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LETTER OF TRAWHlWAL 

NAIXONAL AESEARCH C0UIK:IL 

2101 Consti tution Avenue, Washington, D, C. 
Division of  Anthropology  and Peycho logp  

Committee on Selection and Training of Aircraft P i l o t s  . ,  

March 21, 1946 

Dr. Dean R. Brimhall 
. Director,  Division  of Researoh 

Civil Aeronautics  Wslnistration 
Room 3895,  Commerce Buildlng 
Washington 25, D o  C, 

Dear Dr, Brimhall: 

Ratinas o 
Attaohed is a, rernrt en t i t l ed  Ap dnalvais of In-' 
f Check Fliabts a8 Recorded on Form BGA 3L2z 

Feat inmr.  L. S, Ko~an. H. S .  Odbert. and Semnr Raaner. This 
I by Leon 

r e ~ r t - ~ ~ . ~ n ~ i t t e d - ~ ' t ~  Commfttee'on Seiection ani TrainiG-of  
Aircraft Pilots   with t h  recommendation that it be included in 
t h e  seriea of t e c h n i a l  reprts issued by the  Diqlsion of Reaearoh, 
C iv i l  Aarurautios Administration, 

- ~~ 

Committee on Selection and Training of Aircraf t  Pilots, t he  Divl- 
Tho report is the  Jutcone of oloss cooperation among t he  

d o n  of Research, CAB; and the  Safety H e g i h t i o w  Division, CAA. 
It embodies information of prac t ica l   va lue   to   the   Safe ty  Regula- 
t i o n s  Division i n  asseasiqq the  value of  Inspector ratings of 
f l i g h t  prformanco and ttie po tsn t ia l  usefulness of standard rating 
forms of the  type  represented 1y ACA 3@. 

C o r d i a l l y  YOUTB, 

Training of Aircraft Pilqta  
National  Research  Council 
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EDITOR-& POREWORU 

h o r n  m the 1943-Lk Midwest-Na-q Training  Project. Tim report con- 
T h i s  report is one of a series growing out of an extensive study 

oerns i t s e l f  with an nnalyais of inspector ratings of flight perform- 
erica undertaken at  the  request of t h e  S d e t y  Regulations Division, 

r e l i a b i l i t y  and other  charac;eristics  of a ra t ing  form (ACA 3l ;a)  
Civil Aeronautics  Administration,  with a view of determining tha 

prepared by t k a t  agency. While 8- modifications of the f o h  were 
required  for  purposes of t he  Midmest-Navy Training  Project,  the latter, 
nevertheless,  provided an opportunity 'for obtaining data of value i n  
assessiog  the  usefuhess  of t h e - f o w  88 a field  inatrumant, 

The '1943-44 Yidmst-.Navy Tralning  Project w a s  designed by Y .  S. 
Viteles, R. Y.. Walker, and R. C,. Rogers, with the assistance of A. S. 
Thompson, E. S, E w i r t ,  and H .  S.. Odbert , and wi th  the guidance and 

Researah, D, R., brjmhtS1, DireQtor,, Data wore collectud by R, Ye 
assistance,  af the  Exacutive  Subtomittee mid of the CAA Division of 

Walker, S, V, Belinett, Edward Girden, end E, S, Ewart, Oyortunity to 
c o l l e c t  date. fron schools  partlsipatlng in the  W a r  Training Servioe, 

as chck p i lo t s ,  ma provldecl by the  Ci-ril Aeronautics  Administration 
8~ well as the servicss OC a u:mher of CAB f l igh t  inspectors mho served 

through the e f for t8  of D~ i t c  Br!&dP and F. lb. Lmtcs, Subjects 
for th3 study were made 4vailabk1 throqh the  oourtesy of the  S. 
Navy, . .  

The manual f o r  ths revieed form of AGA 3 i p  (Appendix A) was pre- 

Training of Aircraft P i l o t s   a t , t h e  Vdver s l ty  of ramsylvanla. Tho 
pared by the staff o f  the C h a i m t m  of the  Fornit tee on S e l e c t i m  and 

analysis of t,he d a t a  was pimx.aj by tt.8 sx2.W~ of the S t a t i s t i c a l  Unit, 
University of Iiochaster, and of the University of Pennsylvania Project. 
The analysis was carr ied o u t  by the Statlstical Unit a t  the  University 
of Rochesterc 
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nlne o r  more i n n p & w s  ofi evsry W i e W e P :  "sl ips ,"  "skids," 
the predicted I--SZ~~GS~ i n  Section 2 fi.m errcrs are marked by 

'too little rurIder," 'degree of bank varies," and nno3e'vmdere,n 

muah aileron," "nose high," and tkooa h w c u  
Other errors frequently marked are: ntoo much rurlder," " t o 3  

ferent lnspeotors it m s  observed, fo r  example, that Inspector 
I n  a comparison cf Teriatlons in patterns of ratings by dif'f- 

A d i d  not  uee the items "&der O L I I . ~ ~ , "  "rudder late ," "eievator 
ea~ ly ,"  o r  "elevator lute" at all, whemes Inspcisr  E marked , 
thee6 foui items on almost every umieuver, Eight inspectore 
marked "s l ips"  ami "sk.dsw on every turn muewer, while Inspec- 
tor  J? did not =I% "slips" a t  all. but marked "akfde" on U. of . 

of items l&e "too much ailorvr!f and "too l i t t le  s.j.leron." 
the 12 maneuversa C1e.c differencos can be seen i n  t!m marking 

The number of errors on c-oh IICP. '342Z sheet were adde3 Zo yield 
a tot$ error SCX'E. Tks r.orrelatims batween to ta l  e m r  

from m.13 (a = 5)  to  ,74 jN = 6j, with a msdian correlation of 
scores on first,and second f l ights  of pnired inspeatore ranged 

.19. The results suggested that pairs of inspectors tetmded to 
agree to a certain extent In  assigning more error8 to some in- 
dividuals than t o  o:Ilerar 



