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Attached is a report entitled The Development of "A Scale
for Rating Pilot Competency” by E. Lowell Kelly, with an Appendix
by R. J. Wherry end R. C. Rogers entitled A _Factor fnmlysis of the

Purdue®Scale for Rating Pilot Competency.® The report is submitted
by the Committee with the recommendation that it be included in

the series of technical reports issued by the Division of Research,
Civil Aeronautics Administration.

In reading this report it should be borne in mind thet 1t
was orlginelly writlen in 1940 end therefore expresses the point of
view of the author as of that date. Nevertheless, the repart is
of curreni Interest because it embodies considerable data concerning
an instrument, "A Scale for Rating Pilot Competency", which hes been
extensively used in invegtigations on the selectlon and tralning of
aircraft pilots sponscred by the Committee on Selection and Training

of Aircraft Pilots.
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Merris 8, Viteles, Chairman
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EDITORIAL FOREWORD

In the reseerch program sponsored by the
Comnitiee on Selescilon and Tralning of Alrerait
Pllots, conglderable use nus been made of "A Seale
for Rating Pilot Competency,® developsd by E. L.
Eelly &t Purdoe University. The present report
describes early studles which led to the devalap~
nent of the scele in 1ts finel form.

The study is published because it contalns a
dezcription of the metnod employed im developing
the acale and considerable date on inter-relatlicn-
ships amopg items not present in other reports so
far included in the Technical Series published by
the Division of Research, Civil feroneuticeg Adwin-
istration. It is believed thet such informstlon
will be of considerable value to research workers
in this srea of investigation.

In reading the report, it should be borne in
mind thet it was originally written in 1940 and
expregses the autkor's point of view as of that
date\.i
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Because of the sebsence of suitable criteria of suc--
cess in flying, there 13 a real need for an improved
scalo for rating pllot competency. A preliminary "men
to men® graphic scale covering thres treits (skill, emo-
tional stebility, end Jjudgment) was deviaed and tried out
but discarded because of excessively high intercorrels-
tions beiween traita

Several other scalas were constructed and then tha
best points of each combined into a li-iten graphic
gcale for experimental study. The scale proved to be
easy to use and has been shown to differentiate well
betwsen good and poor pllots. The intercorrelations of
the treits were high enough to suggest the exlatence of
common factors but not so high as to indicate an undue
hale effect.

A factor analysls of the itable of intercorrelations
shows that three factors are sufficisnt to eccount for
gll intercorreistions of itszme in the scale. These seem
to be: gklil, judgment, end smotional gontrol, listed in
order of the extent to which the scale measures eesch. 4
scheme 13 suggested for combining the ratings soc as to
obtain approximate measures of these factora. These
three factor acores intercorrelated with each other to
the extant of .40, .4l,8nd .58. Thoy should constitute
useful criteris both for future research and for practi-
cal evalusticn of pllet nompetency.



DEVELOPRENT OF ™A SCALE FOR RATING
PILOT COMPETENCY"

NEED FOR A SCALE FOR RATING PILOT COMPETENCY

A1l workers on ths problem of pilot selection hauve reelized the need for
a reliable and valid measurs of succeas in flying. To be able to prediet be-
havior one must first have some means of evalueting that behavior. 8ince the
beginning of the Civilien Pilot Training program, the performance of flight
atudents has been rated on & ¥l to 5% scule for each perlod of lnstruction;
but these ratinga have been found to be of questionable value as measures of
pllot competency. Although highly relisble, their validity seems to have been
vitiated by one or both of the following factors:

(a) Variations in interpretations of the mesnings of the scals valuss by
¥arioug instructors. For example, some instructors interpret ®1l¥ to mean Wthe

highest quelity performance, of the sort rarely exhibited by student pillots,®
whereas other instructors interpret "1% to mean "excellent performance for the
emount of previous training which the student has had."

{b)

structor hgg'hadmeiggt ar"ten'differegt gtgggnt”}'ﬂconsaquently hermay”donw
fuse the performance of one student with that of another when the ratings are

wade, In filllng out the required ratings at the end of the day or *during
the next railny period,® the instructor 1is probably tempted to give a rating
indicative of his general imprassion of the student. This general impression,
of course, does not vary greatly from day to day.

