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In t he  sellrch for objective meauums of p i l o t  eff ioienq,  the  attantioil  
of the Committee on Selection and Trainlng of Aircraf t  P i l o t s  qarly d i -  
rooted  towards instruments, already i n  eds t ence ,  designed t o  record gza~l~i-  
cal ly   plane performance and ccnt ro l  movements. Phi le  such f l i g h t  recordem, 

arily for U ~ R  in investigating the influence  of  design on plan& perfomar*:l*, 
including  the Friur Analper and t he  R-3 Ride Reeorder, were intended p i n -  

e??aluation,of f l lgM:  performance in psychologid  experimentation. Them , 
it nevertheless seamed that they might also sbrve a useful purpose i n  the ' 

instkuments were therefore  procured and aubjected  to~experimentnl  study a:. 
Tulnnn University,  uuder  the  direction of Dr, A, Y ,  John on;l a t  H a m d  
UniverUi::y, by D r ,  R ,  A. dflar land and L k o  A .  A. Holvay; 5 at the DnlversS.,j 
of Maryland, by l)r, J .  G, Jenkhs an9 D r ,  R ,  M. B a h ( 3  at the  UEIversit? 
of Pennay:vania, by Dr., M. S ,  Viteles and ILr. Osaar Baakstram, Jr, 

Tulane ,Univamity groq were analyzed at tho University of Pemsylvknia 
Records  procured throurJh the use of  the R-S Ride Reaorder by the 

with  the view of detexmblning the  usefulneae a? b o t h   q u a l i t a t i v e   e s t h t e a  

leve ls  of proficiency i n  f l i g h t  perfonuance. The findings of  t he  q d i -  
of such  recordinga and of q u a n t i t a t j . ~ ~  i d i c e 8  a's wecme of discriminating 

t a t l v e  8M1yai6,4 furnished  evidence @f a relationehip between qual i ta t ive  
ra t ings  of R-S Ride Recorder reoords of r igh t  7200 power turns and p i l o t  

a8 aids  In ratlng performances on the 7200 poper turns and aa a prototype 
s k i l l  86 expressed i n  fl.girrg time. Tfmtat.iv6 pat te rn  scales were pmpamc? 

quat4 for demonstrating  definitively  the existence of thie  re lat ionship 01 
Of similar  sodlea fo r  other mapmers. Ecwaver, t he  results were not ade- 

fo r  passing f- judgment on the usefulness of q u a l i t a t i v e   e a t h a t e s  o f  
graphic  rbcorde a8 indioatcrs of pilot. ek i i l .  



proyiding rezords-of  control ~ o v e ~ s r . k ,  4s ue31 n s  of ctil-;Ams a t t i tudes ,  

instructore ,  err0rs.h h a a d l i ~  tho mntrols and resuL.%jng f a . d t s  in flight 
c m l d  be used t o  advanitago in dsPicsscra t inE eo student p i lo t s ,  and a l s o   t o  

performance 

The qual i ta t ive  amlysia eras suppXemented by a detai led  quant i ta t ive 
ar~dysis of 720° power tu rns  which 'is described ?.n the  pruseut report. 
This  nnnlysis uas d u o u s  and timo consuming even though limited t o  one of 
the rmneuvelyl included in a n i g h t  ex&ination. 1f1 part bacause of th 
%all numlmr,of cases, the   resu l t& of t h i s  anald,sis, as t h a t  of the qualita- 
t i v e  st* of  graphic  records, must. bs vi.e,ued as prelimimry in charaoter. 
As a matter of fact, the e n t i r e  study ad %port in which it is described 
a m  Frobably of greater  eignifirm.as  in  terms  of umthadolcgy than in term 
of f i n d  and imediate   appl icat ion of outccms. 90, for sxample, the  pos- 

r e s u l t s  of the  study. Moreover, the resul ta  suggeet tbet careful.ly derived 
s i b i l i t y  of arr iving a t  quant i ta t ive i n d i c e s  i s -c laar ly   ind ica ted  in the 

quant i ta t ive  indices  can serv'~ t o  differectiete s tudent   p i lo t s  from licensed 

uosfulneas of cut t ing SCOWJ in se t t ing   o f f   c r i te r ion  groupe with  various 
pilots and inetructors  who have had many hours of flying time. The possible 

Isvels o f   s k i l l  ie damomtrated.  Rmever,  the k d i a t s  appl icabi l i ty  of 
suoh f i n d i n g s  is l imited by Kide d i f f emnwa  among indices  with reape& to 
consisbenay in the meamrwment of f l i g h t  performance on successive  f l ights  
ard by other  factor8 which create a need f o r  furtbr investigation  before 
fical decisions cnn be made with  respect to the  ragaarch 11.30 of such in- 
st.rumente * 

tlve  techniques f o r  the amlysis of grtlphic recordings, ,it seems appropriate 
t o  ask whother the quant i ta t ive  method I s  suf'ficiently  superior to the  q d i -  
t a t ive  method in terms of providing  cri terion  data or in terms of f i e l d  use 

manpower, nnd funde hvolved in the use of the   quaut i ta t ive approach. 

Since  the  atudy ha3 involved  the use of   both  qual i ta t ive and quentita- 

- f o r  training purposes to w?u'rmt the highly increased  expedi turs  of time, 

This  question bas been given onreful  consideration, perticulkly in 
disoussions  with Captain J. C. Jenkins, USNR, ulu, reviewed both this and 
t h a  earlier repcrb  deallng  with the analysis of  graphic recordings. -It 
appear13 reasonable t o  summarize t he  @newer8 t o   t h e  above question as fol- 
l0WS; 

.lo (a) Tim qual i ta t ive  'method appears t o  be mom useful than  the 
quantitative  approach gs a t r a u .  For example, 
qualitative analysis  of records of .control movements mar be 
used t o  point out t o  a student his faults in "riding"  the 
rudder, in  f a i l i n g  to use e~ugh'rudder; In f a u l t y  coordina- 

aid of f l i g h t  records, it can be c lear ly  and wequivocdUy 
t ion between ai leron and rudder, i n  turns,   etc.  With the 

demonetrated t o   t h e  Btudent t.hat when he f a i l e d   t o  w e  enough 
rudder  into a tu rn  he slipped extansi-dyj when he used to0 
m h  rudder, he skldded  elcteneively; when his rudder adjust-  

eralbdlaaoe, o r  with at  mst a s l i g h t   s l i p  or skid,  and so 
mt was approxlmadely correct, he entered the turn in lat- 



on. A t  the same the, correct  adjastments nay be demon&- 
ted in a par t iou lar ly  lmpreeafve Ipumor if lne t ruc tor  and 
student dbrnata in perforwing a d v ~  manemir. 

(b) T h e  qua l i t a t ive  m a t h 4  bas a p a r t i d a r  advantage over the 
quant i ta t ive i n  t h a t  the 1 ~ 0 r d i o g ~  my be inspeat4 and 

Considerable tlm would km required f o r  the computation 
analysed intmediately upon the completion of 'the flight. 
of the  quant i ta t ive indices which w o u l d  be no nore useful 
than qua l i t a t ive  indices in rev ier ing  perfomanao of ' t h e  

s tudent   p i lo t  durlng training. 

