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Dear Dr. B r m l a l l l  

Attached is a repor t   en t i t l ed  'The Role of Fat* -$ Perform%&3, 
pmprcd by t h Q  Cormittee on Sel.eotion and Trahiug of Aircraf t   Pi lots .  It 
I s  8uLdt ted  by the  Comaittee with the reoammmdation that it be included 
in the series of Teahnioal Reporte issued bp the Divlsi9n of Ressareh, C i d l  
Aeronautics  AdmMstration. 

RA. fo r  a change in regulations pertalnlng; t o  hours of ~chaduled f l i g h t  by 
commoraial a i r l i n e s  on long-range operation rittln the   cont inantal  limits 
of the United States. In  the sect!.on entitled nFcremrd find Rec3mmendntlctis," 
t h e   h u m i t t e e  has formulated certain teatative wmlus ions  with  respoct to 

mendations  because of the u n a m i i a b l l i t y  of crucfs l  data spplying spsc i f i -  
t h i s  problem. It has been found hposaihle $0 arri've u t  def in i t ive  reom- 

cally to  commercial-airline  operations. The Comdttm strongly recomsrda 
that steps be taken t3 obtain such data through the w e  of sc i en t i f i c  re- 
search methods applicable (a) in determlnlng  objectively  ettlt!ldes of con- 
mercial  pilots3  (b) in malyzlng operating data, i n c k d i n g  elapsed time o f  
f l i g h t  and dis t r ibu t ion  of ~ c h e d u l e s  in r e l a t ion  to  accident,  overt a l g n ~  
of fatigue,  e b e ;  and ( 0 )  i n   d i r e c t  exparhatnl s td i e s  of  th0 type refermd 
to   in   the  a t tached  report .  I feel  cer ta in  that the Crmmittee on Seleution 

me mprt b c l d o s   m a t e r i F e  p r then t  LT soncidi3ring t i e  pe t i t ion  of 

and Training of   Aircraf t   Pi lots  will be vory a l i l k g  to cooperate in p h m i n g  
t he   de t a i l s  of suoh inve8tigations in association irlth the Division of Reseerci~~ 
C i v i l  Aeronautios  Administration a d  o t h w  interested grcupa, 
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FOREWm AND q T I O E  

The report  rfiiab f'doma bra be411 prepared the Committee on S d e c -  
tion and Trainiag of Air& m o t a  a t  fhe request of the D i u o n  of . 

by the civil  Aeronautics BoaFd In o o n n i d e w  a requart  Truuoontlnental 
Researoh, C i v i l  Aeronnutlon  ddministratlon, to previae Infbmti6n for w e  

& Western Air, Inc. (Appandlx 1 )  for a change ln mgulatlons per- to 
,hours of flight by oaowraia l  airline piloto. The.peti t ion request0 t h a t  

4 l  , Pangraph W.3Q41,, for aomfiiance with the provisions of M Part 61, 
2sA be p d t t e d  to subst i tute  compllancs wlth tbe provlsiona of CAFt Par t  

Paragraph 6l.SI.8 i n  long-range OpeMtiOn rlWn the continental l imits  
of the Unl td  S ta t e s  .it& Lockheed Cox.tellation type airoraft. 

A bas10 question ' l n  considering t h l a  pet i t ion  is  whether 12 hours of 
long-range f l i g h t  dth one uneoheduled atop l a  more or l e s s  fetiguing than 

plloity of mhaduled stops. It seemed appropriate that the l i t e r a t u r e  of 
8 hours' 8cheduLed f l i g h t   t h e  on domestlo  operations palling for a multi- 

fa t igue  studies, pnrtloularly *be Involving aviation and redatdl lndua- 
tries, b4 revlersd dth a vier to discovering information *oh might be 
pert inent  in arrlvlng a t  a deoislon with respect to  the  "iA pet i t ton.  

MaaaIIlnn, U.S.B.R., and Roland E. ddmct.cn. A supplement, e n t i t l d , m -  
of Fa- 

ment of Paychologp, University of I11hOi6, l e  attaohe8 to thls report .  
, prepare3 by Dr .  A. C. Wllliormo, Jr.,, Depart- 

The aervicen of  L t .  Cdr. Eaotulllan were made svailable t o  the Civi l  Aero- 
nautica  Bdministration by the Division of Aviation Bledlcine, Bureau of 
Medicine and Surgery, 0. 9. Navy. The C m i t . t e o  aclmowledgea i t a  debt 
to this Bureau a d  to other units and personnel of the Army,  Navy, Pub- 
l i c  Health Servlce, and other government orguniaations d c h  contributed 

were provided through the courtesy o f  the  Eoard of 'l'rueteee of the Lbl- 
to the flndlngs presented in this report. The aemfces of Dr. Willinms' 

ver s l ty  of Ill inoia.  

The revleu &doh follows was prep red  in the nab, by Lt .  Gdr. J. Wh 

l e s  involving oommeroial airline p i l o t s .  The absence of data ficLl m.ch 
atudies m n k ~  it imposeible to arrive a t  definitive reoomendotione with 
respect to the problspl posed in the communication f r a  lWA. The s l t w t i a u  
i n  further o c q l i c a t d l  by the f a c t  that neer3y all erperimontal sturli~a i n  

reaponslbllity f o r  doing dl tho work, and m a  not in  a posit ion k tako 
the av ia t ion   f i e ld  were made der conditions d a r e  the  pi lot  had oomplab 

ahmtage  of the r e s t  puaes and othsr avenues of relief available to the 
p i l o t  on a commeruinl airline. Nevertheleao, it doea sem f e u i b l s ,  fmn 
a consideration o f  related  studies,  to make tentative suggestions an Tol- 
lown, dtb respect to the steps that mQht be taken in connection nlth tk3 
pet i t ion  for the application o f  foreign regulations to domestic l o n g - r a a s  
operations. 

scheduled flight houre within the U&ts  of 8 to 12 way he more impoi-tant 
. 1. The burden of svldenoe suggests that factors oqer  than actual 

A strlklrig  feature o f  tha m-vey is the p u o i t y  of exporben"a; okd- 

t 
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b. Automatlo p l l a t  end exohaa\ge of dufies betreen  pi lot  and 
co-pilot a t  peclodfa intlt3iials. 

0 .  The mmber'cf hours at i n t m e d i a t s   a l t i t u d e  (5,oBo to l2,w)o 
it.) wlitholat aupplamentery oxygen or prewurized oebln. 

d. Resf p U 6 f 9 8  d!ldIl,g flizhte 
i 

a. The wmber of landingo. 

f. me frequency  of long and unantloipatsd delays. 

g. The need for formulating  orucial deoisiona baaed upon ohangee 
of reathp add other oondftlons related to ncn-scheduled 40 
contrasted dth soheduld stopn. 

h. The off-duty act lv l t lea  of the p i l o t  and provisions for rest 
a d  n 3 i t I X & t i O R ,  

I. The number and dis t r ibu t ion  of total flylng hours throughout 
the month. 

j. The desiga of   eqz ipant  for comfort and eafe t y ,  

2. The benefits achieved f r o m  ec ien t l f l c  meearoh on fa t igue euggest 
the  nee3 f o r  k t b r  invest1gationa.applyi.q a p w l f l c a l l g  to oomemlal 
airline operation. Such ranearoh should induUe inve&lgatlcns of: 

a: The murcee and ef fec ts  of fatlguc W e r e n t  In the  d i r e c t  on- 
duw taek of - the plfane. , 

b. The aourcee and e f fec t s  of fa t igue induoed by eecnndar~ on- 
d u q  s i tua t ions  such as delays, asather, disturbed sahedulerr. 

c.   Ofi-duty  act lvl t les  of t he   p i lo t  aflsctjng his performanos 
.fiile on duty. 

~ 

Research should al8o include mntfnudl  invastlgatlonr of the re lat ion-  
ship bet- qidpent  deaign, methods of using moh e q u i p a t ,  and fut-. 

flashlngton, D. C. 
April 13, 19L6 

Moorria S. Vlitdes, Ctlalnnan 
C o m l t t m  on saleat ion ard 
Training of Airoraft M o t e  





SuWAFu m c o B m I B T o B 6  

1. &&&&&a of Fa . The d0~3n l t lon  of  fatigue involves Popr 
aepmts.  h w e  b 0 . a  2 t 2 t i v e  c o m ~ i m a t ,  a of h w ,  o* 
tiredness. Fatigue may be relatd to a 
ohangw in organic f u n ~ t i o ~  and the foraation.of ChQioal profhots. 
Fatigue has an ovort  manifestation in tbe form of - 
taak, or -. bred-, &oh my= from monotow, 

out=$ on tb.~ 

m a y  bring about reduad output or impaired performance, d m y  bc a n -  
meld aubjwtivdy dth ratiguo. 

-, Mol* 

2. mea of Fa-. The OBWIW of fatigue an liated by several 
autbori t lee  are presented. #any of the faoAuora mentiond are opcra t lm  
while an i n d l ~ l d u a l  l a   o u t  of the work mituation,  but influence tbe on- 
set and course of fa t igue while he 10 In the  mrk aituatlon. Some of 

t l o n  only, the factors  infla%oing fa t igue  haw been d l v l d d  into thee  
these faotors am operative  throughout 24 bows a dry. For preamta- 

w h i o h  opernte amy f FDQ work and those 'whioh operate during the tlme 
work I s  in progress. Among the former, worry, lack of sleep, predlsp- . 
the effkta of alaohol and 0th- druge are bpor.tant. Amow the   latter, 
s i t i o n  tOrard nsumtio  iqpolvsmmt,  lack of r e c r w t i o n  an8 exercise, arxl 

fedr, a l t i tude ,  monotony, laak of rest periods, and seit dillcomfort .I*) 
fouad m o t  frequently mentioned. 

The influeuaes of many of them faotors have never been p m t i * * s t i v e l y  
determioed and are not readily menable to exnot  quantifioation. Their ex- 
is tence l e  none the l e s e  real, however, and rcaqea ahould be lntroduod 
into both the "on duty" and "off dutyn perlode to] rduoe the   effeot  of 
these factortl to a minimum In  comerolal a i r l i ne   p i lo t s .  

3. Adverse Effecte of Fa tw. In this ssctlan the   topics  diac*~Beseil 
are fatigue and accldenta, f a t w e  and general. efficienoy, nnd t h e  long- 
range effects of fatigue. Fatigue reaults in impaired performanoe and 
suoh impairmmt may be a factor  in the  causation of accidantoa  Ajrcraft 
accident   s tPt is t iee  show that about one-half of all accidents are lm2ing  
accidents, aad that o n e - u  of a p  aooldents are due to personnel em:'. 

Important f a c t  in considering fa t igue ef fmb.  
The f a c t  that long-range  operation rduoes the nmber of L I I ~ ~ ~ E  is  an 

Invemtlgations, both in the Dnlted States and in Europe have shom 

mrk, with a falling of f  of the acoldsnt rats a t  the end of the work 
that indus t rh l   auc iden t s  tend to Inoreas0 vith each successive hour of 

torard the end of  the  work period, Such aco idmts  I n  the M u s t r i a l  slt- 
epell .  This  f a l l i n g  off is explained as due to a lower  pmduotlon rate 

ustion are hald t o  be onused -- a t  least in part -- by fatigue. 

i d  exert ion  lnvol~ed and I s  ascrlbdd primarily to pyabologioal  faCtOrr 
auoh a s  emotional stress.  These pyohulogicnl fac tors  are d i f f i c u l t  to 
study  objwtlvaly,   but   there  1s sssmtial a g r e m n t  that they result in 
a.deter iors t ion  of   akl l l ,   Fat igue remilts in a lowering of gmff.1 effl- 

Fatlgue in flyers ha8 be= f o d  t4 be out  of  proportion to the &8- 

I 
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a. T i r e d  u m  nnknoningly a c c q t  an6 are  sa t i s f i ed  with 0 lower 
emd lower otarYlaril of perfmnmoe, but at the m e  t k a  are 
muy) t h a t   t h e i r  work l e  belng done 68 d l  or b e t t e r   t h n  
It was when thay were Pesh. 

b. There is  a dfsorganlzatioa of skilled per fomnose  xlth 
fa t igue  in the sense that t w  of movements is emneoun, 

of being B coordinated whole beoomes e series of d iscre to  . 
aconony of movemt  break& dorm, and the set task, instead 

level afthout  an i n t e l l e a t m l   g r a s p  of: the task to be pep- 
unit ,task*. The lndivlddual acta on a nstimulun-reBponse" j 

formed. 
I 

0 .  Dlstractlona in the form of lnrrsease5 p r o o p t i o n  o f  bodily 
discomfort may ause d l s tqbance   o f  ukill and t h e  carrying 
ou t  of t a s k 8  in improper fastdon. 

d .  hrgjnal rsaotionm, ox those rhich huve to be performed 
only occanionally nre llkely to be forgot-. 

e. &Idace  given by tired ram wncerning  happenings in their 
immediate surroundings beoome lncreaalngly  inacourate dth 
the development of fatigue. 

f. The mre a ti.l(od man is  awro of the symptoms of  fatigue, the 
l e s e   l i k e l y  he 18 t o  di8plny dangeroue signs of fatigue, 



g.. There is  evidaroe a t  the effwtm of f a t i g u i  & be fa r  
more delayed than i s  ganorally oupposeddd 

l o t s  and to infar that the same findings would hold for p i l o t s  of misear- 
o i a l  ai&anes is no% pewfss ib l e  unless and u n t i l  it bpu b e a  sbom that 
the hs,trumenta and prooed1ue8 used in the  experlmants oorreqond t o  
t b s e  In the aoolcpit of a large a i r o r e f t  in night.' 

~ h e s e  studies weme, d e  l a r g d y  on the ground and aitb ~ l l i l ~ t a q  pi- 

5. &&lea -a TNs Motion inoludw 

~n expehemtal a t d y  of the   e f feo ts  of about.11 hours of a n t o m o ~ o  
driving revealed a 108s of  effectiveness of a m s o q  disorimiaatlons,  nom- 
clnt ion proaenoea, @ motor reaotlonb. Yenn soores mm 1- em3 vari- 
a b i l i t y  greater, 

general problem18 of fatigue and hours of   ssrpice of truok drivorm. ' 

a t d i e s  of automobile dr iv ing ,  o f   acc idmts   o f  rotor v&iolb, .nd tho 

Studies of automobile and truck  aooldents ooourr ing when the drivor 
fell asleep  iadicated that them  tend to 'hppsll after but  a fa hours a t  
the wheel, but there  is  another upard trend after about 11 houro of driv- 
ing. Fatigue  accumulated prior t o  s t a r t i n g  to drive i o  a fao tor  in driver- 
as l eep   aoc ida t s ,  

A study made i n  France ,indimat& again tirat for truok dr ivers  working 
very long hours, fa t igue  results in lowred effiolenoy, 

A study of fa t igue  and hours of   service of interratat41  truok drivers 
indionted pwrer bcorea on , t e s to  of sped of tapping, reaction ooordjnm- 
t ion,  body away, reac t ion  t h e ,  s teadheas   o f  hands, deorease in vigil.nco, 
dearease in a b i l i t y  to peraoive f l icker ,  and other psychowrtor funotions 
involved In dr iv ing ,   p reowbly  due to fatigue, 

Reports  of the Interetate  Comerce Commission mntain 0th- utudies, 
and imphasize  the  high percentage of  ecoidents sf motor vuhioles occurring 
after 10 hours of duty. 

tween acoidannte and hours of duty up t o  16; that hours of rent .nd the 
time and duration of stop for mot bear no relation to aoc idmt  froquanoyo 
T h i s  study propsea that some aooideds  may be caused by the driver bow 
too rested. In the a ler t   condi t ion  the driver does  not need to give ill 
of his a t ten t ion  to the t a s k  of driving, T h i s  matter is  oonfuMd sineo 
alertness may be  wnduolve to d r i v i n g  a t  higher speeds -- and t h i s  unaon- 
t ro l led   fac tor  might be one of the m y  Involved in the general problem. 

A report  by the Amerioan Trucking A s s ~ c h t i o n  f inds  no re la t ion  be- 

lag fa t igue from Oll ~ o u r a e s  In relation to the decreased effioiamy &oh 
inoreaeea accident liabiiity, Horlrs on duty do not  represent the sole 
consideIgtlon  ,slnw many of the nccldants OOCUP a f t e r  but n fw hours a t  
the w h o e l <  These strdles  again  suggest the des i r ab i l i t y  of mxploring 

These s t d i e s  i n  transportation  point to the bportanoe of whsider- 

r i: 
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thoroughly the  relatior, l.;atve3i1~' o ? Y  - 8 j ~ t y  m t i v l t l o s  trnl tho inciderioe of 
fatigue  during flighbs of long mqp , The off-duty .?act.ors might prove 

ferenoe i n ,  the Eatigubg e f f ~ c t  bstaecn night 1:ol?r1 . d  xlictrt aad tl.e prr- 
to be muoh more inportant. iu produc3g inpeis6.l perl'ormanos than any d i f -  

posed lcng-range f l i g h t ,  h a r e  is a need f o r  sti.dJ.es tc omvarcial  ah--, 
linee of' the problem of off-duty home and t n e  t h e  end hc idence  of aoc?: 
dents, o r  other indicee of impired p e - f a m c e .  A fcthhe;. problem is that 
of the degree of implrment i n  reiution to the t b a  eiiice t%e la'st stop, 
where a number of landings are involsed. I 

6 .  M e a  
plants  have indicated that hours worked beyond 40 or 48 pet  weeL result in 

from p,ther I n d u s a .  Studies in 12 Amsrioan indus t r ia l  

additional  output, but a t  the price sf continuow  decreasm  In  efficiency 
ftnd marked increases in a b s ~ t t m i m  a8 hours riso. I n  the absGnee of  ef- 
fec t ive   sa fe ty  programs, work Injuries tended to occur re la t ive ly  more fre- 
quently under longer hours, 

These s tudies   ind ica te  that fa*uigus r e su l t s  in .a  reduotion o f  e f f i -  
cienoy  a5ich is  refleated i n  R fall ing  off   of  production rate ,  an increase 
in the  number of errors thua ceueing n g r e a t e r  spoilagfl o f  nulterialm, 1111- 
authorized absenteeism, and an increase In the nmber of injuries ar,d a d -  
dents,  Sufficient  mctivatlon, ed seen i n  wage incentive programs, prowtas  
efficienoy a t  a high l e l e l  or even increases it, 

If the proposed  long-range flights mmn mom predictable  schedules for 
the pi lo ts ,  i f  they permit t h e   p i l o t s  t o  spend more tima s t  home, if they 
reduce the anount of t . b e  the p i lo t s  have to spimd waiting  for take-offe, 
then it may be considered if  these fac ts rs   a re   mot iva t iona l   to   the   ex ten t  

w m e a  of l i t t l e  si,-iflcsncrP. 
that any possibly  greater  fatigue  associated with the longer   f l ight  be- 

Studies in' Great Bri ta in  by the Indus t r ia l  Health Research Board gan- 

the quantity and qual i ty  of  work, These s tudies  have  shorn that fatigue 
e ra l ly  confirm the observation that fa t igue  is revealed I n  a lowering of 

disturbance, in q e  s t ra in ,  headache, and various minor disorders. There 
is productive  of  organic  changes, sometimes q r e a a e d  i n  eome digeetive 

the connection between ldeae, all of which m a  important for  efficiency-, 
I s  diminution in the power of o o m s n h t i q  i n  rlmory, i n  a b i l i t y  to aee 

While i t  is  true that the hours of wrk obtaining i n  indus t r ia l   p lan ts  
d i f fe r   oons iderabl~fmin   those  of commercial elrline p i l o t a ,  neverthelese 

upon human efflciearoy. These studies of fe t igce  in industry t h r o w  l i t t l e  
they serve to   point  up the adverse  effect  of  futigue from whatever source 

l i g h t  upon the very  inportant  question  whether a long-range f i i g h t  Involv- 
ing but two or three landings i s  more or less f a t i p i n g  than the   f l igh ta  
under present  regulations which often  involve rare landlugs 1- conslderhg 
the landing w t h e  crucial   aspect of t h e   p i l o t ' s  t a s k ,  an  aapect i n  which 
any effect of fa t leue  d a d s  oereful consideratlon. 

7. -tom and Other S w  . Some invest igators  beve f e l t  t h a t  
noise is  one of the major  contributing.cauaw  of  fatigue i n  flying, P l l o t a  



of hmvy M a e r a ,  hol~vmr, stated thap hod not  noticed  or  been  dis- 

wie6 of  the construction of modam commercial a i r c r a f t .  
tarbed by nciee. In general, noiae l a  pmbat lp   no t  E sariouo. factor in 

Studies regarding the   e f fec t  of loss of sleep do not  demonstrate oon- 
clusively tkt  performance on short b e t a  dth deep lack is increasingly 
~ o r m  ul th   suecaea lve   t r ia l s .  However, the reports  do state that the be- 
k d o r  of ehe su t j ec t s  was vaet ly   d i f fe ren t  fmm f i r e t  t o  last  t i- laln.  . 

A study OP 1% 110cupa o f   c o n t m o w  tracking showed a reduction i n  
. .  

cfficfenoy which vas  not counterbalanced by mcsnebry motlwxtion. 

I %e mlder,ce from laboratory arperiaants i s  confl ic t ing and it becomes 
s p p r e n t  that In order to determine whether addi t ional  h o r n  of  duty for 
piaota rill prodwe m d e c r m m t   i n  perforslance it dl1 first be nacesaary 
ta dstarmine m c t l y  w h a t  the p l l o t  does, both an and off  the  job, and to 
w h a t  extent the job 1~ fatiguing. Any general application of results of 
laboratory a tudies   to  the f l i n g   s i t u a t i o n  IC. dangerous because e w a t  re lat ion-  
ships tetwaan Lhe performance8 neaaured in such  studies and p i l o t  perform- 
a c e  i n  t h  air are largely unknown. 

+ 

I 

., 

An extensive review of the literature on anoxia has led to the wn- 
c l u s i m  that flJrins st 10,OOO feet without  oqgen should  not be pemlttd. 
hurther mark is needed to de tewine  the n&dmum base a l t i t u d e ,   e a p c i a l l y  
mhhara a preaaurlzd cabla l a  anployed. Most studlee on chronic  anoxia are 
either  negative, equivocal, c l in i ca l ly  iaalgnificant, or d i f f i c u l t  to In- 
terpret, ,. 

6- of Ecuiment ~n ' t h i s  ' roport  there h ~ s  bsn , .  

i 

no attempt to cover  thoroughly  the  problem  of  fatigue in r e l a t ion  t o  a l p  
cr&t  design. It h a  been suggested that there i s  mom f o r  a vas t  amount 
of research in t h i s  general area. T h i s  pimblm i a  mantiond in passing 
because the commercial a l r l l nea  might well contribute to the def ln i t lon  
of more spec i f ic  problems by compiling lists o f  pi lotsY coq5bints and 
t h e i r  suggestions rogardlng seats,  controls,  instruments,  lighting, v b i b i l l t y ,  ' 
presaurizstion,  temperature,  ventilation, eta. ,  and promote research aot.1- 
vitias. In  do- EO, the air l ines   could make a defini te   contr ibut ion torard 
the reduction of fatigue,  and the  solution of o p r a t i n g  problemme re lated h , .  
fatigue. 

, ~i 

< 
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TBE ROLE OF FATIGUE IN PILOT PEXFUw;ANC,E 

- .  T. DEPINITIOB OF FATIOUE 

&though the literature upon the rubjeot oont+ins oarioun approaoheB 
to the def ln l t ion  and the etudy of fatigue, the deflnl t iona proposed OP 
implied in soqe may are re lated to the folloaing four aapeotm. 

1, 

2, 

3. 

L. 

Batigue haa a subjmt ive  componentt a feel- of f a t w e  or 
tirsdnesl, 

Fatigue m y  be ra lated to a p ~ l o l o g i o a l  state, involving 
ohanges in organio functions and tlie formation of cheslical 
products  of  fatigue. 

Fatigue hrs an overt manifestation i n  the form of reduced 
output on the task, or lmpiral perfommce, 

Boredom, a c h  my result Prom monotonyy, may result in re- 
duced output, or impaired perfommce, a d  m y  be oonfumed 
mbjeotively  wlth fatigue, , .  

The problem dth rhloh th in  report deals may be oonsldered In v i e r  of 
them four  aspects  of fatigue. l h i l e  a complete analysis  of the l i t e r a t u r e  

well to disoum these def in i t ions  in d e t a i l  and to rwbrr a fen of the d i f -  
re la t ing  to def in i t ion  is  unasoesaary f o r  the preeent  purpose, it may be 

f i cu i t i e s   rh ioh  obtain. 

1. of Fat- The feeling of ge:~eral t iredness m y  rs-  
milt from eo t iv l ty  which is essentially  phgeiaal,  01. from mrk afiich is 
largely aental .  Bills (10) has d i m u s a d  the f e e l i I r g s  which are produced 
i n  these two k h d s  of ac t ip i ty ,  

"There is some cohfusion i n  people's mii~ds  abotlt h o w  mental h=, 

aceompnylng p h p i c a l  exhauation leads tkem to  expect a slmilar 
t igue   fee ls ,  bscause their early familiarity rith the  feel ings 

t h e y   f a l l  to f k d  t!&~se, they conolurle t!!t I t  1s not real fa- 
s e t  of  subjective symptoms to accompany uental t iredness.  Rhhan 

tigue. But . ! r ? v  aliiilld we expect b enporience t h e  86918 tspee 
of  feelings when entirely d i f f e rea t  mechanlms sufferrrsar and 

large mueolea, aooonpnied by B feeling of  impotence, inwemad 
tear? Phys ica l  fatigue  conaI.sts  of  sches and aorenese i n  the 

awarenew of the M y f a  might, and a etrong desire to s i t  o r  
lie dom. The exc i t ab i l i t y  o f  the smse organo i s  IeseMled, 
and the eensations of t o m e  we reduced  becPuee of the relaxed 

by a special   effort ,   rather  than  protruding upon the miad unbidden. 
state o f  the msclus .  Thoughts oome rather sluggishly, and only 

Aseociations are reetr ioted I n  range, Usuelly relaxation I s  
eesy and d e e p  comu quickly. 



