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LETTER, OF TRANSMITTAL
NATIONAL RESEARCE COUNCIL

2101 Constitution Avenue, Weshington, D, C.
Divislon of Anthropology and Paychology

Committee on Selectlon and Training of Alrcraft Pilots -

May 2, 1946
Dr. Dean R, Brimhall
Director of Research
Givil Aeronavtics Administration
Washington 25, D, C.

Dear Dr. Brimhall:

Attached 1 a report entitled Ihe Hole of Fatiguye In Filof Ferformenga,
preparod by the Cozmittee on Selection and Traiuing of Alrcreft Pllots. It

is submitted by the Committee with the recommencdetion that i1t be included
in the series of Technical Reportes issued by the Division of Research, Civil
Aeronautics Administration,. .

The report includes materiala peartinent in soneidsring the petition of
%A for a change in regulations pertaining to houra of echaduled flight by
commeroiel ailrlines on long~range coperation wiilin the continental limite
of the United Stetes. In the sectlon entitled "Fereword &nd Recommendzticua,”
the Committee has formulated certain tentative conzlusions with respect to
this problem. It has been found Impossible %o errlve ut deflnitive recom-
mendations because of the unavaiiabllity of eruc?!sl deata s&pplying specifi-
cally to commerciel-airline operations. The Committes strongly recommands
that steps be taken to ohtaln such date thyouvgh the use of scientific re-
search methods applicable {a) in dstermining objectively attitudes of come-
mercial pilots; (b} in analyzing operating date, including elapsed time of
filght end dietribution of schedules in relation to scecldent, overt signs
of fatigue, elto.; and (o) 1n direct experimantal studies of tba type referred
to in the attached report. I feel certsin thet the Committes on Selewtlon
and Tralning of Alrecralt Pilots will te veory wliling to ccoperate in plenning
the detalls of such investigations in associatlon witl the Divislon of Reseercss,
Civil Aerxconautics Administration ard other intersested groups.

- Gordlaily yours,

m%m

Comnitton on Selection and
Tralning of Alrcraft Fllots
USV :rm NHetlional Resesrch Council

Second Fdition
August 12, 1946



FOREWOHD AND RECOMMENDATIORS

The report which follows has been prepared by the Committee on Selec-
tlon and Training of Alrcraft Pilota at ths request of the Division of
Research, Civil Aeronautics Administration, to provide information for use
by the Civil Aeronautice Board in oonsidering a request by Transcontinental
& Western Air, Inc, (Appendix 1) for a change in regulations partaining to
hours of flight by commercisl airline pilote. The pestition requests that
INA be parmitted to substitute compliance with the provisions of CAR Part
41, Parsgraph 41.3041, for compliance with the provisions of CAR Part 61,
Paragraph 61.518 in long~range operation within the continental limits
of the United States with Lockheed Coastellation type eireraft,

A basic question in considering this pstition 1s whether 12 houre of
long=range flight wlth one unesheduled stop is more or less fatiguing than
8 hours’ scheduled flight time on domestic operations calling for a sulti-
plieclty of schaduled stops. It seemed eppropriate that the literature of
fatigue studies, particularly those involving avistion and related indus-
triea, be reviewed with a view to diecovering informaticn which might be
pertinent in arriving at a declsion with respect to the THA petition,

The review which follows was prepared in the main, by Lt. Cdr. J. W,

Macmillap, U.S.N.R,, and Roland E, Johneton. A supplement, entitled Phva-
Fa s prepared by Dr, A, C, Willlame, Jr., Depart-

ment of Psychology, Unlversity of Illinois, ig zttached to this report,
The services of Lt, Cdr. Vacmillen were made availsble to the Civll Aero-
nautice Administration by the Division of Aviation Medicine, Buresu of
Medicine and Surgery, U. 8, Bavy. The Commlttea acknowledges 1ts debt
to thip Bureau and to other units and personnel of the Army, Navy, Pub-
lic Health Service, and other government orgunizations which contributed
to the findings presented in this report, The mservices of Dr. Williams '
vwere provided through the courtesy of the Board of Trustees of the Uni~
varsity of Illinoia,

A atriking feature of the swrvey is the paucity of experimen<al otud-
ies involving ocommerclal airline pilots. The abmance of data frcu svoh
studles makes it imposeible to arrive at definitive recommendations wlth
respect to the problem posed in the communication from TWA, The =itustion
ie further complicated by the fsct that neerly all experimecntal studies in
the aviation field wers made under conditions where the pllot hed complete
responelbility for doing all tho work, and wes not in a poaition tc teko
advantage of the rest peusss and other avenuea of relief availabla to the
pilot on a commercial alirline, Neverthelesn, 1t doep seam feasible, from
a oonslderation of related studies, to make tentative suggestions aas fol-
lows, with respect to the ateps that might be taken in connectlon with tha
petition for the application of foreign regulations tc domsstic long-rengs
opearations. }

. 1. The burden of evidence suggests that factors other than actual
acheduled flight houre within ths limits of € tc 12 ray Le more important
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then elazssd flight tims in pcduclig Futigue affecte which are of signif-
iocence in flying., Among tie Tzatora whish may be considered more eignifi-
cant then the sstusl nurber of schedwled flying hours {within the ranga
indicated) in producing adverra fatiyue effects ares

b.

C,

4.
a,

£

h,

i.

Jo

Confiderce of tha rilot in the maintsnance of equipment.

Automatic pilot end exchange of duties between pilot and
co-pllot at periodiz intervals,

The mumber of hours at intermediate altitude (5,000 to 12,000
£t.) without supplesmentery cxygeun or preasurized cabin,

Rest pauses ducing flight,

y
The number of landlings,
The frequency of long and unanticipated delays.
The need for formulating orucial decisions banedrupon changea
of weather and other conditions related to non-scheduled as
contrasted with scheduled stops.

Tho off-duty activities of the pilot and provisions for rest
end reiarxstion,

The mumber and distribution of total flying hours throughout
the month. ' |

The design of equipment for comfort snd safety.

2. The benefits achlaved from sclentific research on fatigue ruggest
the need for further inveetlzetions-appiying spascifically to commerclal
airline cperation. Such recearch should include investigatione ofi

b.

C.

The sourcee awd effaectes of fatligue inherent in the direct on-
duty task of flying the plene.

The sources and effects of fatigue induced by secondary on~-
duty eituations such as deleys, weather, dlsturbed schedules,

Off-duty activities of the pilot affecting his performancas
while on duty.

Regearch should also 1n;1udo continued investigations of the ralation-
shlp between squipment deeign, methods of using such equipment, and fautigue.

Morris S, Viteles, Chairmen

Yashington, D, C. Cormittes on Seleation and
April 13, 1946 Training of Airecraft Pilots
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SUMMARY AND CORCLUBIORS

1. DPefinition of Fatigme. The delinition of fatigue involves four
appects. Fatigue has s subjective component, the feeling of fptigus, or
tiredness. Fatigue may be ralated to a phyalological atate, iuvolving
changea in organic functions and the formation of chemical produats,
Fatligue has en overt manifestation in the form of reduged outpyt on the.
task, or imphired performange. Boredom, which may result from monotony,
pay bring sbout reduced output or impaired performance, and may be acon-
fused eubjectivaly with fatigue.

2, Causaes of Fatigug. The causes of fatigue &3 listed by several
authorities are presented. ¥eany of the faclora mentioned are operative
while an individual 1s out of the work aituation, but influence the on~
set, and courss of fatigue while he 18 in the work situation. Some of
these factors are operative throughout 24 hours a day. For presenta-
tion only, the factors influsncing fatigue have been divided into thoee
which operete awey from work and those which operate during the time
work 1s in progress. Among the former, worry, lack of sleep, pradispo-
sltion toward nsurotic involvement, laeck of recrestion snd exercise, and
the effects of aloohwl and other drugs are important. Among the latter,
fear, altitude, monotony, lack of rest pericds, and seat discomfort are
found most frequently mentioned,

The influences of many of thepe factors have never been guantitatively
determined end are not readily amenabls to exact quantification. Thelir ex-
ietence is none the leas real, however, and moapures should be introduced
into both the "on duty” and "off duty" perioda to/ reduse the affect of
these factors to a minimum in commerclal eirline pilotis.

3. Adverse Effectp of Fatipue. In this seoction the topics discussed
ares fatigue and accidents, fatigue and general afficlency, and the long-
range effects of fatigue. Fatigue results in lmpaired performance and
such impalrment may be a factor in the causation of sccidents., Alrcraft
eccldent statistics show that sbout one-half of all accidente are lacding
accldents, and that one-half of all accidents ars due to persomnnsl erro:,
The faoct that long-renge oporation reduces the number of lendings is an
important fact in coneidering fatigue affects.

Investigations, both in the United States and in Burope have shown
thet indusirial accidents tend to incresse with each successiva hour of
work, with a falling off of the accldent rats at the end of the work
spall, This falling off 1s explained as due to a lower produotion rate
toward the end of the work pericd. Such accidents in the industrial sit-
uatlon are held to be caused ~- &t least in part -~ by fatigue.

Fatigue in flyers has been focund to be out of proportion to the phya-
icel exertion involved and is escribéd primarily to paychologlical factore
such as emotional stress. These peychologicel factors are difficult to
study objectivaly, but there is ezsential agreemant ithat they result in
a.deterioration of skill. Fatigus resulte in a lowering of general effi-
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clenoy. Tt ia signiflecant for the presmt problem that the pilot may be
unawars of thie general redvetlion Ju elficiancy.

lorzal tirednees or fatigue is ralievsd by norral asiesp. Yhen & per-
pon 1z fatigued day after day to *“he extent that normal aleep 12 nol suf-
floient, then fatigus btecomas ouauletive and may re.ult in a lowered stats
of efflciency Irequantiy iccompeniid by chronie enx_ety. However, the
.pressut problen 1s conca:mad more with the transient type of fatigue which
is relieved Ly ront, Yei, the very fact that fetlpgun can be cumlative
makeo 1t deslreble to ralse U.. question If long-range operations will be
pore fatiguing than operestlioas vnder exlrting regulations.

In this connection, it would be of interest to know how commsreial
rilots spond their off~duty pericde, since unwigs recreation can be a8
fetiguing ae vork itself. Would tho leng-range flight bs more conducive
to Detter utilization of off-duty time?

4L, Study of Fatigue in Pilots. Studies made on pilote and on those
in training to be pilnts are hore reviesed, especislly a group of studies
gonducted by vhas Briiuish Alr Kinistry. Limited information, however, is
ovallsble conecerning flying hours and accidents. The conclusiones to be
drawn from the studies raviswed are:

&, Tlired ren unkmowlngly accaph end ere satiefied with & lower
and iower gtandard of performancs, but et the same tims are
sura that their work is being done ae well or better than
1t was when they were fresh,

b. There 1s a dlsorganizatlon of skilled performances with
fatigue in the sense that timing of movements is erronecus,
sconomy of movement breaks down, end the set task, instead
of being s coordinated whole becomes e serlse of discrete
unit tes:zs, The individual acts on a "stimilug-reepocnse”
level without an intellectual grasp of the tesk to be per-~
formed, i

. Distrectlons in the form of increased perception of bodily
diseomfort may cause disturbance of skill and the carrying
out of tasks in improper fashion.

d. Marginal remotions, or those which have to be performed
-+ only oceaslonslly are likely to be faorgotten.

e, Evidence given by tired men concerning happenings in thalr
irmediate surroundinge bacome increasingly inaccurate with
the development of fatigue,

f. The more a tlred man i3 awure of the aymptoms of fatigue, the
less 1llkely he is to dipplay dangeroua signs of fatigue.
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g. Thers is evidence that the effects of fatigue may be far
more delayed than iz generally supposed,

These studies wers made largely on the ground and with military pi-
lots and to infar that the same findinges would hold for pilots of ocommer-
olal airplanes 13 not permissible unless end until it has been shown that
the instruments and prooednres used in the experiments correspond to
those in the cockpit of & large airereft in flight.

: 8D0] ] 7o This section includes
studies of automobile driving, of accidents of notor vehicles, and the
general problems of fatigue and houra of norvico of truck drivers.

An expsrimental study of the effects of about 11 hours of automobile
driving revealed e loes of effectiveness of sensory discriminations, asso-
clation processes, and motor reactions. MKean séores ware lower and vari-
ability greater. :

Studies of automobile and truck accidents oocourring when the driver
fell asleep indicated that these tend to happen after but a few hours at
the wheel, but there is another upward trend after about 11 hours of driv-

ing. Fatigue scoumulated prior to starting to drive is a factor in driver-

eslesp accidents,

A study made in France indicated sgein that for truck drivers working
very long hours, fatigue results in lowered efflciency.

A study of fatligue and hours of service of interstate truck drivers
indicated poorer scores on teatnm of spesd of tapping, reaction coordina-
tion, body swey, reaction time, steadiness of hande, deorease in vigilance,
decreese in ability to perceive flicker, and other pasychomotor funotions

involved in driving, presumably due to fatigue,

Reports of the Interstate Commerce Commission contain other studies,
and emphasize the high percentage of accldenis of motor vehicles ocourring
after 10 hours of duty,

A report by the American Trucking Associstion finds no relatinn be-
tween acoldente and hours of duty up to 16; that hours of rest and the
time and duration of stops for rest bear nc relation to aceldent frequency.
This study proposes that some acpidenis may bs caused by the driver belng
too rested. In the alsrt condition the driver does net nesd to give all
of his attantion to the task of driving., This matter is confused since
alertness may be conducive to driving at higher gpeeds -~ and this uncon-
trolled factor might be one of the many involved in the general problem.

These studies in trensportation point to the importance of consider-
ing fatigue from all sources in relation to the decrsased effiolency whioch
increases accident liability. Hours on duty do not represent the sole
consideration -since many of the accidents occur after but a few hours at
the wheel. These studles agein suggest the desirability of axploring
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thoroughly the relation boatwean ori ~iuty setivities und (he incidance of
fatigue during flighss of long range. The off-dutv Sactors might prove

to be much more important ia producing impaired pertormangs than eny dif-
ference in the fatiguing effect batwecn aight voura »i° lipght and the proe-~
posed lcng~range fliight. [asre is a need for stidiss 1o cusmerclal elr-
lines of the problem or off-duty houre and the timse nnd incidence of acch-
dente, or other indiges of impeired psrformerce. A further problem is that
of the degree of impsirment in relation to the time slice the last stop,
where a number of landinga are involved.

6, §jyg;gg___gg_g§ghg_;g_ua;;ggg Studies in 12 Amosrican industrial
plants have indiceted that hours workel beyond 40 or L& per weel rasult in
additional output, but at the price of continuous Aecreases in efficiency
and marked increases Iin absentseism As houre rise. In the abaence of ef-
factive safety programes, work injurles tended to ococur relmtively more fre-
quantly under longer hours.

Theas studles 1ndicate that fatipgue resulta in.a reduoction of effi-
clency which is reflected in s falling ¢7f of productlon rete, an inerease
in the number of errors thus ceueing s greater spoilage of materlels, un-
authorized absenteeism, and an increase in the number of injurlea and accl-
dents. Sufficlent motivation, as seen 1n wage lncentive programs, promoies
efficiency at 8 high level or even increases it.

If the proposed long-rangs flighta mean more predlotabls schedules for
the pilots, if they permii the pilots to spend more time at home, if they
_ reduce the amount of time the pilots have to spend waitlng for take-offs,
then 1t may be considered if the=e feciors are motlvational to the extent
thet any possibly greater fatigue associated with the longer flight be-
oomes of lititle significance.

Studiea in Great Britain by the Industrial Health Resesroh Board gen-
erally confirm the observatlon that fatigue is revealed in e lowering of
the quantity and quality of work. These studles have shown that fatigue
1e productive of organic changes, sometimes expressed in some digestive
disturbance, in aye strain, headache, and various minor disorders. There
i diminution In the powser of concentratlon; in nemory, in sbility to see
the connection between ideas, all of which are important for efficiency.

While it is true that the hours of work obtelning in industrial plantas
differ considerably from thoee of commercial a’rline pilots, nevertheless
they serve to point up the adverse effect of futigue from whatever source
upon human efficiency. These studies of fetigre in industry throw little
light upon the very importent gqueastion whether a long-range filght involvw-
ing but two or thres landings is more or less fatiguing than the flights
under present regulations which often involve rore landings -- considering
the landing as the crucial aspect of the pllot's task, an espect in which
any effect of fatigue demands careful consideration.

7. Laboratory and Other Studles. OSome investigators have felt that
noiege is one of the major contributing .causes of fatigue in flying. Pilots
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of heavy bombers, however, stated they had not noticed or been dis- )
turbed Ly ncise. In gaeneral, ncvise is probably not e saericus factor in Y
vies of the construction of modarn commercial aircraft. K

Studles rogarding the effect of loas of sleep do not demonstrate oon- .
clusively tlet performance on shori teats with sleep lack is increasingly E
woras with successive triala. However, the reports do state that the be-~

havior of the subtjects was vastly different from first to last trials. .

A study of 13% houre of continuous tracking showed a reduction in
afficiency which was not counterbalanced by mocnetary motivation,

The eviderce from laboratory experiments is conflicting and it becomes ’
apparant that in order to determins whether additional hours of duty for ;
pilots will produce a decremsnt in performance it will first be necessary

to detarmine sxectly whet the pllot does, both on and off the job, and to

what extent the job iz fatigulng. Any general application of results of ,
lakoratory studies to the flying situation is dangeroue because exaot relation-~
ships tetwean the performances measured in such studies and pilot perform-~ )
ence in tha alr are largely unknown.

An extensive review of the literature on anoxie has led to the con-
clusion that flying &t 10,000 fset without oxygen ahould not be permitted. -
Turther work is nesded to determins the maximum base altitude, especially ;
whore & pressurized cabla le employed, Most studies on chronic anoxia are :
either negative, equivocal, olinically insignificant, or difficult to ine E
terpret., . ;

B. Depign of Equipgent gnd Futigye, In thie roport there has been
no attempt to cover thoroughly the problem of fatigue 1ln relation to air-
oraft design. It has been suggested that there is room for a vast amount
of research in this general erea. This problem 18 montioned in passing
bacausge the commercial alrlines might well contribute to the definition
of more specific problems by compiling lists of pllots‘ complaints and
their suggesticns regarding seats, controls, instruments, lighting, visibility,’
pressurizetion, tempsrature, ventilation, etc., and promote research acti~
vities. In doing so, the sirlines could make a definlte contribution toward
the reduction of fatigue, and the solution of operating problems related to
fatigue.

“



THE ROLE OF FATIGUE IN PILOT PERFOHKANCE

1., DEFINITION OF FATIQUE

Although the literature upon the subject oontainm various approaches
to the definition end the study of fatigue, the definitions proposed or
implied 1n some way are ralated to the following four aspeots.

1. Patigue has a subjective componantl a feeling of Fatigue or
tiredness.

2. Fatigue may be related to a physiological state, involving
changes in orgenle functions and tlie formation of chemical
products of fatigue.

3. Fatigue has an overt manifestation in the form of reduced
output on the tesk, or impaired performance.

4. DBoredom, which may result from monotony, may result in re-
duced ocutput, or impaired performance, and may be confused
subjeotively with fatigue, ,

The problem with whioh this report deals may be considered in view of
these four aspects of fatigue, While a complete analysis of the literature
relating to definition is unnecessary for the present purpese, it may be
well to disouss these definitions in detell and to review a few of the dif-
ficulties which obtain.

1, 7The Feeling of Fatigua, The feeling of general tiredness may ra-
sult from activity which 1s essential]y physicel, o from work which is
largely mental. Bills (10) has discussed the feelings which are produced
in these two kinds of activity.

"There is aome confusion In people's minds aboat how mental fe~-
tigue feels, becauss their early famillarity with the feelings
accompanying physical exhaustion leads tlem to expect a similer
set of subjective symptoms ic sccompony wental tiredness., Whan
they fail to find tleas, they conolude that it ip not real fa-
tigue. But why shonld we expect to sxperlence the same types
of feslings when enlirely different mechanlsms suffer wear and
tser? Physicel fatigue conslate of eches and soreness in the
large muscles, accompanied by a feeling of impotence, increased
awareness of the body's welght, and & strong desire to sit or
1lis down. The axcitability of the sense organs 1s lessened,
and the sensations of tonus are reducad because of the relaxed
state of the musclcs. Thoughts come rather sluggishly, and only
by & special) effort, rather than protruding upon the mind unbidden,
Asgocistions are restricted in range. Usuelly relaxation ia
easy and sleep comes quickly.
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"Contreet with thls ths sxperiences thet sccompsay overtired
nervas and brain resuliing from mental labor. The lerge mus=
cles ds not% eche, slthough they may feel crampsd bsecause of
having undergone too little ralher than too nuch ums, But,
the emall muccles of the fuce, cyes, neck, end throat may ache
or fesl sore, becauss they have bosn in & state of exaggerated
tensenses., Thers is A rastlessnsas of the whole body, the ra-
sult of enforced rogtraint and of impulaea ic¢ action that are
unsatiafied. Sitting down or lylng down conly aggravates it.

If we try to elsap, thoughts keep crowding our conaciousness,
the anxlous or aanoying kinde of thoughte that ineresss our
tenpaness and xeep usa turning and tossing. The smense organs

are not deadened as they are in physicsal mexhauvation; thay ere
more excitabtie than mormally. HKoisses that ordinarily go un~
noticed seem intolerable, Emotional irritability is enbancedg
the temper ig short, There ia a sense of impotence, but not for
physiecal exertion, It is rather an unwillibgness to attempt any
rental work or fase exy responsibilities.m

i is quite sapparsat that seldomy 1f ever, will work be atricily di-
chotomised ce physical or meatal. Physical activitles make demands upon
the ssnsory apparatuz aud certain levels of the nervous system. On the
other hund, wental estivity wili usually bs sccompanisd by activity of
the muscles. 48 Vitales (59) puiats out, the direct funtionel impair=
ment. of nerve celle iccated at the higher levels can & coount for mental
fatigus evident in work deorament end in the feeling of weariness axper-
ienced in purely munbal operatiom such g8 silent reading, mental sriti-
motic, the solutlon ol verbal intelligence problema, eto. However, mental
fatigue may mlso be the result of the actual contraction of vecal musoles
in the process of thinking or in other muscular activity in gesturing, in
changes of facial ex,ression, changes of body position, etc., assoriated
with mental work, Viteler vonciuded thst there sppears to bs little dif-
ference between so~-called mussular and mental fatigue, at least in regard
to rractical effectse, |

It 18 of importanve %o cousider the relationship betwesn the feeling
of fatigus on the one hand and the physiclogical ocondition of the orgenism
and the ability to contluus to work effectively on the other, According
to Tiffin (54), for one speculating upon the subject of fatigue, it im &
temptstion to lock upon theee two aspecia of the phencmenon =-- the phyaic-
logical snd the paychologlcal =~ as different aspects of the same funda-
mental change, According to this point of viaw, feelinge of borecom and
tiredness occur in proportion as physiologioal changes In the muscle have
taken placej and vice versa, actual changes in the physiological composi-
tion of the musales have taken place to the extent that feslinga of tired-
nasa or boredom are experlenced by the sublect. If this simple ralation
were true, the problems of fatigue and lts elimination would be greatly
sinplified, Unfortunately, mmerous physlological and psyochologlcal ex-
periments have shown that no such eimple relation exista. This point is
of importance to the present problem since 1t would be quite posaible for
pilot proficlency to suffer detericration, although he may aotuslly feel
neither tired nor bored.,
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Braceland and Rome (17) have dissusasd the relationship .- .ween fatigus .

and anxiety. Thare ig a reoiprocal relationship between the dagres of fa-

tigue and the degres of anxiety experienced by the individual. The psycho-
somatio couplet whioh results ia physiologically initiated in a nnrmal per-
sony fatigue, in this instance, functions as a catalyst to activate anxlety

which is latent in all perscns. Thoreau spoke of it as "that qulet despera--

tion which rasts in the heart of the preat meas of men.," On the other hand,
in the frankly psychonsurotic personali‘y this dynamio state of affaires is
reverasd and the patiantle fatigue i not only proportional to his anxiety
but 1is also induced by it. The dynamio interdependence which exists be-
tween the thresholds of anxiety and fatigue varies greatly in the sane
individual at different times as well as hetween individuals -- yst, there
is a constancy in the relationship between the degree of fatigue and the
height of the anxiety threshold. Then, too, within themselves these two
phenomena vary independently in regard to a number of factors. Environ-
mental aonditions, both internal and external, have been recognized in
racent ysars to exsrt important Influences upon the degress of fatigue

and anxiety experienced. For inatence, a deprivation of oxygen and .an
increase in the etmospheric pressure, both independeantly and in combina-

tion, bring about the rapid onset of fatigue in all of its characteristias, _

and this, in acocordance with the individual's porsorality makeup, has a
direot bsaring upon his emotional state, Despite a very real physlologi-
cal besis, the vulnersbility of the individusl to thome effects is not
necessarilly a matter of constitutional predisposition. Thie ia demon-
strated by the variations in susceptibility to both anxiety and fatigue in
the same individual) at various times. Anxiety may be detrimental to the
quality of performance. '

2., Phyesiclomical Fatieue, Nuscular activity and mental activity
depend upon a transformation of energy, and the immediate mource of energy
for the muscle is the carbohydrate substance glycogen, In the process of
snergy relezse, glycogen is changed to lactlio acid.

In recovery, lactic scid is reconverted to glycogen by the action of
oxygen. This oxidation procass is not & simple reaotion, but its chem-
istry nesd not be conmidered here. The conversion of lectic acid %o gly-
cogen is ansbolic, a process in which energy is stored. The energy to be
stored in the newly produced glycogen is derived from the oxidatlion of ap-
proximately one-fifth of the lactic aocld present to carbon dioxide and
weter. Thie process of recovery is aided by an increased heart rate and
accalarated reSpiration. As lsotic scld is formed, the demand for oxygan
increases, Thla results in an accumulating oxvgem debi. which 1s equated
to the oxygen required for recovery.

Respiratory exohange has besn found to bo a waluable method of aasess-
ing the cost to the body of a glven plece of manual work. Assuming that tha
individual is physically fit, the limiting factor in continued strenuous ef
fort is the rete at which oxy*an oan be absorbed and utlilzad., He may grade
ually bacome fetigusd, howsver, partly from the actual consumption of the
energy producing substance. Chemical anslysis of ailr explred when ai res’
compared with the? of alr eipired during a glven task, provides a method of
dateraining the cost of the work to ths body, expressed in terms ~f cuble
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centluete. of oxygeon uwsd. Hence, the amow.t ol %oe oxy en debt is dater=
mined &8 it 1s repaild. This method of dytermininc tle presence and extent
of phyainlogical fatigue was employad in certain of the experimsnts whioch
vill bc clted below in reference to the protlam of tidas report.

An acceleration of the ciroulstory funetion is a concomitant of fa-
tigue. Pulse count end pules pressure are increased, Thers may be an in-
crpage in the number of both red and white bhloocd cells.. Changes ccour in
blood pressure. The percantago of blood sugar may bs higher. Changes
cecur in the chemical cimpesitlon of ths urine,

Fetigue of tho nervous system is belleved to be related to tha exces~
slve ups of ths mynapser betwoon the nerve cells in the spinal cord and

the brain, Fatigue prcducta at the motor nerve endings may account for -

tha change in chrenaxie, or in the strength and duration of the stimulus
nacessary %o produce muaculer Tesponse,

Fatigue, perticularly that coourr in flying, mey produce changes
in the visual function. Borges Dies (12) found by means of phorometric
examinations that heterophoris may be caused by visual fatigue due to pro-
longed flying in pllote with normal refraction. Heterophorie from visuai
fatigue is transient; it disappears by ceasing flying, rest, and physical
and mentel recreation,

The flicker~fusion frequency is decrsased.slightly with fatigue. How-
ever, Brozek and Keys {1) report that the test cannot be considered a san-
sitive indicetor of gensral fatigus,

Thase changes in metabolism provide methods of detacting the prasenge
of fatigue and merve in amsessing the physiocloglcal cost of work, The ex-
pariments cited in lainor sections of this report amploy such methods in

answering questionas which bear more dirsctly upon the presant problen,

~ 3, .Fatigue and Inpeired Parformgnge. The course of reduced producte=
ivity es a result of work can be 1llustrated in its simplest form through
the use of the fingar ergograph. Thie inetrument permite the exercize of
s single finger in 1iftirg a weight tled te m string. The ergogram =~ a
graphic record of the movement of the 1lifted welght =~ indicates s regular
decrease in the amount of work from second to megond. Lese and less work
is done hy the finger, untll in the couras of a few minutes, a point i#¢
reached where, in spite of the desire of the subjeat, the weight can no
longer be lifted,

Production racords from many industrice indicate a similar deorement,
a decroase In the quentity and quality of work belisved tc be assoclated
with fatigue, Migure 1 shows a typlcal daily productlon curve, from
Vitelss (59).