In any event, in spite of the amezingly high reliebility of thess day-
to-day ratings, they have been found to correlate but very slightly with other
measures of pllot competency and there is little evidence of correletion with
predictive measursa,

PRELIMINARY RATING SCALE

The first attempt to design a scale to gecure more then a single measurs
of pillot skill resulted in the form shown as Exhibit I. 4s can be ceen, it
%es a combination of the ®man to men® and graphic types of scazles and called
for ratings by instructore on thres espects of the students’ behavior: ®akill ,*
%emotional stabilityf® and "judgment.®

e -

1 .
The author wes assisted in this study by A.P. Johnson, E.S5. Ewart, G.A.
Satter, Lyle Tusslag, end Jamea ®right.,
2
Editor*s Note: The author is here referring to an index; and not to single
maneuver ratings. An index obtained by summating the weighted ratings through-
out the tralaing period and dividing by the total mumber of ratings was found
to have & reliability of .98. (The rellability was determined by correlating
an index for odd half-hours of flight training with one for even half-hours, and
correcting by the SpoarmanuBroun formula 3 Been
Kelly, E.L. Analysis of Tes ] C deptg. (Purdue Re-
gearch Foundation, Project No, 1: Progreas Report Septembar, 1940.) Washing-
ton, D.C.: National Research Council Committee on Selection and Trainisx of Air-
craft Pllots, 1940. (Copy in Committee filea.)
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Each of the five instructors at Purdue was asked to rete each of his tasn
students on this scale on two different occasiona. Using these prellminary
data, rank-order intercorrslations were computed for the three traiis, as well
a8 measures of reliabllity from one rating period to the next. Although the
reliability of such ratinga was fairly high, the intercorrelations among the
three scales ran so high aa to indicate little or no differentistion on the
part of the raters with respect to the three traits. It was therefors conclu-
ded that:

(a) These factors were so highly intercorrelated that there wae no need
for differentiating them; or,

{b) Instructors werz unable to differentiate among thess thres aspecis of
pllot competency; cor,

(e) The scale and its instructions wers not adequate t secura such dif-
ferentiation.

Because of the obvious wesknesses of the scale just describad, a number
of different experimental rating scales of various types w88 dovised. Some
were graphic, some were numericzl, soms were check lists, bui &ll had one com-
mon characteristic; they sampled a larger number of aspects of pilot compe-
tency which made 1t possible to mske the individual items «f the scales some-
what rore spesific.’” After considersbls discuselen of the relative meritz of
each of the proposed scales, the li-item graphic zcale showm as Exhibit IT
wa3 decided upon.

DESCRIPTION GOF THE EXPERIMENTAL 14-ITEM RATING SCALE

As can bs secen {Exhibit II), the expervimental form of the scals is of the
graphic type snd containeg 14 items. Each item or trailt l= introduced by a
queation designed to be as unambigious as possible to the pilot instructor
doing the rating. &n atitempt wes made t¢ usse deseriptive piarases asg Pateps®
or Tlandmarks" on the seale, aspecificelly epplicable as enswers to thz ques-
tion introducing the item and suffliciently varied from itew to item to reduce
the hslo effect in the ratinga.

In addition ic the five descriptive phrasess placed along esch scale, the
rater is given the privilege of chacking e space entitled "no opportunity to
observe.? It was felt that the provisien cf this space would lessen the ten-
dency of raters to make unrelisble ratings on certain of the ltems.

The 14 items or gquestions ineluded im the scele wers finally chosen from
& much more extensive 1lesi of chevecteristlcs differsntieting good end poor
pilots, a list which had basn coumplled on the basis of a zmumber of axtendsd
discussions of the problem with flight inslructors and othsr pillota:. The 14
1tems eventually 2electad ssomsd to bhe those most essential to pilet compe-
tency and yet neither ambigwovs nor too overlepping in naturs. Neturally,
however, mare intercorrelstlove emong the items were not expescted.

Item 14, 1t will be noted, is an %over-all rating®™ and z=zs included to
give the flying instructor an opportunity for an evalustion of tha genersl
competency of the student Lolng rated,
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VALIDATION OF TdE 14-ITEN SCALE

One means of validating the scale ssemed to be that of securing ratings
by many different instructers of the best and poorest students trained by those
instructors during the 1939-40 C.P.T. progrem. To secure these ratings the lc-
cal C.P.T. directors in 130 institutions were sent sets of materizls to be han-~
ded on to each of thelr flight instructors. In this manner each of 400 in-
structors in 130 institutions was acked to select the best and the poorest of
the ten students trained by him and thon to rate each of these palrz cn the
experimental form of the seels. Xinety-cae of the 400 imstructors to whom
forms were sent actually rated thelr hest end poorest students and returnesd
the forma. ’

These 91 pairs of rating scales were scored on a "20-point scale *3 and
distributions made of the ratings on esch tralt for groups of "best™ and
"poorest®” student pilots. Flgures 1 to 14 show graphically the resulting dis-
tribvutions of the scores. Curve ™A% ig basad on the 91 %best® studentsy curve
"B" on the 91 "poorest" students; and curve PLF iz the distribution of retings
for the 110 itypical C.P.T. students usad in the factor analysia of the retings
described in the following ssctica. The meam raiting for each group i1z also
shown on the cherts.