IWTRODUCTIOB 

Although rat ings on f l i g h t  tes ts  moqy a rery lmprtant p h o e  i n  
the p p s s  of the   s tudent   p i lo t ,  it ha8 been rldely  reoognised that 
these ra t ings  nre not  altogether adequate. Earlier otulies have pointed 
out that inspectors do not  uae comparable etandards, and that some do 
not give'an adequate raaga of grades.1 AS a redt, them b e  bun 
e f f o r t s  t o  develop improved rating f o m . 2  The present report ie oon- 
aerned  with an analysie of ratings 011 one such form, .hioh vae d m l -  
oped by the  saiety Regulation  Division of the C i v i l  Aeronaatios Achnin- 
l s t r a t i o n  i n  19Qa Thie form, !mom as Fom ACb 3@, p r d d e s  6pam 
for an over-all grade, for grade8 on specFfic mrtauvera, and for ratings 
on specif ic   aspects  of f l i g h t  performnee. 

research program lmm a8 the  Midwest-Navy Trainin$ Project ,  which was 
oonducted a t  a numker of aentera located in and d t he  Ohlo S t a b  
Univereity at Columbus, Ohio, with the closs cooperation  of. the U . , S .  
Navy, which made students in the Navy tar Training Service program 
avai lable   for   the  s tudy.  

The data here reported on Form ACA 3422 mere obtained as p a r t  of e 

spectors,, the agreement beheen  flight inspectors in rating successive 
T h i s  report examines the   var ia t ion  in the rat- assigned by in- 

f l i g h t s   f o r   t h e  Sam otudents,  the  comlstency u i t h  h i o h  specific 
- errors are recorded, the  importance of oertain e h r s  in diacrimlnat- . 

bins on osrtain itelas. m.her aspects of t he  Midwest-navy T r a i n i n g  Proj- 
irri: between t ra inees ,  and the tendency of individual inspectom t o  E ~ O T  

ect are reported elsewhme,3 

lAn d y a i a  of ins t ruc tors '  m d  inapsetors'  ratings l e  'preaented 
ins Johneon, H .  B., and h o t s ,  M, L. Analssis of rati&s in the  ~ m -  
;Llmiaarp uhaso of tha G M  trainim D ~ O P T ~ ~  . Washington, D. C.: CAA 

- DivIs10n of Reeearob, Report No. 21,  October 19W. 

%dgerton, R. A., and Walker, R. Y. Histom aa 
u e  Ohio S t a t e  F l i g h t  Investom. Part I t  E a r l y  

d develoument of 
versions and basic r ~ -  

-oh. Washington, D, C.: CAA Division of Reasarch, Report No. 47, 
July 1945. Also: ARC Committee on Selection and TraiPing  of b i r c h f t  
Pi lo t s .  History and d e v e l o m n t  o f  the Ob10 State Fl ight  Invent- - 11: Recent 

# '  

C M  Division of Research, Rerort No. 51, h'ovsmber 1945. 
v !  ard current a-. Washington, D. C.: 

hapner, S., Fes.tinger, L., and Odbirt, H. S, Cotmarison of etq- 
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instructionz "Give your over-all gmdoa on the f l i g h t  as a whole and 
grades on the  spec i f ic  manewers just as if you had never filled in €he 
form at  all." The back of the form provides space f o r  impectors t o  
e n t n  t h i e  over-all percentage  grade  according t o   t h e  f o l k d a g  scale: 

Excellent (90-100) 
A b o v e  Average (85-90) 
Average (80-85) 
Below Average (70-80) 
Unsatisfactory ( ~ 0-70) 

Since  the h i t s  of these i n t e m . l s  were arnbiguoua, it WE& indicated in ' 

addi t iona l   ins t ruc t ions   to   the  inqmctors that nunaatisfaotoryn  should 
be i n t e rpmted   t o  mean grades f r o m  0 tC (but not ' lncluding) 70, %elow 
average" -to mean grades from 70 to  (but  not  including) 80, etc. The 
lorest pamlng grade in a check f l i g h t  is 70. 

', The back of P o w  AGA 3- provides space for rating t ra inees  pn a 

Thwe ratings am not considered i n  t h e   p r e s e n t   r e p r t .  
dpbar of general flight charac tmis t ice  and t r a i t s  of +rsomlity. . 

I 

PdSULTS 

=Ill W, eonsl2emd first,  the mmuver grades sccond, and the   specf f lc  
1s a n d p i n g  the ratings made by t h e  inspectors, t he  over-all grade0 

.. 
2. 

I 
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1. 
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.-  erroPa.thlrd. S o h  of t he l r eh t ionsh ips  mong.these t h r e e   c r i t e r i a  of 
L~ . f l ight   perfomauce on the  check f l i g h t s  will a l a o  be considered. 

0ver-aJ.l CraBgp. 

: I  ' . 

1. Dis t r lbu t i  oqgB. Table 2 presents  the  distributiona of over-dl 
gradee  aealgned by ten  inspectors.5 Table 3 m h s  the  aanm grades group$ 

f l i g h t s  of each  inepeetor. 
in Pive-step intervele, and presented  separatelp-for the first end second 

'It is apparsnt that some inspector8 gave higher  grades on the  average 
than others,  and that sow spread t h e i r  grades out more than  others  did. 

ran@ of grades for Inspector a;? mas only from 60 to a. Inepeotors also 
Jnspector G, for example, gave grades ranging from 0 t o  95, K~O-S .the 

t o r  D gave failing grades t o  o w  12 of his 57 m. Impeator L, on the  
differed in the  p e m n t a g e  of   fa i l ing m e a  which they assigned. Inspec- 

othar hand, gave failing grades t o  21 men cut of 24. It  mt be remarked, 
I~orever, that t e variat ions here observed are wt as extrema M t h e  some- 
times r e p r t s d . g  .The original intontion  to  apply analysis of varianae , t o  

the   data  was d i s c d a d  because the  data o too irregular and incomplete. 
I n  any event,  appliaation of B a r t l e t t ' s   t e s t 7  t o  the data in Tables 2 and 
3 indicates  that the  hypothesis of  hmog;eneity of varlance of over-all 
gradewmay be rejected a t  less then  the l$ level of confidence. It should 
be st ressed  that   the  data on dist r ibut ions are t o  ba regarded only an uug- 
gostire, since t h e  observed differences msy be related to differences in 
the   t ra in ing  a t  different schmla a d  in different  sninga, as mll  as t o  
diffefences in the  grading  practices  of 1, 

grades on first and second f i i gh t s .  -If this &eem&t is  low, the  adsqGuy 
of a percentage grade baaed on a 0ingla check ride must be seriously ques- 
tioned. 