"Co?truet with t h l a  t h s  expriemes tht  eccmpsw overtired 
TrervvBs and brain resul5hg from-nsntal labor, The large ma= 
cles dr, not ache, although they m y  f e e l  o m p a d  beacaause of 
hkving undergone b o  l i t t l e  rather than t o o  n,ucb usyo But, 
the mall nllrclea  of &e fkce, eyes, neck, ~ . n d  th roa t  may a c k  
or fed sore, because they halo beon i n  a state  of exaggern td  
tensenmso There is  n rastlesmees of the &le body, the rw- 
a u l t  of enforoed. rsstraint and of in@008 tx act ion that are 
unna t l s f ld .   S i t t i ng  &om or lying d o n  onlg aggrevates it. 

' If we try t o  sleep, thcughts keep crowding our coneaiousnesm, 
the d o u s  or nnnoylng kinds of thoughte that inoresse our 
tensenesa and keep ua turn% ana b 6 0 h g .  The uen~e o r m a  
are not deadened a8 they are i n  p h p i c d  mhauation;  they @re 
nore e x c i t a t i e  than normally, Fo%ses that amllnarily go UR- 
notioed seem l~t,ol.arable, Emotional i r r i t a b i l i t y  i s  entanocdg 
the temper 1s a b w t ,  Ti:ere i s  a a e n m  of lmpot,ence, but not for 
phyoical exertion, 3:t is rather an unlrllliugneas ta a t t a p t  any 
~entnl work o r  3wre 6.~4 rssFonRibl~lt.j.es," 

ohotcdaed cs physical CJT aaltd. Physical a o t l v i t i e s  make dsmande uyon 
the sensorg apparatus m d  certain hPel6 of the  nmous  eyetam. On the 
other M,, m e n t a l  al l t ivi ty  rili usualLy be ~cooapanlod by a a t i v l t y  of 
the muscles. As Vltd.ee (59) p o h t s  out ,  t he   d i r ec t   fun t iona l  impair- 
ment of  nerve cells locate3 a t  the higher  levels c ~ e a ~ ~ u n t  for mental 
fatigua &dent in m r k  deo-meaf and in t h a  feeling of weariness exper- 

metiu, the Polutlon o f  verbal intelligence problene; eto, B o w e ~ e r ,  mental 
lenoed in purely m a n k d  opera t io s  much e8 s i l e n t  reading, mental srltll-- 

fatigue may alw be the result of t h s  m*ml matrac t ion  of vocal m o l e s  
in the pmceso of thinkhg or in'othher muscular  actis!.ty in gestur ing,  i n  
changes of facial eqression, ohan6Jom 0 f . W  position,'  eta,,  aeaoolated 
wlth m e n t a l  mrk. Vlteieo aonaluded  the.t there s p p e u s  to be l i t t l e  d l fd  
ference between so-called muanilar a d  m e n t a l  fatigue,  a t   l o a s t  i n  regaanl- 
to p n c t i a a l  effects.  

X t  is  qu i t e  apprsut that seldom, If ever, will work be striotlq dl-  

It i s  o f  importame +:o couslder tho  re la t ionehip between the feeling ' 

of f a t m e  on the ono hnc? and the physiological  oondition  of the organlam 
and the a b i l i t y  to continue to work effect ively on the oth6r. Acaording 
to T l f f l n  ( x ) ,  for one speculating upon the  aubjeot of fatigue, it I n  a 
t a m p ~ t i o n  to look upon these two aspects of tho phanomenan =- the phpic- 
logioal and the paychJ.ogiaa1 -- a a  d i f fe ren t  aspo%s of the name M a -  
mental ohmgs. Aam~U~@to t h i s  point of d a w ,  feelings of b r e d o m  an12 
tirednear, oocur In proportion as physlologiad changes in t h ~  mueole h v e  

t lon   o f  the musoles kve taken plaoe to the extant that fesilnga of tlred~, 
taken place! and r i c e  versaB, actual changes in the physiological cornpol-, 

ness or boredom LFB experienced by the eubjeot, If this simple r a h t l o n  
were true; the prObl~~08 of fatigue and its elimination would be  greatly 
simplifiedd, Unfortunately, numeroue physiologioal 4 prryohologicR2. ex= 

of importance to the present p b l m  since it mulh be quite possible for 
perlments have &om that no such  simple  relation & l o t s .  T h i n  pint I s  

pilot  proflcienoy t o  suffer dettericration, although he m y  act'unlly feel 
nei ther  tired nor bored, 
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and anxietya Thmo I s  a r e o i p d  mhtionnhip bet- tho degree of fa- 
tlgue and the degree of pllldety aqmriaoed by tho individunl. Th. iwycbo- 
soantio w u p l o t  mhioh results l a  physialogloaUy Initiated in a per- 
a o n ~  fnt.igue, in t h i s  instance, funotiona as a aatalyst ta aotllnte anxiety 
uhlah is  latont in all pereana, Thoreau epoke of it as Athat quiet doupera- 
t ion  .hi& res t s  in the heart of the great mesa of m a . "  On the other hand, 

revered d the patlent!s  fatigue i s  not o d y  proportiod to his anxiety 
i n  the frmklp pmyobon.urotlc preonaliSy t h i s  dyasmlo a t a t e  of affairs 10 

but i a  alm induoed by It. The dynamio lnterdgpandtmae rhich eulate bs- 
t reen  tho threuholds of d e t y  and fatlgua varies greatly i n  the w e  
indlpidual a t  d i f f u m t  times as d l  ae betwean l n d l v l d d s  -- yet, there 
i o  a constanoy In tho re l i t ionship  betreen ths degree of  fatigue and the 
height  of the anxietg threshold. Then, too, u l t h l n  L!meelves thees tm 
phhaaomena varg independently b rega+d to a nmber of faotors. Hnriron- 
mental oollditiona, both internel aad extsmal,  have beem reaognlzed in  
reoant p a r a  ta exert Important influenoee upon the degrees of fatigue 
and anxisty experiencd. For instonoe, a deprivation of osygan and -an 
inoreare in the a k s p h e r l c  p r e s m o ,  both i n d a p d e n t l y  and ixi oornbb- 
t ion,  bring about the rapid onset of h t l g u e  In all of its oharaaterietlon, 
and t h i s ,  in aooordanoe dth the imlividua18a persoaali ty makeup, h s  a 
di reo t  bearing upon his emotional ntato. Despite a vee r-1 phyalologi- 
a d  h e i s ,  the vulnorablll ty of the indloidual to thow effects ir not 
neoessarlly a matter of conet l tu t fona l   p fd lqmai t ion .  Tbis I s  damn- 
atrated by ,the variations In a u s c e p t l b ~ l l t y  to both anxiety .nd fatigue in 
the same individual a t  &ous times. Bndety m y  be detr lental  ta the 
qual i ty  of perfomanae. 

Braadand d m e  (17) have d i E 3 m d  the rationship : ': men fatigue 

depend upon a transformetion o f  enera, and the immediate muroe of eaergg 
2. h a o u l a r  a a t l v l t y  and mental a c t i v i t y  

f o r  the m a c l e  is  the carbohydrate aubstmoe glycogen. In the procers of. 
energy relm30, glycogen is  changed to l ao t lo  aoid. 

I n  recovery, l a o t l o  acid l e  reconverted to glyaogen by tho aotlon of 
oxygen. This oxlaation prooeae l e   n o t  R simple reaotlon, but its ohm- 
l a t r y  need not bo oomidered here. The conversion of l a o t i c  acid ta gly- 
cogen I s  anabolic, a procees in &oh energy i s  stored. The energy to be 

ra te r .  This prooeea of reoovmy I s  aided by an inoreased heart rate and 
prodmcltely one-fifth of the  l a o t i c  aoid prssent t o  oarbon dioxlde and 

accelerated respiration. As l ao t io  ccid l a  formed, the denand for oxygen 
Fncreaees. This results In an accumulating -&& -oh is, equated 
to the olprgen required f o r  recovery. 

stored in the newly produced glycogen i a  deriVed f r o m  the oddat ion Of mp- 

lng the oost to the body of a given pieae of !annual n r k .  Astuning tht +e 
lndlvldual l e  physically fit, the limiting fac tor  in continued strenuous ef- 

uallp beome f a t l g u d ,  howwer, portly from the notual  consumptionof the 
fo r t  l e  the rata a t  d c h  oq-gau aan be absorbad and utl i laed.  Be m y  grad- 

energy produo- substance. Chmlaal analysis of air explred ' h e n  a t  reat  
c o m p a r e d  dth that of air Bopired during a given tasklc, pmvldea a method of  
de temia lng  the coat of the work to the body, empressed in terms .rf oublc 

Resplratoxy exohange has been fouad t o  bo a 7alueble method of aseees- 

? 

, 

'j 
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mined as it is  re&d. T M s  m e t a  uf d 9 b d n j . E :  t t n  pr*saeace anC extent 
centidete. of o ~ g o a  rlrsd. Wnce, the amomt 0: 516 owZen debt Is deter= 

, of physiologicd  fa t igue m a  employed in cor te ln  of :,he e*pwimmt.s &doh 
pill bc o i t d  below l n  rcferenae to the ptlm or M s  report. 

An acceleration of the ciroulatory  firnotion i s  a wncoarltant cjf fa- 
t i m e .  RiLee munt  and p d a s  presmirs are inureased. There may be M in- 
creme In the number of bcth red end white blood o e l l s . .  Changes ocaur iu 
blocd pressure. Tne percentage, of blood augar m y  ba Maher. L'hongea 
occur in 'che c h m l c a l   c m p a i t i o r :  o f  the  urine, 

Fatigue of tho n s m o u ~  system I s  M l e v e d  b be re lated to the m e n -  
alve aaa of th5 synapaon betseen the name cella i n  the spinal oord and 
the  brain.  Fatigue pxdduota a t  WX motar narvo endings may aooount fo r  . 

the ckaage l n  c h r c d ,  nr i n  the strength and duration of   the btimdLia 
ncceaeary to produce macular response, 

In  the visudl. function. Borgea Dias (12 ? found by means of  phoronetrlo 
examinations that heterophoria may be cnusd by v i m a l  fatigue due t o  pro- 
longed f lying i n  p i l o t s  mlth n o m d  refraction.  Heterophoria from visllai 
fatigue l a   t r a u a l e n t ~  It disappears by ceaahg flying, root,  gnd phyriaal 
and m e n t a l  rearaation. 

Fatigue, pmrtidularly that oocurr in flyhg, may prodnos ohnger 

mer, Brosek and Keya !U) report  that the tat  cannot  be aonsidered a sen- 
The flicker-funion frequmoy  is decreprsod . s l igh t ly  with fatigue, Raw=- 

sit lve Lndicator  of  gmera!.-fatigue. 

ThQoo obanges i n  metabolism provide methoda of detecting the presenoe 
of Patigu& and m e  i n  assessing the physiologimi w e t  of mrk. Tbe ex- 

anmering quoatlone  rrNah baar more direotly upon the present probles, 
porimenta ci ted i n  lator sections of t h i s  report employ suoh methods in 

3. .-- The courso of rduoed  pmduot- 
i v i t y  as a result of work can be U u r t r a t e d  in its  ;rimpleat form tbrough 
the use of  the firlger ergogmph. This instrument permits the exercise of 
m single  finger in lifticg a weeight tied to a string. T ~ c  esgograw - a 

decrease In the mount of rork from m o o d  to sword. Less and less work 
graphio record of ths movement of the l i f t e d   m i g h t  -- lndlcatas  a regular 

is  done h;v the finger, u n t i l  i n  t he  oourse of a few mlnutes, a  point i# 
rea&@ where, in sp l t e  of the des i r e  of the subject, the w i g h t  can no 
longer be l i f t e d ,  

Production raoorda from many industrioe b d i c a t e  a similar deormmt, 
a dearease in tho quantity and quality  of mrk ba?Swd to be amociated 
dth fatigue. Figure 1 shows a typical daily production o m e ,  Prom , 

Viteles ( 5 9 ) .  

During the &st part of the laorning t h e m  i n  an inoraaa4 i n  produo- 
tion  due to a nmrml.ng up," ox inc1tmer.t. Fatigue prxluoes a falling off  
of pmduction in the later port of  the  morning. The l a o h e o n  mod l a  
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followed  by an lncr&se in ra la t ion  to tho ond of the morning p&od, but 
i the  afternoon  does  not  reach the rcaxiqun ocourrlng d u r i a g  the morning. Tho . late afternoon  brings on another eerlous 3apaiment, Thla  lmpirmont l a  

considered to be an overt  manifeatation  of  fatlgua. 

Manaer (39) haas investigated the effect o f  fa t igue upon var iab i l i ty  of 
output in macular work. The data  conalatod of work perfomad by 27 m e n  

2 9  work periods. The musolea used m a  t h e  flexors of the mlddle 
(college  students),  each  of w h m  perfonnod 11 perlods  of work or a total o f  

In each work period, work was continued t o  ahmetion; a r e s t  of 5 mlrmtea 
mas lnterspereod between suoceseiva rork periods$ the load waa a 10-pound 
might.  He f o u d  that in mrk done with unfatiyled musales, the ~ o r k  done 
In the  later periods  of the series i s  aignlfican%ly more variable tben t ha t  
done In the earlier periods. A coaparleon of the work done i n  t h e   f i r a t  10 
contractions  of  each rork period wlth that done In the last 10 contraations 
shore that t h e  mean output  of mrk donq,ai th  fatigued muscles I s  one-fif% 

a b i l i t y  of work done dth fatigued muscles I s  3 times (309 per cent) tf;s 
(2J. pes o a t )  of that done wlth uufatigued mueoles, The r e l a t ive  veri- 

s a r i p b i l i t y  of the wrk dons'rith  unfatlgued muscles, 

comparable to that required In  manual labor. Yet, 86 lndiaeted above, 
It is  reeognleed t h a t  m e n t a l  work does not requfre energy In airouts 

m e d a l  mrk does rsgire margy and it usually  involves  coneiderable phys- 
ical aat iv l ty   aa  well, 

Bills (11) has o i t e d  experinrents which s!mw that under oertain conGI- 
t ione iepaiwent l a  transferred. "The theory t h a t  eensory and motor f6- 
tigue contrfbute much of the  deormmt to mentnl work m a  tssted by the 
transfer met!wd. Lucien Coben tested 120 subjaots. In lhperiment I, the 
deoraan t  in speed, accuracy,  etc., from 15 minute$.of manual color resparid- 
iag, using one eye, was compared a i t h  the  subaquont recovet-y when 
m a  made to t!! unused eye. The e n t i m  decremrmt traneferred. In L%E 
munt 11, the  shift m a  from on0 hand t o  the  other, Again, the transfer vas 
100 per cent. But, In  Experbent 111, only 25 per cent of the decrament 



Figure 2 indicates  the  typical  production  cum& whfiic!r is fcunci i n  
-wootonme wwk, 

%,on the  task does t o t  denand the en t i r e   a t t en t ion  of t he  worker, 
feel ings of boredom arise; maer such mnditions tima intervale ten3 e0 
be ovwestimated. B o m e o m  is ex-pbrienced more frequently by workers of 
h i g k m  intel l igence-  

,.>.,. 
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t r a s t ing  it dth in te ren t ,   s ince  one is due to the absence of certain ele- 
Wyatt, h s e r ,  and Stook (68) approach t!! problem of boredom by con- 

menta which are present in the other, To be  intweeted m e a n 8  that Fe at= 
tend epontanmusly to the object  or s i tua t ion  which appeals to our inclina- 
t i on  or desires, and we continue t o  do 80 until e i ther   ea t i s fac t ion  is 
achieved or the tendency is n m t r a l i z d  by the effects   of   fa t igue.  A char- 
a c t e r i s t i c  feature of i n t w e e t i n g   a c t i v i t i e s  i s  t h a t  they are performed 
dth a minimum of e f for t ,  The c m e  of work under muh conditions urn- 
ally exhibi ts  a high i e v d  of performance and only begins to decline  ae 
the   e f f ec t s  of fatigue  increase,  Conversely, a .c t iv i t ies  that € a l l  to 
harmonize r i t h   t h e  deaires of the indivldual ire usually uninteraeting. 
and unaatiefying,  Activitiea which are  unpleasant are  continued  only a t  . 

not only required to perform the  necesasry movements, but  it muat d m  
the  expense of  increased  volitional  effort. In suoh case8, e f f o r t  i s  

be used t o  represa  the intruding Ideas and desires, Work under p c h  
conditione may very quickly beuome distastef'ul and uneatiafglng, aad 
the resulting erpcrioncs is hcrm a8 bredom. It is obvious that bora- 
dom, a t  least i n  i ta   ear ly   s tages ,  is sometking qu i t e   d i e t inc t  from fa- 
tigue. 

, 

In another report ,  Wyatt and Fraser (67) make the in te res t ing  con+ ' ,  . i 

.T ment tbat rhils we can  be unconsciously fatigued, we cannot be qcon-  
eciously bored, 



In industrial aituatlons, bordom if4 most often asao&t& w l t h  mon- 
otonous, repetFt1ve taaka. St  is  rncd m r k d  in semi-automatic processes 

for the c a p l e t s  absorption of m e n t a l  activity.  
which require eoough attention to pzevant aid-wandering but not mough 

In connection rith the present problem, it is suapected that bore- 
dom l a  a condition whlah obtalne on low flighta, especially whm t h i s  
alltomtic  pilot i B  in useo 



is  that of  factors  which produce fatigue and not  only d o h  fac tors  pro- 
duce  fatigue,  but which a r e  moat important in the production and course 
of fatigue, both in and out   o f   the  mrk situation. Thus, there  nm tm 
partial4 indepedent groups of fac tors  t o  ooneider, the first baing 
t h e e  uhioh  influence  fatigue  aside from the work situation, the others  
which are present in the n r k  situation. 

Cine of the necessarJr consideration6 in any study of fa t igue  in p i l o t s  

\ 
but which may Influence the onaet and course  of fatigue a m  rork bn- 

There are considered f i rs t  t h e e  uhliah a r e  antecedant to the job, 

gins. Many reports  dealing dth these have been reviewed and there  is ,  

Some of t h e  l i s t s  compiled by various autbora d l  be p r e s m t d  here in 
on the  whole, a rather high  degree  of  agreement 8moq d l f f s r e n t  authors. 

i l l u s t r a t ion .  These have been compiled both by c iv i l i ans  and by membere 
of the military services ,   espeaial ly   f l ight  ourgeona adl other p p l e  
moat closely concerned with pilot   parfowance. 

One of the  ear l ies t   invea t lga tors   o f   fa t igue  in pi lo ta  waa YcFarland. 
He lists (40) as factors  contributing to  fatigues 

a. lorry 

b. Personal  maladjustment 

c .  Lack of exaroise 

8 .  Impropar d i e t  

e, b e s s i v e  w e  of  alcohol 

f. Excessivs use of tobacao 

g, Fear or anxiety 

Thls,  as YcFarland saye, is  not by any mema a csmdste list but those men- 
tioned  constitute sbme of the major contributine ?notors. He discusses 
w c h  of thea  br ief ly  in  this repar t  and i n  a l a t s r   r epor t  (a) gives e 
more complete  discussion of each and i t a  Influence on p l i o t  performance, 
It i s  not the purpose  of this section of the  report to present the d c  
tails of the d w e l o p e n t  of these lists, but nlmply t o  present them eo 
that readera may see w h a t  t h e e  people most clo3d.y  concsrned  wlth  pi- 
l o t s   t h h k  are  the important fac tors  in pilot. pJrPormenaa. Some of these 
dl1 be more fully discussed i n  l a t e r   s w t i o n e  o f  the  rqort .  

In a l e t t e r  to the  Coordinator of S a f e t y  Rogplatlons of t h e  CAA, 
Delaney,  of the CAA Operations  Office,  divldes  factor8  influencing  fa- 
t igue   in to   th ree   d i f fe ren t  groups or claeses ;17>.. The first of these 
proups  consists -f factors  operating prior to resn-ting Tor duty; the 
6eoand, facbore rule on duty; and the third,  f n o t m s  a f k r  duty is oom- 

i 

r 



plated. Those in the. first group are: 

a. Phyeical  r,orrdltlon & 4 te&rammt of pilot .  

bo Home conditions. 

c. Flmnclnl.  clrrmmstances. 

8 ,  Bueineas other than t h a t  of flying in rrhich the p i l o t  ie 
aoncbrned 0 

e- Days off since l a a t   Q i g h t  an8 how t h e  is spant. 

f. Duration  of rest perid (actunl sleep) pr ior  to departure. 

go Rest faoFUt le8  and hour8 during a c h  r e s t  must be obtainad,, 
(that i o ,  day or n lght , 'qu le t  or noisy, cold, cool, hot, damp, 
dry, etc.), 

h. Fach p i l o t u s  lraksRil per108 prior to report ing to duty. 

' I. nDDead-hmdn tlme to duty  location, 

j. ', Time rsquired to travel from home or rest location to pint 
of duty. 

k. &e hour  of  day o r  night a t  which the p i l o t  must repbr t   for  
duty. 

The third group contains fac tors  a t  er!d of f l i g h t  and prior to next 
f l i g h t .  These are: 

a. Temlnal on duty period. 

b. nDeed-headSng the" & home or next, duty location. 

0 .  Days off a t  home or a t  rest location. 

f, Reot  f a c i l i t i e s  and hours during *oh rest mot be obtained, (m or  night,' quie t  or nolay, 6016, mol, hot,  dmp, dry, 
eta.  ) 



. .  

providsd to oomply d t h  which wuld require oompaniea to invest igata  a n d .  
W e  appropriate action. 1tsma.fal l ing in the second group, i.?., those 
factor8 operating while on duty, rrill be oonuidemd presently. 

1. 

! 

I 

In a diecusaion of "p i lo t  stale.neasR (281, Kalez and HaPde l f a t  among 
., ~ 

r 
oontri5utIng cauagsr ! 

a. Bad news from home. .' 

b. The loss of t he  g i r l f r iend  back home to the l oca l  boy. 

u. Unavoidable delays in training due to illness. 

d, The early adjustment to married l i f e  ard the polring o l e f t  
betreen c o m b a t  foroea and high paid civilian wrkers, 

.? . ., 
* 4; 

, ..7 

. . -, 
~ . , .i 

Although made from observatione of military pilots ,  this l i s t  contains items 
which are  equal4 applicable to oiv i l ian  p i l o t r e  ' 7  

:? 

Also d e a l l n g  r l t h  the military p i lo t ,  a report by the Aviation Paychol- 
ogy Branoh of the  Burmu of Mmdiclne and Surgery of   the Navy Department ( 8 7 )  
l is ts  the following as factors tending to pmmote mr waarincea. (Warmar- : f  

. $  
d 

' W  

Worry over family. 

b e d i n p s i t i o n  'toward neurotio involvement. 

Fear o f  death, injury, a d  eepeahlly  oapture.  

Personal  quarrels and inaomptibi l i t lea   with dquadron matao, 

Lack of  recreational f a c i l i t i e s  and l iber ty .  

Doubt as to qual i ty  and condition of a i roraf t .  

Monotony of long atandbye. 

Poor f d .  

Interruption or lack of sleep. 

Dislike of a p T t i c u l a r   f l i g h t  or plane. 

This doea not represant  the complete list given, but only those fac ta re  . .. 
operative while the p i l o t  is  on the ground and whio? are appl'icable to oi- 
v i l i m  a8 well RB to mllitary flying. They were derived from mnny obser- 

themselves. Though many of .  them a r e  not directly measurable and c m o t  be ' 
quantified in any known my, they do exist and are Important in  the fltnses 
of a p i l o t  f o r  flying duty. 

. ,' 

VatiOnE made by veteran swan 0 0 ~ J a U d ~ 8 ,  f l i g h t  SWgcJonS, and p i l o t s  + ~*~ 

4 
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In a study made on truck drivers by the  Public H e a l t h  Service ( T I )  a 
l i s t  of factore  contributing to fa t igue was given, These, although apply- 
ing to truck drivers, are equally true in re l a t ion  to pilote .  Those rhich 
influence  fatigue prevloua t6 going on duty are: 

~. 

a. 

b. 

C. 

d. 

e. 

f. 

g. 

h. 

General i r r egu la r i ty  of b b i t a ,   p a r t i c u l a r l y  in respect to 
sleep, food,  recreation, and exercise. 

Fai lure t o  obtain sa t ia fac tory  rest or sleep during rest per- 
iods a t  work or on " o f f  duty." (This m y  be due in part to 
the nature  of the schedule; deficiency in f a c i l i t i e s   f o r   r e s t j  
diesipation; or f a i l u r e   t o  take prsper  advantage of free time.) 

P!qwlcal condition and general   health  status,   especially r i th 
regard ta physLcal  handicaps  suoh as visua l  defecta (the l a t -  
ter roda m not operate in the case of   pi lotel .  