A study of the figuree shows lumediztely that certeln of the liema terd
to differenticte between good and poor students much better then othera, For
exemple, there 1s relatively little owerlapping of A and B distributions for
Itema 1, 4, 5,and 14. Other iteme,however; show a large smount of overlapping
and much less difference betwesn means, {S8se Items 3, 6, 8, 10, 1), and 12,

The means, standard dsvietlons; and criticel retior of the differences
between the means for Groups & and B are showm in Table I. %The data im Table I
indicate that ratings of skill, {Item 1), speed of learning,{Item 4}, and
having the feel of the ghip.{Iteu &) are the most closely related in Instrue-
tora" Belecticns of "best® and "pooreat® students.%

FACTOR ANALYSIS QF TiHE 14-ITHEM SCALE

In order to determine the relstionships beiwaen ths items on the secale
it was necessary to securs ratings by flight instructore on a relatively un-
selected group of pilots.To #this end emch of the flight inatructors at Purdue,
Indiena, Michigen, Ohloc Stzte, and twe other large universities was asked to
rate all ten of his trainees. In this mammer 1t was hoped to secure scme
400 ratings. Unfortunately, 1t was possible to obtzin thess ratings for only
the Purdue and Michigam C,P.T. groups snd & porticn of the Ohio State and In-
dilana groups. In all, ratings were ocbtained for 110 studscts.

3

Item 10, it will be noted; iz a two-ended item im thet both ends are
fpoors For this item, the gczls runs from O to 20 ead beck to O on the okner
end. : '

FA

The clear distinction betwes: thy groups on Item 14 might be expected 1in
view of the over-all nature of that raiting. I% should bs noted that all of
the rotings satlsfy the piatigtlczal test fov slgpificance of difference betwsen
neans of the geoun, 1 thot fur caet pobing ths Siffarebos (¢ gore than thres
times the standard eryor »f tra dilieraag.



-5 “Student Pilot’s Name
A SCALE FOR RATING PILOT COMPETENCY
No
pcining
1. Considering hMa training, how skillful i= he in carrying ount precicion manenvers (spot landings, figure eights, ete.) T
| I N TN N NS T SN TN S NS NN MR N NN S N N SN
wory |skilifal high average AYEEREY low average vary poor
2. How Joes he handle the conirols?
T S N SO AN TN TN TN SRS NN TN T N AN NN NN S S N
over considerably ome over bandlas con.
% over or undsr or unday trols falvly m’ smoothly
eontrols sontral smoothly sottectkly
i
3. How éarefully does he check his plane and engine before taking off?
‘L A | | 1 | | | 1 | | ] ] J ] I . 1 | { ‘
i I of carefolly earsfully nn:msh mli?
4. As eol;lpnred with the other stndents you have trained, how readily does he “catch on™ to your instroctions?
) I T R R Y N S N A SR N N N S AN TN SR N
vﬁl [~ fast avarags alow vory slow
5. To wli‘nt extent does he have the feel of a ship?
| I W N TN A N N SR ey
all .
nnfnl%y wall well fairly wall poorly .M-notl.t
6. Does ‘:e show respect for a ship and its motor?
| I S DO TR TR AN TR N RO SO AN SN NN SO SN NN SO SN RN B
taken lemt takes gobd ahowa reasonable tenda to be no regard
&I eare respect for both caralasy at all
7. How #enae or relaxed is he when flying?
i
T T T A N NN NN NN NN NN NN NN N N S N B
y tanse rather thnse alightly too tense almost sufficlently ideally relaxed
relaxed
8. Ishe #nclined to show off while fiying & plane?
....%l [N N N R R T I N N B S
B always frequently sometimen seldom never
9, How é;asily does he become upset when something goes wrong, for example, a motor failure?
| N AU N NN N T SN TN NS NS TS RO NN TN AU NN M N S
n::t'll, ensily upset sometimes upset “I:ldun.l.l; ealm ';ldw::: salm
|
i0. How ﬁ.onﬁdent ia he of his flying sbility?
| AR N PRE N N NN SN T SO WU N SN N SN SN N NN S N
mﬂe.'h too alightly over seneibly not confident entirely lacking
confldent confident econfident enongh in eonfidence
11, Does he like to try out new things, new maneuvers and cross country trips, for example?
| TR TR S N AU TR T TN S S SO SUUE MU SRUS AN S RN N N
alw, tries frequently trying sometimes tries rarely tries never trles
new thinge new things new things new things new things
i2. How M is his judgment with regard to taking flying risks? (weather, stunting, ete.)
| S T TSR AN T NN NN SR NN S AN S SN NN SN R T NN R
sxtremsy cautioua rn:ujluy unee . takes some :l.k- many urzumcb
i Y r:” riske poor o riaks risky -
18. How fvell is he satisfied with his fiying ability?
| FE R TR IO N N T N NN U N SN N B I B B
tries
.1!:# u:u:nm oﬂo:t “u&? affort . faivly wall entirely
14, In your opinion, considering skill, emotional stability, judgment, etc., how good an “all-around pilot” is he likely to become?
RS UNOUNE NN N N S NN NN AN AN NN WA T SO N W AN T NN G
noteh better
privkte pilet aye private piiot o g .m’m:m et R
Rated by. Instruetor
™TTrTT




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 also depends on the use of good judgment, on Xeeping one’s head in emergencies,
and on other traits which are difficult to measure. We have devised the scale on the back
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 deseriptive scale which best fits the pilot being
rated. The descriptive phrases below each line should be thought of as “landmarks.”

