emp lacement doe Clectr o des pour la mas ure de la fr é quance at da Jo
v ar iab ili té du rythme cardiaque .

Uc~sam ~~ -

- 

I*.*v~~1

• ~~~~r1 
____

l a g .  2 a Diagrammo d’anal yse dos paramitres c ardiaques ,
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-44~~~~~:~~~!~~ 
~~~~~~~~ 

:4 ~• . .  .~~~: ~

I 
‘ - _ _ _ _ _

— Enregistrem.nt en vol de Is var iab i l i té et de la fr Cquenco cardia q ues
ou couni d’une approche ILS de type 3.

!~~. . . -

~~~~44~~ 
_ _ _ __ _ _

— Enregi.tre.eait en vol do la variabilité et da Is fré quenca cardiaqua s
su cour. d’une approche ILS de type 4.

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~
~L _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Ti1. ~ - Enr.giatre.~~t en vol at. 1. voniabil itC et do is fni quanc . cardiaque .— - su coura d’um. oppnoche ILS do type 3
(on r..srque un. ysnisbilite pratiquement inchang ie).

- --- — -- -r -- — - — —
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DISCUSSION

M.G.Sanders: The activity of psychologists should not he limited to the study of ratings or other subjective judgments.
This is misleading since the major task of psychologists has been to analyse behavior.

To what extent are your data on variability indicative of differences in motor activity. This is only one aspect of
load, and , consequently, variability of heart rate cannot be considered as a measure of “general” mental load. May I
have your comments please?

B.Vet*es: (II Oui. I’aspect comportement al des sujets iaaterrogés doit prendre une grande importance et Ic questionnaire
dout toujours en tenir compte. J’ai d ailleurs souligné Ia nature “optimiste” ou “pessimiste” des sujets interrog és, cc qui
tradu lt hicaa une facon de comportement.

(2) (ertes. Ic rythme cardiaque croit lorsque l activité motrice augmente. mais, dans notre cas, øü I’activité C

anotrice est mineure et *11’ van e pratiqueme nt pas. l’accroissement de Ia fréquence en correlation avec une diminution
de Ia variahilité cardiaque phénomCne con~tant )traduit bien une tãche intellectuel le perceptive.

K.H.1)oetsch : There is in existence an improved Cooper-h arper scale (an AGARD document) that is supposed to make
it easier for pilots to translate their opinion into numerals than the Cooper Scale quoted in the paper.

B.Vettes: Je suis parfaitement au courant de I’existence de cette échelle , qui a d’ailleurs Cté conçue par un ingénieur du
C. LV.. cn accord avec nos pilotes, et admis par I’AGARD. Dans notre experimentation Ic questionnaire propose
provenait d’un organisme Ctranger au CEV (psychologues de l’UniversitC).
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A STUDY ON PILOT’S WORKLOAD IN HELICOPTER OPERATIOb JNDER
SIMULATE D IMC EMPLOYING A FORWARD LOOKING SENSOR

D ipl. -Ing. R. heyer
Deutsche Forschungs- und Versuchsan-
s ta lt  für Luft- und Raumfahr t e .V .

Inst itut für FlugfOhrung
33 Braunschwe ig-Fiughafen

Germany

SUMMA RY

‘.irious measures of p ilot workload are known which are presently applied to human eng in eering in-
vesti gatior~s. It is ü if f i cul t , however , to f ind a measure which has proved to be universally applicable
asü a-i..~ uately validated . Measures tailored to a specific application may be less flexible but can pro-
v~~n relevant and sufficient information on pilot workload. This is demonstrated by referring to experi-
ments wi tr, advanced helicopter displays which were tested in flight.

LI~;T OF SYMBOLS

A - mechanical work
IMC - instr-sme:,t meteorolog ical cond i t ion s
m — moss
M - torque
r - product-moment-coefficient of correlation , distance

- root meat 
t — time
T - duration of test
v - velocity
VFR - visual fli ght rules
VMC — visual meteorological cond i t ions
a - angle of rotation
‘P - bank angle
0 - moment of inertia
w - angular velocity
w - roll rate
w - ~)itCh rate- yaw ra te
z

1. INTRODUCTION

Some years ago an AGARD Working Group on “V/STOL Displays for Approach and Landing” surveyed the
measures of pilot ’s performance and workload currently applied to the inv stigation of displays . 32 insti-
tut ions in 5 NATo countries were interviewed and the result showed that approximately SO more or less
-lifferent measures were in use. Even more measures were developed in the following years with the effect
t hat the chance to f ind two different experiments ira which identical workload measures were applied be-
came progressively smaller. Though a uniform measure of workload would be one of the most important pre-
requisites to gai n a hi gher degree of economy of human eng ineering investigations there are definite luau-
tations t.~ achieve this goal. Some aspects of workload measurement are discussed , therefore, and some
workload measurements and the results are presented by referring to flight tests with advanced displays
for helicopter.

2. PHILOSOPHIL~ OF WORItLOAD MEASUREMENT

Two major philosophies seem to exist In the development of workload measures [i] . In short , one is

- to select from the variety of possible measures the most promising one
- to validatc i t to a hi gh degree in order to make it applicable to a number of experimental conditions
- to apply it to this variety of experimental conditions and to rely on it until more efficient measures
may be found

There is a hi gh risk , of course, not to proceed any further than step 2 - the validation. The other
is

- to record simultaneously measures in th. fields of control technology , psychology , physiology and sub-
jec t ive ra t ings

- to form different hypotheses about tho meaning and significance of these measures with respect to the
part icular experimen t

- to find a decision within a group of intordisciplinaryly trained specialists which hypothesis may be
the most acceptable one - :

Of course , this philosophy has deficiencies , too. Quest ions arise, for example , who is a specialist
ar -I who tat not? why measure heart rate , resp iratory ra te, respiretoa-y volume, car bon dioxide production ,
oxygen consumpt~~’n. work rate and systolic blood pressure pimultaneously if all those measures are linear-
ly correlatod w ,in the range of interest [iJ ? whet is tha relativ, importance of th. individual measures?
and So r n .  But it also has definite advantages coaDarod to the philosophy montionod earlier:
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I) workload may be assessed on a basis much broader than represented by a single cri teri on
ii) the r isk  of over-emphasizing ‘ne particular measure is reduced by the often counterbalancing effect

of other measures
iii) the wei ght which was assigned to each individual measure simply may be changed if a better under-