2. T ~ S  usefulness of t b  quantitative method m- 
malm indoteminant until i ts  a p p l i c a b i l i t y   t o  such r e h t i v o l y  
non-patterned manewers 821 s t r a igh t  and l e v e l   f l i g h t ,  n o d  

There i s  evidence f r o m  other  atudiee that pat terns  of perform- 
turns, normal climbs, and  normal g l ides  i s  f a r the r   i nveEt iga tde  

an- in such maneuvers am clearly  revealed on the graphic re- 
cordings and tsay be subjected t o  qua l i t a t ive  evaluation by m- 

from the  University of Pennsylmnia Project, 
of pat tern scales such as are desaribsd in the e a r l i e r  report  

3 .  From the m t i v e  -, t he  staff ~ n l r e m o n t a  and 
. item of oost f o r t h e  uee of .ths c p n t i t a t i v e  method CJg Invariably 
greater  than  those  involved in the use of the   qua l i ta t ive  method, 

analyses of graphic  recordings,  the  studies have been w e f u l  in pmviding 
A p a r t  from t he   f i nd ings   ga tb red  in the   qua l i t a t ive  and quant i ta t ive 

facts which were employed tn the  2evelopment of a new Improved f l i g h t  re- 
carder born  as the  CAA-HRC Pl igh t  Rscorderd5 ' 

In preaant ing  this  report it s h d d  be painted  out that it is the out- 
corn  of  aollatmrativm e f f o r t ,  Tk, H, %, Jchson and P. W. Cobb, RiLane ?hi- 
versity,   supervised  the  collection of graphic records a t  the Hew Orleane 
A i r p o r t ,  and contributed much in t l l e  w a y  of suggestions s i t h   r e spec t  to 

t i on  and ident i f ica t ion  pf the mcords. The a t a t i s t i c a l  treatment of 
the  treatment of records, Vidkum Coucheron-Carl aav is ted   in  th coilec- 

P a r t  1 of this report wa6 checked by Dr. H, G .  Preston, Univereity of 
Pennsylvania, The report WBB reviewed gor publication by J. C, Jemkins, 
Captain, USNR, Psychological Section,  Aviation Medicine Division, Bureau 
of Medicine  and  Surgery, IT, S. Navy, Speeial aclmowl-t is due to Dr. A. S, Thompson, formeriy of the  University of Pennsylvania, now a t  

.Vanderbilt  University, m h o , ,  as a member of the   Edi tor ia l  staff of the COP 
. p i t t e e '  on Selection ar.d Trk in i r~g  of A i r c r a f t  Pilots,   prepared the report 

written by the  euthors. 
in i t a   p re sen t  form on the  basis of n much longer report as o r ig ina l ly  

Wiversity of PennsylvaniR 
Philadelphia, Pennsylvania 
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The pr lmry  objeativee in this   inveet igat ion  of   the  appl iaat im of 
quantitative  teahniques in the  analpsis of graphlo moor& be ouwarired 
p8 follmar 



three f l i g h t s  sere used in ail coqmrfsons, m i t h  the  exception of the section 
of tbe  study dealing wi th  the   re la t ion  between' performance on the   r igh t  and 

of only t h e   f i r a t  and t h i rd  f1,ights w r d  the ccrreapondlng left  7200 porer 
l e f t   t u r n s ,   I n . t h f s  cesao for purposes  of  eccnoay, the right 7200 polnr tUrnr 

t m e  were employed9 

., 

Traces of the R I 3 U k f k w x W  C h a r t  E-d in the  - w, The traces of the R-S Ride hecorder chart  uded iu obtaining dath for 
the derivation of quantitatih indidas were ths 8e.m-a tho- slaployed t o  de- 
rive  the  items on whlch the qual i ta t ive  rntinga mre baaed: n a m e l y 9  the load 
factor trace, the  left-winglow trace, and the  right-wing-lorr 

Ae deacrlbed In t h e m e m e e e t a l  Rsport included in-, tbe load 
f a c t o r  tram can be measured ,b units of g which Bey be oonverted b,to anp- , 

b i t r a ry  h i t s  representative of and malr:meto devlatlons of the bell from 
l e r  values of 'properw M ; 3  rrnd t he  wing-low-traces m y  ba measured in ar-. 
t h e  -enter,  poeltion of a ball-bank 

Measursaaent of the  Reoords by Proleotioq.  Accurate wasureaent of the  

the  lor paper s'pedl a t  which tha  recorda ware taken mppresssd  ' the &$ails; . 
.gray.kdc MOO& waa hpoeslble without magnification fer tm reaaona: flrst, 

end eecond, t h e  vertical char t ' space of any one trace~is not great emugh ta 
p e d t  a c m t e ,  fine reading of any of the t h e ,  effects. I n  0d-r to ne- 
cure t h e  quant i ta t ive  readhge,   the  records were projected onto 1111 adjust- 
able sorem by ~ S M S  of a reflectaticope, The screen (covered with  graph 
papm filed 10 by 30 t o  the inch) was mowited in a awlvel'joint t o  'faclli- 
tatm t h e  ad jus tma t  of r e fe r inoe~ l inea  of the projected chtu't t o  the refer- 
ence l b s  of the screenn, A megnification of 5 w a n  seleoted M tb  maat 
practicable for purpoaees of this study. 

. ,  

.~ 

A p h 8 t i C  a d o  mu constructed i n  oder io sJmoboniw the trams in 
m a k i n g  the readings. The  records were then read ad followsf 

, .  1- The reader, having aligned  the impge of   the chart p r o p e r 4  with the 
referenab lines of the  screen, brought the plas t lo  s d e  t o   t h o  be- 
ginning of the-mneuver  a6 &om-by tho  inltlal e i g a a l  aark op ' t h e  

Feaord. Tbe intemeotion of ea& of the %brae trabee-wlth it8 re- 
opativm a- u a  m s  t b n  read a t  this zero (or origin) opaaa. 



1 

Item Yeasarsd c3Mxu.z ?n~ In smaceo 
T h e  
Timcr 

Lob sec, -10. ,, 5 
0.8 sac,  

Load Factor 
.02 1 

0.3 g ( s t a t i c   d i b r a t i o n :  
Load Fhctor 

0 10 
0.02 g (sttltic cal ibrat ion)  .02 5 

Lateral  Imbalanoe 
1 

(left-or-right-  2,@ or '035.g ( s t a t i o  Cali- 

Lateral Imbal-ance 0,4O or ..OO" g ( s t a t i c  C a l i -  

C h r t  Distpnce Somen Dietanas 

r i n g l o r )   b r a t i o n )  < 10 5 

bration) .a 1 

sheet i;o values of  load  faotor ic g. These values  ere in ' tu rn   comer tad  
The values of h d  factop i n  8 c m n  spacss were oonvsrted on the data  

into values pf n p r o p r "  bank. 
T h e  values  of  left-wing-low and right-wing-lor were converted  into Val- 

ues of s l i p  and skid in deqeea at? &mured by t h e   s t a t i c   c a l i b r a t i o n  of the 
lateral.penduluma. It should b~ noted that these  values of t h e   s l i p  and 
skid angle r e r e  not used in  coxputing indloes, They were used o n l y  a8 an 
intermediate s tep  j.n obtaining  values of "proper" bank (8- A p p p d f x  C )  
In computing indices h a t i n g   t o  lateral ~ ~ & I G o ,  the values of s l i p  and 
akid were oxpressed ln acreen spaces. 

cally??htr Info-%%eoking pmceduz% deeon8tsa.ted tha t  all measwemirnts 
are accurate w i t h i n  a range smaller than ~ 3 ~ 0  scram spaces,  with  the exeep 
t i a n  of a fer readings of load fr.otor; l'ha absolute aver- of errore in 
reading any t r ace  i a  l e s s  thn i screen spae;  $he d g s b m i c  averags of' errors 
in reading any trace apprcachos 0. Since t ho  indices computed are derived 
from a large n m h r  of readlnss, this l eve l  c.f accuracy of single' readlnm 
aeemed quite   sat isfectory, ,  

OY of Mc mens. Rccuraoy of measuremnt w a s  checked periodi-. 



gatlona 

1. 

2"  

3.  

4 .  