Feel free te check any student as falling-somewhere between these phrases if he belongs
there.

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

mark on the sample scale below.

How does he handle the controls?

L Lo L ]

greatly over consjderably some 0Ver handles con~ very smoothly
or under over or under or under trole fairly an
controls controls control smoothly correctly

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

PURDUE RESEARCH FOUNDATION
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TARLE X

Means and Sitandsvd Paviabicne ol the Hatings of Groups & and B on
14 Iten2 of Purdus 9Scale for Rabing Pilot Competency®)
slgo Differences of Neans and Critical Ratlos
for Each Difference

L N - TS Sy G e L L T e e 0 BT T el i B U i T 1 S T A

A

Mean Hean aiff.

Item _ Group 4 Groqgj;ummjégﬁl“ﬂmmig: _“B Tdiff. C.R.
1 14.321 543 g.88 2,40 2 .84 +40 22.2
2 15.81 7.11 s.70 2.04 3.28 o bd, 19.8
3 12.71 6,08 6.63 3.57 5.15 66 10.0
4 15:44 4.82 10.62 <495 3.06 248 22.1
5 15.53 5.72 9.3% 2.53 3.14 o4 23.4
6 14.05 9.02 5.03 3.27 3.55 «50 10.1
7 16,27 8.26 8.01 2.81 497 .60 13.4
3 17.21 14.50 2,31 3.29 4.87 62 3.7
9 15.51 8.52 £.99 3.08 4.50 .66 11.7

PR 17.96 2.82 B.14 .22 4 .95 61 8.1
11 9.70 6.50 3.20 5.53 4.9C 231 4.0
12 15.58 13.05 2:53 257 3.36 246 5.5
13 16,69 1010 £.59 3.30 5.29 66 10.0
14 17.03 6.15 1G.38 2.43 3.20 042 25.9

These 110 scales, represepnting the rutings for & roughly randou sempling
of the C.P.T. students, were scored on the 20-point scale. As has been noted,
the resulting distributions of these ratings are shown as graph "C® on Figures
1l to 14.

In practically al® instences each instructor felt capesble of rating a
student on 811 14 items. The cne excepilen was Item 11, "Does he like to try
out new things, new maneuvers snd crogs country trips, for example?® Only
92 of 110 scales Included retinge on this item. The hesitancy which some in-
structors feel with rogerd to rating thie item probably results from the fact
that the C.P.T. progran is feirly rigidly controlled and doss not give a stu-
dent much opportinity to reveal his tepdency to experiment while participeting
in the courss.

In order to determine the amount of interrelationshlp between the items
and also to psrmit meking & fector enelysis of the ratings, intercorrelations
were computed among ell 14 items. These sre shown in Teble I1. Rether then
attempt & discussion of the correlation matrix ¢t this point it seems desirable
first to reporit the results of the factor amnmlysis. Because of the smaller
nurber of ratings aveilable for Item 11 and the indication that this factor was
ot easily rated by C.P.T. instructors, Item 11 was omitted in the fector an-
alyzis. The remalning 13 vuriables were subjected to & factor enalysis using’
Thowstone!s Centroid Method.?

Three fectors were found necessary to account for the intercorrelations

5
'iurstvgn.lﬁg L. Lo
Press, 1935.

ipd. Chicago: The University of Chicege



Y.

TAELE II

INTERCORRELATIONS OF SCORES OF GROUP ¢ ON THE FOWRTIEEN ITEMS OF THE
PURDUE®SCALE FOR RATING PILOT COMPETENCY" (N = 110)

Item No.,
Item No. 1 2 3 4 3 6 7 8 2 10 11 12 13 U
1. 8kill v JO47 344 792 JTET 365 4ED-,150 .358 167 .380 .262 ,127 .801
2, Control hendling - 229 576 726 464 673 156 405 225 .290 (377 275 .595
3. Plane check-up e 330 357 590 .083 .034 .027 004 243 470 .421 .427
4., Ability to "catch on® wm— JT37 420 L419-,077 391 .209 356 .341 .253 737
5:.1 Feﬂl Of Bhip i 1552 .492—.065 a375 0117 al'&éé 5327 ¢289 0752
6. Respect for ship - 307 311 .168 225 230 .533 .463 .532
7. Tenseness —— BT A1) 270 420 172 206 W422
8-.: Sho"”ff -t v123 0411 9331 -r377 5313 -O'lg
9. Emotional Stabiitty = 5119 W157 234 .136 .36
10. Confidencs wam 151 234 (241 202
11. Trying out new things — 052 323 .265
12. Judgment ——— 802 4T3
13, Satiasfaction ——— 363
Mca O‘Ver-all i
TABLE I1I

