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Deer Kjr. B r i m h e l l :  

Bttached i s  a r epor t   en t i t l ed  The Development of "A Scale 
for  Ratina Pilot Comuatencpn by E. Lowell  Kelly,  with an Appendix 
by R. J. Wherry and R. C. R0g~1.s en t i t l ed  A Factor Pmlvsis of the 
PurdwemScale for RatinE P i l o t  ConDetencuem The report  i s  submitted 
by the Cornittee r i t h , t h e  recometIdation  that it be included in 
the   se r ies  of technical reports issued by the Division of Research, 
Civil  Aeronautics  Administration. 

i 

I n  reading this report  i t  should  be  borne in mind that it 
Fa6 originally  writ ten In 19LO and therefore expresses the  point of 
view of the author as of t h a t  date. Nevertheless, tne report  is 

an instrument, -A Scale  for Rating P i l o t  Competency", skicl~ has been 
extensively  used  in  investigations on the selection and t ra in ing  of 
a i r c r a f t   p i l o t s  82onsorsd  by the Committee on Selection  and  Training 
of Aircraf t   Pi lots .  

i 
I of current i n t e re s t  because it embodies considerable data concerning 

Cordially yours, 

MSVgea 

Morris S. Viteles,  Chairman 
Cornittee on Selection and 
Training of Aircraf t   P i lo t s  

9 . 



Cornittee on Selection and Trdaing of Aircraft 
In the research program sponsored by the 

Pi lo ta ,  cons'idmable as6 been made of nA Scale 

Kelly at  Purdne University. The present report 
for Rating P i l o t  Gompetenag,s developed by E. L., 

describse early  atuciies which led to  the devslop- 
ment of the  sc~1-e in its finel form, 

The study is publish& because it cmLtaln8 a 
description of the method employed in dewlaping 
the  acale m d  considerable deta on inter-relation- 

f a r  jscluckd .in the Techical  Series published by 
ahips znorg items not present i n  OthQF reporte so 

the  Division of Resemch, C i v i l  Leronautios bdmin- 

w i l l  be of considerable value to research workers 
istration. It is bsiievod tht such information 

ir, this u e a  of investigation. 

mind :kt it WQS or ig ina l ly  m i t t e n  in 1940 a d  
exTresses the  authorgs  point o f  view as of that 
date" 

In reading .;he repmt, it should be borne in 
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cesa in flying, there i s  a real need for  an improved 
scalo for ratisg p i l o t  ccmpetancy, A preliminary 
t a  nunp graphic  scale  covering  three traits  m9 z- 
tionaI&$&iQ&&& and A d m a  vas devised and t r ied   ou t  
but  discarded  because of excessively  high  intercorrala- 
t i ona  between t r a i t s  

Because sf the  absence of s u i t a b l e   c r i t e r i a  of BUC- 

Several  other scaloa were constructed and then  the 
bes t  points of each combined i n t o  a U-ibm graphic 

easy  to  use and has been shown t o   d i f f e ren t i a t e  w e l l  
.scale lor experimental  study. The schle proved t o  be 

betssen good and poor p i lo t s .  The intercorrelat ions of 
the  treits were high enough t o  suggest  the  existence of 

halo  effect .  
common factors   but   not  so high as bo indicate BPI undue 

shows that three factora ape suf f ic ien t  t o  account for 
A factor  malysis of the *Labla of intercorrelat ions 

a l l  intercorreiat ioae of itame in tho  scale. These seem 
t o  be: , w a n d  g@&x& ~oatr-a, listed in 
order Qf the   ex ten t   to  which the scale measureo each, P 
echeme is suggested for  combining the  ra t ings so as t o  
obtain approximate measures of  these  factors. These 
three factor scores  intorcorrelated with each other t o  
the  extent of a40, .&and ,5S. may shculd  constitute 
useful   cr i ter ia   both for  future  research and f o r  practi- 
cal   evaluet icn 3f p i l o t  nonpetency, 

i 



N E E D  FOA A SCALE FOR RATING PILOT COMPETENCY 

a re l i ab le  and val id  measure of success i n  flying. To be ab le   t o   p red ic t  be- 
All workers on the problem of p i h t   s e l e c t i o n  have realized  the need for 

havior one must first have some means of evaluating that behavior,  8ince  the 
beginning of the Civilian Pilot   Training program, the performaace of f l i g h t  

but   these  ra t ings have been found t o  be of questionable  value as measures of 
atudents has been rated on a "1 t o  5" sctrle for each  period of instruction, 

v i t i a t ed  by one or both of the  following  factorar 
p i l o t  competency. Although highly  reliable,  their va l id i ty  moms t o  have  been 

(a) Variatianns in i.nterrrretations of the meanings 
v-4. For examgle, aome ins t ruc tors   in te rpre t  "1" t o  mean uthe 

of t he   s ca l e   va luesk l  

highest   quel i ty  performance, of the   sor t   ra re ly   exhib i ted  by student  pilots, '  
whereas othar ins t ruc tors   in te rpre t  "1" t o  mean "excellent performance f o r  the 
amount of previoue  training  shick. the student has had." 

