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RATIONAL RESEARCH COUSCIL

2101 Cometitution Avenue, Washington, D. C.
Division of Anthropology and Psychology e R
Committes on Selection and Treining of Aircraft Pilots ' ‘1“}”,

Dr. Deen R. Brimhall
Director of Research
Civil Aercnautics Administration

Washington 25, D. C.
Doar'nr, Brimhall:

Attached is a report entitled Apmalvais of : _Hie

: . by L, 8. Kogan, M, J. Wentman, and J, W, Dunlap. Tnis is. suhnittod o
by the Committee on Selecti¢n and Training of Aircraft Pilots with the reo~ i
ommemdation that 1t be included in the series of technical reporte being IR
.1s8ued by the Division of Research, Civil Aeronautics Adﬂiniatmtiom s

The Personal History (P-H) Inventory was originally devised as an
mteﬂiwing aid for research on the aviation interview depcribed in C.A.A, ~IEE,
Division of Research Report No. 33. The Standard Testing Program organized ~ 7
through the Committee on Selection and Training of Aircraft Pilots, in 1942, - i
furnished materials ‘for an item analysia, for the devolopment of scoring km;
and for further lavestigating the validity of this device as a predictor of R
success in flight training. Finr:linga in these three aresas are pra;ontod in
the report,’

Apart from the findings embodied in this report, the latter is an
oxample of the extent to which the skill of numercus psychologiats sl the S ER
resources of many universities have been utiliged through the opsration of L ‘;-,;‘;“
the Rational Ressarch Council Committee on Seleotion and Treining of Aireraft
Pilots. The Standard Testing Progrem involved the voluntary ocoperation of -
46 peychologists throughout the country who not only contributed their serve
jces 1in administering tests and in gathering data but, to some extent, also -
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made available the physical facilities of the laboratories to which they were .
\ attached at no cost to the Civil Aeronautics Administration. Without quee- [
tion, the research returns from funds-allotted by the Civil Aeronautics Ad =
- ministration have boen considerably extended through such contributions by e
individuals, universitiss, and other sclentifio agencies cooperating in the . "
research program sponsored by the Committee on Selection a.nd Training of N
Aireraft Pilots, fﬁi
: )
Cordially yours ’ "

b

Borris S, Viteles, Chairman . 8y

tE

) . Gommitiee on Selection and fff
Training of Aircraft Pilote S

KV:ta National Research Council

an ﬂﬁp“%h:
P A



The attached report on the P-H (Personal History) Inventory grows out -
of the Standard Testing Program of the Committee on Seleotion and Treining :
of Aircraft Pilots, Ratiomal Research Couneil.

grew out of plans preparsd byG.

staft,

©  The Standard Testing Program, organiged in 1942, involved the voluntary
cooperation of 46 paychologists in various parts of the country, 1isted below. -
These psychologiste tosted a total of 2333 elemsntary and 717 secondary Civil- -« '
ian Pilot Training students and made aweilable the results of examimtions on o
‘'a standard battery of tests for comparison with criterion dats obtained from '
the Civil Aeromauticc Administration and through the cooperation of coordina-

EDITORIAL FOREWURD

'borl in the C.P.T. Program.

Thia program, which in part
. Wendt, Wegleyan Univerasity, and J, ¥, .
Duniap, University of Rochester, waa administered at the University of R
Rochester by J, W, Dunlap, as Director of Research for the Committee, with . - ¢
the aid of M, J, Wantman and othér membars of the University of B.ochomr :
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This report of the P-H Inventory is the first of a series which will be L

mparod from data scoumulated in the Standard Testing Progren,

The P~H In=

“ventory wag largely the work of J, W, Dunlap and the staff attached to the

Office of the Director of Research at the University of Rochester.

The late

ter staff was also largely respobeible for the statistioaml treatment of data R
embodied in tha report, shich was written by L..5. Kogan, K, J. Wantman, and :

J. ¥, Dunlap,
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BUMMARY 3 %31
,fﬁ%
An enslysls of the P-H Inventory initially designed as an interviewing L
ald, was made to investigate its poasible ume &8s & sepsrete pencll-snd- p 5%?
peper inventory. The inventory was edministersd to 1427 subjects es part 'i‘”‘%g,
" of the Standard Testing Progrem, ‘ yp;g;j

iy

The total group tested was divided into three semples for the purposs fx‘ o
of checkinz the velidity of scoring keys from cone semple to enother, Ssmples 7 Py
- A and B included thoae with no previous flight exparienca, end Sample C, jk-ﬁagﬁr

those vith flight exoerience prior to testing. nuf-qiﬁ
’ . . . & sl
From an item anslysis veridous scoring keys were developed enc the result~ 1“3@
ing inventory acores correleted with the Pass«Fall criterlon and with other - ! -i3F
test scores. The folloring statements summarize the major findingss P
- : * RS,
1 J:}
1. Eech of the 100 items was answered "Yes" or "No" by epproximately 1.x;:?
‘the stme provortion of cases in ench sample. In this respect the samples hagd .-~ &%
the seme composition. . :j§§&~
\ rirﬁf

2., Item validity was found to be unstable as indiceted by the variation
in the corrsletiong of the items with the Peps-~¥all criterion from mample to
sumple and the marked varletion in the.number of items with Pavalues of .0l or
less among the three semples. This instebility of item velidities mey be de-
pendent upon the differences in proportion of cases making up the Passer and
Faller groups. Inesmuch as the number of failers im about one-tenth es large -
&g the number of passers, its meen is muwch less reliable, The doubtfyl depan&-
arilitv of the eriverion probebly also contributeq to the instability observed.*- -
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3. ¥eys for the P-H{ Inventory were developed for two types of populations:.