PACTOR LOADINGS (AFTER ROTATION) POR THE THREE FACTORS ON THE 14

ITEMS OF THE PURDUE"SCALE FOR RATINC PILOT COMPETENCY™

Pactor Loadings

1ter L 11 111
1. 90 ~.06 .02
2e o TR .8 .38
3! 04-2 050 -“036
4o .85 «09 <01
5e 87 .08 .03
6a -47 -63 "905
7. 052 .06 65
8. «ol5 .58 .37
9. b 01 48
10. 10 36 .36

12. .34 65 .01

13. 224 .63 .02

14. .86 o2, -.03
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shomn in Table II. Since the Thurstone tecimique does not vield psychologically
meaningful fuctora until after the axes have ceen rotated, we shall not consider
the originel fu.ctor loadings but turn directly to the factor loadings after ro-
tation. The loadings of each item on the three factors i1s shown in Table III.
A factor louding, it will be remembered, may be interpreted as the coefficient
of correlation between a given varisble end the hypoctheticel factor. The Thur-
stone technique yilelds orthogonal (l.e., uncorrelsted) factors, but in this
problem it was found that the clusters of verlebles were not entirely uncorre-
lated, hence it wasn.t possible to secure simple structure, l.e., entirely
"pure” factors, by sny rotetion of ithe axes.

Factor I, it will be noted from Table I1I, shows a very high correlation
with (i.e., is heavily saturated with) Items 1, 4, 5, and 14 on the scale, &nd
& fairly high correlation with Item 2. Reference to the scale shows the items
to be (here listed in order of decrs:sing size of the factor loadings):

1. "Considering his trailning, how gkilifuliz he in carrying out precislon
maneuvers (spot-landings, figure eights, ete.)?”

5. "To what extent does he have the feei of & ship?™

14. "In your opinion, considering skill, emotional stability, judgment, eia.,
how good an ‘'&ll-asround pilot? is he likely to become?®

4, ®As compared with the other students you heve trained, how re:zdily does
he ‘catch on' to your instructlons?u

2, "How does he hancle the controls?®

Beazuse of the nature of these items, it seems rzasonable to name this firsy

>t —— e

Factor 11, on the other hand, is less highly correlated with any of the
iteme on the acele but from the relative size of the loadinge will be seen to
be most closely sssociated with Items 3, 6, 8, 12, and 13. These are (again
in order of decreasing sise of loadings)s '

12. "“How good 1s his judgment with regard to taking flying risks (weather,
stunting, etc.)?®

6. "Does he show respect for a ship and its motor?®
13. "How well is he satisfied with his flying abillity?"®
8. "Is he inclined to show off while flying & planel?®
3. "How carefully does he check his plane and engine before teking off{?¥
From the nature of these items, it seems that Factor II might well be l
named *judgment.® It will be noted that the variables contributing to Factor I

have very low loadings on Factor II and vice versa.

Factor IIJ shows atill lower correlations with eny of the items., The items
heving the highest loadings are 2, 7, 9,and 10,which, in order of size of loadings



BIed
7. 9YHow tente or relarsl iv hs auan Ilyingid

$. "How easily does he become upssi when somstihing gces wrong, for example,
a wotor falluret™

2. UHow does he handla ithe controale?®
10. "How confident is he of his flying ubility?®

Since these ltems all sesm ¢ involve en emotional component, thin faotor
was tentatively nemed “amotionad caanbrad.”

The chrea factora snd the clustering of the items which contribute most
heavily to each can perhaps be better enviaagad by reference to Figure 15
showing graphlically these reletionsnips when ploited on a spherical triangle.
Here the clustering of Items 1, 4, 5, snd 14 at the lower left corner is very
obvious, and those in turn sre some 75°% away (90° separation equels zero in-
tercorrelation) from the less ccmpact cluster of 3, 6, &, 12, and 13 at the
lower right cormer of the trilengle. The lower welghtings of 2, 7, 9,and 10
on Pactor III are indicated by the distence which they are eway from the apex
of the triangle. That gpactore I and Il are involved in Items 2, 7, J, and 10
is indicated by the less than 907 separation of these points from the other
corpners of the trimngle.