:9, 19 
rewrt in the files of the  HFiC Comit,tae on Selection and Training ofi A b -  

I 
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students l e  .26 (BOO Table 4 ) .  The in te rpra ta t lon  of t h t s  figure i. dlf -  
Tbe aorrelat lon between f l r e t  end daoond f l i g h t  nooren far all 143 

f i o u l t  became a small ample of ~ o t o r c l  is  involved and bonum tbe 

factors which influeme the alae of the   correlat ion in t h i s  sample, hum- 
inspeators aie not eqadlly rnpresented l n  the  correlation. Hug o f  t he  

ever, would p b a b l y  operata in any larger sample. If anything, the. 
ra t ings  in the present  study umy-be better than those obtained, 
M the  inspectore ' h e n  that their ratings would be studied. Inspeators'. 
ratings under field conditions might in gem+ ahor even lea8 sgrsemsnt. 
If a fienn, In the  reglon of .26 were obtained in a larger aample of 
students and inspottors under field conditions, it would have- to  be rec- 
ogniaed that the grade a student recei7ed on o m  check f l i g h t  m o u l d  have 
ve iy  l i t t l e  value in predicting  the @?&e he would receive in a second 
check f l i g h t  by another inspector. 

TBBLE & 

COPiREUTIO#S BETWEEN OPEFI-BZZ CRAKES ASSIGlvEn IA 
FIRST AND SECOND FLIGWS BY PAIRED INSPECTORS 

Fliaht I F l i a h f  I1 
Inspectors 

z 
R L 

K 

L E2 
E2 L 

Median Corre1at-l-on 

Total Group 

L 
28 ' 
29 

7 
5 

1 2 '  

-11 

5 
5 

8 
9 

9 
9 

3 
3 

u3 

- r 

e 5 7  

. 5 1  

.16 
e 1 4  

.30 

.35 

.37 .ll 
" 57 
.% 

.66 .n - - 

.32' 

26 
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It :B oL~vlc:!a t kc t  fmik-?3 tj.i3cr~;:;:~clno i n  the gra.'ing pract ices  
cf  the Gnriom im;rct.sro effsct cm~e2s i . ions   sed. d t h e  grades o f  
severs1 ir?bpecctora, obscwinp t'm sctusl   mount  of 8greament  between 

.~ ab.gle paira cf irls;wcto;-s. It i s  t!-errfore of tnecl-et ical   in terest  
to coqute  corr r la t ions  sop&ret&y Letseen  the  f irst-fl ight  grades of 
a single inspectw md the  aecond-fll&t grndes of another  single ln- 
s:wct.or, even though m a y  of t b s e  corwla t iona  must be based on very 
slrd.1 nmb3r.3 of cases in the  prcaent  ?ata.  . Smh  correlat ions are pm- 
s9nts.l- i n  Tahle 4. It  cun be eeen t,hat  they range s?m -11 t o  .&, t h e  

E, r h o  graded the  largest number cf  students, is  more consistently high 
than agresment betmen  other pairs ( - 5 1  and .57).  The over-all picture,  
liomver, 13 one of -a mlatLvely low dopee  of.  reTattiomhip between the 
gmdes a mn receives on his first f l i g h t  and on h i s  second flight, 
While a larger ample inicht 'reveal many pa i r s  of  inspectors showing agree- 
moht QS great. as o r  g rea t e r  than that s 5 m  by Inspectors C and D,  there 
could  prchsb?y also be inspectors betwean whom agreement was negligible.  

I t  rmst be reeognlzad. that B low degres of '  agreement may resul t   not  

'madlan co;-mlat,ioa being -32. The %gre.ment between Inspoctora C and, 

, 

only  from'differoncea betlreen inspoctr.s i n  s tandards  or in accuracy  of 
obcemation,  but n h o  from inconeistenc7 in the p e r f o m c o  of t he  stu- 
dent, The cnn3istency of the stnclsnta ha8 been  etudied  separately by 
stirrelating photographic  records of perfomdance on the two f l igh ta .9  
That  study has revenlei  a rnt lwr morked lack of consistency on EO= aa- 
pects of perfonance, but greater  consistency on others, especially when 
performance on several manewera is taken  into  account. No over-all  meas- 
ure correqmndinq to the inspectors'  over-all grades vas obtained from 
the photographlc  records, so t h a t  GO d i r e c t  comparison with  the impso- 
t o r s 1  mrls is possible. Ir. any eveat,   the  inspector mey emphasize as-, 
pects of perfcmance  Eot shorn by t he  emera. The gnalysis cf'agreement 

v i e r  of the emphasis placed on t l a  aheok f l i g h t  given by a single inspeo- 
' t o r  as a bas ic   c r i te r ion  of f l i g h t  competency. 

ylanewer G r a d e @ .  

between  inspectors on successive  f l ights  remains an i m p o r t a t  problem in 

Form ACA 3422 pro-lides  space f o r  a percentage  grde.  f o r  each  manewer. 
The inspector is cautioned that this grade  need not conform to t he  number 
of errors he has entered  (with the exception  that the grade for a maneuvsr 
must be 1000;s i f  the maneuver ia marksd "Perfect  Emcutionn),  

' !  

have been analysed o n l y  for   Inspectors  C and D ,  mho ra ted   the  greatest . 

1. Grades on Individual Nanewsm. Grades on individual maneuver6 

number of cases,  Table 5 shows tine means and standard deviations of the 
grades  assigned by these two inspectors, and the  correlat ions between the 
grades of the two inspectors on each  menewer. F i r s t  mid eeoond flTght8 
are  combined i n  those  calculations. (The maneuver' numbers i n  this 'and 
l a t e r  tables indicate  the  order of the maneuvers in the complete +ah  
f l i g h t . )  The correlat ions range from .DL t o  .%. Only two of thpe cor- - 

'Rapner, S., Pestinger L., and Odbert, R.  S o  OD. c i t .  ' 
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1. 
2. 
3. 
6. 
5. 

7. 
8. 
9. 
10 0 

11. 12. 
13. u'- 
15. 
16 
17. 
1%. 
,18, 
19. 
21, 
22. 
23. 
26 27. 