Student's t for mtbhed groups o f  aOores was empioyed (a) to   de te r -  

ding indioeu in =oh g r o u p  of p i l o t s  (see Tables 3 and .4) aad (b) 
mine if signif loant  differenass existed  bet.ecn  slipping ana skid- 

of the loft .ad r i g h t . t u r n s  in bach group.  Selected ~ l o e s  on 
to detsrmine If signiflaant differenced sxiotted between psrforraanca 

l e f t  and r igh t  turns made during atandard f l i g h t s  1 and 3 wm used 
in t h i a  'analysis (see Table 7 )  

Studentla t for unmatched g& of aoorea r a e '  bmplopd t o  reveal 
tka presenoe o r  abuenue of s ta t is t ical ly   s ignlf lcmnt   differenaes 
among t he  man scores of ' the three erpsriaentd p u p a  on -oh of 
the 31 indiorr  for lmth the r igh t  and left turns (see Tables - 5 ,  6, 
7,  8, 9, and 101, 

I n  order t o  make a preliminary  fnve8tigation  of  the utiUty of the 
quant i ta t ive indices in d i f fe ren t ia t ing  1md.n of p i l o t  exporlexiee, 
dirtribation0 of ~ O O M S  of a l l  subjeots on se1eat.d idiws for eaah 
turn were plotted,  and cut t lng  scorns assigned in an atteapt t o  seg- 
regate   the sGrienced and insxperienoed  pilots (see Table E l ) -  

Produot-moment correlat ions were w e d   t o   d e b m i n e  the v w l a b i l l t y  

ate auooesaion, SWNW of all eubjscts on selected inaioea on the  
of seleatqd i d i c e s  derived from recorda of f l ights  flop in *dl- 

l e f t  t v  of P l igh t  1 were corre la ted   S i th   the i r  swrqs on ,the left  
turn  of P l igh t  3. Scores .on tbee atme +dims on t he   r i gh t  tmaa 
of F l igh t s  1, 2, and 3 were also interoomelat.d (see Table .U). 

, ,  

DESCRIPTIOH AMI DISCUSSION OF m QZULWT~TATXYE IHDICES 

of Eaoh Turn i n t o ,  Entm. T m  Pmmr. and Recwm . In con- 
atder ing  quant i ta t ivo methods of.elCpressing ths proficlenoy of a p i l o t  in 
attsining and nintalning a given b , d ,  it i s ' app . r en t  tint the p i l o t  should 
not bs held   l i ab le '   fo r   devia t ions  during the  p r i d  he i n  achieving h i s  b n k  
during emtry or leaping it during remmry,  each turn .as' therefore dl.rlded 
i n t o  three arbitrarily Wined reotionar 

' ' .  1. Entry -- tint motion of the turn betFeen the  initial e i g n d  indi-  
-eating t he  beginning of t h e  numuver and t h e  horisoattol projection 
aoreen space a t  which a *propsr* bank of 9 or p a b r 6  WM firat 
attkined. 

2. Rsoovery -- that owation of t h e  tun between the b0riaont.d projeo- 
t i on  oareu~ qmoe a t  which a "psppeP bank of 300 or greater n u  







(1) T i m  p e n t  In slipping, 

(2) Time spent in skidding:, 



.. 
1 .  

c . ~. 

I .  

2 .  composite 1 n d 1 ~ s .  

a. ;Inaioaa re- to the in s- 
-d c a m  nCrltical" #a 
aeemed poeaible that the groupa of subjeats   dght be dlfferen- 

I t  

tiated not only by t h e  time apent I n  slipping, skidding,  or  
lateral inklance,  but d s o  by the time  spent l a  slipping, skid- 
ding, or lateral imbalanoe beyond a e r t s i n  "orit iaalw mgnltudes. 
For example, two, subjects, A and &might spend ezaotly  the samu 
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a, In %e ease. of a n  inhices, the moan s o o ~ a  of the e1snentk-y 

different  from the maan soorea on the r i g h t  turn dth-chd) ex- 
studenta on the l e f t  turn are signiflom- ard o o m i s t w t l y  

ception ofa Index 1, ylsan Bhn)c 0n~Fl.I t 1 (p1 I .07)j 1 4 s ~ .  
18, Pacoent T h e  Skidding 011 Pl lgh t  3 $" 9 ,a io7 end 
end IMea 27, Per cent Tim Lateral Imhlanue on nu4 3 3 - (nu *a2); 
.06 and p2 - .1610 

b. In.tha oam of dl lndiuet sxoept  Index 1, lyern Bank, the mean 

cant ly  and aonals t sn t ly   d i f fe ren t  from tbir mean ooorea on the 
aoores o f . t h e  privata pf io ta  on the l e f t  t u r n ~ u e  also slgaifi- 

. , r lgh t  turn, wlth tho q u d i f l o a f i o n  thst the d w  for the 
Index 18, Per o a t  T h e  skidding on Fl lght  3 is .12, In t h i u  
comparison, hordver, one c u e  of 0 d I f Y e r w e  ocoullod, which, 
if groupsd dth the 4 I n s b a d  O f  t he  - diffarenaan, would rsdU00 

, ths pi. value to e G 4 9  

c., Ths man scores of %he instructors on the l e f t  turn a r e  not elg- 
n i f ican t ly  and coneistsntly d i f f e ren t  from their mom soores on 
the P h t  turn  on my of the,-lO  indloes.  In the h e  of two in- 
dices 7 Index 6 Avarage S l l p  hagnitudm', and Indux 15, Avarage 
Skid WBghitudej, however, the dlfferenrren in man score8 of the 
lnstxuctora  approach  signlflcm.,es. 

2, Diremotion of the  Differences between &an Scores.  'Eramination of 

of M e a n  Bank, the  direutLon of +,he differenas between the  mum scor'ea 
t he  m-Lmft4ilghtm coium 111 Table 2 reveals that, wlth the emeptlon 

for 'he  r i g h t  and l e f t  turns on aaoh of tha 10 indioes is .the m e  
for . -& group, It will also be notsd that the  dirootion of the40 
differences reveals coasis tent  trends witb respect to mkinteIwee 
of latarai Manco 1 811: grclrpe. I n  the a s e  of t h e  s l i p  indices. 
(Iddlaso 5, 6 ,  and 9 r , +he EWU score for all groupe for the  r igh t  . '  

of   the skid indices (Ijldicas L, 15, and 18) the mean soore for  aY1 
turn' in greater thnn t l h 9  m e a  coore EOF the ldt turn, I n  the 08ise 

r i g h t  tun, Laetly, i n  the c a m  of the I.ateral h b n l a n o s  lndioea 
groups for the  l e f t  t;lrn IF- gk-ae+,er Lhn the mean soom for the 

(Indices 21, 21,, end 2'7j ,  tho m e e n  more  for all groups for the 
r i g h t  turn i s  greater 'than t.he mean  core of the left.  

. ,  
3. Natwe of the Diffmsnoea i n  bft and Maht %m Perfor-. 011 

the  h ~ i ~  of tho  hta p r e s m t d  i n  Table 2 ' l t l s  posnlble to genm-' 
al ize  to 'a cer tain  extent  aer tu the  nature of  t h e  dlf fsremes  in 
the p s r f o r k o o  of rlghf and left turns. First, there seem to be 

right txm thaa on the  Left, ).a l w  e8 the  msan "proper" bank index 
a tendency for the e1ernenk:T atudents to bank m e  s teeply  cn the 

dices,., Conslaorina the  ind.nx. the r e d f t y . o f  t h l a  tendenay ir, o w n  
is concernbd, Vi0 resulto WQ n o t  80 elear out  aa I n  t h e ~ o t h o  ln- 

value of -07 obtnlnbd for 
of signlficawe, but alsa 
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Right 2 8 '2.60 00?5 , 

3 8 
2,,33 

2,95 
0 0 2  

0.19 2.66 .@I 
*No o o ~ i s o m n  w e  presented Tor t h e   l e f t  turn of P l i g h t  2 on n~ of 

the snalyeea, mince the rworde for this turn were not read, The N's of ar&y 
analysts in t h l o  report may vary owing t o  the neoessity of discarding soores 
because of InotWmental def io iemles  or failure of subjwt to follow instruc- 
t i o ~  (nee A p p a d i r  B), 
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2. T h e  Mmsvrqe <floe T5bLe-G 

&&x 3:  Time t o  a t a n  "mouer" baak o f  3 0 0 , .  O f  f i v e  
f l lghta,  t h i s  index  places  ths groups in the expected ordar of ex- 

However, the superior i ty  of the l n a t r m c t a e  OYBX' the students is 
cellenoe, although the d i f fmmoes  are not   was is ten t ly   a igni f icantcZ9 '  I 

and of the pr iva te   p i lo t s  OFBY the studenta on three'of the   f ive  
s ignif icant ,  or approaahcs significance, on four of the f i v e  flights, 

f l ighta.  On only one flight are  t h e  i n s t r u c t o r s  signlfloantly su- . ,per lor  ta the pr iva te   p i lo tp .  