During the first part of the morning thers i1s an ircrease in produc-
tion due tc & "warming up," or incitement, Fetigue produces a falling off
of production in the later pert of the morning. The lunchaon period 1s
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MORNING HOURS APTERROON HOURS
FIGURE 1

PRODUCTION
LUNCH

TYPICAL DATI.Y PRODUCTION CURVE
(From Vitoles, after Burtt)

followad by an increase in relation to tho end of the morning perlod, but
the afternoon does not reach the maximum ocourring during the morning. The
+ late afterncon brings on another eerious impairment, Thla impalrment 1s
coneldered to be an overt manifestation of fatigue,

Manzer (39) has investigated the sffect of fatigue upon variability of
output in muacular work. The data consisted of work performed by 27 men
(college atudents), each of whom performed 11 pariods of work or a total of
297 work perlods, The muscles used wars the flexors of the mlddle finger,
In each work period, work was continued to exhaustion; a rest of 5 mimutes
was intersperasd between successiva work periode; the load was a 10-pound
weight. He found that in work done with unfatizued muscles, the work done
in the later pericds of the series is significantly more varieble then theat
done in the earlisr periods. A comparison of the work done in the first 10
conttractions of each work period with that dona in the last 10 contrzctions
shows that the mean output of work done' with fetigued muscles ia one-fifth
{21 per cent) of that done with unfatigued muscles. The relative veri=-
ability of work cdone with fatigued muscles im 3 times (309 per cent) the
variabllity of the work done ‘with unfatigued muscles.

It is recognized that mentel work does not reguire energy in amounts
cormparable to that required in manual labor. TYet, as indicated abovs,
mental work does regirs enargy and it usually involves considerasble phye-
ical activity as well,

Bills {11) has oilted experiments which show that under certain ocondi-
tions ixpeirment ip transferred, "Ths theory that sensory and motor fe-
tigue contribute much of the deorament to mentsl work was tseted by the
transfer method. Lucien Cohen tested 120 subjscts. In Experiment I; the
decremant in speed, accuracy, etc., from 15 minutes of meuual cclor respond-
ing, using one eye, was compared with the subsequent recovery when g ahift
wus made to the unueed aye. The entlre decrement treneferrad. In ri-
mont II, the shift waa from oneo hand to the other. Agaln, the transfer was
100 per cent. But, in Fxpsriment JII, only 25 per cent of the decrement
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From respondiag W osolor eiinudl cranslerrad to colored Jorm atimuli, or
vice veraa. Those experimosts sher that ths decrsment wes neither serns
eoTy nor amotcr, but spealiiec bo the neaningful aspect of the stimull re-
scted tn., Therafore, {ativas lo o iniy ceantral.”

Although Imter secilona of thig raport will deal mors fully with the
impailrment of porforrance L0 varicue types of industriel work, examples
¥1ll be prazanted hore as & rattor of jllustration. Smith (50) has sum-

merdaed the studles made 1y the Tndustrial Health Rasesrch Board, in Great

LrA%sin, Verncn (55) roecurded fou 2 shifts the time in minutes required
for sach chorge and tnsg ectual hovrs when each occurrsd ln the heavy work
of charging dlast furmeces Ly Leal. The results showed that {with the ex-
ception of the brlaf spel: trom ¢ A.M, {0 8 AM,) the rate of charging
£211 off during the leet perlod of each apell, showinz an averege decline
of 1/, per cent; also thuv thlis eflect becare sxmggerated durling tha morne-
ing and efternocn shifts of Suidey when the men worked a continuous shift
of 16 heurs (6 AN, to 10 P.i.; in uvrder to allow the shifts to change
cver. I the hourly outpnt 1s epresenled by & graph, there is low out-
put to begin with, followad by & rire leeding to a fall. The interpreta-
tieon glven 1s that the fall Iz due %o the affect of fatigue.

Although accldents have several causes, yet there ia evidsnce that
& ghtate of fatigue due to %oo long hours srpi insufficlent rest causes an
increcss in the number of accldente. Vernon {56) reports thet during a
pericd of 1914=1918 war when a 12=hour day (75-hour week) was being worked,
the accidents incurred by women workers were 24 times more numerous than
in the subseguent perlod when the dally hours ware raduced to 10.

4. Monotony and Boredom., The chief characteristic of monotouous
work 1s the unpleasant fsaling that ths task arcuses ip the individusl.
A feeling of borodom and an increasing feeling of tension as the work
progre2goe represent the subjective characteristices of monotonous work.
Jbjesctively, this fealing of monotony 1s cheracterized by restlessneas,
indiceted in a frequent ehift of positicn, by yewnlng, and by verbal ex=
pressions of diaaatiafactisn with the work on the part of the worker (59).

Work accompanied by monotony is characterized not only by wu fealing of
tlspatiefaction and tenslion, tut by a distinct change in tim rate aud
rsgularity of production. Thia includes, primarily:

a. A drop in the rate of work in tha middle of a2 working epeli-
b. An increased variability in the rate of work (5%}.

Figure 2 indicatsg the typical proﬁuction curve whica is found in
3rnctonoup work.

When the task does not demand the sntires attention of the worker,
fgelings of boredom arise; under such conditions tlme intervals tend to
bs overestimated. Bordeom ls expérienced more frequasntly by workera of
highar intelligence-
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FIGUHE 2

RATE OF WORK IN COMPARISON WITH

SUBJECTIVE STATES DURIRG MOROTONOUS WORK

Wyatt, Fraser, and Stock (68) approach the problem of boredom by con=

trasting it with

intereat, sinces one 1s due to the absence of certain ele-

ments which are presant in the other. To be interested means that we at-
tend sponteanaocusly to the object or situation which appeals to our Inclina-

tion or deslires,

and we continue to do so untll either satlafaction is

achieved or the tendency is noutrelized by the effscts of fatigue. A cher-
acterlistic feature of intereeting activities is that they are perforumed
with & ninimum of effort. The curve of work under such conditions usu-
ally exhibita a high level of performaence and only begins to declins as
the effects of fatigue increase. Conversely, sctivities that fail to
harmonize with the desires of the Ilndividuval are ususlly uninteresting.

and unsatiafying.

Activities which are unpleasant are continued only at

the expense of increased volitlonal effort. In such cases, effort is
not only required toc perform the necesaary movemente, but it must alsc
be usad to repress the intruding ideas and deelres. Work under such
conditions mey very quickly become distasteful and unsatisfylng, and
the resulting experience is known as boredom. It is obvious that bora-
dom; at least in its early stages, is something quite dietlnct from fa-

tigus.

In another report, Wyatt and Fraser (67) make the interesting come
ment that while we can be unconscloualy fatigued, we cennot be uncon-

sclously hored.



In industrial situations, boredom is most often asscciated wlth mon-
otonous, repstltive tmsks, It 1s most marked in semi-sutomatic processes
which require encugh attention to prevent mind-wandering but not emough
for the complets absorption of mental activityo

In connection with the present problem, it 1es suspected that bore=
dom 18 & conditlon which obtains on long flighte, especially when thie
autoratlic pllot ie in u=mse,
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11, CAUSES OF FATIGUE

One of the necessary conaiderations in any study of fatigue in pilotas
is that of fectors which produce fatigue and not only which factors pro-
duce fatigue, but which are most important in the production and course
_ of fatigue, both in and out of the work situatlon. Thus, there are two
partially independent groupe of factors to coneider, the firet being
those which influence fatlgue aside from the work situation, the othera
which are present in the work situatlon,

Thers are considered first those which are antecedant to the job,
but which may influence the cnset and course of fatigues after work be-
gina. Many reports dealing with these have bheesn raviewed and there is,
on the whole, a rather high degree of agreement among different authors.
Some of the lists compiled by variocus authors will be presented here in
illustration, These have been compiled both by clvilians and by members
of the military services, especially flight surgeons end other people
moat closaly concerned with pllot performance.

One of the earliest investigators of fatigue in pilots wae McFarlend.
He lists (40) as factors contributing to fatigue:

a. Worry
b, Personal maladjustment

c. Lack of exerclee

d. Improper diet

a, Exceselve use of alcohbl
f. Excessivs use of tobmcoo
g. Fear or anxiety

This, as McFarland saye, is not by any mesne a comnlste 1ist but those man-
tioned constitute some of the major contiributing factors. He discusses
such of them briefly in this report and in a latsr report (41) gives &
more complete discussion of each and its influence cn pliot performance.

It is not the purpose of this section of the report to present the de-
tails of the development of these lists, but simply to present them so

that readers may see what those people most clocely concexned with pl-

lots think are the important factors in pllot porformence. OSome of these
will be more fully discussed in later sectlons of the report,

In 2 letter to the Coordinator of Safeiy Reguletlons of the CAA,
Delansy, of the CAA Operatione Office, divides factors influencing fa-
tigua into three different groups or classea \17,). The first of these
groups consists ~f factors operating prior to reporting for duty; the
second, factors while on duty; and the third, fuotore after duty ls com-
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plated. Those in the first group ares

A,
b.
Ce

d.

-2

£,

g

h.
i,
Jo

Ko

Phyeical nondition a ? tehperamant of pilot.
Home conditiona,
Financial circumstances.

Buspiness other than that of flying in which the pilot is
ooncerned, '

Days off pince laat flight and how time is apent,

Duretion of rest pesricd (actual slaop) prior to departure,
Reat fecilitlee and hours during which rest must be obtalned,
(that 1s, dey or night, quiet or noisy, cold, cocl, hot, damp,
dry, etc.).

Each pllot’s wekeful period prior to reportlng to duty.

"Dead-head” time to duty location.

 Time required to travel from home or rest locatlion to point

of du‘b}' .

The hour of dey or night at which the pllot must report for
du t-y .

The third group contains factors at end of flight and pricr to next
flight. These are:

8,
b.
Co
d.

g

Terminal on duty period.

ADead-heading time" to home or next duty location,

Days off at home or at reat location,

Length Af layover period. _

Rest period after arrival at home or rest point, ‘
Rest facllities and hours during which rest must be obtainod;
(day or night, quist or noisy, ¢old, cool, hot, damp, dry,

eto.) .

Agtual flyiﬁg time of the last trip and conditions of last
trip, whether the trip was excessively fatiguing or not.

. Delaney offers the opinion that the factors in these two groups fall
within the realm of company control, and ganeral regulations should be

s EFeprand T



elle

provided to comply with which would require compenies to investigate and
take appropriate action. Items falling in the second group, i.e., those
factore operating while on duty, will be considered presently.

In a discussion of "pilot stalensas® (28), Kalez and Hovde list among
contributing causes: .

a. Bad news from home.
b. The loss of the girifriend back home to the local boy.
¢, Unavoidable dsleys in tralning due to illness.

d. The early adjustment to married 1ife and the growing oleft
between combat foruos and high paid civilian workers.

Although meds from observations of military pilots, this A11ist contains items
which are equally applicable to civilien pilots,

Also dealing with the military pilot, a report by the Aviation Psychol=
ogy Branch of the Bureau of Medlcine and Surgery of the Nevy Department (87)
lists the following as factors tending to promote war weariness. (Werwar-

iness ig defined es "the partial disintegration of the personality undar
streas”

" a, Worry over family.
b, Predisposition towurd neurotic involvement.
e¢. Fear of death, injury, and eepecially capture,
d. Personsl quarrels and insompatibilities with squadron mater,
e. Lack of recreational facilities and liberty.
f. Doubt as to quality and condition of alrcraft.
E. Monotony of long standbye.
"h. Poor food,
1. Interruption or lack of sleep.
j. Dlelike of a perticular flight or plane,

This does not represent the complete list given, but only those factors
operative while the pilot is on the ground and which are applicsble to oi-
vilian as well as to military flying. They were derived from many obser=-
vations made by veteran squadron commanders, flight surgeons, and pllots
themselves, Though many of them are not direcily measurable and camnot be

guantified in any known way, they deo exlst and are important in the fitneszs
of a pilot for flying duty,
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In a study made on truck drivers by the Public Health Service (71) a
liet of factors contributing to fatigue was given. These, although apply-
ing to truck drivers, are equally true in reletion to pllots., Thosas which
influence fatigue previous to going on duty are:

b.

Ca

d.

£

Bo

h.

- General irregularity of habita, particularly in respect to

8lesp, food, recreation, and exercise,

Failure to obtain aatiafactory'reat or sleep during rest per-
iods at work or on "off duty." (This may be due in part to
the nature of the schedule; deficlency in facilitlies for rest;
dissipation; or failure to take proper advantage of free time.)

Phyeleal condition and general health status, especlelly with
regard to physical handicape such as visusl defects (the late
ter would not operate in the case of pilote).

Soclal factors in enviromment or occupational traditicn tend-
ing toward irregularity of hablte, among which are: enforced
ebsence from home and the roving character of the driveris
career. '

Uee of coffea and the effect of nervous srain in causing in-
romnia.

The effect of alcohol and other drugs.

Economic securlty, fear of losing job, especially in the cape
of older men,

Sedentary occupation, effect of posture.

If we substitule in the above list the word "pilot" for "driver," and
fflying" for "driving," the list is applicable to pilots and almost exactly
duplicates the list given ebove.

Those factors which influence fatigue while the pilot is actually on

the job constitute thae other group.

Many of theses are to some extent meas-=

urable and cen be more saslly quantified than those in the first group.
Again, referencs will be made to studies, some of which will be dlscussed
in other sections of* the report. McFarland (40) lists the followling:

a.
Y.
Co
d.

Hoiaé
Vibration
I1lumination
Altitude

Fear and anxisty



Daleney’e lettor msnticned shove (17) givas a set of factors which
oparate while the pilot is on duty. These ares

a., Timo in advance of departure pilot is required to report for
duty. '

b, Weather study time preceding departure,
c. Pre-flight inepection time of equipment by pilots,
d. Desd-hsad time prior to departurae,

o. Dead-head time in flight prior to scting =a ralief pllot or
to sssume flight duties as regular pilot or oquilotn

f. Scheduled to fly time,
g. Scheduled to elapse time,
h. Intermediats stop time,

i. Gcheduled active "on duty" perilod, during which time it is
necessary to consider weather encountered, amount of aotusl
instrument flying time, elevation of flight, oxygen defi-
clency, weather conditions at terminal entry, lcing condl~
tions, mechanlcal difficulties encountersd, season of year,
etc,

Many of the factore which are concomitants of the flying situation are
operative during subsaquent flying, as well a» productive of adverse effects
while the pilct 1s off duty, For instence, in the War Weariness Report (87)
such factors as fear of death, injury, and especlally capture, worry over
family, predisposition toward neurotic involvement, doubt as -to quallty and
condition of aircraft, and dislike of a particular type of flying duty or
plane, are present et all times, The divielon of the factors into two
groups is largely arbitrery and for the sake of convenience in exposition.

In the truck driving study cited (71) several factors are mentioned
which operate mainly under conditiong of driving:

a, Performance of & skilled oparatién requiring a high degree
of alertncss and attention, i.s., the fundamental work of
the driver.

b, Nervous strain due to driving under adverse conditions.
Fear of accidents and a feeling of responsibility for cargo
play & part in causing strain, aleo the pressure of keeping
on schedule eapecially when certein types of freight are .
handled, e.g., sxplosive, perishables, inflamsbles, stc.

. Muscular exertion in loading and unloeding, and in repair
and maintenance of vehicles.

e
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d.

(- P
f,
g-
h.

1.

-14-

Constent use of eyes, frequently under unfavorabio oonditions,
offect of glare and faulty lllumination generslly.

¥onotony and other factors inducing sleepinesa.

Exposure to atmospheric forces, cold, hest, wind, weather, etc.

Exposure to toxic fumes and garses,

Hoiase,

Vibration,

Again, substituting "pilot" for "driver! and "flying" for "driving"
the factors are identlcal with those found in the {lying situation with

‘the possible exception of ¢.

In e etudy made by the British (63), 100 experienced pilots were esked
tc rate on & five=point scale thoss factors that they thought caused fatigue
in flying, These are shown below In renk order:

a.
b,
Co
d.
e,
f.
[ £
h.
i.
3.
ko
1.
n.
n.

Qo

‘Formation flying.

Intensive flying (i.e., two nights running).
Bad weather,

~Strong oppoeition,

Long flight.

Inptrument flying.

Cold.

Being lost.

Waiting to take.offo
Difficulty in finding target.
Low flying.

Briefing too early.
Cancellation of flight, -
Noise.

Yibration.

Oxygen helghts, using oxygen as against flylng lower.



. Tt will be noted that 2 of the 3 most important of these are intensive

flying and bad weather, both of which are operative in civilian as wall
as in military flying. These pilots were also asked gensral questions

as to whethar they suffared from fatigue after long flight or after 2
consecutive nights of flying, Sixty-seven per cent of them answered

yes to the first part of the question, and 70 per cent anaswered yes to
the second part. They were also msked if thsy suffered from fatigue at
the end of a tour of duty., Leas than half or 42 per cent said yes, which
indicated that the fatigue suffered on long flights after 2 consecutive
nights ia transitory i% naturs, but none the less real,

The above may be summarized by saying that there are factors which
infiluence the onset eand course of fatigue during 24 hours of a pilot’s
day, there ars some which are specific to the flying hours, and some
which may be specific to the non-flying hours. Those specific te the
non-{lying hours should be reduced as far as possible by the pilots them-
selves and by company rulings. Thomse specific to the flying hours should
be reduced as far as possible by careful job anslyses and resulting modi-
fications of the job to lesmsen ”fatiguo" as it may be found in any of its
aspectn,

Some attempts have been made to determine which factors reduce fa-
tigue a8 found in the flying end driving situation, Moat of the flying
reports have to do with combat pilote, but many of those factors said to
reduce fatigue by military pilots and by those most closely associated
with them are applicable to civilian pilots &s well, For example, Mc~
Farlard (40) eays that the pilot should keep in piysical condition by
taking ‘exercise, his diet should be adequate, he should not over-indulge
in elcohol and tobacco, he should have a regular home life with adequate
gleep and should be as far as possible free from worry of a financial
nature, Delaney®s recommendation (17} has baen mertioned above concern-
ing the treatments of pllots during their time off duty, as well as tims
on duty. Hovde and Kelaz (2B8) mentioned the following things as valuable
in the preventlon of pilot stalenasa,

a. Improvement of standards of physical and psychologicael se-
lection through the use of lsboratory alds.

b. Improvement in standardization of methods of elimination
or reaspignment of pilots falling to maintain standerds.

¢. Establishment of appropriate rest for pilots subjected to
depleting aviatlion experlences; improvement of morale by
establishment of a reasonable goal with the assigmment of
a dofinite time latitude.

d, Improvewent of recfaational facilities throughout the pil- -
lot'a lelsure hours,

s, Frank discuseion of the lack of exhilaration from flying
in proportlon to the effort expended.

.
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f.

go
h.

i.

Frank dlascusgion of the peychology cf fesr.
Flight surgecns' sympathetlc uhderstanding.

Hﬁintananca of standardized pereonal hietnry records on
ell pilots, .

Vocational rehabilitation for groundad pilota with the se-
tablishment of e satisfactory replacepent gosal.

it is well to note tiami 1t is possible for many of these things to
be conaidered in relation to civilian as. we)} as to military pllots.

In the War Wearinsss Report (€7), the following are suggested smong

thoes things
8,
b,
co
d.-

' e Q

which tend %c reduce pilot fetigus cr war wearinesst
Confidenca in planas,
Lack of delay 1n st&rtipg oparation.
Good living conditlons and maintaining group ideniity.
Compatibility of squadron members.

Spare time occupled with pports, hcbbies, etc.

In the Eritish study mentionsd above {63) pilots were alsc agked to
‘ state, in order of importance, thoae factors which they thought relieved
" fatigue on long flights, The 1ist l& glven below in rank order:

a.
b
Co
do

a,

Conficence in the navigator.

Good intercommunication.
Comfortabls clotaing.

Autopatic pllot.

Good halmet.,

4 successful sortle,

Seeond pilot.

Coffee and retions,

Uoving srocund aircraft.

Deliberate stratching in pilot seat.
Sleep before & flight, especlally directed tc the fligat.

Caffeins.
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Aa ia evldent from the foregoeing lieta a great deel of thought and
conciderable effort have gone: into attempts to clessify or cetegorize
those factors which influence fatigue and those which tend to reduce fa-
tigue, The object behind thease investigat! sns ie the improvement of pi-
lot pecformance in the work situstion and the incressing length of pllot
life, i,8., the flying 1ife of & pilot. M¥ilitary organizatione in the
war were espacially soncerned with thls, as relief ernd rotation pelicles
wore baged largely upon reports such as thoes mentioned.

There is 1little objective svidence 1o show just to what degree sach
of the factors mantioned 1s responeible for fatigus in pilots, but appar-
ently all &re rasponsible to some degrea, Following sectlons of thils re-
port present objective evidence obitainad from studles made on pilote in
the flying situation and on the ground in lsboratory situations, as well
a5 avidence from fields other than flying.

FEERT
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IIT. ADVE3SE EFFECTS OF FATIGUE

1. Feptigue and Acglideplp, Our concern with the problem of fatigue
1s pertinent to the TRA request in as much as fatigue is a faotor in the
pausation of aceidents,

The crucial aspsct of a long range flight is the landing which termi-
nates that flight. It 1s during this landing that the greatest demands
for efficient performance are imposed upon the pllot, end it will be at
this very time that fatigue will be greatept. Table 1, based upon the 1945
edition of Accident Facts (69), indicates that landing (including forced
landing) accidents were nsarly helf of the total =- fatal, non=fatal, and
property damege =~ for airline operations and nearly two-thirds for priv-
ate flying. Personnel errors were the causes of half the airline acci-
dents and more than two=thirde of the privete flying accldents.

TABRLE 1

FREQUENCY OF THE PRINCIPAL TYPES OF AIRCRAFT ACCIDENTS DURING 1944,
AND THE CAUSES FOUND BY INVESTIGATIONS OF THE CIVIL ARRONAUTICS BOARD

Iypen of Ageldants - Alrlines Exivoie
41l Types 1Q0% 100%
Landing 4de &
Take=off (ineluding taxiing) 22 25
Colliaion 13 5
Forced landing 4 17
Spin or atall ) 2 ' 6
Other 15 .3
Caupep of Agcidente
All Caugaen . 1008 L00%
Perponnal errors ' 47 70
Structural failures 14 s
Weathar 1z &
Tarrain 10 5
Power plant failures 5 14
Other . 12 2

Lahy and Korngold {34) have studlgd the matter of fatiguability aa
a factor in acoident causation, Their hypothesis wes that thope persons
who are accident prone may bs more susceptible to fatligue es compared
with persons who are relatively free of acoidents. The authore distin-
guish fatiguability from fatigue, and measure the former by auditory re=
aotion time, aiming and punching tests, requiring 10 minutes sach. HNo
tandency is found for persons with adcldent records to show greater
deorement 1n mean reactlion time or in variebility. The acocident cases,

T
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howaver, show more extreme changas in both directions, inorement an well
gy decrament, No differences are found in the aiming or punching tests.
Tha instability in reasction time is attributed to nervous fatiguabllity.
It would appear that rezctions of the accident cases would be lezs pre~
dictable, Although they showed extreme changes ih both directions, in-
crement as well es decrement, it is the poesibility of poor porfbrmnnco
wnich may be related to accldent causation,.

Viteles (59) has pointed out that investigations both in the United
Sweates and Europe have shown that industirial accldents tend to increase
with each successlve hour of work in the morning, reaching = maximum at .
approximately 11 A.M,, and falling toward zerc at the noon hour. The num-
tar and rate rise again sharply following the noon hour, reaching s pesk
toward the latter part of the afterncon, btut dropping off scmewhat dur~
ing the last hour of work, The drop in rate in the last hour of the morn-
ing and afterncon period, when the worker may be expected to be mest fa-
*igaed, is sxplainad by the reduced rats of production which ocours, with
increasing fatigue, in the last hours of work. The sleckening of speed
brings with it a decreass in the asccldent rate. The affeots of fatigue
upen ascldent rate are thus expleined as belng hoth direct and indirect
~-koth positive and negative insofar as influence upon acecldent rate 1s
sonceraed, It must be remembered, however, that the final landingat the
21¢ of a long=range flight is not comparable to the last hour of & work-
iug peried: the pllot cannot allow his performance to deteriorate during
these crucial minutes,

One of the reports of the Industrial Health Research Board, in Great
Eritain, has dealt with the problem of accident causation (86)., The con-
tributions of this report may be summarizied as followss

Every accldent cbviously has an initlal cause. In some few ceses it
is well defined; 1in most, however, it is complex, but it may elways be re-
garded as being composed of two factors, one impersonal (relating to the
object, materisl, or machine) and the other personel (relating either to
the person inJured or perhaps to scme other person). If accidents could
be clagaified according to the relative imporitence of these two factors,
wa should have at one extreme accldents due to the unforeseen fallure of
material, such es tha bursting of a shell, and at the other, those due
entirely to "carelessness," and incurred on a machine or other object
regarded a8 crdinarily quite safe.

In an investigation into more than 50,000 accidents incurred in muni-
tions faotorles, in which the variations in output throughout the period
were measurad simultaneously with the varlations in accident incldencs,
Vernon succesded in establishing the influence of this factor, and also
showed the existence of a third fastor, namely the psychic state of the
worker. The main conclusione may be aunmarized as follows:

a. The strong qualitstive resemblance between the rate of out-
put curves and the accident incldencs curves durlng the day
shift shows that verylng speed of production 1Is largely re-
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sponeible for the dsy shift varlations of acclidents, and not
fatigue,

b. That fatigue may be an important contributing cause, however,
1s ehown Ly the faot that during a period when a l2~hour day
(75-hour week) was being worked the accidents incurred by

. women were two and a half times more numerous than in the
subsequent period when the dally houras were reduced to 10,

2, In addition to speed of productlion and fatigue, an impor-
tant part is played by psychlioal influemoeas, esuch as alert-
ness and attention, This conclusion is based on a compari-
eon between the accident incldence on the day shift and on
the night phift, Whereas in the former, the accident ocurve
follows the output curve very closely, in the latter it ia
widely different. Here the acoident rate is at a maximum
at the beginning, then falls sharply and finally sinks to
less than half the original velue, Further, the total acci-~
dent rats is lowsr by an average of 16 per cent, with no de-
creas@ in output, Varnon ascribes these differences to
psychical influences, assuming that the night workers started
work in a careless and excited state and graduslly settled
down to a cdlmer mental state than the day workers.

The hourly incidence of accidents experlienced by the day shift
at the projectile factory showed a qualitative resemblance to
the output varlations: Thoy were low at first, rose to a naxi-
mum in the niddle -of the shifi, and then fell away., The night
shift accidents, howsver, mhowsd no resemblance whatever to
output, exceopt during the last two hours. They were at a
maximum during the first hour, then fall off sharply, and
finally sank to less than half thelr original number. Prob-
ably this incldence was largely psychical in origin.

The influence of fatigue in causing accidents was shown at the
é=in, shell factory. When the women worked the seme él~hour
week as the men, thelr scoidents were 91 per cent as numerous,
but when their hours were reduced to 39 s week (those of

the men being unchanged), their accidents fell to 78 per cent
of those experienced by the men,

Evidence suggests that fatigue is one of the factors in the causation
of accidents., This maiter is pertinent to the TWA request if the proposed
long=range operation should be more fatiguing than the operatione obtain=
ing undar the present regulation. ‘

2. I and_Gap ; langy, dJonee (27) has stressed the widely
known observation that fatigue and exhaustion often observed 1n flyers 1s
out of proportionm to the physical exertion involved in their work and must
be ascribed chiefly to psychological factors such as emotional atresa based
upon & wide variety of canses, In a later section of this report, mention
is made of a study of fatigue ocourring in interstate truck drivers., Jones




coneiders that this study deals with a type of fatigue which appears to be
closely related to that experienced by flyers.

Pertinent tc a diecussion of fatigue and general efficlency are the
couments made by Miles (42). He states that flying sicknaess or pilot fa-
tigue ie a difficult condition to study objectively. However, scientific
obeervers agree that it does actually cccur as a sperious occupational haz~
&rd, Apparently, it is unlike ordinary bodily fatigue following excessive
muscular work, and more like the fatigue of a psychologlcal depression.

The totel amount of muscular work performed by a pillot is usually
relatively emall, and the food energy cost of this or anyone slse's mentel
work 1s minimal in physiological terma., But, psychologlcally tha plcture
ie quite different.- The pilot’s job le heavy in terms of continucue men~
tal -adaptations, responsiblilitiee and ocrucial judgments. He i1s often
hampered in the case of his manipulations by a load of distrzeting, but
necepsary, protective equipment, It is under requirements for prolonged
flying with weether or military hazards present that typical flying fa- ,
tigue appears as a sericus condition., Learned response habits may remain
essentislly intact, but when the condition 1s serious, parts of the hebit
system split off from the main paitern so that efficlency, ususlly attained
through total integration ie greatly reduced.

Another way to express this 1g to say that the timing integration goep
tc pieces. Every part and phase of the men's work requires more subjective
checking-. In fatigue there may be an actual increase, rather than a lesson-
ing in the work intensity. But, this inoresse is at the cost of skill.
With the fatigue comes a narrowing of attentlon. The pilot endeavors to
do only what hLe feels he must do; whet, in this 1lli-organized ceondition
seems absolutely essential. He may forget or ignore the temperature
gauge, or the gascline gauge, because’'he is completaly absorbed in imme-
diate planemanipuletion. Like the mentally distracted or depressed par-
son, the fatigued pilot may tend to resort to random reaponses, It ig a3
if he had forgotten the familiar resources available in his instruments
and controls, In this condition he may feel, from hls efforts at concen~
tration, that he is doing quite well. Elements of poor performance noted
by him he tends to attribute to his plane or mechanisms wiihin it. The
importance is clear of continuing studies to determine critical pointa for
lengths and types of flights and fagvorable treatment in case flylng fatigue
actually develops,

The effects of fatigue in pilote, ae detarmined from studies of flight
and related laboratory atudies, are proaented respactively in Sections IV
and VII of this report.