! % ! a x i s '  

, T d  . 
Takeioff 
Stra ight  and hvel. 
s-turns 
Z-Bank 8 
S t r .  C1. & Recovery 
900 C1.Tr. R 15O Bank 

C1.h.. L 15' Rank 
C I . T r ,  R 15O Bank 

900 'C1.h.. L 45O Bank 
W T u r n L l P B a n k  

,900 Rnn R 1 9  Bank 
1800 Turn L 45' Bank 
1800 Turn R 45O Bank 
3600 S t w p  Tr .L  600 asnk 
NOo Steep Tr.R 60' Bank 

Normal Powr-off S t a l l  
Series of Turns 

Forward ~ Sllp 
S t r .  Glide. & Recovery 
9OQ GL.R. .  R 15O Bank 
900 G1,Tr. L 15' Bank 

Precision Landing 
Ciraular Approach 

56 84.0 8.7 
57 77.8 6.9 

, 5 6  83.7 7.21 
51 76.5 7.11 
51 73.6 8.6 

57 77.8 5.5 
57 79.0 6.6 
57 78.5 5.2 
56 77.2 6.2 
57 80.1 507 
57 80.0 8.2 
57 79.8 5.9 
57 78.0 5.5 
57 77.1 8.5 

36 76.6 6.3 
57  76.6 7.6- 

56 76.8 8-3 
53  71.11 9.5 

57 80.2 5.2 
56 8 0 , d  7.6 

57 79.1 7.6 
55 . n " 3  8.3 
55 70.8 9.6 

.57 81.0  5.7 

88.6 8.0 
80.2 7.4 
81.0 6.2 
76.3 6.0 
72.6 6.L 
,m.3 7.3 
78.5 6.7 
79.4 6.8 
75.4 5.9 
76.4 6.3 
80.0 6.2 

75.3 6.5 
7.4.6 6.0 
75.7 107 

76.5 9.9 
'16.7 8.1 

81.1 7.0 

75.8 9.8 
74.4 9.0 

- 'CD 

.35 .22 .29 
22 
.a 
.26 
LI 55 .39 
* 33 .a .l2 

*The number of caaea varies f o r  the di f fe ren t  mewera.  boause no 
manewer grades were available f o r  some of the manewera. 

1.. , re la t ione  approach the correlations  betzeen  over-all  grades on first wd 
second f l i g h t s  of students rated by these  inspectors. It I s  probable, 

erage between maneuver grades on f irst  and second f l i g h t s  of students 
wever, t hab the   co r re l a t ions  are larger than might be expected on the  

be "It weem werall grades  are generally lower f o r  the other paira of in- 
tad by other pairs of inspectors in t h i a  study, shoe  the mrre la t iona  

sp$a&a. 

\ inspeators tend to   a s s ign   t he  lower  grades t o  the same manewera. If ' the 
70.8:to 84.0 f o r  Inspector C? and f r o m  72.8 to 88.6 f o r  Inspector D. The. 

maneuver6 an, ranked in order af eades ,  for e w h  inspector, t he  oorrela- 
t i o n  botwen the  ranks is -86, 

i 
The mean grades aaaigned on a given maneuver are eeen to from 

! 
Tam. 6 &ora the   cor re la t ions   b tveen  manewer grades and o v e p a l l  

grade fdr Inspectors C and D, presented separately for first and second 
I 

. ir 



f l i g h t s  of each  ,&pector. P k o r  fluctuations In  the  size of tu come- I 
l a t i ons  mwt bs disregarded i n  ?ieu oC the  small nunbra of oases. The 
d i f f e renma  betwen oorPsspcn(3ing correlat ions for  the first and mcond 
flights of a given inspector eppar to be am great a8 the varlatiwe be- 
tween inspectom. It alghh be mt io ipa ted  that extreme varlat ione among 
inspectors in the Inportonce whkh thay  dt tach  to  given maneuvers mld 
be reflected by var ia t ions  in the  aiae of these  correlatioma; 

over-all  grades and grades on Taxiing. T h a  most uniformly high oormh- 
t ions  are those between over-dl grades and the la& two m u m r o t  
Circular Approqch and Precision L a n d i n g .  

The most uniformly loa carrelatione i n  Table 6 are those betwegn 

maneuver grades W yield a mom eat isfactory me- of f l ight  oom- 
petency thna the single over-all grade. All the maneuver g r a d e m  on a 
single Form ACA 3422 ware therefare averaged to  yield a "man mammr 
grade." On a complete eheet  the number aumeuver grades wam 2 1 1  in I 

1 

2 .  Jdean Wewsr  Cradeg. I t  appeared possible that an average of 

TABIS 6 

CCWKMTIOAS OF IRDiV3UUAL UIE3TER aBhDB9 HI33 0VER-AI-L GRADES 
( J n e p c t o r s  C and Dl 

1. 
2. 
3. 

6. 
5.. 

70 
8. 
9. 
10 a 

11. 12. 
14. 13. 

15. 
16. 
17. 
17a. 18. 

23. 26. 27. 

28 
28 
24 
26 
26 
28 
28 
28 
28 
27 
28 
28 
28 
26 
28 
28 
n 
28 
28 
28 
28 
28 
27 
27 

S 

A 2  
* 35 
31 
-30 
-47 

iI 
24 
29 
29 
29 
29 
29 
29 

.3 

.49 
-37 .u .%I 
.53 
.53 .e .5a 
a 5  
.49 .64 .54 
.61 .58 
a 5 6  .61 
D rc9 
0 6 0  