I n  vler of the ~8rIr.bI b8 which e n t e r  Ln t~  ,the magnitude of 
t h i s  index, l i t t l e  lmporZW!,co -9 would soem t o , a t t a a t  to theee 
Ins t ances   o f   s lgn l f l~an t  diffmentlation. The trende noted here, 
however, are  of  oonsiderablfi importanoe in evaluating resulta on 

lute time spent in a fault of lateral balance (s l lpp lng ,  dddding, 
lateral imbalanoa, slipping e.t or beyond a cer ta in  R e r i t l a a l n  level 
etc,) These nemilts mllggest that h t w - g r o u p  dlffmenoea in such 
item6 m y  be in p & t  attributable tc inter-group dlfferenoes i n  the 

must be employed to reveal true  differeaoes i n  the given  fault .  

- c e r t a i n  othnr indioeer omaly, thme lndiosa &fined as the abew 

.' , time V n C  in the  maneuvers umd the oonclualou that proportiom 

3 0  Itam DeeZieg d t h  S&Q& (see Table 72 * Table 7 preaenta the 
resultn in Indioes 5 t o  13~inclueioe,  which deal  aith varlou~ as- 

of s l i p p w .  The reaulta differ m-bedly depending upon the \. 

, direation of the turn and will thus bo fiiscrlesed asparatsly. 

rank fWst on these indioee, the Instructors  most of ten rank m o o d ,  
hft m n ,  On the left  turn, the privam p i l o t s  mst often 

and the  students, with two excaptions (Indloes 11 and 13, Fllght  11, 
rank third, The rank of t h o  students  is i n  accord  nith  expectations, 
but the ranks of the private  pilots and instructors  a r e  rkversed, 

- 
2?l'hld.lack of OOMi8tent s igni f icant   d i f fe ren t ia t ion  may be due, in 

some part, to the arbitrary select ion of 330 ea the  end point of the  ent.rp, 

in the rhtarl l ination of the first p i n t  of  attainment of a "proper" bnnk of 
.to (~fiors io s l g l a l l l n p  the  beginning of  the meuver,  and to physic& errors 

300 .., 





. &j&&&& On t h e  right Gum, h e  mtlo ipa ted  ranks of the 
tbree p u p s  are obtatnod dmst universaI.ly, vb,; Instructors ,  
f l r e t j  private pilots, aacoml; and studente, third, Moreover, on 
the r i g h t  turn, tho inetruotoro are coneiottmtly and aignlfionntl,, 
di f fe ren t ia ted  from the stttdenta i n  tho C ~ E O  of Indicae 5 to 13, 
lnclunlve, With the emapt.lon.of Indices 8 ,  9, q d  11, the prlv- 
ate  pi lo ta  are a l s o  conais:.tntly and s igni f icant ly  differentlatad 
&om the students. The p-,r'?ats pi lo t s  and I w t r u c t o r a ,  h o m e r ,  
are not di f fe ren t iawd J.n m y  fnsknoo.  
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It cannot be assuned, of-ooures, that them two tendenoles, 
although prosent   sbul taneously,  d d  actunl ly  balrlnoe eaoh. other 
80 that the p i l o t  muld nei ther   s l ip   nor  skid .  The grea tas t  bene- 

oucoas)oAillp, would b. in the  reduction of the magnitude rathm 
than the time of t h e  s l ip ,  This map p a r t i a l l y  explain the   fao t  
that t h e  p r i v a t e   p i h t a  mere signlfi~ntly d i f f e r e n t h t d  from 

-fit to the inexperienoed p q o t ,  unable t o  resiat -oh tendenoy 



In general, the  diffezenoes between the r i g h t  turn and l e f t  turn re- 
su l te  are  i n  aacord wlth expectations- baecnl upon tho  effect   of q e a e  two 
tendoncies  and  tend to strengthen  conclusions aa t o  the value  of thequat i -  
t a t i v e  indices  88 v&d measur& af pilot   prof ic iency,  

Cuttinu Scores. The f a d  t h a t  t . ~  E I - ? I I ~ ,  d i f fer i rg  in amount of 0x- 
parience, di f fe r   s ign l f icsmt ly  in moan scoroa on a certasn M e x d o e s  m t  
neaessarily lnd ics te   thn t  score8 on ~ t a h 8  index would o h s i p y  individual 
pi lots  in one or t h e  other o f  the b o  experlenoe levels on the  basis of 
t he l r  Ind iddua l  mores on t h e  yarti.clil~% index,, A s t a t i s t i c a l l y  signlfi- 
o a t  difference i n  m e a n  scores m4v have resu l ted  from a few extreme acmoo 
a l th ln  each grocp. aud a large proportion of one group m y  have soores dif-. 
fering very l l t t l a  f r o n  the  scopes oi' a l a r p  proportior. of the other group,  

For determining t h b  va1ne-d' qwut i ta t ive   ind ices   in   c lass i fy ing  pilbts 
in term of  experience or profioioncy lavels,  the most praot ica l  procMure 
is through the d~t€xsmi~.htioll  of cut t ing flcoros. illthough cutting  scores o b  

ked on small  samples of aubJeot8 and. 0'1 the r e s u l t s  of only one plane, a 
tairmd I n  t h i s  study aw not ~ h e d i l t e l y  applicable in the  f i e ld ,  boause 

preliminary investhgation was nuda ta detarmtns the   p rac t icabi l i ty  of ~irg 
the  quantitative  ixdiccs f o r  cLwsifytng p q o a e s , .  

i. 

! 

. .  
. I .  
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Moreover, tm of therm, Indioee 26 ar,d 27, aiecrimlnatm eraozig the groupa on 

ted for four lateral  imtdanoe indioea, namaly, Latmral Imbalanoe SCOra 
both left and r Q h t  turns, Aoourdirgly, distribution of soores Ware, plot- 

(Idex 231, Time Spent in Lateral Is&iLsnoe (Index 261, Peroentagr of T i m  
Spent in Lbteral Imbdlanoe (Index 27). and Time i x y w ' o r i t i o a l  level of 
10 units for eaoh turh i n  eaoh  group (Index 30) ,  

ting soores may be ,set, Bhioh point i s  selected will depend upon the 
I n  maat disttibutlom thore are usually mveral pointa at uhioh out- 

p a c t i c a l   s i t u a t i o n . 2  For exmple, it 'is frequently possible on a @van 
distribution to s e t  a amre uhioh leads ta the aooeptanoe of o n l g . t h o m  
vho rank hlgheat on the miter ion variable, Thla score my, nevertheloao, 
be undesirable if the der of mob b d i v i d u a l s  is le84 than the -bar 
required the praotioal dtuat ion o f  fill.& faotory jobs, obtrinhq 
military p i l a u ,  oto. In  quoh a 0880, a l o m r  outting aome would b, re- 

proapeots. Aooordilrgly, e e v e r d  possible out 
qulred rhich would l e d  to the aooeptanoe of some fa ir  and even some poor jpg soore8 ware soleotad ror 
eaoh index on the basis of aimple inspwtion. 

Table LZ shorn the ' n u m b e r  of eases aooepted 31: rejmtd io emh group 
by severa l  possible outting soores cu each index, The oriteria for MOOpt- 
woe or rejsotion ware M followas 

1. In the OMB of left twy, an individual m a  coneldared to be M- 
oepted by the outting soore i f  his noore on both Flight 1 a d  
Fllght 3 f e l l  b e l o w  the outting a o ~ e . 3 3  

. .  
. I  
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1nstru0. 
P l l a t t l  
Student& 

Inatruc, 
Pilots 
Studkntr; 

P ilsts 
Stu?erm 

Instruc. 
T U O % *  
Studente 

InEWUC,  

PUUobQ 
Instruc 

Studmta 

I ntl tlvc . 
r ' i lu ta  
Studtnta 

Inetruo 
Filcts 
Studonta 

Inotruc I 
l i l o t s  
Students 

Instruo, 
P i la t s  
Studento 

I ~ B ~ Z W O ,  
P.Uots 
Students 

3 
4 
0 

3 
' 5  
0 

A. 