Social factors in environment or occupational  tradit ion txd- 

ebsence from borne and t h e  roving cbamcter o f  the   dr iver 's  
i n g  t o w a r d  irregularity of  habits,  among which m e :  enforced 

career. 
Use of  coffee and the ef fec t   o f  nervoueetraln i n  caueing in-  
Eomnia 

The ef feo t  of  alcohol and other drugs, 

Economic oeourlty, fear of losing job, S S p O i d 4  in the case 
of older men. 
Sedentary occupation, s f f e c t  of posture, 

"fly*" for "driving," , the  list i e  applicable to p i l o t s  and almost  exactly 
duplicates the list give3 above,' 

If we eubst i tute  i n  the above U e t  the word "pi lot"   for   ndriver ,w and 

 hose fac tors  which influence  fatigue  wMle  the  pilot  is actual ly  on 
the job aonstltute the  other group. Idany of these are to some exten t  meas- , 

Again, reference will be made to studlee, some of  wUch will be dLscusse3 
m b l e  an8 can be mce easily quantified than those i n  the first group. 

in other  sectionn o f  -the report. W a r l a n d  (40) l i & e  the follomlllg: 

a. Nolan 

bo Vibration 

c. Illumination 

d. Altitude 

e. FePr and arrxiety 



opnrate while the p i l o t  i s  on duty.  These ire: 
DelaneyDe letter mentioned above (17)  gives 4 s e t  of   factors  which 

a. Time i n  a d m o e  of   departure   pi lot  is  required to report for 
dutpe 

b. Weather study time preoeding departure. 

cs   &-f l ight   inspect ion t b e  o f   e q d p e n t  by piloto.  

d.  Dead-head, time prior to departure. 

e. Dead-head. time in fllght pr io r  to acting as r a l i e f   p U o t  or 
to asaume f l l g h t   d u t i e s  as regular p i l o t  or m-pilot .  

f. Scheduled t o  f l y  time. 

go ~ohsd;iled to elapse time. 

h. Intemediate   e top time. 

1. Schsduld   ac t ive  non duty" period, d u r l q  rhia, time it i s  
necessary to consider weather sntiountered,  amount  of aotual 

oiency, weather mulitions a t  t e r m i d  entry, icing cadi- 
instrument flying time, e l m t i o n  of f l i gh t ,  oxygen defi- 

tions,, m e c h a n i c a l  d i f f i c u l t i e s  enooupltered, a6ason of year, 
e tc ,  

Yonyof the factors  rf i ich are  concornitante of the flying ai tuat ion are 
operative  durlng  subsequent flying, M w e l l  a s  productive of adverse  effects 
while tbs p i l o t  is off duty., For instance, in the W a r  Wearinem Report ( 8 7 )  
such f ac to r s   a s  fear of death, Injury, aad especially  capture, rroq over 
fcunlly, predisposition toward neurotic  involvement,  doubt as-to quality and 
condition of aircraft, and d i s l i k e  of a particular  type  of plsing duty or 
plane, are present a t  all times. The division  of the fac tors  into trr0 
groups is  largely a rb i t r a ry  a08 f o r   t h e  sake of c o n v ~ e n c e  I n  exposition, 

.. 

k 

r .  .. 

. .  

In the  t ruck dr ivhg  &I@ oited ( 7 l )  s e v ' d  fac tore  ace mentioned 
rhich  operate main3.y under conditione of driving: 

'! 

am Performance of a skilled operation requiring a high degree 
of  alertness nnd a t b n t i o n ,  i,s,, the fundamental rork of 
the driver. 

bo Nervoue strala due to   d r iv ing  under adverse conditione, 
Fear of accidents and a feeling of rasponaibi l i ty   for  cargo 
play a part in causing otraln,   also the presure of  keaplng 
on schedule  eapeccially rfien oertain types of f r e igh t  are 
handled, e.g., explosive, perishables, infl-mea, eta.  



i : .  
d .  Constant use of eyes, fraquently der unfavombh oonditiono, 

e f f ec t  of glare and faulty i l lumlaetion g e n d l y .  - 
I ,  ea Nonotony and other factor8  inducing sleepheas. 

f ,  expaaura to atmospheric  forcer, cold, heat, raid, weather,  etc. 

g.? Escposure to t o d o  h e s . a n d  gams9 

ha Uoim. 

, 1. Vibration. 
, .  

Again, mbrt l tu t ing   'p i lo t '   fo r  ndriverR cuwl n f l y l n g n  for 'drivingn 
i ,  the factore  are Ident ical  dth thoee found in the flying situation with . 
1 ,  . the  possible  acception  of co 

,I , In a study d e  by the British (63), 100 experlanced p i l o t s  Irere asked 
~~ to r a t e  on a f i v e - p i n t  scale those faotors  that they  thought caused fa t igae  

in flying. Theae'are shorn belor i n  bank order8 

.. . a ,  ,Formation flying. 
bo Intensive f lylng (I.&, trro nights running). 

0 .  Bad wenther. 
d. Strong opposition. 

L). Long f l i g h t ,  

f kratntmsat  f l y h g b  

8. Cold. 

h. Being lost, 

I. Waiting to taka off. 

j. Diff icul ty  in rillalng target.  

k. Lor fly-. 

1. Briefing too early. 

n. Canoellatlon of f l l gh t .  I .  

no R o i i .  

o o  Vibration. 

p., Oxygen heights, using oqgen BS s g a f w t  f lying lower. 
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flping and bad weather, both  of f i o h  are opsrative in o i v i l l a n  as well 
Jt mill be ~0t.d that 2 of the 3 most Important of them are intensive 

as in military flying. These p i lo t s  were also a&& g m d  questions 
68 to whether  they suffercd f r o m  fatigue after'long ' f l ight  or a f b . 2  

yes to the first part of the  question, and 70 per oent  anmered yes to 
consecutive nights of flpine. S M y - o m m  per o a t  of thm rns- 

the ~ a o o n d  part. They were d m  adred i f  they s u f f e r d  from fatigue a t  
the end of a tour of duty.  Leas than hlf or 62 per oent  spld yes, *oh 

nights i s  t rans i tory  I!% nature ,  but none the less reall 
hd ioa ted  that the fat igue mffered on long f l i g h t s  after 2 oonswutive 

influence the onaet and murse of  fatigue  during Z!, hours of a p i l o t B s  
day, there are soma mhich are  spec i f ic  to the f ly ing hours, and mw) 
which may be speolf lc  to the non-flying hours. Those specific to the 
non-Lflying hours should be reduced as far as poaaible , b y  the pi lo t a  than- 

be reduced as far a8 possible by carefW. job pnalyres .nd resulting modi- 
selves  and by company rulings, Those specif ic  to the flying hours should 

ffcationa  of the job to lessnn "fatigue" as it may bo found in any of i t s  
aspects, 

The above may be summarized M- that there  are fac tors  whloh 

Some attrmnpts  have been made ta determine which f ac to r s  reduce  fa- 

reports  have to do with combat p i lo t s ,   bu t  many of those f ac to r s  said ta 
t igue as fourad in the f lying and driving ei tuat ion.  Most of the flylng 

with themare  applicable to civilian p l lo t a  ea wall. For example, Mc- 
reduce  fatigue by rdlitsry p i l o t s  and by those most closely  asaoolated 

Far1ar.d (10)  says tht the p l l o t  should  keep in phyvsical condition.by 
takll lg 'exercise,   his  diet   should be adequate, he should not over-indulge 
in alcohol and tobacco, he ebould have a regular home l i f e  ~ I t h  adequate 

nature, Delaney's recommendation (17) has baen mextioned  above concern- 
s leep and ebould be as far as possible free from mrry of, a  f inancial  

on duty, Hovde and Kalez (28)  nerrtloned the following  t!ings as valuable 
i n g  the treatments of pi lots   during their time  off  duty, as well as tim6 

l u  the  prevention  of  pilot staleness. 

hprOV6ment O f  Standards O f  PhpSiCal azid pSphOlOgiCd SO- 
lectlon  through the um of laboratory aids, 

hprovmont  in standardization of methode of elimination 
or reassignment   of   pi lots   fa i l1ng.b maintain standards, 

Establishment  of  appropriate rest for piiots   subjected  to  
depleting  aviation  experiences; lmpmvement of morale ky 
establishment  of a rsaaonable goal dth the assignment of 
a definite time  latitude. 

Lnprovaent  of  recreational  facil i t ies  througbmt the pi- 
lot's leieure hours, 

Prank disauseion of the lack  of d l a r a t i o n  from flying 
in proportion to the  effor t   expendd.  



f, Frank aiawseion of the yq-uhclogy cf fear, 

h. Maintamca of UWudised permnal Ahictoly records on 
all pi lo ts .  

1. Vocational r ehab i l i t a t ion   fo r  gmunciad pi lo t8  with the ob- 
tabliehment o.? 8 satisfactory replaoppect'goal, 

b. Lack of delay i o  otu'tine operation, 

oo Good l i v i n g  condition:, and minta in ing  groap ident i ty ,  
i 
. .  

f _,. -. d-. Compt ib l l l ty  of iquadron ~tomber~. 
e, Spare t h e  occupied with uporta,,  hobbles, e t c ,  

. .  
I n  the Eritish  study mentioned above (63 )  p i l o t s  were a l s o  aoksd to 

' s t a t e ,  I n  order of importanom, those fac tors  w3ch they  thought relieved 
fe t lgue  on long f l i g h t s ,  The list i n  given below In rank order: 

; , a, Confidence in  t t e  navigator, 

b- Good intercommunication, 

c o  Comfortable c lo tdng+  

d, Automatic p i lo t .  

I 

I _ ~  

as Good h a b e t ,  

i', A successful sor t ie ,  

go Seoond p i lo t .  

h, Coffee and rations, 

1, Moving around a i r c r a f t .  

j, Deliberate  stretching in p i l o t  seat.. 

,~ , 

. ,  

: r  

.. 
5 . .  k, Sleep before a flight, especially  directed tc  the flight, 

1* Caffeine.. 



-1 7- 

considerable effort have gone.into attempts ta clc,asi fg or categorise 
those factors which Influence fatlgue and thoes m ~ o h  tsnd to rdnce  fa-  
tigue. The objeot behind tSlese inveati$at: me is the improvement of pb- 
l o t  prfowance in the mrk situation a d  the Inorensing leagth of pilot 
life, Le . ,  the flying l i f e  of a pilot .  MUitarj, organizations in the 
m r  = e m  especially mncerned wlth t h i n ,  as relief mxl ro t a t ion  pol,ialee 
were based largely u p o ~  reports such as t b e a  mentioned. 

As is evident f m m  the foregoing l i e t a  a gres t  d e a l  of thought and 

There i s  l itt le objective evidence to show just to w h a t  degree each 
of the factors mentioned 18 respoualble for f a t i y e  h pilots,  but appar- 
mtly all 8re responsible to mme degree.  Folloving seotions of this ro- 
port  present  objeotive ewidsnab ob,taind from studies made on pi lots  i n  
the flying situation and on the g r o d  Ln laboratory situations, aa well 
a8 svidence fron fields other than fly-. ,. 

~. 

I 



111, ADV63SiC EiFFECTS OF FATIGUE 

. ,  1, and A o a l h c g ,  Our concern  wlth  the problem of fa t igue 
I s  pert inent  to the "TU requeat in as much aq fatigue i s  a faotor in the 
onuation of aaoidents. 

.,' The o r u o l a l  aspect of a long range flight i s  tho l a n d l q  which tanni- 
nates that f l igh t .  It i s  dur ing   th i s  landing that the  greatest  dsmanda 
for e f f i c i e n t  performance a r e  imposed upon the p l lo t ,  and it will be a t  
this very tlme that fatigue dll be  greatest,  Table 1, based upon the  19L5 
edi t ion of Accident  Facts (69), indloates  that Landing (lnoluding  force3 
landing)  aooldents mre nearly half of the totdl - fa ta l ,   non-fa ta l ,  and 

a t e  flying. Psreonnel errors were t he  causes of half the airline acoi- 
dents and more than two-thlritc of the privnta flylng aocid,mts. 

., property damage - for airline opsratlons and nearly  two-thirds for priv- 

. .  
<. 
, 

TABLE 1 - ' B i r l i a a s  a?cu&m 

ULmQa m m 
Mia0 
Take-off (lnoluding taxling) 

4 b  4.6 
22 25 

Collision 
Forced land- 13 5 

4 17 
Spin or s t a l l  2 6 
Othm . ,  15  3 

. ,  Faums of 

i 4LuzdU l  lm$ rn .. 

Personnel error8 47 70 
St ruc tura l  failures u 5 
Weather 12 4 
TWTIalZl 10 5 
Pomr plant  failures 5 14 
Other 12 2 

i 

Lahy and Korngold (34) have studied the matter of fa t iguabi l i4p  as 
E faotur in accident  asusation. Their -thenis was that those persona 
rho are  aocidont p n a , m a y  tm nor. m o e p t i b l o  to fat igue 88 compared 
rith pereons who are r e l a t ive ly  free of aocidents. The authora dis t in-  
@ah f a t iguab i l i t y  fm fatlgue, and m o a m  the fomer by auditory re- 
act ion the, ainimg and punchhg testa,  requiring 10 minutes each. Ao 
tmdenay i s  found for  peraons dth adc idmt  rwords ti ehor greater 
deorement in mean react ion tine or in var iab i l i ty .  The accident cII803, 

! 
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kiovovsr, show more extreme changers in both direct ions,  inoremat a8 d l  

Tha Ina tab i l i t y  in reaotion time is attributed t o  nervous fa t igaabi l l ty .  
8 u  :'.slcrament. No differences are found in the aiming or punohlng tes ta .  

dictable.  Although t h e y ,  ahowed extrmue uhmges ih both  dirsctions,  in- 
It vouid appear tht react lons of the aociaent cases would 'be less pro- 

c r a e n t   a s  w e l l  a8 dearment,  it :e th. possibilfty  of  poor prfomanoe 
w'dah may be  related to aooident  aauaation. 

viteles (59) bas pointed  out that invest igat ions both in the U n i t e d  
S k t e s  a d  Europe have shorn that indus t r ia l   acc idents  t d  to inorease 
with each  successive hour of work in t he  morning, raachlng a muinmm a t  

k32 and rate rima again sharply folloming  the noon how, rea- a peak 
approxisately 11 A.M., apd falling tom zero a t  the m6n hour. The nun- 

toward the l a t t e r  part of the afternoon, tut dropping off somewhat dim- 
Fng the last hour of mrk. Tho drop in rate in the last hour of the morn- 
ing and afternoon perlod, thsn the  worker may b expected to be most fa- 
%ig~ed, l e  explainad by the reduced r a t a  of production .hi& ooo~ars, lrlth 
jscreaalng  fatigue,  in the last hours of mrk. The a l a c k m l q   o f  s p e d  
brings w i t t i  it a dearease in w e  accidant  rate.  The -e f feo ts  of fatigue 
q a n  accident   ra te  are thus explained as being both d i rec t  and ind i rec t  
- - t o t h  posi t ive urd negative inwfar as Influence upon aco1dw.t rate. is  
.~oricer.?ed. It must be mmmbred, however, t h a t  the final l a n d i n g  a t  the 

i.xg period:  the  pilot  cannot  allow M s  performance to de ter iora te  during' 
those crucial  minutes. 

of u long-rauge f l i g h t  i m  not comparable to the last hour of a work- 

B r l t a i n ,  has dea l t  wlth the  problem of acoident  causation ( 8 6 ) .  The con- 
One of   the  reports  of the Industrial Health  Research Board, in Great 

tributions'   of t h l s  report msy be summarisled as follows: 

Everv accident  obviouslv he8 an i n i t i a l  cause. In  Bone fer caaes it 

garded a s  being compaed of two factors,  one impersonal (relating to the  
5.e sell defined$ ' in moat, h b w e v e r ,  it is complex,  but it may always be re- 

object,  material, or machine) and the other  personal  (relating either to 
the peraon injured or  perhapa to Erne other  person). If aaoidents could 
be  claisifiod aomrdlng to the relative importance of these two factors, 
=a sbould have a t  one extram accidents due to the unforeseen fallure of 
material, such as tha bursting of a shell, and a t   t h e   o t h e r ,  those due 
entirely to ncareleclsness," and incurred on a machine or other object 
regarded as ordinarily q u i t e  safe. 

I n  lnveetigation into more t b n  50,MX) aooldents  incurred in d m  

tlons faotor ies ,  in rhloh the variat ion8 in output  throughout the plod 
wre m e a s u r e d  sjmiltaneously d t h  the variations in accident  incidence, 
Vernon suctseecled in establlahlng the influence oC t h i s  factor,  d alm 
ahored t he  exlateam of a thM faotor, namely the psyohic state of tha 
mrker. The =in aonolusions may be .alrmmarized as follorsr 

a. The st rong  qual l ta t ive ressmblanoe b a t w m  the fate of  out- 
put ourves and the accident incidenacs ourves during the day 

" s h i f t  ahorre that varying speed of production is  largely m- 
. ,  



fatigue. 
s p n s l b l e   f o r   t h e  day ehif t  var ia t ions of  accidents, and not 

b. Pmt ,fatigue may be an important  contributlng muse, hoaevez, 
is showiby  the  faot  that during a period when a 12-hour day 

.omen wme two aad a half tines mre numeroue t h n  in the 
(75-hour week) was being worked the aocidents incurred by 

eubaequent  period when the da i ly  how were reduced to 10. 

cc  h addition to speed of  production a d  fatigue,  an impar- 
tant part is played by psych ld  Influenoee, smh M alert- 
ness and attention. This conclusion is based on a wmpari- 

the night ehif t .  mereas in the fonnqr, the accident o w e  
mu between t h e  accident  incidence on the day a M f t  and on 

follows  the  output  curve  very  cloodly, in the l a t t e r  it i s  
rridely di f fe ren t .  Here t5e aooident rate is a t  a m a x i m u m  
a t  the  begianlng, then falls eharply and f i n a l l y  8lnk6 to 
l ees  than half the original value, Further, the total acc i -  
dent rate i s  lower by an average of 16 per  cent, w i t h  no de- 

psycMcal  influences, assmlng tht the night  rorkers atar ted 
crease in output, Vernon ascr ibes  these differencea to 

work in a careless  and excited e t a t e  end gradual4 se t t l ed  
down ta a crilmer manta1 s t a t e  than the day rorkere. 

The burly incidence of accidents  experienced by the day shift 
a t  the projec t i le   fac tory  ahowed a qual i ta t ive  reemblance to 
the output  variations; Thoy were low a t  first, rose to a i n a x i , , ~  

mum in the middle  -of t he  shift, and then fell away. The night  

output,  except during the last tro hours, They were a t  a 
shift accidents, h o w e v e r ,  shoved no reaemblance w h a t e v e r  to 

maximum during the first hour, than fell off eharply, and 
f i n a l l y  sank ta lese  than half t h e i r , o r i g l n a l  number. Pmb- 
ably this incidence m s  largely  p$ychical in origin, 

The influence of fa t igue  in causing accidents was shown a t  t h e  &in. ahell   factory.  When the mmen worked the same 61-hour 

but  w h e n  their hour6 were reduced to 3% a week (those of 
weak as the men, their accidents were 91 per cant   as  numemus, 

of L ! a e  experienced by the men. 
the men being  unchanged), their accidents f e l l  to 78 per cent 

h idenoo euggeatnr that fatigue is  one  of t h e   f a c b r s  in the caueation , 

long-range operat ion  ebuld  be more fa t lgulng then the  operatlone  obtain- 
of nccidenta. This maSter i s  pert inent  to the TAA request if the proposed 

ing under the present  regulation. 

2. Eff- Jones (27) had stressed the widely 
knom observation that fa t igue  and exhaustion  oft=  observed i n  flyers is 
out  of  proportion to t!m physical  exertion  involved in a e i r  work and must 
be  ascribed  chiefly to psychologiaal  factors such as amoticnal stress based 
upon a wlde variety of c a s e s .  I n  a later aection  of t h i o  report,,mention 
i e  made of a study  of  fatigue occurring in i n t e r s t a t e  truck drivars. Jones 



considers that this study  deals  with a type of fat igue w h i c h  appears to be 
closely related to that e rp r i anced  by f l y e r s .  

Pertinent to a discuseion of fa t igue  ard generd   a f f ic ienoy are the 
tomenta made by Yi les  (Q). He s t a t e s  that flying sickness or p i l o t  fab 

observers  agree that it does  actually occur a s  a serioua occupational !ma- 
time is a d l f f icu l t   condi t ion  to etudy  objbctivdy. However, s c i e n t i f i c  

muscular wrk, aad more l i k e  the fa t igue .of  a psychological  depre6sion. 
ard. Apparently, it is  unlike ordinary bodily fatigue folloripg excessive 

The total smouut of muacular rork performed by a p i l o t  is  usually 
r e l a t ive ly  small, and t!w food energy cost of this or  anyone else 's  mmtel 
mrk is  mln3ml ia phg'eiological terns. But, peychlogical ly  the picture  
is  qui te   d i f fe ren t , .  The pi lo t ' s   job  is  heavy in terms of continuous men- 
ta l ,adaptat ions,   responsibl l i t ies  and orucial  judgments. He is often 
hmpered in the case of hia manipulations by a load of dis t rac t ing ,   bu t  
necessary,  protective quipant. It i s  dm requirements for prolonged 
flying d t h  reather  or militaxy hazards present that typica l  flying fa -  
tigue ~ p p e a r s  a8 a serious condition. Learned response h a b i b  may remain 
eaaent ia l ly   in tac t ,  bat .hen the  condition i s  serious, p r t a  of the habit 
systm s p l i t   o f f  from the main pt te rn  so that   efficiency, usually attained 
through total integrat ion i s  great ly  reduced. 

I 

Another ray to express t h i s  i e  to say that the tining Integration goes 
to pieces. Every part and phse o f  the B L B T ~ ~ B  rork requires more subjective 
checking. In  fat igue  there  may be an actual   increase,   ra ther . than a loason- 

W i t h  the fa t igue  comes a mwlng of st tent ion.  The p i l o t  endeavors to 
ing in the  work intensi ty .  But, this increase is a t  the coat of &ill. 

do only what he f e e l s  he must do;  what, in this ill-organized  condition 
seems abwlutely  eesent ia l .  Be m y  forge t  or ignore the temperature 

diateplaneraanipulation, Like the m e n t s l l y  distraotod or depressed par- 
gauge, o r  the gaeolloe gauge, bscause'he is  completely  absorbed in ime- 

son, the fatigue3 p i l o t   m y  tend to reeo r t  to random responses. f t  in a3 
if he had forgotten the familiar resource8  available In his instruments , 

and controls. In this condition he m y   f e e l ,  from his effortm at  corrceir- 
t ra t ion ,  that he is  doing qui te  w e l l .  Elements of poor performace noted 
by him he tends to a t t r i b u t e  to h i 6  plane or mechfmiams d t h l n  it. 
impc&ance is clear of  contlouing studies to d e t e m h e   c r i t i c a l  points for  
lengths and types of f l igh ts  and favorable  treatment in case  f lying  fa t igue 
actually  develops. 

The effects of   fa t igue in p i lo ts ,  as determined from studies of f l j g h t  
and related  laboratory  studies,  are  presented  respectively in Sectioae IV 
and VI1 of this report, 

habit patterns m y  become s p l i t  up i n t o  smaller components. There i e  a 
F a t m e   r e s u l t e  in a lowering of general efflcienoy. Well integrated 

de te r iora t ion  of skill; timing integrat ion suffers appreciably, This low- 
ering of general efficiency as B result of fa t igue  must be given due atten- 
t i o n  rhen considering the TWA request, 

3.. The Low - w e  Effects of Fa- Normal t i redness  and even +m- 
prary exhaustion are relieved by normal sleep. Fatigue becomas s u b a m t e  



Li!.l:.y tJ restoro t h e  anncrgy resarvea which h v e  beon drawn upon. If 
t : ? ~  c.ctivi<:y vhich  prorluces fa t igue i s  continued, a progressive  depleticn 
tsztns and fl cumulative marked fa t igue develope. In r e l a t ion  to ther de- 
w l n p e n t  of  aorbid  fatigue, it must be remembered that it l a  not mrk 
e l m o  wMch contributes to the p g r e a s i v e  deterioration, but unrise 
c m x a t i o n  and other a c t i v i t i e s  unralated to the  work m y  Ix of Impor- 
u ~ x x e .  

- . ~ .  - :,:.ha dagmo of   exhuat ion io e13 profound t h a t   r o e t  sene8  only par- 

A 

< 
- w : 2 ' a r e t y  has h e n  indicated, Moruel fa t igue serves to stimulate tbe 
a n x h t y  which is  l a t e n t  in ell peraone. As fa t igue accrrmulatea, the d- 
footations of la tent   anxiety become more d i f f i c u l t  to oontrol, and i n  tho 
nxtrme fatigued s t a t e ,   anx ie ty   my  become the   control l ing  faotor ,  pervad- 
in& the total peraonality and markedly affect ing performance. 

h tho  i"irst  section of t h l s  report   the   re la t ionship between fatigue 

h e  ef fec ts   o f   inc ip ien t  morbid fa t igue  were d e  m W e s t  in a recent  
e.q~srImant (46 ) .  The experiences of 43 adults -sed repeatedly  to simu- 
l a x d  a l t i tudes   o f  35,000 f t ,  dtb 1w) per  cant  continuous flow oqgen  from 
grou-ad level, reveal 3 types o f  fatigue; muecular  aohes, occurring i n  all, 
La-:ersely related to decompression  eicknesa, and disappear- r i t h   t r a i n -  

m x . 3  ccmplex motional  type unrelated t o .  the other tro. The last  began a 
3l-g; fatigue related to boredom during long uneventful expomes;  and a 

fey hours after  descent,  contlnued 1 to 3 dsps, raa not  alraya relimcd by 
rmt, but  diminished with  experience. It was characterized by tenseness, 
i r r i t ab i l i t y ,   r e s t l e s sness ,   deap~d i s tu rbances ,  and dis inc l ina t ion  to work. 
IC; nirrored the Ind iv idua l~a  previous pat tern of behavior in a m l e t y  situa- 
tf~ons.  Laboratory data ,   the  =@,, and circulatory ohanges.were not  corre- 
lntod with any type of  fatigue.  Fatigue Induced by simulated high a l t i t udes  
d m 8  no t   d i f f e r  eEsentislly frmd that experienced In c iv i l i an  or military 
l:.fe, Fmotional flexibility, types of psychologlo  defenses,  the magnitude 
0;' Cia danger provoking anxiety, the suddenness  of the  experience,  identi- 
f i ca t ion  w i t h  the  group, aad motivation are important  detemlmnte  of fa- 
t.:.&ue. This experiment  auggeste  tenseness,  irritabiliiy, restleamess, 

fatigue.  
olaep distnrbances, and d is inc l ina t ion   to  work as long-range  effects of 

World War XI provided the conditions rhbh rbsultd i u  the long 
ef fec ts  of fa t igue among aviators. In a Navy Department publication -T (87 
ax a%tempt h a  been made to   def ine  different   degrees   of  war lwadmess. Ao- 
c o d i n g  ti this report, the first s tep  toward adequate  administrative hand- 
1% of  the  ' factor  of war nearinsea i s  the e s t a b l i s h e n t  of prac t ica l   def in i -  
t ion,  The present war has brought i n t o  exletonce a nmber of terms whioh 
are  used loosely and with  considerable  confueion. Broadly, a l l s u o h   t e n n s  
BE "wr weaPinese," "combat fatigue," and nopera t lord   fa t igue"  may safely 
bv cocaidered as referring to the mrne ent i ty ;   the  partial. d ig ip t en ra t im  
~f t i e  D m t Y  a e r  stresa,  The nature of  the s t r e s s  appears to make 
no real difference in the symptoms. 
41~~. +&g individual' B a b i l i t v  to r i t ? & w d  it. 

e aevsritv o f  the a t r  
and the conetrahinian &&&. 

ess. i ts  dura- 

w e  of ~ O U D  msrale. a re   t he  main eossideratloga,  
0 

liar wearlnws. The fo l lodng  c laea l f ica t ion  is auggested as being prac- 
Adminiatratively, it i s  ln?prtant to  recognize  different  degrees  of 



-23- 
, .  

tical from the atandpoint o f  a t f intagrated personnel p r o g r a m r  

a. 

bo  

C. 