0 5 9  .67 
.61 .57 

29 015 

28 .m 
29 -47 

28 059 
29 .66 
29 .38 
29 .54 
29 .% 
29 -53 
29 .m 
2 9 ,  0 1 6  

29 .66 29 $61 

29 .61 
29 963 
29 .!a 
20 e 8 3  
28 & 
29 *rc9 
29 . .64 
29 4 1  
2 9 8 6 2  
28 .PI 
28 .55 



nome inatances ' the number wan scamwhat lower. Table. 7 shors tho didriba- I 

t ione of them mean maneuver gradw, soparate4 for first ud m d  .rings 
of each inepector. Diffemn0-88 among inspeCtOrs a m  str ih ing,  both in 
average grades and in spread of grades. Bartlett's bat mbstuttiatea the  

ance cnn be rejected below the  I$ level of confidence, In t h i s  reapeat 
l a t t e r  point. The hypothesis of homogeneity of mean IBBneuver grade rari- 

the  mean maneuver grades  appear no more sa t i s fac tory  thnn over-all~ gradeu. 
Correlations were computed between first-flight mean m a n e w e r  grndes 

of a single  inspector and the secood-flight mean -mer grades sseigned 
by another inspector t o  t h a  saae s tu len ts ,  jut as .PB don9 previously for 
over-all grades. Table 8 show8 that these C O l ' l W h t i 6 M  from .03 
( A  - 11) t o  "88 (N = e) .  The median cor re la t ion  is  ,52, which mdy be com- 

perhaps aome iadication  here tbat grea te r  agrement -ng inspectom 
pared  with the median correlat ion of .32 for over-d grades. There in 

might be aohieved by rout inely  requir ing them t o  grade individual maneu- 
vers ,  The increase in a p e m e a t  is by no means nnifom, however, 
e igh t  ,of t h e  twelve comparable correlat ions are higher for man manewer 

not tie prac t i ca l  f o r  f i e l d  w e  &sa i n v p e c t o r s  rere traFnedito  achiave 
gradea  than  for over-all grades), and in any event t h i s   p r o o e d m  would 

greater uniformity in gradin,ypTaotims. 

s i s  of Suecif lc  Errore. 

Form ACA 3422 have been exanbed i n  d e t o i l  to deternine  whether  different 

might partially  account f o r  the low agreement already seen in percentage ' 

inspectors emphasized d i f f e ren t  errors. Any such  dlffarenae in emphasis 

frequency  with which the  "avemge"  inspector markad d i f f e ren t  i tas. 
gradea. A t  the ssme time t h i s  mdysis gives  information on the  relative 

T,he spec i f i c   e r rom which i rqec to r s   r epor t ed   fop  eaoh mnneuver on 

1. Method of ~ n a l ~ ~ i a ,   he basic mothcd of a n ~ w i s  can b~ very 
briefly  described.  Tables have been prc.yoiwd shoving  the  percentage of 
times  each  inspector marked a sproiflc. i tem. The v a r i a b i l i t y  of  these 
percentages has then been conpred  .wj . tL t he  v a r i a b i l i t y   t o  be &pa&ed 
chanoe. Extreme  v a r i a b i l i t y  hae  been intarpreted as auggesting th& in- 

'- -- spectors   differed i n  their   accuracy of  ohserrrstion, in their care in mark- 
'ing t h e  form, or i n  the i r   in te rpre ta t lon ,of   the   var ious  items on tha fom. 

Analyeis  in  terms of percentages makes it easy to compam results 
I for inspectors who r a t e d  d i f fe ren t  numbers or students. A t  the  a m  time 

it is  olnrioua that single percentages are very unstable  valraes when based 
on auch small numbcrs of camsb  No great hngortance can be attached to 
 ingle oomparison in the present data. Tho general resalts, however, a m  
probably  euggestive  of  the  results that nould be obtained i n  a mom ex- 
tended  -study, , 

2. sun- Tables  of Manewere, I+ ta l ly  vas f f r a t  =de of the num- 
ber of t h a  each i n s p c t o r  marked soch  pipocific  item i n  first f l i g h t s  

' error such as "slips" i n  n sir& wnemoi'.) Table 9 showa the W i O E  
. and second f l i g h t s .  (An " i t ean   i n  this c!lscuosion refera t o  a single 

f o r  a s i n g l e   l l l u s t m t i v e  manewer. 





A B 15 0 2 7  

B A 10 0 53 

C D 28 
.D C 29 

7 E1 
A2 5 

% a 
0 E1 11 

B Q 5 
Q F 5 

% 
311 

E J 9 65 
2 H 8 '  .fa 
R L 9 040 

6 9 3 8  

1~ 

L 
:: 

' r;: 
,-Y 

MLaa:'n;. correSaa0n 0 5 2  " , i '  

?. ., . 

, ., 
L ,  < 
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A sunaaarp t ab le  ~(LB then conatn'ctcd for eaoh maneuver by showing 
the percentage of times a given  inspector marked a specific  iten. In 
these tables data f r o m  firat and secord fligbts were combined,lO and all 
r4tlngs by Inspector A rere combined, resardless of errring, aa were dl 

~. r a t i n g s  of Inspector E. Table 10 show the peroantagce f o r  an i l l u s t r a -  
. t h e  maneuvep, the-  1800 Turn Right, /+!io Rank (Manewer 15). The column 
bending6 refer t o  the individual inspeotors and tho row designatlone t o  
ibms in Section 2 of Form ACA 3422. The numbers i n   t h e . t e b l e s  refer to 
t$ peroentage of his cases tht a given  inspector marked with a given 

Inspector A, f o r  exnmple, marked "slips" f a r  5 3  of h i s  3'7 oases, 

4 
- k  

I.+ 

( 1  

+ 
> 

, + i  
. A  ., ~, + 
. ~, . ~~. 

* I! 

tablea for the remdning maneuvers appear, i n  kppondix E.. 
. < ~  . '? 

'[3. Heauuree of Central TendFncy and Carhbi l i tp .   Table  10 shows 
that ?here are very  ride d i f f e x w e a  i n  the frequency  with which differ- 
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ent items are  recorded, end 6590 in t h s  rraqucncy %lth v!blch d i f fe ren t  

summarize the  information on average f-mqnencr and v e r h b l l i t p   f o r  each 
inspectors  record a spac i f ic  item. Two rer-sures have been se lec ted   to  

third  percentage t o  the ninth; when the  Farcentages are ranked in onfer 
item; th modian peroentaya (or nld-percentage) aqd the range from the 

of magnitude. These meesures a r a  i l l u s t r a t e d  In Figwe 2, which shows 
the  percentages of msrkings by each tnspector on two items i n  Wanewer 
1'5, ranked i n  order from amallset t o  the  largent  percentage. 

! !  

peroenteges ranked in o d c r .  The median f o r  the error   "el ipa,"  
for n e l e ,  indicated by t h e  middla red l ine in th figure,  is 4%. 