(b) u s  often are made a t  the end of a dav durina which the- - 
atructor  hag had eight  or t en   d i f fe req t  stv@r&g. Consequently he play con- 
fuse the perfo:-mnce .of one student  with that of anothep whsn the  ra t ings are  
made, In f i l l lng   ou t   the   reqhi red   ra t ings  a t  the end of the day or 'during 
the  next rainy period,m the  instructor  irr probably  tempted to   give a r a t ing  
indicative of h i s  general imprsssioa  of  the  student. Th i s  general impresaion, 
of course, does not vary  greatly from day t o  day, 

In any event, in sp i t e  of the amazingly  high z e l i a b i l i t y  of these day- 
to-day ratings,  they have  been  found t o  correlate   but   very  a l ight lg  with other 
measures of p i l o t  competency and there is  l i t t l e  evidence of correlation  with 
predictive measurno.2 

PRELUXNARY RATING SCALE 

of p i l o t   s k i l l   r e s u l t e d  in the form shorn R B  Exhibit I. As can be menp it 
was a combination of the 'man to man8 and graphic  types of scales  and cal led 
for   ra t inge by icstructors on three aspecta of the  students3  behavior: ' s k i l l , "  
*emotional stability: and  "judgment,n 

1 

Satter,  Lyle  Tusshg, end Jamea Wright, 
2 

Edi toras  Note: The author i s  here   re fe r r ing   to  an index, and not   to   s ing le  
maneuver r s t ings .  An index  obtained by summating the weighted ra t ings  through- 
out  the training serial u r i  dividing by the total number of ratings was found 
t o  have a r e l i a b i l i t y  of .98. (The r e l i a b i l i t y  was determined by correlat ing 
an index f o r  odd half-hours of f l i gh t   t r a in ing  wi th  one for even half-hours, a d  
correcting by the Smawan-Brom formula.) %e: 

The f i r s t   a t t cmpt  t o  design a s c d e  t o  secure more than a single measurc 

The author w m  aaeis ted in thio  study by A.P. Johnson, E& &art,  GOAo 

KOUY, E.L. of Test ~)ata on 1938 - 39 LA- (Furdue Re- ~- search  Foundation,  Project No, 1; Progress Report,  September, 19hO.) lashing- 
1 ton, DOC. I National  Research  Council Committee on Selection and Train&- of A h -  
1 c r a f t  Pi lots ,  1940. (Copy in Committee f i l e s , ]  



Each of t he   f i ve   i na t ruc to r s   a t  Purdue maa asked to r a t e  each of h i s   t en  
atudenta on this scale on two different  occaaiona. Using these  preliminary 

as measures  of r e l i a b i l i t y  from one rating  period  to  the  next,  Although ,ithe 
data,  rank-order  intercorralations were computed for the  three traits, Q5 well 

r e l i a b i l i t y  of auch ratings ma f a i r l y  high,  the  intercorrelstions  mong  the 
three  scales  ran 80 high aa to   ind ica te  l i t t l e  o r  nn di f fe ren t ia t ion  on tho 
part of the   ra te ra   wi th   respec t   to   the   th ree  traits, It was thereroro  conclu- 
ded that: 

for di f fe ren t ia t ing  them; o rp  
(a) These fac tors  were so highly  jntercorrelated that there  was no need 

(b) Pn&-mto:*a .era unnble t o  d i f fe ren t ia te  among thoos three as?ects r.f 
p i l o t  competency; or, 

ferent ia t ion,  
(c)  The scale and i ts  instruct ions were not  adequeta t ,J  secrne such dLf- 

of di f fe ren t  sxperirnental ra t ing  ecales  of various types m a  devised, Some 
Because of the  obvious  wehhe&ses of the scale just describod, n nunber 

mere graphic, some were s w a r i c a l ,  some sere check I i s t a ,  but  a l l  had one com- 
mon charac'teristics  they sampled a la rger  number of aspects  of p i l o t  compe- 

w h a t  nore specific.  ' A f h '  considerable  cii8cusaicn of the   re la t ive  rnerit.9 of 
tency which made it possible t o  make the  individual  items of tho scales S O ~ E -  

each of the proposed soakers, the  U-item  graphic  scale shown 
mas decided upon. 

DESCILIPTION OF THE EX,PF3I!8BTAL U-ITEY RhTLNG SCALE 

graphic  type and c o n h i m  U i t e m ,  Each item or t r a i t  is introduced by a 
queation  designed  to be as u.mmbig!ous as posaible  to  the  pilot  instructox- 
doing the  rating. An atteapt was mde tc ua8 descriptive phrases ae "stepem 
or 'lmdmasks" on the soale, specific8J.ly  epplicable 88 answers t o  the quee- 
tion  introducing  the item and sufficiently varied from item t o  itea t o  reduce 
the  halo  effect  in the ratings, 

Aa can be seen  (Exhibit II), the sxpeliimeatal fam o f  the  scale i s  of' the  

In addition Lo the   f ive  descr ipt ive phrssea placed al.ong each ocale,  the 
r a t e r  i s  given  the  privilege of chacking a space en t i t l ed  "no appot+m-dty t o  

dency a f   r a t e r s  to make unreliable ratings on eertah of the  items. 
observe.. It w m  fe l t  that t h e  provision cf t h i s  apace mould losaen t h e  ten- 