: Fatigue results in a lowering of general effliciemcy. Well integreted

habit patterns may become eplit up lnto emaller components. There is a
deterioration of skill; timing integration suffers appreciably. This low=
ering of general afficiency as & result of fatigue must be given due atten-
tion when considering the TWA request.

3. The lLong-Rapge Effects of Fatigue, Normal tirednsss and even tec=
porary exhaustion are relleved by normal sleep. Fatigue becomss sub-acute

1T



i the dopree of exheustion is so profound that reat serves conly pare
LUy e reatoro the ensrgy reserves whlch have bean drawn upon, If

whe cctivity which produces fatigue 1s continued, & progressive depleticn
t3zinz and a cumulative marked fatigue develope. In relation to the de-
valnpment of sorbid fatigue, it must be remembered that it 1e not work
8lono which contributes to the progressive deterioration, but unwise
racreation and other activities unrelated to the work may be of impor-
Uapee.

In the first gecllon of this report the relationship between fatigue
and anxlety has besen indicated. KNormal fatigue serves to stimulate the
snszioty which is latent in ell persons. As fatigue accumuwlates, the mani-
foptations of latent anxlaty become more difficult to control, and in tho
axtrene fatigued state, anxiety may become the controlling fastor, pervad-
Ing the total personelity and markedly affecting performance,

The effacta of ineciplent morbid fatigue were made manifest in a recent

e.poriment (46). The experiences of 43 adults exposed repeatedly to sima-
lasnsd altitudes of 35,000 ft, with 100 per cent continucus flow oxygen from
grovand level, raveel 3 types of fatigue; muscular aches, occurring in all,
invoersely related to decompresaion slickneas, and disappearing with train-
irg; Latigue related to boredom during long uneventful expssures; and a
mars cemplex emotional type unrelated to the other two. The laat began a
faw houra after descent, contimued 1 to 3 days, was not always rellevad by
rast, but diminished with experience, It was characterized by tenzeness,
irritability, restlessness, sleep disturbances, and disinclinatlon to work.
I% nmirrored the individual®a previous pattern of behavier in anxiety eitua-

ione, Laboratory data, the FEG's, and circulatory changes were not corre-
lated with any type of fatigue. Fatigue induced by simulated high eltlitudes
docs not differ eessentially from that experienced in civilian or military
1'fs, Fmotional flexibllity, types of paychologic defenses, the magnitude
o tha denger provoking anxiety, the suddenness of the experience, identi-
ficetion with the group, and motivation are important determinants of fa-
tigne, This experiment suggests tenseness, irritability, restlessness,
rieep disturbances, and disinelination to work ap long=renge affects of
fatigue.,

World War JI provided the conditions which resulted in the long=ran
effects of fatigue among aviators. In a Navy Department publication (8”%
an attempt has boen made to define different degrees of wer weariness, Ace
cording to this report, the first step toward adequate administrative hand-
1ing of the factor of war weariness is the establishment of practical defini-
ticn, The pregent war has brought into exlatence a nmumber of terms which
are uced loosely and with considersble confusion. Broadly, all such terms
&3 "wur weariness," "combat fatigue," and "operational fatigune™ may safely
be conaidered as referring to the eame entity; the partial disintegration

L 8 The nature of the sitrees appears to make
no real differenca in the aymptome. av e tp d

Administratively, it i1s importent to recognize different degrees of
rar woariness, The following claesification i1s suggested as being prac-



tical from the standpoint of an integrated personnel program:

e. Iranslent Fatigua: 7Thia may be _coneidered to be the normal
transient fatigue manifest in a healthy individual following
a pericd of strenuous effort or excltement, The indicated
treatment is normal aleep, rest, and freedom from excitment.
The proguesis is for complete recovery without important resid-
ual effecta with 48 houra.

b, Cupylative Fatigue:; Thia is the fatigue which does not re-
spond immediately to normal rest and slesp. It may occur in
individuals who have undergone strese of sush intensity that
normal recuperation does not take place. At this level the
symptoms are primarily subjective and may be characterized
by lowered individual morale, reduced aggrestiveness, sloppy
flying, increased tension, and frequent lrritebility, Depend-
ing upon over=-all equadron morale, the individual sympioma may
be more or less repressed. The prognosis is for complete re-
covery following an extended period of less arduous duty.

¢. Chronlc Anxlety: This is the exireme state of war weariness
which is characterized by readily chservahble syrptoms such
as loes of appetite, tremors, abnormal fears, etc. Ordin-
arlly, an aviator reaching this stagae of fatiguc would be
grounded a8 a protection to himself and his teammetes, With
prolonged rest the prognosis is for recovery with residual
effects aps far as combet is concerned, l,e., recurreance of
symptome under atress,

From an adminlstrative point of view, these three degrees of war wzare
inese Iimply differeat procedures, If a large proportion of the individuals
in & squadron show transient fatigue, there mey be implied ncthing further
than the need to give them a day or two of rest. There would be no occa-
aion to believe that thelr operating efficlency was permanently impeired,
If a large proportion of the individuals in a squadron show cumulative fa-
tigue, it must be presumed that the cperating efficlency of the squadron is
impaired, but that mwost of the flying persomnel is recoverable to combat
aviation following a pericd of rest and rehabilitation, The combat effi-
ciency of such a sguadron 1s declining and a date for relleving it should
be determined. If a number of individuals in & squedron show chronic anx-
lety it must be racognized that those individuals are probsbly not recover-
able to combat, The necesaity for continued deployment of such a squadron
must be weighed against its decreased efficlency and the probability that
a considerable proportion of its experlenced persommel will ba permenently
lost to combat aviation.

The Ravy airmen who were interviawed for this study of war woariness
provided a list of aymptoms on the basis of their own combat experlencs,
indicative of decreasing individual effectivenesa, The list doeaz not
rapressnl any order of importance or froguancy of mention. The aymptoms
a8 list2d from interview notes, were as follows:
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a, Loss of esgerness to fly,

b, Avolding hops; downing planes; or returning tc base.
c. JIncrease in barrier crashes,

d. UCareless air work and deck work arcund the carrier.
8. Arguments and objectlons during briefing.

f. Appearence of excuses and alibls in AC] interrogations,
g- Strained personal relations.

h. Disincliaation to press home a£taokag

i. Loss of interest in ordinary activities.

j. Anxiety and sleepleseness.

k. Inereace in drinking.

1. Todividual atatements indiceting "loss of nerve,”
m.l Criticiems of eamch otheris air Qork.

In this same report on war wearinesseappears a list of symptoms based
upon reports svbmitted by flight surgeona. The followlng sympioma were
mentioned at leapt once in these reports; they heve been grouped under four
nain reaction typss.

&. Reactionsz of pilote to each other:
| (1) Irritability (mentioned 12 times).
{2) Impatience,

(3) Criticism of cother squadron members' personal and
tactical characteristics.

b. Reactions of pllots to their own fears:
(1) Notlceably tired-haggard looking.
{2) Lassitude-=lsthargy.

(3) Losa in wairht (one man lost 28 pounda, another 12
pounde in 2 weeks),

{(4) Nausea,

—— e P
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(5) Vomiting,
(6) Fa}nting.
(7) Pylorospasm {gastric pain and/or vomiting).
(8) Anorexia (dieinterest inm, aversion to; food),
() HNon-specific diarrhee.
(10} Vague uusouinr aches,
{11) Tachycardia (accelerated he;rt action).
(12) Brooding,
(13) Rervousness,
(14) Ineomnia,
(15) Jumpiness.
(16) Restlessnsss,
(17) Anxiety.
(18) Worry.
(19) PFailure to relex.
(20) Asthenia {general fesling of physical 'eakneéa)a
¢. Reactions of pilots to flying:
(1) Loes of interest in f&ying and "things in genersl,®
.(2) Abhorrence of flying.
(3) Over=cautiousness,
‘(A) Poor landinge.
(5) More wave-offs.,
d. Reactions of pilots %o tﬁeir environnents:
(1) Preoccupation with leave and relief.
(2) Critiociem of food, |

(3) Criticism of planes.

I
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Tkls Navy Departmant report concludes that it becomes clear that "war
woariness™ is not e specific entity. It is a term deriving ite significance
from the situation in which any of the common neurotic syndromes may appesr,
There 18 no one syndrome which characteriszes it., It 1s interesting to note
that all of the symptoms which might be celled "physical™ are well~kmown
hystericel or conversion symptoms, those which may arise without an edequate
orgenlc basis.

Another concept of the long<rangs effects of fatigue 1s that of "pilot
phaloness” described by Ealez and Hovde of the U, 3., Navy. They define
"pilol staleness” as a temporary loss of conf dence, due to the emotionsl
suroes of depleting aviation sxperience producing excessive stimulation of

 inherent and acqulred characteristics of self-preservation, The emotional

atreus gilves rise to apprehension for security, with resulting conscious
end subconsclous establishment of emotional reectlons, subjeotive and ob-
Jactive signs and symptoms, dirpoted toward escape from danger. Pllot

stzlaness occure in varying degrees at some time during the first 600 training
hours in approximately 25 per cent of pilots (2B).

They 1ist its subjective symptoms, divided 1nto_ear1y and late tend-
eaciss, as follows:

LAY, : Late Tandencys

(Increaped vmso-motor tension) {(Withdrawal symptoms)

a. Vagua headachas, a, Vague disturbances of vision
: or hesaring.

b. Anorexia.

b, Vague chest disturbancea: left
¢. Diarrhea, sided chest pain, palpitation,
- diffioulty breathing.

d. POlyuri‘a
¢, Burning urinetion (high cone.
e, Phyalon) exhaustions and scidity).
(1) During the day. ’ d. Constipation and distension.
(2) 10-12 hours sleep on e, Vague extremity aches or sensa-
successive nighta, tions.

£, Insomia and restlessnesa.

g. Llack of abllity of lemgthy
concentration

h, Reduced interest in the opposite
sax, '

i, Ismediate fainting history.

,
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They list the following objective aylptoms, also divided 1nto early
and late tendencies:

Early Tendemcy: Late Tendangys

{Increased vago-motor tension) (Withdrawal findinga)

a. Tenseness, tremor, _ ~a, Decreased startls response.

b. Inocressed startle responsee. b. Confueion, depresaion, fearfulness,

6, Increased use of alcohol and ¢. Resentfulness against others.
tobacoeo.

) d. Lsck of interest, drive, atten~
d. Increased lnterest in the op- tion and memory.
posite mex.

e. Irritebility, fault finding,

over-criticalnesa, Sociéllwithdratal, butt for jokes

of other pilota, or considered
f. Worried and anxious (verbally "rutge,"
and in appearance). ‘
2. Receat faclal or 1id spasms.
£ Receant preoccupation and ab- - ‘
sentnindedness. h. Recent stuttering.

h, Nonuconformity as evidenced by: 1, BExtra-systole,
Failure to attend mess, missed
flights, AWOL, and flat-~hatting
escapades, otc, '

A report of the Flying Personnel Research Committee (53) relates neurc-

ale to the degree of dangar of the duty rather than to fatigue. Thers ap-

peared to be a dirsct relationshlp bstwéen the lncidence of neuroails ettri-

buted to flying duties and the degree of denger of the duty. The opposits
eppeared to be the case whan the neurcses are not atiributed by the physal-

clans to flyling.

Beuroses arising from flying dutiegs wara equally distributed between
men who had not flown on operations, who had started their tour, and who
had had considerable sxperlence of operations, Five per cent of cases
arose in men who had not flown at all, By contrast, more men ceased fly-
ing with neuroeis, lacking confidence, at the beginning of the tour than
at any other time.

 Over half of the patients had not been exposed to more than slight
stress while flying, and nearly a third to noae at allj two-thirds had
experlenced no peychological strees apart from flying.

The main cause in almost every case was psychological and the most
important single cmuse wae fear, fatigue playlng a subsidiary part if
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e. Decreased personal cleanliness.
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prepsut at ell. Physicael injuy contributed te the nsurosis in 18 per cent
end illness, 9 per cent. Alrsickness and exhaustion ware each contributory
in only 2 per cent, and cold and altiiude were never considered causal. As
faar is the most importent single cause it follows ithat there is a direct
rolationship between the incidence of the neurosis and the degree of risk
encountered,’

A number of opinions regarding the effects of aviatlon duty in the mili-
tary situation may be of interest. Commodore (then Captain) J, C. Adams (MC)
7,5.N., has made the following ststement regarding operation fatigue:

. 4

*In aviatlon, flylng personnel are not concerned so much with phye-
1cal work and phyeicml exhaustion. Their fatigue is more directly
the result of smotional stress and nervous exhsustion, We should
remembaer that ments strongest urge is that of self-preservatlion, ,
Any time a person's life is endangered he should, and does, develop
& perfectly normel apprebension for his seourity. Coneciously or umn-
conselously, hs establishes amotional reactions dirscted toward
escape from denger. Our primitive instinet is to flee. Obviously,
we carnct resori to such a measurs, espsclally in a military organ-
i2ation. Therefcre, we suppress our fears -- we stand and face dan-
ger, It 1a thle dlstinctly awkwerd and rather abnormal stete of af-
fairs that brirgs sbtout cir trcubles. Certain individusls cannot
face denger calrly. Jome can't face it at all; they are what we
call cowards, We all vary in our reactlons in this regard, de-
pending upon our ccmstituilonzl endowment and also upon the pe=
verity or sericusnesz of the danger. TYhysical influences such
as fatigue, hunger, loss of sleep, gicknees, etc., are seriously
depleting to stamina and morale, Under thess emotional and phys-
ical' stragses the inadequate perscnalities crack early. The rug-
ged personalities are able to carry on longer, but in time will
alsc sucourb if gufficiently stressed.”

Regerding fatigue factors in flying personnel, A, W. Eyer has made the
following atatement:

"There seems to be no actuhl yardstick by which fatigue can be
measured, but its eoffects appear to be sufficlently constant
to merit its description in the terms of a group of eigns or
symptoms occurring in flying perscmnel when they have paased
their peak of operational efficiency. The effects produced
by operational {lying often appear disproporticnate to the
physical effect involved, wlth the most frequent complaint
of personnel that they felt all "washed out." Mental tenslon
before flight can be a potent factor in producing fatigue, end
oparationel flying hours alone cannot be used as a complete
guide in asseszing it. Thia i particularly true where there
are frequent falae alarme ®Which heighten tension end excite-
ment., Pilots frequently appreclate the declink in their abile
i1ties, and thias is followed by a diminished enthusisam for
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operational work. There is & lack of drive and initiative neces-
sary for combatant duties and carelessness begins to enter the
piloture, Thie is soon followed by the appearance of nerwous symp-
toms which have an anxiety background. It should be stresaed that
pilots with a strong semnse of duty will try as far as posesible to
avoid bringing thelr subjective feelinge to the attention of their
commanding officers or the medical officer. There is more often &
tendency to attempt to go on, and they reach a breaking point and
become definitely 111." -

Major Gen. (then Brig. Gen.) David Grant, Air Surgeon, U.S.A.A.P., bas "
made the following atatement regarding flyling fatigue:

AThere isno yardstick to determine flying fatigus, It is not re-
lated to the lack of sleep, poor diet, or other indisoretions, It
iz primarily and essentially due to tension, psychic for the most
part, which may develop on the ground as well &s in the air. This
tenasicn is proportionate to the individual's physlcal status prilor
to its inception, depending upon the nature of his misslons. The
average pllpt after flying 100 to 150 hours, is nearing the onset
of fatigua. It i8 at this point that precsutions for prsvention
of this ¢ondition should be teken. After about the 150th hour
1imit of safety in flying is reachsd, even minor injurises sustained
on a trip end ir a sudden breakdomn of the individual and he isa
no longer oapable of flying, whlle an aviator who has not had
as much flying hours may sustain even severes injuries and on re-
covery is able to resume hip flying duties, It appears that this
type of individual gets to the point where anxiety factors and
neurosis make him careless and he does not care consciously or
subconscioualy what happens to him. Very often these individuels
even after the oneet of fatigue will not complain of being unable
to f1y and will not seae their medical officers. This undoubtadly
is due to the fact that they ere not consciously awara of the im-
pending illnesa,”

Probably the granting of the TWA request would not result in the condi-
%ions productive of cumulative fatigue and chronic anxiety comparable to the
conditions existing during the war. But, the very fact that fatigue can be
cumulative makes 1t desirable to ralse the question 1f long-range opesrations
will be more fatiguing than the operations under axiating regulations,
Farther, it would bs of interest to kmow how the THA pilots spemd their
off-duty periods, since we have seen above that unwise recreatlon can be
equaelly fatiguing as work itself. The questionmight be ralsed if ths
proposed long-range opereatlons might not be conducive to a better utili-
zation of off-duty time, since the pilots presumably could spend more time
with shelr families,

4
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IV. STUDY OF FATIGUE IN PILOTS

This seation of the report deals only with studies made on pilote or
individuals who were in training to become pilots and thus had had some
flying time. Many of the studies were made on the ground, but, they were
as closely related to parformance in the air as possible under the given
conditiona.

1. One of the objeétivaa of this review was {0 determine, if poesihie,

- whether there is any relationship between hours of flying end sccldents,

Army and Navy records have heen examined and although certain raw data ars
avelilable, further stetistical analyses appear desirable bafore including.
the findings in this report. Requesats have besn made to the Army and Navy
for more detalled information in thim area eand requests for similar data
have also bean made to the British Air Minjistry. Several references heve
been made in British reports to accidents whioh might be attributed to

. lcng hours of flylng, but supporting data are not available and they are

nct therefore included hers.

2, Aggiﬂgnjg‘_gg;T;n?_E:pg:;gnggo A statistical atudy made available
by the Army Air Forces (79) does noi deal dirsctly with hourse of flying
and accldents, but with age and expsrience in relation to aceéldents in the
Army Air Forces. This report analyzes flying accldents oceurring during
1944 and 1945. A totel of 4638 accidents was examinaed and has been sna-
lyzed 1n terms of pilot age, pilot =sxperlence, and accidsnte per 100,000

houre of flying. Information concerning single engine as well as multi-

* engine accidents is presented since the trends for both types of plenes

are almost alike for different age and experience groups.

Figure 3 shows accldent rate by experience of pilot for all pilots.
It will be noticed that thore is a progreasive decrease in accidents as
experlance lnoreases, until approximately 1000 hours have been flown, and
then thers is & sharp increase in accident rats. If aexperiehce 1a held
constant, the factor of age in accident rates begomes apparent; thias is
shown 1n Migure 4, for two experience groups in heavy bombers and for
thres experience groups in fighters,

Tables and graphs are included showing the sccidents attributable to
pilot error and to other causes, Over two-thirde of all accidents occur
through pilot error of one kirnd or another.” This can be peen from Figures
5 and 6, How closely pilot error is related to fatigue or caused by fatigue
is not kmown, but it is reasonable tc suppose that the fatigued pilot or
ons who has been flying for many hours ie more likely to make an error than
the man who has not flown for eo long. Some evidsnce to support this hy-
pothesis will be presented later in the rsport,

3. Wacellaneoun Jtudles of Pilots, There are several miscellan-
sous reports dealing with fatigue in flying for long hours. A report by
the AAF (82) ooncerns the length of mission and replies to a questionnaire.
In this repart the average length of operational misaion in the ETO was
74 hours and in the APTO, 10 hours. The principel casse of discomfort in.
the heavy bombardment aircraft under coneideration relates to the short- ’
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comings of the seating accommodations of tke respective crew quartars,

In another report by the 8AF (84) 53 per cent of the crew members oper- -

ating in the ETO and 86 per cemt of those in the APTO asuggestad remedies 3
for fatigue when answering a free reaponse guestionmeire, The differ-

ences of percentages is attributed to the fact that the APIO flsw longcy

miasions, averages being the esame as thgse asbova. Sleep wes sald by 75 .
per cent of all respondents tc be the baat remady for fetigue sustained “t
on long missions,

Another unpublished AAF report deals with 46 men who flew 2000 milec
in fighter planes, with one stop after five hours flight, during which 4
they remained in the planes. They were approximetely 10 hours in the i
planes before completing the flight. In reply to quastions coancerning the
flight, the most troublesome feature of the flight was seat dlscomfort,
the second was described as boredom or monotony,

a. ' 28 men complained of sors butta, :
b, 24 men complainsd of cramped space. .
€. 22 men complained of stiffness of back and legs,

" d. 20 men complained of glare.

8. 19 men complginal of difficulty in peying attention and "
staying ewake, but felt they could have "pulled thamselves Tt
together” in an emergency.

McFarland in a repoxt on a Glipper trip from Alamsda to Manila and ra- .
turn (40) took records of blood pressure, basal metatoliem, pulse ra%e, atc.,
periodically during the total flyiag distance of 14,141 miles {which -ms
spent at an average altitude of 9460 [eat} on 17 airmen and 11 passenpsrs.,

No mention is made of how the pilots divided up the flying time, how {leir
rest periods were distributed and so on, but he concludes that all the
subjects maintained a high degres of mental and physical efficiency
throughout the fiight. There were =some minor variations in partial pree=
sure of oxygen and carbon dioxide in the lungs, slightly lowered blocd
pressure with increasing hours at altitude, a elightly increased pulse
rate, and 80 on, but these ere not considared important factors in the
overall plcture of succesa in flying over that length-of time amd dlatance,

In a study by Dougherty (18) on the effect of imcreased flying timn
on aviation instructors, 20 instructors selected &t random wero rubjectod
to a fatigue study over & 6-week pericd. Ages ranged from 21 to 28 years,
experience from one to 16 months as instructors. He concludes:.

an. The younger men were alightly less affacted than the older.

b. The greatest stresA occurred when dey and night flying both
were necessary.

c. Seventeen of the 20 required one to two hours sdditional
aleep each nlght,



d, Fatigue was manifaested subjectively by the following symptome:
(1) Continuous tiredness,

(2) Pronounced afterncon fetigue,
(3) Increamed irritability,
(4) Less patiencs,

(5) Less concern with progress of students.

4

(6) Diminution in mental slertnees..

(7) Tinnitus aurium, Loas of appetite, insomnia, were
relatively infrequent.

e, Ubjective manifestations of fatigue were:
(1) Heterophorim in 13 subjects on 25 occasions.
{2) Blood pressures ofﬂllo millimeters, _
(3) Low results (less than +8) on the Schneider Index.

The instructors in thies astudy were averaging 118 hours of flying per
month, as compared to an average of Bl for some period in 1941, for another
group of instructors.

In a report by Clinton and Thorn (15) 21 airline pilots between 27 and
50 yesrs of age were given a physical exemination with special reference to
conditions which might have resulted from long continued flying, and a pey-
chiatric evaluation, including their aviation history. They were in gener-
ally good health. They wers in moet respects psychologically meture and
well adjusted. They were cooperative and intensely Interested in aviation
B8 a career, The sources of fatigue as mentioned by theas men were:

a. lay=-overs at airporte.
b. Lacking facilities for rest and recreatlon,

o, Irregularities of achedules,
. i‘ -

d. Prolonged instrument flying.

~ One of the items mentioned by the authore ap & major problem is the

diapoeition of pilots no longer capable of active service. Thelir ability
to fly is curtailed before they are physiclogically old and the majority
of these men are unpuited for desk work. It has besn mentioned that fear
of losing jobs end worry about the future after driving has to be discon-
tinued is one of the camuses of fatigue in drivers. The same appears to be
true of pillots,



37

Walsh {61) discusses fatigus as a depletion of nervous energy reserve.
He says that subjective concomitants are warnings that sufficlent rest for
the anabolic procese is needed. The value of frequent rest periods to all
pilctes who fly high powered machines and operate at high altitudes has been
forced upon the attention of airplane menufacturing companies which employ
test pilota. For test pilots a rest of at lsast one week in seven 18 recom-
mended.. The prevention of acute fatigue emong pilots conelsts simply in
thelr obtaining snough rest, and in teking advantage of that modern equip-
ment which is available to counteract the occupational causee of fatlgue,

Almoet all of these studies indicate that Iincreasing flying hours in=
creases fatigue, but to what extant is unknown. It is imposeible 1o say
what the other factors in the slituation were and to what extent they 1n-
fiuenced the onsat end course of fatigue,

Studies concerning anoxia in pilcts are not included in this mction,
ap a more detailed summary is included in Section VII of this report.

4o British Studies of Pijotp, A series of studies made by the Flight
Personnel Research Committee of the Great Britain Air Ministry on fatigue
in pllots contains a weslth of data concerning the development of fatigue
in an experimental asituation. The first of the serliss dsescribes in detaill
the epparatus used. and the results obteined on a large group of pilots in
training who went, through the experiment (19). The apparatus consisted of
a etandard Spitfire cockpit rigged with the usual instrument pansl and
atearing .controls. The instruments were set to respond to changes in the
controls, and also set to respond to changes go that sctusl flying condiv
tions were approximated.

Autonmatic records were taken of deviations from course in terms of
side~slip,; alrspeed, and errors in amltitude and compass reckonings. Cne
hundred and forty subjects were employed whe had from 10 to more than 200
hours flying experience although none of them had had any operatiormal ex-
perience. Each subject was given a practice period to familiarize him with'
the controls and instruments and then was glven a 2-hour sesglon in the
cockpit, during which he had 7 periods of intensive activity interspersed
with 3 periods of level flying. The level flying perlod did mot sllow the
subjects to relax completely as sn arranguement similar to the Link Trainer
rough air attochment was in operation, and the subjects had to fly the ma-
chine even. though they were in stralght and level flight.

The experimanter took grest care to determine vhether the changes in
behavior during the progress of the test were dune to fatigue or to boredom.
In the first piece, he obtained introspective reporis from the subjects, =
greel majority of which showed clearly that they experienced the aubjestive
malaise characteristic of fatigus. Relatively few of tham had formulated
their uneasiness as fatlgue, but they characteriatically remarked on getting
out of the cockpit that they couldn't have gone on with 1% much longer or
that they would ilke to do a lot more If only they could have a rest first.
1t was clear from their remarks and their enthusiasm about tha test that the.
signe to be dlscussed below are not those which might arise from boredom,
lack of interest, lack of adequate metivation, or other factors which might
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lsad them not to do their hest. In the second place, the after affects,
though not quantitatively analyzed because of the impossibility of doing .
80, indicats that the subjects were really fatigued rather than suffering
boredom. One of the factors was the absence of enthusiasm. This shows
itself as & rather sleepy attitude developing scon after the completion
of the test. The subjects liked to alt, smoke and talk and were obwvioualy
reluctant to start activities which demanded mare alertness. It was elso
noted that the subjects tended to pay mors social visite in the 24 hours
following the test than they normally did.
Certain medical findings indicate that the subjects were fatigued, the
most common of, which is the development of a severe headache, This does not
noraslly develop immediately, but is first noticed some few hours aftar the
completion of the test. 1In some cases, subjects have reported feeling dizzy
when they started to smoke, some even reported vomlting on smoking. HRedical
examinetionns, however, made immediately after the completion of the test and

‘again 24 hours later were completely negative in their findings. These

factez are described merely bechusa taken with the other evidence given, they
do tend to suggeat that the experiment does succeed in producing fatigue.
In the third place, certain members of the department volunteered to be
trained to the required state of proficlency on the machine, and then to

.subject themselves to the test procedure for as long as might be required

to produce in them an advanced state of fatigue bordering on exhaustion.
Several such tests were carried out, some lasting for as long as from 6 to
7 hours. :

The results obtained from them were 3o similer to those obtained on the
2-hour course that it wes inconceivable that the symptome in the 2-hour test
were caused by anything but fatigus. In the longer tests, the symptoms were
exaggerated, deterioration in performance as recorded was slightly more marked,
though of the same general typs, tha same type of amnesia developed and the
subjsctive symptoms became greatly exaggerated. The subjects reported ex-
treme awareness of fatigue and marked physical discomfort. Outside the ap-
paratus they were uncoordinated in their muscular adjustment, and in some
capen found difficulty in relating their ideas sufficlently to form coherent
sentences. Furthermore, all the quantitative signs which appear were detsct-
able before the end of the firet 2 hours. After that perlod, the tendency
was not for new aymptoma to develop, but rather for the cnes alrendy noted
to bscome more marked.

The results of this study will be disoussed; quantitative changes in

' performance will be considered first.

Records for side~slip and mirspeed are shown in Pigure 7. Both side-
slip and airspeed show deteriorstion at the end of the test of 45 to 50 per
cent, and both of these findings are statistically significant at. the one
per cent level, Changes in altitude and compass course scores, indicated
in Figure 8, show & somewhat different shape than mirspeed and side-slip
bacause they show an initiel practice effect with deterioration due to fa-
tigue being superimposed upon the practice effect.