Tim median prcontege  l a  the   6 th  of the ll. percentages, when the  

percontages are imiicated bp the f i r s t  an4 t h i r d  red lines in the figurs. 
T h i s  measure of v a r i a b i l i t y  Its s l i g h t l y  larger than  the  intorquart i le  
range, inclUaia apprordmately th3 m1d.dl.e 64% of the  impectors  instead 
of the middle S@. For ease of d iscwsion ,  however, t he  range rill be 
re fer red   to  au the   "approxhs te   in torqmrt l le  range." I t  nay be 8-11 
i n  Figure 2 t h n t   t h i s  range I 6  considerably larger f o r  "degree of bank 
varies" (9$ to 67%) than it is f o r  n d i p s n  (25% t o  5%). 

The limits of the *!e btvoen   the  th:rd highest and ninth  highest 

a l l  items on a11 m e w e 1 ' s  are 8hom in Tables 11 and 12. Ths astedska 
i n  these tables   lndioate  Itew whoee variability is no greater  thm r o a d  
b e ,  expected by chance,  according to   the  'cr l tar ion  descr ibed below. 

The medim  percen+ages end the approximate interquartile ranges of 

4 .  Cmarieon 81th "Chanod Varistioq. Extmme dlfferances among 
inspectors in the frequency w i t h  which t h e y  marked certain i t e m  are ob- 
vious in Tables 11 and 12. On'seveml of tbe turm, f o r  example, the  
approrimate interquartile range on "degree of bank varies0 is i n  the  

, neighborbod of 50 polnta. C a n  these differences be 1iS8uned to mileat 
differences in the accuracy  of  oljservation of the  inspectars,  or in 
t h e i r  interpr0tatiOM of the ueanbs of ad i t e m ,  or are the differ-  

v a r i a b i l i t y  is t o  be expected by chence i n  percgntages based on such 
snces,oply h c h  an might be obtained  by ah~nce7 A f a i r  apmunt cf 

of differences in the  performand of students  rated by different  inspec-. '  
a n d l  numbers of canes. S m e  variat ion is also t o  bo expected because .-, 

tors. Extrema var i ab i l i t y ,  hobrever, would ~ e u s e s t  that there  m&y be j_ 
'biaaes among the   i l lspectors   in   their  marking 6f a spec i f ic  i t e m .  i' 

t e r n  of probabili ty,  bemuse of the  var ia t ions i n  t h e  numbers of 
The present data do  not land themselves t o  en e m c t   e v a l ~ t i o n  

among the different   inspectors ,  & a l s o  became o f  t h e  partial in  $1 
dependence among the inspectors. A rough cr i te r ion  has been d e v e l e d ,  
however, fo r  judging   the   s tab i l i ty  of usage of a given i t e m  in t e T  of 
t he  standard emor of percentages. For any given  percentage and any 
given umber of c a m s  in  the sample, the  standard error of,the  p.ipmtage 
Indicate8 how much v a r i a b i l i t y  my be expected by chance In tha  parcent- 
ages obtained f r o m  sample to mnple, 
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Id the  present analysis, the me31m percentage on a given  i tea 'hae 
been wed as the base for estlm,?.ting chance v a r i a b i l l t ~ .  Four times  the 

range OZ values which might be oxpccted t o  idclude  RFproxImatdy 9% of 
standard error has,been tabulated for each percantage, repxiaeirtiag the > 

average rarmbsr of caees  per  Inspector ( 9 . 5 5 )  has' been wed throughout 
aunples i f  there  w e r e  only chance var ia t ion from sample t o  sample. The I 

in es t ima t iq   t h i s   s t aPaa rd  error.' This "prediotud" range haa next been 
compared r i t h  the  obarved approidmte  interquart i le  range f o r '  each  item. 
If the  olpemed range is ' p a t e r  than  the  calculated range of two stand- 
a& deviations on e i t h e r  slde of the  "true" per cent,  it is m i d e r e d  
l ~ r e l y  thgt ~ n q m t o r a  are .ndt  mrking   the  item *ID a uniform mpnner.JJ 

i 

~ 

e f f o r t  has been made t o  evduite the  variability of these itens.' Many 
additional item were l e f t  unmarked by at  l eas t  three of  thk  inspsotms. 
Saw, questidn might be raised  concerning  the unlfonuity of uaage of such 
items, A dis t inc t ion  has therefore been made in Tables ll and 12 by , 

using a single asterisk fo r   l t cns  which neet the c r i t e r ion  of va r i ab i l i t y  
but which were not markad a t  a l l  by at least t h e  inepectors, and ', 

using a double o r t e r i sk  for itsms meeting the m i t e r i o n  an8 marked 
at l e a d  nine tnqmctcrn.  

many itsrns were not -ked a t  all tg the "median" inspeator. Ao 

5. ealuat ion of Iteq.  In i n t e rpmt ing  Tables 11 and X? It should 
be kept in  r n l d  that n o t   a l l  i t h a  we& applicable t o  a l l  ~ ~ l l o l m e r s ,  par- 
ticularly i n  Section 1. For example, several itern (such as 'poor altiw 

was simplified by the 0~ca~10nSl inolusion of such  non-applicable itams. 
tude cont ro ln) ,  do not. apply  'to taxling. The conetzuction of'  the shset 

I t  is  i n t e r e s t i r q   t o  note, however, that cartain  items were w k e d  cdn- trarr t o  expectation. The marmal of l n h m c t i o n s  (Appeadix A), spscitled 
t ha t  "poor trimming" was-to, be -ked only for "s t ra ight  p d  level f l igh t . "  ' 

T h i s  error  w a s  nevertheless  mrked by at, least three  inspectors on seven 
other meuvers, and on one a? there w e w e r ' ~  by a t   l e a s t  six in&ec- 
torn. Sone of these markas m a y  have resulted from slips of the  pencil ;  
o thers  pmbably indicate a f a i l u r e   t o  study the  inetructions onmfdEly. 