{a) cases with no previous flight training (derived fron Semple A and Semple Bj_ ;}:%%
ond (b) cases with and without previous fiijit training (derived from ell three ,-?§§
s.tples). ‘The Mulbisate" key, selected Tor mctual scoring of the inventory ‘f;Egy
in reluted studies, Includes the 27 items which obteined the szme elgn of # A
coefficient in eacn of the three semples end P-velues of ,13 or less when the |‘§£
three semples were combined into & total group. : ne
- 4. Correlatiorns of inventary scores with the Bel., M.4.T», &nd M.C. iara_:_:§§%
low, - : -4
A * ' . ‘ ";
. 5. Since the "ultimete" P-H key ylelds a Pass-Feil correlstion of only -
betrveen .30 end .40 vhen &pplisd beck on the samples fpom which it wae derived, o
- prectical predictive efficlency for the P-~! vhen spplied- to new semples can A
be expectec to be low. The snalysis of misclassificetioms of criterionm pre- - ;ﬂ?
aiction from P-H cutting scores similerly indicetes thei the nredictive effi- U
clency of the P-H Zey:z is not satisfuctory. ?2'
T
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* ANALYSIS OF THE PERSORAL HISTCRY INVENTORY

INTRODUCTIOR
" Personal historiss and inventories bave been exployed in vocatioml se-

lection to obtain data regarding the applicant's health, family, interests,

cvltural background, social and sconomic status, etc., Studies of persomal '

' 'data obtained from application blanks have demonstrated that blographicel

items oan bs used in predicting vocational suceesg, praticularly on sales

jobs,l Data obtained from studies hy E. L. !.ellyi and H, M, Johnson3 under

the auspices of the Comnittes on Selestion and Training of Alrcraft Pllots, "
bave provided evidence that such aterial can alsc be used in predicting suc-
cess or fallure in flight training, ) ‘

The P~H (Persomal History) Inventory, discussed in this report, is es-
sentially a device for obtaining biographical data together with self-estie
mates of proficiency in seleoted activities. The Inventory consists of 10Q
questions which the subject answera with "Yes" or "Bo" responses on & Separ-
ate answer sheet., Appendix A contains sample quéstions and a copy of the ‘

answer sheet, _ s

The 102 questions can be grouped into five general areas: (1) Academle
Beckgroundy (2) Family and Socio~sconomic Background, (3) General Soclasl Ad-
justment, (4) Desire to Fly, and {5) Personality as Related to Flying. Five
columns on the answer sheet correspond to questiona in esch of the fiwe -
areas, but since the subject proceeds from left to right in answering the
Juestiona in serial order he 1s probebly not aware of thes gyelie arrangement '
of the queationa, : - ’

The P Inventory wes originelly designed for use in connection with
B study of the predictive velue of the interview.4 In that study it asrved
primarily ss a convenlent paper-and-pencil instrument for obtaining informa-
tion from the applicant for {light training prior to the interview and as an
aid to the Interviewer in arriving at a judgment rith reapect to flight apti.
tude. ! . .

.Hohever, the opinion that the P Invenfory might in itself serve as
an inexpensive and convenient predictor led to the uge of this questionnaire

v

1viteles, M. S. Industrisl psychology. New York: W. W. Rorton & Co.,
InC-, 19320 PP. 179“185- " ' -

“Relly, Es Lowell. The relationshin of bsckeround end personslity fag-
tors to pilet competency. N.R.C. Divislcn of Anthropology and Psychology,
Comnittee on Selection end Training of Aircraft Pilots. Progress Report,
September 1940,

3lohnson, H, M. Qn the ectual and po & of b

informution eg e means of predicting success in eeronautical training.

Tashington, D. C.: C.A.A. Alrmen Development.Division, Report Ro. 32,
August 1944, Co '

4Dunlap, Jack ¥., and Wentmen, Morey J. ﬁg investicatjon of the Inter-

. ¥iew-83 a techpnigus for. selectlng sircraft pilots. Washington, D. C.2 C.h.A.
Airmen Developrent Tivision. Repcrt Mo, 33. Aupgust 1947 gn. 7-8,
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»

in the test battéry of the Stendard Teating Progrém conducted in 1942,5
The date cbtalned through the use of the P-H Inventory in the Stendard Teat-

'ing Program provided materiel for an item analysis and for the development

of a sacoring key used In the comparison of the P-H Inventory scores gith_
maasures of performance in flight training described in this report.

PURPOSE

The aima of thls analysis of the P-H Inventory were: (1) to investigate
the stabllity of the items, i.e., to determine whether the proportion of cases
anawering each alternative to & given question was consistent in different
samples, (2) to develop a scoring key for the P-H-which would predict as
efficiently as possible success in primery flight training, and (3) to atudy
mamhummmbﬂwmﬂmEﬂmdMMrunsﬁtmshﬂudh%@& )

!