It was found that two aspects of behavior changes dre recorded in these
measures. It was noted thet the courses required not only the ability to
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carry out the eppropriaste maneuvers, but also required very careful atten-

tion to the time factor. The acores due o dolng the wrong thing decreased

steadily throughout the test, indicating that with practice the subjects

were learning how to carry out the required maneuvers and were paying care-

ful attention to them in spite of fatigue, The scores due to timing errors,
however, gave a different picture. These scores showed an initial improve- -
ment with practice, but then incressed rapidly and in a positively acceler- N
ating gradlent, indicating that timing was suffering more and more ap fa~ B
tigue developad. In other words, the deterioration in altitude and com- @
pass course scores wae antirely due to an increasingly faulty timing, the :
actual meneuvers required being performed consistently better at the end

than they were at the beginning., The deterloration in timing scores is
atatistically significant, t equaling 3.2 for altitude scores and 4.1 for

compass scores. The p value in each case 1s less than .10,

In eddition to the general deterloration just mentioned, it was ob-
served that the slope of the curve was much greater from Unit 6 to Unit 7
than at any other point after the third unit. This was thought to be of
extreme importance because 1t represented the reactlion of pllots who knew
that the seventh unit was the lapt. It was noted that the effect on s tired
‘pilot*e behavior of kmowing that he is approaching the end of his task ia
to meke him much worse than he would have been hiad he not known. The dif-
ference in scores of these two units is statisticelly reliable, approximat-
ing a p value of .05. Aa might be expectad -from the preceding discussion,
the effect was one of a further deteriorztion in timing rather than in
errors in carrying out the required maneuvers. In some cases the. differ= :
ence was enormous, approximately 150-20C per cent, o

These findings suggest a "fatigue™ rather then a "boredom" factor., f

The reasons for deterioration in performance scores are discussed under
geveral hesdings, the firat of these being lowsrsd standards. It was observed
that the subjects started the tests with & keen interest in them and a dstar-
mination t0 dc ap well in them as they posalbly could. In conseguence, early
perts of the testing were marked by a consistent effort on the part of the
subjects to keep all of thelr instrument rocordings true, and whereas, in
the case of side-slip, they were unable to keep the nsedles abaslutely cen-
tral, to ellow the mmaliest swing possible, Their dourses were attended to
carefully and they trled hard %o get thelr timing accurate.

As they became tired, the picture changed; &nd ell aspects of their per-
formance became lasa efficient. Evidence indicated that this was becauss the
subJects set thamselves a progressively essier tsek as they goi tired. They
were satisfied with wider and wlder approximations to the true poeitions of
the needla. When they were frash, the side-slip needle was regarded as he-
ing eatisfactorily central if it fluctuated only within 2 to 3 degrees euch
side of the vertical. As fatigue developed this arc of allowance movement
was unknowingly widened from 2 or 3 degress each side of the vertical to 5
degrees, and then to 10 degrees, until ultizstely, when the subjects were
reglly fatlrued, the needle wus ellowsd to swing from slde to side and was
regarded ac tclug rorfectly satisfactory providing it sti1ll pessed through
tho vortlical end was not jammed either one side or the other.
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The interesting thing wae, however, that almost without exception, the
subjects finished the tests perfectly satisfied that they had improved eteed-
ily throughout. They were, even at the end, still awere of their dissatis-
faction with their attempts at control in the early stages, and they werse
alsc aware of a gradual change in their attitude to satisfaction in the
later stages. They wers completely unawars, however, that this change rep-
resented a satlsfaction with an increasingly lower standard of performance.

In the sarly stages airspesed was kept within 5 or 10 mph of the cor-
reot speed. As the test developed the variation became greater until ia
the fatlgued stats little or no attempt was made to ocontrol it., In conse-
quence, the mumber of stallas inoremsed raplidly as fatigue developed. For
alrspeed, the mean difference in percentage increase of lsrge over small
srrors from Units 4 to 7 was 92 per cent. .

This Qeterioration in course scores was probably also due to lowered
standardas of performance, although there was no proof of this apart from
the gubjective reporte afterwards, It was very common for the pilots to
state that toward the end of the test they had given up looking at their
clock and stop-watoh and had decided to estimate t{ime intervals between
maneuvers. The Intervels ranged from one and cne-half to 5 minmutes and
they were convinced that such estimates were within their powers and thet
such errors as they might make would be small. In actual fact, the esti-
mates of time intarvale could be and were as much as 200 per cent wrong.

The shape of the fatigus curve represented two changes in behavior,
the first being & worsening of the ability to carry out a qualitatively
similar tagk and a sscond (represented by the relatively flat part of the
curve) the qualitetive rather than the quantitative change in which the
subject 1s setting himself s progressively easler task. From this a pilot
is 1ikely to make increasingly dangerous errors the more fatigued he becomes.

It was further noted that in addition to lowering standards the pilot
showed a growing tendency with the onset of fatigue for the complex task
to split up into component parts. When the pilots were fresh the 6 central
flyling instruments were rsgarded as being closely interconnected end a move-
ment in any one instrument was aassociated with corresponding movements of
other instruments, The task set wus essentlelly a unified one, complex and

.baving many clues on which the pllot had to base hia movement, but atill

essentially unified. This was not so when the pilot wase fatigued° Then |
he tended to forget that he was flying an airplane and regarded the tarek in
more simple terma. He no longer regarded movemente of the nsedlea as symp-
tomatic of the behavior of the aircraft, but merely as a stimuius demanding
an immediate response from him to get the needle back where it should be.

The authors state that it is apparent that in a machine as complicatsd
&8 an aircraft there are a mumber of reactlions which can produce the same
results. For example, a movement of the side-~slip needls and of the compass
may indicate that rudder has been applisd or that sufficient deflection of
the ailerons has taken place to produce an aileron turn, Only an examina-
tion of the artificial horizon will tell which of these controls needs cor-
rection. If the wrong conirol is moved the machine will tend to be to s



greater or less extent out of control for the time being. A fresh pllot
confronted by the sbove situation will glance at this instrument panel as
a whole and will know immediately which of the possible movements is the
one he should make in this instance. A fatigued pllot will not look at
his panel as a whole. He will, instead, make whichever of the conventional
movements to correct that kind of situation that firset ocours to him,

An example of this which frequently arose was the airspesd indica-
tion. It was calibrated from 40 to 160 mph in a clockwise direction., If
the machine were put into & dive of 4000 feet per minute or steeper, and
the throttle were left on, the airspeed would exceed 160 and the needle
would rotate past the 150 mark into the low range of alrspeeds once more.
Fresh pilots found this a very easy situation to cope with, but the fa-
tigued pilot found 1t very difficult. The fatigued pilot who had allowed
his alrspeed to rise mo high typically realized that he was diving rapidly,
but in attempting to pull out of the dive would cbssrve the airspesd ap~
parsntly dropping off toward the stalling speed. He would become fright-
enod and push the nose of the machine down intc as steep a dive as he could
and at the same time opsn his throttle wide., He would again attempt to
olimb, find the same occurrence and push his ncse dowm once mors. All the
time he would be losing height rapidly and would be well aware of this,

He wag quite unable, howsver, to relaie the various factors together and
80 obtain a picture as to what the machine was actually doing. Many pi-
lots would continue to fly straight at what corresponded in the experlment
to the ground. They would then say that something had gone wrong with the
machine and that they had in consequence crashed, In other words, they
were accepting their instruments at their face value and were quite un~
able to ses beyond them to a picture of the behavior of the machine.

The author gives an interesting interpretation of the fact that side-
slip errors increased more rapidly than sny others and showed mora deter-
ioration during the test, He blames 1t on the intrinsic difficulty in
interpretation of the artificial horizon. This, he says, 1s because the
movement to correct the artificlel horizon 1s one in the direction of the
apparent movement on the instrument rather than away from it, This 1s not
the immediate response one normally makes to the movemont of a plane to
starboard or port. He believes that the ubtnoymally lerge and rapid deter-
ioration inaide-slip control with fatigue is due to this difficulty. The
pilots take longest to become familiar with the artificlal horizon, and in
fatigue it is the first instrument to causo difficulty precisely because,
for its proper management, it requires an intellectual appreclation of its
meaning and it is this intellectual grasp of the situatlion which most chsr~
acteristically dipappears in the fatigued state.

A further resson for deteriloration in scores with fatigue 1& a rapid
increase in the irritability of the subjeots as they become tired. Thias
1s shown in two ways. Firetly, by the flow of caths they keep up and
secondly, by an increasingly violent manipulation of the controls. The
pilot starte over correcting because he is feeling irritable aad his cover
corrections make him more irriteble. The result is an increasingly poor
control of the machine. .
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Another reason for deterioratlen in performence was amnesias for side
instruments. Conmparatively few of the 140 subjects forgot to chack their
instruments during the first hour of the test, but after that the curve of
forgetting rope very steeply until 60 per cent forget ebout them at the end,
A comparable curve could be plotted for the time elapsed batween the move=
ment, for example, of the needle giving the rediator tempersture and the
subject’s reaponse to it. This rose rapidly as tha subjects became fatigued.
A further difficulty with these gauges is that with the exception of the
-gasoline gauge, none of them carried any indication of the correct rsading,
#c aven when the subjects dld look at them when thay were tired, they were
unable to remember what the correot temperaturs and pressure should be,
and 8o refused to react to them. Many explained afterwards that they were
not unduly worried by being unable to remember the correct readings bscauss
they trusted thempelvee tc be able to diagnose any chenge in the angine
note sufficlently accurately to ba eble to tell which instrument was read-
ing incorrectly. In other words, they ignored their instruments almost
completely and used auditory cues tc enable them to interpret the instru=-
mant panel. This scems tc Le a reversal of the designer's concepticn of
the value of the panal. The laading gear awltoches wers alao frequently
overlooked by fatigusd pilote. It was one of the most common of all
faults for the pilot to land with his landing gear up, and to explain
that he had completely forgotten about it., More than 80 of the 140 pi-
lots tested landed with the landing gear up.

.Qualitative changes in performance &sre next considered. The first of
these is the unrellabllity of gubjective evidence. As the pilots became
progrensively fatigued, their reports of what had ocourred were progressively
unreliable. Gross changes in the stimuleting conditions were not only over-
looked but were strenuously deniad, Thelr evidence was equally unreliable
when they repeated what had happened. They made claime that they had per-
formed certain maneuvere, that they had heard nolpas, such as the acreame
ing of their propeller tips, etc., snd that changes had occurred in the
machine which had never hsppened. For example, they were certain that the
controls got "sloppy" at low airspeeds and thanked the experimenter for
making thelr task easier. In ectual fact there was no change of any de-
scription in the feel of the centrols throughout the test.

The second change was in the awareneses of physical discomfort. FPil-
lots becans mors aware of physical disconfort with the development of fa-
tigue. They frequently complained mt the end of testes that their helmet
was too heavy for them, that the string tying the pad of instructions to
their leg was too tight and hurt them, that the cockpit was too hot, the
ssat was hard, end the position they had to sit in too orowded. With this
awareness of discomfort was a growing inability to interpret kinesthetic
sensations correctly and a tremendous growth in the illusions they had.

The third change was in the amount of irritatlon shown by the pilots.
When the tests started the pilots wers completely silent. Graduslly they
would start to eigh when things wers going wrong, then mild expletives
took the place of sighs, end before the end of the test most zubjects kept
up a flow of the most viclent oaths they knew, and the handling of the con=-



trols becams 1ncrezsingly violenti, It wae characteristic of the siate of
fatigune that ths errors nads by the pilot were projected by him onto the
machine, Some sald thut th» mazhine had a jinx on it at the end. For ex-
emple, when they hed rolied tho horizon over so far that it jammed, and
were holding it thara by giving atick in the wrong diraction, they would
pound the inatrument psncl with theldr fists, explaining that the needle
had atuck., OSome ccaplained that the experimenter had given them bumpy
weather at the cnd becniea they wara holAddngz the stick perfectly still

and yet the machisie was rnlling and turning erratically. One subject even
refused to carry on the tnet 3aying 1% wew azeless for him to try if the
experimenters wers Joilng tc play the fool outalde. All the control cebles
had %o be utr.mgihaned considlorably in view of tha vlolensa of the behavior
of the fatigued pillota. '

The fourth chenge wss in the number of lapses, Along with deteriora-
tion, in gineral, wtirely abnormal ard spparently simpid bahavior was very
frequent whan the pilots were tired. Many of these lapses ocourred when
larding. 7ol to razaw? thelr airdrome as being zerc feet, pilots would
land at %000 feet. They would start to stall the wachine at 3000 feet,
hopitate and put the nose down again and continue until they were 3000 or
4000 feazt below sea laovel. Then they would give up end say, "It's no good,
I3wo crashed," Doatalls such as gliding angle, airspeed on the approach, -
etc., were almost glwaye ignored. ' .

Several follow-up studies were made to determine, 1f possible, whether
the resulte would be the eame for different groups, These are summarized
ap follows in another British Air Ministiry Report (7). It was thought pos-
gible, that the results obtained might be psculiar to or exeggerated by the
inexperienced type of pllots being used in the first experiment. The ex-
periment was thersfore repeated with a smaller number of operational pi-
lots who bed prolonged fighting records. There wae no substantial change
in the nature of the results, though in most instances there was now in-
orezsed resistance to the onset of fatigue. The work was repeated with
an InCependent experimenter to decide the extremely unlikely poseibility
that in some way the experimenter himself was influencing the effects
which had been obpoerved. This was done and once more the original results
were confirmed. ¥inally, it was considered poseible that the results might
have besn effected by the design or fittings of the cockpit, amd the oppor-
tunity was accordingly teken to carry out a meries of practically similar
ohearvations on skilled operational pilets in a Wellington fuselage with
full cockpit equipment., Once upzin there was no important difference in
the character of the results eecured except that as In the earller cock-
pit experiment with operstionally experlenced personnel, the appeardnce
of fetigne wes delayed,

This ropoit stetes there cau no louger be wuy doubt whatscever that
the air pilot, whether experlenced oy inaaperiencsd, 18 liable to fatigue;
that the signs and symptoms of iiying ratigue remain substantially the same
from individuasl to individual; that the pilot himself often does not know
what the signs mre or when they begin to find expreseion in his behavior;
that there are periods and types of maneuver in a prolonged flight which
are perticularly liable to deterioration caused by fatigue; and most im-
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portant of all, that the signe of flying fatigue rarely if ever indlcate
a state in which the correct behavio: or the desired askill cannot be per--
formed but only = ptate in which it will not be performed unless partlcu-~
lar care im taken,

These studiss have been reported in some detail becauss they are the
only onee of their kind known to the present authors. Adequate care and
axperimental safeguarde have beer obzsrved in the design and in the execu-
tion of the experimenim. Although hie results were obteined on the ground
in cockpit mock-ups, it Is possible io conclude that pllots do show fatigue
after long hours at the controls ani to accept the faote discovered in this
axperiment a&s thosa Indicative of fatigue. It should be mentioned, however,
thet the pilot of a multl-engined plane with a co-pilot and an automatic
pilot to help him, with cpportunity to get up and move around, to eat,
sleop, and otherwiss carry on a relttively easy routins, i1s probably not
subjected to the ssme sirasin as the men in thsse experiments, and to in-
fer fatigue after flylng 5, 6, 7 or even 8 to 10 hours in a large sirplana
from the results just described, is 20t un accepteble procedure uniess and
until it has been shown that the cookpit used in the experiments 1s a close
analogue of the cockplt of a large a’roraft in flight. This also applies
to other studies cited in this repart,

In another report by the Britisl Air Ministry, R, H, Winfield made a
deteiled study of factors influenocir.: onset and production of fatigue in
Catalina Flying Boat crewa {65}, Th. report is the result of 100 hours
operational flying with different craws of a Catalina Patrol Boat Squad=-
ron. He says that factors influenciig the onset and production of fatigue
in long patrol flights are:

a, Diet

b, Roise and vibration
¢. Cabin heating

d., Vision

o. Air sickness

f, Morale

An interesting observation was made which relates to the cockplt studies
just reported. Winfield states that the visible eigns of fatigue begin to
show themssalves after about 12 hours flying and consist in an increasing
irritabllity and loss of memory for relatively eimple tasks. For instance,
when a change of course is required, the navigator passes to the pilot a
slip of paper on which is written the fresh course and the time on which
he 18 to turn onto it. The pilot receives this about 4 minutes before he
is to meke the change. Normally, he has no difficulty in turming onto the
course at the given tims, As fatigue sets in he will forget to elter his
oourse on time, and 2 or 3 minutes may elapse after the given time before
he realizes that he has forgotten. Finally, he will begin to doze and may
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actually fell asleep, It ia pbuaible that some of the aircraft which have
disappeared for no known reason may have been lost becsuse of this.

One of the reports of the Flying Personnel Research Committes (45) 1s
concerned with fluctuatlons 1n navigator performance during operational
sorties. It is reported thet the errors in calculation and plotting wind
vestors made by navigators engaged in a seriea of night bomber operations
sorties have been analyzed, By an arbitrary divieion of the routes to snd
from the target and plotting the sectlons where opposition was engountered
it was possible to compere the fluctuations in parformance with the times
of occurrence of zcute hazard, Compared with fluctustions in navigator
performance during a serles of non-operatiocnal flights, the level of ef-
ficlency during the operational sorties, which is lower at all stages
than in the non-operational controls, varles considerably. The aversge
error rises to & maximum during and after enemy oppoeition and falls
again on the last part of the route back to bease,

It i3 suggeated that these fluctuations are succeesivaly due to the
effact on performence of anticipatory, acute, and persistent anxlety.
Thesa effects seem to be larger than the effects of fatigue in the latter
stages.

A follow=up study was made on 346 pilots who had been through the Spit-
fire cockpit test described (16). The scores of these men were enalyzed and
grouped into different classes (1, 2, and 3), depending upon the extent of
disorganization of the skill of flying the machine, ability to follow in-
structions, etc. Ten of the 346 pilots sustained fatal accldents and 121
had non-fatal ones. Considering fatal accldents and flying hours it was
found that there was ona accldent in 5305 flying houre for members of
class 1; one accldent in 4578 houra for those in clasa 2; and one accl-
dent in 399 flying hours for those in class 3, 'or 13 times as often as
in class 1. Nonefatal accldents were distributed differently. Class 1
in the cockplt test was divided into three sub-groups; plus, average,
and minus, and it was found that a large nunber of thos¢ men who sus-
tained non-fatal asccidents fell in the -1inus sub-class. These were the
men who hed been (at the time of the test) graded as erratic, and who had
failed to carry out the test instructions properly. The findings are ex-
plained in hypotheses that pilcts sustaining non-fatasl accidents had a
atrong tendency to become precccupied with one aspect of -the test instead
of distributing their attentlon appropriately over allespeacts Many of
the accldent reports did indicate that the pilote were neglecting some=
thing when the accidents occurred. The results will not be reported
further bewause the number of accldents both in the fatal and non-fatal
classification is toco small to be of resl significance. However, the
results are indicative of the fact that there may be a relation between
"fatigue" ae messured by the cockpit test and sccidents. The authors
themsslves state that _though the contribution which the expsriment hes
made to the knowledge of accident causation 1s smell, 1t should not be
undersstimated. The problem is an important one and though progress may
be slow and graduel, further experiments are imperative. The results ob-
tained, although meager, gilve promise tnet advance of knowlesdge in this
field will accelerate ae adequate follow-up of cases can be obtained.

Lorabelwe T
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Y. STUDIES FROW THE TRANSPORTATICH INDUSTRY

1o A Sty of Fetirue fron Autonobile Driving. Ryan and Warner (47)
conducted a study, ‘the purpose of which was "to determine the effect of a

moderately long day of driving on the efficiency of the driver and thus
indirectly to throw aovme light cn the causee of accidents.”

The & subjeats ranged in age from 18 to 30 years; all were high school
graduates and 2 were college greduetes; they worked on alternate days. Be-
twean 8 and 9 on the wurnings they worked, they drove over a ampecified route
through the city. At @ 4.M., they reported to the laboratory for a series
of tacts which Included vascular skin-reaction, postural stesdiness, hand=~
eye coordinatiOnp visusl efficiency, color naming, and mental addition.
After these tests, they rtaried on the rest of the driving, which lasted
until spproximately 7:30 P.M. with an hour sut for lunch. At 7:30 the
crivers returned to the laboratory for the tests. On control days the
drive“s drove for one hour in the mormning, but spent the reast of the day

In light eotivity or recreation; meals and times of testing were spaced
a8 on experimental days.

The vascular skin-reaction test involved timing the interval between
stroking the skin with a blunt instrument and the beginning of the fading
of & faint white streak. -

. Fostural stsadiness score was the average of 3 one-minute trials with
an ataxiameter.

Handeaye coordination teset, Form A, 1nvalved inserting a stylus into
koles, the smmallest of which was 1/8 inch in diameter, and which became
progresaively larger in incremeante of 10 per cent of the diameter of the
hole next smaller in size. The dismeter of the atylus was 3/32 inch, The
subjsct started with the largeat of the 20 holes and procesded until con=-
tact with edge was made. Score was the average of 5 trials. .

In Form B, the subject insarted the stylus 120 times, at the rate of
1 per second, into s hole slightly larger than the hole determined by this
&average score in Form A.

Viaual efficiency was measured by the blurring of the letters 11 fix-
ated for 3 minutes., The number of blurs, and the total time of blurring
were reocorded, . .

In colar nawing the subject named colors of which 100 squares appearsd
on each of 3 carde. The ascore was the time required for the naming of 1200

, eolors,

Mental sddition material oconsisted -of 3 cards having 7 typewritten
columng of 15 digits each, Score was the time required to add the 21
columna correctly,

Figure 9 shows the changes oocurring in the tests after the drives;
Figure 10 indicates the changes in the tests on the control days; Figure 11
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FIGIRE 9

CHANGES CCCOUNAIIR: 1IN THE TESTS AFTER THE DRIVES
. {Based on 120 driving days with 6 Sa.)

The means for the morning scorss of all tests ars indicated as
1.00. The shaded area indisates the average amount by which
" the evening scores deterlorate from the morning level, The

dotted lLines show the macnitude of the prohabls error of the
mean for each test, :
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FIGURE 10

CHARGES OCCURRING IN THE TESTS ON THE CONIROL DAYS
(Based on 28 days with 6 Ss.)

The #0l1id areas indisats tha sverage loss and the vertiscally

shaded areas the average inmovement in the svening scores.
The morning scores are represented as 1.00.
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FIGURE 11

CONPARISON OF THE VARIABILITY OF FERFCRMANCE
BEFORE AXD AFTER THE DRIVES

Shaded areas indicate the change in varlability
after the drives compared with the wariability
before the drives, whioh is indicated am 1.00.

presents a mnpiriuon of the varlability of performance before and after the
drives, .

The results showed thet there 18 a demonstrable fatigue effect fiom a
long autemoblle drive., For vascular skin=-reactlion the average decrease in
time was 12.4 per cent. The average lnarease in body sway was 8.3 psr cemnt
and the variabllity of perfovmance waa greatly incressed after driving. BHand-
sye coordinat.ion chowsd e decreaae of 2.0 per cent on Form A, end 23.6 per
cont on Form B, iu both casas varlebllity was increased, Visual efficiency
was decroased 2.6 per cent by driving. Time required for color naming wae
incroased 3,9 per cent end errors were increased 46.8 per cent by driving;
variabiliiy in errors was incoressed, but varilebility in time was decroased
by driving. Timse required for mental eddition was increased 8.5 per cont
while the errors .increased 17.5 per centj varlability was very much in-
created by driving.

"The tendency of long automobile drives is to produce a loss of
effectivoness of certain sensory discriminstions, eseociation
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processes, and motor reactions similar to those required in drir-
ing. These observatione suggest that the effect of a long euto-
mobile drive may rendar a drivaer temporarily prone to accidents.”

The findings are of intereat relative to the TWA request in that they
indicate a decrement in the efficiency and acouracy of performance, appar-
ently as a remult of fatigus, PFurther, trese findings Indicats a greatar
variability of performence under conditions of fatigue, and such varia-
bility may be a cruclal factor in a bhazardous situation.

2. Reports of the FMatloual Safetv Council. The Rational Safety Coun-
cil has published two booklets ccnoerned with accidents occurring when the
driver has fallen asleep (B5, 78).

In the first report, entitled Tog Long &t the Wheel, it was antici-
pated that driver-asleep eccidents could be explained by fatigue due to
the number of hours at the wisel, The conclusions of this report are ae
follows:

Many motor vehicle mceldents occur because drivers fall asleep or be-
come so -tired that they capnot drive safely., OSuch accidente are much more
liable to cause death (partisularly of the driver) and serious injury or
damage than the general run of motor vehlole amccldents,

"Fatigued" or "asleap” accidents are more likely to occur to truck
drivers than to private papsanger cars.

Drowsiness is often contributed to and complicated by other factors,
eapecially alochol and carbon monoxide.

Driving excessively long hours 1s a common practice on Amaricer high-
waye; but starting trips after considerable periode of wekefulnese (occa-
sioned by work or even by waiting) is equally important in producing danger-
oue fatigue,

For purposes of safety legislation, the total hours on duty, including
time for loading, unlosding, and waltlag, ere the i~portant factors -~ no¥
marely the hours actually et the wheel,

As shom in Figure 12, most driver-esleep aczidents happen after only a
fow hours at the wheel, espsclally thpss oceurring with passenger cers., Ac-
cording to the raport, entitled How Long on the Highwey, nearly half of the
pasaenger cars had been driven less then 2 hours when the drivers feil asleep
but 5 drivers out of 8 had been eweks for mors than 16 hours, and neariy half
had had lsess than 4 hours' sleep in tha past 2. Most common howrs 2 A.M,

A third of the truckers had been driving from 4 to 8 hours, but about as
many had had no slesp in more than 16 hours., In ths last 24 hours, & in
10 truckers lacked normal sleep; and 9 in 10 lacked 1t in the previous 42.
Host common hour for truckers—asleep accidents: 5 AN,

Among inter-city truckers (in 1937) one in three is at the whael for
more than 8 hours without any restj one in 5 ia on duty continucuely for
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FIGURE 12

MOST DRIVER-ASLEEP ACCTDENTS NAFFEN AFTER ONLY 4 FEW HOURS .
AT THE WHEEL, ESPROTALLY THOSE OCCURRING VTTH PASSEMGER CARS

mors than 12 hours; and one in 5 is ewalts more than 16 hours when his driving
cade. One in 20 hes had lesa than 7 continuoves hours in bad for more than 4
daye snd 4 nlghte,

Yigure 13 shows the relation beitween the number of hours aince last
sleep and the frequéncy of driver-asleep accidents, It is surprising that
among the truck drivers so many driver-apleep eccidents ocour within 4 or
5 houra., The National Safety Council report explains this as due to the
fact that the sleep of the truck drivers was so short that only 5 hours of
wektefulnesa ware needed befors they fell asleep at the wheel.

‘Tt 48 of interest to note that the curves for both passenger cars and
trucks rise consideratbly after about 11 houra,

0 4 8 12 16 2 24 :58‘3-:2:,6;
" Hours Stnos Lest Sloop at Mo of Accldent
FIOWE 13
wWfETRS e e e

THE CASE WI'TH SOME OF THESE TRUGKERS, THE SLEEP IS SO LITTLE THAT
ONLY FIVE HOURS OF WAKEFULNESS IS HEEDED TO BRINY OF DROWSTHESS AGATN
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Evidence suggests that driver~asleep accidents are dus to fatigus; but
1t is important to note that fatlgue from activitles other than driving --
indiocated by hours since last aleep at time of driver-asleep accldent == ip
an important faotor. This suggests that the problem occasioned by the TWA
request is not.eimply a questlon of whether 12 hours of flight are more or
less fatiguing than the shorter number under exlsting regulations. Fatigue
from any source is of importance, and not just fatigue from flying. It would
be of interest to know whet i1s the condition of the pilot -~ in reletion to

fatigue -~ when he begins the flight. Eow many hours has it been since last
pleep? How were those hours spent? How long and how restful #ae tle aleep? '

Would the granting of the TWA request permit the pilot to be with hie family
more often and would this tend to permit him to have more slesep prior to the
flight?

3. Any : P o Lahy (22} haa dageribed an
intaresting atudy ooncorned 'ith fatigue found in drivers of heavy trucks
working extremely long hours and traveling considerable distances,

Work begins at ebout 9 in the morning when the 2 drivers arrive at the
garage where they oonnect the tractor unit to tho already loaded trailer,
After a light meal they drive away treveling 35 kilometers through ths very
heavy traffic fqund in the center of Paris; they cover a total of 200 kilo-
meters by dinner time, After eating dinner, but having no reet of duration
longer than that required for dimner, they continue and drive 250 kllomsters
ferther, érriving at their deatination betwean 5 and 7 o'clock the following
morning. If they have arrived an hour or two before the opmaing of the ea-
* tablishments to which delivery ls to be made, they are able to rest 2a thalr
vehicle, During the day they travel within s radius of 8¢ kilumaters naking
local deliverlies and helping with the unlosding of 1. metric tona of nmis-
cellenecus merchandise, Early in the svemiag-they go to a warehouss whers
the traller is loaded with 14 tons to be taken back to Paris, DMnner is
eaten a few kilometers from ths point of their departure for Paris.

Accidcnts oceur most frequently betwsen midnight end 5 o'cloca the fole
lowing morning. There is an almost irreeistable dosire for sleep, The trac~
tor does not maintain a straight pathy the traller swings from cme sids of
the road to the other. The man at the wheel is at times awekened by 20lli-
sions with trees; his syes have bsen widas open, yet unseelng. These drivers
love their work and would not trade it for any other., Yot they experience
great fatigue; they report sensory disorders, particularly tactile snd viouel.
They do not feel tha wheel nor hear the motor; thay experience hallucinations
such as an apparent narrowing of the road,

In the experiment it was planned to use certain tests hefore and aftar
the routine trip, and to givo othors at intervals slong the way. 4 =sacond
truck, a traveling laboratory, carried the squipment necessary for the exam-
inations,

The tests given bsfore end after tha trip were:

a. Blood samples for determining alkaline reserve,
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Qs

e

Pasychologiocal testo of remory, attention, following directions,
the repid repetition of simple gesturss,

Undirected attention,

The tests applied along the routs were:

L
b,
Cs
d.