&re lnspectora are "poor thrott le  use," "poor direct ional   control ,n  
"poor att i tude  control, '  "too inat," "no86 variable," "porn tincldg,n 
"rough control u teOa  Some other items a m  =ked so  seldom t h a t   t h e i r  

ranged uniformly within the predicted ranges; "rough control ~ e "  ir 
perhaps the' most satisfactory f n  t h i s  respect. h n g  the  less satisf i c- ' *  

tory  items in terma of range axe *poor tima" and "toe fmt." "Few 
con t rob"  was not marked by aa mapy 88  nine inspectors on any~manenvsr, 

' ' 'Sea p d i o d s r  importbe  can be attached  tolelngle  instanbee b' 
'which the observed ranp f a l a  outside the pmdicted range, e e p c h ~ , l n  
r i e i  of thr aeries of appmxim&iom which thls' cx;iterion invvlwr. 
the  ottier hand, the c r i t e r ion  m a y  be regarded in a se.nse an nJ .pLi . s t ,R  
si- it reqnires only t,ht the range of the observed  middle 6 9  k no 
grea te r  thn that of tho   theore t ia i l  95%. 

O f  the 20 errors  in^ Section 1, tbose most frequently marked ' b y  9 or 

u t i l i t y  on the form may be questioned. Fpr no errors 8 . r ~ .  the  obse n;4/1~~ 
. .  i 

, 

t 



and ita m e d i a n  freqllsncy ras never great; tbe  range of ratings, haver, 
w a s  usually within  chance  expeatations. 

for comparing items. Tslrelve turna am r a t s d , i n  th i s   s ec t ion ,  and the 
Table 12, shoring the  errors in Section 2 ,  offers a b e t t e r  basis 

errors ere more uniformly applicable.  Five errom 81'8 marked Ly nine 
or more inspectors on every mawuver: I " s l ips ,"  "skids," "too l l t t le  
rudder,"  "degree of bank varies," and "nom randem." Other err& 
frequently marked are "too much Ndder," "too muoh ai leron,"  "nose high," 
and-"nose low." I tems  qui te   res t r ic ted in use are "ralks rudder," "ail- 
erona early," "ai lerons late," "elevator early," and "elevator late." 
The manual f o r   t h e  use of Form ACA 3422 suggested  that "rudder early be 
used in preference  to   "ai leron late," and " d e r  late" in preference  to  
"aileron  early'l in most instances.  There were no special   inotruct ions 
r e s t r i c t ing   t he  use of other  items. 

One error In Section 2 is conepiauoua f o r  its r i d e  range of mark- 
inge:  "degree of t,ank varies." A special explanation  for this. situa- 
t i o n  m y  be found i n   t h s  namml, which s t a t e s  tht t h i s   e r r o r  should be 
marked if the "3snk var i a s  more t h m  50 fro= requirements  of 
I t  i s  possible t h a t  mqre wAPorm r e s u l t s  would have been  achieved ii 
the  instructi.ons hed not. departed so far from the non-technical inter- 
pretat ion of the  phrase  "dsgreo  of bank varies."= 

may by obseming evidence of consistent  differences i n  the way the Sn- 
6 .  Inspector  Differenceo, The data  may be ewmined i n  a d i f fe ren t  

spectors mark the forma, Perhaps t h s  mst striking  evidence is seen in. 

were indicated as showing "perfect  execution" of e6Ch maneuver, Three 
Table 13, which shom  the  pcrcsntsge or men rated by each inspector who 

inspeators (J, K ,  and 2 )  &VQP marked t h i s  i t e m .  Two other  inspectors 
(E and G) markel ;t a t   l e s b t  once f o r  cvary aaieuver, and  one^ other Sn- 
spector (P)  marked it for all ;tenewers but ORS, I t  agponrs VQV l i ke ly  

to r s .  
that stm3arCa fo: '$wfect  execution" were not t he  seme f o r  all ins t ruc-  

. I  

Inspector  diff6rsnces a%a become a u k a d  when markings cf specif ic  
.,errors are conaidered.  Table 14 f w n h h e a  a rough compmison  of  inspee- 

$or8 by showing the  nmber of maneuvers on rhich 69 inspector  msrked n 
g ven e r r c r  at l oca t  once, Inspector A ,  fur ewmple, used  the  item  'too 
f 'h et" a t  lenst once on ehch o r  tha I2 maneuvers i n  Soction 1, Inspect& 
P, \on the other hand, marked t h i s  ewur on only  2 of the 12 mneuvers. 
The\, data a m  not  completely compmable f o r  a l l  ibpeotore ,   o f  COUTBB, 
sin e the  inspectors  f lew wi th  d i f fe ren t  nuiobrs of  etndents. S o w  
con I., intent   dif ferences Sn pat tern of nnrking o r , ~ e t ~  obvious, howe7er, 

\ 

-- -----IC__ - I 

h s  s h o p  tht few studznts attxinscl the qecLficd bank In the t u rn  ma- 
% a m i n a t i o n  of photogrsFhic reool-rlz i n  another p a r t  of t h i s  study 

newers t  There Ls also ~n iI;dicrctlon i n  another part o f ~ t b e  study that 
soma Instructors ,  a t  l e s s t ,  we13 m r k i n g  I n  tm+m of f luctuat ions in lank 
rather   t$an  fa i lure  t o  msinte.in E qpelified hnko . 

.-  
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3. 
5 ,  
6 ,  
7,. 

15. 
16 0 

17. 
17a. 
18. 
19 
21 0 

22. 
23. 
26. 
27 

especially in Seotion '2 w h e r e  ths 12 xaneuqere Brs .more d i r eo t ly  oolpar-  : 
able than are the I2 manewers in Seotion 1. Inspeator A, for example, ,/' 
did not, OLLB t he  item 'rudder ear4 ,"  "rudder hte," "elevator early," { 
or "elevator  late" a t  dl, wherean Inepector B marked these four iten/ 
on almost every manemr. It m y  be further  noted that whereas 8 

did not mnrk nal lpan at all, although he marked "skids" on ll of tln : I 2  
mnnewerm. Clew differencem -we also seen i n  the marking of the it-& 
"too woh aileron" an8 "too l i t t l e  aileron." Some of t hem inconrlstan- 
oies  may be due , to  thu faot t h a t   t h e  form provides more than OM ith t o  

plained on this basis. 
m e r  a Bensral error. Not all the  inoonsiatenoies, however, can km ex- 

were add tu -field a "total error score." The dia t r ibn t ion  of b a s e  

for fir& nud s e c d  f f l g h t s  of eaoh  inspbctor., Th0 means rang? from 21.6 
acome i n  shorn in Table 15, along with  the mearia and standard deviation6 

spectora marked nal ips" ami "aklds" on every turn mbneuver, Inspector, 7' P . 