It eppears, thea, that the Purdue®™Scsle for Rating Pilot Competency"is in
reality meesuring three reletivsly disperate aspects of pllot competency:
.8kill, judgment, and t¢ & lesser degree emoticnal control. Rather then treat-
ing each of the 14 ratings as ssparaie scores, it ceems advisable to combine
the scores by adding the ratings for each of the ifems iz a cluster. Thuss
for skill edd Items 1, 4, 5,and 14; for judgment, Items 3, 6, 8, 12;and 13;
and for emotional control, Itema 2, 7, 9,and 10, Such combined scores will
- probably be much more rellable than ratings on sliagle itemsz. The intercorrela-
tion of the three sums will not be zero, but will be sufficiently low so that
the three comblned scores may be treated as seperate criteria both for re-
gseaerch and for practicel evamluation of pilot competency. Table IV showa the
actual intercorrelstions among the sums of ratings for the 110 C.P.T. stu-
dents. As will be seen 1n Table IV, these sums which may be roughly considered
as "factor scores® correlate with each other, .40, .41, and .58.

TABLE 1V
Emotional
Judgnent Control
34648412413 24739410
Siill
14245814 %.40 .58
Judgment #.41
34638412413
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DISCUSSION

This scale has been shown to be statistically meaningful and practical
to use inasmuch as instructors find it easy to rate students on it. No ser.
icus wezlknesses have been found in the present form of the scale 80 no im-
mediate revision seems necessery.

Eventually the reliability of the scele from rater to rater should be
studied but since all C.P.T. students are trained by a single Instructor,
such a check has not been possible. It would alsc be desirable to have the
same instructor rute students at different times to check the temporal re-
liability of the scale.

The data revesl nothing about the relative importance of these three
factors in pilot competency. Factor I, skill, seems to be considered most
important in the average instructors judgment when he is asked to plck out
hie®best" and "poorest® pilots. Also, it will be noted that Item 14, a sup-
posedly "all-around® judgment of pilot compatency, is loaded much more heavily
with the sxill factor than with silther judgment or emotiocnal control.

It 18 conceivable that different types of flying cell for different
amounts of these three components of pilot competeney. The *falr weather
airport privats pilot® probably needs more ¥skill" than anything else. If
he attempts cross country alone, he needs ®judgment® as well, and if his
motor misbehaves, he needs a great deal of “emotionsl control." & pilet,
on the other hand, might possibly have tco much judgment to take certain
types of risk which are necessary, for instance, in military flying. The
"ideal® pilot would, of course, have optimum proportions of all thesa factors,
but what congtitutes the minimum emount of each fector and the optimum pro-
portion of each muat await future research.

In the meentime, however, it seems pertinent to ralse the question of
whether sufficlent attention 1s being glven to factors other than "ekill¥® in
the selection and training of student pllots. A ceytein degres of skill is
obviously necessary before the other factors of judgment epnd emotional cop-
trol cen operate, but again it muet be remembered that even skillful pilots
may be unsafe pllots unless their skill 1s used with proper judgment and is
unimpeded by a lack of emotional control. It has alrsedy been noted that in-
structors select their "beat® students primerily on the basis of akill. Per-
haps this is because of the limited emounts of training which their students
hed had at the time of the rating. It is possible, however, thet this emphasis
on skill is the result of our lack of knowledge of how to traln students in
such a way as to improve their judgment and emotionsl control -- or perhaps
instructore conwgider these to be inborn traits of the student not susceptible
to training. These guestionas suggest a number of fruitful researches in which
the Purdue®Scale for Rating Pi _ gtency?might be ased as an eveluative
device.
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APPENDIX

A Factor Analysia of the Purdue®Scele for Rating
Pilot Competency™

by
dotarie J. Wherrey
And
Robert C. Rogers . .

& progreas report on research conducted st the University of
Rorth Cerolina, Chapel [Hill, North Carolina, by means of a
grant-in.aid from the Hational Research Council Commitiee on
Selection end Treining of Aircraft Pilots from Funds pro-
vided by the Civil Aeronautics idministration,
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4 FACTOR ANALYSIS OF THE PUKDJE "SCALE FOR RATING PILOT COMPETENCY"

’ I. INTRODUCTION

, In his report on the construction of the Purdue®™Scele for Rating Piliot Compe--
t }1 Kelly preaented the results of a factor enalysis of the scale which ylelded
tﬁfee primary factorss Factor J:- Skill, was measured by Items 1,5,14,4, and 2;
Factor IT:~ Judgment, by Items 12, 6,13,8, and 3; and Factor II1;- Emotional Control,
by Items 7,9,2, end 10. However, in this preliminary study Kelly msde no attempt
to analyze the factors further in terms of 1isolating the best weighting procedures
to be employed for these jtems in order to provide pure measures of the three fac-
tors assessed by the scale.

The purpese of the present study was to subject Kelly's data to further sta-~
tistical treatment with the aim of providing welghts for the various items which
would permit the derivation of pure measures of the three factors, The data re-
ported In this investigation provide also a cross-check on the stability of the
factors derived by Kelly in his study.