LI

pHl of urine,

Blood pressurs,

Simple reaction time,

Dynsmonmeter for measuring strength and enmdurance,

A device for messuring motor skills and sustained attention in
following simple gestures,

Two drivers were tosted, P, age 29, and Hgygga 38, They were sxamined

on a Honday morning afier rest and again Tuead

the garage.

morning when they went to
Fxaminations were made along the way and et the destination. -

After 18 houre of work, the drivers did not report fatigus, Towever, great
fatigue wam experlenced during the return trip, The tour emded on Friday
at 3 in the afterncon. The drivers were examined immediately; they reported
agnin on Saturday for further examinations.

The testa of memory, concentrated and .diffused attention, and sustained
attantion showed nc dscrement with fatlgue. Small amounte of reet may have
hesn sufficlent to mask any influence of fatigue, Other tests did show vari-
atlons concomitant with fatigue. These were pfinary pH, simpls reaction time,
and the dynsmometer. HKeasures of blood pressure showed considerable differ=
ence from one subject tc the cther, Recorde for M indicated little change;
for P, relatlvely great variatlons, Reaction time became longer, presum=
ably due to fatigue, Measures of urinary pH indicated an increased acldity
genarally higher then the normal valumes. Curves for an ammoniacal coeffl-
clent were highest during the parlod of greatest fatigue. Strength meas-
ured By the dynemometer did not declineé for H, but it did scmewhat for P,

A similar result occurred for endurance,

The following concluaionz are drawn:

- 33

be

Ce

Trsts which are exclusively psychological lack sufficlent
senaitivity to detect the chunge which presumsbly occurred.

The dynsmometer temts of reaction time, and urinary pH are
sufficlently sensitive,

Patigue is related to the continuity of intense mffort, and
the interferance with the diurnal ectivity of the orgmnism,
It 18 the latter which producas hallucinations.
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d. Although the two subjects were chosen because of physilologi-
cal and peychological similarlity, individual differences were
found. Resulis for M tended to be constant, and those for P
very variable,

e. It 18 recommended that a mandatory rest ccincident with the
" discuasad cycle be imposed. The local daliverlies at the
destination could be made by a relisf crew, thus providing
an ontire day of rest.

While tha demanda upon the body emong these truck drivers are greatly
in excess of the demands imposed upon alircreft pllots, nevertheless, thie
atudy furnishes another example of the decreased efficlency associated with
hours of work. It must be admitted that some part of this decrease was due
to lack of sleep and would have occurred for that reascon even If the mon
woere not driving. There 1a 1ittle question that their driving is unsafs,
especially toward the apd of thelr trip.

4o Fatigue and Hours of Service of Interstate Truck Drivers. In 198
the Interstate Commerce Commiseion requested the U. S. Public Health Szrviza

to make en intensive study (71) of truck drivers to investigate the problem
of fatigue and houre of servica, 2 total of 1200 examinations were mzde ca
889 drivers in three cities, The average ege of the drivers was 31.% ysars;
87 per cent of them were between 20 aend 40 years of age; and only 5 por cent
were over /5 ysars of age, The drivers worked 5.6 days per week and dzrove
10.7 hours per day for & total of 59.4 hours per week. The average nilszags
driven by the drivers {n one trip was 251.3 miles. For purposes of this
study, the term fatigue refers to an mltered paycho-physiologlcel siuic in
relation to the ptatus of recovery of normal capscity.

Tests given to the drivers consisted of two kinds: (a) performeznce,
and (b) non-performance tests. In eddition, medical and occupstional habit
studies were made. The tests were as follows: {a) a battery of 9 puyclo-=
logical teats: spatial perception; the estimation of known sizee; mariul
steadiness; precleion of movement-alming; rezction=coordination timesz; o=
actlion time; speed of tapping and work decrement; strength of grip=Cynamio-
metric measures; static equilibrium, postural steadineess by Milap atraienctor,
{b) A series of tests with the DeSilva Driver~Vigilunce test spparatuc: o=
celerator-brake foot reaction time; stoering efficlency test (eyes-huad wonrs
dination tost of the pursnit-meter type); vigllance test {steering offi:iancy
combined with brake reaction time); complex vigilunce test (stearing efii-
clency combined with cholce=reactlon time tust). (c) Glars teste in which
resistance to glare and recovery time after exposure to glare were mensursd.
These tests were given with (b) sbove as a unit or "battery.” (d) Hempurw=
ment of the speed of eye movement {maccadic intorvel, by photogrephlc mse.s
during the performance of an imposed visual task). (a) Detormimstion of
the critical fusion frequency followlng exposurs of the ays to flicker at
two levels of illumination, (f) A snap aculty test. (g) Determinaiions of
total leucocytes and relative proportions of differsnt types of whits blood
celle in oirculeting blood {differentiaml aré total vhite blood cell countz).
(h) Determination of concantrationz of potarsium and total base in tlcod
gerum. (%) Determinatiorn of cerkton monoxide content of bloed.
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Tie reddeal study of drivers licluded a medical history and physical
iy dr-tlon, supplementod by detexmination of visual acuity by the use of
Snellan %eat., Clinical lubcratory tests of bloed and urine wers also made,
miring the physicel exmminetion, an attempt was made to eptimate the gen-
sral phyoical fitness of the drivers and the impression of the examining
PLrcicien wes noted, ,

In the ocgcupational end habit study of drivers, the effect of driving
rizn % Ged by compuring scorse made after driving with scores made by driv-
vz dn o etete of rest, The ntate of rest was defined es the condition of
nen who hed not driven since a major slesp (6 hours or more). There wers
102 of these men and their condition was considered to be a fair representa~
wion of drivers in the most rested siate they achieve in the course of thair
regiwon, end therefore, provide a good basie for comparisocn, The ocveffi=
claont of covpariscn was cslculatsd by subirecting the individual's after-
dr'rlng ceore from the mesn of the rested scores and dividing by the stand-
ard ¢svintion of the rested scores., Thus, e positive coefflelent of comparie-
sor, dadiczies botier test performance, & negative one indlcates poorer per-
foranca.

A punmary of the results of the tests is shown in Figure 14, which in-
dlesbvoyu the symptomecomplex of driving fatigue so far as it has been deter-
nined by thia study. In Figure 14, the functlons tested have been classi-
fied oy *he degrea of difference fouud betwesn drivera and non=-drivers, and
by “ko corplistency of the change with hours of driving., This complex ine
giudsz oughly in order of importance as indicating factors, (a) reduotion
1z 27292 of tapping, (b) lengthening of the time required to make a coor-
dfnated wovement, %c) increase in body sway, (d) decrease in spesed of re-
ac>ien, {e) dacreass 1n steadiness of the hands, (f) decreass in vigilance
ag meactred by the driving test, {g) decrease in ability to perceive flicker
and probnbly elao, (h) ability to distinguieh objects in the presence of
giare, (i) reduced speed of eys movemant, (J) reduced accurecy in aiming, .
{r) reduced effioiency in steering, (1) decreased heart rate, (m) increased
vhite c2ll count, (n) lengthened brake reaction time, and {o) incréase in
1lond prossure., The average functional efficlency as sxpreseed by coeffi-
vinnts of ecoring progressively decreased with the increased hours of drive
ing., The results of almost all other tests, in general, supported thia con-
cluginon and none offered contradictory evidence.

Mgure 15 indicates the combined effects of age and hours of driving
-ar shewi by coefficlents of scoring based upon simple reaction time, resc~
tlon=occordination time, muscular stsadiness, and speed of tapping. For these
4 tests, tho age trend was consistent for the first 3,but the spesd of tap-
plaoz 417 pet show this treand, The muthors state that although the funotional
ol liciency (as Indicated by the coefficient of Bcoring) of men who have driven
daciiner with advanclng age, this does not necensarily mean that the older
men ars lezs capabla drivers, It 1s not koown to what extent the greater
exparience and poscibly more regular habits of the older men compensate
for this spparent decrease in functional efficiemcy.

Tre suthors conclude, "Thus while many factors in the daily lives
or wackground of the drlvers may operste to reduce the efficiency
and; therefore, the safety of driving, long hours of driving have
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TATIGUE OF TRUCK DATVERS, OCOMBINED EVFECTS OF AGE AND HOURS
P DRIVING AS SHOWN BY GOEFFICIZHYS OF SCORTMO

bzon shown to be lmportant in this respect. Furthermore, hours of *
driving are controllable while many of the other factors are not
readily controlled except by the drivers themeelves, It would,
tlisrefore, appear that a reasonable limitation of the hours of
Ariving would at the wory least reduce the mumber of drivers on

the road with a vary low functional efficiency. This, it might
reasonably be inferred, would act in the interest of highway
B&fﬂtyo‘"

In regard to the TWA request, this study ie pertinent in that it furnishes
further ‘evidence of 4 dacrease in efficlency assoclated with hours of servics,
It 1= eignificent that in thias study only a genaral trend was revealsd); the
data did pot permit a stetement as to beyond what number of hours of driv-

- ing 2speirment of efflciency wes acceleratsd., The irend associated with
aga 18 of interast, especlally the comment that perhaps greater experience
end more regular babits of the older men may compensate for the apparent
danreacs in functionnl efficiency. Again this suggests that it would be
desirable to know more sbout how the TWA pilots spend their off-duty hours.
If the granting of the TWA request should provs tc be conducive to more reg-
ular heblts, this would tend to compensate for any decrement due to the pro-
poaed increase in the number of on=duty houra.

mMeT o OBl AN10n Data Wblilhd
generally confirm the Rational

hr the I.nt.ert-a Go saon 80
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vl troae o dats, cadicate che gt st mppher of wecidenta onrcurring
wihr the truzl driver nor been on daty batwaen & and A hours. Eliminating

sha pe of sonident ia mtinh Chere Lz oo oapparent "drlvesr responsibility . ”
that 1o, glindnaticg acod ente dovolviny - losdtng 2ed unloading, fires, ex-
rivaiens, ate . tre lmcgce’ nwiese ot necidsita, or 1) per -ent of the total
of the "dcivar cesponeibility” eeoddents smiao scenrred in the 5 t¢ 6 hovrs
en-duty pard ool

T3g ICO racert considers the moes zlgnilicant featurs of the tabwla-
tior. ol a2uicenta oy hour:s on cuty to Le the high percentage of drivers in-
volvad in aceldeant:s whe heve besn on duty mors than 10 hours. This group
vin 1938 repredents 1 C per ent ol uhr Lotal collisicn and non-solli-
aion wiwidents.

Tt La an Lnrarvesting ques izn i¥ Goe roduction of on~duty hours of
these drivers raaliy ¢id cwuauwl. in a Iacz fetlguing tour of duty. 1t is
beliaved that d—-1vore geisom drove 8tsadil:, but reather they stopped fre-
qaently far ousf'-e an® ieilexatlca. Thur waa sguivalent to the introduc-
tion of rest pauser which have bser ahoan tw reduce fatigue in industry
genarelly. 1f, after the 1l0-hcur lsw bozana affectlve on March 1, 1939,
tihe drivers wsro roguired to pover the aaws distance as previously, but
with'n tha 1U hours, the offoc? smnld =2 (o ghorten or to reduce the num=
ker «f these atups and uwnle might pessioly ofi'ret any gain associated with
the 1C-bour imitation. :

Another interstats Commerce Commisaicn report (8l) indicates that in
1929 the per cert of all trusk sccldente onevrring after 10 hours on duty
dropped to 5.8. The IOC report states .72k tuis may be a reflection of
the hours of service raguletions promulgatad by the Commission, which be~

‘came effecrtive March 1, 1939, 1t is, cf courze, apparent that this drop

from 11.7 per cent to 5.4 per cent merely reflects the fact that fewer
trucks were driven longer than 10 hourn during 1939, The IGC report ‘does
not ettempt to evaluate ita regulation of nours of servica in terms of
ucvideat reduction.

As did the Fationsl Saufety Council publi-atlons, these JCC reporte
point to the importance of coneidering fatigue from all sources in rela-
tion to the dacressed efficiency which incraesses accident liability. Hours
on duty 1e not the sols consideration sinca muny of the accidents occur
after but a few hours at the wheel.

6. Sgpme Date on the Effecis ?i %ffmgutz Activities. In a study of
hours and truck aceildents, Morgan (43) prasents data which confirms that

which we have reportad above, that the psrcentage of sccidents ococurring
after but & few houras of driving is greeter than the percentage occurring
after nany hours cf driving. Morgan's deta indicate that the ratio of ac-

[N
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cldents to hours on duty shoﬁa an increase up to 6 houcs on duty and a de-
cline thersafter. He considers this sr evidence that long toure of duty
are not necesgarlly dangerous .from the accident point of view,

The occurrence of accidents in tha early hours on duty suggested that
this might be the result of tco little off-duty time preceding the tour on
duty when the accident occurred. To study this matter a questionnaire was
clrculated asking the time off duty precediag the on-~duty time during which
327 eccoldents occurred. It is reported that in the highest percentage of
accidenta, the drivers had been off duty 12 to 16 hours immediately pre~
ceding the tour in which an accident occurred. Further, there wes no re-
lation between the number of hours off duty and the time of the accident
in the on~duty perled.

A study of the stops or rest psuses showed that the stops have no re-
laticn to acoldeant frequency which appears to bs the smame regardless of ihe
duration of the stop or the time slapsed after a stop,

The mejor conclusions of thls study may be summarized es follows:

a8, Hours of duty have no relation to accidents, at least up to
16 duty hours. There may be a pericd when the hours on duty
will bring on sufficiont fatigue to make a driver unsafe, but
what that perliod is cannot bs determined from thim study which
includes almost ro material on driving aocidents occurring
after 16 hours of driviag.

b. Hourse of rest vefore any perlod of duty have no effect on the
frequency of accidents ufter going on duty. Further, the time
end duration of stops have no affect upon accident fraguency.

¢. A final inference l1s that perhaps one of the sontributary causes
in highway agcidents is being "too fresh," or too well rested.
Accidents happen in the early hours of duty on the early tima
after a stop. It may be deducted, therefore, that these driv-
ers of motor trucks beccme safer the longer they remsain at the
wheel within ressonable limits. Drivers when firat behind the
wheel are. so rofreshad and rested thet the duties of drilving
do not take all of thelr energy, either physical or mental,

This last conclusion is interesting in comparison with that of the re~
port, How Long ou ihe Highway, which sxplains similar data due to-the fact
that the sleep of the truck driver was so short that only a few hours of
wakefulness were neaded before they fell asleep at the wheel. It is true,
of course, that Morgan's study does not deal exclusively with acoidents
due to falling aslaeep.

Waile this study on truck drivera presents rather confusing evidence,
1% does suggest ths depirabllity of exploring thoroughly the relation be-
tween off duty activities and the incidence of fatigue during flights of
long range, The off-duty factors might be much more important in producing
" impaired performance than any difference in the fatiguing effect between

_—
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eight hours of flight and the proposed long-range flight., There ic & nead
for studies in commerclal airlinea of the problem of ofy=duty hours end the
time and incidence of accldents or other indices of impaired pasrformasnco,
and, further, the problem of the time of accldents or impeirment im relate
ion to the last mtop, where a number of Jandings are Involved.
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VYI. STUDIES FROM OTHER IRDUSTRIES

1. A Study of Twalve Aparican Iodustrial Plante, The Bureau of
Labor Statistics has made a stody of the effects of long working howrs in’
twelve metalworking plants (30, 31). The findings are well summarized in
the second part of the report (31) and they are presented with but slight
alteration balow,

It appears that hours worked beyond 40 or 48 per week result in addi-
tional output but at the price of continuous desreases in efficiency and
marked incrsases in absenteeisa as hours rise. 4 point is finally resched
at vhich the longer work schedule is no more productive, and actually may
be less productive, than a shorter work schedule. With few exoeptions the
longar working time in the plants studied resulted in a general slowing
down, not only during the added hours, but thfoughout the sntire work week.

Another point illustrated by the survey of the n.dditionil plants is

" that the Teday week, ap a steady program, is uneconcmio and may actually

result in leas production than the 6=day week.
Among the 12 metalworking plants studied, the operations varied from

' foundry and forge-shop work to bench operations which required the proceas=

ing of metal parts weighing as little as ons ounce, There was no intention’
to study metalworking operations exclusively; it simply happsned that long
working houres wers found most frequently in these industries. The material
worked, however ~- whether metal, or wood, or leather, or paper, or any
other substance == is of no great significance, Glven the same types of
axertion requirements, control over speed, and wage incentives, the work
performance under the same hours schedules will probably follow much the
same patterns, '

In regard to hours in relation to output the surveys make clear that .
there is no such thing ss an "optimum hour schedule" for all of industry,
What appsars to be a satisfactory scheduls of hours for a plent with light
machining operations may be economiocslly wasteful in a foundry. Further,
there i» a marked difference in the performance of men working under wage
inocentives and those working at straight hourly rates without any kind of
wmge incentive. Much depends on the type of work and the requiremente it
sxacts fron workers, the degrss to which workers can control the speed of
oparations, and the incentives which motivate tham =~ whether volume of
pay, pertioipation in the war effort, labor relations, or working oondie

. tions generally.

The avajilable evidence indicates that, on the whole, the 5-day week .
and B«hour day are more aefficient than a work schedule with longer hours,
That does not mean, however, that longer hours are not productive, Thers .
is little sacrifice of efficiency, for instance, if a sixth day of 8 hours
or less is added, :

The sharpsr break comes when daily hours are raised from 8 to 9% or
10 or 11, provided the workers opsrate under an incentive-wage system,



The primary effect of tbia. jangch ning of Galiy houre for workeras on the
day saift, when the 5-day wesl 1. muintained, is to wipe out the midweek
spurt, The analysis of dally prsduciion patterns in several plante under
8 40~ or 4B=hour scheduie shows a huilding up of hourly efficiencles to-
ward a pesk on the third asnd fourth days of the week; wlth a slight drop
thereafter, When daily hours wars lengthened to 9% or more, however,
this pesk disappeared. Ths proeduction curve for the succogeive days of
the week flattened out, and eny one day was about as good as any other
day. When a sixth day was added, the lins of production remained flat,
but dropped to a lower level. The data indicate clearly that workers sad-
Just themselves to longer hourse by slowing down, not hecaure they want to,
but because they have to.

For workers on the asecond or aight shift, the patterpn 1s somewhat dif-
fersnt, Their daily efficliency performance under the 8-hour dgy and S-day
wesk looks much like that of the duy shift or the 10-hour dsy. There is
practically no midweek spurt, sand production tends to flatten into a fairly
level line. The reason for thls urpears to be that these workers are some-
what tired when they coms to work; having been up for some hours and prob-
ably at work around home. In any case, they are not so refreshed whan they
come on the job ae the men on the day shifi who have thelr leisure hours
after, not before, the day‘e wuork. When a sixth day is sdded to streich
the week to 58 or 60 hours, the result is likely to be a steady decline ip
the efficiency level, day after day, with the peek pointe on Monday or Tuess
day, at the very beginning of the wesk.

These "fatigue patterns™ furnish a reasonably accurate basis for antic=
ipating, for incentive~wage w.rkers, the result of changing (a) daily hours
from 8 to 10, or from a 4G-hour week to one of 50 hours, and (b) from this
‘level to a still higher one, by adding a sixth work day. The flrst change
may cause a decrease in efficlency of about 5 psr cant; and the second, of
7 to 10 per cent if houra do not exczed 58 to 60, but may be as high as 20
per cent if hours reach 66. - '

h]

For men un straight day-work retes, the lengthening or shortening of
hours seems of considersbly less pilgnificance. This was obmerved in twc
foundries. In one,daily scheduled hours remained at 10, but the sixth day
was dropped. In the other, daily hours during s 6-day week were raised
from 8 to 9%. 1ln each plant the hourly efficlency level remained essen=
tlally unchanged under the different levels of hours. Apparantly the pace
at the shorter hours was not so fast that the additior of extra hcure
causad a slowing down; nor did the shortening of hours bring about any
quickening of the work tempo.

In plants in which work was light or very light, the general tendency
for workers umnder incentive eystems, and with weekly hours ranging hetween
55 and 58, was to produce about a 2<hour volume of production for every 3
hours added above 8 per week (i.e., & days at 8 hours each). When work
was heavy as in foundries, the ratio was more nearly one hour's additicnal
output for every additional 2 hours worked. Ome reason for this was the
groater need for rest pauses.
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The studles includsed two plants in which shorter hours were found to
result in a volume of output as great as or greater than wae the case,
under longer hours., In a forge shop, %here the work was both hot and heavy,
a 52-hour week was found to be as productive as a 58-hour week., In a shell
plant, in which morale was excellent and the work medivm heavy, the length-
ening of daily hours from 8 to 10 for the day shift and 1) for the night
shift, and of weekly houre from 40 to 60 and 66, had such unsatisfactory
results that the plant eventually changed to a 4B-hour week. The aversge
increase in output under the longer schedule was only about 7 per cent
above that for the 4{O0-hour week =~ & result which could have been achisved
ea81ly by increasing weekly hours from 40 to 43 or 44, The additional 20
hours were sheer waste of timu, :

The experience of ona plant which had operated extensively on Sundays
under a 7-day weekly scheduls demconetratsd the undeeirability of continued
Sundsy work. While remaining on the 8=hour dey, this plant worked a 7-day
woek for over a year. It then dropped out every third Sunday, later every
other Sunday, and finally every Sunday. The analysis of this plent's per-
formance shows that efficiency was lowsst during the 7-day week, and high-
est during tha 6-day week when no Sundeys were worked at all, and that af-
ficiency mounted as additional Sundays were dropped. The data indicate
that efficiency was about 36 per cent better and total cutput about 13 per
cent grester during the shortest work mschedule. In termes of this perform-
ence, the 7-day week mmounted to 8 daye' pay for 5 daya' output. The 30
identical operators traced throughout the entire period involved in thesme

- changing schedules actually produced one more day's output during the

straight é=day week' than they formerly produced during the 7-day week.

The relationship betwesn longer hours and absenteeism was found %to be
the same in nearly every instance: aa hours incrsased -~ whether daily or
weskly =-- absenteslsm increesed. In mort cases the reason could not be
determined from plant recorde, Some of the data suggest a higher incidencs
of 1llneas. In asome inatances it was guite clear that workers wanted or
required more time for leisure or to sttend to personal matters. It 1i al=o
likely thet the atrain of longer houra snd the fect that the weekly pay er~
velope was higher than it had been for years combined to induce workers teo
pey more attention to their health and well=being. The fact that workers
were limited in the items their money could buy was slpo cited by some
plant executives as a raason why men took more time out, or why they ab-
gsented themselves for reasons which they would not have needed under shorter
work schedules and with smaller earnings, .

AB u rule, absenteeism was higher for the night shift than for the day

' shift under the longer work schedules. This was partioularly true cf womern,

whose absenteelsm rates generally exceesded thoss of men,

In the abaence of effective safety programe, work injuries tended to
occur relativaely more frequently undar longsr houre, 1In one plant they
occurred only cne=tiird ss frequently when the dajlly hours were reduced
from 10 to 8, Where plante had good, active eccident prevention programs,
the langthening of hours did not bring ebout a dlaproportionate increamse in
work injuries.



Eoaen wors foine o Lo poze oJUicienl than mop £% light, repetltive
end rhytmic aniratises roqudriag nimble fingers erd 1ittle physical
exertion. On o othee werd, men sere supiarior cn machines which re-
quiragd close edjuzurenis o which ware comglicatsd.

The merdit of w dncuntive-w-ca system as & spur toward greater por-
duction wae well cbperved in a f..xiry. 14 was found that the change from
duy-werk to place=mork reier rosuited in elight Iincreases In output oven
wvheon hours rermalned s% i3 por day aud 58 par weak. The rasult was dra-
matic when the intrcductlon of the incantivs colncided with the raduction
in weakly workdeye from © o 3. gven thongh the 1d-hour day wes maintained.
Cutput during the shorter murk week was 13 per cent greater than it for-
werly had been urder the (=2uy wask., In terms of the production level which
had prevalled during the louger mocvlh weslk, the mun -- at plece rates =-
produced as much in 5 deya ss thay Tormerly had in 7 deys without a wage
incentiva,

While firdings in 12 zediyncring plants do not bear directly' upon
the TWA request. they do provida svidence which corroboratea the findinge
ol the studies in the tranaportaticn industry and those of the laboratory.
An increass in the nurbar of hours of work is usually groductiva of in-
creased fatiguo vhich ie manitasat<¢ as a reduction of efficlemcy on the
vart of the worker. This reductlon of efficiency 1s reflected in & fall-
ing off of tha production rate, an increszse in the number of errors which
caupes a greajer epollage of matorials, unauthorized absenteeiem, and an
inereaau in the number of inju.ies &pnd secidents. I, must be remembered,
however, that sufficlent motiva%icn. as sesn in the effect of Incentive-
Toga ayotems, csn mainlain afficlency at a high level or aven incresase it.
If the propoeed long-range flighits mean moxre predictable schedules for the
pilate, Lf they permit the pilcts Lo spend more time at home, If they re-
ducae the amount of time the pilots have to apend waiting for take-offs, then
it may be considerad whetlsr these factors are motivetional to the cxtent
that any possibly grester fatigue asaociated with the longer flight, becomes
of little algnificauca-

2. HReports of the Jadustrisl flealth Resgearc fG
The Industrial Health Research Beard has published reports of many studiee
of the effects of fatigue and problems of health occurring in Industry.
These studies have recently baon summarized by Smith (50). A few of these
gtudies will be reviewsd to illiustrate that they generally corroberate the
findings in American industry. :

In the heavy work of charging blast furnancee by hend; Vernon {55) re-
sorded for three s'if%s the tiss in minutes required for each change and
the actual hours when each vecarred. The reswlts showed that {with the
exception of the beial spell 6 to 3 A.%.) the rate of charging ferl dbff
during the last perind of each spell. showing an average decline of 14
par cent; also that this effect became exaggerated during the morning and
afternoon shifts of Sunday when the mon worked a continucup shift of 16
hours (& A,M., t0o1D P.M.) in crder to erable the shifts to change over.
Hourly output was low to begirn with, followed by a rise, and towarde the
end of the work spell & fall in hourly output which is beliaeved to be due
to the affect of futigue.
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Inh the process of weaving, variatlons on hourly cutput over ths work-
ing day have been shown by independant workers for eilk, fine linen, and
cotton weaving (22, 62, 66). In the case of the weuviang figures, the

" looms wers working up to the end of the day, sc that no loss in mechani-

cal efficiency occurred. In the silk weaving invaatigftion it wes foumd
that a longer time was requirad at the end of the dey to perform the man~
ual operations. This wes belleved to be dug toc fatigue, In the cotton
weeving industry where observations were teken every quarter of am hour;
it was found that a rise in production occurred during the first hour of -
the morning and that there was a gradual fall during the last hour of the
af'ternoon.

In a study of shift systems in the glaas trade {20) 1t was clear
that the relative hourly sfficlency in hottle blowing has been increesed
by shortening the hours of work, though this increaes is in no case go
great as to bring the output of the 8<hour shift to the level of the 10~
hour shift. 1t must, howaver, be borne in mind thet the pleant employing
the 3«shif{ system ie being productively usad for 2/ hours per day, whereas
in plents employing the 2=shift system it 1y only belng productively ueesd
for 20 hours & dsy. From this it follaws that the total output per dey .
1s greater with the 3-shift system than with the 2-shift aystem,

Kight work in the 3~shift system doee not appear to put a merkedly
greater strain on the men than day work. The anight shift is always more
efficlent than the morning shift end nct much lees efficient than the
afternoon shift. When 12 hours® work out- of 24 hours is done in alternate
&=hour shifts, night werk is coneistently less efficisnt than dey work,

In a8 study dealing with rest pauses (57} it was found thet the rest
pause lncreasss the efficlency of the workecrs, for in various occupations
(with 4&=hour work epells) the immediste effect of introducing a rest was
to increase cutput by 2.8 per cent, while tha improvement in other groups
of workere who were tested some months aftsr the introduction of the rest
appeered to reduce 6.2 per cent. Alec ike introduction of a reat eppesred
to reduce the lahbor turnover greatly.

A compulpory reet pause is disadvantageous to cutput in & small mum-
ber of semi=-continuous occupations connected with the menufacture of choc-
olates and bilscuits, because it involves the waste of a good deal more
time than that of the nominal rest pauea, Howaver, thie cbjection can be
avoided by employing temporary subsiitutes, and by arranging that varlous
groups of women tanke thelr reat pause succeasivaely, and not simultaneously.
This princple. can be advantageouely applied to many other occupations.

For various reasons ity 1s probable that a 10~miau%s reet pause 1is
better than one of 15 minutes.