7. otal Error S c o e .  The number of errors on ea& ACA 3 s  sheet 



T A B U  

mRlBER OF ON WEICH .EACB IHSPECTDR 
RECORDED E S H  ERROR AT  LEAST OWE 

Ermra in Seotios 2 
Too fast  
Too 810. 
A l t .  Select, poor 
Area Seleat. poor 
Pattern poor 
S l ips  
Skids 
Rough Control uaa 
Fans Controls 
Walks rudder 
Overahoots 
Undershoots 

Poor Planning 
Aoae Variable 

Poor Timing . 
Poor Throttle b e  
Poor Trimdng 
Poor alt. control 
Poor a t t .  nontrol 
Poor die,  control 

Eirora in Saction 2 
SUpn 
Skids 

Rudder Late 
Rudder E a r l y  

Too much Ru3der 

Walks Rudder 
Too l i t t l e  Rudder 

Ailerons Late 
I Ailerons Early 

o l i t t l e  Aileron 

ElqVator Late 

~ m ' , l i t t l e  b&vstor 
To& auoh Elovstor 

Deg.'. Bank Varies 
Nos. ''ai@ 
Rose $ 1 ~  

Boae IlbDders 
Entry & Rac. Abt, 

12 

I 

7 
0 

7 
9 
4 
5 
2 
1 
2 
11 
10 

11 
5 

8 
6 
10 
12 

a 

12 
12 

C 
0 
12 
10 

@ 

C 
3 

1 
i 
-. 

0 
0 
4 
2 
l2 
12 
12 
6 
t. 

A 

8 
6 
4 
0 
7 

6 
8 

11 
7 
3 
8 '  
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for, the second f l i g h t s  of Inspector E1 t o  96.0 f o r  #a first flights 
of Inspector L1. Differences in the variability of the more6 a m  ala0 ,L 

obvious; This may be substantiated s t i t i s t i c a l l y  by the uae of B&- 
l e t t ' s  test of homoganeity of variance. The hypothesis of homogeneity 
of variance m y  be rejccted below the 18 level of confidenos. . .. 

. .. 

Correlations between total error somm on first and s e o d  flights 
of paired  lnsixctora are shown i n  Table 16. (This table rsprcducee, for 
ease of aompiaon,  the corresponding Eorrelationa for  over-all @des 
and  'mean 'banewer grades, from Tables 4 and The correlations for 

median oorrelatlon is  ,49. These f igurea indicate that paire of lnspc -  
tors agree moderately w e l l  in a s a i m  more errors t o  some individuals 
than t o  others. The tota l  error  scorn showe l i t t l e  promise for large- 
scale studies involving many inspectors 's view of the extreme inapector 
differenoee. 

, the  total error scores range from -.13 (N n 5) to  .74 (N = 8). The 

TaBIX 16 

CORRELATIONS BETWEEN C3RAESFUNDIFIC 3&3 MEASURES IN 
FIF3T AND SECOND FLIGFN, B!C PAIKED INSPECTORS 
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I t  is quite  evident from the analyals presented in this report 

of grades f o r  kheck f l i gh t s .  l)Iocrepe.ncies era found for ovar-all 
that there are marked differences among inspentors i n  the  assignment 

gradee, f o r  manewer grad.es, and f o r   t h e  numher and type of errore ob- 
served. Some of these discrepancies are und.mbt,edly due to nmbigwltiea 
of  t he  form or of the  inatructions for i ts  w e .  It i.s not   the   purp~se  
o f  this dlaouasion, however, t o  propose  revisions  of the  form but t o '  

consider the   general   iq l loa 'c ions f o r  t h e  training  of  inspectors and 
instructors.  

f l i g h t s  i n  ea equivalent and c o w t e n t  mamer is very Important  slnce 
The problem of get t& inspeotors to observe and jags th check 

the adequacy of the  student In  handling  the primarg , f l i gh t  course. Many 
t he  reconrmendetlon of the inspector i s  the most widely used WBSUI'B of 

ing of inspectora in t he  ~ r t  of nsslgnhg grades aw3 recording oberw- 
of the  dlfferencee between impactors  rn:ght be overcome by o a r e f u l ' t r a i n -  

t o r s  that they @void am.1gnin.g *favorit@ grades  indiscriminately; that 
t ions.  In t h i s  connection, it would be e s s e n t i a l   t o  j.ndicate to Inspec- 

they w e  a r i d e  ranie of grades when necessary; that   they do not a l l o w  - 
their judgments t o  be colored by trivlal incidenta,oocurrlng  duflng 
f l i g h t ;  and above all, that thay  mintsin  uniformity of s tandards.  

t i on  d mcording of specific errore, and f o r   t h i s  purpose a s t r i c t  
adherence t o   t h e . r u l e s   f o r  the use  of aqy rating form l a  imperative, 
A period  of  training ahbuld be meful i n  Instructors  whether 
they a m  ln t s rpre t lng  the inatructions  correctly.  

Ths need for ,uniformity of standards applies also t o   t h e  oberva- 

Form ACA 3&2Z reveals in formt ion  tbat~may be valmble for  inst ruotors .  
Study  of  the  rate 'of o c c ~ m ~ e  of specific t y p e  of errors in 

The f a c t  that oertnin &mors a m  marked qai te   f requent ly  by fiapectors 
may be taken as pert inent  evidenoe of inadequate t ra in ing  on these 88- 
p e d e  of perfomanoe, possibly because  too much emphaeia has been p l : . ~  
on o e r t d u  ? t rad i t iona ln  errore to   the   neglec t  of other6 which are 
more laportant i n  the  operation of modern aircraft. Many manewor e- 
which ohor a high rate of  occurreflcs c in  be found in Tables ll and ,d* 
For example, in "S turns" and i n  "2-bank 8'0," t h e  errom "poor patabm" 
and "poor planning" 'are reported for about half t h e   s t d e n t s  ky tds 

. I s  above 50 on apeci i io  manewers might well be c a l l e d   t o   t h e   a t e n t i o n  
naver@W Inspector. In  general, 'errors in whhh t he  mediae per@*P 

of the  instructore,  I 
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