METHCDS

Complete dete were obtained in 1427 ceses. Of the total group, 1015
ceses had had no previcus flight treining, and 412 cases were in primary
training at the times of testing and had already had some flight experience.
The *no flight hours®™ caees were divided into two semples. Semple A consisted
of 522 cases selected at random by use of odd registration numbers. Sample B
consisted of the remaining 493 cagses of the ™no, flight hours" group. BSample
C waincomposed of the 412 cuses who hed had some flight experience prior to
testing.

The separation of the basic group into these three samples made it pos~
aible to construct acoring keys on the basis of item analyses on one sample
and to check the validity of these keye on the other samples. The genaral
methods used in the item mnalyses consisted of obteining fourfold product..

5The Standard Testing Program was carried out at the University of
Rochester in the early months of 1942 under the direction of Dr. Jeck W. Dun-
lap, then Director of Research Dr the Commiitee on Selection and Training
of Alreraft Pilots., More then 40 psychologiste from various parts of the
country administered a selected battery of paper-and-pencil tests to 2333
elementary students and 717 secondery students in the Civilian Pllot Train-
ing Program. Thla test battery consisted of: (1) the Inventory of Personal
Dete for Prospective Pilots (B.I1.), (2) the Otis Self-Administering Test of
Mentel £bility, (3) the Test of Mechanical Comprehension (M.C.), (4) the
Test of Aviation Information {(A.I.), (5) the Personal History Inventory (P-H),
and (6) the Desire~to~Fly Inventory (D-F)e This program is not’ to be confused
wlt1 the C.A.A.-Natlonal Testing Service, dlscussed in CiA.A. Division of
Research Technical Renorts Ros. 9, 19, 30, and 39,

6The scores derived from the ltem analysis were employed, mot only in
validetion of the P-f Inventory on cases included in the Standard Testing
Progrem, but also in comparing the predictive significance of scores obtained
on the P-H Inventory with that of judpments made by interviewers in the study
of the Aviation Interview as a predictor of success in flight training.
(Dunlap, Jack W., and !antnan, Morey J. 'gn,_ggg )



.moment correlstions of P's” between ans¥ers on a particular item (Res-¥o)
end the criterion, passing or failing »rimery training, and cbteining the
percantegea of cases answering ecch item with "Ro,® Various keys were then
constructed bused upon these anelyses, inventory "scores® veve obtained by
meens of these keys, snd biserial correlations betwesn the scores end the
eritericn dsta were computed. ‘

, . B3 O[S - Tahle 1 indicates
the distrihutiona of the three namples with respect to ths spportionment of
Yes-Ro responses for the 100 questions of the Inventory. Only "Ro" responses
were tubulated since inspection of the papers showed thet very few cases
skipréd questlona. It cun be seen that these proportions renge throughout
the per cent scale with mesns at .50 end sigmes of about .30. Then these
. item "dif“iculties® &s besed on one sample are correlested with those obtained
in sach of the other two samples, the correlations ere .32. This high core
relation Indicates that each item tenda to be enswered "Yes" or "Ro® by .
approximetely the same proportion of ceses in each sample. (Although it is
not shown in Table 1, it was likewlse found that the proportions of "No¥ re-
sponses for Failers alone in Sample A {(Ny = 52) &nd in Sample B (Ry 3 60)
correlated «76.) There 1s thus no evidence in this pert of the analyais that
the responges to the items are different for "independent® populations.

f PagE~ « Teble 2 provides the diatributiuna
of g coef’icienta for the lDO items of the Inventory for the three samples end
for the totsl group of 1427 subjects. It can be seen that the majority of
items tend to correlete with Pegs-Fall in the neighborhood of .00 end thet -
very few ltemg correlate es high ss £.10 with the eriterion in any of the sam-
ples, Then &ll semples are thrown together, only one item correlates in excess
of .10 with tha criterion.

Tuble 3 gives the same distribution in terms of absolute eorrclation, i,e.,
rithout regard to sign. Here it can be seen thet the mean corrslation of the
1tems with Pass-Feil ranges from .04l to .043 for thé three semples, while for
the totsl the meen correlation is 036, The nucber of correletions of .05 or
higher in each sample is 44 and for the totel population this number drops to

1

7Fourfold product-mozent correlations between snswers on each item (Yes-

Ro) &nd Pass-Feil in primery flight training were obtalned by celculating
chiesquares for each of these cqmperiscns end converting them into phis by *
" dlviding each chi-square by its ¥ &nd tsking the square root of the resulting
quotient (see XKelley, To L. Statisticel method. New York: , Maciillen'Co.,

1924. Ch. X, ps 259. Also Guiiford, J. P. Fundamental gtatigtigg %ﬁ pgy~
. chology end educatlon. New York: eGrew-Hill, 1342, Ch. XII, p. Z ‘The
siznificance of the association wes determined by eveluating the chi—aquarea
in terms of their P-values,
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DISTRIBUTIONS OF 100 ITFMS IN THE P-H INVENTORY IN TERMS
CF THE PER CEMT AX:GEAING "HO™ TO EACH ITEM