st u s-ling of the measures and their behaviour has developed without the need to run the experiment
d~’~ iii.

~~~~~ 

. A A ,ES MENT OF PILOT WORKLOAP

The large number of workload measures one can think of most often diminishes rapidly if these measures
are g i~~ to be appl ied to a real case. In practice there are numerous limitations as , for example , limited
tim e ~ - ,r i 1able h~r the experiment , less well trained tes t subjec ts, laboratory methods which will not work
in an airborne environment , fligh t tests to be made in remote areas without ground support and so on. Any-

- - -rn” ir. sigtt t into p il ot workload can be gained even under these limitations which will be demonstrated
b-, refer ritg to two rather different practical cases. in both cases advanced displays for helicopter and
their impact on pilot workload had to be investigated in flight in a Bell UH-lD helicopter.

3.1 CASt 1

In this case the layout of a head-up display had to be investigated which was designed to assi st
pir ot/gunner cooperation in a tank attack helicopter [3] . In this experiment the gunner had to find and

a target by means of a steerable electro-optical sight. But to enable the gunner to release a guided
weapon the p i l o t ha d to  ali gn the helicopter long itudinal axis with the line of sight of the gunner ’s sight
and to rn ai: t a i n  this position with “wings” level for some period of time within close limits. In order to
assist the p ilot in his task a head-up display was installed at the pilot ’s Seat. Two head-up display for-
mats C and D were investigated . Both displays presented about the same information in different formats
wit~, the exception t h t  an additional lateral steering command was presented in display D. This indicator
provided the p ilot with a turn right/turn left director which theoretically would allow an optimum ali gn—

~es~ of toe helicopter with the target.

The working conditions of this experiment were:

i) 15 pilots were available for flight tests. None, however , had experience with a head-up display.
ii) A very limited time only was available for the experiment.

It was dec ided , there fore , to concentrate on subjec t ive ratings in order to get some information on
factors a t f e c t it g  pilot workload rather than taking objective measurements for which a large variability
was expected. Rating scales were employed for this purpose having a choice of S positionS to represent the
p ilot ’s op inion w i t h  respect to an item in question. For various and well-known reasons [4 ]  no attempt
was made to calculate means , standard deviat ions etc. for the ratings recorded . Rather the number of
ratings on the left s ide from the neutral center of the scale was compared to the number of ratings on
oe ri ght si-le . The binomial test [5) was applied which showed whether a possible difference of both

n-i slet- s occured by chance only or whether there was a - - ignificant difference (p 0.05) indicating a
dominance of rat ings on one side of the scale .

In order to demonstrate some of the outcomes L typ ical items in question and the ratings obtained
i re sti~wt ~rt f i gures 1 and 2. The first two questions (fig. la , b )  were related to the availability of a
t- r-~ -ie and a bank indicator. Missing information is directly related to p ilot workload and figures la , b
sOuw that , for example , a missing torque indicator is a significant factor while a high accuracy below
• 10 degrees of the bank indicator seems not to be a significant factor in this respect. However , the
latter result is not statist ically significant. This depends , of course , on the type of question and
on the range of the rating scale. It was observed quite generally that a dominance of ratings on the left
side of the scales , j.e. favouring an item , almost always was stat istically si gnificant which was not the
ase if there was a tendency to mark posi t ions on the ri ght side of the scales , i.e. considering an item

unimportant. -

Quite different distributions of ratings were obtained if the question was directed toward the
layout of the new display.relative to conventional instruments . Of course, the layout of displays affects
p ilot workload , too, but answers given in this respect are often more subjectively motivated than by the
operational requirements. The two corresponding distributions of ratings are shown in fijs. 2a, b. Though
both distributions have no statistically significant dominance of ratings on either side of the scale
there is a tendency to concentrate ratings on the center (fig. 2a) or on the extreme right and lef t
positions of the scale (fig. ib). In the first case there is a tendency not to favour the electronic displays
(Disp lays C and D) nor the convent ional instrument with respect to their layout . But in the second case
tr er e i s a difference of op in ions , one favouring the electronic displays and another favouring the conven-
ti onal instrument . The layout of the hank indicator , therefore, was not considered a major factor affecting
p ilot workload. But the second case gives rise to the assumption that pilot workload is affected sensitive—
iy  by the layout of the torque indicator. The redesign of the layout of this indicator , theref ore , was
g iven a high pr iority.

A major difference between displays C and 0 was the availability of a lateral steering command in
display I) wf dch assisted the pilot in aligning the helicopter longitudinal axis with the line of sight of
tie gunner ’s sight . The rat ings showed that the pilots considered the lateral steering command highly
-Iesirable ( f ig. 3). But because of the limited time available for the experiment the pilots could not be
trained to use this Indicator t o  full advantage . By means of a simulation of the total system Including
the p ilo t an ret error f the angle b.tween the helicopter longitudinal axis and the line of sight of the -

-
gunner ’s si ght of 3O.(~ mrad was predicted for a given time using display C presenting no lateral steering
command. The pi lots indeed achieved an error of 32.6 mrad In flight (table 1). For display 0 presenting the
lateral steering command an rms error of 7.5 mrad was predicted but the pilots could reduce the m s  error
in fli ght to 29.1 mrad only. An extended period of training would have been required to achieve a higher
performance. But arore Important , pilot workload was predicted to be much higher , too, raising from 33 mrad
to  83 mrad for the res error of pedal movements (s 152 %) and from 12 to 70 (f ‘483 U for the pedal 4
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reversals. A less considerable improvement of performance which could be achieved was predicted , there-
l-r r e, tar display D than theoretically possible because in flight the pilot is burdened by more than the
a l i gnment process alone.

3. -A~;E

In the second case a head-down d isplay was invest igated which present& a combination of the terrain
ihea of the helicopter- and olectronicly generated irrstrumer t displays or a monitor screen [b]  ( f ig. L.) .  The
purpose of this experiment was to compare ordinary daylight VFR flights to flights in which  the p ilots
employed th is display as the only f l i ght instrument with respect to f l i ght per formance and pilot workload .
The experiment was part of a larger program to investigate possible benefits of an integration of a for-
ward look ing electro-optical sensor into a helicopter avionics system .

The w s r ls ing  conditions of this experiment were - quite different from case 1 - as follows :

I) 2 well-trained pilots were available who had long-*erm experience with the display
ii) an extended period of time was available for the experiment .

It was decided , therefore , to take objective meas urements because a low variability was expected.
The interpretation of the results was supported by conclusions drawn from pilot interviews . Three areas
were of part icular interest with respect to an assessment of pilot workload:

a )  Coordinated flying

Helicopter pilots are trained to fly coordinated with respect to bank and yaw , i.e. to keep the slip
indicator centered. Less coordinated flying may be caused by turbulences but also by a detraction of pilot ’s
attent ion from this task if other tasks are becoming more demanding. Therefore the squared product-moment
coefficient of correlation between bank angle ‘P and yaw rate w was determined because r~ represen ts
the proport ion of coord ina ted f ly ing, i.e. the proportion of t~e total variation of yaw ‘ z rate a

z 
whi ch

is correlated with a variation of bank angle ‘P . The parameter r~, may serve as an indirect measure then
to indicate a variation of pilot ’s attention in this respect if ~‘~‘Z other influencing factors as , for
example , turbulences or a variation of torque are less appearing.

b) Manual stabilization of the helicopter in its axes

In an unstabilized helicopter pilot workload may be considered related directly to the mechanical
work A wh ich is controlled by the pilot in order to stabilize the helicopter in its axes. An elementary unit
of work may be calculated as (see appendix)

dA • d (~ w
2
)

o - moment of inertia
w - angular velocity

And for 0 const. the mean value of A with respect to time is

~ 0 [ 1  J 2
d t ]

T - duration of test

But the term 
T

~ / w
2

dt

is equal to the squared ms-value of w which :an be measured in flight and which leads to
- _ 0 2A -~~~ w2 rms

Thus for 0 : const . and for nearly constant friction loads (which can be assumed for a nearly uniform pro-
gress of flights which in turn can be examined by means of the recorded flight parameters ) and for a ~ 0,

may be considered a relative measure to asse as pilot workload produced by the stabilization task.

c)  Average ban k angle

An average bank angle different from zero indicates that the helicopter constantly banks to one side.
Pilots are trained to take corrective action in this case. But experience shows that a constant bank angle
which may be small and unnoticed by the pilot occures when the pilot ’s attention is absorbed by more de-
manding tasks than fly ing “w ings level” .

Table 2 presents a comparison of the three measures for flights under VMC and for f l ights under
s imu lated INC e9loying the display . It can be seen that an increase of w by a factor of 29 and
an increa se of ia by 25 ‘4 indicate much higher pilot workload when fl*f~runder simulated INC . Thismay be because a5

~ [~ !itative assessment of pitch and roll and their variation is much easier for the
p ilots under VNC than it is by means of the display. Increased pilot workload is also indicated by the
measure of coordinated fly ing 4 which drops from 52 ‘4 under ‘/NC to 39 ‘4 under simulated INC. A major
cause may be the higher and moro,~’Z unsteady activity in roll (w 2 ) under simulated INC already
mentioned . It is interest ing to note that the pilots also allowo~ ’~~~incroase of the average bank
angle ‘P by 80 ‘4 when flying under simulated INC.
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Tabje ) presents a comparison of the three measures obtained from flights over level and undulated
terr4ir irrespective of the flight cond itions , i.e. VMC or simulated INC. It can be seer that an increase
of w~ by ‘41 ‘4 and w 2 by 14 ‘4 reflect higher pilot workload caused by much more turns to be f lown
and ~~

1l
~e vary ing slop~ ’S!~the terrain.

Table u+ presents a comparison of measures obtained from f l i ghts under s imulated IMC over well-known
and unknown courses . It can be seen that an increase of a by a factor of 2.6 marks higher pilot
workload because of much more turns to be flown on the un~~~~R courses. But while the magnitude of
dropped by a factor of ‘43 ,r,~ reached a maximum of 0.54 compared to all other flights. This denons~~~ res
‘ha t the pilots f lew coordinâ~ëd with respect to roil and yaw but In gentle turns only because the danger
to lose orientation on an unknown course is much greater than on a well-known course which in each case
would have stopped the experiment .

5 . CONCLUSIONS

It is anticipated that even in the long run it will be questionable whether a single and universally
applicable measure of p ilot workload will be found. Measures tailored to a specific application may be less
flexible but may yield results significan t - in both a statistical and operat ional sense on a level which
makes them useful for those who specify, develop and operate man-machine systems . This has been demonstrated
by referring to a practical case. Though the measures presented may be not applicable elsewhere it is hoped
that the ir presentation may stimulate corresponding work in other areas where a measure of workload is
needed .
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Appendix

Control of the helicopter in its axes

in an unstabilized helicopter pilot workload may be regarded as directly related t o  the (mechanical)
work A required for a rotation of the vehicle j r  its axes:

.- A r M a
M - torque
a - angle of rotat ion

The total amount of work may be calculated as the sum of units of work dA:

dv
dA • N da m r da
m — mass
V — tangent lul velocity at distance r

from the center of rotat ion

d~ 2dv :r~~~dw O r m r

u - angular velocity
0 - moment of Inertia
dA • mdvrw mr2wdw d (~~~2 

~—) = d ( 0 2
)

For B • const . the average value of A may be calculated:

A 0 [ 1  
,

~~ 

2
dt]

T - duration of test

And for

2 • ! ,~ 
2
dt

runs T j
01: ls -

A w2 runs

For ~ const . and for nearly constant friction loads (to be assumed for a nearly uniform progress of flights
which can be examined by means of the flight parameters) and for 11 • 0 the value of ua~!.1, may be taken as a
relat ive measure for pilot workload caused by the control of the work A required to control the helicopter
in its axes.
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What I you think about the availability of an accurate indication of bank
angles below 10 degrees in head-up l[s~ l -ays C and D?

0
C D
C D
C l )
C b

C D C D
c C h C D

C D  C D  C D  C D  C Drequired 0 0 0 0 0 unimportant

f i gure la

What do you think about the availability of a torque indicator in head-up
-J ispia y- C and 0?

C D
C D
C D
C D
C D
C D
C D
C D
C D
C D
C D
C D  C D
C D  C D  C Dimperative 0 0 0 0 0 b r  required

SIGN.

Figure lb

Figure 1: Distribution of rat ings obtained for head-up displays C and 0. SIGN . r Significant
dom inance of ra t ings on one side of t he scale (p < 0.05).

_________________  - ____________ - -—
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What do you think about the layou t of the bank indicator in head—up
displays C and D compared to the conventional instrument?

0
0

C D
C D
C D

C C D  D
C D  C D  C D  C D

Dis play C resp. 0 C0D ç0D c0D c0o C0D Conventional instru-
is easier to read ment is easier to

read

Figure 2a

What do you think about the layout of the torque indicator in head-up
displays C and 0 compared to the conventional instrument?

D
D C D

C D  C D
C D  C 0 C D
C D  C C C D  C D

Display C rasp. B c0p c0p ç0D Conventional instru-
Is easier to read mont is easier to

reed

Figure 2b

Figure 2: Distribution of ratings obta ined for head-up display s C and D.

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~
—-

- - -  --~~~~~~~~~~~~~
- — —  . 
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What l b  you think about the availability of the latera l steering command in
l ea-I-up display 0?

0

D
D
p
1) 0
D D
O 0
O D 0

very useful 0 0 0 0 0 unimportant
SIGN.

Figure 3: Distribution of ratings obtained for head-up disp lay 0. SIGN. ignificant
dom inance of rat ings on one s i le  of the sca le (p < 0.05).

- _ _ _

- j— — w • — 

- - T1t~~~

11’

Figure *4 : Combination of instrument displays and an image of the terrain ahead
of the helicopter in a head-down display.

-- •—.- - - __.- - -- --. -— -- - - - -
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runs error of alignment ( mrad)

F l i ght Test Simulation

Display C Display D Display C Display D

3. .0 29.1 3O.’~ 7.5

rms error of pedal 33 83
movements ( mrad )

number of pedal 13 70
reversals

Table 1: Comparison of the alignment of the helicopter with a target
employ ing head-up displays C and 0, the lat ter  present ing
a lateral steering command.

Parameter Dimension VMC Simulated Error
IMC Probability

‘P deg . -1.5 —2.7  < I. ~/oo
(deg/s) 2 0.06 1.72x ,rms

0.73 0.91
,rms

w “ 1.02 1.17 —z , runs
r2 - 0.52 0.39 < 1

Table 2: Comparison of parameter means obtained from flights on a known course
under VMC and simulated IMC using the head-down display .
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Dimens ion Level Terrain Undulated Error Probability
Terrain

up deg -2 . 2  -2 .1 -

-
‘ (deg/s) 0.76 1.02 -

x , rms
O.7u 0.87 < 5 %

,rrr~
- 0.91 1.28 2 0/00

z ,r-rrr~-
p .’ — 0.46 ( ) ‘ ,c -.

Table 3: Comparison of parameter means obtained from flights over level and undulated
terrain on a known course irrespective of the flight conditions , i.e. VMC or
simulated iNC using the head-jown display.

Parameter Dimension Known Course Unk nown Course Error Probability

up deg —2.7 -3.4 -

- (deg/s) 2 1.72 O.O’4 < 2 ‘4x , m s
0.91 1.06 —

y ,rms
1.17 3.10 < 2 ‘4

,mrns
— 0.39 0.54 < 5 %

Table ‘4: comparison of parameter means obtained from flights under simulated IMC on known
and unknown courses using the head-down display.

— — - - - - - - - —-
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DISCUSSION

D.W .Jahns: You indicated that you went to subjective measures because of all the natural tendencies in the field of not
being able to quality the areas you might be interested in. You indicated that the subjective ratings were discriminated
as well, I am wondering whether you might not agree that subjective variability and reliability tend to be somewhat
large r than what we normally find in our objective measures. So, to draw conclusions regarding display design, from
object ive measures where we don’t have a measure of the reliability although we are fully aware that sometimes we
have to rely on it because it ’s the only thing we can get. Rut I would submit that at all times we should try to augment
it by field test once we have established new designs for these displays. The same thing really applies to your comment
that the slide where the simulations predicted at 7.5 milliradient and the test actually show 29 and that this may have
been done into the training. The trainings effect could also be such that it would not discriminate between the two
techniques either. So what could you expect from a training type approach to display design introducing workload.

R.Beyer: Well the point I would like to make is that of course one can’t think and vary a leveled experiment and we
would also like to have better experimental conditions; but , in first case , where we had only a week to give some
insight into the head-up display, the only measure which was available was the subjective ratings of the pilot. So
we had no other means to get any information, it was not possible to instal any sensor into the helicopter and so forth.
Once we have obtained these ratings, then we have to test the outcomes whether we have a dominance on one side of
the scale. Of course there is a variability and the outcomes might be somewhat different if we have a large period of
training and so forth. But in this case . I think it was the optimum solution because we obtained statistically significant
results, we also showed some operation relevance. But of course this is no current basis for any display development
and one has to plan an appropriate experiment then to go into the details. But for this situation and this was the point
I wanted to make it was the best method to obtain results under these conditions. Now the other thing, the simulations,
of course , it is not very brilliant to present results we admit that you predict a high performance of 7 ,5 miliradians and
in flight the pulse achieves only 30 milliradians. But again the point is: we predict what could be theoretically
possible, but we excluded the operational environment in that , we simulated only this alignment task and not the real
mission, so, what we predict then theoretically is possible to get an improvement of about factor four, but in practice
we would assess these improvements in the order of 2, and this is now the basis for an experiment in this direction.
So. I would recommend not to hesitate to apply these methods, because they are economic in order to set up a larger
exper iment later on rather than go into a large experiment without any findings of this kind.

Discussion between M.A.Lees and R.Beyer cannot be read because recorder too bad. Apologies of the editor.
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AIRC REW FATI GU E IN NONSTOP , TRANSOCEANIC TACTICAL DEPLO YMENTS

W illiam F , Storm
Bryce 0. Hartman

Donald L. Makalous

Crew Technology Division
USAF School of Aerospace Medicine

Brooks Air Force Base, Texas, 78235

SUt+IARY

The central issue addressed by this study was operational effectiveness following long-range deploy-
ment. Stress and fatigue were evaluated in F—4D crews before and after flying nonstop, transoceanic
deployments from New Mexico to Germany and return. The measurement battery consisted of subjective
fatigue ratings, self ratings of fitness to fly, sleep logs , and biochemical anal yses of urine samples for
norepinephrlne , eplnephrine , 17-hydroxycorticosterolds , urea , sodium , and potassium. The magnitude and
the consistency of behavioral and physiological changes indicated the occurrence of mild fatigue imedi-
atel y after both flights. The fatigue was acute and was ameliorated by one uninterrupted sleep period.

I NTRODUCTION

Nonstop, long-range deployment Imposes unique stresses upon tactical fighter crews and , therefore,
constitutes an area of special biomedical concern . Prominent among the deployment stresses are distur-
bances in sleep and heavy mission workloads. At the request of the USAF Tactical Air Comand , a study of
aircrew stress and fatigue associated with nonstop, transoceanic deployment was conducted by the Crew
Performance Branch , USAF School of Aerospace Medicine (tJSAFSAM) . The objectives of the study were:
(1 )  to quantify the magnitude of psychophysio logic disruption due to deployment, and (2) to determine the
t ime course of recovery. The central issue was reduced fitness to fly, wi th its concomitant compromises
i n  flying safety and operational effectiveness. Operation Crested Cap , an annual NATO exercise , served
as a vehicle for the study . In support of Crested Cap 75, F-40 crews of the 49th Tactical Fighter Wing,
Holloma n AFB , New Mexico , flew nonstop to Hahn AB , Germany , on 6 September 1975, and returned nonstop to
Holloman AFB on 6 October 1975.

ME THOD

Two study periods were employed. They centered on the deployment from New Mexico to Germany
(25 August-11 September 1975) and the return deployment (redeployment) back to New Mexico (2—9 October
1975). Each of the study periods consisted of a predeployment phase, a one-day flig ht phase , and a post-
deployment recovery phase. The dates and days comprising each phase are presented in Table I. Data were
not collected on the 19th through the 38th day (12 September-i October 1975).

Deployment takeoff from Holloman AFB occurred during the evening of the 12th day (5 September). Four
cells of four aircraft each departed between 2100 and 2300. This takeoff time was determined by the de-
sirability of arriving at Hahn AB at approximatel y 1600 local German time . The time differential between
Holloinan AFB and Hahn AB is eight hours and the airborne deployment time was 11-12 hours . Days 12 and 13
were each less than 24 hours for the crews due to the eastward travel . In an attempt to compensate for
the evening takeoff time , crewmen were encouraged by their coninanders to remain awake the night of 4
September and were required to report to a holding barracks at 0600 the morning of 5 September, where
they were provided sleeping quarters until being released at about 1600 for preflight preparation . The
success and usefulness of this procedure will not be evaluated in this report. A wide range of sleeping
behaviors was observed during the 24 hours preceding deployment takeoff. Redeployment takeoff occurred
between 0900 and 1100 local German time on the 43rd day (6 October) and , therefore, fol l owed a normal
night’ s sleep; arrival at Holloman AFB was between 1400 and 1600 New Mexico time . Both the Hahn AB
takeoff and the Holloinan AFB landing occurred on day 43, whIch was a 32-hour day for the crewmen because
of the westward travel . Each deployment required six air—to-air refuelings.

The crew of an F-4D is comprised of a pilot and a weapon system officer (WSO). Ten pilots and ten
WSOs of the 8th Tactical Fighter Squadron participated in the .tudy. The crewmen ranged In age from
25 to 32 years. Total flying hours ranged from 475 to 2400; flyIng hours in the F-4, 65 to 1700. Six
of the crewmen had participated previously in one or two transoceanic deployments . The measurement
battery was designed to meet the requirement for minimum interference with crew duties. It consisted of
subjective fati gue ratings, sleep logs , self ratings on a modified Cooper-Harper scale on fitness-to-fl y,
and biochemical analyses of urine samples . Except for the fitness-to-fly ratings , an extensive data base
has been developed for these measures in past USAFSAM studies on a wide range of flying activities (2, 5,
6, 7, 8, 9, 12 , 13).

Subjective fatigue scores may range from 0 to 20 with lower scores indicating self ratings of greater
fatigue . The flying fitness scale ranges from 0 to 10, with lower scores indicating self estimates of
reduced fitness to fly. The urine samples were anal yzed for (1) norepinephrine, an index of sympathetic
nervous system actIvity , (2) epinephrine , adrenoinedullary activity , (3) 17—hy droxycorticosterolds (l7-OHCS),
adrenocortical activity , (4) urea, protein catabolism , (5) sodIum, and (6)  potassium , indices of mineral
metabolism . Urinary creatinine, a correlate of lean body mass, was used as an adjusting factor to minimize
the influences of subject body size and age. Each urinary measure was expressed as a quantity per 100 ing
creetinine (6). Moreover, precise timing of urine collections is unnecessary when creatinine—based ratios
are employed . During the pre and post phases of both deployments, questionnaire data and urine samples
were collected routinely by each crewman upon arising each morning. Flight day data were collected within
two hours of landing after each transoceanic deployment . The urine samples were mixed with a preservative
(1.6 normal HCl acid), inrediately refrigerated , and frozen within 12 hours for later biochemical analyses .