II. PROCEDUhE AND RESULTS,

Analvsis of Kelly's orlgine) dats, The first atep in the stutistical analy-

sis was to subject Kelly?s table of intercorreiations tg an independent factor
analy31s end to re-rotete the original factor lo&dlngs,2 This tsble of inter-
TABLE X

Intercorrelations of Scores of Kelly's Group C on the Fourteen Items
of the Purdue *Scale for Bating Pilot Competency" (N = 110)

Item Ho.
Item No, 12 2 & 5 ) 7 8 9 10 1 12 13 14
1. s —ov O47 344 792 1767 365 460 ~150 358 167 380 =62 127 €01
2. Control handling —-- 229 576 726 464 078 156 405 225 290 377 275 595
3. Plane check-up ~== 380 357 590 088 084 027 004 243 470 421 427
4. Ability to “"catch on® = 737 420 419 =077 391 209 356 341 253 737
5. Peel of ship e 552 492 <066 375 117 466 327 289 752
6. Reapect for ship ~—= 307 311 168 225 230 533 468 532
7. Tenseness = 167 611 270 420 172 206 422
. 4. Show-off -—= 123 411 2331 377 318 o018
9. Emotional Stability =~ 119 157 234 136 364
10. Confidence - 151 214 241 232
1l. Trying out new things e 052 - 323 265
12. Judgment e 502 473
13. Satiefaction - 368

14. Over-==1) . s

"

Y

! A description of this scele and the origineal statistical snalysis are pre-
gented 1n the body of the present report by E.L. EKelly.

% Thurstone, L.L. The Vectors of Mind. Ohicago: University of Chicago Press, 1935,

|
|
!
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corvelations snd the resuliing CTector Tmdlngs after wotetion are presented in
Tebles I and 1I. It will be noted that the rotation cerried out in the present
study isclated practica.ly the same faciors as were reported by Kelly in hle an-
alysis. These factors have been given the same names ms originally suggested by
Kelly, i.e., Skill, Judgment, and Emotionsl Control.

TABLE 11
FACTOR LOADINGS {AFTER nOTATION)
(R - 110)
WHERRY'S KQTALION * KELLY'S ROTATION.
Emotional Emotlonal
Rating Items Skill _Control  Judgment Skiil _Control  Judgmen:
1. S¥ill in mensuvers 83 30 -21 90 02 . 06
2. Handling of controla 60 57 09 72 38 . 16
3, Check plane 60 25 37 42 =36 50
4. Readinesa in catciing on 80 26 =05 85 01 09
5. Have feel of ship 82 30 -06 387 03 03
6. Hespect of ship and motor 58 05 53 47 «05 63
7. Relaxed when flying 31 77 06 52 65 06
8., Non show=off ~12 25 65 -15 EYi 53
9, Calm in difficulty 29 60 GO 45 48 01
10. Confident of ability 07 37 35 10 36 36
12. Judgmenti in taking risks 46 06 58 34 01 65
13, Trles to improve self 35 03 58 24 02 63
14. 4li-around vilot a7 21 09 8é -03 24

On the basis of this analysis, Items 1, 4, 5, 7, 3, 9, 12, 13, and 14 wers se~
lected for further use in scoring the scaele., Item 2 was discerded because it was
weighted too heavily on both skill and emotion; Items 3 and & because they were too
highly weighted on skill and judgment; and Item 10 because its loadings were very
low and aplit between emotion and judgment.

Coupetency” was ad=
made up of the folw

Anelysis of North Carolina Data. The®§cale f
ministered to & new population of 136 cases. This
lowing subsamples:

or Rating b .,
population was

COLLECE NO. OF SUBJECIS
Baghburn College Al
North Carolins State College . 4l
St. Frances College 14
Maga. State Teachers College 10
University of Wichite 24
University of North Carolina 6

Presented in Table III are the results of the factor analysls using only the
items found to have relatively pure factor loadings in the above analysis of the
Kelly data (Items 1, 4, 5, 7, 8, 9, 12, 13, and 14}.
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HOTATED (QRTROGONAL)

Touome e tLATIONG (N - 138) F4o00n IDEDINGS
Sﬁait Fmal lonel
Llew, o4 % 203 s, A3 4 Beill _sentrel  Judgnent
11;1..' - .i‘:Lr"ﬁ '.‘m L“ *I‘ I;J- _} ‘5‘3 " ,: j ,{;{ f‘ I;F'{'hé 90 1(-‘! '_‘DS
e Y 883 3B Suy, 43% 0 72 85 1h 02
5. . 38, 219 S A8y Ta3 36 18 07
2 . LEL itk A a0, 54 A1 0z
2 ~ o DFEY LR 305 20 3 58
3. -~ 325 555 51 58 a3
19, - - B36 54, 00 62
14 P 83 16 27
s R SR e e o e e e - or —
12, 2k 27 #1 10 &0 95 52 43 30 -5 75

Ugaperisca of lhres scoring tecro.guss, Fresented in Tubles IV
‘wke inbercorrelatione hetween the fanior scorag when the ltems on the
scored by three diffeiernt ccoring {weighiing' technigues,