2 
3 

0 
1 
2 

' 3  
1 

.o 

3 
3 
0 

5 

0 
3 

4 
3 
1 

0 
1 
3 

1 
0 

(5 

1 
2 

0 

2 
1 
1 

2 

2 
0 

0 
0 
1 

2 
' 1  
1 

2 
1 
1 

, .1 

1 
1 

0 
0 
0 

3 
1 

8 

2 
1 

7 

0 
0 

2 

0 
0 
1 

4 
8 
6 

3 
& 
e 
0 
2 

0 
1 
5 

0 
0 
2 

01 
0 
0 
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1 
4 

1 
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day-to-day  sxeouticrl ':.? 'r:??:.. raanauvcir, becauew of pilot var i ab i l i t y  
from f l l g h t  t o  fllgtit 'fkm 4%bbseum of  mnrked r e h t l o n s h i p  kmtwsm 
soores on left an6 i*Ig':t t,sr?ls may be one aspeut of a g e n e r d  in- 
a t s b l l i t y  of indices oucn cis those devised in this study, each re- 
ferring t o  ' k i l l  a e p n i . r  w d  br ief  periods of perkormapoe i n  p i lo t -  
i q  (III airplane- \ 

I 

The results d o -  show that it is Soesible  to  cla6sipy,  with r e p a t   t o '  
szprienoa, p i io t a  perf'oming t . t n  a m e  maneuver under standard  conditions, 
throiagh the w e  of quantitative b 3 - e ~  such as thoae  emplopd in this 
study, The results preuented Tshie 11 indicate that for one maneuver, 
cut t ing  oeo+ee or nom m y  b3 O'btaieed on indices derived from graphic 
rcw'rds whiah will aa t i a fac t a r i l y  ?placen unseleoted  indivfduals for that 
meneuver. Tbe results do not flcroi3h d d e n c e  as to the   poss ib i l i ty  of 
combining quant i ta t ive lndicoa %;51;% G v i e r   t o  "placingn p l l o t a  w i t h  re- 
spect to total or global perfcmmce; To a r r i v e ' a t  more general  quantita- 
tive M i m e  of   p i lo t  perfommoe a a l d  involve  the  Bnalysis and wmbina- 
t lon  of such  indices for P r m a h ~  C J ~  maneuvers b. appropriate weighting 

r i t h  over-all pmficiency ae I .  pll::.: i n  successive group* of subjects ,  
y n c e d m s  and the didcovery o f  %hc,;o iudicee which are moat highly re lated 

1 . ,  II. . 
i, . 

-- 
of a manewer were not adbq&?.,c fo- d w n a i s t e n t   a p p d e a l -  af a k i l l  in 

Additional  avidenoe on varisbllity x: performenoe wne obtained by correla- 
axeouting that mumuver because cf ;;.:lot mriabllitg from f l i g h t   t o   f U g h t ,  

ting the scorns of the subjscte on t'l.ve aelected i n d i c a n  fo r  the l& turn 
3f t he  f?Irst f l i g h t  with thei?  o m r a ~ :  on the same indiceo for the  lef t  turn 
o f  the   th i rd  f l igh t .  In addit . lm,  their scores on these azuBB indices .for 
ths r igh t  turns of   F l igh ts  1, 2, a i d  3 were Interrorrelatea, 

Th9 indicee selected for thsna I n t e r c o m h t i o n a  w e r e #  

1. 'fhs Slip  Score  (Index 51, Ykfd Score  (Index U), and Lateral  h- 
b a b a  Score (lndex 23) .  Aa stated earlier, them indices are 
~cogposita M i c e a  eaclt. taking into acoount  both  magnitude of the  
pu4,ioular f a u l t  i n  m i n t t d d n g  lateral balance and the  t b e  
spent i n  the fault. Investigation of their   successive-fl ight 
r e l i a b i l i t y  would therefore  indicate t he  r e l i a b i l i t y  of the 
t o l d  perfo-oe O f  the 8iibjeCtB d t h  FeapeOt b h t e d  bd- 
anmo. Moreover, since them Indices are averages,  higher in- 
taroorralat lons wquld be expeated t@nn in the C ~ B O  of single- 
variable  lndlcesg hence, if these ,indims did  not show hlgh 

tbt t h e   ~ i m p l e r  meamreB would also n6t S ~ O T  high moceaaive- 
sncaessive f l i g h t  reliablllt.y, It might  reasonably be conoludd 

f l i g h t  rel iabi l i ty .  

2- The T h e  Spent in Latern1 ?mk+lance (Index 26) aad t h e  T h  Spent 
in Lateral  Imbalance at. or  heyoond the nar i t iaa l"  level of 10 units 

sive-f l ight  soorea DU these  indices would be of partioular i n t e re s t  
(Index 30);  It mi8 thcught that i a t s r w r r e l a t i o h s  of the  m c a s -  

lmcause of t h e i r  emplopment in the  investigation of cutting eoorba. , '  . 



1- With the extneption  of the skid-score intercorrelat ions,  aignpifl- 
cant  posit ive  oorrelatior,  is  prasant in a l l  successive-flight 
comparisons. since the probabili ty of obtaining the  given r 
through tine chance f luc tua t iorz  of randm sampling, i f  the t m a  
r were 0,; i s  lmer than .55 il? a c h  case, 

2 ,  none of the  indices,  however, zsn ba j d g e d  to have a high suo- 
cesa ive- f l igh t   re l iab i l i ty ,  since the Ilighest Intercorrelat ion 
of ecores on en index  for the l e f t  tun is  +,70, obtained in the  
cue .  of  the slip moreo  Although the BwCeE OR m~eral  h i l o &  for  
t h e  r ight   turns  of Fl ights  1 and 2,  m d  1 and 3, a m  h i g h 4  oor- 
related (of   the order of +,;80),, tha S C O H ) ~  f o r  the r i g h t  turns 
of  Fl ights  2 and 3 are not highly c o r r d a t e d  in tb ease of any 
index: 

! 

The ?..epee of v a r i a b i l i t y  from f l i g h t   t o   f l i g h t   e x h i b i t e d  by the  pi- 
l o t s  on the indicee under invsatlgntion has cortain  important  impllcatlans 
for the employment or  the  work-sample technique (aa represented by s t a d - ,  
a rd   f l i gh t s )  in the measurement of pilo:; proficiency.  Although  the nrmDbsr 
of casns is sme.U, the  following tenkttve conclusions seem t o  be fusti- 
fied from the  results presented in Table 12 c i ted  abuvet 

1.. Altbugb there  ere mi.de d i f f e r p a s  ia the consistency  of vari- 
ous aspeats c,f performance,, the ordeps of several of t h e  coeffi-  

performance during a sb-gle f l i g h t  give a fairly consistent index 
cients are suff ic ient ly   high t 3  8uggest that o e r t a i n  aspeots of 

of p i l o t  proficiency  applying flight t o  flipht.35 

2, F m s  on impact ion of t he  data there s e n e  mmon t o   b e l i e v e  that 
Purtlmr exanbat ion  of such qwniY&:i fe indices under improved 
experimental  cocditians. may ~ ~ ' 1 1  hr .d  +o +,ha i den t i f ioa t io s  of 
those aspects of  perfomance .&!a?h ar? particularly  acceptable i n  
terms of s\?ccaasive-=fiight re7.i ebi.Y.i t2~. 