B7-2

RE SULTS

The data from ten pilots and eight WSOs were submitted to analysis of variance , although some data
were missing on some days. The data were excluded for two WSOs who did not take part In the redeployment.
The .05 significance level was used for all mean comparisons. The behavioral measures were analyzed in
original units , while the urine measures were analyzed using log transformation.

Behavioral measures. Where possible, the average of three days ’ data was used to improve the stabili-
ty of the data. The mean values for the averages of days 3-5 and days 9-11 provIded two estimates of base-
line levels prior to deployment from Holloman AF B. The behavioral measures were unchanged between these
two periods of time (Fig. 1). The crewmen slept a little more than eight hours per night and their sub-
jective fatigue scores indicated they were wel l rested and alert. The flying fitness scores were consis-
tently high , supporting the fatigue data.

The imediate postflight data, collected within two hours of landing in Germany on day 13, were com-
pared wLh the mean baseline data of days 9-il . The 1600 Germany landing time corresponded to an 0800
New Mexico time . Thus this comparison was controlled for time-of—day , as the crewmen were still entrained
to New Mexico time when the day-l3 data were collected. A 34% decrease in subjective fatigue scores
(indicating feelings of greater fatigue) and a 37% decrease in self estimates of flying fitness (P < .001
in both cases) were reported after the 12-hour transoceanic flight. No sleep occurred between departure
from New Mexico on day 12 and arrival in Germany on day 13.

The crewmen slept an average of 12 hours during the first sleep period in Germany, a 41% increase
over the baseline sleep times. Following this initial rest ‘period (day 14) the subjective fatigue and
fitness scores were 50% or more recovered. Days 16-18 represent the third , fourth , and fifth complete
days in Germany. Comparing the average data of these three days with the days 9—11 baseline data ,
flying fitness was still significantly reduced (P .011), although only by 6%. Hours slept and sub-
jective fatigue were not statistically different from baseline.

Days 4l-43a occurred after four weeks in Germany , with redeployment takeoff occurring in the mid-
morning of day 43. The average values for days 4l-43a provided both an indication of adjustment to
local German time and a baseline reference for the redeployment. Although the percent differences were
small , significant reductions were present for subjective fatigue (6%, p .045) and flying fitness (8%,
P = .005) when compared to the days 9—li baseline. Average hours slept were stabilized at about 8 hours
per night.

Redeployment to New Mexico resulted in behavioral changes similar to those during deployment, al-
though the magnitude of the changes was smaller. Using the mean values of days 4l-43a as a baseline
referent for comparison of the ininediate postfli ght data collected on day 43b, subjective fatigue scores
were reduced by 26% (P = .011) and flying fitness scores by 16% (P = .006). It should be noted that this
postfiight compari son , unl ike that for deployment, was not controlled for time-of-day . The 1400-1600
arrival time in New Mexico corresponded to a local German time of 2200—2400 . An increase in sleep time
(24%) occurred for the first night back in New Mexico (day 44), lendIng credence to the imediate post-
flight fatigue and fitness scores. Redeployment recovery data could be collected for only three days ;
thus the aver.:.ge of days 44-46 is not directly comparabl e to the average of days 16-18 following deploy-
ment. However, recovery means of days 44-46 were compared with the baseline means of days 9-11 , and
there were no significant differences among the behaviora l measures. Compared to baseline values ,
fatigue scores were only reduced 4% and fitness ratings were down 8%. The daily duration of sleep
returned to 8-9 hours per night.

Urinary measures. The urinary data (Figs. 2 and 3) were grouped and compared in the same fashion as
the behavioral data. In general , changes in the catecholam ines, l7—OH CS, and urea complemented the
behavioral changes over time. Sodium and potassium revealed more complex changes. Comparing the mean
data for the two predeployment baseline intervals , there was only a single significant change over time.
A crew posit ion x time interaction (P .040) in sodium output resul ted from a low average value among
WSO 5 on day 10. This interaction was llkel~’ a chance occurrence, and emphasized the need for averaging
over days when possible.

Imediate postflight means on day 13 were significantl y elevated for epinephrine (P < .001), 17-OHCS
(P .001), and urea (P = .005). Crew position X time interaction occurred for norepinephrlne (P = .035)
and potassium (P = .024) , wIth pilot and WSO urinary values for these two measures being more similar
iavnediately after flight than during baseline (Table II). For WSOs, norepinephrlne and potassium output
significantly increased (P < .05), while for pilots, an Increase in noreplnephrine output and a decrease
in potass ium output were not statistically significant. On day 14, after the first night ’s sleep in
“ ermany , the urinary measures revealed varying degrees of recovery , except for potassium which was even
-‘~)re elevated .

Companson of the mean values for deployment recovery days 16-18 wI th the mean baseline values for
‘4 v ’~ ‘~- 11 resulted in an overall effect for 17-OHCS output (P .011) and a crew position X time inter-

-~r- f~~r p~nassium output (P = .035). Mean l7-OHCS output was lower during the deployment recovery
.rva l P i lo t  potassium values during recovery were considerably lower than their baseline , while WSO

• ,‘~ .~ 1~aes during recovery were moderately higher than their baseline.

- ‘. of the deployment baseline means (days 9-11) with the redeployment baseline means (days
• ~~ - at,’d that mean overal l  urea l evel s were l ower prior to redeployment than prior to deploy-

~ A c,ew position x time interaction (P .034) occurred for noreplnephrine , again re-
- a q•  f~~ ~ e WSOs w ith no concurrent change for the pilots. WSO noreplnephrine output was

- .4. , ,ment baseline in Germany than deployment baseline in New Mexico , but such compari-
‘‘er.c~~~ for pilot noreplnephrine output. Imediate postfilght values were significantly

- ~ 43b) for all the urinary measures but potassium (norepinephrine , P .046;
- ~- OHCS. P .002; urea , P = .003; sodIum. P .002). Redeployment recovery,



B7-3

represented by the mean values of days 44-46 compared to the mean values of days 9-il , was ev ident for
all the urinary measures but potassium, which was considerably elevated (P • .002). While the absolute
mean values of noreplnephrine output during redeployment recovery were very similar for pilots and WSOs,
a significant crew position X time Interaction (P .012), simIlar to those already described, occurred
for this comparison al so. During redeployment recovery, WSO norepinephrine values were greater during
redeployment recovery than during deployment baseline, while pilot norepinephrlne values were very simi-
lar for these two intervals.

Crew position effects. While the temporal changes In the behavioral and urinary measures provide
the relevant information for alrcrew management during tactical deployments, the analyses also indicate
some significant main effects relating to crew position. During the deployment baseline phase, subjective
fatigue (P = .029) and flying fitness (P = .001) scores were consistently lower for pilots than for WSOs,
al though not so low as to requ ire concern (Ta ble I I ) . Al so dur ing baseline, norepinephrine was higher
for pilots (P = .035), and potassium level s approached being significantly (P = .051) higher for pilots.
These baseline crew-position differences in noreplnephrine and potassium contributed to the several sig-
nificant interactions involving these measures when temporal comparisons were made between baseline and
later phases. The overall crew-position differences were also present for fatigue, fitness , and potas-
slum when deployment baseline means were compared with redeployment baseline means (P = .045, .002, and
.049, respectively) and with redeployment recovery means (P .033, .002, and .024, respectively).

DISC USS ION

The central issue addressed by this study was operational effectiveness following long-range deploy-
ment. While desynchronizatlon and subsequent entrainment of circadian biorhythms following transmeridian
flight have been wel l documented as contributing to feelings of malaise and fatigue (4, 10, 11 , 17 , 18),
disrupted work and sleep schedules are factors of greater practical Importance In a tactical deployment
(1, 14, 15, 16). For the Crested Cap deployments, both the magnitude and the consistency of the behavioral
and physiological changes indicated the occurrence of mild fatigue inanediately after both flights. The
fatigue was acute and was ameliorated by one uninterrupted sleep period . Operationally, this means that
there are no major problems with deployments.

These findings are supported by prior USAFSAM studies of tactical operations. In an early study to
appraise flying stresses, several urinary measures had significant elevations for pilots after they flew
6—hour overwater missions in F—l00 and F—104 aircraft (13). The average physiological changes in pi l ots
completing an 18—hour flight in F—4C aircraft were of small magnitude, and supported the subjective
feelings of the crewmen who did not consider the flight difficult and did not feel unduly fatigued
afterward (12). However, the urinary measure did differentiate between highly seasoned and less experi-
enced pilots . FB— lll crewmembers (pilot and navigator) flew 8—hour missions as part of the aircraft’s
evaluation (8). Both subjective fatigue and urinary data demonstrated changes indicative of moderate
stress and fatigue, particularly during the last four hours of the flights . Sleep on the night following
the mission was 1.5 hours longer than the night before the mission , but returned to normal duration the
second post-mission night. Unlike the present results, there were no differences related to crew position.

For the Crested Cap crewmen , a positive factor contributing to both the quantity and the quality of
the first postdeployment night ’s rest and sleep was the late afternoon arrival in Germany. Al l owing time
for debriefing, billeting, and a meal , the tired crewmen were in Ininediate social synchrony wi th local
Gerim~n time . The crewmen did not have to try to sleep during hours of economic and social activity with
the itendant distractions of sunlight and noise. Although there were some deviations , baseline values
generall y were recovered in the third to fifth day of postdeployment, and were unchanged four weeks later
during the redeployment baseline phase. While one sample per day does not permit analysis of circadian
patterns , these findings are in agreement with entrainment rates of 0.5-1.5 hours per day to a new time
zone.

The redeployment flight appeared to be less stressful than the initial deployment flight. In addition
to the already noted lack of correspondence between data sampling times before and imediately after the
redeployment flight, a number of factors are important here. Redeployment departure from Hahn AB occurred
in the morning after a normal night of sleep whereas deployment from Hol loman AFB occurred in the evening
after an atypical daytime sleep schedule. Although findings are contradictory on the relative disruptive-
ness of westward vs. eastward travel , travel to home base has often been found to be less disruptive than
travel away from home (1 , 10, 16, 17). Any combination of these factors may have influenced the findings
in this study.

Crew position differences seldom have been found for any of the measures being reported. When they
have occurred (2 , 5, 6), the aircraft coimnander ’s responses have indicated relatively greater mission-
related stress and fatigue than have the other cretenembers ’ responses. These findings have been Inter-
preted as being related to the coninander ’s substantial responsibility . The behavioral (subjective
fatigue and flying fitness) and endocrine/metabolic (noreplnephrine and potassium) differences between
the F-4D pilots and WSOs in this study also indicated that greater levels of stress and fatigue were
experienced by the aircraft coninander (pilot). In this instance, however, the findings primarily re-
sulted from statistical differences occurring during the baseline period preceding the deployment flight
and were supported by similar differences during the redeployment baseline and recovery periods. There
were no differences between pilots and WSOs imediately after completion of the deployments , as both crew
positions reported depressed fatigue and fitness scores and generally elevated levels of urinary endocrine/
metabolic output. The suggestion of chronically elevated level s 0f some of the urinary constituents in
pilots is provocative and has been reported In an earlier paper from this laboratory (3). A probable
cause is the substantially increased activity seen in any wing prior to a major exercise/test.

Suninarizing , both deployments resulted In mild fatigue. A performance decrement has not been associ-
ated with this level of fatigue, though obviously there Is a potential for performance degradation In ex-
ceptional situations such as high workload missions , extended periods of flying, or tasks requiring pre-
cision and speed. A coninonsense management approach to deployment stress will hel p to alleviate the
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problems resulting from a deployment from one continent to another. The focus by operational managers
should be on ensuring a full night of sleep in a good sleeping environment, allowing a 12-hour block of
time for this purpose. On the day following this sleep period , the crews will be ready for a full schedule
of work.
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TABLE I

DATES OF DATA COLLECTION FOR CRESTED CAP 75

Phase
Pre Flight Post

Deployment 25 Aug-5 Sep 6 Sep 7-11 Sep
(tIl: days 1-12) (G: day 13) (6: days 14-18)

Redeployment 2-6 Oct 6 Oct 7-9 Oct
(6: days 39-43a ) (Mn : day 43b) (tl’l: days 44-46)

I~ • Holloman AFB , New Mexico; 6 Hahn *8, Germany
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TABLE II
MEANS FOR MEASURES HAVING CREW POSITION EFFECTS

Norepinephrine1 Potassium1 Subjecti ve Fatigue f~y~ng Fitness
Pilot WSO Pilot WSO Pilot WSO Pilot WSO

3, 4, 5 .276 .168 .482 .339 13.0 15.3 7.5 9.3
9, 10, 11 .360 .117 .528 .332 12.8 15.6 7.6 9.6
13 .453 .515 .463 .440 8.2 10.0 4.7 6.1
16, 17, 18 .241 .237 .351 .391 12.7 14.0 7.3 8.5
41, 42, 43a .360 .463 .447 .477 12.2 12.7 7.4 8.2
43b .515 .562 .469 .447 10.3 8.9 6.7 6.3
44, 45, 46 .373 .363 .601 .519 12.7 14.3 7.3 8.3

1Log10 Units
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DISCUSSION

C.A.Srictson: In view of the similarity of most of your biochemical results with subjective behavioral results, what
are the advantages of collecting seemingly redundant results?

Were any extremes noted in the collection of biochemical data for any individual crew members?

B.O.Hartman: While there are several non-technical advantages to the biochemical battery , particularly in communicating
with the biomedical community, the big advantage is that the biochemical measures provide information on the time
course for recovery which is better qualitatively and quantitatively than the behavioral results.

H.C.Holloway : How did you correct for time of day effect in collecting urine samples?

B.O.Hartman: Collections occurred within two hours of overseas deployment. This gives one confidence on the practical
effects.

Given the limit imposed by the operational environment, samples are reported at the time of collection at the
place where they were collected.

Operational constraints (i.e. the requirement that the tests minimally disturb the working subjects) prevented a
strict control of time of day effects).

H.C .Holloway : Dr. Ha r tman and this group is to be complimented on the report on crew position effects. This is
extremely important data for the understanding of workload on a crew or an operational team.
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SUMMARY

Endocrine - metabolic responses to flight stress were studied in pilots participating in
a training course on the F’-104 G. All of them were experienced jet pilots, but had never
flown the Starfighter before. During the course standardized 50-mm missions of differ-
ent loads had to be performed . By means of questionnaires the subjective estimates of
instructor and student pilots with respect to the demand of the different types of
missions were evaluated. Basing on this subjective rating, the missions were devided into
groups of “low demanding” and “high demanding” flights; all night flights were taken to-
gether to a third group.

Responses to flying were evaluated by comparing pre- and postflight levels of blood con-
stituents, including il—Hydroxycorticosteroids (1l—OHCS) , Glucose (BG), Adenosinetri—
phosphate (ATP) , Cholesterol (CH), and the activities of three cell enzymes (MDH , GOT ,
GPT) . From the results the following conclusions were obtained :

1. Flying the F- 104 C caused significant changes of most parameters. 2. The blood consti-
tuents differed in their work-load sensitivity: 11—OHCS , GPT, and MDH proved to be the
most sensitive, GOT, Cholesterol, and AT? the most insensitive parameters for the load.
BC does not seem to be an unequivocal variable to measure work—load. Reviewing the per-
tinent literature and comparing the figures with those obtained from studies with stan-
dardized stressors, the operational significance of the results are discussed.

INTRODUCTION

The increasing complexity of man—machine systems requires an adequate assessment of
f l ight  stress. Psychological as well as physiological parameters are necessary for a
comprehensive appraisal of pilot’s workload. It is the purpose of this paper to report
on an investigation which was conducted with German Air Force military jet pilots. Blood
concentrations of hormones , enzyme activities, and other metabolic constituents served
as flight stress indicators.

METHODS

Metabolic endocrinological aspects of flight stress were studied in student pilots dur ing
a training course for the F-1O4 G. All of these were already experienced jet pilots.
During this training course various missions with different workloads had to be performed.
In order to evaluate the load questionnaires were given to the instructor and student
pilots. Basing on the subjective rating the missions were divided into groups of “low
demanding ” and “h igh demanding ” f l ights. In view of the fact that the parameters studied
in this experiment are strongly dependent on the time of day all night flights were taken
together to a third group. The following blood constituents were measured: il-Hydroxy—
corticosteroids (1 1 -OHCS), Glucose (BG), Cholesterol (CH), Adenosinetriphosphate (ATP),
and the activities of three cell enzymes (MDH , GOT, GTP). The particular circumstances
of this field study made it impossible to take control values immediately before the
flights. Therefore controls were evaluated from blood sain1ies that were taken on two non—
f light days.

RESULTS AND DISCUSSION

A sununary of the results is listed in Table 1. Controls are given in absolute units,
Stress values have been calculated as percent deviation. From the figures it can be
seen that flying the F-1O4 G caused significant changes of most blood parameters. Com-
paring the low and the high demanding flights it becomes obvious that their sensitivity
to f l ight stress differs distinctly (see also Figure 1).

After low demanding flights there is almost no change in the concentration of the blood
consti tuents except for Glucose which increased 28 % above the preflight value. The high
demanding f l i ghts on the other side caused significant changes of corticosteroids, and
of the enzyme activities of MDH and GPT. Surprisingly a response of blood Glucose did
not occur . Finall y, Cholesterol and GOT remained unchanged as after the low demanding
f l i gh t s .  An u nequivocal validation of the night f l ight  results at present seems to be
d i f f i c u l t  since at that time of day the influence of the circadian rhythm is extraordi-
nary high (see Figure 2). If all flights are taken together to one group by averaging
the stress responses in general are less distinct.
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The operational significances of flight stress responses are summarized in the upper
part of Figure 3. For comparison reasons responses to standardized stresses are pre-
sented in the lower part of this Figure. The caine blood analyses after 30 minutes of
standardized physical exercise , 30 minutes of acceleration , and after a 30 minutes low
pressure period were conducted in former investigations. On the basis of these experi-
ments it can be concluded that the flight stress responses in this study were of a
moderate level.

Prom the results of this flight study it can be concluded that the blood constituents
differ in their workload sensitivity: l1-OHCS , GPT, and MDH proved to be the most sen-
sitive , GOT , AT?, and CH the most insensitive parameters. Finall y, BG does not seem to
be an unequivocal variable to measure flight stress.
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MDH GOT GPT ATP BC 11-OHCS CH

Controls ~ 46 ,0 8,9 7,3 24 ,8 69, 2 20,6 203,8
± S.D. 7,9 2,5 2,1 3,2 9,9 8,6 31 ,4

r
Low Dc— i~ 106 ,3 100, 9 98,7 97,5 127,9 100,3 98 ,8
manding ± S.D. 27 ,7 24 ,9 23 ,3 12 ,6 31 ,4 24 ,6 8, 7
Flights n 16

P 0,4 0,9 0,9 0,6 0,005 0,9 0,7

High De— R 116 ,0 106,2 11 3,7 97,1 103,8 120,7 99,5
manding ± S.D. 26 , 1 33,5 20,3 15 ,7 14 ,3 26 ,0 14 ,2
Flights n = 14

P 0,05 0,6 0,05 0,6 0,4 0,025 0,9

Night 109 , 2 113 ,4 87 ,7 93 , 9 118 ,8 59 , 1 88 , 3
Flights ± S.D. 20,1 28,5 24 ,9 12 ,6 26 ,8 11 ,0 12 ,3

n =  6
p 0, 4 0,3 0,4 0,3 0,2 0,005

Total 110 ,5 104 ,9 102 ,5 96 ,6 117 ,0 99 , 6 95 ,5
Flights ± S.D. 26,2 27,9 23,7 13,5 27 ,0 31 ,2 16,5

n = 36
P 0,05 0,4 0,6 0,2 0,001 0,9 0,3

Table 1: Mean pre- and postf light values (Controls for MDH, GOT, GPT
in mU/mi , for AT?, BC, CH in mg % , and for 11-OHCS in pg/100 ml.
Stress values in percent of individual controls)
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METHODS TO ASSESS PILOT WORKLOA D AND OTHER TEMPORAL INDICATORS
OF PILOT PER FORMANCE EFFECTIVENESS

Dr. Clyde A. Brictson
Dun lap and Associate s , Inc.

La Jolla , California

SUMMARY

A systematic approach to define , m easure  and describe how cer tai n pilot -related variable .
influence carr ier  landing performance during sustained operati ons Is briefly outlined . Previous explor-
atory research on the interrelations between psychophysiological variables , pilot exper ie nce and perfor-
mance is described. Pilot work activi ty, mood and sleep are identified as indicators of a pilot’ s temporal
state of readines s. A field stud y design and techni ques to measure and de ecribe temporal readiness
during prolonged flig ht operations are provided to demonstrate the methodol ogy in an operationa l environ-
ment . Potential applications of the research are discuesed along with the future role of temporal , psycho-
logical and other moderator variables in estimating pilot fli ght status .

INTRODUCTION

Preliminary interdisciplinary fleet studies of Navy pilot performance during prolonged period s of
carrier flying have recently been completed ( 1, 2). Res ults of those studies indicate that changes in cer-
tain psychophysiological variables can be related to variations in pilot landing performance. A statis-
tically si gnificant multiple R of .84 (n = 26 , p < .01) was obtained with fou r predictor variable, which
accounted for sIxty-four percent of the performance criterion variance.

Aviation performance effectivene ss was defined and standardized for the carrier operations by use
of a previously validated Landing Perfo rmance Score (LPS) criterion. In the carrier studies three basic
measures were used to describe the pilot environment . First , measu r es of pilot landing performance
were recorded during a nine-month combat deployment off the Viet Nam coast . Second , physiological
measures of stress as indicated by blood biochemistry were obtained during four time period s of the
combat cruise to describe pilot reactions to variations in flig ht work load . A third category of pilot-
related variables was that of sleep, pilot emotlonality and pilot experience data. Pilot mood data were
collected concurrent with biochemical data ( fou r time a); sleep data were obtained during one seven day
cruise period ; and pilot expe r ience and bi ogr aphical Info rmation were in i tially col lect ed pr io r to the
cruise to obtain baseline estimates of pilot back ground information. Those variables formed the basis
of a measurement scheme designed to integrate performance , phy siological , psychological, sleep and
experience data Into a comprehensive description of the influence of a combat environment on Navy
fighter pilot..

The practical signi ficance of the combat environment resear ch lies in the systematic attempt to
define , categorize and measure a host of Interrelated variables that have been used In other research
studies but which to our knowled ge have not been combined and used to describe individual or collective
stress effects for the same sample of pilots.

The research approach was exp loratory in nature and represented a preliminary investigation of
ove r 60 variable, that wdre thought to be of potential interest In medically defining the combat environ-
ment for highly trained Navy pilots. From a host of variables we reduced the number to a more manage-
able and meaningful list in order to promote parsimony and a better grasp of the interrelations between
str ess , sleep, workload , mood , experience and pilot performance effectivens..

Considerable time and analysis were given to the search for meaningful variables that could be
used to reflect variations In pilot performance. A practical rather than purely theoretical method was
used . Ultimately , we wanted to identi fy an easily app lied technique that could be used by flight surgeons
to determine reliably the flight status of pilots operating in stressful environments. Realistically, we
know this was not accomplished easily or overnight. However , based on the fir et stud y, we are confident
that combined and integrated sets of data collected on the same gr~~p of pilots during a carrier dep loy-