In another atudy of shift sysiems {51} the operation of the 2-shift
system (as comparsd with s day system of 8 AN, to & P.M.) was atudied in
detall in eight fmctories, employing in all aboul 2,400 workers oh shift
work. The few compurable duta aveilab:- sukgest thut the rate of work
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was often inereasad when worlern were employsd on the 2-ghift systam,
Owing, However, to tha shorter hours worked by the shift workers (on
the average of 40} hours compared with 46 houre), the weakly output per
worker was lowered by 4 per cent. A comparison of the lost tima records
" in one factory suggests that absenteeisn among the shift workers wae
greater than among the duy workers, Nelther system was shown to have
any advantage over the cther in respsct to the siokneas experlenced,

So far as could be ascertalned by questloning the workere, a deficlency
of sleep during the week of morning shifts was usually conpenseted for
during the afterncon shifta, In one large factory it sppeared that the
labor turnovar was elightly greater in Jdepartmants alweys on shift work
than in departmente on day work. But in departments in which there were
changee from day to shift work and vlce varsea, the turnover wee approxi-
mately twice as great,

A frequently quoted study of the Industiriel Health Research Boerd
deals with the output of women workers in relation to hours of work in
shell making (44), A summery of the findinga of this investigation fol-
lows.,

The investigation was based on data of the hourly output of 43 women
in a Netional Shell Pactory engeged on the ®ripping” or "pert off" cparas
tion in the turning of &-inch shells, during the periode of one weck undar
2 different systems of employment, ramely, 2 shifts of 12 hours each and
3 shifte of 7 to 8 hours each.

Direct comparison of thae average hZwurly output for all shifte under
the two systeme shows a decided increese in favor of the shart-shift syz-
tem (870 compared with 817). This difference is further accentustad when
the effect of the time of actual cutting (a machining operation the #paed
of which is constant) is eliminated; in the work of fixing and removing
the shells, over the speed of which alone the operator has contrel, the
time required for a fixed amount of work shuws a dacreaese ¢of 195 par cant
in favor of the shorter shift,

Higher efficliency of the machinery and less idle time in the short-
shift system ars shom by comparing for the two gysteme the avermgs oute
put per poseible hour of work and the average output per actusl hour of
work, The cutput computed on the latter basis shows a dscreass of 3,43
per cent on the long-shift system and of only O. 58 per ceat on the shizrte
shift systen,

A pimilar compurison for the two systems of the average culpri par
hour in the factory end the averags output per actual hour of work iudi-
cates by the smaller decrease-in the caps of the stort-shift syster (7.59
per cent compared with 14.67 psr cent) the advaniage of a ghift of such
duration as to requirs oly ocaw meal break,

The uniformly low efflclszey for the long shifta of the last Your ia

strongly indicated ir the curves of aversge hourly output; no suck uniform-

ity exists 1n the cage of the short shlfta, on the contrary, severzl eets
of curves exhiblt no falling off,
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tha curves of output for the ehort malfts give evidance of the poa-
Y iy of ronning ot fEll output right to the oad of the shift; but
tha parvaes fur the long “Hifts give no such evidence,

) comparison of the mame worker'e ouiput records for the long and
vort shifts showe Inferlority in houriy cutput during the later hours
of the long shifts.

o evidence of detrimsntal effect of night work in comparison Iith
coy nork 1s traceablau

Snith {5C) also discusaes the varlation of output during the week.

f tha workers become gradunlly rmore tired,. so that nightly rsct is not
sC3qka+n, a consldersble dearoase in output st the end of the work should
he erpected, The resulte of a number of studies showed that output 1is
neeriy alwas;s low on Monday and et the ond of the week. The general
raralts are conslstent with output being affected by two opposing faoc-
Lorzy {&) lncreased efficiency due to practice which causes a rise in
criputy ead (b) fatigvs effects which accumulate during the course of
tic wesl and tend to ceuse a fall in output, These opposing factors
va:y in ptrength according to the length of the working day, the kind
of "L”ar and the experience of the worker. Output may reach its maximum
on tha pacond, third, or fourth day of the working week.

In genera)l, the studles of the Industrial Health Research Board
confire the obtservation that fatigue is ravealsd in e lowering of the
nueatity and quality of work. Although accldents have various causes,
{tare 1a evidenca that a state of fatlgus due to too long hours and in=-
pufficisnt rest ceusses an increase in the number of auccidente, During
a poriod of the 1914-1918 vmr when a l2=hour day (75-hour week) was being

‘workcd, the accldents incurrad by woman workers were two and e halfl times

@moxdy nuaerous than in the subeeguent perlod when the dally houre wers
voduced to 10 (56), .These studies have shown that fatigue is productive
of orpanice changas, sometimas expragsed in some digestive disturbance,
the "tao tired to eat" condlticn, in eye etrain, headache, and wvarious
minor diserders, There ieg @imimution in the power of conceniration, in
memary, in ebility fo see the connection between ideas, all of which ere
Lrportant for afficlency. When fatigued, moet people are more sasily
soved to toars or laughtar, less balenced amotionally, more likely to
gufler from wounded self-esteenr, with sasler yilelding to fear or irra-
“reoned atvhornnesg and s tendancy to irritabllity which may vent 1t-

" =aif on the wrong perscn.

it is true thet the hours of work cobtaining in the industriel plants
stt Aod by the Induatrial Health Research Eoard differ conalderably from
t:z24 of commerclal airoraft pilots, However, these studies do 1llus-
tiote the adverss sffect of fatigue from whatever source, upon human
afficlency, Those studies suggest the deslrabllity of lsarning the
ecurces of fatigue in the off-duty activitles of aireraf’ pilots and, the
trand which a granting of the T%A request would sffect in relation to
thoee off=futy sources of fatigue, These studies of faligue in indus=-
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trial plante throw little light upon the very important questlon whutlzer
a long-range flight involving but two or three landings 1s more cor leas
fatiguing thean the flighis under present regulations which often imolve
more landings =- considering the landing as the crucial aspeet of the alr-
oraft pilot's task, an aspect in which any offect of fatigue demands caree-
ful consideration.
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Vil,” LABORATGRY WD CTHER STUDIES

Shan vectlcn gesls with o uiina zhich were done in an effert to de=
horudae the effeeits of varlouw Tuntors on performance., Moat of these
ware not wels In the eir or on pllois, but were made on the ground on
suhizr typer of indiviluaim, Soue of the rssulte, howaver, are suffi-
el olraceent so that cue may genernlize from them to pilot performe
ran s, cspaelellr thoss cn “noxia. The following faotors will be taken
v Looordery coles sad vivratlon, lack of sleap, long hours of work, and
enelo,

2. Eodso a3 ¥lbraklion, <ome investigatorse feel that noilse is one
ol o wejor coatributing cmuges of fatigue in flying, It hae been shown
n weay ctudles thai ncize do:s heva a detrimental effeot on performance.
Eo“ﬁta“, to just what degrue it influences fatigue 1s not known. In the

Fritioh survey of pilete “monticned ebove (63), 100 expsrienced pilots of
Yizavy bombars roted nolze na ong of the least of fatigue producing fao-
tor:. Meny of them, in fact, were surprised to know that there was a lot
of noloe in alrplsnne, ss they seld they had not noticed it at all, Modern
troarpert elrerefl are so well soundeproofed that the noisme level 1s con-
g2 arehly lovar then that in combat aircraft, elther bombers or single=
euglng fightors, and there 1a avery reason to believe that further sound-
preofing will dacrezss the nolse level elmost to that of ordinary room
nolio, Hoverthelese, sonc of the ztudies that have been made on the effect
of neiny on performuncs and on hearing will be presented.

Seaturia (48) reperts a study of 74 oadata, 19 per cent of whom showed
hesring loases of 15 decibels after a period of 70 hours'! training, and 11
rer econt rchowsd galns. Looses wereo gensrally assoclated with frequencles

otween 2,000 and 5,000 cyclos psr second, After = second period of 70
hourz there ves a tenoency to regsin hearing. Forty of these man ware

‘exarigad efter & third 70ehour perled of pllot treining. A emall number

of theoe showed @ Blipht Jloae af high tones but no case where hsaring or
epoach waa affected,

Jn a atudy for the CAA, Laowis (36) studied the effect of noise end
vicm tion on ceartain ,avohomrtar responses., FRighty mele students wers ex=
pasad o noiscz of frer B5 to 110 decibels intenaity and to vibrations ~1T
frer 4 to 6 mile while they wore operating a lMuashburn spperatus, Measure-
iwanbs nere kade of Mashhurn punformance, heart and breathing rates, tilt
parcestlon, and brain weves., BExposurs to loud noise for aa much-as one
nouy ralged the threstcld for heurdng somewhat end there was &n indicatlon
that hreathing vate was soceloreted during some of the experimental condie
tiona., On the whols, howaver, ths results were negative, The experimente
wore raprated with the subjects exposed to noise end vibration for four
und & half heurs. Agein neither nolse nor vibration nor the two in com-
bination hed any measurably significant effects on reactions.. Ro etudy
was mide of fetlgue or efficiency under these conditions and the author
piates thot the results cannot be accepted as conclusive in tarma of plane
ning @ achedule of work and rest perlods for pllots,



HYenturia anc “erguet {49} give a table showipg tne nuise levela i
different situations ranging from the noise »f whispered conversation at
5 feal being squal to 25 deecibels, to & B=-24 aircraft, doing 240 mp'a,
which creates 126 decibals They state thut noise intenslty of 90 ab
or more 1s fatiguliy. &lthorgh they do not state how this figure was de-
termined . )

In a review by Barriaen {9) the resultsof a study made by the Aetna
Lif'e Insurance Company are recorded; Berrien states that this study has
been refarred to by Lindahl {38), and by Wilser (64). Typists, clerical
checkers, and punch card comptomser operators were checked for "effl-
tiency™ for a year prior tao Iinstallation of msound absorbing materials in
the office, and also for a year after the s~imd-proofing treatment. Ths
seml-monthly sfficiency ratios based upon bonuses received wes 9.2 per
cent increased in favor of the quieter condition. 4t no time during the
gulet yaar did the bonus go below the level of the first year. The quist
oondition approximated 35 decibels. Tho sape review cites & report by
Laird who moasured the matebolic rate of four typists during a half hour
of resting and whlle typing a standard letter over and over again for
two hours a day throughout e 4-weoek periocd. 'During the first and last
of these weeks the walle of tha %“est rgom were bare, during the second
and third sound absorbing met~rial wes applied to walls snd ceiling, re-
ducing the nolss prefduced wechanlcally from 50 decibels to 4C decibela,
approximately. On the aversge, the matsbolic rate was 51 per cent higher
while working tt.n while reasbiny, end was 71 per cent highar (uring the
noluy weeka, A suggastlon that the nolsy pnaee wag mors fatiguing is
found in the data showing that ths average time for the last 5 letters
was 7 seconds lees than for tim first 5 letters during the quiet phasa
while the comperable ftilms wea 5 saeonda rova In ihe neolpier condition,
“ha fapgt typiehs improved in spoaed whzn tho noise was reduced while the
slow typists showed litile or n9 2renIs in over-all speed.

The reviewer, Derrien, gowxs cu to aleta that interrupted noiss or diw-
continuous tones have been genersily found %¢ Te more annoying than staed;
aclsea, In reports by various suthors oitad in the review, the initial oun-
msat of noise produced the greailsst adverre affecta, hence a discontinuous
nolse would be wcmewhat comparshbls te a rapid series of noise periods each
of which damands & new edjustmcnt witdh 1nftlial phasaes of maximum cost to
the individual. !lie sonclurdes the reyicr &a follows: ' '

"In spite of & Wi:dapresd intaread, in nolse ehatement, rela=
tively few facts have cwsen woill esteblished. Popular literaturs
nat coverad in this review ziounis jr awctional outbursts against
the painful effscts af woise. Tulliz support has Leen enlistad
ror noige abatoasmt canpeigae on the “incriileal acesptence of tle
szermipiion that noilsae, r-csvesr ib {2 anroying, must be harmful,
The avullab.o selentificslly zontrolled atudies are not in com-
plake sgreersnl, inet Lazac to stam (11 atfiecte on output, spesd

- of wori; or vi¢sl ‘rocesser  Al%houvh & gonelderable degree of
adaptation takas nlace, e ovidancs sugperte that It is seldom



somplete  Marked Ledividue. <l iersncwes and rucesptitilaty to
he 111 effectis of nolee hoeve Leon noted, Lul r reaporied ate
tempts have been msce tc correlute theoe differcazes with other
agpects of personality. The factors determining annoyance have
not been subjected to thorcugh auulyses, Stimulation deafness
1s an unquestioned result ol rxposure %o loud ncises for long
perioda, but its extent and e oritical lsvale of nolse neces-
sary te produce it in humans tave not heen clekrly established.
In summary, it 1g ciear thatv theres are many circumstances under
vhich nolse detracts from afflclency and well boing. Under what
olroumetances 1s nolse deleterious and for what kinds of people
are questions for further physiclogleal ressarch.”

A review of experiments or the wroblem of stimulation deafness by
Kemp summarizes as follows:

*2?o0ple who work in extoensly roisy envircnments ara often found -
to bs hard of hearing, particulazly for high frequenciles. One
investigetor has reported daufpass [or certain low frequencles in
people whe &re working in &n environment whers it ie saild these
low tones werse predomipats. It 811 such cases, tns relationehip
between age and hearing defe:* nsads to be considered. Guinsea
plgs exposed for a corsidersile time %o iones of high intensity
have frequently been found Lo posaess nochlear ilesions. It is
not certain that low tones are similarly effactive. Results with
axposures of other animals ars not concluseive, but there is evidence
that sufficiently intense snd prolonged stimuli will produca lesions
in white mice &nd plgeons, and poseibly in cats, dogs, aund apes,
Beshavioral examinaticns before and after such intense and prolonged
axposure have usgaglj ravesled general rather than speciflc losses

of sensitivity' (.30,

In a report by S. S. Stevens :52; én the effacts of ncine snd vibra-
tion on peychomotor efficlency, ha states:

"Our experiences to date demonctraete that the effect of noise con
muman beings 1s no simple matter. Some aspects of behavior ap-
pear to be facllitated by intense scund, others seem definitely
to suffer in the presence of noise, Exposure tc noises of uni-
form epectra &t 106 db, even Zor short periods, produces losses
in hearing ranging uvp to sbout 30 db. These losses are losal-
ized at the high fraguency end of the auwdible range. FExposure
to airplane noise for periods of about two hours produces losses
distributed morea widely over the spectrum. Fortunately, theae
losaes are temporary, but evidence Ifrom other sources indicate
that with sufficient exposure tha loeses may become permanent,
We have not yet determined by how much an eirplane noise must
be attenuated in order to be rendered innooucus.”



He oontinues that preliminary results point to a gertain ssount of -
facilitation in subject performance on motor tests. Exposures up to 3 -
hours in noise show an improvement in some aspects of the subject's pere E
formance on cocordinated serisl reactlon time on the pursult rotor test,
and on tests of markmanship. On the other hand, the almosi nnanimous re-
port of the subjects performing these tests in the presence of intense
noise is that they feel more tired and "washed out" than when the same
tests are run in quiet,

The evidence thus far obtainsd from messurements of muscular tension
would suggest that the subjective fatigue reported afler exposurs to noise
way be due in part to a tendenay for a slightly graater tension to be wain-
tained in the varlous muacles of the body. On the other hand, asubjecis
tested in nolse for spead of accommodation required a definitaly increased
time for changing their polnt of fixation from near to far end from far to
near. Also there 1s scme evidence that the speed with which subjJecta 2an
.move their ayes is reduced Ly intense sound fields., Limitad tests with
vibration chairs have shown a striking reduction in visual acuity when sub-
Jects are vibrated through an amplitude of one mil. For ten subjects these
reductions in ecuity ranged from 10 to 46 par cent, with an aversga of 25
par ceant.

2. Lack of Sleep, The following atudies were carrisd out in an ef=-
fort to determine to what extent lack of sleep influences performence of
cortaln taska, Agein there was no measurement made of actual performance
of pilots in airplanes, and agein we must gensralize from laboratory stud-
les to the flying situation,

At Tufts College Laboratory (77) & group of four observers were put
through an experiment lasting 74 hours of which only 16 hours were spent
in slsep while 42 hourse were spent on duty. While on duty they were on
the alert and wers required to spot and report signal lighte appesaring in
the area allotted to them for observation. At intervals these ohservers
reported for duty on a sterscsoopic training instrument. Measurements
were made on this instrument of tracking and stereo performance, During
the 3-day poriod decrement In performance was not indicated either by
stereo or tracking measurements,

Although the objeotive resulis of this tept showed no change with 1n-
creasing hours on duty there ware several subjeotive reports of behavior
of subjects which have interast. The obeervers during -the 4 A.M, to day-
light ehift experienced difficulty in staying aweke, They compleined of
sleopiness during sarly hours of the morning, leg sorensss from standing
and hill climbing, eye fatigne from sun glere during daytime alertis.
Tracking was reported as being increasingly difficult towsrd the end of
the 3-dey teast, requiring more effort to maintain performance. .Stereo
ranging determinations were reported as baing of uniform difficulty through-
out. Eye fatigus during daytime alerts was reported as more noticeable
during the latter part of the test. The authors conclude that in order to
produce performance decrement in short tracking tests due to physiologlcal.
fatigue a achedule similar to the one reported hers would have to be ex-



tenced over a longer perlod of time, a8 obsarvers can muster for a brief |
tost suf{icient energy to maintain a standard of performanoce.

In another study from the same mource (7,) ten observers stayed awake
for 50 hours and had various tests given to them at intervals throughout
this 2~day period. These tests were of reading, erithmetic, steadiness,
tracking an eerial target, and rangs determinations. All tsst perform~
ances except reading spesd either remained the seme or improved during the
2=day period, Thie showed a decrement in the two finel tests.

A third report from Tufte (72) describsa a é~hour sequence of active
ities that was repeated 8 times, without intarvening slesp. Iuring each
of 'the &=hour oycles subjects were given & sterso test which consisted of
40 settings being made on a fixed target. In addition, they wers given
an alert apparatus test. The length of time taken on this teat varisd
depanding on the accuracy and alertness of the subject, The averegs time
wes approximately one hour.' KXo differences were noticed in the stereo
-test from first to last gyols,

In the alert apparatus test the results were different. This test
requiras considerable attention and is much more complex than a simple test
such as the stereo, The subject has to keep track of several dials, per-
form certain things at certein times by a oclock, he has to move a small
alrplens, score a map, spot another airplane that appears periodically on
% scresn, and match various dials which are to the right and left of the
central screen. The total time taken to complete this test and the errors
, made in dial matching and ths different cycles are shown in Figures 16 to 19,
for 2 groups of 3 subjeots.

It will be noted that only one of the subjects showed an incressingly
good performance throughout the teat or throughout the j8-hour peried. The
subjects in this test were motivalted by being paid on the besis of trials
and errors. They got one dollar per period on the alert apparatus plus or
mimis 10¢ for each minute gained or lost over the average total time score
of their preliminery training trials. It wae noted that all the graphs
but one showed some deorement. However, the individual differences in the
sTope of the lines suggests that individual operators may "fatigue" at
their omn rate, As has besn found in other and similar experiments, the
change in behavior, personelity, and physical appearance was much more proe
nounced than these graphs of objeotive performance would mu;gest,

The foregoing studliea do not demonstrate concluslively that perform~
ance on short tests with sleep lack is increasingly worse with succensive
trials, However, the reports do state as reported in the last parsgraph
that the behavior of the subjects was vestly different from the first to
last of thess periods, Although no continuous test was made of ability
to perform certain funotions with slesp lack, it is suggested that if sub-
Jects were required to perform tasks spread out over a longer pericd of
tize that their performance would show decreasing accuracy with time in
the test situations, ' :



ALTATIOV 40 SCOTHEd WNOE-9 WiV STVIWL JHOTA NO
ASEL SQLVHVAAY JHITV LRwIdN0D NI SIOSLERS HRNHIE I8 QIMINGEY Ll

9T WnOLE

) R - H L i

e i ar — i T S

<

AT e e e ¥
K

A
[

YL
-

TSI



AITATLOV 40 SQOIYEd WNOH~Q HAIAV STVIHL IHDIT NO
&S SNIVEVIIY JUITV ALTTINRCD NI SIOESENS HRWHI X9 QRUIN0®N aRIL

LY Imsrd
STVIYE
L 9 g k4 £ Z
T e L -
e T Irnli!

— ~ L .;rl..”/.r.!i.,
- s W Ny
- o e SRS
- “~
s\\v.e e " ..x! - (\ /f/ \




- LITATIOV 0 SUOTHEI ¥NOH-C HALIY
STIVINLG IDIT NO Sloxrdas i U0 YOMME MIESIVE VI
T DL

< T
i Lt

L 9 S Y 1 T

A

T e e — —— M s W it e e e e mee e mam -

oty
™

r—— T i e A A - "

"
‘\\“
1
!
\
S e

f e o
\4 f. Pnl-n\!
. -
1 - . l\\‘ 1 1
————F . ;
3 .
3 s -
§ # i
] : + i
] N
3 r . i
.; . L
[
¥ 7 w e
s y !
¢ N L H
H
..‘ - i g ”
P Db 2 !
- N r B
\ E
. Fd
v U

A s

R

-
=

DTN

.

IR

o



XLTATIOV 40 SUOTHSd WAOH-O BILJV
STVINL JHOTT N0 SLOELNS SUMHI HOJ HONME MHTHOLWN TVIQ

6T JNOLL

T e ——— |r. |
e - e et o ooy o v St Ty
. "
e - -7
- - — -
e i TS Tl
R .
- L o e N e
P - - it
-, et - o v_.., Q
~ »J..‘, \\_ Lu..! - -
e v
. P B \n\% e N
. e ' e ~ ..,vr
o ..\\ - he p
- L o
- oo, # kS e
. + + T - 4 GH
. - ’
’
e 4 o)

| oY




-719-

3, %g_gx_ﬂmr_g_gﬂigﬂ_l Subjects were required in an sxperiment at
Tufts 24) to perform on an spparatus {described in 72) for a contimiocus
4=hour periocd., Record was made of scores for the first half of the run
and for the last half of the run, in sach of 3 trials during the 4-hour
period. There were, therefore, availakle & acores of each typs for sach
subject’s 4-hour experimental pericd. It was noted that none of the trial
verlation was significant and it wes concluded that no significant change
in performance ocourred during ths 4=hour period, i.e., no decrement or
improvement in performance. It is further concluded that a subject may
work continuously and effectively at a psychologically complex task of
this type for several hours without any significant change in level of
performance,

It 18 understood that this study is being continued, but it is not’
known whether it has been completed. Attempts are being made to determine
whether longer hours of the test will produce a decrsase in performance.

Another study at Tufts College (73) shows the results of continuous
13% hours of tracking on & Nevy Mark II Trainer. Only ona subject was ussd
in this study. Five ninute samples of performance were taken and scored
immediately every 15 minutes., Motivatlion in terms of encouragement and
pay increases was given when parformance fell below & especified level,
No increasse in notivetion wes necessary during the first 8 hours. At
this point the subject wae encouraged to hold the error score down., At
8% hours this encouragement was repeated, &t 8 3/4 hours his pey was doublad,
ard again at 11} hours. At 114 hours the obssrver was given a 3-pound weight
to hold and 11,7 hours this walght wae increassed to 8 pounds, at 11.9 hours
pay was tripled for a pericd during which perfoirmance wes satisfactory. At
12,8 hours triple pay was reestablished.

. The authors conclude it is evident that with the onset of fatigue as
measursd by performance added motivation wase not effectiva in restoring s
performance to ite initisl level. From the subjlect’s reports and from his
attitude it is belisved that this curve of performence decrement includee
& minlwum of the affect of baorsdom and a maximum of physiological fatigue,.
particularly of the arm and "vand. It is significant to note that perform-
ance is improved only momenturily by edded motlvation, the improvement
lasting for less then 5 minutes. The primary locus of the effort of this
prolonged test was in the arm and hand, which reduced the cbserver's effi-
ciency and the flne muscular coordinztion necessary for accurate tracking.
The secondary locus was in the back and neck wuscles.

Fhile limited to one cass the study suggests that continuous work of
134 hours affects acouracy in performance including a visusl factor of the
type lavolved most during insfrument flying or landing. Of particular im-~
portance is the fact that the reduation in the efficiency of performance is
not to any large extent counter-balanced by motivation =- a form of motiva-
tion which is not present to the same degres in flight operation as in the
case of the experimentsl asltuatlon
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A study made under the ausplces of the NDRC (82) deals with the selec-
tion and tralning of osollloscope ocperators. Under conditions c¢losely simu~
lating those of the actual radar scresn and field operation the ability of
8 man previcusly trained to high level of proficiency was tested during 4~
hour perlods of ocontlnuous operation on successive days for a peried of
approximately 3 weeks, During each dally 4-hour pericd eaoch subject was
presented 1116 targeta. Figure 20 shows ocurves and mmber of omissions
for each hour for each of the sucosssive days, accumulated by days for all
subjects, It will be seen that dailly repetition of & 4-=hour perilod: of osocile.
loacops operation causes a progressive losas of efficlency in the detection
of signale. loss of effioclency is releated to the length and repetition of
the operating pericds, as gan be meen by the increase in the mumber of sig-
nal omisaions, Loss of efficiengy did not become apparent until after the
third day of repsated 4~hour operating psriods., This may indicate that
occasional prolonged pericds of operation may be sarved without apprecishlie
losa of effloiency, but in general, it does not appear wise to prolong daily
operatiang parlcda more than 40 minutes 1f such periods of operating are to
ba repeaiad dally withoul intervening days of rest.

A study from the Paychology Laboratory of Rew Iork City by Barmack
and Woodruff (€) reporte the affect of Fostum, deonffeinmted coffes, watsr,
and coffes, on performancs in a simple pursuit meter test. This study was
undartaken because reporta from the European Theatrs of Operations indicated

"that a high percentage of landing aqoidents might be dus to & loes of alert-

nese, fatigue, emotional szhaustion, emotional letdown and oxygen want in
rilots, Fifty-four subloots in the experiment operated a pursult meter for
2 houra, At 15-minute intsrvals the subjects provided the experimenters
with indices of their feelings, with msasures of restlessness, and the ex-
tent to which they could attend to thelr simple contlnuous task, After
asomething over ons hour of operation, the. subjeots were given one of the
beverages menticned and it was found that not only performance, but subjeot=
tive feelings lamproved for 15 minutes thereefter. Coffee was the most affeo~
tive in reduoing the sympioms of fatigue. Other beverages not containing
oaffelne ware aleo effootive. The data suggest thet it would be profitable
to attexpt on a sample pllot population the regimen of administering either
decaffeinated ooffes or Fostum 10 to 15 minvtes prior to landing. The af=-
feot of suoh regimen on landing accident rete would provide the only test
ae to whether the {indings of the experiment were relevant to the aolution
of the original problem,

In a study effected at the Tufts College Laboratory (75), the visual
performance of 1C subjectes was tested befores, after, and twioce during a
30=mile hike,. The functions measured were stareoscopic aculty, tracking
accuracy, brighiness digcrimination, and resction time. Special monetary
incentivee wers used to keep effori at & high level., Scores of both aver-
age parformance and of wariability of performance wers derived for each
trial. The abllity of the subjects to persist at a task wasz also measured
befors and efter the 30~nile hike, The mseveral scores derived in this ex-
periment were aralyzed to determine whether the amount of physical exer-
clse influenced parformence. The conclusion drawn from these analyses is
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that perforasnce during short, periodioc intervals of visual work remains
relativaly constant despite clinical 2i nma of fatigue. The results of a
pereistence test, homor, show that fatigue oparates to produce a decrs~
ment in the obbarvar s readinens to meintain a hiah level of performeance
for long work pariode.

Yn another study at the Tu:t‘tn Collage Laboratory (76), e test was
conducted to determine the effact of strenucus physical activity upon
storso range=iading acauracy. Nine subjects, who had baen tralned
ovor a perlod of several months, were given two preliainary tests of
stargo ranging on the Wark II Navy Trainer, Thews tests ware followed by
8 poriod of rapid stelr-climbing with a heavy load, immediately after .
which the sisrec test vas again administered, A siguificant increase in
the variebility of range settings ocourred as & result of the exereise,
but the effect was of phort durationj the precision of settings returned
to ita previous lsvel in less then 5 minutes. These results are consistent
with those of previous sxperiments which have investigated the effects of
hyperventilation on storeo acuity., The finding that sterec aocuity is af-
fected for a similsr period of time by ubnomlly deep breathing suggests
thut the prosent results may be accounted for in part as hyperventilation
offects,

Thoae expsriments ars of interest since it is known that hyperventil-
ation occurs in pilots, perticularly ‘during let down and landing proosdures,

Tha studles reported cbove indicete that long houre of work regard-
lesa of the aaturs of the work tend to have s deleterious effect on per-
formpnce in some instances and not in others, However, the leval of mo-
tivation must he coneidered in any of these studies, Apparently, when
motivation is high, good performance does not drop off, although in one
otse incroased motivetion in termm of inorsased pay did not maintain a
high lsvel of performance over a long period.

It cen be sman frox the above that the avidence is conflicting and
that in order to determine whether additional hours of duty for pllots
will producs a decrement in performance it will first be necessary to
determine exactly what the pilot does, both on and off the job, and to
what extent the Job 1a fatiguing. To the authors'! knowledge no such
study hes as yet besn carried out, though the Army and the Navy are both
planning to carry out long repsarch programs on pilot parformance., Obser—
vations ara to be carried out whiles pilots are in the air flying airplanes
rather then in so-called analogous situations on the ground, It may be
poasible to develop more objective measures of fatigus and of pilot per-

. formence in terms of liability to accldents, Until this has been done
we can ouly generalize from the foregolng sections of the report, and
puch extrapolation may bs dangerous becauss the similarity between the
performances measursd in the foregoing and pilot performance in the air
is entirely unknown.