This may hrooneider.8 t o  be  the normal 
transient  fatigue  manifest  i n  a healthy  individual  folloriag 
a period of  strenuoue effort  or caroiteamt. The indicated 
treatment i s  normal d e e p ,  rest, and freedom  fro^^ excitment. 
The prognosis i s  f o r  complete  recovery without important resid- 
ual e f fec t s  rith 48 houra, 

~ ~ t i v e  P a m  Thia I s  the fatigue which does  not r c  
spend immediately t o  nonual rest ard aleop, It may o c m  in 

normal recuperation  does  not take place. A t  t h i s  level the 
individuals who have  undergone stross of ouch i n t ens i ty   t ha t  

synptoms are primarilr subjective and may be characterized 
by lowerd  individual  morale, r d u c d  aggreSEiVeIIesE, sloppy 
flylng, increased  teneioa, and frequent irritability. Depend- 
ing upon over-all  squadron morale, the  individual symptome may 
be more o r  less -pressed. The prognoaia is  f o r  complete re- 
covery follorlng an extaaded period of lea8  ardcous duty. 

.. 

Y 

. ,  

Anxiety: 'Qda is  the ex'zeane s t a t e  (of war w e a l i n e m  
rfilch la   ,character ized by readlly obsarpa'ile syeptome such 
as l o s s  of appetite,  tremors, abnowal  feSrs, e t a .  Ordin- 
a r i l y ,  an aviator  reaching this etgga oi' fatiguo would be 
grounded as a pmteotiun to hlmml.f and his teammates. With 
prolonged rest the  prognosis i s  f o r  rerurery rlth residual  
effects as far a s  oombat i s  ooncernd,  Le. ,   rmurrence o f  
symptoms under stress. 

i n S 8 B  imply different  procedures, If a l a r g e   p r o p r t i o n  of the individuals 
in a quadmn show tranaieat   fa t igue,   there  may be lrnplied nothing further 
than the need to give t h m  a day or two of res t .  There muld  be no occa- 
sion to believe that the i r  operating efficienoy m s  permaneatly impaired, 

tiguo, It must be presumed that t h e  operating  efficiency  of  the squadron is 
If a l a r g e   p r o p r t i o n  of the indivlduala io. a squadron show cumulative fa- 

aviation  following a period of rest and rehabi l i ta t ion.  The combat sffi- 
impalred,  but that most of the flying personnel l a  recovwable to coxbat 

c i e n q  of such a equadron I s  declining and a date  for relieplng it a,SouJ.d 
be  determined. If a number of individuals in a squadron show obronic a m -  

able  to combat. The necessity for continued  deplopent of such a iquadron 
l e t y  it must be recognized tbat t!me hdiv ldua la  are probably  not  recover- 

must be weighed against   I ta  decreased  sfficienoy and the probabili ty that 
a considerable  proportion of i ts  experienced  personnel w i l l  be p e m n e n t l y  
l o s t  to combat aviation. 

b o a  an administrative  point  of  vier,   these t!ee d a p e e s  of war war- 

provided a list of Rymptoms on t h e  basis of  their o m  -bat experience, 
indicat ive of deoreaaing  individual  effectiveneas. The list does not 

ae l i s td  from interview notes, were as follows; 
represent any order of Importance or frequency of mention. The aymptoms 

The navy airmen who were intervleaad for thlcs study of war wemriness 



r 

a,  Loss of eagerness to f l y .  

b, Avoiditq  hops^ downing planea; or returning tC base. 

c.  Increase in barrier crashes. 

13* Careless air  work and deck mrk around tbe carrier. 

6. Argument8 and objections  during  briefing. 

f. Appearance of excuses and a l i b i s  in ACI interrogations. 

g. Stniined personal re lat ione,  

h, D i a h c l h a t i o n  to press home attaoks,  

I. Losa of intercat In  ordinary a c t i v i t i e s ,  

J.. Anxiety and sleepl8ssness. 

k. 3ere.aee in &rbclng. 

1. Ind:;.vidunl at9tmenta  indicating "loas of nerve.n 

m. C r i t i c i e m  of each othergs a ir  w r k .  

In t h l a  same report on rwrrswineasappears a l is t  of symptoms based 
apon reports sG,h:tted by fligbt Burgeons. The following symptoms ware 
mentioned a t  lea& occe In these  reports;  they trsve been grouped under four  
main  reaction^ typ38. 

as Reactions of p i l o t s  to each  other: 

(1) I r r i t a b i l i t y  (mentioned 12 t i m a ) .  

(2) Impatience. 

( 3 )  Criticism of other squadron members' personal and 
tact ical   character is t ice .  

b. Reactions ok p i l o t s  t o  t h e i r  own fears: 

(1) Noticeably  tired-haggard looking. 

(2)  h e s ~ t u d o - l e t h a r g y ~  

( 3 )  Lo53 %n rei$4t. (one man l o s t  28 pounds, another 12 
pounds in 2 rseke) .  

(4) Nausea, 



i 
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a. Vague disturbancam of oialon' 
or hmrlng. 

bo Vague- ohest  disturbances: left 

d l f i i ou l ty  brdthbg. 
nlded  chant pain, palpl ta t lonp 

O o  Burning WiMtiOn (high mno0 
and aoldl ty)  . 

(1)  Durln8 the day. d. Cons t ip t ion  and distension. 

so .Vague ajctrcrmity aohes or sensa- 
tions. 

f. Innonmi. and restleemess. 

8 .  faok of a b l l l t y  of lsngthy 
concantration 

h. Rduo4d i n t a rea t  I n  the opposite 
amxo 

1. Inddiate fainting history. 



They List the follo.ing.objeotive symptoms, alw dlvid& into ear ly  
,. 

and late tendenclear :i 

b. Inoreasd s t a r t l e  response. bo Confuelon, depresdlon, fearfulmas. 

C. Increased use of  dlwoboi and 
t o b C C 0 .  

do  Increased  Interest  in the o p  
posi te  saxe , 

e. I r r i t a b i l i t y ,  fault findiap, 
over-crltioalneaa. 

f, Horrid and d o u s  (vsrbelly 
and in appearance). 

go Recant  prwccupation and ab- 
sen.tmind&iess. 

c a  ResentfuheM PgaIMt others, 

d. Lack of interout, drive, at tan-  
t l o n  and meprory. 

eo Decreased personal deanlineea, 

f. S o o l a l ' r i t M r a ~ ,  b u t t   f o r  jokes 
of other   pi lote ,  or ,considered 
'nute." 

go b c a n t  f a o m  or i i d  U ~ ~ O I ~ E ,  

h. Recent atattoring. 

h. Non-conformity as evidmced by: 1, Extza-ayatoleo 
Failure to att& mess, missed 
f l ights ,  AWL, and f la t -ha t t ing  
escapodm, eta. 

A report  of the wing ~srsonnel Research -the (53) re la tee  e m c -  
sis to the degree of danger  of the duty rather t - b n  to fatigue. There a>- 
peared t o  be a di rec t   re la t ionship  between the  incldeaoe of neurosia t i t t A - i -  

buted to flying dut ies  and the d e p e e  of danger  of the duty. ,The oppralta 
appeared to be the case when the neuroaes a re   no t  atW-butd by tho phyai= 
clans to flying. 

Beuroses arising f r o m  flying dutlee  were qgually dist r ibuted between 
men who had not flown on operations, who had s t a r t ed   t he i r  tour, and who 
had had conalderable  axperlence of operations. Five per cent of case0 
arose in men .ho had not flown a t  all. By wntroa t ,  more m a n  csamd fly- 

at any other  time. 
ing with neurosis, lacking confidence, a t  the  begginnlq of t h e  tour than ! 

, %  

). 

' her  %f of t h e   p t i m t a  had not bean e x p a d  to more tban a l igh t  
s t r e a s  + m e  flying, and nearly a third to none a t  tm-thirds had 
experienced no peyohological atreas apart f r o m  flying. 

.. 
i ., 

The main cause in almost every  EO was psyahological anll the m o t  
, .- 

important ringle c a w ~  was fear, fatigue p w  a subsldlarg part lf 
~4 
.I 
, ,  

' p  



present a t  all. phgsical injury contributed to the  naurosis in 18 per  cent 
em3 illness, 9 per  cent.  Bireickllass and erhauation ware each  contributory 
in o n l y  2 per  aent, and cold and a l t i t u d e  were never con~lidered  causal, As 
Emr i e  the   ma t   Inpor t an t  single cause it follows that there  i s  a d i r e c t  

. ralationehip b e t w e e n  the. incidence of the neurosis and the degree  of risk 
encountered.'' 

A n u m h  of  opinions  regarding  the  effwts of aviation  duty In t h e  mili- 
t a ry   s i tua t ion  may ba sf interest .  Commodore (then Captain) J. C. Adms (MC) 
g.S.fl., baa made the following statement regadlng operation  fatigue: 

8 

"In a a ' t i o n ,  flying perwnnel  are  not concerned ao muah d t h  phys- 
i c a l  mrk and physical  &ustion.  Their  fatigue I s  more directly 
the result of motional   a t reas  and nervous exhaustion. l e  should 

Any time a person's 1i:e i s  endanger& he sku ld ,  and does, develop 
remember that mn'a  strongest urge l a  that of  self-preservation, , 

R perfect ly  normGl a2prehmsion f o r  U s  a m i t y .  Consohwly or un- 
coasciously,  he astabl.i&es motioaal   react ions  directed toward 
emcape rmm doanger, O m  p r i m i t i v e   i n s t h o t  is  to flaee,-  Obpiouslp, 
we cannot  resort to wch c1 measure, espaciallg in a BFlitarg organ- 

ger. It i s  t h i z   d i s t i nc t ly  alrkrard and rather a b n o d ~ s t a t e  of  af- 
izntion. Therefwe, ne ~appreaz our fears -- we stead and face dan- 

fairo tbat b r b g e   a b u t  Gas troubles. Certain individuals cannot 
faae  danger  cslrcly. SOSlQ amat face  it a t   all^ they are what we 
c a l l   c ~ w a r d a ~  U'o all vary in o u r  reactions in , th is  regard, de- 

ver i ty  or  awiousness of the danger, Physical influenoes such 
pending upon our ccmtitv.l;ional endowment and a lso  upm the  se- 

depleting to stamina a d  morale. Under these motional. and phys- 
as fatigue, hunger, 1088 of sleep, el'cknsse, etos ,  are seriously 

lcal 'etrsssec  the  iMdeqUate  personalit ies C k c k  early. The rug- 
ged pernoditletr are table to carry on longer,  but  in  time will 
alw, euccurrb if suff ic ient ly   s t reemdo" 

I 

Regarding fa t igue  factors is f ly lng  peraonnel, A. 1. Eyer has made the 
following statameutr 

"There semrns to be ao e c W  yarde t id i  by rhich  fa t igue can be 
measured, but i ts  effects  appear to be  sufficiently WnEtant 
to merit i t a   desc r ip t ion  in the terns.  of a group of eigns or 
symptoms occurring 1n.flyIng personuel when they  have passed 
t h e i r  peak o f  operntional efficiency, The effects produced 
by operat ional  flying often  appear  disproportionate to the 
physical effect  involved, ~Ith the most frequent  complaint 

before f l l g h t  can be a patent  factor I n  producing  fatigue, and 
of permxmel that thdy fe l t  a l l  "washed out." M e n t a l  F a i o n  

operational  f lying hours alone cannot  be wed a8.a complete 
guide in aesessing it. This i s  par t icu lar ly  true where there  

meat. Pil,ots  frequently  appreciate the declinb in their abil- 
are frequent  false  alarms  iihioh  heighten  tension and excite- , 

i t i e e ,  aad this is followed by a dlminiohed  enthusiasm f o r  



operational work. There i s  a lack of drive and i n i t i a t l v o  nacea- 
aary for combatant du t ies  and oareleesneas bogins ta enter  tha 
pioture. T h i n  l a  soon followed by the appsaranoe of nervous mymp- 
toms whlch have an amdety background. It should bo s t r a e s d  that - 
pilots wlth a atrong am88 of  duty rill t r y  an far as poadble  to 
avoid brhging their subjective f w n g a  t o  the  a t t m t i o n  of their 
comeding o f f i o s r s  o r  the medioal officer.  There is  w r a  often a 
tendency to attempt to go on,  and they laoch a breaking pint and 
become def ln l t e ly  illon .. 

Major Cen. (then Brig, Can.) David G r a n t ,  Air Surgeon, U.S.A.A.F., ha8 ' 

. .  
I 

made the following statement regarding flying fatiguea 

"There i s n o  yardetick to d e h i n e  f ly lng fatigue. It i s  not re= 
lated to the lack  of a l s e p ,  poor diet, or othm indisaet lonm, It 
is prisrarily and essent ia l ly  due to  tension, paychic for tho most 
part, w h l o h  may develop on the  ground as we11 as i n  the alr. This 
tension is  proportionate t o  the lndivldual?a  pbysioal  atatus prior 
to its inception, depending upon the nature of h i s  mlaaions. The 
average p i l o t  after fly- io0 to 1s hours, im nearing the onset 
of fatigue, It l a  a t , t h l e   p o i n t  that precautions for prevention 
of this dondition should be taken. After about the 150th hour 
l i m i t  of sa fe ty  ia flying is  reaohsd, wem lainor Injuries rrustalned 
on a t r i p  end in a adden  breakdown of the individual and he is 
m longer capable of flylng, w?xtLe an aviator rbD bsa not  had 
as muoh f ly lng hours m y  eustaln men swore iaJurles and on re= 
ouvery is  able  to remnue hia  flying duties. It appears tbat thia 
type of individual gets t o  the p i n t  where anx3.ety factors .ad 
neurosia make him careless and he  does  not oare oonsolously or , 
subconacioualy what happens to him. Very o f t m  these hdld.duals 
even after the onset  of fatigue dl1 not. aomplain of beling ~ a b ' l a  
to f l y  and H i l i  not see their medical officers.  This wloubtedly 
is due to the f a c t  that they are  not  oonsciouslyarsare of  the im- 
pend- illn6sa m n  

:. 

tiona  productive of oumulative  fatigue and o!u-onlc anxiety cwmprnble to t h e  
Probably the granting  of the TRA request. muld n i t  reailt in the  condi- 

uodl t ions   ex is t ing   dur ing  the  nar, But, the ver-  f n c t  that fat igue can be 
cumulative makes it desirable to raise the question If long-range  operntlons 
ail1 be more fatiguing than the operat!ons under d a t i n g  regulations, 
Fru.ther, i t  would be o f  lnterest to know hov the TWA p i lo t a  spad their 

equally 'Tatigulng ao rork itself, TheqwOOionmight be raiasd i f  the 
off-duty perioda, since we have aeon above that unwise rsoreatlon can be 

propased long-range operetiona might not be conduoive to a better ut i l l -  
zation  of of fduty  time, since the  p i i o t a  preamably  could spd more t h e  
with dmlr famillee, 

., 



individuals rdto were in trainiag fo become p i lo t s  and thus had bad scme 

as c l o s e l y  related to p w f o m o e  in the air as poseible under the given 
 flying^ time. Mnny of the stdies were made on ths $round, but thay were 

conditions. 

This awtion  of the report d d a  only dth studies made on pilot0 or 

whether thore i s  any relationship betweaa hours of f l y i n g  aad acciddnks. 
Army and W.rp rwords have baa emmined and although c a r t a h  ran data   are  
available, ftirthrr statistical analyses appanr desirable W o r e  including 

for mo-r detailed infom8t ion  in t h i n  area rad Paquaeta f o r  similar data 
the findings in t h l s  report.  Requests have been made t o   t h e  A r m y  and Navy 

been made in British reports to accidents which might ba attributed to 
have alao been -de to the British Air Birristry; Several references have 

. lcng hours of flying, but supporting drr ta  are not available and they are 
n c t  therefore inaluded here, 

1, One ob the  obj&tives  of  thla miew m a  t o  dqtermine, if poasihie, 

2, A statistical a M y  made available 
by the d d i m -  dth houre of f ly lng 
and eacidmtu, but dth age and axpriwce in relation to aodidente in the 
A m y  Air Forces. This report aaalpzss f l y i n g  aaoldents  occurring d u r a  
1944 and 1945. A btal of 4638 accidants m a  e3cagined and has been ana=  

ly,zed in t o m s  of p i l o t  age, pilot eorparience, and acc idmts  per 100,ooO 
hours of  flying. Infomation ooncernlng single w i n e  as wall as multi- 
engiae acaidmta Is presmted ainoe the trends for both typa of plinee 
are almoat d l k e  for   d i f fe rea t  age and experience groups, 

Figure 3 dmrs accident  rate by experience of 2 l l o t  -for all pi lo ts ,  

expr ience  Inoramas, until appmzAmtdly loo0 burs have been florn, and 
It rill be mtlced  that thorn i o  a progreamive deorease  inaccidents  as 

then them is atarp IncrsPse in aooident rata. If experiehce is  held 
aonstaat, the f a o b r  of age i n  accident rntes homes apparent3 t h i s  i s  
shorn in ?igure 4,  for tw experienae groups in haavy bombers and for 
three elrperianaa groups in .fighters, 

Tables ' u d  graMs are inclrded oboving the accidents  at tr ibutable to 
p l l o t  error and to other onuses. mer tro-thirds  of all accidents  occur 
through p i lo t  arror,of one kind or  another: Thla oan be eem fmm Figures 

is  not knom, but it I8 reasonable to suppose that the fatigued  pilot  or 
5 and 6. Bow o l o s d y  p U o t  error i e  related to fatigue or caused by fatigue 

o m  wbo has be- nylq for mny hours is  more l i ke ly  to make an m o r  thm 
the men rho bas not flow for no long. Some evidence to support this hy- 
pctheeie rill be  prm'ented later In  the report. 

30 There are severa l  miscallan- 

,the A U  (82) oonoma the length  of aisaion and repl ies  to a questionnaire. 
wus r-rts d d i n g  w i t h  f a w e  in f ly lag  f o r  long hours. A report by 

In thin report the average langth of operational mission in the ET0 m a  ' 

7h huts an8 in the APID, 10 burs, The principal cnuw of disoomfort in. 
the heavy bomhrdment a i ro ra f t  d e r  consideration  relates t o  the short- ' 
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comings of the seating accommodations  of *e respect ive  crss   quarters .  
In  another  report  by  the AAF ( 8 4 )  53 per  cent of t h e  crew members oper- 
ating in the ET0 and 86 per  cent of tboc9e in the  AFlT,auggeat$ remedisa 
fo r  fa t igue  Them anwering a free re~ponse questiom&ire. The d i f f e r -  
ences of percentages is a t t r ibu ted  b t h e  f a c t  that the  A F T 0  f l e w  lo&t-r 
missions, averages being the  eane as those abova. Sleep m a   s a i d  by 75 
per  cent  of all respondents t o  be the beat  remedy for fa t igue  sustained 
on long miasiona, 

Another unpublished BAF r e p r t  d e a l s  v i t h  46 men  who f l e w  2000 m f l ! x  
In  fighter  planes,  with one stop af te r   f ive   hours  flight, durlng.wfiich 
they remained in the  planas. They ware approximately 10 hours in the 
planes  before  completing  the  fllght. I n  reply to questions  concerning tba 
flight, the most troublesome  feature  of the f l i g h t  was seat discomfort, 
t he  second m a  described as boredom o r  monotony, 

a. 28 men oomplained of sore butts .  

b. 24 m e n  complained of cramped space. 

C. 22 men complained of stiffness of back a d  legs. 

d o  20 m e n  complainad of glare. 

e o  19 m e n  complpinad of d i f f i c u l t y  in paying a t ten t ion  and 
staying awake, but felt  they could hare "pulled thmselvos 
together" in an emergency, 

W a r l a n d  in a repol't on 6 ClAppar , t r i p  from A l a z d a  to Manila a d  ra-  
turn (40)  took records of blood pr3s~uro, basa!. rnutaholien, pulse r a h ,  s t c , ,  
periodically  during  the total f l y h g  distance of l4,UJ miles (which ;as 
spent a t  an average  alt i tude of 9460 f e e t )  on 17 o h m  and 11 paasaqars .  
Ho mention is  made of how the piloto  divide5 up t h s  flying time, how S ~ i r  
rest periods were dist r ibuted and BO on, but   he  wnchdee that all tho 
subjects mintainsd a hlgh  degree of mental, and ph,ysical e f f i c imcy  
throughout  the  f l ight,  There were 801118 miiior var ia t ions in prt ia l  p r t ~ -  
sure of oxygen and carbon dioxide in the  lungs, s l igh t ly  lomered blood 

r a t e ,  a d  so on, but  these  are  not  considered  Important  factors in t he  
overal l   p ic ture  of success in f lying O Q ~  t!mt leng tbof  tima and 6i3tmceo 

/ 
1 

! 
I pressure with increasing  hours a t  a l t i t ude ,  a sl ightly  increased p i l s e  

on aviat ion  instructors ,  20 instructors  8deCted  6trandom were rmbjWLtrJc? 
to a fa t igue studJr over a &week period, Ages ranged from 23 to 28' y0zmP 
experience from one to 16 months a8 lnatructors, He conclludes: 

I n  a s t d y  by Doughsrty (18) on the   e f fec t  of ,3pCreaSad flying t h o  

a. The  younger man were s l igh t ly  less affactod than  the oldor, 

b o  The g r e a t e s t   s t r e d  occurred when de.y and night  fl-ying w?fi 
were necessary. 

co  Seventeen of the 20 required ono to tuo hours c d d i t i o a t l  
sleep eaah night, 

i 
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( 4 )  ' Less 'patience, 

( 5 )  ~ e s s  concern dth progress of stridmts, 

( 6 )  Dimbution in m e n t a l  alertness. 

(7) T i n n i t u s  aurim. Lo36 of  appetite, inaompia, ware 
re la t ive ly  infrequent, 

eo Objective  manifestations  of,fatigue were: 

(1)  Beterophoria in 13 subjects on 25 ocks iona .  

(2) Blood prsomee of  110 milllmnsters, 
. .  

(3) Low results (lea's than .+8) on the Sahneider fndeor. 

The inst ructors  in t h i a  etlady'were  averaging lls hours of  flying per 
month, as compared to an average of 81 for m e  period i n  1941, fo r   mo the r  
group of Instructors. 

In n report  by Clinton a d  Thorn (15) 21 airline p i l o t s   b e t m i  27 and 

conditions  .hich might  have resulted from long continued  flying, and a psy- 
50 years of age, were given a physical sramination dth specidl  reference to 

ch la t r i c  evaluation, inclUaing their aviat ion history. They m e  in ganer- 
' a l ly  good health. They were in moat respaate-payahologically mature an8 

well djusted.  They were cooperative and intensely  interested In aviation 
as a careero The aourcem of fatigue no mention& by these m e n  were: 

a. Lay-ovsrm a t  airports.  

b. hoking f a c i l i t i e s   f o r  rest and rocrention. 

0. I r r egu la r i t i e s  of  schedules. 

d. Prolonged instrument flying. 
I' 

One of ,$he items mentioned by the aut?.?ra as a majOF problem i s  the 
disposit ion of pilots  no longer oapable of nat ive service. Their   abi l i ty  

of these men are unsuited for desk work. It bas be8n m+tiondl th8t fear 
to f l y  i s  curtailed  beforo they are p!1y010logical4  old cud the  majoriQ~ 

of  losing jobr aad worry about the future dtsr dri- has t o  bo discon- 
tinued is  one of tho' cnusas of fa t igue in drilveru. The w e  appears t o  be 

O f  pilotso 

I 
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37. 

He says that subjective  concomitants 
Wel& (61) discusses fat igue as 

the anabolic  process i s  needed, The 
p i l c t s  who fly high polrered. machines 

a d q l e t i o n  of nervous energy reserve,. 
are warnings that suf f i c i en t   r ea t   fo r  
value  of frequent r e a t   p e r i o d s   t o   a l l  
and o m r a t e   a t  .hiah a l t i t udes  has been 

forced upon the   a t ten t ion  of airplane  m&acturing  colapnies which employ 

meoded, The prevention of abute   fa t igue among pilots consiets simply in 
test p i l o t s .  For t e a t   p i l o t a  a r e s t   o f   a t  least one week in seven is recorn= 

their obtaining enough r e s t ,  and i n  taking advantage of that modern equip 
ment &ch i s  available  to  comtsrnct  the  occupational causes of  fatigue. 

Almoet all of thew, studios   indicate  that increasing flying burs in- 

rhat the other   factors  in the s i tua t ion  were and to what extent  they in- 
creases fatigue,   but to what extent is  unknown, It i s  lmposaible to aay 

fluenced the onset and comae of fatigue.  