Per Cent 2axple A~ sETple B Sumple G Total

95=99
3094
2533
30=32
T5=13
TO=74
£5-67
6064
55«59
50-54
A5~47
4044
35-35
30-34
. 25=29
2024,
15-13
10-14
5-9
O~
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CORRELATIONS OF PIR CENTS ANSWERING ™NO*
BETRZER SAMPLES

Sa::i‘.’JIOA ' - 499 . I% -
‘ Sample B -— 099
Sample C . : -—
M 250 +50 <50
c . 230 , =29 - 29

Nitems = 1GQ



' ' DISTRIBUTION OF PHI-COEFPISIZNTS FOR 100 QUESTIORE
I8 THE P-H INVENTORY FOR THREE SAMPLES

£
«14-015
d2-.13
+10-,1%
.08-.09
-1%"-07
.044‘-05 3
«0R-.03 -
+00-,01
".02‘ ("‘001)
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'“om“ 2-005
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"llo'-' ("-10)
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"016" 5'015)
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Semple ¢
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'The Gorrelation mstrix benesth the distribution in Table 2 shows the
correlations of the § coefficlents for the items of each sample. As was to
be axpected from the frct that Semple A end Sample B are "mo previous flight

" houre" subjects while the subjects in Sample C hed previous flight hours,

. the correlation of #'s ic highest between Sample A and Semple B (r ¢ .43).

This instability of itsm-criterion correletions can be ascribed to the cir-
cumstence thet even though the totel § of each ssmple is approximately 500,
the number of failers is only sbout 107 of the total and consequently the

metn of the Failars 1s much less ,relieble than the mean of the Passers.

Thus, all statistics such as # coeficients or biserial rfs vhich are derived
from the Pass<Fall dichotomy are likely to change markedly from ssmple to sem-
ple. Voreover, in addition to statisticel considerations, the criteriod of
Paas-Fail is itself of dublous depdndability (chiefly because of varietione

in stendards of ingpectors wnd menpower needs in different regiona, etc.).

Tahle 4 gives the convoraapns between @ end the P-level of significance
for cach sample and the totel.”? The P-level for a given § varias inverssly
with the size of the sample, Taeble 5 presents the distributions of P-values
for the items of the Inventery irn each sawmple, The P~veluss ars bused on
the relstiomship betwsen @ and P provided in Table 4, It is to be noted
thet the number of items with P-values of .0l or less variss markedly among
the three ssmples =- snother indicetion of the inatability of the correla~
tions of the 1tems with Pass-Fail.

Qﬂﬂﬂi£§EEEMLJuLIEﬂ_K§x]. The inforssation'obtained from the item anal-
ysis descrited sbove vas then used in the construction of "keys" for scoring

the inventory, In order to determine how many items should be scored, sev-
ert) zays with varying P-levels were developsd and blserial corralations ob-
teined tetween the resulting “scores" and the Pass-F:il criteriom.

Tekle 6 surverizes the Pess-Fsil biserial correlations of ths various
reys bota for the simple on which the keya were based end also on the other
semples. The keys are designated in ‘the following panners (1) the capital
letter indicates the semple upon which the item snalysis was made and f
the per cent indicates the level of P-velue used in selecting the items to
be scored. For example, the B (207) key indicetes & key based on the Semple
B item analysis and includes the 36 items which obteined P-vilues of .20 or

‘lass. The'l+B' keya vwere based upon an item anelysis in vhich Semples A end.

8is diaonstrnted in Appendix B, when the Yes<No item proportion differs
considerably from the criterlan dichotomy proportion, the § obtainable, even
vith waximus discriminetion, is lowered. In this particuler study in which
the criterion dichotomy was approximately 907 Passers to 10 Failers, a. §#
coafficlent as high as .50 is possible only vhen the item Yes-No dichotomy
is at lesst .70 -~ ,30. The distributions in Teble 1 show that approximetely
70 0”7 the 100 items received less than 70% "HoW respanuaa.

' 90btained by finding the P-vzlus for the chi-nquﬁre equivelent of the
# coefficient, as Gescribed in fbotnoto 6 (supra).
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TABLE 3

DISTRIBUTION OF ABSOLUTE PHI-COEFFICIENTS FOR 100 QUESTIONS

IN THE P-H INVENTORY FOR TEREE SAMPLES

0000010050999n??HH8

1%0103231&%9888WHM?

4 o~ O o) I~ 0

Absolute ﬂ
«18
A7
.16
«15
.1&'{
+13
12
«11
«10
109
.08
.07
.06
«05
«Q04
.03
+02
.01
.00

. 100
o041

101
047

.037

i

_ 1tems '
Mobsoiute @

030

° 030

%absolute #

433

522

sample



TABLE 4
CONVERSION BETWEEN g AND B-VALUE

Sample A Sample B Semple € Total

B - P-valus ~value Puva P-valus
.13 and over Less then .0l Less than ,01 .01 or les Leas than .01
.12 01 W01 ) B Less than .01
.11 ' 0| R W01 .02 Less then .0)
£.10 e .03 04 Less than .03
.09 04 208 06 Less than .0l
£.03 07 ' .03 . <10 Less than .01
2,07 «11 ‘-12 . .16 . 01 - ’
t.06 17 W18 , 22 02
.05 £25 _ 27 ) 31 06
t.aﬁ- 136 ) 037 . -42 - 913
t.03 - A 51 . 54, -
k.02 n65 066 068 b l;bs
.01 32 : .82 «34 70
.00 i.00 1.00 3.00 1.00
N 522 - 493 - : 412 1427

B were combined into a "no flight hours” group. The "AiP (ssme sign items,
50”°)® key dncludes those items which obteined @ coefficients with the same
sign enu P=velueg of .50 or less in both Sample A snd Semple B separately.