The U items 01" questisns  included in t h e  scale were f i n a l l y  chosen from 
a much  more extensive l i e t  of chwacter i s t ics   d i f fe ren t ia t ing  good mci poor 
p i lo t s ,  a l i s t  which had bam conplled on the basis of  a ember  of extendad 
discussions of the problem wi th   f l i gh t   i n s t ruc to r s  and other   pi lota ,  The l.!, 
items  eventually  selficted &0€7N8d t o  be thaw most essmtia3. t o  p i l o t  compo- 
tencY and Yet nei ther  ambimow not too ooerhppbg in  nature.   Naturally,  
however, E e r C  intmcorre1.atiov.e mong the iterne were not exppected. 

Item 14, it m i l l  be noted, is an mover-all rating= and  WE^ i n c l u d d  t o  
give the   f lying innstr.uctc? a oppurtmity for w emlus t ioo  of the gemere1 
cmpetency of t h e  s t w k n 4  t 3 i n g  : w k J ,  
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VALIDATIOlJ OF TiiE LL-ITWL SCALE 

(]ne means of  validating  the  scale seewad t o  be that of  securing  rating0 
by numy d i f fe ren t   ins t ruc tore  of the  best   md pooreat etudents  trained by those 
ins t ruc tors  during the 1939-LO C.P.T. progWua To secure  theea  ratings tke ko- 
c a l  C.P.T. directors  In 130 b s t l t u t i o n s  n e m  sen t   s e t s  of  material's t o  he 'man- 
dad on t o  each of t h e i r   f l i g h t  i n s t r ' x t o r a ,  Io t h i s  mmn5r' each of 4009 in- 
s t ruc tors  in l3O Ins t i tu t ions  m s  acked t o  solect   tha   best  and the poarest of 

experinental form of the s c d e .  Ehoty-cae of the 400 inst ructors  to whom 
the  ten  s tudents   t rahed by  him and thon t o  rate eqch of  these pairn an the 

forms were sent   actual ly  reted the i r  bes t  a d  poorest  students and returned 
the forme. 

These 91 pairs of rating sca los   re re  scored on a "20-point scale @3 end 
dis t r ibu t ions  made of the  ratings on esch t r a i t  for  g o u p s  or" %estw and 
npoorestn s tudent  p i lo t s .  Figwes I. t o  L& show paphieal ly   tho  resul t ing dig-  
t r lbut ions of the scores. Curve "Aa i o  basad on the 71 "best'  stcdonts; cume 
OBn on the 91 "poorest"  students; and curve "Cm is the distxlbution of ratAnge 
for   the 110 typical  C.P,T. stildents uesd in the   fector   analysis  of the re t inga  
described in the fo1lowfng  aectioo, The mean rating f o r  each gx-onp is also 
shorn on the  charts. 

A study  of  the figuref! %has h s , d h . t r l y   t h h t  certain of  the  itsma tend 
t o   d i f f e r e n t i a t e   h t s 0 e n  good arid paor students mdch be t t e r  than othercl. For 

Items 1, 4 ,  5,and 14. Other  items,hoaever,  shou a large m o u n t  of overlapping 
example, there is re la t ive ly  Little overlappping of A and B d is t r ibu t ions  for 

and much lesa difference  betreen meansr (Seo Itens 3, 6, 8 ,  10, 11, and U J  

between the m a n s  for  Groups A .wd B ere 3hom i n  T ~ b l e  I, The data in Table I 
indicate  that ra td igs  of s k i l l ,  (Item 11, speed of learning, (Item 41, and 
having  the f e d  of  the  ahip,(I tm 5 )  are the most c lose ly   re la ted   in   ins tme-  
torsr1  select ions of 'bestw and "poorostn st.udentssb 

The  means, standard  davietlons, 2nd c r i t i c a l  rabies of tho  dlffarences 



3. How brefnlly does he check hi. plane  and  engjne  before  taking off? 

4. AB mbpared with the other  students yon have trained, how readily does he "catch on" to yonr iastrl~eliom? .& I I I I I I I I 1  I I I I I I , I  I 
i u s  ."M .Im nn .h 

- 
6. To wdat extent doe~ he hnve the feel of a ship? 

6. Doen b. &ow respect for a ship  and ita motor? 

1. How h e  or relmxed is he when  Eying? 4, - 
.+L! I I I ms-tb I I I I d m -  I I I I .Ildom I I I 1 I 1- 

1 l l 1 1 1 1 1 1 1 1 1 1 1 l 1 1 1 1 l  
nth=? u- .U.htb Do t.- --* - l d d b  *- 

8. Is he {ncUned to show ol while flying a plane? 

- 
9. How i d y  doea he become n w t  w h  something goem wrong, for example, a motor failme? 

io. How 4on6dent is he of his Eying ability? 
I 

I Y.r '11 TT TT 



- 6 -  

A SCALE FOR RATING PILOT COMPETENCY 

Directions for Use: 

Being a good all-around  pilot is not simply a matter of  how well one can maneuver a 
ship,  but alp0 dew on the use of good judgment,  on keeping one’s head in  emergencies, 
and on other  traits which are difflcult to measure. We have devised the scale on the hack 
of this  sheet especially to  aid you in giving a many-sided  description of a  pilot and  his 
flying habits. 