Studies  concerning  anoxia  in  pilcts are not  included in this arction, 
as a more detailed summary i s  included i n  Section VI1 of  't.his,report. 

4 .  m t i 8 h  Studies o f  Pilo& A seriee of  studies mads by the   F l igh t  
Personnel Research Committee of the Great B r i t a i n  Air Ministry on fatigue 
in p i l o t s  oontains a wealth  of  data  concsrnirig the development of fa t igue 
in an experimental  sltuation. The first  of t h o  series describee in d e t a l l  
the apparatus used, and the  results  obtained on a large group  of p i l o t s  i n  

a stacdard Spi t f i re   cockpi t  rigged with the u m a l  instrument panal and 
training rho w e n t  through the experiment (19)* The apparatus consisted of 

steering.controls,  The instrments were s e t   t o  respond to changes i n  the 
controls, and a l s o   s e t  to respond to c-ea 80 that actual  flying  condi- 
t ione were approximated, 

Automatic records were taken of deviations from course Fn terms  of 
side-slip,   airspeed,  and,errors in a l t i t u d e  and  compass reokonings. One 

hours flying experience  although none of ;'.hem had  had any operatiorial ex- 
hundred and for ty   subjects  were mployed vho had  from 10 to more Lhan 200 

perience, Each subject was given a practice  period to famil iar ize  him alth' 
the controls and instruments and then was given a 2-hour seagiou i n  the 
cockpit, during wMch he  had 7 periods of intensive  act ivi ty   interspersed 
dth 3 periods of level flying. The level flying period  did  not  allow  the 
aubjecta ta relax oompletely as an arrangement. similar to the Link Trainer 
rough air attachmeat m a  I n  opbratioe, and the  subjects had t o  f l y  the  ma- 
chine eoen.though  they were i n  s t r a igh t  and level f l i g h t ,  

behavior  during  the  progress  of  the  test were due to fa t iguo or to boredom, 
In the f i rs t  place, he obtained introspective  reports from the  mbjecta.  a 
great  majority of which showed clear ly  that they  experienced the  sub jwt ive  
malaise charac te r i s t ic  of fatigue?  Relatively few of thsm had formulate3 

out  of the oockpi t  that they couldnut have gone on with it muah longer or 
their uneasineso a8 fa t igue,  but they c k a c t e r i s t i c d l y  rdarked on get t ing 

that they m u l d  i i k e  t o  do a l o t  more if only they  could  have a rest first, 
It was olear from t h e i r  remarks and the i r  enthuuaiasm a b u t  the t e a t  t l m t  t h e '  

lack  of   interest ,   lack o f  adequate  motivation, or other   factors  which might 
signe to be  discussed below are no t  tnooee wMch might arise from boredom, 

The experimnnter took great care  ?a detsrmine rhe'ther the  c-hnges i n  
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lead than n o t  to do their best, I n  the second place, the a f t e r   s i f e o t s ,  
tbough not quantitatively analyzed beonuse of tha lmpoeeibllity of do in,^ 

boredom. One of the factors  was the absence of emthuaiaam. This Bhors 
80, indicate that the subjects were really fatigued rather than suffaing 

itaalf as a rather sleepy attitude  developing soon a f t e r  the completion 
of the test, The aubjeats  liked to sit, smoke and talk and mare obviounly 
re luc tan t  to start  ac t iv i t i en  wMcb dmaoded mare alertness.  It was nlw 
noted tbat the subjects tended to pay more soc ia l   v i a i t s  in the 24 hours 
Polloring  the test than  they normally did, 

Certain m e d i c a l  findings indicate thet the subjects were fatigued, the 
moat commn of. r.hich $8 the  development  of a severe headache. This does not 
noraallg develop imed ia t e ly ,   ba t  is first noticed some few hours after the 
campletion  of the t e s t .  In some cases, subjeats have reportad feeling dieey 
when they s t a r t a d  to smoke, some even reported vomiting on emking. Medical 
eaamhations, brever, made immediately after the  completion of the t e s t  and 

,again 24 hours l a t a r  were completely negative in their findings, These 

do tsrd to suegent that the experilnent  does suoceed i n  producihg fat igub-  
f a c t s  are doscribed merely beoRusa taken ria the other evidsnce given, they 

I n  the third place,  certain members of the departpant   voluntwrd to be 

subject thmselves to the test pmogdure for as long as e h t  be rbqulred 
trained to the required s t a t e  pf p f i c i e n c y  on the machine, epd than to 

to produoe in them an advanced e t a t e  of fatigue bordering on mchwtion,  
S s v e r d  suah testa ware mied out, nome l as t ing   for  M long as from 6 to 
7 hours. 

. The rosulte  obtained from them were no similar to those obtained on the 
2-hour courm that it was inconceivable that the symptoms i n  the 2 - h ~  test 
were caund by mything but fatfgue. In  the  longer tests, t h e  sy@oms were 
exaggerated, deter iorat ion in performance as recorded.ras a l ight ly  more marked, 

, .  

~. 
r though of the m e  general type, the anme type 'of amnesia  developed anl the 
$, aubjeotive opptame became .$reatly exaggarated, The mbjec ts   repor t& ex- 

trane a w e n e s s  of fa t igue aod'marked physical d l s d o r t ,  Outside the ap- 
paratus they were uncoordhsted i n  their muscular  adjustment, and in some 
cases found d i f f i cu l ty  in r e l a t i n g   t h e i r   i d w s  suffioimntly to fow coherent 
nontmod,  Furthermore, a l l  the quant i ta t ive signs f i c h  appear were detuot- 
able  before the end of  the first 2 hours. A f t e r  tbat periodq the tendmcji 
ma not   for  new pymptoma to develop, but   ra ther  for the  onen +ready  ndted 

1 , 

,* . %  to becons more marked. 

performance rill be considered first, 
The resu l t s  of t h i s  study rill be disouasml;  quantitative changes i n  

8 ,  

., Rmds fo r   s ide - s l ip  and nirnpeed are &om in Figure 7. Both side- 

, .  cent, a d  bot!! of these findings a r e   s t a t i s t i c a l l y  significant at. the one 
: .  s l i p  and airspeed show deterioration a t  the end of the test, of 45 to 50 per 

per cent level. Changes in altitude and compass oourae scores,' indiaatbd 

bemuso they a h o w  an i n i t i a l   p rac t i ce   e f f ec t  rith deter iorat ion due to fa- 
. ., in Figure 8,  ahor a 'mewhat d i f f e ren t  ahape than airspeed and side-slip 

- ,  t igue being superimposed upon the prnc t ice   e f fec t ,  

; .  , 
, .  

It was found that two aspeots  of  behavior changse are recorded in these 
measureee It wa8 noted that the courses require3 not only the a b i l i t y  to 







carry ou t  the apprcpriate maneuvers, but a lso  required very careful   a t ten-  
t ion to the time fac tor ,  The scores  dus to doing the mng thing decreased 
steadily  throughout the teat ,   Indicat ing that dth pract ice  the aubjects 
wure learning h o w  to carry out   the required maneuvers and were paying care- 
ful a t ten t ion  to them in s p i t e  of fa t igue.  h e  saores due to tiaing errors, 
however, gave a di f fe ren t   p ic ture ,  These score8 showed an initial improve- 
ment with  practice, hat then increased  rapidly and in a pos i t lvdy   acce les -  
sting gradien t ,   hd ica t ing  that tlmlng m e  suffering more and more a e  Pa- 
tigue' developed. In other rrords, the   deter iorat ion in a l t i t u d e  and com- 
p S S  course sco rw was entirely due to an increasingly  faulty  timing, the 
ac tua l  maneuvers required being performed consis tent ly   bet ter  a t  the end 
than they were a t  the  beginning. The deter iorat ion in t i m i n g  soorea l e  
a ta t i s t i ca l ly   a ign i f i can t ,  t equaling 3.2 f o r   a l t i t u d e  scores and 4-1 for 
compass scores. The p value i n  each case I s  l e s e  than .lo, 

. .. 

? 

-3 
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In addition to the   genera l   de te r ior8 t ion   jus t  mentioned, it was ob- 
served that t h e  slope  of  the  curve m a  much greater from U q i t  6 $0 U n i t  7 
than a t  any other p+t a f t e r  the third unit ,  This -8 thought to be of 
extreme inporta;lce because it represented  the reaction o f   p i lo t s  W!IO knew 
that the aeventh unit was the lalrt, It m8 notad that the   e f feo t  on a t i r ed  
p i lo t ' s  Sehavlor of knowing that he I s  approaching the end of his task i s  
t0 moh POrBe t h a n  be would have been hhd be not &'ma T b ,  dif-  
ference i n  scare9 of  these twa unit8 is  stat ia t iccr l ly  reliable,  approlrimat- 
ing a p value of '05.. As might be expectd~from the precedinc discussion, 
the e f f e c t  was one of a fu r the r   de t e r i c ra t l sn  In t h i n g  rather than in 
errors In carrying out  the  required maneuvws. In nom cases the.  d i f f e r -  
ence was enormous, apprcxirnately 150-20(, per c a t ,  . 

. 

.. k 

These findings  suggest a "fatigue" ra ther  then a "boredomn factor ,  

several headiaga, the first of these be- lower-Jd standards. It was observed 
that the  subjects   s tar ted tbe t e s t a  r i th  a keen h t e r e s t  in them and a dater-  
mination to do a8 well in them an they p3ssib:y could. In consequence, esrly 
pa r t s  of the   t es t ing  were marked by a mnais ten t   e f for t  on the  port. of  tile 

t h e  case of  aide-alip, they were unable t o  keep t h e  nsbdle absolutely cen- 
subjects to keep all of their inatrumant rnccdings trua,  and whereas, i n  

tral, to allow the rrmal'lest sving possible, Their dnuraea were attended  to 
carefully and they  tr iad to get  their   t in-  accurate.  

The reaeon8 for  deter lorat ion In performance scores are discussed-under 

As they became tired, t h e  picture  changedd, and all aspect8 of t h e i r  per- 
f o m n c e  became l ea3  e f f i c i en t ,  Evidence indicated tbt t h i s  m e  because the  
subjec ts   se t  themselves a progrestrively easier tsek  a8 they got tired, ?hey 
were catisfied with dder and rider approximations t j  +&e true positions  of 
the  needle, When they were fresh,   the side-slip needle was regarded as he- 
ing sa t i s f ac to r i ly   cen t r a l  if it fluctuate3 only withln 2 to 3 degrees eexh 
side of t h e  ver t ica l .  As fa t igue developed t h i s  arc  of  allowance movment 
ma8 unknodngly  aidoned from 2 of 3 degrees  each side of the ver t i ca l  t o  5 
degrees, and then to 10 degrees, until u l t i a t e l y ,  when the subjects were 
r e d l y  fati,qed, tbe n o d l e  m a  allow& t o  aaing from s ide  to side and ~ 3 8  
regarded ae F o h g  prfwtly satisfactory provldlng f t  &ill pmsed through 
tho vcdAc.a.l and m e  not j d  e i thvr  one side or the other. 

, .  
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reot  speed. Aa the t e s t  developed the  variation became grater u n t i l  la 
the fatigued state l i t t l e  or no attempt was made to.oontco1 it. In o w e -  
quence, the nubar of s h u s  InorePsal rnpldly as fatlgue developd. For 
airspeed, the m e a n  dl f fe rmce  in percentage inarareq of large over mall 
e m r s  from Unlta 4 to 7 m e  92 per  cent, 

I n  the marly atages airspsed mas kept dt2Lin 5 or  10 mph of the cor- 

This duterloratlon i n  course ecorss raa pmbbly d m  due to lowred 
standards ef parfonnnnoe, although there ms no proof of t h i s  apart  fma 
the subjeotive  reports d t s r r a r d s .  It was very c o m  for the p i lo t s  to 
s t a t e  tha t  to& the  end of the t e s t  they had given up looking a t  thdr 
d o c k  and etopPratoh @ had decided to est lmate t i n e   i n t e n a l e  bobeon 
~u1auvers, The i n t e rmla  ranged from.one and one-hlf to 5 ainutes and 

mates of t i ne  intervals could bo and were as much as  200 par cent -tag. 
such mxm as thq mlght make muld be emall. In  actua l  fac t ,  the ost i -  
thSg K U W  OOnvlnCed that such eiIUE4&tW m e  ,dthin t he i r  p o m e  d that 

The &ape of the fa t igue c w e  represented tro chmges in behavior, . 
,the first  baing a worsenl of the a b i l i t y  to carry out a qualitatively 
siailar t&k and a emon8 7 repreeented  by  the  relatively flat part of tpe 

subject is  setting himaelf a progrenslvely easier tank. FForp this ~a p i lo t  
Du'pe) the   qua l l te t lve   ra thw than the quantitative ahange In KM& t h o  

i s  l i k e l y  to make inorensingly dangernun m n  the more fatigued he beoomee. 

It was further noted tht in addition to lowr ing  standarde the p i lo t  
ahowdl a g r o d n g  tendency nith ' the  onset  of fatlgue  for the mplex task 
to split up i n t o  component parts. Uben the pi lo ts  were fresh the 6 central  
flping bstnmsntn regarded as be- oloaely  Interoonneoted and a move- 
m e n t  in ' m p  one' inetrument m a  assoclatsd with c o r r e a p o ~ l n g  aoveaenb  of 
other lnstrrrmentas The task s e t  ma essmt ia l ly  a Mifled one, wplm and 

, h a p i n g  many oluea on which the   p i lo t  had to base his moemnant, but s t U  

he tended to forget t ha t  he was f l y l l r g  an airplane a& regardd tho  tack in 
essentially naifled. This m a  not eo den the p i lo t  n s  fatiguedd. Then 

more siotpls teams. He no longer regarded movamsnte of the n d a a  as a m -  

an Immediate raaponse from him to get  the n d e  back .here It E o u l d  bo 
 matl lo of the bohavlor of  the a i roraf t ,  but merely an a stimulus d d -  

The authors ntnte that It Is- apparent that in a machine am co0plicatid 
a s  an airoraft there are a numW of reactions .hi& can p d u o e  the smo 
r e m l t s ,  For egmple, a movsmsnt of the aldo-slip n d e  and of the compse 
m y  Indieate tbat rudder has been applied  or that suffiQieUlt  deflection  of 
the ail-~ be0 taka place t o  prduoe an , a i l q o n  tatp, Only an -na- 
t ion of the a r t l f l o h l  brimon rill t e l l  *oh of t h ~ a  oontrols n o d s  cor- 
motion. If tho wrong oontrol I n  movd the -chine rill tend to be to  a 



greater or less extent   out   of   control   for  the time  bsing. A f r e a h   p i l o t  
oonfrontd by the above s i tua t ion  rill glance a t  t h l s  instnuant panel as 
a whole and .ill k n o w  innnediatdy  rhich  of the pomible laWaent6 is  the 

h i s  p n e l  as a whole. He mill, instead, make .h iohmor of the c o n v ~ t d o n a l  
movements to correct that kind of   s i tuat ion that flrst ooaurs to hisl. 

! one he should make in t h l e  instance, A fa t igue3   p l lo t  w i l l  not  look a t  

t ion,  It wns calibratdl f r o m  40 to 160 mph in a clookrise  direction. Z f  

. the throttle were left  on, the alrspeed muld  exceed 160 & the needle 
the machine mre put into a dive of 4000 f e e t  p d  minute or stesprr,   and 

mould ro ta te   pas t   the  150 mark into t h e  l o r  range of airspeeds once moree 
Fresh  pi lots  found t h i s  a vary M S ~  s i tua t ion  to cope with, but the fa- 
t igued  pi lot  found it very   d i f f icu l t .  The fa t lgued  pi lot  .ho had allowed 
hls airspeed to rise 80 high typically  realized that ha w s  diving  rapidly, 
but in attempting to pull out  of the d ive  n u l d  obesrve the r speed a p  
perently dropping  off toward the stalling aped. Be would  become f i l gh t -  
en& and puah the W B I  of the machine dom into as steep a dive as he could 
and a t  the same time open his t h r o t t l e  wide., He would again attempt to 
olimb, ikd the  same occurrence and pueh his nose down onoe moreo kl.1 t h e  
t h e  he muld  be l06ing height rapidly and wuld he well aware of this. 
He ma quite unable, kmsver, to relate the various Pactore together and 

l o t s  rou ld  continue to fly s t r a i g h t   a t  w h a t  corresponded in the experiment 
BO obtain a picture  a s   . t o  w h a t  the m a c m e  w s  actual ly  dolng. h a y  pi- 

to the grolmd. They would then say that sometSlng l-d gone mng r i th the 
lnachine and that they had in conasqumce  cms!1e3~. I n  other  m l d s ,  they 
.are accepting their instruments a t  their face  value and were quite un- 
able  to sea beyond  them to a picture  of the b h v l o r  c i  the maohhe, 

a m p l e  of this frequently arose mas the airspeed Mica- 

s l i p  errors increased more rapidly than ary others -8 showed mora deter-  
ioratlon d u r a  the bat, He blames It  ou t he   i n t r in s i c   d i f f i cu l ty  in 
interpretat ion of the  a r t i f i c i a l  horizon* This, he s a y s ,  is because the 
movement to correct the a r t i f i c i a l  horizon i s  one I n  the  direotion  of the 
apparant movement on the instrument  rather than a m y  from it. This is  not  
the’imsaediate response one normally makes t o  the movmrmt of a plane to 
etarboard or port, He beliavee that t h e  ritnomally l a rge  and rapid deter- 

p ~ o t a  tak’e longest to boome familiar HI& tbe a r t i f i c i a l  hrizon,  and in 
i o ra t ion   i nu lde -~ l ip  control wlth fa t igue  is due to this di f f icu l ty .  The 

fatigue it I s  the f i r a t  ina tmaant  to c a u m  diff icul ty   precisely because, 
f o r  its proper management, it requires an intellectual  apprealation of its 
m e a n i n g  and it is this i n t e l l m t u a l   g r a s p  of the   s i tuat ion whlch most ckr- 
acter ie t ical ly   dieappears  in the fatigued state ,  

The author  gives an interesting Interpretat ion of t h e   f a c t  that s i d e  

inorePr3e in the i r r i t a b i l i t y  of the subjects as they become tired, This 
is shom i n  t.0 w;. Firs t ly ,  by the  flow of oaths they keep up  and 

p i l o t  starta over  oorrecting because he is feeling Irritable a d  his over 
secondly, by an  inareasingly  violent  manipulation  of ths controls. The 

correotiona make him more Irritable, The result i s  an increasingly paor 
control of the  macune, 

A further reason for   deter iorat ion in score6 s i t h   f a t i g u e  is a rapid 



Another rwnon for   de te r iora t ion  in performance was amnesia8 for   s ide  
instrument.-. Comparatively few of t he  160 subjeots  forgot to cheok their 
Instruments daring  ,the f irst  %cur of  the test, but a f t e r  that the curve of 
forget t ing rose very steeply u n t i l  60 per cent  forgot  about tha!  a t  the end. 
A comparable o w e  could be plot ted  for   the t h e  elaped br twen  the move- 
ment, f o r  example, of the needle giving the radiator  temperature and the 

* aubjectcs  response ta it. This roee rapidly a s  the rmbjects b m e  fatiguedd. 

-gasoline gauge, mne  of  them ~ 1 ~ 1 s d  any Indication of   the  correct  reding, 
A M h e r  d i f f i c u l t y   d t h   t h e s e  gauges is that wlth t!!e axoeptlon of the 

ao wan when t he  o u b j e c t s  did look a t  thm when they were t i red ,  they were 
unable t o  remanhr w h a t  the correct  temperature and pressure shotild be, 
and 80 refused to react to thm; Many explained afterwards that they were 
not  d u l y  mrrled by being udable to remember the corre'ct  readings  because 
they  trusted themselves tc be able  to diagnose any c h n g e  in t h e  angina 
note euffioiantly accurately to bs able  to tell rhich  instrument m a  read- 
inp incorrectly. In other ~ ~ r d a ,  they ignored their instruments  almost 
completely .Id used auditory cue0 t o  enable   thm . t o  interpret the instru- 
ment panel, This semns to be a reversal   of the d e s i g n e r l a  conception  of 
the  value of t he  pand. The landing gear awitohea were also frequently 
overlookod by fa t igued  pi lots , ,  It mas one of the moat o o m n  of a l l  
fault0 for the p i l o t  to land rlth his landing gear up, and to explain 
that he hnd complets1.y forgottan  about it, Mors than 80 of  the U O  pl- 
lote tes ted lrrded rl th the  landing gepr up, 

.Qualitative changes in perforaance are next  considered, The first of 

progresnivo4 fatigued, t h e i r  repor t s  of what had ocourred were progressively 
these i s  the  unrollabil i ty  of  pbjectlve  evidence. AB the p i l o t s  booam. 

looked but mre strenuoualj. denled. Their svidsnoe wan equally unrellabla 
unreliable,  Cross obngee in the stiroulating oondltlons wre not only over- 

w!xm they   repea td  w h a t  had happened. They made c h i m a  that they .had per- 
f o m M  certain man.n(nrVet8, that they had heard noisem, ouch a8 the o o r w -  
lug of their   propel ler   t ips ,   a tc . ,  a d  tht changes had occurred in the 
machine .hioh had never heppened. For emmple, they were cer ta in  that t h e  
aontrols  got "sloppy" a t  low airspeeds and thanked the exparislanter f o r  
making their taak easier, In ac tua l   fac t   thore  m a  no cbUlgs of any de- 
scr ipt ion in t he  feel of the, csntrols  throughout the test. 

lots 'became more amre of physical discomfort dth the dovelopent   of  fa- 
me s w n d  ohange .(LE in the  amarcmesa of physical d i r d o r t .  P i -  

tlgus. They frequently  complained'at the end of teste t h a t   t h e i r  helmet 
m a  too hmvy  for   thm, that the s t r ing   ty ing  the p d  of  inatructlonr to 
t h e i r  leg SM too tight and hurt  them, t ba t  t h e  oookplt m a  too 'bot ,  the 

awarmeas of discomfort a s  a grorlng i dab i l i t y  to interpret   k ineathet la  
mat -8 hard, and the position they had to sit in $00 o m d i d .  with t h i o  

aeneations oorreotly and a tremsndour grorth in the   I l lus ions   the . 'hd ,  

The third change m a  in the  amount of i r r i t a t i o n  ahom by the p i lo t s .  . .  
. ,  

when the  tests started the pi lo t .  were oompletely s i l e n t .  Qradually they 
would a t a r t  to d u l l  when tMng8 were go- wrong, tha mild expletive8 

up a flow of the most v io len t  oathe they knew, and the Wing of the con- 
took the place  of s i g b ,  a d  before the & of tho tsst moat subjscts  kept .~ 

. ,  
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portent of all, that $he siga~ of  E y i n g  f a t i y e  rarely If ever ineioate 
a s t a t e  In a c h  the correct behavlo;. or the daaired skil l  cpnaot be p r -  
formed bu t  only a a t e t a  i n  which it 6111 not  be perfomed unless partiau- 
lar care i s  takon, 

Theae eWies  have Seen reported In m e  detail becauee  th6y are the 
only ones of their kind h o r n  to the present  authors. Adequate mre and 
experimental safeguarde have beer. obuerved in the  design 4 in the exam- 
t ion  of t h e   w r l m e n t s .  Although *he r e su l t s  mere obtained on the grouod 
in c0ckpj.t mok-upe, i t  is possible io conclude that p i l o t s  do shar fatigue 
af ter   long hour6 a t  tbe controls and t o  aocept the f a o p  dismveral i n  t h i s  
experhent  as those indicative o f  fatigue. It should be mentioned, however, 

p i l o t  to help him, d t h  opportunity to ge t  up and move around, to eat, 
that the p i l o t  of a multi-angined p1,sne dth a oo-pilot d CUI automat10 

sleep, and otherwise carry on B relCtively easy routine, is probably not 
subjected to the same strain AO the  men in these ergerlmcmts, and to in- 
fer fatlgue after flying 5, 6,  7 or even 8 to 10 houro in a large airplane 
from tho reaults just described, is r o t  LUI acooptable prooedure unlees and 
until it has been shown that the c o o w i t  used in the  experiments i 6  a d o s e  
analogue of the oookpit of a large a. 'roraft in flight., This also appllem 
to other studies o l t e i  in this FC~XC. .  

deta i led  study of factors  iafluenoir.: onset and produotion of fa t igue i n  ' 

Catalina Flying b a t  orews (65). Th.1 report  is the result of 100 hours 
operational flylng r i t h   d i f f e r e n t   c r w s  of a katsli~ Patrol Boat Squad- 
ron. Eo eap'that fac tors  influanoi.lg the  oneet md produotion of fatigue 
In long pa t ro l   f l i gh t s  are': 

a. Diet 

b. Aolse and vibration 

0. Cabin heating 

In another report  by the BrltidJ Air Wstry, R. H. Wlnfleld. ma80 a 

d. Vision 

eo Air siokne6s 

f .  Morale 

An interestiag  observation was made mhloh r d a t e b  t o  the cookpi t  etudies 
j u s t  reported. Alnfield  statee that t h e   v i s i b l e  signs of fatigue bagin to 
a h o w  themsd5ve8 after about 12 hour8 flying and consist  i n ' m  increasing 
irritability and lose of mmory for re la t ive ly  eimple task& For instance, 
when a & ! e  of oourse i s  required, the neoigator psaes to the p l l o t  a 
d i p  o f  paper on which is  m i t t e n  the f resh course md the  t h e  on which 

i s  to make'the obange. N~rmplly, he has no d i f f i cu l ty  in turnlug onto thd 
wurao a t  the given time. As fatigue sets in he dl1 forget  to a l t e r  his 

he r d i 5 e O  that he has  forgotten. Finally,  he wlll -in to doze a d  play 

1 ,  

'. he ie to turn onto it. The p l l o t  receives this about 4 minutes before he 

, oout'ae on time, and 2 o r  3 minutas m a y  elapse after the given  time before 
v. 



ac tua l ly  f a l l  asleep, It l a  possible that m e  of t h e   a i r c r a f t  which have 
disappeared for no b o r n  reason may have  been l o s t  beoause of m a .  