ment will provide a better understanding, insight and identification of Important variables that may prove
useful to flight surgeons in estimating pilot readiness to perform operationally required mission. in stre s-
sfu l environment..

The general conclusions of the preliminar y study support the cont ention that Integrated sets of
pilot experience data , psycholog ical t..t data and measures of a p~~o t s  temporal state of readin ess (sLeep.
mood , workload) can be related to pilot pe r forman ce effectiveness. Collected concurrently with a valid
and reliable criterion of pilot performance they appear to be a promising approach to understanding and
predicting the influence of prolonged , stressful operation , on pilot flight pe r formance.

While the results provide signi ficant statistical result. , we now believe that refined data collec-
tion pro cedure . and more stringent integration of the data which reflects a pilot ’ s so-called tem poral
state of read ine.. with performance will result in measures more sensitive to pilot performance va n s-
tion , especially In the night carrier landing environment , In retrospect , the first  stud y did not provide
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for concurrent and simultaneous data collection across mood , sleep and workload moderator variab les .
Those variables reflect a pilot’s shifting, time oriented state of arousal to perform a pa rticular task
such as flying and landing a jet aircraft . By careful revision of the field data collect ior ~ requirement s
and by incorporation of several additional predictor variables an effi cient cross validation study can now
be undertaken to verify and further explore the use of moderator variables as predictors of pilot fleet
performance effectiveness.

This paper outlines a systematic method to carry out an operational study of pilot workload and
other temporal indicators which Influence pilot performance in a fleet environment.

MEASUREMENT AND PREDICTION OF COMBAT ENVIRONMENT PILOT PER FORMANCE

The result s of the previou s research were summarized in three separate reports (3 , 4, 5) which
were presented to a group of NATO-AGARD scientist, who attended a conference on Simulation and Stud y
of High Workload held in Oslo, Norway In April 1974.

Briefl y, we found tha t pilot landing performance could be measured and collected longitudinally to
describe variations In pilot effectiveness as a function of day and night operations. A method for com-
par ing squadrons , air wings and individual pilots in terms of landing performance was ’estab lished a.
feasible and operationall y useful as an index of pilot performance. Landing Performance Scores(LPS)
can be collected and analyzed to identify hi gh and low proficiency pilots , potential ni ght pilots , night per-
formance decrement as a function of days since last landing, the effects of variable length line periods,
and as a diagnostic feedback techni que for improved pilot effectiveness. Perhaps the most practicaL
application of the LPS is Its use as a criterion to evaluate pilot proficiency.

To depict how temporal predictor variables interact during combat performance a simplified
model was developed to account for the interrelations we encountered in the data . That model is shown
in FIgure 1.

PILOT
EXPERIENCE

SLEEP~~~~~~~~~~~~ EMOTIGN

_ _ _  _ _ _

-

SITUATION ~~~ AROUSA L )‘ PERFORMANCE
WORKLOAD

BIOCHEMISTRY

Figure 1. Pilot behav ior arousal model predicting landing performance from measures
of biochemistry, sleep, mood emotions and experience.

In our investi gations we found that pilot landing performance could be predicted from a relatively small
array of variables with various levels of success for different operati onally defined pilot work loads.
Five out of six multi ple correlations were significant at the . 05 , or - 01 Level ranging from & high of
R = .84 , n =  25 ( p <  . 0l) to a low of R = .63  ( p <  . 05) as shown in Figure 2. The va riables were
arranged In the model for descriptive and integrative rather than predictive purposes . In general , the
most influential variable was pilot experience In the form of specific pilot flight hours in the F43 aircraft.
Less important in the oversil prediction of pilot landing performance were measures of mood . Feelings
of depression and anger were found to be the only mood variables sensit ive to pilot performance fluctu-
ations .

The model serves to dep ict sequentIalLy the interact ive effects we obt M ned from our data ana lysis.
We found that a combat situation results In a pilot arousal level that is InfLuen ced not only by sleep but
also by a pilot’ s specific aircraft experience. Both variabLes Intervene in a complex manner to affect a
pilot ’s emotional level and blood biochemistry. Specific ar ousal levels were measured and described as
a function of changes in sLeep, worklo ad and emotlonelit y from baseline pilot data recorded during a non-
stress period. This result is remIn iscent of HeLson ’ s (6) theory of adaptation where changes In mooo or
affective levels would be reflect ed in behav ior pe r form ance changes In a givfin combat situation. In addi-
tion , relative pilot experienc , appears to Inf luenc, a pilot’ s Initial cap ability to perform effectvely early
in the cruise,
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Figure 2. Summary of prediction of pilot Landing performance from
biochemical, mood and experience data.

At present , the model is suggestive of macroscop ic interrelation, between variables which can be
utilized for data categorization in any future efforts.

In summary, pilot adaptation to stress which accumulates during prolonged fLight operations
appears to be facilitated by experience. As cumulative workload increases for experienced pilots they
sustain a high level of performance while decreasing their cholesterol and feelings of depression. For
inexperienced pilots as workload increases they improve their landing performance at a cost of continuing
high levels of cholesterol and feelings of depression and fear. The increase in inexperienced pilot per-
formance is obtained *t a greater physiological and emotiona l cost than that reflected by identical mea-
sures for experienced pilot s . For experienced pilots the adaptati on to cumulative performance demands
app arently results in a gradual decline in biochemical and emotional expenditure. It Is as if pilots with
expe rienc e adapt to stre sa and high workload while maintaining hi gh performance. Inexperienced pilots ,
on the other hand , seem to require greater physiological and emotional energy to acquire the same per-
formance as experienced aviators.

The stud y of naval aviators during prolo ’aged combat operations indicates that pilots do not exper-
Ience any total sleep loss compared to the crew. However , pilot sleep Is more Irregular  and fragmented
with sleep occurring on the average at 12 hour Intervals compared wi th a crew average of 15 hours.
Periods of wakefulness were 20 percent shorter for pilot s than non-aviators. During the crui se the nor-
mal 16/8 wake-sleep cycle was disrupted for piiots who averaged only 12 hours between sleep cycles.
As cumulativ, workload increased pilot sleep became more Irreg u la r , and the more irregu lar the sleep
the lower the day landing performance for the pilot..

Of considerable interest to us was the realization that a large scale . interdiscip linary field study
of a military population in an operational setting could be undertaken m d  successfully carried out. The
research method outlined here uses information from the first study and present s a more comprehensive
scheme with which to verify some of the Initial results. Specifically:

~. Th. data collection scheme Is more systemati c after a trial run.
2. The potential relations we found between variables will facilitate analyses and

evaluation of future data.
3. Liaison and field coordination efforts due to the first stud y would be greatly

fa cilitated and are recognized as crucial to d& ta collection success.
4. Cross-validation of the preliminary results would prove valuable to Navy medical

teams interested In developing flight statu s prediction methods.
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FIELD STUDY DESIGN

The design of the Study will closely follow the preliminary •tud y except where modif ications have
been included to refine , integrate and revise the initial procedures.

Other Important aspects of the study design are briefly outlined below. They include data
requirement s , data reduction , analysis and evaluation .

Data Collection Requirements

Data collection requirements will stress the need for measures of pilot performance , and
measures  of temporal states of readiness (sleep, mood , workload) plus pilot exper ience and psychologi-
cal test data. Efficient data collection and integration across various moderator variables is planned.
For examp le, we plan coordinated data collection to minimize at sea interference with normal operations.
Baseline data such as pilot experience and psychological test data will be collected ashore. Also , a sub-
jective sleep log will be revised to include entries on work activity cycles such as watches , meals ,
briefings , etc. , In order to chart work , sleep, meal and other activity variation s in relation to flying
duties. Subjective pilot estimates of workload may also be covered in the activity charts in order to
parallel the pioneering work of Nicholson in stud ying work-rest  cycles of transport air crews (7 , 8).
The mood scale consists of a 40-item adjective checklist depicting six mood acal~’s: happiness, depres-
sion, activity,  fear , anger and fati que. The mood Scale with well documented reliability and validities
in field studies (9). has previously been used to describe physiological states of generalized activation
or deactivation (10, 11) and sleep deficit in college students (12). We also think it may prove useful in
estimating pilot sleep loss. If the utility and validi ty of a mood adjective check list is verified in this
study, the way may be open for obtaining reliable pilot self-reports of physiological statu s which could
be related to pilot performance variations as measured by LI ’S data. Pre- and poet-flight performance
assessment will also be added to the data requirements to estimate the accuracy of self reports against
actual performance behav ior. A preliminary stud y at NHR C indicates som e relation between subjective
assessment of performance and physiological arousal as measured by the mood adjective checklist.

Integration of the data requirements is designed to provide informatio n on -correlations between
variou s moderator variables and performance as well as multip le correlation prediction of pilot perfor-
mance. Potentially the mood adjective checklist may provide data sensitive to sleep, workload and per-
formance variations and henc e allow parsimony in future fleet data collection efforts. Out intention is
to thoroughly test its operational potential in this stud y. An outline o the moderator and temporal pre..
dictor variables and performance data to be collected during the stud y is detailed in Table 1.

TABLE 1
DATA REQUIREMENTS

Sample: N = 50. F4 and A7 pilots
Representative groups of crew personnel for comparative data.

Shipboard Time: Minimum two weeks embarked - t0 collect night landing data

Criterion Measures

Landing Performance Score (LPS) Data (See Figure 3)

Minimum of twent y day and twenty ni ght landings per pilot
LSO log books and scoring
Environmental data (weather , sea state , etc. )
Aircraft data: type and configuration
Carrier data: ship size , visual land ing aids , accident rate , etc.
Boarding and bolter rate
Intervals between landings
Mission type and duration
Flying cycle work load estimate

Moderator/Predictor Variables

Temporal States of Readiness

Subjective Mood Data (See Figure 4)

Revised adjective mood checklist and scoring
Repeated measures pre - and post -flight
Baseline mood data in transit or ashor e
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TABLE 1 (continued)

Moderator/Predictor Variable. (continued)

Sleep and Workload Activity (See Figure 4)

Revised subjective sleep logs
Two weeks of sleep pattern data per pilot
Five days baseline sleep (non-flying shi pboard)
Estimates of work - rest - meal - activity cycles

Pilot Experience Data

Age, height , weight , education
Aircraft  experience
Instrument hours
Night hours
Number of day/ni ght carrier landings
Accident s and incident s
Flight training grades and selection test data
RAG grade.
Othcr Pensacola personnel data

Psychological Test Data

Rod and Frame
Group Embedded Figure.
Hidden Figures
Perceptual Speed
Spatial Orientation
Spatial Visua lization
Vi sual Pursuit
Others as specified

The procedure to be followed In data collection will stress collection of baseline mood, sleep and
work-rest data during non-flying transit periods. It is expected that project personnel will oe available
to board the ship and collect the vast majority of data without unnecessary delay, such as eevar& l short
term visits to the ship. Arrangements will be made with local ship personnel to collect any .traggler
data , and also to provide local command contacts and liaison.

Data Reduction and Analysis

AU moderator and performance data will be transformed to cards to facilitate computer reduction
and ana lysis. The programming requirements will result In standard statistical descriptive data for all
variables and provide a correlation matrix for use In analyzing resultS. Comparisons will be made
between all sets of variables where appropriate , such as sleep versus mood , in order to estimate the
relative influence and relationships between moderator variables . Primary Importance will focus on
cross validation of the multiple correlation obtained in the preliminary study. A new regression equation
which uses sleep, mood and perceptual abili ty data as well as experience and workload variables to
estimate pilot landing per formance also will be developed , especially for ni ght recovery. Considerable
analys is time will be placed on obtaining factual evidence on the utility of the mood adjective checklist in
estimating sleep loss , and ultimately any measure of association with actual landing performance.

RESULTS

!t is expected that the results will include operational data to substantiate and develop further
general hypotheses regarding the role of temporal, psychological and moderator variables in determining
landing performance effectiveness. Descri ptive and correlationa l data on pilot sleep patterns , and mood
variations will also be provided. The stud y will report on the evaluation of vari ous data collection Instru-
ment s and thei r potential us. in providing rapid , objective means for estimating changes in pilot perfor-
mance. A system of scoring templates may also be developed in an attempt to describe moderator
scoring formulae that will Identify pilot sleep loss , mood change or other variations that are found to be
related to change. in flight per forv” nc. effectiveness.

If the results substantiate some of our preliminary hypotheses it may be possible to provide
(light surgeons and operationa l commanders with more reliable methods to estimate pilot flight readiness
during sustained carrier operations.
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Figure 4. Example of pilot daily activity/mood sheet.

DAILY A C T I V I T Y / M O OD SHEET I~ 1~ IT1~
~~ST1wCr1OxS: Please fill out each morning for the previous day’s activities. The daily

activity chart below is broken into 1/2 hour t ime blocks. Place the proper
nunerical activity code in each of the blocks so tha t each 1/2 hour se~ ncnt
is covered by some actzvity. Please draw lines (ran start to stop of a code.

E~~LE: J2 .I_ -42 I ‘+—I-’ l 2 14 + 4 1
I~ULY ACTIVITY CODES

DA~(TThIE
1. Flying(eng. start/stop)
t.. Pre/Post Flight ~nrk _____________________________________________________________________

3. Squadron Work 08 09 10 11 12 13 14 15 16 17 18 19
4. Eating
S. Sleep ing ~ Naps NIGiff TTh~6. Exercise I7. All Other Non-Work __________________________________________________________________

Activity. 20 21 22 23 24 01 02 03 04 05 06 07

tbw such trouble did you have going to sleep last night?

0 none D slight 0 moderate 0 considerable.

h~~ ~~~ny minutes did it take you to fall asleep last night? ______________

I~~ rested do you f eel? D well rested 
~~ 

slightly rested D moderately rested ~~ not at all rested

MOOD QUESTIONNAIRE

BELOW IS A LIST OF WORDS DESCRIBING MOODS AND FEELINGS. INDICATE
HOW EACH WORK APPLIES TO HOW YOU FEEL NOW BY MAKING A HEAVY
DARK MARK BETWEEN THE APPROPRIATE LINES USING THE SCALE LISTED BELOW:

1 — Not .1.11 2 Som.whst oc slightly 3-  Mostly oc generslly

2 1  2 )  Z 3 l i i
I LOW 1). CALM 23. DOWNCAST 31. ALERT

i l l  I l )  1 2 3  1 2 3
2 LIVELY - I? BLUE U 22 PLEASED 32. ANNOYED

2 3  1 2 1  I l l  I l l
3. IRRITATED 13. BURNED UP 73. SATISFIED 33. SAD

2 1  I l )  1 2 3  I l l
4 COW1ENTED 14. STEADY 24. DEPRESSED 34. HOPELESS

2 3  I l l  1 2 1  1 2 3
S ACTIVE 15. AFRAID J - 25 ENERGETIC 38. INSECURE

I 2 )  I )~~~ I l l  I l l
B RESTFUL le. HAPPY 74. CHEERFUL 36. JITTERY

2 3  2 3  1 2 )  I
7 . IMPATIENT 17 MISERASLE 77. UNEASY 37. BORED El

1 2 )  2 )  ‘ 2 )  I ) )
8. MEAN IS. ALARMED 28 GROUCHY 38, TIRED

2 ‘ 2 3  I l )  3 2 3
S WEARY d IS. LAZY 29. SLUGGISH . 38. GOOD 

~
]

I l l  I l l  I l )  3 2
50. ANXIOUS 20. DROWSY 30. VIGOROuS 40, ANGRY

_ _ _- -~~~~~~~~~~~~~ - -~~~ --  ..- -
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SUBJECTIVE RATINGS OP PLYING QUALITIES AND PILOT WORELOAD
IN THE OPERATION OP A SHORT HAUL JET TRANSPORT AIRCHAPT .

by

I. Steininger, Dr. phil. Dipl.—Psych.
Inatitut fUr Plugm.disin

Deutsche Porsohungs— und Versuohsanstalt für Luf t— und Raumfahrt e,V.
Weg helm JWger , 2000 Hamburg 63

SUMMARY

A representative sample of pilots employed by an airline operating a short haul jet transport
aircraft assessed the acceptability of the cockpit layout and instrumentation, the handling
quality, and the feasibili~~of th. system operation in regard to the pilots workload, The assess-
ment consisted of two partas 1) a questionnaire of 82 fixed items being answered on a 7 step
rating scale. 2) a semi—structured interview concerniig 19 items , being answered on tape recorder.
The justification to apply “subjective” ratings as a scientific method, instead of measuring
objectively the physiological and psychological reactione of the pilot is to be seen in the out-
put s Cr itical points and favourable capabilities of the man—machine—system can be evaluated
economically and objectively, provided some premiBes are given.

Objective parameters like physiological and aircraft performance data have often failed as an
independent indicator of pilot’s work load and system quality. Moreover they are very expensive.
In a critical review of the relevant literature it is demonstrated, that subjective assessment
has turned out as a fa irly valid and reliable mean ror evaluating both man—machine—system end
work load.

The premises ares Carefully chosen questionnaire and interview strategy, a well established
rating scale, and a sufficient sample of persons for statistical evidence of the data.

The method allows to get direct impression and recognition of the particular kinds of strain and
attention needed to operate the system.

INTRODUCTION

“If a measurement is made on a physical object with an instrunmot (nonhuman) of some sort , the
m.ssurs is an obj.ctive one and the resulting data lie along a physical continuum. When an obser-
ver est imates a measure , it is a subjective judgment and the estimates lie along a psychological
continuum” (19).

Aeronautical as v.11 as other engineering sciences need the application of metric philosophies
to measure the physical conditions of a given system to define and compare it quantitatively
within the same dimensions with other system.. If the engineer is developing a man—machine—system ,
be would of course need to apply a quantitative description of the behavior, the functions, the
judgments , and the opinions of the man in the loop in terms which are compatible even with those
of the physical subsystems.

The requirements of such a description should therefore fullfil the scientific criteria of measu-
ring dimensions common for both the technical and human areae likely to be measured objectively,
being valid and reliable , and possibly being a linear, consistent invariant and proportional
parameter, So the demands on the criteria of a subjectively assessed psychological continuum have
become more and more a pure scientific interest of measurement theories instead of the interest
of practicability and applicability of an assessment technique for several purposes of relevant
judgments.

GDERAL OBJECTIONS AGAINST THE SUBJECTIVE ASSESSMENT TECHNIQUES.

There has alway s been some reservation against such a psychologioal continuum claiming to be a
respectable means of measuring things •quivalent to physical methods. McDONNELL (20) described
as one of the most serious problems “th. unknown quantitative character of rating scales”. In
fact the physically determined continuum in flight mechanics lacks in showing any definite crite-
ria relating to the subjective feeling and rating of handling characteristics (10). One assesses
ths acceptability of a special system characteristic but not the characteristic itself. And
“unfortunately, the ourrent connections between pilot ratings , pilot behavior, and vehicle
oharacteristios are, at best highly qualitative” (19). And furthermore some investigators argue
that pilot ratings about the system qualities would reflect the rating decision process itseir
during his evaluation and more or less the personal trait. or the attitudes toward th. rated
system instead of the “real” system quality . And a more general prejudice against any subjective
assessment says that the result of questioning men would only be opinions about the syste. but
not a direct indication of the syste.’s impact itself (34).

The broad range of inter— and intraindividu.l differences and tolerances in the wide fields of
human activities, behaviors and feelings may cause s great uncertainty about the human capatility
to work as a perfect measuring syste.. And it is evidint that individual system operator . like
pilots, ATO—Controllers and others vary widely in their levels of training , experience , emot ional
stabil i ty, state of attention, technical comprehension of thu system functions and information
processing of data displayed and response dynamics of the system.

4
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Perhaps there is something like a halo—effect against the real value of the pilot ’s subject ive
assessment particularly with respect to a remaining uncertainty concerning the overall likelihood
of man to be influenced or manipulated by several intrinsic or extrinsic effects. Some persons
can not have an unbiased look at the opinions of others because they , as self—designated experts ,
regard their own judgment as the only correct one. “Unfortunately, there are not two pilots who
can agree when cockpit layout is discussed. Therefore, the designer must be a master in compromi-
se since his efforts are judged by pilot representatives before the airplane is ever built.

V Therefore, the basic design must be flexible enough to allow compromise and change at minimal
cost f’~’m customer to cus tomer” (38).

This statement, made by a representative of the aviation industry certainly points out the
urgency for improving the operator ’s assessing methods and for applying them already within the
earliest phases of designing and producing a new equipment.

One of the reasons for the often stated inter— and intraindividual inconsistency of the pilot ’s
opinions on the handling qualities of many aircraft systems is the wrong and unvalidated assump-
tion that the rating scale is an equal interval scale and therefore the sharp inflexions of the
ratings would represent the parameter of the system alteration. On the contrary by using the
rankings of aircraft handling rating scales, CORJCINDALE (7) and MURRELL (23) cruld experimentally
demonstrate “that the items did not appear to be used as an equal interval ccale , nor were the
items used in the order in which they are presented in the scale” (26).

Another point of reservation against subjective methods is the insufficient d~~inition of the
outside conditions in investigation. In fact it seems to be almost impossible to maintain stable
surrounding conditions of a couple of flight missions.

Nearly the same objections exist against the subjective judging methods in the field of subjective
assessing the different sensations of dynamic stimuli , levels of comfort, fatigue, strain, risk,
work load ,and other individual states of feeling; they are basically unreliable because of the
widely different correlations between the individuals , s i t u a t i o n s, demanding conditions, and
because of their high proportion of indefinite variances.

THE CRITICAL VIEW AT OBJECTIVITY AS A N ASUR~ ’1ENT CRITERIUM .

Since instrumental measurement of s physioal parameter is the only objective method , from
the engineering point of view it seems to be worth quoting the general definition of objectivity
given by FLANAGAN (8)s “By objectivity is meant the tendency for a number of independent obser-
vers to make the same report” , or with a short term by GUILFORD (ti)~ “Objectivity means inter-
personal agreement”, and more generally by TRAXEL (37) as the controllability of the intersubjec—
tive agreement by determining the concordance coefficient as a numeric equivalent of a gradually
marked continuum. So it is evident that the existence of a physical continuum measured by cali-
brated instruments may not be the main or the only conditions for an objective measurement. And
furthermore, a measure does not become objective only because it is quantitatively determined.

In the fields of socalled objective measurements seem to be too many expectations toward the
reliability and validity of the collected data with respec t to a certain criterion. The objective
measurement itself does not necessarily guarantee reliability or validity of the data sample
(27, 32). HOWITT (15) reminds “that although the measurements themselves may be very precise,
their meaning (in terms of relevance or the total tasir or tha cost  to the pilot) may not be
precise nor even very clear.”

For measuring the physiological indications corresponding with the different states of pilot’s
activities , mental efforts, and levels of neurovegetativ. arousal there has been done a lot of
useful work up to today, though with different results. The main reasons for the doubtful success