The scale  consists of 14 questions  about  the  pilot being rated  but a flat “Yes” or “No” 
answer is not  asked  for..  . rather you are given the  opportunity of answering  each ques- 
tion by checking at that point on the  descriptive  scale which best fits the  pilot being 
rated. The descriptive  phrases below each  line should he thought of as “landmarks.” 
Feel free to  cheek any  student an fa8ing.aomewhere  between these  phrases i? he helongs 
there. 

sometimes slightly over or under controls,  you might  rate him as indicated by the check 
EXAMPLE: If,  for example, a pilot  usually handles the controls fairly smoothly hut 

mark on the  sample scale below. 

HOW does he handle the  controls? 

controls CDPtmls mnQol 

It  should be remembered that  just because a pilot deserves to  be rated  high or low on 
one characteristic does not mean that he deserves to  be  rated equally high or low on 
others. 

PURDUE RESEARCH  FOUNDATION 
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2.CONTROL HANDLING 

M w  15.81 

L* . 12.2 I 
Ma. 7.1 I 

50 

4. ABILITY TO  'CATCH ON' 

F IGURES I - 4 
(see  explanation i n  t e x t )  
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e 5. FEEL OF SHIP. 

7. TENSENESS 

MA. 16.27 
MI- 8.?6 
NC*I2.31 

F l 6 U R E S  5 - 8 

(see emplamtion In text)  
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9. EMOTION& 
STABILITY 

II TRYING OUT NEW THINGS 
SO 

12. JUDGMENT 

¶ C O R E  

F IGURES 9 - 12 

(see explamtion i n  text) 
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13. SATISACTION 
sa 

48 

4c 

38 

I M 

0 

14.OVERbl-L RATING 

15. FACTORIAL  PATTERN 
OF THIRTEEN  IT€% 011 THE PURDE RbTlNG SCALE 

F IQURES 13 - 1 5  

(see exo1amt;on i n  t e x t )  
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5 
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i.0 
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13 
u 

15 .8l 
12.71 
15 -W+ 
15 rn 53 u .05 
16,27 
17.21 

17.96 
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9.70 
15 II 53 
16.69 
17,0? 

S .7Q 
6.63 

19.8 
10.0 
22.1 
23 .I, 
10,l 
13 -4  

11.7 
3.7 

4.0 

10 "0 
5.5 

25.9 

8.1 

These U O  scales,  repreveating  the  ratings f o r  h roughly random sampling 
of the C.P.T, students, were scorad on the 20-point scala. As has been  noted, 

l t o  u.. 
the   resu l t ing   d i sk ibut ions  or  ̂ these  ratings are shorn ~8 graph "CR on Figures 

I n  p rac t i ca l ly   a12   i neh l~ces  each instructor   fe l t   capable  of r a t ing  a 
student on a l l  U items. T t x  one rxcepzlon . m s  Item 11, Woes he l i k e   t o   t r y  

92 of 110 scales  included s o t i n y s  on t h i s  i t e m .  The hesitancy which some in- 
oGt new things, L ~ L ~ S I  mansuvers and cross country  trips, for example?" Only 

s t ructors   feel   wi th  rsgerd t o  r;t,ing $hie item  probably r e s u l t s h a t h e  Eact 

dent much opportunity GJ rems1 his dwdency to  ex2erinent  while  participating 
tha t   the  C.P.T. ~pro~mrn i s  fairly rigidly  controlled and  does  not  give a etu- 

in the course. 

In order  to  determine  the mount of  interrelat ionship between the  items 
end also t o  permit  mking a foctar   enelysis  of the  ra t ings,   in tercorrelat ions 
were  computed among a l l  U items. These are  shown in Table IL. Rather than 

~ first t o  report   the  resulto of the  factor  Esalysis.  Bocause of the smeller 
attempt a discuaaion of the corrslfi t ion nutrix i t  th is   po in t  it seems deairable 

, number of rht ings  avai lable  f c r  ltem 11 and the  indication tbt this fac tor  was 
~ not   easi ly   rhted by C.B.T. instructors,  Item 11 was omitted i n  the  factor  an- 
, alysis .  Thc remaining 13 variables were subjected  to a factor   analysis  using' 

~ %rE?atone$s  Centroid Method,S 
' ,  

Three fac tors  were found necessary t o  account for the   intercorrelat ions 

i f ,  



TABLE I1 

INTERCORRELATIONS OF SCORES OF CROUP C ON THE FOlRTEEN ITEMS OF THE 
PURDUE%nLE FOR RATING PILOT COWETEh'CY"(N 110) 

Item No. 
X tern No. 1 2 3 4 5  6 7 8 9 1 0 1 1 U U u  
la S k i l l  
2. Control hendling -- ,229 .576 .726 4 6 4  -6'78 -156 .403 -225 .290 ,377 .275 .535 
3$ Plane check-up .330 .357 ,590 .083 -084 -027 .504 .a3 -47lI 421 427 
4. Abili ty t o  "catch on. --- -73'7 .420 .W9-.077 -391 -209 .356 .34l a253 ,737 
5+ Feel of ship --- -552 .L92-.0&6 e 3 7 5  "117 a&& .322 e269 -752 
6. Respect for ship --.- .YO7 .3U. -168 -225 .230 *533 -468 .532 
7. Tenseneaa -_ 
8,  Shorwff 