One of the reports  o f  the  Flying  Personnel  Research C o t w i t h  (45) is 
concerned with f luctuat ions in navigator  performance  during  operational 
so r t i e s ,  It i s  reported thadt the errors in calculation and p lo t t ing  wind 
vectors made'by navigators engaged in a aeriea of night bomber operations 
so r t i e s  have bees  analyzed. By an arb i t ra ry   d iv is ion  of the routes t o  ctnd 
from the t a rge t  and plott ing  the  aectiona where opposition m a  amOImtered 

of  occurrence  of acute hazard. Compared with f luctuat ions in navigator 
it m a  possible t o  compare the f luctuat ions i n  performance dth the times 

performance  during a series of non-operational flights, the level of ef- 
f ic isrcy  during the operat ional   sor t ies ,  which i s  lower a t  all stages 
than in  the  non-operational  controls, varies considerahly. The average 
error rises t o  a mcud.mum during and after enemy opposition and falls 
again on t h e   l a s t   p a r t  of We route back to base, 

e f f ec t  on performance of an t i c ip to ry ,   acu te ,  and persistent anxlety, 
These e f fec t s  seem ta be l a rge r  than the   e f f ec t s  of fa t igue  in the l a t t e r  
stages 

It i s  suggeetd  that   those  f luctuat ions are successively  due to the 

fire aockpit  teat  described (16)- The scores of  these men were analyzed and 
A follow-up  study was made  on 346 p i l o t s  who had bean through  the  Spit- 

grouped into di f fe ren t   c lasses  (1, 2, and 31, depending upon the  extent of 
disorganization  of  the  skil l  of f lying  the  mchine,   abil i ty t o  follow in- 
structions,   etc. .  Ten of the 346 p i l o t s  sustained fatal accidents and 121 

found tha t   there  was one accident i n  5305 f lylng hours for members o f  
had non-fata1,ones. Considering fatal accidents and f ly ing  hours it was 

c lass  11 one accident i n  4578 hours for  those I n  c lass  2;  and one acci- 
dent in 399 f ly lag  hours for   those in class 3 ,  'or 13 times a8 often as 
i n  c lass  1 ,  Non-fatal  accidents were dis t r ibuted  different ly .  Glass 1 
i n  the  cockpi t   tes t  was divided i n t o  three aub-groups; plus, average, 
and minus, and it was found t b a t  a large nmber  of  those m a n  who ms- 

men who had been ( a t   t h e  time of t h e   t e s t )  graded as e r ra t i c ,  and who had 
tained non-,fatal accideota fell in the -Itnus sub-class, Tbeae were t h e  

f a i l ed  to carry olut the  teat   ins t ruct ions  properlym The findings are  ex= 
plained i n  hypotheses that p i l o t s  sus t a in ing  non-fatal  accidents hed a 
strong  tendency t o  become preoccupied wi th  one aspec t   o f . t he   t e s t   i n s t ead  
of diatr ibut ing their attention  appropriately  over  al lmpecta.  !dhny Of 
the  accident  reports  did  indicate  that   the  pilot6 were neglecting some- 

Afurther be-ause tbe number of  accidents h t h  in t h e  f a t a l  and non-fatal 
t h h g  when the  accidents  occurrad, The r e su l t s  w i l l  not be reported 

r e s u l t s  are Indicative of the fac t   tha t   there  may be a re la t ion  between 
c lass i f ica t ion  I s  too  small to be of res1   e igni f icance~  Homer ,  the 

"fatigue" BB rneasvred by the  cockpit t e s t  and accidents,. The aulhors 

made to the knowledge of accident causation i s  small, it should  not be 
themselves s t a t e  that  though the  contribution which the  experiment b e  

underestimated. The problem i s  an important m e  and t b u g h  progress may 
be elow and gradual, further experiments ere  imparative.. "he r e s u l t s  ob= 

f i e l d  nil1 accelerete as. adequate  follow-up of rases can be  obtained.. 
tained. although meager. give promise tnat advance of knowledge in this 



The 6 mbjeota ran@ In age froa 18 to 30 years; a l l  were high  school 
graduatee and 2 were college  graduates; they wrkd on alternate days. Be- 
tmesn 8 an8 9 on the n a a l n g s  they worked, they drove over a ~peoiflsd rout. 
through the  ci ty .  A t  9 h . Y ,  they reported to the labontorp fo r  a neriep 
ef t ec ta  lhlch included vascular skin-reaction, p o a t u r a l  ateadinees, hand- 
eye ooordhat ion,  viaual  efficiency,  colos nmlng, and m e n t a l  addition. 
After these  tes ts ,  they e t a r t o d  on the rest of the driving,  rhioh lasted 
until approximately 7:30 ?.Ma with (111 hour o u t   f o r  lunch. A t  7130 the 

drivers drove  for one hour in the  aoming,  but  spent the ree t   o f   the  day 
drivers returned k the  laboratory f o r   t h e   t e r t s .  On m n t m l  clap the  

In 1 Q h t   a c t i v i t y  or recleation3 meals and t h e e  of t es t ing  were npacd 
RE o.? experimental days, 

The varcular  skin-reaction  teat  Involved timing the Interval between 
. ,  stroking the skin  dth a blunt ' i n s t m e n t  and the  w i n n i n g  of  the  fading 
. .  of  a f a i n t  a t e  streak. ' 

. Fostural  steadiness  score was the average af 3 on.-minute trials dth 
, a n  ate;xiametsrI 

1 -  Hand-eye coordination  teat, Form A, Involvd inser t ing I s ty lus  Into 
holes, ths mnalleat  of d c h  e a a  1/8 inch i n  diameter, and rhioh beoarne 
progressively  larger  in  incraaente of 10  per c w t  of the diameter of the 
hole  next smaller in size, The diameter  of the s ty lus  a r s  3/32 inah. The 
subJ3ct  started rith the   l a rgea t  of t he  20 holes and procoded until con- 
t a c t   r i t h  d g e  was made, Score m s  the  average  of 5 trials, , ~~ 

. ,  

1 per secood, into a hole slightly l a rge r  than the   hole   dotenhind by t h i n  
.everaga score I n  Form A, 

In Form E, the 'mbjec t  inserted the  a tylus  180 t i n e s ,   a t  the rate of 

i , Vlaual efficiency nas measured by the blurring of the l e t t e r s  li f k  
a t 4  f3r 3 minutes. The number of blurs, and t he  total t ime'of  blurring 
rere'raoorddd. 

on each of 3 carde. The score WIB t he  time requird f o r  the naming of 1200 
I n  color natslng the subject n a n d  colors of ' h o h  100 squares appeared 

, calors,  

, ,  Msntal addition material oonsisted of 3 cards having: 7 typerrlttmn 
columns of 15 d i g i t s  ea&. 'Score m e  the  time required t o  add thm 21 

> columns oorrectly. 
t, Figure 9 ahows the changes wcurring in the tests after the  drives; 

Figure 10 iddicatrs the changes i n  the tests on the oontrol dayn; Figure 11 
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preamts a orm&lson of  the  variability o f  parfonmnoe before a d  after the 
drives. 

The reaulto showed that  there I s  a demonstrable fatigue effect frern'a 
l o w  rutombile drive. For vascular  skin-reactlon the average decrease in 

and the varlablllty a t  perfomanoe wan greatly inarsnsd after driving; Rand- 
tlme m a  12.4 per cent. The average inorease in body m y  -8 8.3 per cent 

eye ooordlnatlon E ~ D &  B decrease of  2.0 per o a t  on Form A ,  hnd 23.6 per 
cent on Farm E, both oases variablllty m a  increased. Visual e f f l c l ~ m c y  
ras dborepsmi 2.6 per cent by driving. The requlred for color naming m a  

v a r l a 3 l l l ~ y  in errors waa lnoreaaed, bat  variability in t h e  was dearasad 
lncreamd 3.9 per cant and error8 were increatead 46.8 per cent by drlvlng; 

by drlvlng. Time requlred for mental a6ditlon was Increased 8.5 per cant 
whlle the  errors :mcreased 17.5 per cant; variability =s very moh in-- 
oreased bp drlving. 

"The tendmoy of long automobile drives i s  to produoe a loss of 
ei'feativonsss  of certal11 aensorg dlscrimbmtionn,  asaoclation 



prooeases, and motor reactions simlhr to those required in dri- lng. These obnerwtions  suggest that the  e f f e c t  of a long auto= 
mobile dr ive map render a driver  temporarily prone to aocidents." 

The findings are of interest r e l a t i v e  to the  TVA -est in tbat they 
I n d i c u h  a decrementin the efficiency and a c o h c y  of performnnce, a p r -  
mtly  as a reaul t   of   fa t igue,   Further ,  t b a e  findings i d l a t e  a greater 
var i ab i l i t y   o f  performance -mder conditions  of  fatigue, and nuoh varfa-  
biLlty may be a oructal f ac to r  in 8 hasrrrdous situation. 

2. w t s  of the -& Safetv C w a o  The Aetional  Safe%. COY- 
ail bas publiahed tm bookleta concerned with  acoidsnte  occurring when the 
dr iver  hae f a l l e n  aaleep (85 ,  78). 

pated that driver-asleep aCQideLI tE could be explained by fa t igue  eue t o  
In tha  first repor t ,   en t i t l ed  m m g  a t   t h e  w, It was anti-ot- 

the nmber of hours a t   t h e  wiilsdl. The oonalusions of this repor t   a re  8 8  

f O l l O W E  t 

Many mtor vehiole  accihnta  occur  beaause  drivers fail aeleep or be- 

l i a b l e  t o  mum death  (par t icular ly  of the dr iver )  and serious Injury OP 
come so  tired that they cannot  drive  safely. Such accidents are much more 

damage than the general run of motor vehicle  aacldents. 

d r ivers  than to private passenger c a m o  
'Fatiguued" o r  "asleep" acoidmte a r e  more iikely to o c m  to trCck 

bossiness i s  often eontrlbuted to and complicated by other l a c b r a ,  
especially  alcohol and carbon monoxide. 

Drivlng sxceaeively long hours Is a w m n  pract iae  on America high- 
mays; but starting t r i p s  after aonaiderable periodra of rskehiLness (3cca- 

o m  fatlgue. 
eioned by work or even by w l t i n g )  Is e q d l y  important in producir4 danger- 

time for  loading,  unloading, and waithg, are  the 1-portant  faators -,- not 
merely t he  hours a c t u a l l y   a t   t h e  wheel, 

For purposes of safety legialation, t b e   t o t a l  hours on duty, lneludlng 

fer h u r s  a t   t h e  wheel, especially thprte e:mring r i t h  passenger cema  Ac- 
de ahonn in Figur6 12, most driver-esleep no-idents happen after only a 

cording t o ,  the report ,   ent i t led &g,&&,g on the H- nearly.half of  the 

but .5   d r ivers   ou t  of 8 had been a d s  f o r  mro than 16 hourse and nearly half  
passenger cars had been driven l e m  than 2 hours when t he   d r ive re   f e l l   a s l eap  

A thM of  the  truckers had been drivlng from 4 to  8 hours, b u t   a k u t  8 8  
had had less than 4 hours' sleep in tha  p a t  24. b a t  cammon hour8 2 A.M, 

many had had DX) d e e p  in more t han  16 hours. In  the last 24 hours, 8 in 
10 truckers laelred normal sleep; and 9 in 10 1acl:d it i n  the previous 48* 
h a t  comnon hour for  truckers-asleep  accidental 5 A.M. 

Among inter-ci ty   t ruckers  ( i n  1937) one i n  three I s  a t  thewheal for 
more than 8 hours wlthou't any r ea t J  one in 5 l a  on duty pontinuouslr for  

, 





it is impartant to noto that fat igue fm a c t i v i t i e s  other than driving - EviBmce  mggeete that  driver-asleep  accidents  are due to f a t i g i e ;  but 

an important  factor. T h i s  q g a s t a   t h a t   t h e  problem occaeioned by t he  'IWA 
W i o a W ,  by boure since las t  sleep a t  time of driver-oeleap  accident - is  

lees fa t iguing than the shorter number under exlating regulations. Fatigue 
request is  not.oimplyl a question  of whether 12 hours  of f l i g h t  are more or 

be  of interest to b o w  what is the  condition  of tbe p i l o t  -- in re l a t ion  to 
from any source is  of impor*bnce, and not  juet fa t igue from f l w g .  It mould 

fatwe -- whem be hgins the  fli ht. How many hours has it been s ince . lae t  
slgep? Bow were those hours apm f 7 Bow long and boa r e s t f u l  *as the  d e e p ?  
Would the granting of tbe TAP. rhubat   permi t  the p i l o t  ta be vith his family 
more often and muld this tend to permit kim to have more s leep   pr ior  to the 
f l i g h t ?  

.3. & t i w e  Amom W c k  DrivqEg in Franc& Laby (32) has dsecrLbhed an 
interest ing e t d y  ooncerned ,dth fa t igue  found in drivere  of heavy truck8 
working extrsrmely long hours a d  traveling  considerable  distances, 

Work begins a t  about 9 in the morning when the 2 dr ivers   a r r ive  a t  the 
garage where they oonnect  the  tractor uuit to tho alraady l w d d  t r a i l e r .  
After a llght m e a l  they dr ive  away t ravel ing 35 kilometers through ths   veq-  

meters by dimer t h e ,  A f t e r  eating dinner, but having no r e s t  of duration 
heavy t r a f f i c  f9und in the center  of Paris; they cover a tatal of 2W kilo- 

longer  than that required for  dinner,  they  continue snd drive 250 kilomatars 
farther, & ~ l v l n g   a t  their dest inat ion between 5 and 7 o'clock t h c  following morning. If they Save arrived an houi or two before the o p s n i q  of the  03- 
t a b l i s h e n t s  to wbich d e l i v a y  $8 to be nade, they are ab le   to  rest 13 t h 3 i r  
vehicle. During the day they travel  wlthin a radius of 8U kilgmatwa saklng 
loca l   de l ive r i e s  and helping w i t h  the  uiilaading of?& metric  tona of mis- 
odlaneous merchandise. Early in the wedng--they go to a garebusa w h e m  
t he  trailer is loaded with U tons to be t a k a  back to Paris. Dinner is 
eaten a few kilometers from the point of their dep r tk -e  f o r  Pariso 

lowing &.niag. There i s  nn almost l r r ee i s t ab lo  d 6 s b  for sleep. The  C q o -  
tor does not maintain a s t r a i g h t  path3  tho t r a i l m  6)7ing8 from on0 aid8 of  ' 1  

the road to the other. h e  man a t  the wheal i s  a t  tlmas aWaneC by 3011:- 

love their work and mould not   t rade  it for any other. Pe t  t h y  q e r i e u c e  
sions wlth trees; his eyes have been wide opm, y e t  msueing. Thoee drivara 

great fa t iguei  they report sensory diaordcrs, particdarljr t a c t i l e  and v l 3 1 : d ~  
They do not fael the wheel nor hear t he  motor; thuyesperisnce  hal lucinat ions 
euoh aa an apparent  narrowing of the road, 

Acoidents  occur most frequently betrecn rnidnigbt cad 5 o'clock Cta f o l -  

In  the experiment i t  was plaunsd t o  use ce r t a in   t o s t s  before and aftar 
the   rout ine  t r ip ,  and to givo othors a t  in te rva ls  along the  way. A sarmd 
truck, a traveling laboratoly, carried  the equipment necessary f o r  tbe exme 
lnations. 

The teste  given  before ~d a f t e r  th ,a  t r i p  were: 

a. Blood samples f o r  dotemining alkal ine  reocrve. 



\ 

- .  '>,I-" 

b, Psychologiaf~J test6 o f  mmory, a t tant ion,  following direct ions,  
the rapid  repet i t ion of s h p l e  gestures. 

oo Undireotdl a t tmtion.  

The t e s t a  appl id  along the routs m e :  

no fl of urine, 

b, 81006 pressure. 

c. Simple reaction t h e o  

do  Dynamornater f o r  measuring strongth and endurance. 

eo A device f o r  measuring motor skills  and suotaind atteation h 
following s h p l a  gestures. 

on 8 Hoonday ~otning after rest and again 'head&- morning when they mat t o  
tho  5arsge, Examln~tians were d e  along the way and a t  the dslrUtution. 
Aft ,& 18 hour6 of work, the  dri~~ars did  not  report  fatigue. Iiorerrer, grea t  
Tatigue m a  experienced  during the retarn tr ip .  The bur ded on Friday 
a t  3 in  the afternoon. The drivers were examined immdiataly; thoy reported 
B ~ R A ~  on a t m a y  for Arrther examinations. 

Tao drivms were t e s t e l ,  P, age 29, and Y age 38, Thhsy ware anaiasd 

The t es te   o f  uemory, conoentrated  and.diffused  attemtlon, and saataineil 

been si i f f lc ient  to mask any influeace of fatigue. Other tests did ahor varl-  
a t t en t ion  showed no decrement dth f8tigUe. S d l  amount6 of, r e a t  nay have 

a t ions  concomitant with fatigue. These were +nary pH, simple  reaction time, 
and the dynamometer. Measures of blood pressure showsd considorabh d i f f e r -  
ence from one subject to tho  other. .Records f o r  M indicated l i t t le  ohangal 
f o r  P, re la t ive ly  g r e a t  variations.  Reaction  time became longor, preatn- 
ably due to fatigue. Measures of urinary pR indicated an increased  acidity 
gaiaralQ- higher a n  the normal valuea. C w e e  for  an amponlacdl coeffi- 
d e n t  were highest  during t?le period  of  greatest fatigue. Strsngth mms- 
ured by the dynamometer did not  declinfi for Y, but i t  did somewhat for P. 
A e imi la r ' resa l t   occurxd   for  endurance. 

The following conclusions are drawn: 

8. Testa which are exclusively psychological lack suf f ic ian t  
s m a i t i v i t y  to detac t  the clmnge rhloh presumably occurred. 

k i p  ' The dynamometer t e r t s  of reaction time, and urinary are 
suf f ic ien t ly  sensitive. 

c. Fatigue ie related to t h e   c o n t h u i t y  of  intenee bffor t ,  end 
the interference rrlth L\'a d lurndl   ac t iv i ty  of the orgudem. 
It is  the l a t t e r  W!liO!l prodUOSS h a l l U C i M t i O I l 8 .  
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d.  Although the tro subjects  were chosen because  of physlologl- 

found. Results for M tended to be constant,  an8 thoae f o r  P 
aa l  and pychologioal   s imilar i ty ,  individual differences were 

very variable. 

en ' I t  is  reoommended that a mandatory rest coincident dtb the 
' discussed  cyole be imposed. The loca l   da l iver ies  a t  the 

dest inat ion could be made by a r e l i e f  crew, thus providing 
an e n t i r e  day  of rest. 

I l h i l e   t h e   d w n d s  upon the  body among these track drivers a re  graat1:r 
in exoess of  the demands imposed upon a i rc ref t   p i lo ta ,   nevar the lssa ,   th i s  

hours  of work. It must be admitted that some part of this decraase m s  due 
study  furnishes  another example of t he  decreased efficiency  nseooiatsd wlth 

were not  driving. There i s  l i t t l e  question %at the i r   d r iv ing  i s  uiiscfa, 
to laok  of  sleep and would have occur re^ f o r  that reason Oven If the E ~ D  

especial ly  torard the snd of their t r ip .  

4 .  -6 of Semios p f  Sntoretate Truck h i v e r e p  
t he   In t e r s t a t e  Commerce Comniseion requested the U. S. Public H e a l t h  S s n i 2 3  

i n  1935 

to d e  an intensive study (71) o f  t ruck  dr ivers  t o  invest igate  t h o  p ~ ~ b h ~  
of fa t igue and burs o f  s w i c e .  P. t o t a l  of 1203 axaminations were X ~ Q  GO 

889 drivers in three c i t i e s .  Tho average age  of  the,  drivers w a  33-9 yasrs; 

were over 45 pIllrs of  age. The drivers  worked 5.6 days  per  reek and dros-e 
87 per cent  of thsm were between 20 and 40 years of age; and only 5 p o r  c m t  

10.7 hours per day f o r  e total of 59.4 hours per week. The average niirraga 
driven by the  dr ivers  in one t r i p  was 251.3 miles. ' For purposes of thLa 

r e l a t ion  to the status of recovery of normal capacity. 
study,  the term fa t igue  refers to an altered  ps;rc-bo-p~asioLogicol ak~.:e in 

Tests given to the drivers consisted of two kinds8 (a) p e r f o m a c e ,  
and (b) non-performance tee ts .  I n  addition,  medical and occup.tiona1 h2bj.t 

logical tests:   spatial   perception;  the  estimation o f  h o r n  sisos; r t n a ! J  
studies wore made. The tests were a8 follows1 ( a )  a ba t te ry  of 9 pqc',o- 

ateadinesai precision of movement-ainlngi rocction-coordination tinroz; YO= 

metric measures; static  aqullibrium, pcstural stendhsms by M i l m  at~&smt ,me 
act ion  t ime;   sped of tapping and mrk decrement; strength  of grip-tynzio- 

celerator-brake  foot  reaction time; stoar ing  off ic ieacy  tes t  (eye-hwd u o m s  
(b)  A serios of t e s t s  with the DeSilva Drlvar-Vigilance t e s t   a p p r o t u z :  ;kco 

d ina t ion   tos t   o f  the pravLt-meter type); v%gi lence   too t   ( s teer lw df:~.>it:j~cy 
combined d t h  brake  reaction  time); complex v i  . i h n c e   t e s t  betearing ef t i -  
ciency  combind dtb choice-reaction  time t&t f (c) Glara t e s t e  in ~ M c h  
resistance to glare a d  recovery  time  after exposure to g lare  were rcsis~irc?.. 
These tests were given w i t h  (b) above aa a mit or "battery." (d l  Eleaor?re- 
ment of the sped of eye movement [caccadic  intorval, by photogrephi,: ~.,sB.:e 
during t h e  performance  of  an impo862. visual task). (e) Detclrmination o f  
the critical fusion  frequoncy  following expsurs of t h e   e y e   t o   f l i c k e r   a t  
two levels  of  i l lumination. (f) A ens$ acui ty   t es t .  (g) DeterrnLm%xx of 
t~~otal leucooytes and relative  proportiono of d i f fe ren t  tm0s of whits  b?.oad 
cells in  c i r c u l e w  blood {di f fe ren t ia l  am5 total ah i t e  blood c e l l  eaumt;l), 

 em. ( I )  Detewimt ion  of curkoq moaoxiiie content of blood. 
(h)   Debminat ion o f  concsatrationv of potatn-sim and t o t a l  b a a  in 5imd 
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c i d m t s  t o  .burs on duty shows an  increase up tr, 6 k x r s  on duty and a de- 
cline thereaf ter .  Re aonsidsrs t h i s  B E  evidence that long tours of  duty 
are  not necessarily dmgemus .from th accident point of view, 

The occurrence of accidents i n  the early  hours on duty  suggested that 

duty when the  accident  occurred.. To study  tMa  matter a questionnaire r a n  
this might he the result of too l i t t l e  off-duty  time  preaeding the tom on 

327 6.coident8 occurred. I t  io rep ' r ted  that in the  Mghest perceoltage of 
circuletsd  asking  the  time off duty  preceding the on-duty t h e  during which 

accidents, the drivers had bean of f  duty 12 to 16 hours  immediatbly pre- 
ceding the tour in .fiich an accident  occurred. Further, there w q g a  no re- 
l a t i on  between the number of home off duty and t h e  time of t h e  accident 
in the  on-duty period. 

A study of the  stops or r e s t  patlees showed that the stops have no re= 
l a t i o n  to acoldent  frequency which appears to be the name regardless of the 
duration d f  the  stop  or  tha  t ime elapsed a f t e r  a stop, 

The major conclusione o f  t h i s  study may be mmunariaed 88 follows$ 

a. Hours of duty have no re la t ion  t o  accidents, a t  least up to 
16 duty hours, l'here m y  'be a pericd when the  hours on duty 
rill brlng on d f i c i o n t   f a t i g u e  ta make a dr iver  unsafe, but 
f i t  that p e r i d  l a  amnot  be  determined from this   s tudy which 
inoludea  almost GO mtewial on dnving  ao,cidents  occurring 
a f t e r  16 hours of driving, 

b* Hours of rest before any period of  duty have no e f f ec t  on the 
frequency  of a c c i d a t s  after going on duty,  Further, the time 
and duration of stope 'lave no ef fec t  upon acoident fraquennoy, 

a ,  A f inal  inferanoe i s  that perhapa  one  of t h e  uontributnry  cauaea 
in highway aocidmtrc is being "too fresh," or too well rested, 
Aacldents happen i n  the early  hours of duty on the early  tima 
a f t e r  a stop, It my be deducted,  therefore,  that sese driv- 
era  of motor trucks become safer  the  longer they rrmaln a$ the  

! 

wheel within reaso3able llmits. Drivers when first behind the 

do not take a l l  of t h ~ b  energy, either phygical or mental. 
* wheel aro.ao  refreahad and rested that the  dut ies  of drivlng 

port ,  which explains almllar date  due to.the pact 
tht the  s leep  of   the truck driver was M short that only  a f a  b u r s  of 
wakefulness were needed before they f e l l  aeleep a t   t h e  wheel, It i s  true, 
of  course, that Mooi.ganls study  doer n o t  d e a l  exoluaively with aooldmte 
due CO falling asleep, 

This l a s t  conclusion is in t s res t inp  in comparison'with that of the re- 

.. . 