of the physiologicsl measures of workload are the difficulties of coping with the changing con-
ditions in the field studies ant of proving that they reslly indicate a change in task load or
performance. Most of the particular physiological methods of measuring work load lack in consis-
tency end reliability of the concerned parameter. They vary widely because of uncontrollable
e f f e c t s  from situation to situotion , from task to task and within the same task from time to
time (4, 6, 30, 36).

ROWIT? concluded in his investigations concerning the immediate work load, “there is now evidence
to suggest that before long it will be possible to use physiological measurements to assess the
pilot’ s level of arousal in terms of those which are optimal for the particular flying task” . But
concerning the duty—day work load he added “we do not as yet have anything better to use than the
pilot’s subjective Opinion” (14).

“What is lacking at present, is a measure of change of performance that can be shown to cor espond
with these measured changes in indications of arousal level” . “We are left therefo,~e wtth our
best physiological measure , heart rate, as no more and no less than a useful tool for estimati ng
change of arousal level under different circumstances. It can be us•d as s comparison but not as
an absolute measure of workload” (15).
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THE LIMITATIONS OP OBJECTIVELY MEASURING METHODS.

The application of the known physiological measures under realistic conditions during a
flight mission i. limited by reasons of practicability and should therefore meet the following
requirements

— The hypothesis for the application of a certain method should widely be verified by scientific
experimental studies so that a successful approach in the particular field investigation may
reasonably be expected.

— The application of several physiological measurement techniques usually requires a high
expenditure of weight, space , special engineering arrangements and unhandiness aboard
aircraft. and therefore needs a careful and limited choice of the suitable apparatus.

— Pbyaio logioal measurement methods offer the successful approach within a workload study only
if all the crucial conditions and essential ef fects of the flight mission in investigation
may be controlled like test variables.

0
— Some physiological measurement techniques may not be taken for granted to be agreed upon by
the pilots involved. They may induce uncontrollable influences and have to be selected with
respect to the acceptability by the pilots and to the possibility of interferences with the
primary task.

Considering such limiting requirements of practicability only few of the numerous physiological
measurement techniques are suitable to be applied during a routine mission flight. All physiolo-
gical measures concerning the workload or the efforts or strain of a task may only be interpre-
ted if they are simultaneously applied with other measures backing up the criterion in question.
The complexity of data recording and interpretation and the response time of some physiological
measure relative to task demands need additional expensive techniques and qualifications (9).

On the other aide the time budget as another objective measure of the task load, or the objective
measure of work result , the change of performance , or of the rats of failure may not alone and
per ae indicate the perceived strain and needed efforts during the work (6 , 33).

“The central limitation here appears to be sensitivity, that is, task performance measure do not
readily distinguish operationally meaningful differences in the effort associated with variations
in task demand” (9).

JUSTIFICATION OP SUBJECTIVE ASSESSMENT TECHNIQUES .

it is the intention f a  this paper to reduce the above mentioned reservations against the
subjective judgement as a measure to a rational minimum residue. One can get som. relief on that
by several investigators who published their experiences concerning the assessment techniques
(3, 4, 6,9.18,20,21 ,24,29,30,33).

The revue of the recent literature on this field øhows an increasing scepticism against the
possibility and efficiency of objectively measuring the work load. At the same time the investi-
gators more and more rec ourse to the subjectively judging techniques and this trend is obviously
going on.

‘In industry and everyday life it is often nece’sary to measure some variable slthough there is
no technology for doing so, and human judgement is used instead” (1). The subjective judgement
relative to an experienced average is used for measures where no objective and direct measuring
technique is available whether concerning to estimate an object or to assess the state of the
own feeling or to judge other people (22). These “judgement is a process of categorisation with
reference to the average and range of values expected. Adaptation to a particular context can
allow quite fine distinctions between these categories” (1).

Man has the aptitude to judge an object along a certain continuum like a quasi statistician if
‘me gives him the opportunity to acquire a certain amount of experience to obBerve a certain
spectrum of that continuum.

3INCLAIR (32) describes “three occasions on which the use of subjective judgement is important;
first when the data cannot be obtained easily by other methods, secondly for corroboration of
data obtained by other means , and thirdly when the subject’s attitudes, or strategies of action,
are likely to affect some aspects of observed behaviour in the problem situation”. And BRIGHAII (2)
stated , “that subjects can make judgements involving the simultaneous assessment of several
attitudes of the stimulus in quest irn ” .

The subjective techniques “are often the best method for measuring workload in the operational
environment” (33).

And HOWl?? (t5) stated i “The opinion of a well motivated crew m.~b.r is very valuable provided
the right questions have been put to him and put in a proper manner ... It is he whose workload
is in question and he who is experiencing and has intimate knowledge of the variables that go up
to make that workload. Recently the subjective score has come into favour again although mainly
as a back—up to objective measurements. In fact most of the objective measures rely ultimately
on a subjeofive assessment to put them on to some sort of scale meaningful in the real world
situation”.
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“Pilot evaluation still remains the only method of assessing the interactions between pilot—
vehicle performance and total workload in determining suitability of an airplane for the mis sion”
(6). And finally these subjeotive mea sure has in fact always been “the ultimate criterion against
which the success or failure of a control syste. design has been evaluated” (17).

Th. direct participation of the pilots in the system evaluation corresponds to their function as
autonomous , responsible, and competent crewmembers who live with their system. and whose profes-
sional existence, capacity, and satisfaction are very closely linked with their operational
system.

SOME ADVANTAGES OF SUBJECTIVE ASSES SMENT TECHNIQUES .

There is no question about the advantages of the application of subjective method either as
questionnaire, as rating scale , as checklist , as profile rating, or as a qualitative comment.

The actual distr*tions of ratings of some system ~ araoteristios often show a shape similar to
the binomial distribution (10) . Eepeoially the rating scales have a remarkable effectivity within
the range of normal conditions in the hands of a skilled observer. Of course there are no absolute
measuring units which are calibrated on the cont inuum itself , and it can not be expected tha t an
exact metric will exist for each case on the level of either intervall scales or relative or
absolute scales. It also does not seem possible in the near future to define the grade of a work
load in the sense of a factor of a certain reference load.

But on the other side several authors have found high correlat ions between limited dimensions
of demands and the subjective rating, e. g. between the physical effort and fatigue and pilot
rating (6 , 16, 18) ,

Furthermore HESS’s study (13) indicated “that a human can transpose his impressing of a task
directly to a linear numerical index. The lack of adjectives does not appear to detract from his
ability to generate subjective opinion”. And of course approximations are possible in the sense
of practicability so that it is at least possible to identify the main sources of a work load,
to determine undoubtedly some overloads for a defined sample of persons within a certain degree
of significance (12).

The ptlot’s judgement is capable to cover with one connotation a lot of influences at the same
time which may vary the demands. On the other hand a device of measuring any performance is not
able to cover in combination and adequately weighted some more variables together within a single
scale. The human perception possesses an enormous capacity of information processing and it func-
tions with a high selection rate and flexibility of coping with unforeseen and complex situations
as well as with simply and fixedly conditioned processes whilst the pilot is assessing and judging
s certain object.

The man in hi s role as a pilot of high performance aircraft is “capable of attaining essentially
the same performance for a wide rang. of vehicle characteristics , at the expense of significant
reductions in hi. capacity to assume other duties and to plan subsequent operations” (6).

So the pilot with this capabili ty as an adaptive controller is al so able to extrapolate a judge—
ment fro. one phase condition to another phase with varying conditions and demands. Hi. judging
works considering both performanc e configurations of the system and his own effort and attention
to cope with the task demands. A flight phase rating largely bases on the pilot’ s ability to
draw on his knowledge, previous experience , and on the use of pilot—induced disturbancies or
selfinduced tasks (6). (Table i)

CRITERIA FOR THE APPLICATION OP SUBJECTIVE A3SESSMEWT TECHNIQUES.

A critical review of the relevant literature may demonstrate that subjective assessment
technique. have turned out to be a fairly valid and reliable means for evaluating both the
handling and information proa.ssiag characteristics of isam—mechine—syateas, and the work load
and effor ts  or strain of the men within the loop. The application of assessing methods starts
from the hypothesis that a certain relat ion exists between the subjective judgement on the one
hand and the real behavi or of the operator during the parti~ular work in the system, the real
behavtor of the system at all , and the handling qualities on the system on the other hand. But
in order to guarantee that the methods applied really work as adopted they have to comply with
some important criteria which are the essentials for the achitvement of assessment objectives.
They are sumaarized as followed (Table 2) s

(1) Clarity of focus (9).

That is the unbiased semantic meaning of the verbal questioning which “serve t o clearly
d istinguish th. phenomena of interest ... It does require that clear distinctions be made
among the alternative concept referents ... (e.g., teak demands , ef for t , feeli ngs , energy
levels) and between these phenomena and such related phenomena as conditions in the task
env ironmen t, situat ional stressors, personality variables, or the wide range of acute and
chronic ef fects attributed to workload or fatigue” (9).
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(2) Operationa’. relevance (9).

This crite~ ion means that the experimental tasks are approximately compatible with the
level of c ,mplexity of the demands placed on the human ~~~ator as a part of the machine—
sy stem (5) .  “And this requires both the identification of actual task demands and the
specification of functional relationships between these demands and the concepts, indica-
tors, measures, and procedures employed in the research setting” (9). This criterion i~similar to that of validity which “has to do with the degree to which what is measured
represents the true situation” (31).

~3) Practical significance (9),

The relevant assessment techniques should “be sensitive to operationally meaningful
differences in independent variables” and “consider the actual impact of measured levels
of workload or fatigue on the quality of system performance and on the ps7chological and
physiological well—being of individuals affected by system operations” (9). That is nearly
the same criterion which is termed as “Ease of interpretability” “providing information in
a forw which allows anwers to be obtained in relation to the problem under inveatigation”
(30).

(4) Freedom of interference (9, 30).

“The measurement technique must not interfere with ongoing primary task performance” (9).
That is mostly the case “if used simultaneously with the task under performance” (so).

(5) Pilot acceptance

“The technique should not expose the subject to any discomfort or cause any app~ehension”
(30) or “negative pilot acceptance attitude” (9).

(6) Reliability and consistency of the measurement

“Any variability which should occur in the measure would be due to variations in the task or
operator rather than to the measure iteelf” (30).
Reliability ii concerned with internal consistency so “that comparable questions regarding
the same topic should yield equivalent answers” (18, 25, 32).

A sufficiently high reliability may be expected if the before mentioned criteria are considered.
Bs ide. these the reliability depend. on the kind of rating acale or answering form to be used,
the definition of anchoring and intervals within the concerned continuum. It hsn additionally to
be payed attention to the homogenous eample of subjects and to the proper preparation of all the
persona who are involved in the questioning procedures by previous discussions and definition of
the aids and aims . They have to be trained or briefed in the careful application of the concepts
set out for the particular assessment . (Table 2)

PILOT OPINION SURVEY CONDUCTED ON A SHORT HAUl. FLIGHT OPERATION. DESCRIPTION OF THE METHOD.

It is not so much the purely scientific interest at first to give the subjective assessment
a methodological justification. But there is a primary interest to make sure that a sufficiently
reliable and valid judgement instrument may be available for the very practical purpoues of
checking the acceptability of system characteristics and the workload under the real ~‘perational
conditions. And here there i. no doubt that under real l i fe  conditions questioning techniques
are easier to handle , more economically to apply, more direct to interprete , and they admit a
more direct and copious evidence to the matter in question.

So we have conducted a socalled pilot study (35) in order to prove in principle that this
hypothesis may be confirmed. The YAK 40—aircraft operation was used as an example to develop
the opinion survey study. A questionnaire was used t o assess the quality of the ent ire aircraft
control system , including the features of the work space , the equipment , the system and handling
qualities, and the workload while operating that system,tbe set of questions taking due account
of the ten workload factors as described in Appendix D of the certification of airworthiness
(FAR, Part 25).

The questions r egarding the aircraft TAX 40 include 65 items that relate to specific components
of tne system itself. The pilots completing the questionnaire were asked to assess the quality
of each particular componen t by placing a cross in one of seven boxes that rang. from “very good”
to “very poor” to be accepted under the experienced conditions , and to do this at first withou t
adding any ccpiments. such description of the system may also give reasons for the next series
of ratings. ~Table 3)

The items 66—70 include questions which relate to the special attitude of the pilots to the
operat ion on this type of aircraft and to the subjectively perceived stress and workload whilst
flying it.
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As fas as the series of question 71 to 82 are concerned, the same rating procedure is to be used
to estimate to what extent the performance of this piloting system can be adversely affected by
external disturbances, environmental influences and system disorders.

The next nineteen questions (83 to 101) are so—called open questions , the pilots being requested
to give a detailed oral account of their experiences with the system in operation and some addi-
tional comments to their workload judgement. The greater part of these questions once again
relates to the system components listed in questions I — 65 and 71 — 82. The quantitativ, assess-
ment of these component s now finds its counterpart in a qualitative description of their critical
qualitiee. Tb. quantitative f or m of judgement can be statistically evaluated and thus conatitute
a sort of control against the nay be one—sidedly subjective opinions and a regulator of typical
judgement errors.

The weighting of the assessments in relation to the overall system is enabled by the statistical
evaluation of the scaled ratings. Moreover , the descriptions and rat inga of the critical element.
include a wealth of day—to—day flying experience which could not be obtained from a limited
member of test flights.

The answers to the open questions are followed by a short discussion in order to elucidate the aintended meaning and the valuable background information. In spite of the difficulty of their
quantitative evaluation “the informal chat as an unstructured interview can be very profitable
and it ii probably the best w~y of bearing all the subject’s pet grouses” (31).

SOME RES~7LTS OP THE COCKPIT—STUDY BY RATINGS AND QUESTIONNING.

The average rating on the seven points scal* is 4,00 and may be described as representing
an adequate system quality . Those system qualities that were clearly assessed byboth groups with
a positive value (H — 3,00 or less) include control of the electrical trim (item i i ) ,  look out
on taxiing (item 23), behavior of aircraft in slow flight (item 42) ,  recovery behavior of aircraft
after STALL—clean (item 43), recovery after STALL—landing configuration (item 44), normalgo~~ound
(item 45), touch—down speed (item 48), monitoring engine gauges (item ~o), abnormal procedure onhydraulic system f ailure (item 54). So most of the essential flying qualities of the aircraft
were rated as ratb•r good—natured.

On the other hand the 9 random selected captains who anewered the questionnaire rated 29 items
below avera~e , he 9 involved copilots rated 25 items below average. Both groups rated the
following qualities with a mean of more than 5,00 which are representing very badly acceptibla
properties of the systemi control wheel (item 5), flap. setting (item 19), windshield wipers
equipment (item 24), cabin pressurization (item 51). And the pilots in command added some more
.xtr ely bad value. namlys comfort of the i..t (item 4), lighting of instruments (item 10),
oontrol forces on aileron (item 34) , reverse handling and effects (item 49), handling of the
electric systems (item 53), storage space for crew ’s equipment and baggage (item 65). These
very negative ratings represent mo~ the handling qualities of the systeisa and reflect a severe
impact on the acceptability of the aircraft at all due to the lot of severe deficiencies.

When one bears in mind the numerous system elements that had been very critically assessed , the
pilots show an amazingly carefree and unvorried reaction to the question 67 concerning the work
load perceived during the last few flights, and to question 68 concerning the level of confidence
(versus apprehension ) outlooking the next trip. Only the copilots rated the workload slightly
below average but with a relative high uncertainty (a — 2,09). Similar results were found for
the risk pressure deriving from the possibility of having to cope with failures and their conse-
quences (question 69). Here the copilots feel even less constraint than the pilots in command.
But both they rated a low psychic stress from risk pressure.

The only item whioh may reflect some stress due to the above mentioned system deficiencies is
quest ion 70 concerning the assessment of the pressure of responsibility for the safety of other
people and for completing the mission as planned. The responsibility level in mind ii a little
higher than average and the oopilots assessed the degree of responsibility to be greater than
their more experienced collegues on the left seat had in mind . They all did not fear the risks
or danger of failure but only the stress of responsibility having to operate on an aircraft
with so many substantial complaints about the low level of human engineered cockpit concept.

Some of these complaints are described above by ratings of the particular elements, some are
refleoted on the questions 71 to 82 about the most disturbing factors which can reduce the
performane. of this aircraft control system. There are three faotors which are rated below
average and are described as disturbing the normal operation, namely the temperature control
(item 75), the traffic d..:tsity (item 77) and the pressurization control (item 82). But it is
notioable that only the copilots rated that factors as disturbing influenoes because they
typically concern their own part of work . These ratings appear like a reinforcement of the
judge.ents of the badly acceptable element.. The workload especially of the copilots is
growing up with the time pressure to cope simultaneously with the different oomplioated system
management and with the increasing deneity of the traffic.

This higher level of work load and responsibility stress has been found reflected on the more
detailed and qualita tive descriptions of the pilot ’s experience within the operation of the air-
craft on hands of the open questions. The detailed comments given to these questions and during
the following intirviews contain a lot of arguments which may substantiate the quantitav e ratings
and give reason, for in more detailed explanations.
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The reliability of such statements may be calculated by destining quantitatively the level of
concordance on content and frequency of a certain item description. But this would be a pretty
expensive job.

The evaluation of these open questions confirmed that , notwithstanding the lowish risk stress
and higher confidence level during the flights, all the pilots were very conscious of the respon-
sibility that derives from the several deficiencies of this aircraft design. This higher respon-
sibility stress is particularely the result of temporary peak demands made on the pilots in
turbulent weather due to the high load on control wheel forces, the difficulties in operating
the systems of the aircraft in high traffic density conditions due to the tins pressure conflic-
ting with the sophisticated demands on the systems handling especially for the copilot , and as
far as the pilot in command is concerned , the need for supervising the activities of his copilot
under ouch severe conditions.

All these facts of loading conditions call for a higher degree of watchful supervision of the
entire course of event.. This higher level of attention enable the pilots , notwithstanding the
numerous deficiencies , to operate the aircraft without a sense of danger, risk , a loss of confi-
dence , or a significant perceived stress. It also provides the explanation why , when all is said
and done and on account of the greater demand. made on the pilot’e attention , this aircraft never— a
theless appeare to be acceptable in the view of the pilots. They handled the routine operation
of the aircraft with no more than average rate of technical failure and delay as similar to other
line operations. But one accident happened yet after completing the survey just due to one of
the worst rated component of the system , namely the reverse handling of the central engine. The
aircraft had overshooted the runway and was destroyed because of the improper handling of the
reverse system. But this system shows some typical deficiencies which are in several senses in
contrary to the basic principles of human engineering.

CONCLUSION .

Surveying the relevant literature it is emphasized that the subjective assessment techniques
have become instruments of inoreaaing value in the wide fields of their application. Such tech-
niques lead to rather reliable and valid statements about the flying qualities of the aircraft ,
the handling qualities of the systems, the quality of the cockpit layout, as well as of the work—
load induced on and the stress received by t~e crew , always provided that subjective judging errors
can be reduced and kept within normal limits by means of a carefully selected and systematic
questioning strategy. However, the following requirements have to be mets

1. The survey must cover an adequately representative sample of pilots.

2. The stats of training and experience of the pilots must be taken into consideration as an
independent variable that exerts a relevant influence on the way the questions are answered.

3. The questions must be carefully formulated and their contents must be unambiguously concerned
with an accurately defined element of the system or particular criterion to be judged.

4. The set of questions should be as c omplete as possible , i. e. it must cover not only all the
individual elements of the system, but also as far as possible the dynam~~ components that
occur during the real operation of the aircraft.

5. The set of questions should include a multiple approach in order to cover more than one view
of the problem investigated. That means the application of some different kinda of questioning
techniques on the same project, i.e. rating techniques , questionnaires, checklists , open
comments on prepared questions, and last not least the open interview.

We have tried to apply ex.mplaryly such techniques on a certain type of aircraft in order to
check the level of acceptability of the induced stress , ~nd work load during the Operation o.~
that system.

To my opinion it is not only possible to apply such techniques with respectible results but also
to furtherly develop these techniques to even more sophisticated and more reliable and valid
instruments. We should emphasize to do this in the near future more consequently.
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Table 1* TEE ADVANT AGES OF THE APPLICATI ON
OF SUBJECTIVE ASSESSMENT TECHNIQUES

EASINESS OF HANDLING