Ag 15 to be expected, the keys correlsted most highly with the Pass-Faill
criterion when applied to the sample uson vhich they are besed. There is cone
giderable los3s in sredictive efficlency when the keys are applled to the other ,
" . gemples, sven between .Semples A end B which were rendonly selected from e
group homogenecus with respect to lsck of previous flight experience. Appar-
ently the most efficient of the keys bhsed on & single ssmple is the A (207)
key whici correletes ,.536 in Semple A, .343 in Semple B, and 210 in Ssmple C.

. glection of the "Jlt % Kay. In the selection of items for a key to
be used for obteining a P-H score (for possible fleld use) severel require-.

ments were sst upt (1) the sign of the item @ coefficient should be the seme
" tor etch of the three sumples; (Z) the item P-velues should be low for each'
of ‘the three ssamples; end (3) the numher of scored items should be as large
as possitle, . ' :

The second requirement, however, could not be met. As shown in Table 7,
even wisn items with P-velues as high as .50 were included (Key I), the total
" numbter ¢f aveilable iteas was only 13, Five other possible keys, besed on
P-velues in the totel sampleg item analysis, were then constructed, Of thess,
~ Key VI was considered to bs the best and was sslectad as the “ultimate® key to
be used in actual scoring of the inventories. This Pultimate® key lncludes
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DISTRIBUTIONS OF P-VALUES FOR 100 QUESTIONS
IN THE P-H INVERTORY FOR THREE SAMPLES

L Semple &

Less than .01l
.01
002"-04
105'009
«10-.14
015"019
.20"024
eR5=229
+30=234

. 435=439
o40-44d
045‘049
050‘054
«95=459
H0~.64
v65-,69
'70"074
27579
80,84
185-089
+30~:54
+95-.99
1.00

BooRo. b owvol
SO OWMOO COO0O~10MOVO RN R

100
ltems

N 582

sample
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\ | TARLE '6
 VALIDITY COEFFICLENTS® FOR SAMPLES BY SELECTED KEYS
Eey ¥iteme  Senvled  Sswple B Demple C

2 (17) 4. 330 .123 130

a (5%) 3 419 2109 058

& (10%) 15 451 «15%7 W171

i (20%) 35 <536 0343 210

A ('35%) 96 .1@42 t388 13203

B {17) 16 .183 ,565 071

B (5%) 15 J184 621 053

3 (1o9) 19 218 B55 055 .

B (207) 36 .152 72 046

‘B (3857) X 191 654 166
B (12) 10 - W25 4T3 067
&8 (57) 45 W4T WA .129
A8 (same sign) . 64 400 490 201
£1B (seme 8igm, 50%) ' 63 ki .567 17
AiBiC (seme sign, 1) 27 .%95 .34 404
Ry 52 60 - 37

* Correlations are plserial with regpect to Pesa-Fail

* the 27 items which obtained the eeme sign of # 1n‘egc§ of the three inde-
pendent samples and P-values of +13 or lower 1In the tolsl ssmple.
this key which was used in scoring the P-f answer sheets in the Aviation
Interviewd study and In the further analysim described below. -

tribu of @ Coefficien

the highest @ obteined is only .18,

biserisl correlations with Pass-Ffall for esch semple are also indicated,

It was

of the *0ltimate” P-H Key, The distri~
bution of absoclute @ coefficients for the 27 items of the "ultimate™ key
15 given in Tuble 8, The mean @ for each sample iass .,053 for Sample A,

* o063 for Sample B, end .055 for Sample C.

Here it carn be scen again thet

Likerime 1t 1s obvious thot some of

" thess "best" itema go 28 low as .01 in some of the threas ssmples.
the distribution ‘of @'s are the meen scores of Passersy and Failers as ob~
teined by applying the "ultimete” key back on the samples; the corresponding

Benesth

: lobunlnp, Jack ¥., and Wantman, Horey J. 0Op. cit.
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TABLE 7 ‘
POSSIBLE TYPES OF P-H KEYS BASED ON THREE INDEPENDENT SAMPLES
Runhar of Items
hva ;;gblo ..
1. gl Seme sign of § (each sampla) 13
2) Approxinmate P of .50 or lesa in each sample
"11. {1) Same sign of # (each sample) 35
(2) P of .50 or lemss in total sample combined
© 111, (1)} Seme sign of @ (each sample) S 32 : o "
: (2) P of .26 or less in total semple comblned - : .
IV. P of .13'or less in total sample combined 42 -
V. P of .06 or less in total sample comblned 29 '
w71, (1) Same sign of § (each sample) 27 - : .
(2) P of .13 or less in total c'mple combined %

#»Xey VI was chosen a8 the "ultimate® key.