-167 .611 .270 &?Q .172 -206 4 2 2  -- e 1 2 3  e 4 1 1  a331 s377 s315 e 0 1 2  

10, Confidence 
11, Trying out new things - -052 ,323 -265 12. Judgment -- -502 -473 
13. se.tisftlction -- -363 
l4" Over-all 

_I- --- -647 -34L $792 .767 -365 .460-.150 -358 .l67 .380 .262  e127 -801 

._ 9., Emotional Stab i l i t y  --. .119 "157 .234  .136 .36& 
-- "151 s2U q 2 . U  e232 



meaningful fac tors  until af te r   the   ixes  have men  rotated,  we shall not  consider 
shorn in Table 11. Since  the  Thurstone  tectmique does not  yield  peychol,ogicaliy 

the or ig ina l   f a to r   l oad ings   bu t  turn d i r e c t l y   t o  the factor  loadings after ro- 

A factor  loading, it will be remembered, may be interpreted  a6  the  coefficient 
ta t lon.  The loadings of each  item on t h e  t h ree , f ac to r s  is  shown in Table 111, 

of correlat ion between a given  variable and the  hypothetical   factor.  The Thw-  

problem i t  was found tha t   the  clusters of variables were not   en t i re ly  uncorre- 
stone  technique  yields  orthogonal  (ieea,  uncorrelated)  factors,  but i n  t h i s  

la ted ,  hence it waswt possible t o  secure simple st ructure ,  L e o ,  en t i r e ly  
"puren f ac to r s ,  by m y  ro ta t ion  of {,he axeso 

Factor &, it  w i l l  be noted from Table 111, ahowe a very high  correlation I w i th  ( i - e - ,  i s  heavily  saturated  with) Items 1, &, 5 ,  and 11 on the scale, and 
' a fairly  high  correlation  with Item 2, Reference  to  the scale shows the  items 

t o  be (here   l i s ted  in order  of  decrersing s ize  of the  factor  loadings):  

! 
lo Wonsidering  hi3  training, how skil.lfulf.6 he incarrying  out  precision 

! maneuvers (spot-landings,  figure  eights,  etc.)?" 
,, ! 5 0  Ol'o what extent  does he haw the f e e l  of a 'ship?' 

U0 *In  your opinion, considering skill, emotional  stability,, judgment, e h . ,  
how good an Qall-around pi:LotO i s  he l i k e l y   t o  become?" 

! 
! 

L. "As compared w i t h  the  other  students you have trained, how re idi ly  does 
he Pcatch ony t o  your  instmctiona'tm 

2, *How does he handle  the  co~trols? '  

Bemuse of the  nature of  these items, it semms raanonable  to name t h i s   f i r s t  
~ factor  t h e  n~&&&lsn. factor. 

Factor IIJ on the other hand, i s  less highly correlated with any of the 

! be moat c l o s e l y  associated  with Items 3, 6 ,  8 ,  12, and 13.. These are  (again 
~ items on the acale but from t he  r e l a t ive  siae of the loadings will be 88811 t o  

in order of decreasing aise of 1oadings)s 
! 12. *Bow good i s  his judgmnt w i t h  regard to taking flying  rieke  (weather, 

etunting, etc.)?" 

~ 6.  "Does he show respec t   for  a ahip and its motor?" 

13. .How w e l l  i s  he sa t i s f i ed  with his flying ability?* 

8, -1s he inclined t o  show off 8hLle f lying a planets 

3* .How careful ly  does he check his plane  and engine before taking of f tu  

From the nature of theae items, it seems t ha t  Factor I1 might well be 
named *judment.* I t  w i l l  be noted that the  variables  contributing t o  Factor X 
have very low loadings on Factor I1 and vice versas 

Factor 112 shows a t i l l  lower correlations  with any of the items. The items 
1 having  the  highest  loadi?ys 8-8 2, 7, 9,and  lO,which, in order of siae of  loadings 
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wHow eaoily does he hecomo upssi when somstidng goes wrong, f o r  example, 
a motor fa i lurc l"  

*How does he handla  the  controls?" 