R d l e  t h i s  study on truok drivers  presents  rather uanfUaing svidenoe, 
It does suggest tha des i r ab i l i t y  of exploring .thoroughly the   re la t ion  be= 
tween of f   dn ty   ac t iv i t ies  and the lncidmca of fa t igue  durlngfl lghta  of 
long  range. The off-duty  factor8 might be mu& more important i n  producing 
lmpaired performance than any difference in the fatiguing  effeot  betreen 
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The primary a f fec t  of th: R .  A e ~ i ~ i . h , . ? i n ~  of d a i i y  h o w e  f o r  workers on t he  
day shift, when the 5-4ny we4 i L l .  mtlirrt,ained, i n  to  wipe out  the midweek 

R 40- or h8-5our schedule s h m e  a hailding up of  hourly  efficiencies to- 
spurt ,  The analysis o f  d a i l y  p rx iuc t inn  patterns i n  s eve ra l   p lmts  under 

w a r d  a peak on the  third cnd fourt.11 days cf the  week, with a al ight   drop 
t h r e a f t e r .  When daily hours w e m  lengthuncd to 9$ or more, however, 
th is  peak disappeared. The producjtiun e r n e  for the succcssiva days o f  

day, When a s ixth  day was add&,, t he  l ineofproduct ion remained f l a t ,  
the week flattened out, and any one day was a h u t  as good as any o a e r  

but  dropped to a lower levcl.. The data   indicate   c lear ly  that ubrkers ad- 

but  because they have to ,  
j u s t  theslselvecr t o  longer hours by slowing down, not~because Ciey m n t  +a, 

For workers on the second o r  night shift,' the  pat tern i s  somelrhat 3if- 
l e r en t ,  Their daily efficiency performance under the &hour dqy and 5-dag 
week looks much l i k e  t h a t  of t h e  day a h i f t  oc the  l0-hur   day,   %ere i s  
prac t ica l ly  no midweek spurt ,  m d  production tends t o  flatten i n t o  a f a i r l y  
l eve l   l i ne ,  The reason Tor thla appears t o  be that these rorkers are 3ome= 
w h a t  tired when they coma to mrk, h v i n g  been up f o r  sme hours and prob- 
ably a t  work around hgme. I n  any case, they  are not ea refreshed when they 

a f t e r ,   no t  before, the  daywe work, Whel; a sixth day i a  added t o  ertretch 
come on the job as the  man on t h e  day a b i f t  who have their l e i s u r e  hours 

the  reek to 58 or 60 hours, the r e su l t  is l i k e l y  to be a atendy dedine ID 
the  eff ic iency  level ,  day a f t e r  day,  with t h e  peak points on Monday or Tues- 
day, a t  the very  beginning  of  the reek, 

ipating, f o r  incentive-wage wzkers, the   resu l t  of changing (a) daily  hours 
from 8 to 10, o r  f r o m  a LG-hour week t o  one  of 50 hours, an2 (b) f r o m  this 

,level to a still higher  one, by adding a sixth  workday, The first c.hanpe 
may cause a decrsase in efficiency o f  about 5 per cant; and the second, of 
7 to 10 per  cent i f  hours do not  sxcsed 58 to 60, but m y  be a s  high a s  20 

These "fatigue  patterns"  furnish a reasonably  accurate basis for  an t ic -  

, per  cant if hours reach 66, 

For m e n  un s t r a igh t  day-work ratee:   the 1sngthenFng or shortening of 
hours neema of  considerably  lesa  eignificance,, This m a  observed in tec 

was dropped. In the   other ,   dai ly  hours during a 6-day week were raised 
foundries, In one,daily  scheduled  hours remained e t  10, but  the s i x t h  day 

f r o m  8 t o  9 + o  LII each  plant  the hourly efficienoy level remained assen= 
t i a l l y  unchanged d e r  the   d i f f e ren t   l eve l s  of  hours.  Appar.mtly  the  pace 
a t  thc  shorter houre was not so fast that the  additior?  of extra hours 

quickening of the work  tempo, 
caused a slowing down5 nor  did the  shortening  of  hours  bring  about any 

In plant8 in which work HER l i g h t  or very l ight ,   the   general  tandenoy 
for workers under incentive  eystms, and  with weekly h 6 w s  ranging  between 
55 and 58, was to produce  about a 2-hour volume of  prcduction  for  every 3 
hours added above 48 per week ( i - e . ,  6 days a t  8 hours each). hen mrk 
was heavy a8 in foundries, t he   r a t io  was more nearly one hourss  additional 
output for   wary   addi t iona l  2 hours worked. One reaeon f o r   t h i s  was the  
p e a k  rad for peat paw. 

, 

'. 



The studies  lncleded two plants i n  whioh shorter b u r n  were f o d  to 
r e s u l t  in a volume of  output am great as or greater than was t!m case, 
d e r  longer hours. I n  a 'forge shop, Cfiae the  mrk a s  bth h o t  and heavy, 
a 52-hour week a s  found to be as productive as a 58-hour reek. In a she l l  
plant,  i n  w M o h  morale R L ~  oxcellant and the work m a l l a m  heavy, the length- 
ening of da l ly  hours from 8 t o  10 for t h e  day tlhift a d  11 f o r  the night 
shift, and of weekly bu-s frwa 40 , t o  60 and 66, Sad auoh unsatlafactory 
results t&t the plant  eventually ohanged to a @-hour week. The average 
inorease in output under the longer  schedule mas only  about 7 par  cant 
above tha t  f o r  the @hour week -- a resalt ~Mch oould have been aofiisved 
easlly by increasing weekly hour8 from 40 to 43 or u0 The additional 20 
hours wure nheer waste o f  tirnu, 

The experience of one ' p l a t  nhich ?ad operated extmsively on S&ays 

Sunday work, While remaining on the 8-hour day, t h i s   p l an t  worked a 7-day 
d e r  a 7-day  weekly schedule  danonetratsd the uIPdesirability  of  oontinued 

reek for over a year, It then dropped out every thM Sunday, l a t e r  every 
other Sunday, and fFndlly every Sunday, The analysis of this plant 's  psr- 
f o m n c e  shows tbt efficiency mas lowest  during  the 7-day weakk, and high- 
est   dur ing the 6-day week when no Sundeys ware worked a t  all, and that ef- 
f ic iency mounted as additional Sundayrr were dropped, The data lndloate 
that efficlsncy was about 36 per cent   het ter  and total output   about13 per 
cent greater during the shOrte8t work schedule, In termu of this perfow- 
m o a ,  t!!e 7 4 a y  week amounted t o  8 days' pay for 5 days'  output. The 30 , 

ident ioal  operat&rs traced throughout  the entire period involved in these , 

ohanging schsdules  actually produced one more daJi'a output d u r a  the 
s t r a igh t  &day week'than they formerly produced during  the  7-day week. 

The re lat ionship between longer hours and abaenteeim rras found to be 

weekly -- abaenteeism  increased, In molrt esse8 the 'rmaon oould not be 
the  8me in nearly every  imtance: as hours increased -- whether da i ly  or 

d e t m i n e d  from plant  reoorde. Some of the  data  suggest a higher incidents 
of i l lnesa. In some i n s t a n c e s - i t  mas quite  clear  that markers mated or 

l i k e l y  that tbe s t r a i n  of longer hours and t he   f ac t  tht the we&Q pay en= 

required mre time for l e i su re  or to attenc! to personal  mntters, I$ I$ a l s o  

velope was higher  than it !md been for years combined to  Induce workers t n  

m e  limit& in the items the i r  money could buy ms also ci ted by w e  
pay more a t ten t ion  to  their health and well-being, The f a c t  that rorkers 

plant  oxacutives as a reason'* men took more time out, or w h y  they ab- 

work schedules and w i t h  smaller earnlnya, 
s e a t e d  themselves for   rmoons whlch they muld not h v e  needed under chorter 

As a rule, absenteeim uaa hQh0r for the  night shift than f o r  the day 
shift under the longer work schedules, This was par t iou lar ly   t rue  of wommI..p 
rhose absentoeism~rates  generally exceeded thost, of nons 

I n  %he absence of effect,ivs safety progrms, mrk i n ju r i e s  tmnded to 
occur   re la t ively more frequently under longer hours, In  one plant they 
occurred  only  one-thlrd a s  frequently when the dnuy hours were reduced 
f r o m  10 to 8 ,  tihare plante h d  good, t i C t i V B  accidant  prevention proGrtuas, 
the  lengthening of hours d i d  not bring about a disproportipnate  Increaae in 
work I n j u r i e s . .  



of t h e  effecta  o f  fa t igue and protlemms of-health oco&ring i n  industry, 
Thesa atudies have recently bam 3mmariae.d by Smith (50)p A few of these 
s tudies  will be revlewd to illuetm,ts thrt. they generally corroborate the 
f indings  In hemican Jndmtry, 

In the heavy work of c h a q l a ~  blast. f m n c e e  by hmd, Vernon (55)  re= 
xmied for three s ' l i f ta  tile tim ia minutes required f o r  each chaqge and 

oxceptl~on  of the bi2e.i age11 ti t o  23 A, ! ( , )  the mate of  c.brgIng fell bff 
the aafual !mu-$ d e n  each o c c a r r d , .  The rear2~ts  s h ~ ~ d  that   (with  the 

dur3.w the last peri .4  cf each s p e : ~ l ~  sholrlng un average  decline of l.4 
per ceni3 a l s o  that this effect became exaggerate2 during the morning and 
afternoon swfts OD Suda;. when the mon worked a cont.inuoue sMft  of 16 
hours (6  A.M, t o  10 P,Y,) in crder to enable the s h i f t s  t o  chnge  over:  
FInurly output was low to be& with, followed by a r i s e ,  and towards the 
end o f  the work ~ ~ 6 1 1  a fsll in hourly output which is believed to be due 
t o  t h e  e f f e c t  of  fatip.m. 



ing day have been shorn  by independant workers for milk, f i n e  linen, a3d 
aotton TUW- (22, 62, 66), In the  case of t ~ e  rewing figures, the 
looma uere working up to t he  and o f  t he  d a y ,  nc that no l o s s  in mechaei- 

ual operations. This wan believed to he dug to fatigue. I n  the cotton 
tbat a longer t h e  m a  required a t  the end of t h g d a y  t o  perform t h e  mn- 

reavlng Industry where observations were taken every quarter  of an hour, 
i t  m a  found that a r l e e  in production  occurred  during the f i r e t  hour of 
the  morning slrd thst thre m a  a gradual fall during &e l a s t  bur of the 
afternoon, 

Itl t!ie process of weaving, var ia t ions on hourly output over the  mrk- 

aal effioiOUCy O C O I U T ~ .  In the s i l k  WeaVisg lnvarltlgdtion it f o d  

tbt the relative  hourly  efficiency i n  bottle blomlng has been increased 
by shortening the  hours  of work, tbu& t h i s  Increase is in no case 60 
grea t  as to bring the  output of the 8-hour s h i f t  to t h e  l w a l  of the 10- 
hour s h i f t ,  It must, h o w e v a r ,  be borne in mind that the p lan t  employing 
the  3-6Mft systena l a  being productively usal for 2.4 hours per day, whereas 
in plants  Smploying the 2-shift  systam it Su only Leitlg productively mad 
f o r  20 home a day, From t h i s  it follows  . that   the  total   'outpat per day . 
i s  g r e a t e r  wit!! the  3-shift eyatam than d t h  t3e  2-shtf t  system, 

In a study o f   s h i f t  systems in the   g lass   t rade  (20) It was c h a r  

Night work in   the   3 -sh i f t  syatem does  not  appear t6 put a markedly 
greater strain on the men than 8ay work, The n igh t   sh i f t  l e  slwaye more 

afternoon shift, When 12 !mure' work o u t  of Zr, hours is done in a l te rna te  
e f f i a i m t  than  the morning sh i f t  and not nuoh lea's sff ia ient   than  the 

&hour ahiftn, ,   night mrk i s  conslstantly less efficiant  than  day work. 

pause Inareaass the   aff ic isncy of the workorl?, for i n  various occupations 
(dth &=hour work spells) tAe immediste ef fec t  of  introducing a rM)t m o  
to inorease output by 2-8 per  cent, wM1e tha  improvement In o t h e r   e m p a  
of rorksr6 who were tes ted some mont3s af ter  the  intrduc-tion OS tbe r e s t  
appeared t o  reduce 6.2 per cant. Also tks fi1ti~oductiO;l of a r e a t  sppeated 
fa reduce  the lnbor turnover greatly. 

In a study dealing w i t h  r e s t  puss8 (57)  It m s  found that the   res t  

ber of  sal-continuoua oocuptlons connected w3th the menufacture  of c b c -  
o l ~ t u a  and biscuits,  because it involves  the m s t e  of a good d e a l  more 

a v o l d d  by mploylng tslaporary subetit.ctee, and by arranging that varloua 
timo than  that  00 the  nominal rest paus*. However, t h i s  objection can ba 

groupe of women W e  their reat pause successively, en2 not  sinrultaneoualy, 
This pr1ncple.ca.n be advnntageously applied tu many other  occupations. 

For  verioue  reasons it i s  probehle that a 10-rn:au:s r e s t  paU813 i s  

A compulsory r e s t  pause is disadvantageous t o  output in a omall nun- 

b e t t e r  t!w one 0.t 15 minutes. 

In another study of ahlift ayat;eme (51) t h  opera t im o f  t he  2-shift  
eystem (as compared d t h .  a day agsten of 8 A,M, to t ?*Yo; was studied in 
d e t a i l   i n  e i g h t  ;hCtoI'ie6, e%~Poplo~i.ing i n  a J l  a'mU:,2,4CA) workers Ob B M f t  
work. The few compclrable data av~ilabr-. ewgast  tht  t h e  rate of rozk 
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was often increased rhou wrParo were mployd on the 2 - s h i f t  system. 
olrlag, &mer, to #e shorter hours mrked by the  shlft mrksrs (on 
the  average  of hourrr aompared ulth 46 hours), the  weekly output per 
worker m a  lowered  by 4 per cent. A comparison o f   t h e   l o s t  tima records 
in one  factory suggests that absenteeim among the   eh l f t  wrkers ms 
greater than among the dL;r wrkers. Neither-system m a  s h m  t o  hare 
any advantage  over  the other In reapect to the eiokiieas acperhxxd.o 
So far as could  be  ascertaiaed by questioning  the aorkere, a deficiency 
of  sleep  during the week of morning ahifta IFSE uaually compensated f o r  
during the afternoon shifts. In one large  factory it appeared that the 
labor   tu33v3r  was e l i g h t b  greater in .3epartmmta alaays on s h i f t  work 
than in departments on say work. But in departments jm dmich there were 

nntely  twice as great.  
changes-from day  to shift work and vice vbararsa, the turnovm was approxi- 

deals d t h t h e o u t p u t  of lorn811 mrkors in r e l a t ion  to bows of work i n  
shell  laaking (44). A summary of  the  f inding8 of this investigation  fol-  
lws. ’ 

A f r q u s a t l y  quota3 study of t h e   I d u s t r i a l  Health  Reswrch Botid 

‘he  investigation was baaed on data  of the hourly output of 43 woman 
in a National S h e l l  Factorg engaged on the  “r1ppb-q” or “pe r t   o f f ”  opsra- 

2 d i f f e ren t  systems of employment, namaly, 2 shifts of 12 hours each m d  
t i on  in the  turning  of  &inch shells,  during the p e r i d s  o f  one reok mndar 

3 shifts of 7 to 8 hours each. 
Direct oomprison 04 the average b u r l y  output f o r  all shFf ts  ~ m h r  

the tm systems shoors a decided  increase in favor  of the ahart-shlift ays-1- 
tam (870 compared with 817). mi8 ‘difference is further  accontuated *.on 
the ,   e f fec t   o f  the time of actual   cut t ing (a mchSning operation t h ~  r -pad 
of  rhich i s  a o n s h t )  itr eliminated; In the rrork o f  fixing and remavj.-.g 
the  shel ls ,   over  the speed of which aloao the aparator h s  control, the 
time required f o r  a fixed amount of uork ahsws a docrosee of 195 pgr cr%t 
in favor  of t!m sbrter s U t ,  

Bigher  efficiency  of the machlplery and l e a s   i d l e  time i n  the ukoort- 
shift system a r e  shown by comparing f o r   t h e  tu0 systems t he  avorag; o-A= 
put per possible hour of work and the average  out@  per  actual h o c  of 
mrk. The cutput computed on tha letter basis show8 8 decreane of 3.4.3 
per c a t  on the long-sUft   aystm and of only 0 . S  per coat 02 Kle 3h5-t- 
s h i f t  system. 

A similar compirisoa f o r  the tm spaterns of  the  average outpvt  p m  
hour in the factorp and .the average  output  per  actual hour of work L ~ 3 i -  
catea by the smaller  decrea3e.h th  cas8 of the  skort-shift  oyatcu (7.59 
per ‘cant compared with U067 por cent) th6 ndvacbge of a s h i f t  of z u h  
duration as t o  require o d y  o m  m d .  break-, 

The Warmly low effioisacy f o r  t h e  long shifts of the l a s t  i o u r  is 
strongly indicated i~ t h c  CUFVEQ of average hourly  output; no auch uniform- 
i t y  &Eta in the caue of the short  s h i f t a ,  on the  mntrary,  several sat,s 
of  curves  exhibit no fallicg o?‘f, 
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trial plants t h r o w  l i t t l e   l i g h t   u p n  the very important queetion ThGkk3r 
a long-range flight  involving but two o r  three lanrlingo l a  m r e  or l eoe  
fatiguing than the f l ights  under present regulations which of tax b v . l - ~ e  
more landings -- conaidering the landing as the crucial e e p o t  of the sir- 
a*t pilot'e task, an aspect i n  much any.effect of fatigue demeda  CB;-Q- 

ful consideration. 
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a .  

He o o n t h r r s  that prellhiaary r e m u l t s  pint to a osrtain .nount of 
f a c i l i t a t i o n  in mbjec t   po r fomnce  on motor teats. E x p m e a  up to 3 
hours in noise ohow an Improvement in m e  aspaate of %he aubjeot'a pof- 
fofmanoe on ooordinatd  ser ia l   react ion  t ime cm the pursuit rotor test, 
and on tests of marhansUp. On the   other  hatd, the dkaosZ nnaaianus re- 
ljort of the  subjects  performing these tests in t he  presenoe of intense 
noise l e  that   they f e d  more t i r e d  #nd %nahd out" thn r h m  the mme 
t e s t a  are run in quiet. 

The evidenoe thus far obtained f r o m  measurements of macular tension 
would suggest  that  the subject ive  fa t igue reported sftar erposure noise 
may be due in pert  to a . tmdmoy  for a dlghtly grmter t e n d o n  to be min- 
Wed In  the various madlee of the body. On the  other M, subjeota 
tested i n  ~ ~ 1 1 3 0  f o r  speed of  accomculation nquiret l  a def1nItd.y  increased 
time for ohanglng the i r   po in t  o f  f ixa t ion   f ron  nom. to far an8 from far to 
near, US0 t!Iere i s  some d d M C e  thot t h e  B p d  tr i th W!IiOb DUbjeCt8 O M  

,move t h e i r  eyes in reduced by intense mud f i e l d s .  Limited t e s t s  w i t h  
vibration ohairs have shorn a strlklng  reduction Fa visual acu i ty  when aub- 

r d u o t i o n s  in r o u i t y  ranged from 10  to 46 per   c&t ,   r i th  an average  of 25 
j ec t a  are vibrated  through an amplitude of one mil. For ten aubjeots theae 

per cent. 

2. of Sla The folloning  studies were carried out in an ef- 
f o r t  to determine to rhat  extent lack o f  sleep Influences  prformance of 

o f   p i l o t s  in airplanes, and win we must generalize from laboratory stud- 
certain tasks. A p i n  there was n.3 rneaauremerlt aade   o f   ac tua l   p r fomnce  

ies  to the flying si tuat ion.  

A t  Tufte College Laboratory (77)_a group of  four obsorvero were put 
through an expsrirnent h a t i n g  74 bours of ~ h i c h  only .16 hours were spent 

the  alert, and wre requlred to Epot and report  signal l i gh ta  appearing in 
in aleep rme  42 hours were spent on duty. PXle on duty  they 10rb OR 

reported  for  duty on a storeosoopio training instrument. Ueasuremen'ta 
t he  area a l lo t t ed  to them for  observation. A t  intervals these observer0 

ware made on thls instrument of  tracking and stereo performance. hbg 
the 3=dayporiod  decreaont in perfonnance was not ldicatod e i the r  by 
stereo  o r  tzmklng lameurclments. 

creaaing h n r s  on duty  there  vtlre several aubjeative  reports of  bdmvior 
of subjeota .hioh have ln te res t .  The obsorvors during .the 4 A.M. to d5y- 
l i g h t  shift mprienoed d i f f i c u l t y  in staylng awake. They complain& of 

and !Ll1 climbing, aye fa t lgne frola su11 glare during dafitime alerts. 
sleeFineaa duriag ear4 hours of   the morn-, leg m r e n a m  frm standing 

Tracking was reported as beirlg increas ingly   d i f f icu l t  toward ebe end of . ' 

the  3 d a y  t e s t ,  rquiring tpo1-e e f f o r t   t o  maintain perfowance. . S t e r e o  
ranglng detarainatlons rere reported as being of waifom d i f f i c u l t y  thugb 
out. Eye fetlgue dur ing   daythe  alerts was reporhd an more noticeable 
du r lng   t he   l a t t e r  part of  the  test .  The authora conclude that in order to 
produce p e r f o m a c e  decrement in short   tracking  testa  due to physiological 
fa t igue  a schedule similar. to tho one reported  here muld 5ave to be ex- 

Although the  objeotive results of tJLis . t e a t  showed no change Kith in- 
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Subjects were required ia an oxperlmmt a t  
pparatu.  (described in 72)  for a oontinuous 

4-hour puriod, Record was made of scores f o r   t h e   f i r a t  Wf of the run : 
a d  for  t h e   l a s t   h a l f  of the run, in each  of 3 trials during  the ,!,-hour 
period. There wen, therefore ,   avai la t ie  6 acorea of  each type f o r  each 
subject 's  /+-hour experimental period. It wan noted tht none of t he  trial 
var ia t ion was s igni f icant  and it m e  concluded that no afgnifloant ohango 
I n  performance  occurred  during the  ,!,-hour period, f.e., no deorament or 
improvement f n  p e r f o m c e *  I t  is  fur ther   concludd t!mt a m b J w t  may 
mrk  continuously and e f f m t i v d y  a t  a psychologiaallp o o m p l s r  tssk of 
this type f o r  eeveral hours  without any significant  ctange in l d  of 

- 

perrorplan~.. 

It is  underatcod that t h i s  study l a  being continued, trut it is  not' 
kaom whether it !ms been oompleted. Attempts are  made to determine 
whether longer  hours  of  the test will produce a decrease In perfor0ance. 

h o t h e r  study a t  Tufts  College (73) shows the  results of continuous 
l* hours of tracking on a Agoy Mark I1 Trainer. Only one subject me u e d  
In L!is study.  Five  ninute samples of performance rnm taken and s c o r d  
immediately every 1 5  mlnutes.  Motivation in terms of encouragamant.  and 
pay increases wan given when performance f e l l  below a spaaified level. 
No increase  in   =t ivat ion wae necessary during  tbd f l r s t  0 b u n s .  A t  
this point the subject was encouraged t o  h l d  the error score doan. A t  
&& !mum t h i s  encouragement was repeated, a t  6 314 houra M a  p y  a s  doubled, 
ssd again a t  hours, A t  118 hours  the  observer was given a 3-pound weight 
to hold  and 11-7 hours   this  m i g h t  m e  increased to 8 pounds, at11.9 hours 
pay was t r i p l ed   fo r  a period  during wMch p e r f o m n c e  wan eat isfactary,  A t .  
12,s h u r s  t r i p l e  pay was rees~bl iahed, .  

The authors  conclude It I n  evident that ul th   the  onset   of   fa t igue as 
m&aWed by performance addec! motivation m8 not   effect ive In  restoring B. 

a t t i t u d e  it i s  believed t,hat t h i s  o w c e  or performance  deorement includee 
performanoe to Its i n i t i a l   level^ From t h e  eub j so t? s ' r epor t s  and from his 

a m l n h  of t h e  ef fec t   o f  boredom and a m a x h u m  of p\vsiologicnl fatigue, 
particularly of t h e  a m  d'!xw.d, It is signif icant  to note that perform- 
ance i s  improved only momentu.rFly by added motivation, the improvement 
l a s t ing   fo r  less t h m  5 minutea- The primary  locus of t he   e f fo r t  of t h i s  
prolonged t e s t  was In the arm and b n d ,  which reduced the observer5s ef f i -  
ciency and the f i n k  muscular soordimtion necesaary for  accurate  tracking..  
The secondary loeus m a  i n  the baok and nezk musclew., 

l# !~oura a f fec t s  acouracy in performance  inaludlng a visual   factor  of the 
type involved moot during instrument flying or landing. of part icular  im- 
portance i s  the   fac t  that the reduotion in the efficiency of performance is  
not to any large extent counter-balanced by motivation -- a form of  motlva- 
t i o n  wbich is not pressnt to the same degree in f l ight   operat ion as i n  t h e  
case of the experimental  situation 

WhFlo llmited to one case the  study  suggeqts t!mt  continuous work of  
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vision, psyahcnuotor terrts, and p ~ l o l o g l c a l  meanures. Sinae a i r l l n e  pi- 
l o t s  f ly  a t  Fntemedlate   a l t i tudes betwean 5,OOO m d  10,ooO feet and come- 

. times higher, it seaas appropriate to repor t  a number of s tudies  that b o a  
bean made a t  these   a l t l tudca ,  

a:, The v?.eurrl t e s t a  may be d1vId.d into those 
t e n t i n g  normal OP daylight vision, and those r!dah study 
offoots of anoxia on night  vision. IE a study reportd by 

7 eubjeots wme conpletely  dark  adapted a t  ground level an8 
the Material Division of t>e U. S. Army Air Corps (70), 

the l u a a t   i n t e n s i t y  of l i g h t  necessary to attimilate the ret- 
Lna a s  d e t e w l n d  in the etandard w a y  wlth the Reaht  dark 
adoptornetor. They ware then takan to a slmulatad clltltuda 
of 5,000 f e e t  aad after 10 mimctea tho least in tens i ty  of 
light necessary to stimulate t5e dye .BE again detmlned.  
This proaedure was rqmated a t  altltuderr  of 8,  10, 12, L$, 

' that dark  adaptation O~IOTB a pmgressive dwllme d t h  altl- 
and 16 t h u d  feet. The results of these tests indioata 

tude. Table 2 shvs the   ap2roxImte perccntage inoreaaea 
In  1 lgh t   i n t ens i ty  be- necessary to produce CUI equivalent 
stlmulus on t?m ~ t i m  a t  t h e  a l t i t udes  given. 