3. .  In  the l i g h t  of puera l  fi:y;er:izenta%lcio i n  th is  fieldg it seem# 
likely t ha t  such rcsasrch sholild ba ccccerned not with single 
indices,  each maawing a 7lmited 69pGCt of perfowance, but 
r k t h . t h e ,  combinatim of indicae ioy apr.ropriate  weighting i n  order 
t o  obtafn CI acora  representative of a t  l e a s t  an e n t i r e  manewer. 
Thb  po in t  of view is e u ~ e d m t  nomted bF the  findings  included 
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~i ? R P ;  i d ulis .-upm-t which f k i l e d  y;, revea l  e ? , l ? r t  OY&- -f '  
rel~aoiilty betmeen ualitative glob11 ratinga c f ~  manewerh :L 

found to be characteri~tic  of  quantitative p a s u r e w n t e  as eon- 
aaccess ive   r l ights .2  However, t h e  higher ordet.. uf ral?abill+,r 

trasted with qualitative judgments should tend to aontr ih te  
towards the  consistency  of a compooita index., 

I .  The poss ib i l i ty  of combining scorqa on different maneuvers to 
arrive at  a single $core for nn ent ire   f l ight  should also re- 

1em of arriving at  a ccznple.teXy acwptable and reliable index of 
calve consideration in further  research,  In  gmend, this prob- 

f l i g h t  performance i3 Gf c r l t l c s l  importance with respect t o  'the 
uae of single f l i g h t s  euch as a r e  emplsyed in the f l i g h t  inspec- 
t ion  progrsa, of  the ??T 3n assussing pilot  proficiencyo 
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se r t lon  into ti10 refloctoscopo, and adjust ing the screen) for  
reading each +,urn varied from abwt  35 minutes t o  about an hour 
an& twenty aimtea,  -the average being a h u t  45 - 50 minutes. I n  
the ,cam of unusually long txu-na,* the reader and recorder nome- 
times mckmged places i f  thc  ?aadar became par t icu lar ly  fatigud. 

The time  raquired  (including  the handling of the record, in- 

2,, R t ~ w  t h f r  Logd factor trace, Sir~ca the load factor  tram con- 

of R si!npplc Bine curve, the reading of load factor a t  any point . 
tained a superposed complex of  vibration t r a m s  hahng  the form 

was mdrj_n:. t,he  mid-point of t h i s  superposed complex of v ibra t ioa  
t racas ,  "Fhie h a t w e  of the  raccrZs &de for 8om d i f f i c u l t y  in 
reedlng, ?hoe. the  reader had Zo dwtbrmine two points   ( the top 
and t h e  bottom of the vibrations txssao) ana obtain the  mid-point 
between these two t o  get   the  rsading of load  factor.  Accwaop 
was undoubted.ly 1mt. h8,:nuae of t h i s  feature ,of the records,  since 
the neaal;-ing ln-ooesa is obvl.ouniy a ra ther  .complex and unsatis- 
fac tury  m e a m  of mak'ny rt9e.tlinge 

' Flirther pzeoautions t a h n  karpure  n c c w x  of the  r e a d l m .  h e  o: 
the  three redera ,  the junh? m'it.t..ar, in est.ahlishing the measuring  tech- 
niqtis, ksd bocoms cxpar,Lsnced Ln t h a  p : ' w ;  -:- . b f  rueasurament,, The ot.hm 

they had l e a n ~ c d  rr,es.surf.nq process, I:<e:ie practice msasurements were 
two readers3R r u . m  ,)rac:?.ce 1-9adj.ngs ir. !I<.? ;mesence until i n  his judgtnnanL. 

checked with re-L~me3~1?an!ents 1x-Le by the mre axperimoed rerder.  



2. Awmding:L,u, .luforrel C R E ~ Y R  were mda  f?eqmmtL:; tho%h&t the 

re.measurement of sect.! on6 of the  records Ml colrparison of the 
cowso of the readiqge. L ? W P  ir!i'or.mal ~11ec.u consisted of the 

second measurements d,th tm tlrnt.  Re-deasurments  rare sjrne- 
times made by the eame readw and sometimea by u aecond raadsr- 

3 .  In each case of re-measuremmcp '"he measurements were called off 
t o  therecorder as in the regular measuring process d i scuaad  In 
the  tat, and the recm-der, wlth the  original data 8 h W t  in hand, 

menta d i d  not   differ   mater ia l ly  from the original measurements. 
halted t h e  re-measuring dter he was aseured that the re-measure- 

20 Set6 of meaaurments of ths three traces., It m e  intended i n  
U e d l y  each re-rneaalrrement seseion  included  approldmately  15 to 

the  event of wldely  disorgant readings on the second measurement 
t o  record the re-ms~a~remsnts. NO re-measurement r e su l t ed   i n  
suoh  divsrgent  readings, &never. 

1. Kith the exception of a f m  readings of load  faotor, disouseed 
below; all re-measurements of the chart agreed d t h  original 
measurements wlth a devlatlon na greater than + or - 3 acreen 
apnoea. Dwlations of 7- o r  3 soreen spices m e  rare, A d d a -  
t i on  of 1 soreen apaae *an fairly frequent, but 0 dwia t lons  were 

deviation i s  thus o o l a e ~ a t  less than 1 screen apaue; sod the 
more common. A ooneervatii 8 9dtimat.e of the average (absolute) 

average  algebpaic deviation, of course, approaches 0. 

. I  , 

v i e r  of the fact that the  quantitative Lndiaes take into account 
'phis order of acobracg 1.8 quite  acoeptable,   particularly i n  

a large number of reaatngs, ~ O U ~ I I ~  cancellazion of t h e  errors. , 
I 

2 .  In   i so la ted  m a s s  of very rapid changes of load,'faotor or "verti- 
c a l  aoaelerationSA m.se&ement and re-mewuremsnt occasionally 
Wfered by M muoh ao 4 or - 3 o r  4 screen spaoss,39   or a 
single reading in the upper or middle'part of the  chart  soale, 
however, (where suoh ahanges usually occur) this. error  would in- 
troduoe an error of no more than 30 or 40, and as l i t t l e  %E 10, 
i n ,  deternining  the npropern bank, Such an error i n  t h e  f e r  read- 
'ings would operate t o  inkorjuce negligible error i n   t h e  bank in- 
dices. 

.. - - 

.. 3%srors of this magnitude, accurring only when the slope of the t race 
l e  stoep, would seem to :be a t t r ibu tab le  ohisf ly  t o  var- looations of the 
synchroniking aaale on original and repeat readings, rather than differences' 
in judgment; 1.e.. the trme hi aotually measured a t  tao   s l igh t ly   d i f fe ren t  

;e points on or ig ina l  and repeat reacliws. 
6 ,  
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DiacaFdina  of record@. 

1, Recorda of 4 turns  (3  of one subjact and 1 of another) in which 
the  subjecte  misunderstood  inatmotions were disoarded, and no 
indlaes were computed for them, The PFrst   subject  intentionally 
made  medium-banked turns t h o u g h  CI mirrunderatanding; the second, 
i n  executing h i a  first turn,  d e  a turn of only 360° t h o u g h  a 
QiaunderRtanding, 

I 2 ,  In all other caoea, one index of a record might be disoardsd ow- 
l n g ' t o  a particular  deficiency of tha  record, bit other l n d i o e s  
derived from the re l i sb le  Infommtion  of other traces would be 
computed and t reated,  F3r e r w l e ,  i f  a record  displayed t h e  

. "haywire" af feot  i n  She load fa?tlor 'trace, the bank indices were 
diacarded, but the i n t i cea  relating th, lsteral balance ware corn-. 
puted i n  a l l  such casea, since t h b  whg-low traces of a l l  recor'do, 
with one Emaption, suppl.ied accurate SnfOrWtiOU, 

Difficulties ellcountoped i n  computing iqciigea relqtire & " U ~ O D ~ "  &&. 

i 

. 
i 

. . .  



w- 
'. 
f ' 
E Theso m a n  banks wore then coqarsd  i n  order to see Ff the 
I assigning of n def in i t e  d u e  tte baee-lfne readings 
." . m a  Jus t i f i ab le .  The largest diffqrenoea between the tm 
+ . values were: 4.230, 3.940, 1.974, and 1.770. The remain- 

i l  

der  of the di f fe remas  were 108s then 1.50 and most of 

d l f f w e w e 6  4 taking idto aocdunt  the fact that the  true 
them l eas  than loc I n  vier of the a d  order of these 

m e m  bank fa l ls  between the tro calculated, it m a  not 
thought  necessary t o  disoard these oa8esJ, 



. 