'How confident i a  he of hla f l y b g  abill.ty58 

was ten ta t ive ly  named 
Since  these Items all geam f , ~  involve 5n emotional component, t h i n  faoh'  

.m 

The three factora and the  c luster ing of the   i t ens  which contribute most 
heavi ly   to  each can perhnps  be be t t e r  envisaged by reference  to Figure 15 

Here the  clustering of Items 1, I, 5 $  and U a t  the  lower l e f t   co rne r  i s  very 
showlmg graphically  thase  relatiomhips when plot ted on a spherical   t r iangleA 

obvioua,  and those In turn w e  8me 75' away (9@ separation equals z e r o  in- 
ta.-correlation) from the less ccmpact c lus te r  of  3, 6 ,  E, 12, and 13 a t  the 
loner  r ight  corner of the   t r iangle .  The lower welghtlngs of 2 ,  79~ 9,and 10 
BO Factor 1x1 aro indicated b y  the  distance which they  #we away  from the apex 
of the tr iangle.  T h a t  Factore I and I1 are involved i n  Items 2,  7, : I ,  and 10 
l a  indicated by the less than 90° separation  of these points from the  other 
corners of the trisrngls. 

r e a l i t y  maaswing three re la t , iva iy   dupara te  aspecta of p i l o t  competency: 
I t  epnears, tlmn, t i t  t.he PurdUe%mlQ for  Rating P i lo t  ComDetencpia in 

. s k i l l ,  judgment, and t o  a lesser degree  emotional  control, Rather than treat- 
ing  each  of  the 14 ratinga au separate  scores, it seems advisable   to  combine 
the  scores by adding the ra t ings   fo r  each of t h e  items in a cluster. Thus8 
f o r  skill add Items 1, 4 ,  5,md U; for judgment, Items 3, 6 ,  E, Uprurd la; 
and for  emotional  control,  Items 2,  7, 9,and 10- Such combined scores w i l l  

'. probably be much 6ore re1iabl.e than ra t ings  on single  items. The intercorrela-  
t ion of the  three sums will not be zero) but w i l l  be suf f ic ien t ly  la so that 
the three combined scores may be t reatad as separate  cri terin  both for re- 

actual intercorro.lations among the  sums of ra t ings   for   the  lJ.0 C.P.T. st ,~ -  
search and for   pract ical   evaluat ion of p i l o t  competency, Table IV show the 

dents. As w i l l  be seen in Table IV, these sums which may be roughly  considered 
as 'factor scorctsQ cor re la te  wi th  each other, -40, & l s  and .58, 

TULE IV 



DISCUSSION 

l%is scale  haa been shown t o  be s t a t i s t i c a l l y  meaningful  and prac t ica l  
to use inasmuch as ins t ruc tors   f ind  it easy t o  rate students on it. No Ber- 
ioua weaknesses have been  found i n  the  present form of the scale  a0 DO in- 
mediate  revision seems necessery. 

Eventual ly   the  re l iabi l i ty  of the   scale  from rater t o  rater s b u l d  be 
studied  but  since a l l  C.P,T, students are trained by a single  instructor,  
such a check haa not  been possible. I t  would a l s o  be des i r ab le   t o  have the 
same instructor  rate students at di f fe ren t   t imes   to  check the  tempordl re- 
l iabi l i ty  of the  scale, 

f ac to r s  in p i l o t  competency. Factos I, s k i l l ,  seems t o  be considered most 
important in the  average  instructorla judgment when he i a  asked to   p ick  out 
hia"beat" and  "poorest" p i lo t s ,  Also, it will be  noted thet Item 16, a sup- 
poaedly "all-around" judgment of p i l o t  competency, i s  loaded much more heavily 
with the s d l l  factor  than  with  either jadgmeut or emotional  control, 

The data  reveal  nothing  about  the  relative  importance of these  three 

amounts of these  three components of p i l o t  competency. The w f a i r  weather 
airport  private  pilot '   probably  needs more * s k i l l "  than anything else. If 
he attempts cross  country  alone, he needs "judgmentn as well, and if lris 
motor  rnisbehaves, he needs a great deal of  Remotional controlon A p i lo t ,  
on the  other hand, might possibly have too.much  judgment to   t ake   ce r t a in  
typea of r i s k  which are necessary,  for  instance, in military flying. The 

but w h a t  const i tutes  the mlnimum amount of  each  factor and the opthum  pre- 
.ideal' p i l o t  would, of course, hove  optimum proportions of a l l  theas  factors,  

portion of each must await  future  research, 

It is  conceivable that different  types of f ly ing  cr-11 for   d i f fe ran t  

whether suf f ic ien t   a t ten t ion  i s  being given to   fac tors   o ther  than "skilla In 
the selection and t ra in ing  of student  i)ilota, A certain degree of s k u  is  
obviously  necessary  before 'the other factors of judgment and motional   cm- 

may be unsafe  pilots unless t h e i r   s k i l l  i s  used  with  proper judgment and i s  
t r o l  can operate,  but  again it must be remembered that even a k i l l f u l  p i lots  

unimpeded by a lack of  emotional  control. I t  has been noted that in-= 
s t ruc tors   se lec t   the i r  "best'  students p r imwi ly  on the basis of skill. Per- 
haps this  is because of the limited amounts of t ra in ing  which their   s tudents  
had had a t  the time of the  rating. It is posaible, however, t he t  this emphasis 
on s k i l l  i e  the r e s u l t  of our lack of knowledge of how -to train  student8 I n  

inst ructor8 con&d.der these t o  be inborn t r a i t s  of the student  not  susceptible 
such a WEY as t o  improve their judgment and  emotional  control - or perhapa 

the PurduabScale f 
to  training. These questions  suggest a number of f rui t fbl  researches in which 