4« Auoxia. The effeot of wvarious dngroel of anoxia on performance
on varicus tests has bean studied, These may be divided into teats of
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virion, paychomotor tests, and physiologicel measuras, Since airline pi-
lots fly at intermediete altitudes between 4,000 end 10,000 fest and some-
times higher, it seews appropriate to raport a number of studies thnt hava
bean nade at theme altitudea.

a. Yieusl Tegimi The visual tesis may be divided intc those
testing normal or daylight vislon, and those whioh study
effects of anoxla on night vision., Ir a study reportad by
the Materiel Division of the U. S. Army Air Corps (70),

7 subjects wars completely dark adapted at ground level and
the 1sast intensity of light necessary to stimulate the ret-
ina was determinsd in the standard way with the Hecht dark
adoptometsr. They ware then takean to a simulated altitude
of 5,000 feet and after 10 minutes the least intenaity of
light necsssary to stimuiate the uye wee egaln determinsd.
This procedurs was repeated at eltitudes of 8, 10, 12, 14,
and 16 thousand feet. The results of these tests indicate

" that dark adaptation stiows a progreesive decline with alti-
tude, Teble 2 showe the approximate psrcentage increases
in 1light intensity being necesssry to produce an squivelient
stimulus on the retine at ths eltltudes given,

TABLE 2

PERCENTAGE INCREASES IN LIGHT IYNYENSITY RECESSARY TO PRODUCE
AN EQUIVALERT STIMULUS ON THE LETINA AT VARIOUS ALTITUDIS

Altitude Per_gent
800 feot (grouni ievil) 100
5,0% fﬂet 1.26
8,000 feot 138
16,000 feet 159
12,000 feet 178
14,000 feat 195
16,000 feet 240

The recommendation is mede that on ell night fllghts on which maximuc

dark adaptation of the flyer 18 desired, oxygen should ba ueed at all alti-=

tudes above ground level in such quantitiea as to maintain & normal oXygen
partial pressurs in the lungs,

In a study by the Committae on Avietion Medicine of the Natlonel Re-
ssarch Council (23), the results of msasursament of visual threshold under
dark adaptation agree with those in the previcusly mentioned study. Al~-
though only two subjects were uped in thils stwdy, the findinge also agres
with work that has been done previously by othor inveatigateors. As in the
first study, the recommendsticn 1s made that even at moderate altituces,
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say 8,000 feet, axtra oxygen be takan under all illuminat.iona uoopt. dur-
1ng full aaylight. .

In’ ltud:loa of visual function under greater ﬂlminat.ionu, that ia,
when using daylight vision, the results are agsin clear-out. In the study
just mentioned (23) contrast disorimination was msasured at three bright-
nesmen, whigh correspond to visual zornditions between dawn end sunrise or
between sunset and dark, using cons or day vieion only. The results of
these measurements sre shown in Table 3.

TABLE 3

THE DETERIORATION OF CONTRAST DISCRIM:. *'ON AT DIFFERENT

ALTITUDES GIVEN AS PERCENTAGE INCREASE Iii JUST RECOGNIZABLE
CONTRAST COMPARED TO SEA LEVEL

Oxygen Con- Computed Perccntaqo Inorease :|.n Just Peroceptible Contrast
gentration - Altitude ‘271,71 at 1/1000 Mi1lilembert 1/100 #1111]lsmbert

in per cent 1n foet lQ_HillilAlhn:L_
16,6 6,200 9.1 3,0 4.8
14.9 8,600 27.6 10,1 12.4
12.2 11,500 33.7 31.5 20.5
12.2 13,200 84,.9 52.8 31.5
11,1 15,300 100.4 66.0 38,7
10.3 17,000 115.3 82.0 7.8

It will ba noted that at & simulatad sltitude of 8,600 feet there is a per-
ocentege increass of 27.6 at the dimmest of the memsures taken, 10.,) at the
riddle one and 12.4 at the brightest one,  These measurements wers mads on
7 men and 1 wonman betwasen the ages of 17 and 25 years.

In one of a series of studies made in the Univeraity of Chiscago School
of Medicine under the diresotion of the Committee on Aviation Medioine (25),
the neuro-psychological affects vf chrenic intsermittent anoxia have bean
studied in 7 male subjects, ranging in age from 17 to 28 who were variously
exposed to simulated altitudes in low pressure chamber ranging from 10 to
tﬂ ;000 feet for 4 or & hours per day, 6 days per week, for a period of 4 to
weeks,

One of the tspta given durling these perlods was known aa the Dynamic
Visual Field Teat. In this test the subjesct 1s required to detsrmine the
presence of a graduated circular patch of light briefly exposed in the peri-
phery of his monocular visual field at the same instant that a forz and
oolor disorimination is being made at the fovea or center of the visual
£ield, All subjects examined by this test became markedly 4impaired in
their performance during the period of the sxperiment, This impairment
is not of a transitory nature, but is lastine. It often doms ngt ohow up
until the subjeot hed had severul weeks in the experimental situation.
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b. Fayshemeier Testp: ~n ths -~uport menticnst Uil}, in uddition
to the Dynamic Visuel Fiald Test 4 serles oi poyclomosor tests
were given. Twelvs teuts »are given at variovs zititudes dur-
ing the pericd ¢f o investigation, Thess weras (a) the
Schematic Face Tesat, (b) Furmboard Test for fpecisl l.ocaliza-
tion, (¢} Tine-sense Test (vision;, (d) Time-sense Test (memory),
@) Category Test, (f) Ealsteed Aphasia Test, (g) Airplane Spot~-
ting Test, (h) General Intelligence Teat, {.) Rate of Tapping
Test, (j) lehihara Color Vision Test, (ks Critical Fusion Fre-
quency Teat, (1) Solution of Navigatiocn Probleme. In none of
these tests was a significant difference found between perform-
ance at ground level and et altitude, This study seems to indie
cats that with t'a exception of the Dynamic Vieual Fleld Test,
thore is no measurable changs in performance up to altitudes
of 10,000 or more feet &fter prolonged intsrmittent exposurs.

In snother atudy made at the Aero Medicel Resmarch Unit, Yale University,
New Haven (37), intellectual end moior performances wers msasured at sach of
the following altitudes: 3,000, 10,000, 13,000, and 16,000 feet, The two
intellectual tasts showed no evidencs of impairment at 10,000 or 13,000
fest, znd performance on the motor test reflected little impeirment even
at 16,000 fest, However, nerformence on the intellectunl teat batween
13,000 and 16,000 feet wam greatly impeired, showing that the altitude in-
terval between 13,000 and 16,000 feet is cobviously critical for perform-
ance on intelleotual tasks,

, Angther report from the ssme scurce (4), relates measures of reaction
tima, steadiness, spesd and accuracy of coding, and viaual discrimination
of names and mmbers at 15,000 feet for sach of two hwurs. The results in-

dicate that the impalrment and performance during the »econd hour ia no
greatser than the impeirment measured within the first hour., Thers is a sig-
nificant tendenay for an individual to auffer relatively equivalent degrees
of performancs of impairment during succesasive exposures to anoxia., This
study wad made at mltitudes which de not concern ue, however, so no results
wlll ba pressnted here,

In a further study (26), to detarmine ths effect on performance of the
Dynemic Visual Fleld Tes™ of expesure to a pressure altitude of 10,000 feet,
17 eals subjeots, ranging in sge from 17 to 27 were exposed in a low pres~
sure chambar %0 an altitude of 10,000 feat for 5 hours a day, & days a week
for a periocd of 4 to 6 waeks. Ten of the 17 developed a marked impairment
of the Dynamic Visual Field after 3 or 4 weeks, while 7 did not. However,
including the earlier results 13, or 65 per cent of 20 subjects, developed
a visual impairment at 10,000 feet. The conclusion is again stated that
the impairtent is effectlvely o forw of blindness which develops insidioualy
durlng chronlo intermittent expucsures to altitude as low as 10,000 fest above
sea level, It was found that if tha subjoots wers given oxygen one hour of
the 5 hours per day, that the Jynmamic Visurl [ield did not change and there
was no performance dscrement on ths test,
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c. Payslological Testat It has heen generally accepted that
exposures to altitudes of 10,000 fest are harmless. OUxygen
saturation of tre blood has often been shown %o approximate
92 per cent as compared %o 96 per cent normel. Howsver,
when 1t was discovared that perfirmance on the Dynamic Vis-
ual Field Test waa eliered by exposures to 10,000 feet, fur-
ther studies were made in Chicage in an attempt to determine
whether some measuremen.s could be mede of blood oxygen or
other changes in physliological conditione at these altitudes,
In one investigation (8) the blocd lactic acid content was
determined at sea level and at 10,000 feet after controlled
amounts of exercisa, The results of the study are summarized
in Table ,,

It will be sean from Table 4 that 14 out of 17 subjecte showed an in-
creass in the lactic acid content of the blood at 10,000 feet. The writers
conclude trat these 14 subjecte showed varying degress of anoxia as eviderced
by the positive blood lactic acid at 10,000 feet ns compared with the sex
level wvalues,

In an investigation mads £t the Univorsity of Chicago (3), the effects
of several weeks of chronic intsimitionti exporcure to altitudes of 10,000 to
18,000 foet were studied, It wae found thet this chronic intermittent ex-
posurs produced no immediate dstrimental eflx»cts on the kidney, It 1e not
known, however, what the remote effecis will be, but it seems improbable
that they will ba harmful,

In 8 study of kidney furiction of aitituda ms:. at Yale University Aero
Medical Research: Unit {5), it wes cbserved thet axposure to low partial pras-
sures equivalent to 15,000 feel for twmo hours hes very little affect on kid-
ney function. Such affects a8 wore noticod ars {in accordance wlth the bellef
that the effeqgts on the kidney ere ths conzequencs of a miid rsspiratory '
alkaloals rother than tipeue ancxla.

One of the most etriking reporits frem the Chicego studies (1) is con-
c.rned with the subjective cbearvatlous of inveatigators who spant mazy hours
in the pressure chamber with tha subjacte >f the virlous studles, Thesme in-=
vestigators had dutiss to psrform in uhs chamber of & highly akilled neture.
Each man made ascenta on the avorige of 079 to three times per wesk. Their
ages ranged froy 30 tc 45, and all wers trained in sclentific observation.
Thers were 8 ni these men and thsy urnanimously agroed that when working ot
10,000 or 11,000 feet without oxygen *hey experianced definite impaiiaent
in musculear ooordination. efficiency, memory, ard clarity of thinking.

Thers was marked lozs ot inluiative, and wrug:al conceantraticen wip .
nscessary iu making observatlons. Thase offscte weva not noticed at 15,000
or 18,000 feet w'ile using nxygen »nr, =F courege, at ground level, Scne of
the tasks they performed wire compllcaied axd wrsh of them Involved consid-
erable manual dsxterity and scou~atns timing and recording, but thay were
perfectly familiar %o the vario nparztaore Ly roasgon of previecns experienca.
Nevarthelass, minor ervors im iae aijue Jsme cors {reyuent in spite of extra
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EFFECT OF CONTROLLED EXERCISE (2100 Kg-u FOR #IVE WINUTES) ON THE
LACTIC ACTD CONTENT OF TAE BLOOD AT SEé LEVEL AND AT 10,000 FEET,
THE FIGURES GIVEN ARE THZ AVERACE VALUES FOR PACH SUBJECT.

Lagtsio acld yaluea, meaf JL.A. 10,000
Ro, of B Bofm ' minqlft"" _11-5 nin. f‘h. 'ch‘q
ﬁnhina& perinents Rxerclse IBxeroise  After Altltude _QL.A. __Jonlovel
A 13,6 48,0 19,2 Sea level 5.6 404
u n 3 7 6 38,3 17.1 10,000 9.64
11, 3 16,86 36,24, 20,12 Sea leval 1,26 16,38
M.D, 3 18.78 72,2 38.42 10,000 19,64
111, 4 15,21 39.4 19.93 Sea level = 4.72 2,9
M.D, 3 15.9 57.1 23,51 10,000 7.61
v, 3 12,65 87.7 .48 Sea leval 20.8 1.8
M.D, 2 12,23 62,7 3.83 10,000 22,6
CY, 3 8.3 1.3 26., Sea level 18.1 ~0.4
" Ph.D. 3 14.0 82.9 31.7 10,000 17.7 _
Vi, FA 9,85 48,2 26,0 Seu level 16.15 2,25
3 12.4 . 63.0 30.8 10,000 18.4
VI1I, 2 11.3 25,0 17,0 Sea levsl 5,7 1.8
Student 1 8.3 4001 1508 10,@0 ?as
VIIL. 2 9,15 34,6 10,5 See level 1.35 . 4o5%
Student 2 15,8 59.7 21,7 10,000 5.9
1x, 2 2,37 23,6 14.15 Sea leval 4,78 4e3R
Student 1 2.0 37.0 7.1 10,000 9.1
2 10.85 68,6 23,15 Sea level 18,3
Student 1 22,15 83,2 34,35 10,000 12,2 0
XI. 1 8.4 gs.1 23,5 Sea lavel 15,1
" Student 2 13.7 98.1 32,0 10,000 18,3 3,2
X1, 2 7.7 53.2 16., Sea level  B8.,7
Student 2 10.7 91.0 28,3 10,000 17.6 8.9
Student 1 8.3 65,0 22.3 10,000 14.0 1.8
" XIV.3ore 2 11.0 52,0 18.5 Sea lavel Ta5
' Throat 2 16,83 60,3 20,72 10,000 3.9 -~ 3.6
IV,, 2 ‘ 1103 4806 13@57 Sea level 2-27
2 10,86 56,8 ~16.11 10,000 5,25 3.0
VI, 2 9,62 66,7 16,36 Sea level  7.24 1.8
2 14.67 ThoT 23.71 10,000 9.04
1 14,32 40.4 . 14,14 Sea level 0.18 2.2
1 16,45 56.0 18.47 10,000 2,02
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offort, and the smoothness of operation was noilcecbly diminlehed. A zonse
of vagueness was pometimss prosent. Procadures imdlving stooping wers ace
companied by slight giddiness, which interferad with st.cdlness of contyed
and mamal movements.

The members of the group were &t first not inclimed to attaeh much
importance toc the circumstances deacribad, helleving that thaey may tave .
been contributable to peychological factors ineideont to the newnese of the
situation, but as time went on arnd &ll becaue accintomed o working lu the
chamber, it became apparent to each of the investigstors trat at 10,000
and 17,500 feet he wes just "not as good a man® as uwrual., Tt ney woll D
that the subjeotive obsarvatlong of trainsd woerksrc ere of nere wvelus in
this typs of eituation than specific itests subject %1 scoring. In ths lat-
ter, it ims possible to mummon all ona's ensrgy, £ %o speak, and wiit sffert
turn out as good & score as at ground level without thurs belng any wmy of
measuring the extra concentration requirad, This las wzll brought out in
the scorea for the navigation problemz whioh the exparimontal subjacths
rolved as quickly at altitude es et normal atmospheric pragoure,

In conclusion the suthors feal that in the couree of the roviine zork
in the chambars tha obssrvers were incidantzlly, but £ti1l quite aslffective’y,
teating the influence of anoxle on the pecullar skilla which they !led ac-
quired through long training and that their aituetlon in s rszzco’ clocely
regenbled that of a tralned pilot. Thus, parformancs in spcclel oXl7: would
probably be impaired by the degrae of anoxia present at 10,000 fest.

In a summary report {2), the Chicago investigatora made tho f£olluving
conclusions, Exposure to anoxia at simulsted eltltudes st 10,7C3 end 11,5700
feet from 4 to 6 hours dally, 6 deys a wask, from 4 to 6 wesks prodicac in
human subjects definite deleterious effacts which would croheoly L. "o W58
the afficlency of the military flyer operatlng on a comporabiy schai.', Mo
most important of these ares £a) a meseurable impeirmant of vicwl ¢ a°.a
apounting in effect to pertisl blindness, sz showm by a Cacrcsood 0074 %
detect the pressncs of a briefly exposed spot of light im z pardpb iy Finid
at the same time a form and color dimeriminssion ie belng meds alt ¥: Tovia
or the center of the visusl fleld, (b) a tendency to slespinrus, Iwrisz bAll%y,
moodiness, and boredonm.

In addition to the effacts of chroaic expogurs Just deserl™:”, °fL in
evident from the observatlons of the investigstors upon themcelvzn %
aoute exposure at these altitudes interfarss with eofflcliency in ¥s ;=
formance of tasks requiring the applicaetion =f previously zovaired ~-111s,
Other studles made during chronic anorxla show rezulhta which ars 3 Uher nagie
tive, squivocal, clinically insiguificent, or difflicult %o Interprot In fermnu
of belng beneficial or harmful, The evldenco obtaln=zd in these atuliz: lae
dicates that flying at 10,000 feot without ciypan should nct be pornliied.
Further work is neaded to determine the meximunm Lass altitude undey tliaza -
conditions,

- R



VII1, DISIGN OF KQUIPMENT AND FATSGUE

Time hug not permitted an sxtensive investipgation into the literature
dealing with the ralation of design of squipment to fatigue, Howsver,
since thig la an:aspect of importance In any discussion of fatigue of the
alrcraft pillot, a brief consideration of this topic 1s assantlal,

1. Petlgue and Wachine Dosign in Industry, Machine deslgn reprasents
a fiald in which a great deal can be accomplished in reducing fatigue., In
the sarly days of machine construction little attention was paild to the make-
up of the worker operating the wachins, For this reason it is still poasible
to find machines that call for aextremely awkward posture on the part of the
worker, for unnecessary raeaching in hendling lovers and cranks, for the use
of the entirs bodily musculature when only the movenent of a single muscle
. would suffice to operate the machine (60).

The peychelogical approach in machina design cells for the conatruction
of machines with due regard for the mental and physical make-up of the work-
ers who are to operate them. Posslbilities in this directlion weras early
reacognised by lLehy, who pointed out the inadequacies of the universal key-
board on the typewriter and demonstrated the desirability of rearrenging the
keys to provide the most frequent alternatlon of hands in combinations of
strokes (33).

" Early studies in the field of machine design by English investligators
have inoluded observations of machines in laundries, lsather-working plaants,
machine shops, and other factories (35). Although exact data on emergy em-
ploysd in the use of various machines could not be gathersd, observation
showed the following to be the factors which must be given serious consider=
ation in the elimination of fatigue through lmproved machine deeign and op-
eration,

a, Extent, kind, spesd, rhyt'm, and combinations of movements,
b. Height and position of work in regard to posture.
c. Effort involved in motive power or in operating controls.

d. Danger from machines, the working of which is attended by
risk of being cut, crushed, drawn in, ete.

s, Shook attanding upon arrested movement or cessation of re-
sistance.

f. Vibration of the whole machine or of the pert held or
operated,

g- Foise produced by the machine or by the material upon which
it opsrates,.

h. Obatruotion of part of the machine to the operative or to
his vision.
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B ] Asj ol Tho pilot or othnr menbor
of an aircret must ba ahle not only to perceive an indication
quickly, but he phould be able to compretend immediately the
significance or meaning of the display. It is of little value,
for axample, to notice a dengerous loss of power unless it is
apparent what corrective action should be taken.

A _display ghould provide Anforeation that ie preodse gnd com-
plets. Man's adaptive behavior is limited by the information
which he secures through hls sense organs. Aircraft instru~
nenta shculd provide all of {the basic information required for
safe and affective fiight in sufficient detail to meet opers~
tional requirements.

gﬂ_pgg;ih}g‘ If a pilot anly nood to know hiu absuluto alti=
tuds to the nearest 25 fest, it 1c useless to give him &n al-
timater which 1a designed to ba resd to the mearest foot,
3ince a pilot can attend only to a limited number of things in
a given period of %time, sach unnecespary detall or signal that
is added to his display agquipment tende to lessen hia abliity
to sacure informatior that 1s vital,

ﬁhlga In & recont ﬂtudy of piJot expariencaa in using aquip~

ment it wae found that meny pilets reported that they haed mis-
taken one instrument for another on several occasions, or hed

confused controls. Meny pilots, for example, »ave had the un~
fortunate experience of ratracting their wheels when they in-

tended to railse thelr {laps,

Dignlave which provide releted informetion or which are referrad

slop otould be gzrouped, It 1s the opinion of

‘ pllots, supported by some research dste, that asscelated lnstru~

ments should be located cloas Lo each other in order to minimize
eys movaments and fixation time, It is especially importent to
make it easler for the pilot to look ocut of the cockplt and
back again at the instruments, or for the navigator to look at
the ground end then back et his maps,

Controls eand ingirveents should be desigmaed so that they move
n " Every one has become habitusttecd
jn the use of certain types of controls, as, for example, auto-
moblle controls. Frequently, ‘%erafore, individuels expsct
that a control phould wmove 1n a given direction iIn relation to
the desired result, and in relatlon to the movement of the dis-

pley.

Gontrole shonld he dapisaed to poralt the reguired ppeed, pras
elaion, timing end/cr smeotbness of oparaticn, ~Different con-
trol tssks frequently reguire guite differsnt operator skilla,
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The quick rudder control movaments required on the ground, for
- axample, are quite different from the smooth conrdinated move-
ments required in flight.

1.

m Attention n‘would b givm to tha 1ocation or oontrola
8o that movements made in reaching from one control to another
are as simple ard systomatic as possible, Errors in the uss
of controla occur not only from misuse of individusl controls,
but also from mistakes in procedure when carrying cat i sequenoce
of control coparations such es the procedure for a single engine
operation of a twin englued mirplane,

Js

- The structurc of r En ai*‘plana is strlaa teetod at lolds in ax-
cess of anylhing oxpezted in normal flight. It is just as im-
portant to design eguipment in relation to the human capacities
of the least preficlent person who is likely to use it, There
1s a 1init to every man's skill, just as thore is a limit to the
mmber of discrete movemunta that a men can meke in a given
perlod of time, These human limitations in ejuipment operation
aould be deterninad, and the operator task designed aso that it
is well within the 1imite of ocapacity of even the inferior in-
dividual.

k.

m This point needs littlo alabontion. In studiu

of equipment design speclal attention ehi>uld be given to the

abllity of individuale to use the oquipmant at the end of &
flight of maximm duration,

1.

2l ooy ' . Han is cap~
ahlo of 1aarning to aarry on highly oomplex akil.‘l.a. Haximum
loarning can bs renlired, however, only when the individual
ueses the same equipment at. all timea. Standardization does
not mean that ell cockpits should be exactly identical, but
rather that the basic arraugement, location, appearsnce and
mode of indilcation or action of instriments and controls should
be reletively uniform from one airplsne to the next., In some
respects standardigation is ths most important of the present
list o requirements, It i= hoped, however, that as standsrd-
ization iz achisved the best equipment design prinsiples can
be adopted for general usa,

While these proposals ers too gemeral for direct application in engln-
eering, they do provide a frame of reference within which datailed psycho-
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logical studies may be made to the end that the specific data needed by the
enginesr may be nade avallable. ‘

There “as bean no attempt to cover thoroughly the problem of fatigue
in relation to aircraft design in thie section. It has been suggosted that
there is room for & vast amount of research in this gereral area, The prob-
lom is mentioned in passing beceuvse the commerclel airlines might well con-
tribute to the definition of more specific problems by compiling lists of
pllot's complaintas and suggestions regarding seats, controls, inastruments,
lighting, viaibility, pressurization, temperature, ventilation, atc., and
promote research activities, -In doing so the airlines could make a defin-
ite contribution toward the reductlon of fatigue, and the solution of oper-
ating problame releted to fatigue.
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SUPPLEMENT .
PHYSIOLOGICAL STUDIES OF FATIGUE

1, PATIGUE AND FATIGUE PRODUCTS

1t was the hope of early Iinvestigators that the problems of “ymen
fatligue weald “ind adequate solution in the physioclogiocal laboratories.
Experiments i.th muscle preparations had defined fatigue as a progressive
loss of irritability as a result of repsated stimulation. Howell (24)
-de =¢ fatigue as more or lest complste lens of irritability and con~»
tra.cility due to functional aotivity. This property of muscle to become
fatigued . as been studied contimuously through the years and is still be-
ing studied todsy. Fanke (37), who was the first to investigute this sub-
Ject thoroughly, believed that chemical changes in muscle during contrac-
tion fort certain substances t*at depress or inhibit contraction. He
showed that extracts made from fatigued wmuscles of one frog caused appear-
aice of fatigue when iniscted intoc the circulation of ancther fresh freog.
Hence ths congept of fatigue toxins grew and made its way outside the spec: -~
ific meanings attached to 1t in tha physiocloglcal laboratories. What
could Le more workable than the hypothesie that fatigus as found in every-
day l1ife, in industry espscially, occura g8 & result of the accumulation
of wwagt & products of metebolism. Thoare was wope, as ¢ result, that per-
hapa a aingle chemiloel discovery, an antidcte, might banls™ fatigue forsver.

On the other hand, as work in the laboratordies progressed, other
theories sprang up. It was pointed out that fatlgue could cociir in the
muscle, at the motor end plate or at the synapse., Furtusrmore, it was
soon pointed out that fetigue of the totel organism wes a different and
much more complicated phenomencn than fatlgue of a single muscla. MWhen
a muscle doae work, acecrding tc Diil {12;, reviswing studies of A. V.
Hi1l and others, one of the earliest raaotions 1a the breakdown of phoms=
phecreatine to inorgenic phosphate and free creatines, This 1is an energy-
yielding rsaction which ip reversed Ly the formacion of lactlc acid (for-
merly considered the toxin of fatigun) frem e pracursor, probably glycogen.
The lacstic acid in turn is Peducad bt oxygen eupplied by the blied, But
these first two reactlons oan supply energy for work in exceas of the
ability of oxygen to remove tie lactic acld. Tha muscle working thus
anaerobically runa into an “oxygen dsbt" and the lactiz acld eacapss from
the puscle and ppllls over inte the bhleod stream, its concentretion tlers
furnisning an index tc the asize of. the debt., A muscle Incurring an oxygsen
debt soon becomes exauzted end incmpabla of Purther effort. Bat accord-
ing to D{1l the lactic aeid iteelf i3 not nscesesarily a sufi'licient cause
for thig result as 1t hus been e “hat the heart, for example, prefers
laoctic acid to dextrose as a fuel aud that the attelnment of high levels
of oxypen intake mey he fevorad by %tne‘accumulation of lactis acld to a
cortain degroee.

‘

Iv w11} be noted t-at from ths oolnt of view cf the tolsl organism,
aevaral pouslibilities fur fatldgus ccaur in o' ls procesa. If trke fual sup-
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Gerdr {o®VAT by commenoed, put amory novral homanliodividuals ackdng urder
nermasl conditions no investigator sonsiders this a serious possibil’ iy,
Yereond, it is clear thet when the supply of sxygsn is no longsr adeguate
end the body accuwuiates an oxygen debt then fatigue oesurs very rapidly
and all work is stopped. Under what conditlons can this oceur?  Oxygsn is
suppiied tc musclw g8 a result of respiratory and eirculatory funetions end.
thess in turn are psrt of a complex interrelated pattern in talance through-
out ths whole organiem, When exercise is undertoken thers ocours sn imme-~
diats response orn the part ¢of the syatem to supply the needed lnoresse in
oxygen. Respiration, heart rate and blood pressure are lncreased and other
regulatory mechaniams such as temperature contrel become adjusted tc the
new state of activity. So long as this adjustament sasuree an sdequate
oxygen supply the exercise may be contimued; the internal environment re-
maing oonstant and the person may be maid to be working in a "steady” stave.
But if the ecxercise is so streruous that an oxygen debt is Ilncurred Lhereby
upsetting the constency of the internmal enviromment, fatigue sets in very
rapldly ané forces a nesaation of work.

There are wide differences betwsen tre tolerance of differenit pecple
in tais respect. The Harvard Fatigue Laboratory (29, 17, 12, 11) hes atud-
ied extenslvely psople treined and wntrained in physical exsrclse snd has
- found that the athlete can perform s prodigious amount of work compered
with the nop«mthlets yet still show a physiclogical steady state, That
is, the pulse and respiration remain within fairly constant limits, thers
is no acoumulation of laotic acid and the "alkell resgerve" is undiminished.
. Performing the seme work, the unirsinsd subjest, on the other hand, shows
inability to maintain steady state by quickly rumning into oxygen dedt.
The lactates acoumulate and the pulse rises rapidly to maximum where ex-
hausticn sets in end exercise cannot be oontinued. When once started,
this 1s a rapld procese and nct s Slow accamulation of fatligue over a per-
iod of time, . In other. words, once nomecstasisie upset & rapid fallure
follows,

This constancy of the intermal envirorman: can be upss?!, in waye other
than by strenuous exercise involving oxygen debt. Although the mechanism
is differont accorcding to situation, the apparent resulta may be the same -~
fatlgue, exhaustion, ard insbiiity to ecoatince work, Thus, working on a bil-
cycle ergometer in a room with high oxternal tempersture, subjects showed a
constant bod,; temperature afte~ & emsall inftial rise providing sonditions
fcr heat dissipation wera fevorable (steadv stute). Otherwime body tempers-
ture rose untll exhaustion intarvenmed., It was cbaserved also that the heart
rate inereased with ths external teapersture evei when the internal tempera-
ture remalned sonmtant, although 1is output per unit time might incressa
only slightly., Some of the svbjects becars exhausted at the high tempera-
ture when doing work whleh tlhey cerrisd on easily &t a low temperature.
"Yet tnere waa no conalderable lactic acid acoumulation, no exhsustion of
fuel reserves, and there was » large reserve of puimonary ventilation." This
failure was explained ou the aypothesis that the heart mascle itaelf had
reached the 1imit of its capaeity, for 1t had attalned its maximum rate while
rc othor part of the crganlen wae working st ompaclty. In still other exper-
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iments during 1935, DLIL and Talboti wislived the conetwiction works at
Bouldsr Dam where they investigataed e curiovs form of heat proweretion
ascorpenisd by macular oraupa. This they fouml to be relutac to an up-
sat in homaostasis &g a resuli of sxcessive loss through sweating of
sodium chlorids. But here wgain, up to & poiant where the constancy of
the internal enviromment zould be mainteinsd, no aympiows ocourred, Be-
yond that pcint the failure waa rapld.