3" 

e ,  Another pccblenl rr!cow:~?red jn catpuuting them j n d c e a  m a  oc- 

reaalled Lhat one of' the  cbaractorist ioa of these ,effeots i s  
curranco is BOUR inabauas of prop-rslsh af feots .  It rill be 

a fairly rapld ar*l ocgplete drop in the load fnator m e  to 

mately its former hsigh--t,b3 These rapid  chaugee.in  load fac- 
its base-llne r'clloued by a 8Ml~ly rapid rise to approxi- 

tor are iiue t o  tba accejeratione of the AjoZt ' '  aoo-ng 
an encounter  with the prop-wsh, and do not  represent ctnnges 

and should 'not be t reatad in such a mer an to lessen the 
i n  "popern bar&. !&reover, they are a rmrk of  axoallenco 

m t l n g  of the  p o r f o m n a .  

b, bccor&ngly,  in t h e  computation of mean bark, valuea of "pro- 
per" bank derived 3-0s maaings of load, factor  during  the 
presence of prop--si: ,sj'fects were not  included 

e ,  Llkealm i n  the. cr;?putz-:.ion of  bank fluctuation,  those step-  i wise deviations ~ t w c d 7 i ~ ~ $  "proper" bank obtained from ouch 
readings of 10c.i P;.?tcz were excluded.. 

a.  It dll be reaaLed thet' the laok of damping of the atoeler- 

under o s r t a i n  conditiolu: ta exhibit a damp- o m e ,  and that 
m e t e r  or load fac+m frldieator a l l m s d  the load faotor traoe 

records of load faastor during such  ocoasions are  subjeat to 
maoh doubt  of  acauracy-.+& The records uere inspected for 
th is  effeat ,  and .dl those exhibit ing i t  were c la s s i f i ed  
according t o  i t s  Beveri%y and the  propol-tion of the record 
during mhich it persistr>d, 

b. The bank items of 'all records exhibit ing the " w e "  effeaf 

recorda exhibi t lag it ic a s l i g h t  or moderate degree f o r  a 
in a amere f o w ,  , evec 'hugh-for marely a short  time, and 

fair proportion o f  the turn were d i e d e d ,  The reoords of 
20 turns (out of 1% treated) displayed this afhat t o  an 
anount requirie  +cx-d of  the b d  indices. 

1 

The dieoarding prouedure a s  qualitative i n  natwe, but 
was oategoriaal, sinooa the e f f e a t  is  easily ident i f iab le ,  A 
mild folla of tbe e f fec t  C O M ~ B ~ S  ln only a moderate  deviation 
from tbe oomplex s h e  curve pattarn of the v i t i r a t i O A 8 ,  If 

l i t t l e  effmt a a  'MI wxwoted on avrraged p#uu~ures c o m @ t e d  
the d e d a t i o n  persista for only a s l ight  seotion of the turn, 

PTom t h e  *propern bank vaiuas. Henoe .%ha disoard could be 
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- oi ski4. Single readings of sl ip or skid 

tive reading of s l i p  or skid) were crossed out and t r ~ t e d  M 0 
readings. Suoh readings m e  almost  invariably on ly  one soreen 
apaoe .h height, and a r e  likely to be erronmw judgments an t h e  
part of t h e  readsr, rather than t rue  remdings. S h o e  tbare would 
be negligible effeot on any index by thbir   inclueion, this treat- 
m e n t  was ale0 establiflhed i n  the In te re s t  of consis~tenoy rather 
thsn accurmy. 

4 .  Reoorde Is 
a. Reoords of 13 turns lacked s i g r ~ a l s  to indioate the beg-ng 

or end, or both, of the turn, These reoords m e  neverthe- 
l e se  .r&J the reo,der seleoted for the arbitrarily chosen be- 
ginning a point several soreen spaces before the  first posi- 
t i ve  refiding of load faotor or for the  arsitrarily chosen er\d, 
faotor traoe to i t s  base-line. 
a point several ncreen spaaea after the retarrn' of t h e  load 

b, The indiaes r e l a t i n g  to l a t e r a l  bd+oe n r e  ~0lrput.d for all 
* these oases. I ~ p e o t i o i ~  of t he  data sheeta  revealed that 

re l a t ive ly   l a rge  mors In  doterrmiping them polntu would 
m t  aPfeot theae indioes appreoiably,  with the poaaible ex- 
ception of t h e  (abaolutu) times spent in slipping, ekidding, 

I and lataral l i n k d a m s .  15 t he  G a m  of the corrMpond- 
lng to these  indices (yropwtion of time apsnt  in  sl ipping, 
proportion of tim spanh in &idding, and proportion of t h e  
spent in lateral imbRlr!rrcej, how&vur, the  effoot;of auoh 
m o r a  would a lso  be ol..!.ght, Theas 08888 ware therefore in- 

' c 1 ~ & 7  

Indioeg reAatiw t o  ;he t:me GOAWUICE~. i n  exmutina the turq.  

1, &cords  iacldna adeauate dim@&. 
a "  :In oomputing the total time of the mneuver, recorda of 13 . 

o r  both, wore discarded. I t  w u l d  bave been possible i n  such 
tmns lacking e i the r  an initial signal  or twminal signal, 

c n ~ e s  t,o assign two d t m n a t i y e  values f o  thle index,  one 

L7;t i s  to  be 'noted t h a t ' t h e  bank M i o e a  are  not subject t o  W e  am- 
b igu i ty   i n  the cases of inadequately  elgnalled  records. The bank indices 
are oomputed o n l y  for the turn properr M c h  1s d e f i n d  wi th  reference ta 
the  load fa,ctor trace, rather +A8 eigld traoe,  
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a, The t r u t h  or f a l s i t y  of t h i s  explanation lrmst remain i n  doubt. 
It could have been tested  empirically a t  the f i e l d  Lf the ques- 
tion had arisen or ha% been foreaean. The t e a t  would have con- 
sinted simply in diecoverhg whether the   a i rplane would main- 
t a i n  straight an+. levo1 f l ight '   wi th   the h a d 8  off  the wntrola. 



the ' s t r ~ c t u r n l  ?~?nds":c:.r $mtuiaLed here. iu ' ,  

d .  I t  i s  t o  be noted that ,141ot.s could correot for such a char-. 
a c k i a t i o  of the airylane, if present, by proper17 coPrpensating 
control adjustments. It. would bb expected that ins t ruc tors  
would be most succensful i n  so colepemating,  private  pilots 
next most s~jcceasfui,  a& students least successful, I t  might ' 

Purthermore be expectad that owing fa s t i f fnes s  of the  controls 
of t h e   t e s t  &plana, n,> group would be completely successful 
i n  compensating for  tilie tendency. If the  postulated pecul- 
i a r i t y  of the test airp3.ane mere present, the following results 

' might' be explnined by ; l ; r  

The l ee s  experianced pi io ta  (students and private p i lo t a )  
s l i p  more on t h e  r-!qht tu rn  t h a n  an the   l e f t .  

The l e a s  experioncwJ pi lo t8  s k i d  'tore on t h e  left tu rn  
than ' the right .. 

The more experienced pi lo te  (instructors) do not  exhibit  
a s igni f icant  difference between ] .eft   turn.alipping and 

right  turn-skidding, That  the  tendency may nevsrthelese 
r igh t   t u rn  e l l p i n g ,  or between l e f t  turn skidding and 

be present Is, Indicated by the f a c t  that t h e i r  mean 
mores on t h e   s l i p  items of the r igh t   tu rn  m e  hlghar 

the s l i p  items 3f the left turn5 and their m e a n  scores 
(but   not   a ienif icmtly  higher)  than thair m a a n  scorea on 

on the skid dtems cf t h e   l e f t  turn are  higher  (but rwt 
s igni f icant iy  highv?) than thef r  mean sooren on the skid 
itema of the rig4t Lurn, . . 