9s &sting P i l o t  Comrwten&might be Jaed a d  an evaluative 
device a 

I n  the meantime, however, it seems per t inent   to  raiaa the  question of 
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~ A FACTOR ANALYSIS OF THE PUHD3E "SCALZ FOR ELATING PILOT COUF'hWCY" , 
I 

~ I e INTRODUCTION 

~ ~n his re?ort  on the construction  of the Furdue.Scale for  Ratinv. P i l o t  CJmDe- 
~ 

F 9  Kelly  preaented  the results of a factor   analysis  of the  scale  which yielded 
t, ee pr imary  factors%  Factor x:- w, was measured by Items 1,5,U,L, and  2; 
FBctor 11:- Judment, by Items 12,6,13,9, 'and 3; and Factor 111:- Emotional control, 
by Items 7,9,2,  and 10. However, i n  this preiiminary study Kelly made no attempt 
to analyze  the  factors  further in terms of isolating  the  best   reighting  procedures 
t o  be employed for these  jtems in order  to  provide pure measures of the  three  fac- 
tprs  assessed by the  scale.  

The purpose of the  present  study was to   subjec t   Kel ly ls   da ta   to   fur ther  s t a -  
t;lstical treatment  with  the aim of providing r e l g h t s  for  the various items which 
wbuld p e r m i t  the  derivation of ?tire measures of the  three  factors.  The data re- 
ported in this  investigation  provide  also a cross-check on t h e   s t a b i l i t y  of the 
factors  derived by  Kelly in his study. 

, 11. PRWEDUM AND RESULTS, 

Malvsia of KelkJQs o r i ~ i n c i ~  data, The f i r s t   s t e p   i n   t h e   s t h t i s t i c a l  analy- 
sbS was to   subject  RelPj-gs table  of in te rcor re ia t ions   to  an  independent  factor 
ahalysis  and t o  re - rokte   the   o r ig ina l   fac tor   loadingsS2 This table of inter-  

TABLE I 

Intercorrelat ions of Scores of Kellyee Group C on the  Fourteen  Items 
of the Furdue %Scale for  Rating P i lo t  Competency" (N a 110) 

Item No, 

Jtem No. 1 2  3 4 5 6 7 8  9 U 
is S k i l l  q - 7  647 3L.L 792 767 365 LbO -150 358 167 380 262 127 801 

10 11 12 13 

q., Control handling - ~ -  229 516 7'26 464 678 1% 405 225 290 317 275 595 

& Abil i ty  to "catch on# 
-- 380 3 5 1  5 9 0  088 0% 027 004 243 470 421 427 

-a- 737 U O  419 ~ ' 7 "  391 209 356 341 253 737 
fia Peel of ship -- 552 492 -066 375 ll7 L56 327 289  752 
6 .  Respect for ship --- 307 311 168 225 230 533 468 532 
If. Tenseness 

g u  Emotional Stab i l i t y  -- 119 151 23L 136 364 
laa Confidence - 151  2 U  24l 232 

12. Judgment 
4. Trying  out new things ' -- 052 - 323 265 

la .%tisfactiori 
502 613 

U. Over.-RU. 

2 u  Plane check-up 

. q, Show-off 
--- 167 611 270 00 112 206 a - U3 4l1 331 377 318 018 

*- 368 - 
i - 
z 

dented in t i e  body of the  present  report. by LL Kelly. 

2 
~ Thurstone, LuLd The Yectcra of t u &  Guhlcagot Univursity of Chicago Press, 1935.; 

~ A description of t h i s  scale and t h e  original s t a t i s t i c a l   a n a l y s i s   a r e  pre- 



Rating  Items 

1. S k i l l  i n  manauvers 

3 .  Check plane 
2 .  Handling of controls 

Lo Readiness i n  catciling on 

6 .  Respect of ship and motor 
5. Have f e e l  of ship 

7 a  Relaxed when f ly ing  

9. Calm in d i f f i cu l ty  

12, Jlidgment i n  taking r i sks  
10. Confident of a b i l i t y  

u* Allard pilot 
13. W e s  t o  improve self 

8 ,  NOQ show-off 

60 
83 

60 
80 
82 
58 
31 

-12 
29 

66 
07 

35 
87 

30 
57 
25 
26 
30 
05 
77 
25 
60 
37 
06 
03 
21 

-21 
09 
37 

-06 
4 5  

53 
06 

00 
65 

35 
58 
58 
09 

Emotional 
-. S k u  Control Judwen, 

90 02 
72 
42 -36 

38 

85 01 

47 
87 03 

52 
-OS 
65 

-15 37 
65 L8 
10 36 
34 01 
24 02 
86 -03 

lected for further  use i n  scoring  the  ocale.,  Item 2 uaa discarded  because it was 
weighted too heavily on bo th   sk i l l  and  emotion;  Itema 3 and 6 because  they were too 
highly  weighted on skill and  judgment;  and Item 10 because i ts  loudings ware very 
low and s p l i t  between  emotion  and judgment. 