TABLE 2 

i 

? 

I 

i . 

800 feet (g romi  iaJBlj  100 
5,000 f e e t  126 
8,000 f e e t  138 

l G e O O O  f e e t  159 
178 
195 

16,000 feet 2.40 

12,000 feet 
l4,000 fad 

me reconmendation I s  made that on all night f l lghta  on &ich maxlmk 
dark  adaptation of the flyer l a  dealred, oxygm should ba ased a t  dl altl-. ' 
tudes above g r o d  lerd in such quant i t ies  OB to naintaln a normal oxygnn 
partial pressu~e in  the  lunge. 

In a study  by t he  Committias on Avletion Medicine of t h e  Retional.Re- 
searah Couaoll (23), the  results of msaaurmant of v i 4  threshold under 
dark  adaptation agree d t 5  thoee in the  prmlously  ment?ond study. Al- 
though only two subjects were ueed in tl11s thdy, the f l n d l a g e  also a g m  
n i th  work that has b m l  done prevloualy by o t h r  in'metigatora. Aa in tho ' 

f i rs t  studyp the  mommendation I s  made t ba t  wen a t  Plodorate altituiers, 

, 
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b.  - w w ;  :E t1.s - 6 ~ i - t  mantj.ond. $?;)., IU uadi t j .cn 
to the 3ynamic V!:qacS. Y54.,l 'Test; I I  8eric8 oi pryu!.c.mo-tor tests 
nure given, R E ~ V Z  t e u t s  w m - e  given a t  v e ~ l o l r u  e , l t i t J d e s  dm- 

SohezAatic Face Test, [b) F c n b m A  Teot f o r  Ppwch;  I..ocallca- 
lng the period c , t  t':o iwt+dti,+tion, These weref , (a )  t h e  

t ion,  ( c )  Tin~s-sen;ia l e b t  i.visionj, ( d )  Time-e-anse Teat (memory), 

ting Test, (h) Genoral Intelligence  Test ( I )  Rate o f  Tapping 
<e) Category Test, (f) Aalptead  Aphasia  Test. (g) Airplane  Spot- 

Test, (j) Iehihara CoLor Vision  Test, (kj Cr i t i ca l  Fusion  Fre- 
quency Test, (1) Solution  of  Navigation F'roblsmo. In none of 
these tests 1pa  a s i g n i f i c a n t   d l f f e n a a  fomd between perfom- 
ance a t  ground level Paa a t   a l t i t d a .  This a tudy SOBPS to idi- 
oats t!mt wi th  t'79 exception o f  t h e  Dynamic Visual  Field  Teat, 
thoro i s  no msasurable change In p e r f o d n o e  up t o  nl t i tudea 
of 10,OOO or mre f e e t   a f t e r  prolonged Intennittent. exposure. 

In another study made st the Aero Medical Reeoarch Unit, Yale University,, 
Nan Haven (371, i n t e l l e o t w i  and mo'ar performances were ~ ~ s ~ e d  a t  epc: of 
the  following  alt i tudest  3@000, 10,003, 13,000, and 16,000 foot. ?he two 
i n t e l l e c t u a l   t e s t s  showed no evidence of impairment a t  i0,oOO or 13,000 
f ee t ,  pad perfanwoe on t h e  motor t e s t   r e f l e c h d   l i t t l e  Impairmeat mq 
st 16,coO feet, Rowever, perfowanca on t?.e in t s l lao tua l  test batwean 
13s000 and 16,000 f e e t  was greatly impaired, s3orrlng t ha t  t!?e a l t i t ude  in- 

anae on ln ta l leo tua l  tasks ,  
~,, , terval botweon 13,000 and 16,090 f e a t  i@ obviously c r i t i c a l  for perfom- 

. h o t h n  report fron the  same scurce (4)' r e l a t s s  meawes of  reaction 

of names and nmbors a t  15,OU. f ee t  for aac3  of two burso The results i n =  
tima, steahiness, speed and accuracy o f  coding, and visual d i s c r b l n n t i o n  

dioate  that t h e  bpairmaat  and perfarmnae during the recond hour  i s  no 
greater thon the impairment meaaured r r i th ln  the firot boa-. 'I%ere i s  a sig-  
n i f l can t  tendenoy f o r  an individual   to  ,suffer relatively  equivalent degrees 
of performanos of inpalrment during auaceaslve srponures to  anoxla. T!-iis 
study me made a t  alt i tudetl  wXc4 dc, not  Gncern usp however, 60 no results 
will b e ,  presented here. 

In a further study (261, to de temlne   t b s   e f f ec t  on prformanae of t h e  
i Dynamic Visual Field Teat of expoaure to a presaure a l t i tude   o f  10,ooO feet, 

17 d a  subjeats, rauging in ego f r o m  17 to ~23 were exposed in e low pres- 

for a petid of 4 to 6 weeks. Ten of the  17 developed a marked impahat 
m e  o!wnba to an  a l t i t u d a  of 10,ooO f e e t  for 5 \ours a day, 6 days a meek 

of   the -10 Visual Field after 3 or A weeks, w!~fle 7 d i d  not. Homer, 
including the earlier rsaul-ta 13, o r  65 per cant of 20 subjeots,  developed 
a vinual bpnimmt a t  10,C-X foot ,  The conolusfon i s  again etated tht 
t he  lmpairr-bat.is e f f r c t i v d y  a fom of blindness W?IIC!J develops insidiously 
d u r i n g  cbronio intermittent exparre to a l t i t u d e  as low as 10,006 feet above 
a m  lsusl, It was found thet i f  tha   aubjwta  were givsn oxygen one bur of 
the 5 !-,ours p r  day, t h a t  the  Dyuada Visual f ie ld   d id  not change aqd thrs 
was no prfomanoe decrement on the test, 
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VIII, R S I G P  9 &l!i;C:ENT A%3 FATIGUE 

The has not p e r m i t t e d  an extensive investigation into t h e  literatum 
dea l ing  r l t h   t h e  salntion of design of equipant to fatigue. H o m r ,  ' 
sinoe this is  an aspec t  of importance i n  any discussion of fatigue of the 
aircraft p i lo t ,  a brief consideration 3f t3is topic i s  ac18MtiCds 

a f i a l d  i d  in rduoing fatigue. h 

up of   ths  wrker o p r a t i n g  the msohine. F o r , t h i s  reason it i s  s t i l l  possibh 
the  yarly d a y s  of maclrine cons t ruc t ion   l i t t l e   a t t en t ion  .BE p i d  to the  make- 

wrker, f o r  unaecesea,y reac3lng in hnndlhg lorsrs and cranks, for t he  uaa 
t o  fiad rnaahines that c e l l  for axt rmely  awkmrd posture on the  part of t)le 

of   the   en t i re  bodily musculature &en only t5e movement of a single muoole 
would dfico to operate tFie machlne (bo). 

1. b Machine design represemts 

of maoMnes with  due  regard fo r  t h e  mental and PirpiCal nakrup of t he  wzk-  
"?m pcgra'rological  approach i n  machine' des ign   ca l l s   fo r  the construction 

reeognired by hhy, &o pointed out the inadequacies .of t?m u n l v a r d  k q -  
or6 W?IO ero to o p ~ a t e  them. Poss ib i l i t i e s  in this direct ion were ear4 

bo& on t h e  m e t e r  and dsmonetratsd the   des i r ab i l i t y  of rearrsnging t!'m 
key# to provide the most f requmt  a l ternat ion  of  hands in combinations of 
strokes (33). 

' Enrly atudies in t he  f i e l d  of maohine deaign by h g l i e h  investtgators 
have inoldd observations of machines in  l a d r i e s ,  leather-working  plants, 
mohho shops, am3 o t b r   f a c t o r i e s  (3,5). Although exact data on magy m- 
ployed in the u m  of various mechines could no t  bo gatherd, o b e m t i o n  
showed the  fdl;lowing t o  bo the factors  whioh m u s t  be g i v e n  serious 00nsid~l.- 
a t ion  in the dliminntion of fa t igue through improved mohine d e d p  and o p  
err.tion. 

a. 

b. 

O r  

8.  

eo 

f. 

0. 

h. 

Extent, kind, sped, rhyth, and acmbinatTons of mepenta, 

Height and posit ion of work in regard to posture. 

Wort involved in motive power or ia operating  oontmla, 

Dsngsr from machines, the  wrkiq o f  f i ioh  is attsaded by 
r i a  of baing cut, mahod,  d r a m  in, etc ,  

S k o k  attauding upon arrested movommt or cwsat ion  of ro- 
ri6tanoo.. 

,Vibration of t he  whole machine o r  of   the   par t  held o r  
0P.ratdi. 

l o i w  produced by the  maohhe or by the meterial upon rhioh 
it oprmtoa. 

Obatruotlon of part of the  mohlne to t h e  opemtive or to 
5 l a  vlrion, 
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bo Born be d4- M) that t h a m  of t b  
&&&&g~ i n  -. The @lot  or o t h e r  m e m b e r  
of UI a i r c r w   m e t  be able not only to porosi-te PLI lndicatlon 
quickly, but  he  s5ould be able  to ompre!iSnd immediately the  
significance or rnaaning of tbe display. I t  is  of l i t t l e  value, 
for axample, to notice a dangerous l o s s  or powr unless it is 
a p p a m t  *at corrective act ion should be taken, 

0 .  D l W V i L m -  tht i n  l yWi8e  and pJ&. Man's adaptive Wlavio= l a  lhitd by the  information 
filch he soawes through U s  sense organs. Aircraf t   inatru-  
manta e k u l d  provide a l l  of the b f ~ i o  inforslation required for 

t ione l  requlraments. 
safe and a f fec t lve   f l i gh t  in suff ioient  det.F1 to m a a t  opere- 

a. 1 
If a p i l o t  only n d . n  t o  knou h i s  absolute a l t i -  

e 

tuds to the  nearest-25 feet,-it in useless to give him pn a1- 
tlmeter w?dch is  designed ta be read to the nearest  foot. 
Since a p i l o t  can attend only to a llmlted number of thlnga in 
a givan period of t h e ,  ea05 mecaseary  d e t a i l  or signal t M t  
is  added to h i s  display nquipment b d e  to lessen h i s  a b i l i t y  
to a w e  informatloD tbt is vital, 

eo W&snt die- be &v dist- 
& In a r e c m t  ntudy of pN.ot  experiences in us- equip- 
ment it was found t h a t  mq- p i l o t s  reported tFlat t?my PIPd mia- 

canfused  controls. Many pilot,sE for ~raorple, have hod the  un- 
taken oce h s t r m e n t .  far another OB several  occasions, o r  ?ad 

fortunate  experienes of re t rac t ing  t?wlr u'leele m%n t!my in- 
tended to raise t%ir flepa. 

3.. 

f 0 u m  l h l o h  ,-tw or a 'ere re 
4 i n r e D i d d  be a 

ferrea 

p l l z h ,  aupported by wma resmx'cpl data,  tkt associated instru- 
ments s k u l d  be located cloee to ea05 other i n  order to midmlee 

make it eader for €?w p i l o t   t o  look out  of the  oockpit and 
eye movements and f b t i o n   t b e .  It is  eapeclally  Important to 

back agein at t5e instrummtrr, or for the  navtgator  to Look a t  
the gmund and Lbn bad a t  hie maps, 

It is t!?e opinion of 

. ,  

i 

': 

.- 

It 

r . ,  

. .  
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1. 
k s-. yan is  cap- 

able of learn* b7 carry on blghly mplem skUs. b d m u m  
larniag o m  be r e a l i m 3 ,  hornor, onlp lshm the individual 
uws tho amme equipat a t  all t h e e .  3-imtion doer 
not mun tht all cockpits should be ewatly i d m t i u l ,  but 

modo of indioation or action of lnsWments and controlr should 
rathar t!mt the basic arrangement, location, appearance and 

be rdativnly W o r m  f r o m  one airplane to t5e next. In somm 
renpectr standardisation i s  t?e most important of t% present 
list cf raqulraaents, It is  boped, howaver, that ae standard- . 

be & o p t 4  for general use. 
h a t i o n  is  a c h i w d   t 5 e  best equ ipan t  desfgn prlnoiples can 



log ica l  s tudies  may be maae to t he  end tht t3e  specific data needd by t h e  
engineer m y  be made a m i l a b l a ,  

'here %a been no attempt t o  cover t!!oroug!dy t3e probleas of fatigue 
in re l a t ion  to  aircraft design in this aaction. It has been suggee td  tht 
there I s  room for a vast amount of r e s e s ~ c h  in th is  g m e r a l  area. me p b -  
1- is mentioned in passlng beoacse' t5e  comerchi atrllnes might well con- 
t r i b u t e  to the definit ion of more spec i f ic  problems by oomplling lists of 
pilot 's   complaints and suggestions regarding seats, controls, instruments, 
llg3ting,  PiaibFUty,  preeauxization,  temperatuh,  ventilation,  etc.,  and 
promote reaearc'l aotivitieta. '  .In dolng 80 t h e   a i r l i n e s  oould make a defin- 
i te  contribution toward t'le  reduotion of fatigue,  and t!m wlutlon of oper- 
at- problems related to fatigue,  

r 
i 

, .  
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1, FATIGUE AND FATIGUE PRaPUc?s 
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I. The average heart rate decreased slightly dth houre of dri- 
and the average white  cell   count 116s higher in m a n  dm hd drivcla th.n 
in men mho had no t   d r iven   shoe  s\eap, . '  

5. WO trends w i t h  hours of dr iving were f d  in the eatip.tion 

globin  content  of  blood,  the  acidity of urine, thm spaaiiio gr8riQ o? 
of s i z e  of horn  objeots, the d i f f e r m t l a l  whlte ad1 oounts, thr hspD- 

urine, visual acuity, and the total base and pota~im oonoartntion of 
blood s e m .  

findings, hhy (25) and Delavllle and Lahy (10) e t u d h i  t.o trwk d f i m r a  
during a journey from Par is  and re turn of appmxlrmtaly 560 miles lasting 
60 houre, Each driver man tested once every 6 hours in a mobile lebora- . 
tory which followed the truck, Memory, attention,  tapping  speed, slmple ' 

reaction t h e ,  alknline reaorvo of the blood, the IjI and arrm0ni.d o o e f - .  
f i c i e n t  of the urine, arterial blood pressure and strength of g r i p  mm 
all measured. Only the strength t e s t ,  r e a c t i o n   t b a ,  and urlpary a c i d i t y .  
shored s igni f icant  changes during the experbent, but the author6 report 

of their responses. One subject shored d l  var i ab i l i t y  and qui& ro- 
that the tnu  subjects were quite d i f f e ren t  dth respent to the aonatancy 

turna  to  n o m 1  while the othor showed lrlda va r i ab i l i t y  and slow returns. 
Same sensory dis turbances   hc ludhg poasible halluoinatlona w e r e  m p r t e d .  

by these drivers. 

Other driving  studies  ci ted in this work rsported muoh the came , 

i 
1 

, .  

Ryan and Warner I?h) report sh i lar  fhdiags  (except for'aamry dls-  
t u r h c e a )  after investigatlnlng E ~ X  sutomobile drivers rfro dr ve for d- I 
era te ly  long periods of t h e ,  

These StUdieE ahow quite convlno:ngly that although the drivers r0Pm 
working in  a physiologlaallg atspdy s t a t e ,  nevertheless, their mrk did 
r e s u l t  i n  changes Lntegmted on 8 oentral n w r o l o g i d  level, mtnr o m t a r  
fatigue being Cmcnst ra td  by loa6 of officlancy in peyobwotor *ts, 
and "general" o r  sensory fkt igue being M i o a t d  by reduotion in fliokm 
fusion  frequency, resistance to @re, ato, There id no doubt that the 
ohanges occurred, but their inixrpretation  as 'manifastaticne of m t d  , 
nemous fhtigue is kp t o  the bias of t h e  reader, 

, ... 
, ... 



fa t igue in p i lo t s  as ma3awad by percentage of time spent in the air a8 
vsll as by their 8corea an a special  pureuit meter,? The streau l'l-ketp~-' 
%emids  are blieved to come from adrenal cortex chemical percursors ud 
hence are a sign of adrenal cortex a c t i v i t y r  They clalm a correlation 
of .976,+ <*Ol betweem R k r a i d  output and per cent time in the air fo r  
their sampie of 16 pi lots  0% 152 f l i g n t s ,  Repeating the expe rben t  on 
seven Pra t t  & tlhltady test pilots during 46 f l i g h t s  gave n correlation 
of .922% <.Ol. A rank ordor correlation bet- 17-ketosterold out- 
p t  and rtltlngs of fa t iguabi l i ty  made by t h e  pilot ' s  commnding off ioer  
pieldad an x- of 87, Similar o o m l a t l o n s  mere found using fat igue score8 

nanolone  resulted in hprovAd scoring and f m  feelings of  fatigue oom- 
on a special  purnuit moter. Administratioa by mouth of s t e r o i d d 5  preg- 

- f i e  suthors bellwe *lat .the ef fso t  cf A5 prognanolone in oombating fa- 
prd rith aontrol paqiodp durbg which inrc t lve  placebo p i l l s  were given. 

t igue i s  variable, being most efficacious in s i tua t ions  &ere motivation 
ia high (25 per a n t  improvment) compared dth 10 par oent impmvment 
&ere the only ibcentive wee pay. Where even the ppy inoentive una re- 
moved, pregnenolone did not lncrease performance over plaoebo Isvole (23). 

in relieving fa t igue oonoludes that the  t ransi tory  increaee In perfom- 
ance which o o m a  n u l d  k followed by an lncreaased n o d  for rooupera- 

rmergency conditions to perform ovsrrork in api ta  of fa t igue  then the 
tion. No s u a t a l n d ~  ef fec t  could b6 expected,  but i f  it is necessary in 

edministration of amphetfmine (benzidrlne) o r  d w q e p h e d r i n e  (perpitin) 
m i g h t  be indicated. The effeot  of both drugs is slmilar but padtin ap- 
p a r s  to have less s ide   e f fwt s 'md   r equ i r e s  less dolage. Caffeine ha8 
aimilar but less pronounced effsots (381, 

Simonmn (3) rettieuing the rsamt litmature on the e f f m t   o f  d r u g s  

. -  
Them is  ovidenco b ehor that vieuil adl auditory fa t igue occurs 

as a result  of  oonstant  overstlmulation of  those ~anses .  Various reosnt 
studies, reviewed by Simonson (38) show that vlaual w r k  increased the 

ance  of phoaplanes. Also rwognition of letters a t  dim I l l u m h t i o n  de= 
threshold of e l w t r i d  s t h u l a t i o n   o f  the eye, determined by tho  appear- 

orsased exci tab i l i ty  aftar a short  'tine, me t b e  of fading  of after- 

recovery t h e  of ~ i ~ u P l  discrinination, measured after exposure to glare, 
h a g e s  i s  increased after typea  of work involving vimal ef for t .  And the  

r a n  prolonged in fatigued truck driv,ars (L6). 

l a t i v e   e f f e c t  of noise which r e s u l t s  finaUy in permanent hearing looso 
Ears eqvsed fo r  a long time to high noiae levels such as aviation an- 
gines, riveting,  etc. ,  &fer hearing loss *ioh ppra l le l s  the duration . - 

Si;aonson reports an qreament in the literature regarding the omu- 

of exposure. 
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In contrast  t o  t he   o l in i ca l  approaob, s tudies  ua a statistical OUT- 
vey, and In m e  inetanoes an experimental approaoh 7 (4 , u.ually oonolude 
that fat igue or overrork cannot be ooneldered a d i r e c t  cause of illneso. 
Thus, Vornon (/+8), a f t o r  making a study of the siokn~so ud m r t e l i t y  ma- 
ords of  about 24.ooO i ron  and steel workers for a bix-y-r period, eon'. 

que the fa t igue o f  heavy wurk has, as a rde, but l i t t l e  d i r e c t  ef'fwt on 
cludee "Tho data a6 a whole appear t o   i n d i m t o   t h a t  on men of god phyri- 

sickness a d  10 8 h t y . n  n i s  is an e a p e c i w  hmpartant' conclusion ahsn 
It is  re41iZed t h a t  the men studied were .orking 11 and 12 hours a day in 
occupations are recognized QLI severe. Prom the pint of visa of a 
flvlctional breakdown, it might be eqmcted that if  m e n a t a l  fa t igue  result- 
lng from stress. overwork, and general turmoil oontrlbutd to the etiology 
thir wuld be refleotod in increasd rat08 of m e n t a l  disease during t inea 
of moh stress, But, as Landin and Page (26) have shorn, no ~uoh inorease 
as night  be expected tpkee phce, f o r  example, du- World War I or  the 
tieprmeion. 

1 

corning fatigue ead heal th?  In  the f i r s t  gaoe, a8 most of th. aporlmced 
investigators have insisted (%. 29, 17) fatigue carnot be oonr ldd as an 
onti ty ,  so that the "fatigae"  of Wardus patients is not the same thing as 
fa t igue found among most faotory workers, and .this in turn does  not n- 

ment. A ganeralization coucern5ng fa t igue  and heal tb  not only doss vio- 
sanble t h e  fa t lgue  of' stool molters mrl;ing in an escsnaively hot  environ- 

lenoe to the data, but i s  also an unpmfitable orientat ion to .ards the 
problaa. lAhen physical dieeaea rates are studied, too many other faa- 
tors are operating to be able to ahon any c lear  effwt of oither hours 
of work or type  of worko Whan individual casea are studied, soma of them 

p r s s m  during anxiety or few. Ctbar c a m e  show none of these. Con- 
ahow a his tory  of  long howl. of work, hawy p2.pioal work, or pork under 

verselp, m s n ' e n d  mmen r h o  have worked der rmah conditions have not 
necessarily becam0 patienta. Zven i n  ayrLdromes where oonplaints  of  fa- 

not  invariable, as can be men i n  the conventional oase of neurasthmla, 
tigue cons t i tu te  one of tbe  agmptolarr, a   ist tory of long and hard work is 

heilth, -pt in axtrane cp8eaP mi: be suspended and ma roturn to Slmon- 
Therefore, j u d p e n t  oonceruing the e3Y"fot o f  haws and type of work on 

son's  contention that there i s  m t i r e c t  evidence ahoviplg that fa t igue de- 
ormaen the reelstance power agsinet diseaaa, 

In the l i g h t  of auch oonflicting tMtimony d t  cur be  aoncldad con- 

Fatigue  oannot be aonsidered m t j Q  in the  wmse thnt it I s  a single 
undar ly ing   ~ys io log ica l ,  ahslliloal, ,.r electrical   procese uhioh is the 
end result of  oontinuad eo t iv i ty  of ang kind. In s h g l e  muscle prepara- 

phenomenon and a great d a a l  f a  known sbotlt t h s  chsslld and de~trical 
t ions,   fa t igue ( i n  the senwe of  wrk decrement) is a f a i r l y  w a l l  &fbd 

chnngee mhiuh ocuur a t  Lhia lave1 aa u result of exeroiae. 'Rhm the 
btap organism is considered*  fatigue after exercise is no longer a pro- 

by the self-regulatory maohanisma of tho W y  in mintsinlng,homeostasis, 
ooas so le ly  of clmnges in the muscle cr name because of the role played . 

The sense of the phyaiolo~ical l i t e r c t u r e  on fa t igue 1s as follawer 
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C i a  Aeronautics Board 
Washington, Do C, 

G e n t l e a m a  

R I A  hereby pet i t ione  the Civil Aeronaution Bbard for oxmption fm,com- :* 
plianoe rith the provialone of CAR Part 61, h n p r a p h  61.516 i n  the o m a t i o n  . .i 
of Loakheed Conatellation type a i r o r a f t  and CLM) hereby petitbiio tbat ma- .L> 
pllanor et.h the pmvieions of CAR P a r t  41, Paragraph 41,3aW be .ubaticUtad 
for  the uxwqtion fmm oompliance wlth the provlsiona of CAR ;Part 61, Pam- 

‘I 

graph 61,518. , :  

The provisions contained ir, CBR Par t  W ,  Paragraph W . 3 U  a t  present 
.~ 

apply only to operations  outside t5e continental limits of the Ucitod S t a t m  
pad were designed primarily to’ pemlt long-range operetione. 

.. 

RIA i a  plannLzg on long-range operation dthh the cont inmta l  limits of .: 
the Uni ted  S t a t e s  with Lockheed Constellation  sFrcrnft  in the  near  future,  but ‘j 
10 are prevented f r o m  perfoming  an  effiolent long-range opmt ion  by the pi- 
l o t  f l l g h t  t h e  l imi ta t ions  as now provided f o r  d e r  CBR Part 61, Paragraph 
61.518, 

Ihe  operations  planned are schedules from N e w  York to Loa Angeles aith 
. 

one designated fuel  stop and schsduLe8 from N w  York to Loa Angeles dth 
two scheduled atopai , .  ~ 

The schedaed f l i g h t  time on these sohedulea dill be minimum, 9105 hours ! 
F& maxisnna, 11:40 ~OUFE. 

Compliance aith the proviBdona of C A R  Par t  61, Paragraph 61.518 rill re- , j  
quire a orem change at dome s ta t ion  between H e w  York and Lon Angeles r i th the . 
rC*d.t %+% thn ent i re   eff iolency  of  the  operation wlll depend upon the weather : 
w u l i t i o n s  of that partloular s ta t ion  a t  the time of the arrival of the f l i gh t .  ,’ 

h the event the w e a t h e r  a t  the crow cbnge s t a t ion  i s  MIOW operating  l imits,  ,1 
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