~~~ 
_f DIRECT INTERPRETA TION

(
~
) ~ RANGE OF FACTUAL REL~1ANC E

(~
) —

~ 

INDEPENDENCE OF TEST CoNDITION~j

(
~) _J LOW ECONOMICAL EXPENDITURE

~~~~~~~~~~~ J SUFFICIEN’1’ RELIABILITY

Table 2* TEE MOST IMPORTANT CRITERIA FOR THE APPLICATION

OF SUBJECTIVE ASSESSMENT TECHNI QUES

CLARITY OF FOCUS

(
~) [ OPERATIONAL RELEVANCE 1
(
~
) ( PRACTICAL SIGNIFI CANCE I

(~) __j FREEDOM OF INTERFERENCE 1
(
~
“
)- —j PILOT AC”EPTANCE

(:~)— 1 RELIABLE MEASUR~~ENT 1
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Table 3* Mean Values and Standard Deviations of the Rating Scales

Item System Elements N Cosmandere 5 N Copilots e
No. ~~ 1 2 3 4 5 6 7 ‘

~~~ ~~ 1 2 3 4 5 6 7 ~~
4 Seat comfort 6,11 1,0 4,56 1,24
5 Control column/wheel 5,56 

. A .  1,1 6,00

10 Instrument lighting 5,00 ~~~~~~ 1,11 4~33 . .A 1 ,12

17 Electrical trim control 2,89 1—à.—.~ 1,0 2,78 A 1,99
19 Flap. setting 6,00 ~~~~~ —‘~ ~~0 5,89 A 1 ,27

23 Look out on taxiing 2 ,33 •
~~~~~~~

• 0,8 2,22 •
~~~~~~

• 0,67

24 Windshield wipers 5,33 A 1,41 5,22 ~~~~~ 1,09
26 llosewheel steering 4~44 A 1,5; 4,33 . A A 1,50

33 Control forces/Elevator ~,33 • A 1,2 4,33 ‘ i~ 1 ,50

34 Control foroes/Aileron 5,00 A 1,41 4,67 1,32

36 Control sensitivity 4,67 : A 1,5i 4,11 1,17

37 Roll rate 4,22 ‘
~~~ 1 ,3 4,89 A 1,69

42 Slow flight 2,89 1,2~ 2,56 
~~~~~ 

1,01
43 Recovery from stall clean 2,56 L.~~~ i. 1 ,1 2,22 1~d~i 0,67
44 Recovery fr. stall landing config. 2,67 £ 1,2 2,56 I—A—.J : 1,01

45 Normal go around 3,00 A 1,2~ 2,78 A 1,30

48 ‘l’ouohdown speed 2,67 L.&~J~ 1,0 2,00 ~~~~ 0,87

49 Reverse handling 5,22 ~~~~ 0,9 4,67 1,87

50 Monitoring engine gauge. 2,89 1 A 1 ,2 2,56 A 1 ,33
51 Cabin pressuzisation 5,89 ~~~~ O,7~ 6,00 A 1,22
53 Handling electrical systems 5,22 A 1 ,39 4, 67 ~ 1 ,58

54 Handling hydraulic sytem failure 2,78 ~~~ 0,9 3,00 li—~~~ 1,00

59 Loading procedures 4,78 ‘ 1 ,64 5,33 A 1 ,32
64 Space for chart s and flight log 4,78 A 1 1,48 4,56 . A 1,42

65 Storage •paoe 5,11 ~_A~~I 0,78 4,89 L I 1,17

Perceived Workload

67 Workload during the last few flight
(1—great) 4, 11 1 ,45 3,89 2,09

68 Confidence level before starting
your flights (1—great ) 3,56 1 ,33 2,63 L A 1 ,19

69 Level of risk pressure coping with
teohn.failure or error (1—high ) 4,67 • 1,87 5,44 1,67

70 Responsibility pressure carrying

— out your missions (1—high) 3,89 ‘—4’—’ 
. .i .i~ ~~~~~~~~ 

‘. . .
Impact on System Performance
by Disturbing Factor.

75 Temperature control 3,78 1,30 4,44 1 1 ,67
77 Traffic density in congested area. 3,50 1,41 4,38 - 2,00

82 Trouble of pressurization 4,00 - 1,5( 4,89 L I 1,45

Ixamples of the 19 Open Questione

83 Which of the arrangement, in the cockpit do you find to be disturbing?
84 Which operating elements could lead to wrong handling, and why?
85 I. the arrangement of the eystem elem ”ts optimal for all handling sequences?
90 Which display systems can lead to inaccurate or erroneous interpretations?
94 Which flying oharacteristia of this type of aircraft call for your special attention?

95 Do you find the handling and operation of the existing autopilot to be sati.factorily designed?
96 Is the 4.gr.e of automation in the .y. t .ms an adequate help for safe piloting?

1 ‘1 Are there any changes in your flying training that you deem absolutely necessary?
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DISCUSSION

M.G.S.nders: You mentioned that with subjective ratings you can measure on an interval scale. Hence, I wonder why
you calculated means and standard deviations, which are in fact meaningless figures. Why did not you calculate medians
and inter-quartile ranges which are meant as measures of central tendencies for data like yours?

K.Steininger: It is in fact one of the most difficult problems of subjective ratings to measure them on an interval
scale. We did not stress this requirement of rating technique for the purpose of our investigation. The calculation of
means and standard deviations was made in the first approach to evaluate the data, and I agree that the calculation of
medians and inter-quartile ranges could give a more precise picture of the data central tendency. Of course, we will
do so in the next stage of a following series of such cockpit studies in our project.
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Subjective Stress Assessment as a Criterion for Ms.suring
the Psychophysical Workload on Pilots

by

Hans-Peter GOLRRES
German Air Force Institute of Aviation Medicine

Ptiretsnfeldbruck

Some years ago the Ger.an Air Force Institute of Aviation Medicine was ordered by the Federal
Minister of Defence to search into the psychophysical workload on pilots operating military
aircraft within the Federal Armed Forcee.
This directive was based on the assumption , that flying pay should not be granted without a
scient ific basis for the justification of the differences between pilots of jet— , prop— , and
helicopter aircraft.
First the t.r. ‘~peychophysical workload” must be clarified. It comprises the effect. of the grand
total workload on the human organism , human behaviour , and subjective feeling. GERBERT (1976) has
defined thi. term in detail: “Psychophysical workload induced by an activity will not only depend
upon duration and intensity of stressing stimuli, but also upon intra—individual factors in the
stressed subject himself (physical feature., functioning of the sensory organs , vegetative statue ,
and present state of health as a prerequisite to phyeical performance; job—related knowledge ,
abilities , skills , need for achievement , experience, and emotional st ress resistance as psychic
and mental determinants of strain)I” In consensus with RORMEIT he states the following formu la:

workload • expenditure of somatic energy
+ difficulty of task
x durat ion of act ivi ty

strain — workload effect on the individual

Having clarifi.d, what is to be assessed and evaluated , the question arises, how it is to be
measured and in what way it is to be interpreted.

When viewing workload effects as such , immediate physiological reactions are predominantly
•.a.ured as strain parameters (engagement , arousal).

a) physiological examination •ethods: heart rate , arrhythmia of beast rate ,
respirator y volu me , blood pressure , body temperature , skin resistance ,
micro vi bration a.s .o.

b) electrop hysica l methods: electrocardiogram (ECG), electroencephalogram (E~ 1)and others.
c) biochemical methods: blood— , urine , and parotis— saliva—analyses with regard to

workload specific changes, respiratory quotient and so on.
d) methods of sensory psychology: they are based on the aseu .ptio n,thst perception

thresholds will change under psychical and physical st rain/fatigue. Main
procedures: det ermina t ion of cr i t ical flicker fusion (CI?).

For some time the Institute of Aviation Medicine atte .pted to cope with the task presented by
using the abov, mentioned measurement aethods.
When , however , it became eviden t , that the duadline set for an expert opinion on this proble.
would not permit the application of these •ethods , the physicians were faced with a thorny matter
and they confronted the psychologists with th. question , whether the measurement of psychic strain
and workload migh t yi.ld plausible results in time.

This in turn offered the following methodical possibilities;

e) work— and time studies by recording so—called actions and events
(activities are recorded according to time sequence , frequence and duration).

f) evaluation of task difficulty by trained external experts.
The following is evaluated:
1. extent / diver.ity / app.rc.ption and output of information (the

proportion of manual , mental and various cognitive processing work ).
2. Difficulty of task considering mental and emotional aspects.

g) application of secondary tasks: the infor.atio n processing capacity remaini ng
vacant while performing a task is filled “ up to the brim ” by additional tasks.
The performance resp. performance f luctuation in the side task say — with
certa in reservation — be used as a measure for workload induced by the pri mary
task.

h) registration of subject ive assessments of workload situation through
standardised interv iews and questionnaires (acc . to GERBERT , 1976).

Of these psychological methods e) and g) were eliminated for reasons of time and f) because there
were a. tra ised external experts available.
Only method h) remained, mm.ely the “ registration of subjective assessments of workload situations”
b’~ means of standardised interviews and questionnaires.

From the foregoing it is evident , that met hods to obtain subjective opinions can not be a
substitute for objective scientific observations and experiments.
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They are, however , a useful source of informa t ion and especially so in cases where scientific
measuring is imp ossible for any reason whatever.
Such a j udge ment of experiences encountered is a piece of “ phenomenal reality ” (RADL, 1976).
This is true even though one sometimes has the impression , that they are in contradiction to
the verifiable results of objective procedu res. This will have to be illustrated in detail
later on. Among the most important methods of obtaining assessments are the following
(acc. to RADL , 1976):

— free interview
- standardi sed interview
— qualitative questionnaire
— multiple choice queet ion naire
— comparative ju dgesents and
— graphic rating scale (polarit y profile).

We decided to apply a combination of comparative judgement s and graphic rating scale ., making
use of the advantages of both methods , namely :
— little expenditures for application and evaluation,
— comparison of intersubjective results were insured
— negligible falsification of results through the influence of the psychologist, interviewer
or .xperim.ntalist ,

— results are given in ordinal numbers.

£ thorough scientific verification of the procedure for “subjective stress assessment” in
to be found in publication . by WETER and HODAP? (1975): “...subjective indicators differ from
the remaining “reaction methods” in that stress is not directly analysed. The subject is rather
urged to be introspective. This is very well in agreement with scientific work. It i. accomplished
by asking the man more or les. the direct question. concerning his subjective experience of strain
or workload.”

This term implies the following: instead of measuring well—defined parameters the exmminee
is asked a number of standardised question.. Standardised in this context mean s, that the
possibilities to give answers are limited , predetermined and thus quantifiable. Every question
concerns a streseor , which has been determined as being relevant. Simplified , a question goes
like this:

“How does this streseor affect (strain) you?”

As an answer the examines is required to enter a check mark on a scale with numbers ranging, for
example , fro. zero to six.

High workload No workload
6 - 5 — ’ + — 3 - 2 — 1 - O

The instructions for filling in the scale are:
“On all scales looking like the above sample please mark the number which you think applies to
you with a clear “X” on the line. The scale may be compared with a thermometer , whose one end
is marked “hot” and the other end “cold”. There is a gradual transition between both final
points which you sho ild consider as such, when we ask the questions. Wherever there are scales,
there is no Either — Or I”
This method permits the computation of answers provided by examinees, e.g. the calculation of
mean scores, variability scores and correlations.
Thus a subject can be given many sore questions within the available time than would be possible
during a less structured , not standardised interview , since the answer ‘ethodology is easily
comprehensible and will permit many answers within a short period of time .
The disadvantage in comparison with an interview i~ , that one is not informed about the background ,
justification and the like , which might have led to the anewer.
It is clear , that with such a scale we are not measuring workload as is done with meters or
kilograms, but the scale can very well provide an answer how different groups of persons assess
the ease stressor as to it. straining effect. To illustrate this , • simple example:

We addres, the following queetion to two groups of swimmer.: “how high is the strain on
you , if you are to swi• one mile in one go?” Provided the first group consists of long—distance—
swimmers and the second of short—distance swimming sprinters , the mean score of the first group
is most likely in the vicinity of the score “2”, wherea. the second group will possibly score “5”.
You may put an additional question to th. short—distance swimmers: “What do you think i. the
strsin on long—distance swimmers over a distance of one mile?” and vice versa. If the groups
know each other , the assessment of the other group will come close to the assessment by the own
group . If this actually happens , two subjective
aases.ment. have resulted in one “ quasi objecti ve score ” !
To complement the example of the swimmers : if you ask the short distance swi mm ez-s : ”Wha t  do you
think i. the strain on long—distance swimmers over sprint—distance? and vice versa , the scores
will be reversed. (Perhaps you know , that long—distance swimmers find it enormously difficult to
sprint I and on the contrary sprinters are al.ost sure they would fail over long distances!)
If we add the workload in both discipline, for both groups, vs will get similar total sean scores.
Applied to aviation this example illustrates the imp ortance of considering ..l l stressor s imaginable ,
wh en measur ing workload — or in our cas. e a t i • a t i a g workload — , before arriving at
conclusions about stress or strain.
A roug h classification reveal s the f ollow ing major groups of stress factors in aviation

— environmental stressor . ,
— task stressors , and
- emotional stressors—
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It is safe to assume , that physical workload is foremost the result of changes in environ mental
co ndition . inherent to flying (physical parameters , e.g. 0—forces) • environmental stress.
Men tal workload stems from t he nearly cont inuous requirements on vigil ance , percept ual—.otor
and intellectual activity in operating the aircraft and coping with navigation and mission—
specific tasks • task stress.
Emotional strain is caused by the awareness of increased accident risk and responsibility —
emotional stress. Depending upon the number of stress factors and the extent to which they
act on the individual ’ s body and psyche there are qualitatively and quantitatively different
stress constellation, for the various aircraft categories ( jet , prop , and halo) , aircraft types
and missions.
To get a starting point in th. investigation of these strses—conste llations was one goal of our
examinations with the questionnaire for “ Subjective Stress Assessment ” in addition to complying
with the order given to us by the Ministry of Defence.
Now you may perhaps voice several objection., one being, that with questionnaires one would always
have to reckon w i th  f a k i n g • In a questionnaire concerning workload probably with
exaggeration, in another one covering sym ptoms of anxiety probably with understatements and so on.
I’irst of all we readily admit these sources of errors , but we have done our best by assuring
anonymity and by not clearly stating the purpose of questioning to obtain frank answers.
An indicator for the success of our efforts can be derived from the very low standard deviations
of the scores in various groups and in most cases. Regarding the question for symptoms of f e a r
o f f 1 y i n g our efforts have clearly failed. Probably certain psychic defence •echanisms
prevailing in such socially not accepted spheres simply won ’t permit honest answers even when
compl.te anonymity is assured. An observation, which KINSEY already had to mak e in his report on
sexual behaviour.

Evaluation by electronic data processing covered the completed questionnaire, of
117 Jet Pilot.
41 Multiple Engine Prop Pilots
14 Single Engine Prop Pilots
45 Helicopter Pilot.

217 • Total

Judged by age and years spent in aviation the distribution of the groups was normal , approximately
half of them had been flying for more than nine years. However , there were also an adequate number
of beginners and advanced pilots.
On an average

Multiple Engine Prop Pilots had flown 1.400 hours,
Single Engine Prop Pilos 1.250 “

Jet Pilot. 1.220 “ and
Helicopter Pilots 1.140 hours.

Regarding the present operational flying status there was clear intra—group diversification.
In consequence , commenting on the results presented below is rather valid for the four group..
To facilitate better understanding of the many figures in the tables listed, of which this paper
will only deal in detail with the first and last one, a short explanation:

Total Jet M.-Eng. 8.—Ing. Helo.
M~~~ 1D MS ED MR SD MS SD MS ED

1) physic.stress 3.9 1.4 3.9 1.4 3.5 1.2 4.7 1.5 4.3 1.3
2) mental stress 4.2 1.3 4.2 1.3 3.9 1.4 4.7 1.3 4.4 1.2
3) psycholog. stress 4.0 1.5 3.8 1.5 3.8 i.8 4.5 1.2 4 .5 1.2

Table 1.
A high score in the Mean—Score—Column (ME ) stands for a subjectively hi gh workload on the

pilots caused by corresponding stressors, and conversely a low mean—score represents a subjectively
lower workload.
A high score in the Standard—Deviation—Column (SD) indicates high intra—group diversification ,
meaning that there are great differences on the estimated deg ree of workload connected with this
stressor. High mean score and low standard deviation mean , that there is a relative concord
concerning workload.
It is obvious that intra—group standard deviat ion must be smaller than that of the groups
altogether since , for example , the same mission does not necessarily call for the same requirements.
Low Level for helicopter pilots implies a minimum altitude of 30 ft AOL , for a jet , however ,s bout
500 f t  AOL.

R e s u l t s
First a thoroug h analysis of table I showing the pilots ’ assessment concerning their total

workload. The question was: “How high do you rate the degree of physical , mental and psychological
stress in your entire flying activity? (psychological stress includes all straining factors imposed
by r .sponsibility, flying risk , nec .ssity of team work etc.)” At first glance it is noted , that
Single Engine Pilots have the absolutely highest sean scores.
That should not be surprising , mince the 14 Single Engine Pilots are almost exclusively Instructor
Pilots. This job seems to be one of the most demanding of all , according to the resul ts of a
question dealing with the degree of effort in diverse mismions (table 2).
Furt hermore it can be seen from table 1 , that obviously mental stress on jet— , multi engine— , and
single engine pi lots ranks highest , whereas in helicopter pilots the tendency points to an
increaaed psychic stress. This tendency may be explained by the emotionally higher experienced risk
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to which the helicopter pilot finds himself exposed. In case of engine fai lure or similar
incidents he is required to initiate an act ive •elf remcue action , called “ autorotation ” .
1st also with respect to physical and mental stress the scores of helicopter pi lots surpass
those of jet- and multiple engine pilots sign ificantly (p — 0.05).
There is more than one explanation : one could be , that in this group the abilities are not up
to par with the requirements. The causes would lie in an inefficient personnel selection and / or
-assignment. Or , operati ng a helicopter is very demandin g indeed , also on a good pilot.
At any rate it is of imterest , that phys ical stress is assessed as boing lower than a mental
and psychic one. In order to verify this physiologically, the physic ians would be required to
verify unequivocal par ameters in the body , which may not be quite simple.
Table 2 reveals sosethin g about subjective stress during various missions . Let’ s only discuss
them in brief , although tables 3 to 8 do not lend themselves for long discussion , but are intended
as an additional source of information to enable you in a thorough scrutiny back hoe to check
our conclusions presented in the final part.