On the basis of this  analysis,   I tems 1, 4p 5, 7, 9, 9, 12, 13, and U were se- 

Analysis of North  Carolina Data. Thee- was ad- 
ministered  to 6 new population of 136 crises. Thls population was made up of the   fol-  
lowing  subsamplesr 

COLLEEE NO, OF SUBJECTS 
Washburn College w 
North  Carolina State College . w  
St. Frances College u 
Illaea. Sta t e  Teaches8  College 10 
University of Wichita 26 
University of North  Cflrolina 6 

Presented in Table I11 are the results of the  factor  analysis  using only the 

Kelly data (Items 1, 6 ,  5, 7, 8, 9, 12, 13, and Us)* 
i tems found t o  have re la t ive ly  pure ' factor loadings in the above analysis  of the 
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In th is  malysis TLsm 12 was o r i g i n a l l y  omitted because of its high  loading 

~ on n 8 k i l l s  in Table XI, but when added here by IJwyerJs extension it was found 

~ f o r a  was retained, ( h y e r ,  P..Sd The determination of the factcr loadings 
~ to be as  satisfactory a measure o f  judgment a8  either Itan 8 or 13 and tners- 

~ of a given test f r m  the h o r n  factor  loadings of other t e s t s ,  Psychometrika, 

f Editor's Note8 Kelly founa that t n e  combined ratings  correlatz rit.h each 
~ other  to  the.ext,ent of d . ,  .41, m d  53. !&e Table I V ,  page I&*] 

1937, 2 ,  1'73-173, 



In this method only those items  with  reietively pure factor  loadings were 
Table V presents  the intercorrelat ions o f  the  fcctors  using 9 items. 

employed. These items a r e  wei&ted by means of  the  actual  regression co- 
e f f ic ien ts  found by calculating  multiple  correlations  using the factor  
loadings  as the cr i ter ion  correlat ions.  On %his basis the  three  factors 
are  scored i n  the  following manner! Judgment =I tem 8 9 4 x Item 12 4 2 
x Item 13; Emotional ControA =I tem 7 ,3 Item 9; and the  score = 
3 x Item 1 4 2 x Item 1, 4 2 x I t e m  5 + Item I..l+* T h e  resu l t ing   fac tor  
intercorrelat ions area 

TABLE V 

INTEirCOHhELBTIONS OF EEIC;iITELI FACTOii SCOHES fq ITEElS USED) 
( N 4 3 6  ) 

Judment 

.u S k i l l  
Judgment 

FdilOtiOnal 
Control 

“67 
.u 

such as those reported in Table V are due to  another  type of d i f f icu l ty ,  
soluble  only by the  partiall ing  techniques employed here.  Rhile  the  factors 
are  orthogonal,  the  experimental  variables used to define  the  factors are  
complex and contain  overlap of the  factors.  I t  i s  this condition which 
accounts fo r  the correlation between predicted  factor  scores of  supposedly 
orthogonal  factors. An inspectzon of the  factor  loadings  in  Table I11 and 
t h e  intercorrelat ions i n  Table V indicates   thatr  

Intercorrelat ions between the  predicted  scores of orthogonal  factors 

1. The tes ts   def ining  the s k i l l  Pkctor a re   r e l a t ive ly  pure measures 
of s k i l l ;  

2 .  The tests defining  the  emotional  control and judgment factors  
are pure as regaras each  other but a l l  contain  substantial 

3. The puri ty  of the skill fac tor  makes it possible   to   par t ia l   the  
alnouute of the   sk i l l   fac tor ;  

overlap of th i s   f ac to r   f ron  the  other  factor  scores,  thus  leav- 
ing  pure measures  of  emotional  control and judgment as indicated 
i n  Tables V I  and VI1 below. 

Table V I  presents the intercorrelat ions of the  factors  milen the weight- 

and  Emotional ControL. The fac tors  then are  scbred by weighting the items 
ing  proceuures a r e  fur ther   ref inea by p a t i a u i q g o u t  the Skill from Judment 

i n  tne  following manner: 

&jJ& (SK) a . 3  x I t e m  1 t 2 x Item 4 + 2 x Item 5 c Item 14. 
Judment  (J)  - Item 3 t 4 x Item 12 c 2 x Item l3 - .17RS SK. 
.Emotional Control (E) = It& 7 Item 9 - .3362 SKe 
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S k i l l  .01 
Judgaent 

"01 
-*u 

scores become relatively  pure when i t e m  era weighted i n  the proper manner'. 
For t h i s  t-ble  the  fnctor  scores were corrected on t!le basis of  the new 
wights (prt3.all ing  out skill ea i n  Tab13 VI] mci the new loadings deter- 

T ~ b l e  VI1 i l l u s t r a t e s  t h e  f t c t  t i lot  the fhctor  ioatlings on corrected 

~ mjned by mer' s  Extension.5 

Factor   Ski l l  Judgxxt ;.;notional Control 
-I Factor  bccre  Score Szr-e 
S k i l l  1.02 -,% - .13 
Judgment .02 1.11 - .u 
Emotional Cont. .08 -,n lD03 

I_ I I-- 
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quent  samples as a cross-check on the va.lidity of  fnctor  scores as possible 
It is  recocmended that the present rneVnod of scuririg be used i n  subse- 

predictors of  fu tu re   f l i gh t  Euccessi 

~ 

Scoxing  ueights were derived by means of tne following formulae$ 
1.. E corrected 2 E - EgK and 9 corrected - a,,, where3 