» ¥, oand VI oare
gcale mre

| Table IV presev.s tne intercorrzlatiecns of the factors whep 13 of the items ara
deored according to Kellyv's originel recommendstions, Tn toadls zeoring procedire,
bhe ravings on itews with high leacdiags oo the ssparate factora are marely added
bogetheys w;buout welp ut ing In this ~ase the Judgment score is obtained by summing
ftemy 3 + € A2 13y the Beotlouad Zontrol score £ 2 & 7 &9 } 10; end the
FLLI szore is derived oy avmning Lheaug VY 4 L 5 4

TABLE TV

INTERCCHRELAT DONS OF PALTCRS BY KRBRLLY'S SCORING

N = 136}

METHOD (13 items)

j Enotizonl

' Judgment —Contrel
Jkiil 256 .72
Jmt = a 08

3 In this snalysis Item 1% wes originally omiited because of its high loading
on "gkill® ipn Table II, but when added here by Dwyer’s extenslon it was found
to be as satisfactory a messure of judgment as either Item 8 or 13 and there-

- fore was retesined. {Dwyer, P.5. The determination of the factor loadings

of a given test from the known factor loadlngs of other tests. Psychometrika,
1937, 2, 173~-173.

Edltorts Notes
other to the-extent of

Kelly found that the combined ratings correlats with sash
40, 41, and 53, /Bee Table 1V, page 14.}

4
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Table V presents the intercorrelations of the fzctors using 9 items,
In this method only those items with reietively pure fector loadings were
enployed. These items are weighted by means of the actusl regression co=-
efficients found by celculating multiple correlations using the factor
loadings ms the criterion correlstions. On %hls basis the three faciors
are scored ln the following manner: Judgmeni = Item B ¢+ 4 x Item 12 + 2
x Jtem 13; Emotional Control = Item 7 4 Item 9; and the Skill score =
3xIten ]l 2 xJItem 4 # 2 x Item 5 ¢+ Item 14{. The resulting factor

intercorrelations arei

TABLE V
INTERCORRELATIONS OF WEIGHTED FACTOR SCORES {” ITEMS USED)
(N=136)
Emotional
Ju ent Control
Skiii YA 67
Judgment 14

Intercorrelations between the predicted scores of orthogonal factors
such as those reported in Table V are due to another type of difficulty,
soluble only by the partialling techniques employed here. W®While the fectors
are orthogonal, the experimentel variubles used to define the factors are
complex and contain overlap of the factorz. It is this condition which
accounts for the correlation between predicted factor scores of supposedly
orthogonal factors. An inspection of the factor loadings in Table III and
the intercorrelations in Table V indicates that:

l. The tests defining the skill fector are relatively pure measures
of skililj

2. The tests defining the emotional control and judgment factors
are pure &8 regarcs each other but all contein substantial
amounts of the skill factor;

3. The purity of the skill factor mekes 1t possible to partisl the
overlap of this factor from the other factor scores, thus leav-
ing pure messures of emoticnael control and judgment as indicated
in Tables VI and VII below. .

Table VI presents the intercorrelations of the factors wnen the weight-
ing procedures are further refined by partiallingout the Skill from Judgment
and Emotional Control. The factors then are scured by weighting the items
In the following menner:

Skill (SK) =.3 x Ttem 1 + 2 x Item 4 + 2 x Item 5 + Item 14.
Judgment (J) = Item 8 & 4 x Ttem 12 ¢ 2 x Item 13 ~ ,1783 - SK,
Emotionsl Control (E) = Item 7 & Item 9 -~ .3362 - SK.



Ti4ELE VI

TNTERCOMKELATIONS OF WEIGHTED FACTOR SGORES (CORKECTED)

Eauotional

Judegment . _Contrel
Skill .01 0L
Judguent - L

T ble VII illustrates the fact that the factor loadings on corrected
scores become reletively pure when items are weighted in the proper nanner.
For this t:ble the factor scores were corrected on the basis of the new
welghts {pertialling out sklll es in Teble VI) and the new loadings deter-
mined by Dwyer's Extension,>

Takles VIX

FACTOX LOADINGS IN GOXMGCTED SCOKES (N » 136)

{Dwyer's Extension) L
Factor Skill Judgnent Bnotignal Control
Factor Deore Score Seore
Skill 1.02 -.26 ~.13
Judgment .02 1.11 -.11
Fnotional Cont. .03 —-e1l 1.03

I1T. RECOMUERUATION

1t is recomaended that the present methed of seoring be used in subse-
quent samples as a cross-check on the walidity of factor scores &3 possible
predictors of future flight success.

5 Scoring welghta were derived by means of tne following formulae:
1, E corrected : E - ESK and J corrected - J - JBB? where:

2. E = .. 6] M "
ok = TE'SK gok c OF 0 g 2 Tpay ggf o K

(E = Emotionel Control, SK = Skill, and J = Judgment)