Table 2 Subject ive Stress During Various Missions

Total Jet N-Prop S-Prop Ed o

MS SD MS SD MS SD MS SD MS ID 4
1) Ifl — Flight/Hood 3.3 1.5 3.2 1.4 3.5 1.6 4.7 1.1
2) IlK — Night 3.3 1.5 3.3 1.5 3.2 1.6 4.8 1.0
3) Formation/Day 3.5 1.7 2.8 1.4 6.5 1.8 3.4 1.8 6 .7 1.1
6) )‘ormatiou/Wight 4.6 1.3 4.5 1.4 5.2 1.2 5.5 0.8

5) Tact. Formation 2.9 1.7 2.2 1.5 3.9 1.7 6.1 1.1
6) Low—Level/Day 3.0 1.7 2.6 1.5 2.9 1.7 3.4 1.2 4.3 1.6
7) Radar-Low-Level /Day 2.6 1.6
8) Radar- low—Leve l/Dight 3.5 1.7

9 ) Close Air Support/PAC 3.0 1.7
10) Intercepts ~~+ 2.7 1,6
11) Instrument—Check—Flight 3.8 1.5 3.8 1.6 3.9 1.7 4.2 1.5
12) Tactical Check Flight 3.5 1.5 3.6 1.6 3.1 1.6 2.1 1.6 3,9 1.4

13) Low Level Sea 3.0 1.9 2.6 1.8 3.2 2.0 2.0 + 1.4

14) Montain—Flight 4 .8 1.2
15) Cargo Drops 3.6 1.9 3.3 1.9 6.3 1.5

16) S A H 3.3 1.7 3.0 1.6 3.6 1.7
17) Long-Range-Flights 4.2 1.8

18) 17K—Formation Flight 4 .3 1.7 4.3 1.8 3.0 + 1.0 5.2 1.0

19) A utorotat ions 5.1 0.9
20) VFR - Might Flight 4.5 2.0 6 .9 0.9
21) ACT (Air Comb st Tr.) ~~+ 4.9 2.2
22) Instructor Flyi.ig (39 I.) 4 .6 1.1 4.6 1.2 4.7 1.1 4.8 0.4 5.3 + 1.0
23) “Range Only” 4~ 6.9 1.5, possibly with weapons and camera + - less than 5 check marks.
In general an MS difference of more than .5 i. sign, in the 5%—level.

Table 2 indicates the subjectively experienced strain reap, stress during variou. missions. The
question posed to the pilots was: “Which missions strain you and to what extent?”
It is clear, that the “ H.licopter—lIight—For mation— Flight ” is obviously the most demanding mode
of operation altogether. It is followed by Night—Formation—Flight in Multiple—Engine—Propeller—
Aircraft . Traini ng—Flig ht. with Helicopter—Students , Helicopter—Formation -Flights during 17K-
weather conditions and only then by some jet •issiona such as Air Combat Trainj.ng (ACT),
Gunnery and Night Formation Flying. The least scores of strain seem to be attributed to missions
such a Jet Tactical Flight and Tactical Check Flig hts in Single Engine Prop Aircraft. Your
stt int ion is invited to table 3, which has provided some surprises.

Symptoms of tension (an ~~ehension) • Table 3

Total Jet K—Prop I-Prop He~,oNI ID MS SD MS lb MS ib MS SD

1) Gastric Disorders 1.0 1.5 1.1 1.5 1.3 1.9 0.2 0.6 0.5 1.0

2) Headache 0.9 1.3 0.6 1.2 1.2 1.6 0.7 1.7 1.1 1.5

3) Diarrhea 0.3 0.8 0.3 0,6 0.4 1.3 0.6 1.3 0.1 0.6
1,) Moist Hands 1.6 1,6 1,4 1.5 1.3 1.7 1.6 1.5 2.1 1.5

5) Lack of appetite 0.7 1.3 0.8 1.4 0.8 1.3 0.6 1.1 0.6 1.3
6) Airs ickness 0.2 0.~ 0.2 0.6 0.3 0.6 0.1 0.3 0.1 0.4
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7) Narrowing of mental 0.6 0.9 0.5 1.0 0.5 0.9 0.4 0.9 0.3 0.7
channel capacity

8) Desire that flight be 0.’. 0.8 0,4 0.7 0.3 1.1 0.2 0.6 0.3 0.7
cancelled

9) Desire that flight come to 0.5 1.0 0.6 0.7 0.9 1.5 0.6 1.1 0.6 1. 2
an end as soon as possib le

10) Inability to sit still 1.0 1.6 0.9 1.3 0.9 1.4 0.7 1.1 1.3 1.9
ii) Pain in the eyes (‘.4 1.0 0.6 0.9 0.6 1.3 0.2 0.6 0.3 0.8

12) Heart coneciousneas 0.9 1.3 0.9 1.2 0.9 1.3 0.7 1.3 1.0 1.3

13) Sl.ep disorders 0.5 1.1 0.6 1.3 0.5 0.9 0.0 0.0 0.5 1.2
1’.) Shaky knees 0.4 0.8 0.4 0.9 0.6 1.1 0.1 0.5 0.2 0.5
15) Increased appetite 1,2 1.7 1.3 1.7 1.1 1.6 1.1 1.9 1.2 2.0

16) Change of mood — negative 0.5 1.0 0.5 1.0 0.5 1.0 0.1 0,3 0.5 1.1

17) Euphoria 2.9 2.0 3.1 1.9 2.7 1.9 2.7 2.0 3.2 2.3 a

18) Own observations : the only 4.1 1.6 4.3 1.3 6.3 1.5 6.0 0.0 3.8 1.5
one stated by the pilots:
“Nicotine ” • increased desire to smoke (69 subjects).

The corresponding question is: “Nearly all pilots experience a certain tension prior to flight.
The following list contains various symptoms of tension. Please assess yourself, whether and to
what extent the symptoms apply to you.”
It is surely most spectacular, that —without this item being listed in the questionnaire- 49
pilots spontaneously entered in the free line provided under number 18: “Increased desire to
smoke”. Any smoker knows, that the yearning for a cigarette is very pronounced immediately
before or after a highly stressing task.
Furthermore it must be noticed , that “Moist Hands” were admitted as the only, weakly pronounced
tension symptom.
The elevated underlying mood , even euphoria because of the impending flight, seems to be clearly
predominant. This is shown by the scores of item no. 17.

Tables 1. • Environ mental Stre asor s , 5 • Ergouo mical Stressors , 6 a Mission Streasors ,
7 a Task Stressors , and 8 • Emotional Stressors provide information on a series of sp ecial
stress factors  to which pilots of such diverse aircraft types find themselves exposed.
The question is: “To what degree do you feel stressed during a mission by stress factors listed
below?”

Based on table 6 • Environmental Stressors it becomes evident that air temp erature is often
felt to be very str $ss ing by helicopter pilots. In fact measurements in helicopters have revealed
temp eratures of 140 F, if the helicopter had to hover on a summer day and the sun was directly
shining into the cockpit.

Total Jet N—Prop S—Prop E do
MS SD MS SD 118 Sb MS Sb MS Sb

1) Air temperature  3.5 i.8 3.2 i.8 3.3 1.7 2.9 1.6 4 .3 1.5
2) Humidity 3.0 2.0 2.9 1.9 2.6 1.9 3.3 2.1 3.5 1 .5
3) Noise 2.8 1.9 2.6 i.8 3.3 2.2 2.3 1.7 3.7 i.8
4) Vibration and Aircraft 2.8 1.8 2.0 1.5 3.9 1.7 1.4 1.5 3,9 1.2

mot ions through t urbulence
5) Odour 1.4 1.6 1.4 1.6 1.2 1.7 1,3 1.3 1.3 1.6
6) 0—Forces 1,4 1.9 3.3 1.7 1.2 1.3 1.7 1.5 0.8 1.3
7) Air Pressure Fluctuations 1.9 1.8 2.4 1.7 1,7 1,9 1.0 1.5 0.9 1.3

Table 4: Environmental Itressors

In table 5 - Ergososical Stressors, i tem no. 13 shows that sitting comfort is helicopter. of the
Federal Ar ed Forces is completely lacking. It is a fact , that the construction of the plastic
seats prevents ventila tion co.pletely, causing an even unstraine d observer to sweat profusely
om his back after a short period of time. This could easily be remedied. Ite. no. 9, wearing of
the “Frankensteim ”, the Mark 7 Pressure Suit , was obviously a tort2re for the jet pilots.
Rec ent experiences with the Mark 10 are better.
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Total  J.t fl—Prop S-Pro~p flelo
MS SD MS SD MS SD MS SD MS SD

8) Cramped for space (Lack of 1.9 1.9 1.9 1.9 2.1 1.9 1.1 1.7 2.1 1.9
motion)

9) Wearing of flying suit , 2.8 2.3 4.1 1.9 0.9 1.5 0.6 0.9 1.? 1.9
(pressure suit etc.)

10) Parachute harness 1.9 1 .7 1.9 1.5 2.4 1.9 1 .3 1.7 1.5 2.0

11) Live Vest ?.9 2.0 3.6 1.5 2,6 2.0 0.~ 0.8 0.8 ~.6

12) Headset 1.8 1.6 1.3 1.4 ~~~ 1.8 1.6 1.7 2.6 1.5
13) Seating condition s .8 2.0 2. 1 1.7 3.5 1.9 1.6 1.3 4.5 1.7

14) Illumination 1.1 1.4 1.4 1.5 1.0 1.4 0.6 0.9 0.6 1.2

15) Dimmed lighting without 1.3 1.5 1.6 1.5 1,1 1.5 1.0 1,3 0.6 1.5
external vision

16) Instrument Layout not ?.5 1.8 2.8 1.8 1 .9 1.6 1.5 1.6 2.7 2.0
optimal a

Table 5: Ergonomical Stremsors

From the scores in table 6, Mission Streanors , it may be deduced , that quite often it in
not flying itself , which in felt to be streasing, but the accompanying circumstances , such an
the irregularities of the meals or fatigue during prolonged flights.

Total Jet fl-Prop S-Pro~ Helo
14$ SD MS SD MS SD MS SD MS SD

1”)Fatigue due to duration 3.2 1.7 2.5 1.6 4 .6 1.4 2.1 1.5 3.9 1.3
of’ flying

i8)Fatigue due to monotony 1.9 1.6 1.4 1.5 2.6 1.6 1.4 1.4 2.5 1.7
of job

19)Night flying 2.8 1.8 2.9 1.8 2.4 1.9 1.8 1.9 3.2 1.7

20)Irregularitie8 of meals 3.3 ?.1 2.9 2.0 4.7 1.8 1.6 1.4 4 .5 2.1

21)qualitiee of meals 2.8 2.1 2.4 1.9 4.1 1.9 1.9 2.0 2.9 2.3
22)Sleep deprivation during 1.7 1.7 1.4 1.4 2.8 2.1 0.7 0.8 1.1 1.9

flights abroad across time
zones

Table 6: Mission Streesorn

Table 7 • Task Stre~sorn (mental workload stressors) confirms the impression , that flying as
a job is not felt as being to stressing. The highest score here is 3.4 and refere to the
nece~nity of jet pilots to process information quickly and make decisions.

Total Jet N-Prop S—Prop Helo
M~~~~~SD MS SD MS SD MS SD MS SD

23) Necess itly for simulta~eous2 .9 1.8 3.0 1.8 2.7 1.5 2.6 1.7 3.2 1.9
concentrated supervision of
various information media
(“monitoring”)

24)  quick information process. 3.1 i.8 3. 4 1.8 2.9 1.5 2.2 1.4 3.0 1.9
and decision making on a
higher level

25) Handling of aircraft 1.9 1.6 1.6 1.5 2.3 1.7 0.6 0.9 2.7 i.8

Table 7: Task Stressors
(mental workload atreaaors)

Also the scores of table 8, Emotional Stressors, are mostly of no consequence , except the rink
experience of lie helicopter pilots. Here the score of 3.8 is distinctly higher than estimations
of other groups regarding this possible emotional atresa.

Total Jet N—Prcp S—Prop Helo
Mã~~~~8D M8 SD MS AD MS AD N S S D

?6) Fear of Failure 3.0 1.6 2.8 1,6 3.0 1.6 3.2 1.8 3.4 1.6
27) Risk experience 2.7 1.7 2.5 1.1 2.2 1.4 1.7 1.5 3.8 1.~.

28) Necessity for Crew 1.9 1.7 1.9 1.6 2.3 1.6 0~6 1.1 2.0 1.8
Cooperation

29) Human R.]ations within Crewl .8 1.7 1.7 1.6 2.3 1.7 0.7 0.9 1.9 1.7

30) Prolong.d absence from 2.6 2.0 2.6 2.0 2.5 2.1 1.9 1.9 2.8 1.9
family

Table 8: Emotjppal Stressore



HI 1-7

Table 9 • “How I see myself and the  others”, contains very interesting information on how
individual groups see themselves with respect to all other groups. The corresponding question
was: “Make an sasesament of yourself and of the other piLot groups, which follow , with a view
towards total stress (physical ~~~~~~~~ mental ~~~~ psychological strain)

Table 9 • “How I see myself and the others’

Total Jet N—Prop 8— Prop Helo
MS SD MS SD MS ~D MS SD MS SD

1) F.—Bomber Strike F— 104: 4.6 1.1 4.5 1.1 4.5 1.0 5.2 2.1 5.0 0.8
2) F.—Boaber Attack F-104: 4.7 1.0 4.4 0.9 4.7 1.0 5.2 1.2 5.2 0.7
3) F,—Bomber Attack G— 91: 4 .3 1,0 4.1 1.0 4.3 1.0 4 .7 2.1 4.9 0.8
I4) Tact .Reconnaisaance F— 10k: 4 .3 1.1 4 .0 1.2 4.6 1.2 4.9 0.7 4.7 0.8

5) Tact .Reconnaiaeance G—9 1: 4 .0 1.2 3.8 1.2 4 .1 1.1 4.6 0.9 4.5 0.9
6) All Weather Fighter F—104 : 4 .8 1.1 4.6 1.2 4.7 1.0 5.3 1.0 5.2 0.9
7) instructor r—104/G—91: 4.6 1.3 4 .3 1.3 4.6 1.3 5.4 1.1 5.4 0.9 4

8) Cargo Jet Boing 707: 2.6 1.4 2.1 1.2 3.2 1.6 3.9 1.6 2.9 1.3
9) C.—Jet FIFE 320/Jetstar: 2.7 1.2 2.2 1.0 3.3 1.2 3.4 1.4 3.0 1.1

10) Tranmall C-i60 2.9 1.2 2.3 1.0 3.9 1.1 3.8 1.2 3.2 0.9

Ii) Instructor M.E.Prop 3.6 1.2 3.1 1.1 4.0 1.0 4.6 1.0 4 .2 0.9
12) Norstlas ND 25 3.0 1.2 2.5 1.0 3.9 1.1 3.8 1.2 3.1 1.0

13) Do 27/Piaggio 149 D 2.1 1.2 1.5 0.9 2.4 1.2 3.4 1.2 3.0 0.9

14) Instr.Single Egine Prop: 3.1 1.3 2.5 1.1 3.3 1.0 4 .5 1.4 4.0 1.1

15) Helicopter UH I D 3.5 1.3 3.0 1.2 3.7 1.2 4.1 1.0 4.6 1.0

16) Helicopter Alouette II: 3.4 1.3 2.8 1.2 3.5 1.2 3.7 1.0 4 .5 1.1
17) Helicopter Instructor 4 .0 1.1 3.5 1.4 4.1 1.1 4.6 1.1 5.2 0.7

You will immediately notice , that an a rule jet pilots score themselves lower than judged
by other groups.
Jet groups themselves will assess nearly all other groups lower than these judge themselves and
also as they see themaelven mutually.
The reason may very well be found in the curious German flying system , which until recently wan
based on the law “supply and demand” and which has caused the formation of certain images: the
saturated pilot , in our case the jet pilot , will understate his own stress but also that on
other non—saturated groups. These in turn are baffled by the high flying pay of jet pilots, wil l
consequently score them very high and will now see themselves in relation to them. This may
possibly result in overestimation.
The scoring differences , however , are not of such a magnitude a~ to make them useless for a
concluding overall summary.

C o n c l u s i o n
The final calculation was accomplished as follows:

We computed average scores for
— the five most demanding missions in each group
— all Environmental— , Ergonomical— , Mission—specific— , Mental— , and Psychological Factors, which
have been provided with a check mark

— all intra—group judg.ments
- jet pilots ’ assessment of other groups
— inter—group judgesent without jet pilots
— overall assessments with jet pilots and
— int ra- and inter—group j ud gement s.

Thus we arrived at a combined scoring table for all intra— and inter—group assessments
regarding all specific stress factors and the overall workload.
Next we converted these scores into percentages , assigning 100% to the group with the highest
score and putting the ~ ter groups in relation to it. This does not imply, that the highest group
is charged with a workload of 100%, or overstreused to 100%. It merely means having a basis for
comparison I

Final Score

100 S — Jet Pilots

95 5 — All Instructor Pilots

90 5 • Helicopter Pilots

75 5 • Multiple Engine Prop Pilots

60% • Single Engine Prop Pilots

5 5 - round of f !)
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Thin final result substantiatea our expectations to a high degree. The comparatively low
score of the Single Engine Prop Pilots may be considered as being realistic , provided it in
confined to the flying activities of a “simple” pilot on a single engine prop aircraft . The
instructor activities rate high also on these aircraft types. The profiles of workload are
cha-acterized by missions and types of aircraft and are typical for all pilot groups. This is
substantiated by the tables.
in contradiction to the high assessment of fly ing stress on part of the pilots and also contrary
to experiences by Fli ght Surgeons and Aviation Psychologists we find , that psycho—vegetative
symptoms (table 3) an necessarily resultant signs of streas are minimized , and t h i s  is done by
all pilot groups to the sante degree.
The phyaical workload in its entirety is unanimously assessed lower by pilots than mental and
emotional(” paychologica l”) work load.
The jet pilot is mainly occupied with i~?d’nito ring and decision making, the helicopter pilot with
ai rcr a f t h a n d l i n g ,  and the multipl e Engine prop pilot is torever confronted with his responsibility
for  h is  passenger s, equipment etc.

with all the reservations towards the subjectivity of questionnaire findings on mind , i t  nay
nevertheless be concluded , that th ir study is not without a certain relevance.

As par t of an extensive research at the GAF Institute of Aviation Medicine it has surely
con tributed to reduce bias. This bias had resulted in grossly u n j u s t i f i e d  classi f i c a t i o n s  of f l y i n g
jobs when determining flying pay.
At least our stud y served the purpose of adjusting f l y i n g  pay in line with our percentage.
For a long time the pilots were satisfied with the outcome , or is there a better way to handle
th i s problem?
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DISCUSSION

R.A.Aibsnese: Did jet pilots judge both jet workload and helicopter workload and vice versa? How did the judgements
compare?