Tedle 9 presentn the 1ntercorrelatlon of scores based on keya from Banplea
A :nd B, the "ultimate" key based on &ll three semples, and the B.Y., Mid.T.,
end M.C. test scores. The nunber of subjects shows & decrease from the
original samples becsuse not all of the scores on the latter tests were avail-
able, Ipspection of the matrices Tor the three samples shows that g1l of the
P-H keys are fairly highly Intercorrelated. The key yielding the highest
Pass-Feil correletion varies from semple to ‘semple. The test key for Sample

A is "a3B - (5%)," for Semple B it 1s "AsB (mame sign, 50%).* Coneidering

just Sample A &nd Sample B, which are the subjects with no previcus flight
hours, perhaps the best key is "A+#B (5%)." From the standpoint of efficiency
in 81l three samples, the best key is obviously the "ultimate" key based on
all three -aamples.

Correlations of the other tests with the P-H scores are fairly low with
the B.l. ylelding the highest intercorrelation, The correlstion of the B.I.
with the Multimate® P-H key 1s .255 in Sample A, 213 in Sample B, &nd .212
in Sample C. The M.A.T. shows no correlation with the Wultimete® P-H kay
while the Y.C. shows & very low positive correletion., -

In vier of the fact thet the "ultimate® P-H key was derived in part from
erch of the samples considered, it i1s not surpribing that correletions of
thig kxey with the Pags-Fail 2riterion gshould exceed the corralations of the
other three major tests used (B.l., MeA.Ts, McC,) with the same criterion.
It 1s, hovever, more notewonthy that, even under these conditlons, in Semple

A
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: T:BLE 8
“ ‘ , DISTRIEJTION OF ABSCLUTE PHI-GOEFFICIENTS FOR 27 ITEMS
Y _ OF MULTIMATE® KEY OF P-H INVENTORY FOR THREE SAMPLES
' Absolute Sampla A bemple B Somble C
. , .18 - 1 i
4 «17 - - -
< 16 1 - S
.15 - - -
14 - = -
'13 bl 1 -
12 - 1 -
«11 1 1 o=
) .10 - 1 1
. <09 - 1 -
:{: - 1 ' ’ 508 4. 2 61
. | »07 . 2 ) 2
.06 4 2 3
05 5 5 4
-04 1 4 2
Q3 3 4 -
Ol 4 1 3
Bitems 27 27 27
“ lal-)ac.ﬂn.rl':e [ -053 <063 <055
E I dabaolute ﬂ . -033 -038 029
ﬂsla.mpla 522 . 433 A2
" wp. ©'19.59 19.39 19,41
¥y 18.14 17.63 17,36
, & 2:55. 270 244
) Bis. r 295 o34 k04,
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VALIDYTY CGEFFICIENTS OF SEL:CTED” P-H KEYS AND JNTERCORRELATIONS

e
i

Pass-Fall (bilserial) -
P-H Key AtE (1%;

. P-H, Key &tB (5%

P-H Key A1B (seme sign)

P-H Key -A:B (same sign, 50%)

B.I. #1% A)

R.A.T.

'c'

P-H Dltmt& Key, A1B:C

(seme sign, 13%)
- «89
a 1.00
N - 501

Hp: M?

~ b N " ) 1
Pass-Fall (bigeriel) -
P-#f Xey A+B (1%7)

P-f Key B (5%)
P-H Key A3B (same sign)
P-fl Koy AsB (seme sign, 5G%)

Bele (17 A)

W.A.T.

N.C.

P-# Oltimate- Eey, AtlG

{same sign, 13%)
] 883
- _ 1,00
Ra473
Npw 413

""'

Pass-Fuil {biserial] -
P-H Koy MB (17)
P~ Key k*8 (57)
P-H Kev 4:B (sauwe s
P-ti Key MD {Bame &.
B.I, (% A)
M.A:T.
u#cs
Pl Cltisete Key, A .Uy
’same slong 137)
" :‘91
o ' 1.G0
N - 410 Co
EPz 37

2 3
N -%8 ‘490
- 586
6,56 15.33
2.% 7..2

2 3
490 423
- K42
.26 12 .72
2455 .03

2 3
14 143
- R
6,68 12 .91,
“.i6 5.2

Do BR
ot

Samplé j
4 5 6 7 8 9
415 .335 L182 ,186 .318 .298
526 490 .0%6 (039 130 445
825 .792 .170 ,088 .161 . .673
- -9‘7 ow 0051 1173 9771
b 0263 ¢_0'81 n168 976‘0
. -~ .1“ -226 n255_
! - 0434 GM’
- 3153

22.50 42.17 12.48. 53.54 52.13 19445
8.16 4.33 2.84 9,72 7.14 2.5

Al

le.

AQEEIL??J; é 7 8- 9 .
67 534 .254 218 272 324
613 603 189 094 216 494
1828 0826. lu5 I%B -162 wﬁu :

- 0950 ;139 bt } 004 3 186 u733

e 197 0l T2 ..759

- L1638 ,332 .213

- -Ml 0‘007

- L1102

21 6“ Ale?,a 1Hm31 5 I99 11045. 19a22

8,72 4a51 2.97 9.94 7.66 L.7TR

Sanple ¢

4 5 6 7 8 9
ST .202 188 073 2304 401
1.531 054]—. ,%5 “0101 0093 393
ST U9T7 62 012 213 607
- 958 .235 -.054 .213 699
- 43 ..028 021 708

- JOBL 335 212

= 433 054
- 0187

23,317 42,18 13.44 51.6) 51,19 13.65

T 3,74 .87 9,58 T 2,45
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A, the correlavion of She M.C. wolh
of ithe "ultiggiet P-H kay. The H.C.
relations with Psgs-Feil of the three major teats used im the Stsndard
: Testing Program.