I 

p i l o t s  as t o   t he   cha rac t e r i s t i c s  o f  the airplane, None of t h e  instructors 
-rho flaw the airplane d u r l n g  this srperlment Uked it, and this opinion i s  

quently discussed the cbarac ta r i s t ics  of the airplane. They complain that 
aharsd by evvery exporienoed p i l o t   k t h  whom the  exparinenters. hare eubse- 

i t  is "hard to fly," and that it is  impossible to develop the proper "feel' 
beonuse the controls are  stiff and do not respond p r o p l y  to s l i g h t  prss- 
m e s .  Such complaints  muld seem tm have no d i r ec t   r e l a t ion   t o  the s k u a -  
turd pecul ia r i ty .  postulated here, h1.t the fact t h a t  the airplane raa gen- 
erally dia l iked  by expart pilote'indioates that these results omnot be 
applied t o   o the r  alrplmea genarally. 

5 b r t a i n  'background" evidenoe is afforded by the opinion of axpart 

. 
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an !'ne mechanism of  such a te&enoy is swgeateri  lr. Fagea i(;z-.83 I. :,; 
of tne C i v i l  P i l o t  Raining Manual, by J, R, Cram n d  G m  J. i :,,$ 
Brim Jr, ,  C i v l l '  Aeronauticb  Bulletin, No, 23, Sspto~ber, 1 ' 1. .. 

I ,;y 

1940.51 I n   s t r a i g h t  and level f l i g h t ,  a&d In other s i t u a t l o m  j j :,: 
c a l l i n g   f o r  neutral  aileron, the etudent m y  simply r ehc  his 2 
r i g h t  a r m  on  the  st ick,  The weight-of  the  pilot 'n relard arm i '  ,; 

t ion of t h e  r igh t   a i le ron;  hence t h e   r i g h t   d n g  dll be brought 
lor ,  

, , .  

1 ;':% 

. pull fng  against   the   s t ick is enough to causa a al ight   def leu-  
, C~ 

:2 
' r  

b, I n  s t r a igh t  and l eve l   f l i gh t ,  this slighht holdlng of the   r i gh t  
wing low, instead of being corrected by the p i l o t ,  may 1-d t o  
another bad habit. I n  order to compenaate for the l o r   r i g h t  
d n g ,  he m y  develop. the habi t  of hblding l e f t  rudder to keep 
the ship  directionally  &traight,52 As a oonsequence, when a 
turn is  etarted,  t he  atarblng "neutral.  position is. not  exact, 
T h i s  m y  r e s u l t   i n  a ter,dency t o  uee too much rudder to the 
l e f t  (inducing l e f t  turn skidding) and +x l i t t l e  t o  the r i g h t  
(inducing  right turn d ipp ing) .  

c 'It I s  apparent, moreover, that not  only map this s l i g h t  right 
ai leron  def lect ion occur In supposedly neuPal positions  of 

I .;.f 

the  ailarun,  but a la0  excees r i g h t  aileron deflection (or' in- 
s u f f i c i m t   l e f t   a i l e r o n   d e f l e c t t o n )  magi ocour whenever the 
p i l o t  relaxes h l a  a r m  on the  atick  whlle  applying  slight ail- 
eron for any pp-poser 

, ,  
I .  > 

1 +; 
-'I, ' ,  

. .  
,. . 

! , , L  

(1) Tn a i e f t   t u r n ,  d t o r  the  'controls have been n e u t r a l l a d ,  
R s l igh t ,   fa i r ly   cone tan t  amount of r i g h t  ailerm must 
be h e l d  t o   co r rec t   f c r  the overbanking  tendency of the 
airplane.  A f t e r  t h h  adjuatment has been made relaxing 
the r i g h t  a m  againat the s t i c k  might cause excesa r i g h t  
aileron  deflection..  

5 k e e  a l so  pages 120-121 of CLvii Aeronautics  Bulletin, No. 23, 2nd. 
Edi t ion,  September, 19&lG 

5iAlthough It, is not so s ta ted  i n  t he  Uanual, it muld  aeem that the  
. i ~ , ~ ,  . ,, a: 

1 5  

.i 

, .. 

meriouaness of t h i s  canpensating  habit and the  extent to which it is  fin- 
tad might vary wl th  t h e  s t r eng th  of engine torque i n  the t ra in ing  airplane, 
I n  American airplanes,  engine  torque  tenda  to t u r n  the  a i rplane l e f t ,  so 
t h a t  (assuming perfect  ai leron  performece) it is frequently  neceaaary  to 
hold  right  rudder t o  o f f se t   t he  engine torque. It is conceivable, a t  least, 
that in t ho  case of sone airplanes that engine torque might supply a direc- 
t ional   correct ion  suff iolent  tn offse t   the   f ' au l ty   r igh t  a i l e ron  defleotion, 
and thua  the  student might not  develop  the  compensating-habit mentioned 
&bove (or the habit  of  holding r i g h t  rudder  to  offset  engine  torque, either). 
T h i s  a i t w t i o n  might  occur pwt i cu la r ly  i n  the oase of a i rplanes which are 
not  equipped aitil an 'adjustable fin or rudder tabs to offset  torque. 
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(2j Xn a r i g h t  turr, &tar the controls have been neutril- 
iaed, a a l igh t ,  f d r l y  oonstant amount of l e f t  ailexon 
maat be held to oarreot Pot 'Che over-bandng kdenog 
of the airplane, Aft-  thla adjustment has been d e ,  

arm may tend to p u l l  the e t iok  to tha rlght,53 and came 
if the right a r m  i s  relaxed, the weight of the relared 

lnauf f io len t  l e f t  oileron deflection. 

(3)  b, n o t  o n b  in the entry, b u t . d s o  i n  the turn propar, 
there tmy be a terdenoy to hold t h e   r l g h t  wlng lor., 

Needless to m a y ,  however, the expla&tion  l is ted  under  2 add 
not  depend upon meohanism here outlined --' nansb, the relax- 
lng of th4 r i g h t  arm upon the  atiok. Any other meehanlam or 
combination of meohanism by ahloh the t d e n o y  to hold ex- 
oeea right a i l e ron  d . 1 .  be brought  about  might a l s o  be --. 
mimed. 

\ ,  

ai leron o lnr i f l eo  the faota whioh pplannt lon  under P accounts 
The postulation of tbi.5. tendmoy to hold eimem r i g h t  

for, MmSly1 

(1) me lees qmrienoet i  p ~ l o t a  (students and private p ~ l o t a )  
sllp mbre on the r igh t  t u r n  than on the left ,  

(2) The lean experienced pl lo ta  skid &e o n , t h e  Jdt turn 
than on the right- 

(3) The more experienced p i l o t s  (iaatrmotors) do not mer 
aignlfioantly in left and right turn s l i p p b q  or in left 
and right turn skidding. The direotion of their man 
sooree l e  in MCordamM vith the postulated tendency, 
tut the differences between the amn moor08 of t4.m left 
and r ight  turna a r e  not slgaifioant. 

-- 

530bviowly, the dlreot ion of movement of the a t iok  In auoh a ni tua- '  
t i o n  is a question of leverage. I t  IS pooaible that in eo- l e f t  dar- 
on defleotiona, the might  of the relaxed right erm nay be appl ied   to  the 
e t i o k  I n  such a fashion that t h e   s t l o k  rill s o t u d l p  rove to the left, de- 
p e d h g  on the re la t ive   d i reo t lon  of, the force applied by the relaxed arm, 
Thle dl reot lon  all, in turn, 'depend ln &t .on where the s t i c k  in gr'rsped 
(nt the top, or l o w )  and the extant of ita Inellnation to the l e f t  (i.e., 
the axtent of th. original left aileron defleotlon) . In genosral, ho.slrer, 
meat of - the  d l o k  to the r igh t ,  htevar t h 6   a i l m n   d o f l e a t i o n  bf~?ore re- 
it would neem tht relaxntdon of .the r i g h t  blaeps sill tmd to oanm m& 

lPtationb 
. ,  

, ,  i 