The conclusions drawn Zrom all these investigstlons e that work
can be performed only in & steady state &nd thet Lf a eieady otate 1s
achisved the work can be sontinmixd indefinitely. Interruptions of the
steady state cceur from & varlsty of causes depending on the individual
and the enviroonmsnt. OSome of these are deaand for strernuous wuscular
sxartion involving oxygen debt, excessive high temperature, oxygen de-
privation as at high altitucde, diseapes involving physiological malfune-
tion, dspletion of fuel reserves, etc. The resulis of such interruptions
nay rasemble each other in shat rapid disaster and inability to continue
working usually follow. Buw to grovp them togsther as a ocsussl entity
called fatigue is to overlouk their separate organis and snvirommental
aorigina. .

Our deseription so far hea left no 1com for a physiological explana-~
tion of ordinary induestrial fatigue. Since ii has besa pointed out that
the results observed occur only when the steady state iy interrupted, and
since such interruptions require a stimulus of axaggerated megnitude such
as the extremes of environmant or ususually strenuous activity, it shouid
follow that whare these are absent as in ordinary everyday work activity
there should be no work decrement or fatigue. From a physiologlcal point
of view this iz for the moat part true:s There im no fatigue. Thus it is
that investigators searching for physiologic changes ooncomiteni with ob-
served work desorsment end feelings of fatigue In nomal activity have
turned up very little of significance, Tha hope of a simplas physiologis
index of fatigue has not bean realized.

Thus Lovekin (28) studying oxyzen consumption, pulse pressure, pulse
rate, eta., of faoctory employmes angeged in different kinds of work found
that snergy expenditure varied according to type of work tut that on the
whole, factory workers exhibited low end steady pulse products, that 1s
thay were working in a steady state. The Public Health Service studying
truck drivers (46) was unable to find any relationship between most of
their physiological measures (blood potassium, blood total base, urine pi,
differential white cel: count, hearh rate, blood prassure, etc,) and the
mumber of hours driven. HNor wers Delaville and lLahy {10}, or Ryan and
Warner {36) in their driving studies (reported leter in tho paper) able to
find physiologic indices to fatigue. Gillesp!s {18) studylng patieuts
suffering from neurasthenia or "aomplaints of fatigus™ wae unsble -to find
any reliable relation betwasn these symptoms end physlologic measures of
fetigus, D11l (11) conciudes that during work where the smount of energy
transformad is relatively small and the effects of the enviromment are
negligible "if fatigue occurs 1t is of remote rather than of direct inter~
sst to the physiologist," And Forbes (17) summing up the work of the



Harvard Fatigus Laboratory states "The first two or thres ysars were spent
establishing the normal values for everything we could measure in the bloed,
urine, sweat and in studying normal circulation eand respiration. Having
done this we wers in a position 1o see what waa changed ipn induastrisl work-
era by a leng day at their johs. Nothing that we could measurs was changed
significently even though the man was tired.... Heving the techniques

well developed it was then natural to go to what could be measursd =- the
results of extreme musoular work in athletes {and cthers) and of extreme
environments in steel mills or at great altitudes and the like."

Professor Mayo and his group found that "output then was controlled
mainly by the paychologloal, and not by the physiocal, atmosphere, How
oan this sort of atmosphere be measured? That is the biggest problem in
the study of most of ths fatigue in the world.”

2, FITIGUE AND THE HERVOUS SYSTEM

Not all investigators sgree with tnis concluaion. Those dissgreeing
do not dispute the findings supporting the conclusion but hold that the
peat of such fatigue ie one or two atera removad frar peripherally inte-
grated metabolic function, end that it stows up, therefors, in e different
way. Thus, Simaonson (385 atatos, "It is astimated that in about 80 per cent
of all fobs in industry muscular effer’, it slight or moderats, so that
general fatigue is dus to fatlgue of %ie cantrel nervous system.” Under
thie theory it would be quite proper tc include Dr. Forbes® oconclusions
concsrning the psychologicel besis of Iatigue, but Simonnon has more spe-
oific neurologiocal function in mind.

R,

It was pointed ocut above that fatigue mey be conmidersd to ooccur not ‘
only in muscle but alsc at the motor asrva end plates in the musole fiber, ¢
the sengory end organs, tha nerve xell body, and at the synapses within the
central nervous system {1). Baotjor {3) showed that when m muscle was g
stimulated through tha spinal nerve, ihe sdded stimulation of its autonomic ;
nerve was without definite affsct, but, ater the vnaet of fatigue, stimu~ :
lation of tha auvtonomic nerve resulied in 2 dafinite increase in the muscu-
lar activity, This wag, of oourse. ncoi due to an lncrespad Lieod supply
nor to any substonce carried by tha hleced. The direct actifon of the auto- ,
nomic nerve in this cass ia protadbiy reieted to the local formation of hor- p
mone sympathizers which Cennon and Baoq (6} heve studled. Golng ancother ”
step back, numerous investigators (13} iwve found marked histological
changes in the nerve oull during sctivity end fetlgus., These changes ln~
volve primarily a chromatolyses or fragmentation and dissolution of the
Nimsl granules.

With respsct to fatigue at the synapse, Forbes (16) showsd that by
stimuleting a sscond sensory norve, a muscle showlng fatigus &8s a result
of previous stimulation through s firat sensory anerve could be mede to
respond again., Llkewipe, Raid (35) argued that fatigue resulting from
voluntary muscular work 1s actually central nervous fatigue beceuse sddi-
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tional resp ise could be vbtained from a voluntarily fr tigusd muscle by
stimulating it directly through the norve trunk,

The way 1s open, therefore, for a concapt of cent.al nervous system
fatigus which might account for the ifatigue observed in workers engaged
in continuous work invelving only light to moderate nuscular effort. The
nead is to find some index which will measure fatigue of this sort. Be-
caups of a lack of biological or physiological measures most investiga-
tors hava turned 4o mersurements of work output, aceidents, aslckness rates,
sta.; to messure fatigue. But to do so i1mmedistely involves one in a
oonaideration of motivational, snvironmental and sociul faotors (21)
which are outside the scops of this papsr. The othsr alternative, which
has not been widely exploited, 1s to investigate possible biological
mensures of central nervous system fatigue. Among such measures are sim-
ple and complex reaction time, speed of tapping, etecdiness, snd other
peychomotor tests, and on the ssnsory slde, the oritlical fusion frequency
of flioker {38, 46, 39, 41, 22}, Sizonson {38) distinguishes between fatigus
of the motor centars and fatigue of the mensory centers and claims that
there is 1ittle correlation betwsen this two in differeant types of wrk, in

thological tonditions of hypothyroidiesm and clrculatory insufficlenoy

14, 15), and after administration of benzairine and psrvitin to relieve
fatigue (40). Motor center fatigue is more pronounced in types of work
invclving motor componants while critical fusion frequency ig consicered
to be & sansitive index to fatigue of the ratinocortical aystem, reflect-
ing the fatligue of the central nervous system in general, &nd related
moat closely to assmsations of fatigucv. In a study of office, laboratory,
and dispensary workears it waas found that fusion frequency of flicker was
" lowsr in the late afternoon than 4n the wmorning (29) and that merked
changes wera found in patbo.ogical conditions and after the adninistration
of drugs to relieve fatigue, as noted above,

-

One of the most pertinent studies in this oonnection was conducted
by the Public Health Sarvice (46) in a stidy of fatigue, hours of driving
and physical fitnesa of truck drivers as determined by psychologicael,
physiological and medical tests. Eight hundred eighty-nine drivers were
sxsnined in three citles. Ae many e¢ possible of 22 special physiological
and psychologloel tosts were given to each driver. The drivers themselves
were olassif'ied according to the mmbler of hours they had recently driven,
whether or not they had driven sincs slesp, the amount of aleep obtained,
etc, The ocnolusions of the study sere aa followsi

1. Ths incidenos of poor eyesmiglit, bloodshotf eyes, high white cell
counts, and tremor of the hands was higher than is usually found in healthy
men of like age groups, )

2, The men who had not driven at all since slesp had tho highest
average efficiency, thoss who had driven less than 10 hours had.the next
highest efficleacy, and those who had driven over 10 hours had the lowest
average officlency on the following teats: speed of tapping, reactlon-
coordination time, simple reaction time, manual steadinesa, body sway,
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driving vigilance. and the oritical fusion frequency of flicker,

3. Men who had driven at all (regardless of mumber of hours) per=
formed on the average less efficiently than those who had not, with
respect to: aiming, resistance to glare, and speed of sye movements,

4. The average heart rate decreased slightly with hours of driving
and the average white cell count waa higher in men who had drivun than
in men who had not driven since zieep.

5. HNo trenda with hours of driving wera found in the estimation
of size of known objects, the differential white cell counts, the hemo-
globin content of blood, the acidity of urine, the specific gravity of
urine, vieusl acuity, and the total base and potassium concentration of
blood serum,

Cther driving studies cited in this work reported much the same
findings. Lahy (25) and Delaville and Lahy (10) studied two truck drivers

during a journsy from Feris and return of approximetely 560 miles lasting

60 hours. Each driver was testsd once every 6 hours in a mobile labora~
tory which followed the truck. Memory, ettention, tapping speed, simple
reaction time, alkaline reserve of the bloocd, the pH and ammonimcel coef-.
ficlent of the urine, arterial blood presszure and strangth of grip were
&ll measured, Only the strength test, reaction time, and urinary acidity-
showed significant changes during the experiment, but the authors report
that the two subjects were gquite different with respsct to the constancy
of their responsss., One subject showed small varlability and quick re-
turng tc normel while the cther showed wide variability and slow returas,
Some sensory disturbances including poasible hallucinations were roportud
by these drivers.

Ryen emnd Warner (36} report similar findings (except for sensory dis-

turbances) after investigating six eutomobile drivers who drv ve for mod~

erately long perlods of time,

Thesa studiss show quite convincingly that although the drivers were
working in a physiologically steedy etate, nevertheless, their work did
result in changes integrated on & central neurologicael leval, motor ocsnter
fatigue being Cemcnsetrated by loss of efficlency in psychomotor tests,
and "general” or ssnsory tatigue being indicated by reduction in flioker
fusion fraquency, resistaence to glare, etc., There 18 no doubt that the
changes occurred, but their interpretation as manifestations of central
nervous futigue is up to the blas of ths rasder.

3, EFFECT O0F HORMONES AWD DRUGS ON FATIGUE
Hoagland (23) and Pinous and Hoagleaad (339,34) have described a

garies of experiments whereby they rolaisd the end product of steroid
hormone metabolism, the 17-ketosteroids found in the urine, to states of
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fatigue in pilots as meaaursd by psrcentage of time spent in the alr es
well as by their scouras on a speclal pursuit neter., The stress l7-ketos-
terolds ara believed to come from edrensl cortex chemicel percursors and
hence are & sign of edrensl cortex activity. They claim a corrslation

of ,978 % (.0l betwesn stercld output and per cent time in the air for
their sample of 16 pilota on 152 fiights. Repeating the experiment on
geven Pratt & Miitney test pilots during 56 flights gave m correlation

of .922F <« .0l. A renk order correlation between 17-ketosterold out~
put and rdtings of fatiguability mede by the pilot's commanding officer
vielded an r of ,67. Similar correlations wers found using fatigue scores
on a epeclal pursult moter. Administration by mouth of steroid /5 preg-
nenoclons resmulted in improved scoring and fewer feelinga of fatigue ocom-
pered with control periods during which inmctive placebo pills were given.
The authors believe that. the effect of &5 pregnenclone in combating fa=
tigue ia variable, being most efficaciocus in situations where motivation
ie high (25 per cent improvament) compared with 10 per cent improvement
where the only incentive war pay. Where even the pay inocentive wus re=-
moved, pregnenolone did not increase performence over plassbo levela (23).

Simonson (38) reviewing the racent litsrature on the sffect of drugs
in relieving fatigue ooncludes thet the transitory incresse in perform-
ance which ocours would be followed by sn increased need for reocupera-
tion, No sustained effect could bs expected, but if it is necessary in
smergaency conditions to perform overwork in spite of fatigue then the
edninistration of amphetamine (benzedrins) or desexyephedrine {pervitin)
might be indicated. Ths offect of both drugs i1s eimilar but pervitin ap~
pears tc have lesas gide effwots end requires less dosage, Caffeine has
similer but less pronounced effescts (38).

4o LOCAL FATIGE

There is svidence itc show that vipual and auditory fatigue ocours
as & reesult of congtant overstimulation of those senses. Various recent
studles, reviewed by Simonsoa (38) show that visual work increased the
threshold of electrical stimulation of the eye, determined by the appear-
ance of phosphenes. Alsc racognition of letters at dim 1llumination de-
creased excitability after a short-time, The time of fading of after-
images 12 increased after typaes of work invelving vieual effort, And the
recovery time of visual discrimination, measured after exposurs to glars,
was prolonged in fatigued truck drivers (46),

Simonson reports an sgreement in the literature regarding the cumu-
lative effsct of noise which results finsily in permanent hearing loss.
Ears exposed for a long time to high nolse levels such as aviation en~
gines;, riveting, etc., suffer hearing loss which parallels the duration
of exposure.,
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5. FATIGTE ARD REALTH

The relationship bstwean fatigre end health is an important questlon
in industry. Are tharo discisis which ender the patlent more susceptible
to fatigue &nd, conversely, and psrnaps more lmportsnt, doss fatigue ln- ]
crease & parson’s suscaptibility {o dizrase? Regarding the former ques- i
tion the answer ie vouclly affi-mative, fatigue being often desoribed as '
& symptom of certain inleotiove (’eesses such as tuberculosis, cardiac
deficiencias, and paychogenic syndromes such as neurasthenia, the "fa- .
tigue” dipeass (14, 15). i
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But, with regard to the latter question, the answer 1s not at all
clear=cut. Aoccording to Simonson {38) theres is no direct evidence yet
available that fatigue decronses the resistance power against dlsesse.
Howevor, msny doctors feel that there 1s some relationship between the
two, and Vernon writes, "There can be little doubt that in many cases
fatigue 1z a predisposing csuse of sickneass, even if it is not the di-
ract and ismediate cause” (;7). Conflicting evidence on this point oomes
from various kinds of attacks on the problem end the resulting attempts R
at generalizations are confusing because of the equivocal meaning of the - N
word fatigue, .

If fatigue is assumed Lo be the rsault of hard work, then 1t might
be expacted that its importence ae a prediepesing ceuse of illness might
be discovered from a statistlicel comparieon of diseame ratea among various
more or less arduous occupeticns, Haay studies of this kind have besn :
made (8, 49, 51, 9, 27, 44, 45) with conflicting resulte, There is evi- -
dence that some kinde ¢f diceass go with certeln types of work, for ex- N
ampls, oocupations that are classad a3 Mlieavy Manual Labor" experience
excessive mortality from diseesss of the heart. 2ut, ne invesiigater or
reviewer has been sble to dercnstrste 1n this way that fatigue por se la
the essential fector, Too nany cther varisblas such ag soclo=sconomic
status, motivation, climete, end in some cacee poor statisticel treet-
ment of the data cloud the igsum,

If cdisease ratas for wvarlous ocesupations do not demonstrate clearly
the effect of fatifue, might it rot te ghowu by comparing the rates when
the number of hours worked is increscod or diminished. In 1936 Ascher :
(2) claimed to have shown the isolated effect of working houras cn the o
sicknese and death of workera. Hs found that the sicknese rate of em- .
ployees of sn enginecring works in Frekicrt-on-*he-Main drorved €€ por .
cent when a 26~hour week wes introdicsd in 1232-33 conpared with the full
working week of 1928, He otates aleo that theoae statiatles cerrespond
with the statintica of the Tnitsd Stoles for 1929 te 1933, Likewloe, it
has been reported (37) that medicel exuminaticns of women munitions work- l
ers in Fngland during the firat Forlid War showed "acme fatigue or 1ill e
health" in a ikird of thuse exarined, while 7 per cent showed marked ;
fatigue or ill health, Furthermcrs, tha mortality records of the Reg- ;
istrar-Gererel showed an *nervesce in ceaibs from phthiais in women aged i
15 to 24, the rate for 1912 helyg 507 highor than the rate for 1911-14, « ‘



itudies of tuberculosis showsd a liks incrsess for certain age groups, al~
though Vernon (49) pointed out the incres®e mes hot restricted to the war
years, The impliocation is that those ricknoess retss rose ap & result of
women’s incrsased work under wartime conditions, and hence may be attri-~
butable in part to fatigue.

On the other hand, auch couclusicus are premature when it is conai~
dered that the results of a stuly embracing 20 psr cent of English iron
and ste v1 workers showed that their days of sicknees in wartime (1915-
1918} ware 31 per cent less than before (,9). Likewige, for the second
fiorld War, the London correspondent of the American Medicel Aesociation
has x(‘optirt-d that health in English fectories is as good as befure the
war (20}, .

It would seem, then, that from this point of view also thers are no

clear=cut results. Some studies conoclude that long hoursg of work end,
. henae, fatigue result in inocreased 1liness, Other studies point out that
this 1s not necessarily true, or, if true, ocours as a result of more fao-
tors than simply hours of work or fetigue. For the most part, the conclu-
sions of a study can be predicted from the type of approach the investiga-
tor used. Those studies using & ciinical approach usually conclude that
overwork, fatigue, etc., result in illness.. The physician or therapist
sees, perhaps, & large number of cases. From an analysis of their indivi.
dual compleints, their paat hiatory, conditions of work, eta,, Me von~
oludes that fatigue has contributed to their illness and indeed may be

8 primary cause. Thus, we find studies like Ward's {50) who reported on
the symptoms of speed up. He found an inoreasing number of industrisl
‘patients compleining of fatigue, general debility, stc., with occesional
eomatio symptoms, many of whom were apperently cured by a vacation, Ti11-
isch and Walsh (i3) report on chronic exheustion state in test pilota.
Twelve of 20 test pilots studied showed syrptoms of exhaustion, anxiety,
mental depression, ete. On the other hand in a aimilar study of 103
transport pilote, Tilliach and Lovelace (42) fourd not a single inoi-

dent of chronic exhaustion stats, They conclude, therefors, that "ex-
haustion camnot be attributed to flying alone; but {exhsustion) did

ocour with long hours of hard work without vacations and with the emo-
tional strain of flying s new, and at times, hazardous airpk.ae. In

other words, the sxhaustion stuts meen in pilots is not different from

the exhaustion state sesn in the aversge and all too frequently encoun=
tered parson." Nielsen {31) describes on the basis of several cases of
axtreme ovarwork lasting for years a "subacute gensralized neurcmuscular
- #xhaustion syndrome.® Other writers, all from the olinical peint of view,

(30, 32, 52, 7, 19) believe that fatigus is a causal factor in illness of
zeny types ranging from pneumonia to neurasthenia. The trend of opinion
. seema to hold that fatigue resulting from hard physical work predisposes
towards a physical disease such as tuberculosis, whereas severe mental fa-
tigue resulting from overwork under etress conditions leads to a functional
disorder and breakdown. Without wishing to contest these findings i1t should
be pointed out that in most of these clinical studies no .special attempt has
been made to disvover how meny people subjected to similar fatigue situm~
tions have pot developed iliness. Without this other half of the picture,.
& clear-cut cass for the effects of fatigue cannot be made, '



In contrast to the clinical approach, studies us a statistical sur-
vey, and in some instances an expsrimental approach (4), usually oonclude
that fatigue or overwork cannot be considered a direct ceuse of 1lllnesa.
Thus, Vernon (48), after making a study of the sickness and mortality rec=-
ords of about 24,000 iron and steel workers for a Bix-year pericd, con-
cludes "The date as a whole appear to indicate that on men of goed physi-
que the fatigue of heavy work hass, as & ruls, but little direct effect on
sickness and lo gevity." This is an especially Important conclusicn when
it 1s realized that the men studied were working 1l and 12 hours a day in
occupations which are recognized as severa. From thes point of view of a
tunctional breakdown, it might be expected that if mental fatigue result-
ing from stress, overwork, and general turwoil contributed tc the etiology
thig would be reflected in increased rates of mental diseese durlng times
of such stress. But, es Landin and Page (26) have shown, no such inorease
ap night be expected takes place, for sxample, during World Wer I or the
depression., '

In the light of such sonflicting testimony what can be concluded con-
cerning fatigue and health? In the firat place, as most of the experienced

investigators have insisted (38, 29, 17) fatigue oaanot be oconsidered as &n

entity, so that the "fatigue" of Ward's patients is not the same thing as
fatigue found among most faotory workers, and this in turn does not re-
sanble the fatigue of steel melters working in an exceasively hot environ-
ment. A generalization coucerning fatigue and health not only doss vio~
lence to the dute, Wut is also &n unprofitable orlentation towards the
problem, When physicel diseass 1ates are atudised, too many other fac-
tors are opsrating to be sbls to show any clear effect of elther hours

of work or type of work. When individual cases are studied, some of them
show a history of long hourc of work, hsavy phLysical work, or work under
prassure during anxiety or fear. Cther casea show none of these. Con-
versely, men and womsn who have worksd under such conditions have not
necessarily become patients, ZEven in syndromes where complaints of fa-
tigue constitute one of ihe symptoms, s history of long and hard work is
not invariable, as cen be ssea in the conventional case of neurasthenia,
Therefore, judgment conceruing the erfect of hours and type of work on
health, except in extreme cases, wmusi be suspended and we return to Simon-
son's contention that there ie no cdirect evidence vhowing that fatigue de-
oreases the reslatance powsr againat diseauas,

H. SUMMARY

The sense of the physiclogical litercture on fatigue is ss follewe:
Fatigue cennot be conmidered an entity in the sense that it is a single
underlying physiologiocal, chemfival. .r electrical process whioh is the
end result of contlnued aotivity of any kind. In single muszcle prepara-
tions, fatigue (in the gense of work decrement) ie a fairly well defined
phenomenon and a grsat deal is known about the chsmleal and electrical
changes which ocour at this level as & result of exerclas, When the
total organiem is considersd, fatigue after axerciss is no longer e pro-
ceas polely of changes in the muscle c¢r nerve because of the role played
by the self-reguletory machanimms of the bedy in maintaining homeostasis,

A
R



i
o

The body mots to maintelr the ccnstancy of its internsl envircoment. FPhys-
lological fatigue of muscle througil activity conatitutes # threeat to Anter -
nal oonstancy and, as & result brought about by inoreased oxygen supply, 1s
not permitted to occur., If, howevar, the exerclse is pushed beyond the
ability of the organiesm to maint.tin homeostasis then fatigue does cccur,
and very rapidly in the form of exhaustion and cessatlom of all work. The
observable and recordable effect, however, ia the upset of homsostasie and
not sope theoretiocal suoumulation of "fatigus.” FHomeostssis may be upset
:lt.l; ways other than by excessive exercise and the results may eppear much
o saMS,

' Ordinary work such as faotory work, office work, house work, truck
driving, sirplane flying, etc., 18 performed in a "nmieady" state, 1.e.,
the constancy of the internal environment is able to be maintained. Con-
ssquently, altheugh the worker may feel tired, may not accomplish as much
and may have more accidents, neverthelass, physiological measures of the
state of the intermal environment remain relatively unchanged and do not
afferd an index of the worker's "fatigue,"” Because of this, there is a
distinot tendency in the literaturs to strip the concept of fatigue of
any bilologic meaning end to redefine it operationally in terms of output, -
asoidents, stc. This leads to a direct consideration of psychologioal and
soocial factors, and a great deal of fruitfid work in thin conneotion has
been done,

The biological approach has besn gontinued, however, with emphasia be~
ing placed on possible central nervous aysiem indicators of fatigue, Thus,
it has been shown that long hours of certain types of work do produce changes
in psychomotor efficliency as messursad by various psychomotor tests, and in
cantral nervous system excitabllity as measured psrticularly by the oritical
fusion frequenoy of flicker. Those studlies are promising although what they
mean in terms of optimal working bours or worker's effiociency at apecific
tasks has not been established, At a still higher level of central narvous
integretion, Bartlett (5) has performed an excellent study showing how com-
plex stimulus and response patterns tend to bresk down in consequence of fa-
tigue incurred from a rituation akin to flying, although tbis, of ocourse, is’
purely a psychologlcal study., Other frultful lines of investigation may be
the study of adrensl cortex aoctivity and other hormonal influences, the ef-
Teoots of warious drugs, and specific sensory fatigue in epecisl enviromnments.
Bonnggglo is reported (38) to have developed a "fatigue" resction which meas-
ures the increase of permeability of kidney capillaries. : ‘

With respect to long hours of transport flying 1t might be possible to
demonstrate results similar to thoss found in the truck driver studies, The .
meaning of such results, however, certainly would not be clear and would de-
pend upon their being related to some measure of effioisncy or compstency at
the specific task under investigation,
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TRANSCONTINENTAL & WESTERN AIR, INC,
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Civil Aeronsutlios Board
“aahington, Da Cq N,
e :., "’J’
Subiectt Exemption from Compllance with Provisions Con-
tained in CAR Part 61, Paragraph 61,518 by
Substitutlon of the Provisions Contained in
GAR Part 41, Paragraph 41,3041 ’

('_ff

Gentlemen:

TVA hereby petitions the Civil Aeronsutics Board for exemption from,com-
pliance with the proviesions of CAR Part 61, Paragraph 61.518 in the operation
of Lockheed Conatellation type aircraft snd also hereby petitlous thet cesm-
pliance with the provisions of CAR Part 41, Paragraph 41.3041 be substituted
for the exemption from compliance with the provisions of CAR Part 61, Para-
graph 6105180

The proviesions contained in CAR Part 41, Paragraph 41.3041 at present
apply only to operations outside the continental limits of the United States
and were designed primerily to permit long-renge operstions,

THA is planniag on long=-range operation within the continerntel limits of
the United States with Lockheed Constellation aircraft in the near future, but
- we are preventad from performing an efficlent long-range operation by the pi-
lot flight time limitations as now provided for under GAR Part 61, Paragraph
61,518,

The operations planned are schedulea from New York to Los Angeles with
one undesignated fuel stop and schedules from New York to Loe Angeles with
two scheduled stops.

The acheduled flight time on these schadules will be minimum, 9:05 hours
and maximum, 11:40 hours. _

Compliance with t.ha. provisions of GAR Pert 61, Paragraph 61,518 will re-
fulre a crew change at some station betwsen New York and Lom Angeles with the

reault *red tha entire efficiency of the operaticn will depend upon the weather

conditions of that particular station at the time of the arrival of the fiight.
In the event the weather at tha crew change station is below operating limits,
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- it will be necessary to hold or ca.cel the ﬂight. at soms atation ghort
! of the crew uhange station,

= By applying the provisione of CAR Part 41, Paragraph 41.3u4l, the

< Flight could be operstad by .toppiw at any station for fuel where the

e "ﬂathar would parmit, theb procesd ung over other stations to destination.
- ‘:1_- “This would also allow a sslection of refusling points where the moat favor-
- lﬂalq-. wesather and traffic conditiors existed. :

L’ /
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=z ‘311! type of operation would aleo remlt. in better working conditions
I’{.:rﬂm orew nembers becauss of the followlng factorss

“ 1_| ‘Moro time off at the homs statior. would be provided.

: 2. Under present regulaticns, flightaws=; Be sxheduled for as many as
¢ ssven stops within one screw division point. The ground time at each
N of these stops mey amd frequsntly does, vary from 10 minutes to as
: such as J or 4 hours when 1t is neoessary to hold for weathsr im-
~ provonent., This frequently results in olapaod time of considersbly
' wver 12 hours,

‘ 3. Due to the numbsr of scheduled stops on local flights, several in-
U strument approaches are frequently made on ons crew division while
o unde™ ths contemplated operation a maximum of 3 instrument approaches

~ would ever be necessary, and this number would be extresely rare due
to the great goographiml distances betwsen atations.

4. The Lockhesd Constellstion airplane is pressurized which will greatly
redune the fatigus of the crew, espoo:hlly in flying at high alti-

B ' tuging,

T 5, Dus to the pressurization of this sirplane, considerable weather
. that cannot be flown over with nonepressurized eirplanes can be
avoided by high altitude flight.

}' ‘ 6. The Leckheed Constelletion airplane is ecuipped with an automatic
5 pilot which substantially lessens the fatigue of the orew,

Considexation of the Board in this mﬁﬁon 18 requested in order that
THA may provide the most efficient servios possible in the oporation of the
Lookheed Constellation airoraft.

Very truly yours,
/s/ JTohn A, Collings
o cer ¥r. T, P, Wright ' John A. Collings

M. James Keoney Vice Fresident - Transportation
Mr. William Clark - :
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