Ll

lnz Pess-Full critericew exceesis
ronglstently showed the higheat cor-

ATV

It is interesting to nota how the B.ls blseriul correlatlons with Pepa=

Fuil compere with P-H'biseriasl correlations.
below Por selected keys using data from Table 6.

These comparlsons are made
The underlined correla-

tions are thoze which were obtesined in samples not used in the construction

of the perticular key Lelng consldered.
revresent ‘the untisseull correlations between the P-H and thg criteriem,
errors of the correlations sre all within renge of sampling errors of the

correlstions for the B.I.

Senple A

p-H Ker A (R0%) .50
P=ii Key B (20%) 219
P-H. Key &7 B (5%) o7
P-4 Key A:B {ssme sign) - .40
P-H Key A-B:G (.lame slemn,

: 13%) 30,

- P-H Key Bol. o188

Migclassificatione or Err

LY

In order to compsre the efticiaq*y of these two koys as spplied %o the
. three -gamples -in the atudy with the mpaxinum efficiency possible and also
with the efficiency of a key based pn chance, the procedure daacribsd below

w¥as follqwed.la

Fourfold charts were set up in such a way that the distribution of P-H

‘fample T

%

obody
49

34
282

a Pr
-Boorea. The two keys constructed for the P-ff Inventory which seem to have
the most logical applicability ere: {1} The key based on Sample A end B
(no flight hour groups) which is comprised of iteme maintaining the sams
sizn in both semples {Key AiB, same sign, 50%) snd {2) the "ultimate" key
based or all threo semples (Kev A:B:C, same sipn, 13%)

For the underlined velues, vhich

Saeple C

fktehs

o

o
232

" scores obtsined by scoring with eech key was aut at a point which dichotomized

the distribution in es eguivelent a menner as possible to the dichotemy im-
For exemple, if the percentage of Pasmers

posed by the Pass-Fall eriterion.

in the group wea 90% the distr’bution of P-H scores was cut so thit as close
to 9% of the cases were abové the cutting score as wes parmissible from the

111.&., ‘those correlations obtained when tho key was applied to samples

ather than the sewple upon which the key was developed,

13This pracedure wen auggeated by. Irs H. M, Johnsom, ?roféaaor of Psy-

chology, Tulene University.



~tiona in thé cells according to "chance” vould be based on the marginal totels,

' score groupings. A fourfold chert resulted such as is seen mtméﬁw
+* telows s '

i.e., A are ‘the passers who are sbove the cutting score and § are the fallers

.,_ﬂ

’ 1

Above --Below
- Cutting Cutting

Score Score Tutﬂ.___| -
1 a - -

-Pess

Fall

Here we see that 90% of the subjects passed and 90% of tha subjects
were.above the cutting scors on 'ths Inventory. It is obvicus that the sub- R
jects falling in cetegories & &nd § are correctly clessified by the Inventory, - . *i

who are below the cuiting score. Categories @ and & , in contrast, are the .
subjects who have been misclessi”ied. If the Inventory had discriminated
perfectly we would expect zero entries in catepgories g and § . Our expecta-

,‘
e -

Fhoge 2o e 7T
s

I's 123 N
755’*'& DR

Thus, sincé @ 1s'poqy &nd & is p;qy, the number of chance misclassificatioms, - Re
to be expected from & non-discriminating equivzlent dichotomy of inventory . - *- ';ﬁ
end criterlon would te the sum of pzqy end p1gz or, in the disgrem ebove, we zg*.f}
rould expect 132 of the subjects to be misclessifisd.  An inventory with asome f;ﬁ
degree of diseriminstion will hence misclissify less than 13% of the a‘ubjecta S 1)
or in the ccse of perfect diserimination, zero per cent. ; ;f*ﬁ
‘ e

The number of misclassificetions for each semple on the P-H Inventory '.,EW
to be axpected by chance, the number ectually obtained, and minimum possible e
numbar are presented in Table 10, : -
,J’L_.,:vlﬁ

It ia of interest to note that the cutting scores for .the- threa gsemples = ;gi,
turned out to be =o similar, even though determined separately for each mla. ";‘t;_:‘“‘
The octual distributions of seores are presemted in Appendix G. PRI

N T

By comparing the entries in the HBy Chance" colupn with the entries inm ,§§

the "By P-fi" colums we can tell how much hetter than chance the P<H haa pre- 5@«
dicted Pass~Fail, The entries in the column under "Minimum" are not sero i%;ff
bacause the distribution of scores could not be cut in exactly the seme pro- e
pertion as the criterion dichotomy. Prom these tables it is obvious that tHe ‘?m
effiglency of the P-H keys is oply slightly better then one would expeoct from T
chance slone.l? Dichotomizing the inventory scoree, however, partislly con- iy
: : T

\ i
137ne stendard error of this statistic was not derived and it may well B

be thet the proportions obteinsd were within the renge of sampling srror. Lo
However, the fect that &ll of the "ahifts" were towards improved classifica- ”fﬁ
tion probebly renders the null hypothesis untenable in this situstion, - i ’Ziﬁf

b
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z
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. TAXLE 10