H..P.Goentrs : Yes, all pilots judged each other. Judgements did show consistent differences.

I

I
_ _ _ _ _ _ _ _ _ _ _ _  - — — •
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ROLJNI) TABLE I)ISCLJSSION

R.Aulfret: [c s et udes ~ie charge de travail CvoquCes au cours de notre session font appel a dive rses inCthodes de
mcsurcs plus ou Iflultis ~rrt~lees avec ks charges de travail des pilotcs.

In ri~suinC , dans Iv’s coin munica t  ions eli te udiucs, ont ~I ~‘ pra t iciuées
e Mt- sure des mouvenlents de Ia Iv’l e ci dv’s vcux pour connaitre Ia prise d’inlormation .

e Mesures physiofogiquc . variations inCtaboliqucs et cndu’criniennes , ary lhunic cirdiaque
e \lcsure di’ I.i pcrf rni.inec . ecart par rapport a unc t raje ctoi re idCale. ac (IUiSitiofl dv ’ a cible . rCussite de Ia

mission

• 1 .ich c seciunduire pour ecuinall re Ia dispunuhiluie du pilote.

e Mv~t hodcs subjective. par questionnaire d rigt~ fatigue . huineur , sommeil ct par questionnaire (Cooper—
Harper) sur performances.

Dc numbreuse.s situations operationnelles onl etv CvOquCes: 4

• Vol a bassc altitude, en ruse mottes (Nap of the earth), sur hClic optCre.
e Vol de longue durée et dCp lacement transocCau ique.

• Pilotage et atterrissage sans visib il ité , et du nuit , sur hélicoptCre.

e Coinparaison ci choix des modes de presentation des informations.

e Appontage sur Porte avions.

Devant Ic grand nombre de méthodes et d’études, le médecin , l’ingénieur, l’ergonomiste de I’aéronautique ont
certainement des difticultés a choisir l’expérimentation La mieux adaptée. Cependant. il nous est frCquemmen t demandé
d’étudier et de comparer Ia charge de travail d’un pilote avec plusieurs modes de presentation des informati ans. Dans
tdle situation opérationnelle, quelle méthode de mesure allons nous mettre en oeuvre pour informer au mieux les
“financiers” charges du choix des programmes ou bien Ic commandement qui a besoin de savoir si telle mission est ou
non dans les limites de possibilités humaines.

Ne serait-il pus possible, dans quelques situations aéronautiques particulières de citer et de hiérarehiser les méthodes
prati ques et réatistes d’étude de Ia charge de travail? Cette tentative pourrait servir de debut d’uniformisation des
techniques employees dans nos divers pays. De plus, toute méthode subjective de mesure ne doit-elle pus étre corrClée
avec une mCthode objective?

Je souhaiterais demander a Mr Sanders et Mr Lovesey quelles sont les mesures les plus intéressantes a effectuer
sur hélicoptCres dans Ic vol a basse altitude.
E.J.Lovesey : I think probably I had better start by saying what not to do; I think the only reason why I have been
allowed to fly with the British Army is because I am the lesser of two evils.

By my passive filming I replaced a rather more active method. I understand that , before me, during nap-of-the-earth
flying they used to take blood samples and I think it did rather distract the pilot. Nevertheless, if by “nap-of-the-earth
flying” you mean a helicopter low-altitude flight, I think we must be really careful not to do anything to distract the
pilot. Therefore, the methods must be fairly passive, and so there will be objective methods such as measuring the
aircraft performance and ability to fly a certain flight profile these, I think, must be done, although it is very
difficult from these measures always to know exactly how hard the pilot finds it. We heard from Wing Commander
Nicholson, the other day, of the method of analysing speech patterns and in fact there are one or two promising methods
coming along which I think are ideally suited to evaluating pilot workload, because all we have to do is just plug into
the intercom; the pilot is not affected in any way. Once we start attaching things to the pilots then , of course, we
run the risk of influencing his workload and his performance. Again. I take your point; I think that, as well as having
objective measures, passive or otherwise, we must always back these up and try to correlate them with subjective
measures. We have heard of one or two such methods here today. But , w hatever we do, we must not change the
activity pattern of the pilot by measuring whatever he is doing.

R.Autfret: Merci Mr Lovesey d’avoir insistC sur un point qui me parait capital: I’impCrieuse nécessitC de ne pas
interferer avec Ic travail du pilote par un enregistrement pCnalisant et stressant qui risque de fausser les mesures.

Mr Sanders voudrait-il ajouter quelques mots?

M.G.Sanders: I agree with Mr Lovesey. I believe that it is highly critical that we do not interfere with the operational
or in-flight performance of the aviator during his performance of various missions. But I do think that it is important
to evaluate exactly what the problem is. The question of what measurement technique should be used on low-altitude
flight is a very general one because, in our situation, we are forced to respond to questions or problems that deal with
the great many different activities involved in low-altitude flight. So the kind of measurement techniques you might
utilise greatly depends on the problem area itself. If one is forced to evaluate problems pertaining to the pilot, we would
have to consider primarily those activities related to psychomotor performance such as aircraft inputs or control inputs,
as well as engine and aircraft status, such as Dr Lees reported earlier. Because his duties are primarily psychomotor,



Ki t 5

t hat would he the first area to investigate. h owever , during the first session, Mr.Simmons presented a film illustrating
t he visual act iv i t y  of the pilot during low—altitude flight , and it was quite evident then that the visual workload was a
significant factor in his performance of that duty. Moving on to the co-pilot , his du ty is primarily a visual and information-
process ing one. h owever . il could he that the verbal or auditory factors or sensory modes should be examined a great
deal in both flue co-pilot and pilot performances of these operations. lii general , we feel that the objective measures
are t he primary tools for evaluating performance in flight. But there are always situations in which the subjecti ve
measures must be uti lisv’d to help us better understand (lie problems and app ly more corre lation between our objective
data and the subje ct ive feel of the pilots.

R.Auff r~t : l.a conulaissance dv’ ha prise d intormation visuelle du pifole est Cvidemment essenlielle hors des vols basse
alt itude en hClicoptCre. Maiheureusement les systèmes oculomètres actue ls sont difficifement supportables pendant
plus de 10 minutes.

I)ans les vols de longue durCe. Mr llurtman . eiue lles sont lv’s mesures lv’s plus utiles a effectuer pour apprt~cier et
quanti fier Ic travail des piIotes ’~

B.O.I-lartman: F rom my point of view , when you are talking about extended flight , it becomes extremely important to 4

dea l with the total environment in which the man finds himself operating, the mission situation with which he is
confronte d, and t he total amount of work which lie has to perfo rm ; I include lots of things in workload that I have not
heard discussed here today . For instance , t here is a certain amount of work in simp ly maintaining the body and keep ing
it function:ng. There is a little bit more work in just standing around ; if you are standing around , wa iting for a clearance
or a command , t here is even a lot more work because emotional factors com e into play. You have to take these things
in to account. ‘iou are a lso confronted in the long-duration situation with the same thing that was discussed earlier in
connection w ith helicopter work: that is . you must avo id interfering. You must avoid interfering with the mission,
you must avoid interfering with the tasks being performed by the crew member in his typical way. Finally, a factor

~.hich always needs to be considered is the capability of the Laboratory that is involved in the study; the fact is that
we cannot make measurements that we do not know how to make. Every Laboratory is somewhat different in this
respect. I think a full battery is possible in the extended flight situation, to include biochemistry, physiology and
psychophysiology . Performance assesments at intervals, particularly for critical segments of the mission, over a period
of days. for instance, are valuable. One might choose, in a transport situation, to look at every approach and landing.
and do som e kind of object ive or subject ive rating or data acquisition in tha t situation , and follow the crew m ember s
throughout the entire 24-hour period, using activity logs and other kinds of measures of what is going on, with some of
the measures representing on-going activities and biomedical orientation, such as biochemistry, and other measures
represent ing samplings, such as rating on approaches and landings at regular intervals.

R.Auf lret: Avec mes remerciements a Mr Hartman pour ces interessants commenta iresje souhaiterai donner Ia parole
a Mr Vettes , pour lui poser Ia question suivante:

E)ans Ic cadre du pilotage et dv’ l’atterrissage sans visibilité sur hélicoptère , quelles sont les inéthodes de mesure les
plus adaptées a I’étude de Ia charge de travail?

B.Vettes: Au cours du pilotage , et plus particulièrement de l’atterrissage sans visibilité sur hélicoptère, Ia charge de
travail est un peu spCciale.

En premier li eu, il nous parait done indispensable de disposer d’une mCthode de mesure de performance qui permet

Iv’ calcul de I’écart par rapport a une trajectoire idéale définie.

En ~v-cond lieu, Ia mesure d’un paramètre physiologique, Ia fréquence cardiaque instantanée et Ia variabilité
cardiaque, nous paraissent particuliCrement indiquées. En effe t , au cours de cette approche l’effort physique est
rCduit et il s’agit plutoi d’une tãche intellectuelle ci perceptive, ce que traduit parfaitement l’Ctude de Ia variabilité
cardiaque.

En troisiême lieu, associée a ces méthodes objectives, il est bon de réahiser une méthode subjective de type
questionnaire a Ia condition qu’il soil simple et réalisé en accord avec les membres de I’équipage.

En quatrième lieu seulement , v iendrait une étude du mouvement des yeux , car dans cc type de tãche Ic déplacement
ocuhaire n’est pas important.

R.Auffret: Le choix des presentations d’information est un des problCmes Ic plus fréquemment pose. Ce choix de nos
jours est presque uniquement rea lise d’après les avis subjectifs des utilisateurs. Certaines méthodes objectives ne
sont-e lles pas utilisables, Mr Beyer?

R.Beyer : I would hesitate to give any list of priorities of workload measurements. In the field of designing displays it
depends too much on the specific applications. We have heard today a number of papers concerned with helicopters,
and they are a very good example , because you can measure variabilities around the helicopter; it may be in the field
of stabilisa t ion, or in the field of maintaining given heights, speeds and so forth. So I think it is worth looking first
at the variabi lities with respect to a given ref ’,rence. For example, having ordinary VFR flight as a reference, you can
measure how the pilot and how the helicopter are doing on a simulated IFR using some exhaustive displays. Then it is
worth looking at those variabilities which may be reduced, that is, by a better layout of the display or by giving more
automation to the automatic control s~.stem or by asking the pilot to do all the things manually. For example, the
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outcom e of ow investigations was that we need indeed stahilisation of the helicopter , and in the field of fixed aircraft
there are similar problems. I-or examp le , by optimising flight manoeuvres within the total energy concept, a specific
displ ay is again needed which takes the guesswork fro m the pilot and gives him usable and flyable information. So the
major point is that the highest priority, if we go to priorities, is the information content rather t itan the layout of the
disp lay Of coulse. the layout is also of importance but first one should consider the information content and this is ,
I thusk t ie  ouil~ priorit~ I would give in this respect; then one has to form one ’s own cr iteria and workload measures
for the specifi c app licat ion. As I said, it is not possible to apply a specific measure to each different application or
opt’ratiouial case. One has to look aI Ihe details of the mission and then to apply or develop measures which are
reles .int to this case. But I have a more general comment. My feeling was, looking at some of the papers, tha t we have
heard. lot examp le in (lie last 10 \ears , quite a lot about heart-rate varia nce , and something about critical fusion
frequency: there .ire very sound investigations and one can decide to apply these measures or not to use (hem. So we
could h o t  gain much more experience from some of the papers we have heard today and, in particular, from those
papers dealing with subjectiv e ratings.

I reca ll an At ..\RI) conference about five years ago where we discussed the same problems and some speakers
of fete d solutions . I would like to see those solutions more applied, rat her than going into the details of research on these
measures ag.iin and again. Ihere must be some stage where we accept these measures as they are or we do not use
t hem. So I am really asking what progress we have made in the last five years in this respect. Are we able to discriminate
between those measures we are going to use and those which are definitely useless? I think this communication has
not ta ken place so far.

R.Auffret: iv’ crois que Mr Beyer est un peu pessimiste et que des progrCs certains ont etC rCalisCs depuis 10 ans sur
lv’ sujet ; néannloins. iv’ suis d’accord pour dire que beaucoup reste a faire.

Mr Brictso n peut-il nous dire quelques mots des problCmes particuliers aux porte-avions, sujet qu ’ih étudie depuis
de nombreuses annCes et qul reprCsente des conditions de travail particulièrement dClicates.

C.A.Brictson; Yes . I would agree with the earlier comment that it is time to assess the validity and reliability of some
of our instruments. I think (hat som e of the papers presented here have done just that; I would stress the need for
cont inuing measures of pertormance and assessment of workload in order to relate what influence different workload
levels have on performance. both short term and long term , in terms of decrement; in terms of carrier handing, I would
promote the idea of daily workload activity scales, of subjective est imates of mood and sleep levels as being indicative
of the pilot’s stage of temporal readiness. I do believe , in view of what Dr Hartman mentioned, that from tinie to
t ime we must revalidate some of these techniques, so that the need for biochemistry measure s certainly would be in
order to determine the adequacy of subjective reports over time. But I do see that there has been some progress
made in the last five years. I see this to be a much more lively interchange of information and must note also that
sometimes we only make progress through mistakes; so that some of the critical comments can be well taken by all
of us to look at our techniques and our methodology a little more critically, so that the results that we do promote
have some app lication both to the user and to the scientific community.

R.Auffret: Merci, Mr Brictson de nous rassurer sur Ia validitC de nos travaux et d’avoir su mettre en lumiCre l’intérét
des Cchanges d’infromations entre les spCcialistes des divers pays NATO. Mr Steininger et Mr Goerres, j ’aimerai vous
poser Ia question suivante:

Dans queUe situation aCronautique peut-on attendre le meifleur rCsultat des mCthodes par questionnaires?

K.Steininger : We have to realise that there are many different types of questionnaires and this is not the place to
specify (hem. As far as my opinion and my experience are concerned , I must say that a questionnaire should always
be used if more detailed information is required about different mood and motivation backgrounds of a pilot going to
perform flight missions and after completing them. That is to say, all sorts of tests must be made on the fatigue
during the particular mission, on the one hand, and on the demand of particular tasks on the other hand.

With reference to application, the questionnaire should be used to check out the comfort and the acceptability
of a particular flight system or subsystems, from the human engineering point of view and to choose the right one,
that is. the most acceptable. It is always right if certain important principles and methodology for the application of
questionnaires are well established and if a sufficient population sample for the statistical evidence and the reliability
of the data collected can be guaranteed; in order to cope with subjective ability aspects of well-structured information
from pilots we must not rely on extremely sophisticated applications of the strongest statistical rules, which are
applicable only for experimental research.

H.P.Goerres: I think the problem is that we should not take only one method and say it is the best one --  questionnaire,
biochemistry and so on. If we have a situation also in the field of motivation, we should be able to add all possible
methods together in measuring or assessing pilot workload.

R.Auffret: Avant de chore cette session, une question pourrait serv ir de liaison entre les deux sessions de travail
consacrCes aux “mCthodes et etudes de Ia charge de travail”. 11 s’agit des correlations existant entre les mCthodes et
mesures psychomotrices , psychomCtriques, psychophysiologiques et physiologiques. Ce sujet pourrait faire l’objet d’un
groupe de travail Ctant donnC sa complexitC et son importance. Mr Hartman, a qui je me suis permis d’en parler, a
bien voulu accepter de rCpondre a cette question trés delicate.
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B.O.h-Iartman; I do not know whether we should give this a little bit of thought or a lot of thought.
I have been iriWnscI) interested in this general problem for some time, because in the work I have done , and in

the work I follow most closely, we base many disappointments and a wide range of techniques and I often woiider how
we bring all these things together; how can we ’ I become convinced over the years (hat if we have the operational
problem of executing all the performance measures we desire and nobody could interfere or stop us from doing anything,
we could indeed find situations in which, in part icular, the psychomotor measures , or the objective performance measures
if ou prefe r, the psychophysiological measures and the physiological measures would come together and support
eac h other; and then, I can think of situations where they would riot. Sometimes , for example in the question of an
optimal display, a mneasurelnen from the physiological doman might not contain enough infonnation to make it cost-
e t f ec t ive. or , for example in using urin e biochemistry , the duration of the mission Is so short that you do not get enough
urine to make it worth while analysing it. I think you can see the kind of things h am thinking of. But I think it would
be posxihle to build a three-dimensional nia rix in which one dimension would be the operational system we are dealing
with; another dimension would be the mission requirements that we are dealing with and then the third dimension is
something I have not defined very well but it would be, broadly speaking, the biomedical techni t ues and technology
which we can bring to bear on the problem. If we did this we could find where there would be a substantia l amount
of agreement and support from the various disciplines, leading to common findings; then we could find the borderline
areas where that begins to break down and lastly the areas where it would not work at all. I shoule~ like (o see the
wor king group consider that one, and see whether it could be constructed , and then , if that looks pretty interesting.
to see the Aerospace Medical Panel sponsor a NATO experiment. If we really do this, I think the critical area is the
border line, w here the various disciplines and approaches begin to separate out from each other. We could see if we can
dem onstrate empirically that the matrix makes sonic sense. What level do I expect? Mutual support from the various
approaches psychomotor , psychophysiological and physiological. I think already we can see situations in which
t here is support frota one approach to another at the level of conclusions, but also at the level of specific findings or
resu lts. That is. we can see support from one approach to another at the qualitative level , but not yet at the quantitative
level; perhaps here , aga in , developing some sort of matrix and trying this out , and with some cross-Laboratory fertilisation
and joined activities m ight give us a better feel for whether , in fact , this is a useful enough idea. The only item I have
not yet touched on here is the psychometric; being a psychometrician myself, I do not know exactly what goes into the
psychometric. If we include rating scales and subjective questionnaires, such as I use and such as Mr Brictson and some
other folk use, then there is indeed a place for those and a total measurement battery . I am not talking about the
relationships between these various approaches but rather the totality of all approaches in an integrated approach; there
is a place for psychometrics in there. We are talking about the other kinds of psychometrics, the mood-scale kind of
things, the personality type , personality categorisation, things that I am less impressed with as regards their potential
contribut ion. That may well be a very personal response, because in my laboratory those latter kinds of psychometric
instruments have been of very little use to us. In general, I should just like to say that in all of these areas we have
an urgent requirement , whether we are doing psychophysiological studies or physiological studies or performance
measures , to focus on measures that are as close as possible to the significant issues of operation effectiveness.

R.Auffret: Merci beaucoup, Mr llartman.

En termmnant cette session, je t iens a remercier tous les auteurs, tous les interlocuteurs et tous les participants de
cette tab le ronde. Par Ia qualité, Ia precision de leurs exposés, ils ont rendu notre reunion vivante et profitable. J’avoue,
personne llement , y avoir beaucoup trouvC d’intérCt et souhaite qu’il en fut de mCme pour Ia nombreuse assistance.

Merci Cgalement a nos interprItes si compCtents et si aimables.
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