P-H IRVERTORY - MISCLASSIFICATIONS UNDExX CONDITIONS Or' MOST
EQUIVALENT DICHOTOMY BETWEEN INVENTORY ARD CRITERION

B _(semb si Bumber of Misclassificationg* :
sample = - tt Sco Chence ' By P-H ‘Mlnimun

Sample A . % - 95 (19%) | n s -3 (18)

36 % (218) - 7oA 3 (g
| | »
% . 60 (15%) ~ 52 (138) 4 (1%)

t

Kay AiB:C [pame sign, 13%) . Bumber of giaclagjg_l_ficat.img

“Qutting Score By Chence ExPH  Minims
15 ‘87 (178) 73 (15%) 13 (2%)
o, B sum 75 (168) 13 (3%)
16 ‘ 73 (188) 53 (13%) 11 (3%)

# The per cents indicate the proportion of the total B of the sample.
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" cesls the extent to which tha mvantory u related to the criterion, C
throughout the total range of scores, This may sccount for the feet™ - . . iiid
- that although the per cent misclasaified by the P-H is quite similar from e
sample to sample, the biserial correlations (as shown in Table 3) batwsmn S
Key 43DsC {esrme sign, 13%) and Peas-Fail renge froa 298 to .LDI. =
. - i
STMCIARY ‘ SRR
The P-H Inventory was administered to 1427 subjects as part of the Jii?gr
e

#; m}" wnjﬁd"\‘ i et S s M e e
Y

Stendard Teating Progrsw. The totel group tested wes divided into three
samples end an item analysis made of the responses in order to check ilem
validity from sample to semple, snd to develop scoring keys from which in-
ventory scores could be obtained end .compared with the Pags-Pail eriterion -
and other test memsures. The resulting findings werse: SN

7
x

.
A s
a fi,:
LIt

r‘j -
o
Rl

:

.

1. Although the items were anawered "Ias" or "io" by approximately the * "
same number of subjects in each sompls, corrslations of the items "~ : o
wvith the criteridn varied markedly from sanple to sample, probably .
as & result of the small number of fallers and the doubiful dopand-

ebility of the criterlon.’

2, The ultimete ksy selected for scoring of the inventory contained 27 s
items which maintained the seme sign of § in sach of the threé groupa L
end P-values of .13 or leas for ths totel group. . L

3« Intercorrelations of inventory—scores with Bl., H.A.T., end B.C.
ware low, , -

4s Since the ultimate P+H key produces a Pass-Fail cnfrelétiou of only
between 30 end .40 when apnlied back on the .amples fraom which 1t -
was-derived, the probebility of practicel predictive efficlieney for

the P-H when s&polied to new semples 1s low.:

5. Misclessifications of eriterion orediction from P-H cutting scores
are only alightly leas than ere to be expected by chenca.




APPEFDIX A -

SANFLE QUESTIONS FROM P-H TNVENTORY
. and
ANSWER SEEET POR P-H INVENTCRY
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SANPLE QUESTIORS FROH
PERSONAL HISTORY INVENTORY

Were any of f.he following your favorate subjects in achool ~-
Engliah, History, Mueie, Art, larguopes?
Were both of your parents living while you were i.nhighachool‘l

~ Did you have many fiphtas with other boys in school?

Bave you been interceted in flying for more than thres years?
D4d your parsnts approve of your enrolling in aviation?

Are you a good diver from a springboard?
Didyoummpartofyournythmghhighsohooltooouogu?
Do you think 'potting" is wrong?
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Answer Sheet for P-H INVENTORY

Name. . . ... ..

Print Last First Initial

~Age. ... . ... Single. ... _..._ Married ... ...

Schooling 9, 10, 11, 12, 13, 14, 15, 16, 17  Name of College. ... . . e

(circle highest grade)

Major Course in College. .. ... . . . i wwwo = ._-Location of College . .. . . e e

Yes No Yes No Yes No Yes No Yes

1z, - ... L 13. S N 14. L . 15,

17. S 18. - BN 19. . .. 200 _ ...

22, . . - 23 .. . - 24. C e . 25.
27. N - 28. . ... 9. - 30.
32, .- 33. - S 34. N 35.
37. - - 38. N 39 - 40.
42, . . e 43. .. A 44. S 45.
47, . 48. . . 49. - B 50. _...
52, . 53. A S4. . . - 55.
57. - 58. ; - 59 60.
G2. - . 63. . . . - 64. - - 65.
67. 63. . 69. . . L. 70.
72. . 73. - S 74. - 73.
7T . 78. - . 79, . 80.
82. R B 83. . - g4 ... . .. . 85.
87. 88. - - 89, R 90.
92, . - 93. o4 - 95.
97. . .. . . 98, S 99, .. . - 100.

Did you go out Did you make

Sport | Attitude*
por raee for this sport in the varsity in

L 1 D I H.S. Cal.® H. S, Col.*

Basketball . S e R
Baseball L e
Soccer .
Rowing el L R
Track
Swimming e e e S
Tennis e e
Boxing e e e e .
Wrestling e

* 1 = like * H.S. = high schovl
I — indifferent Col. = college
D = dislike



DIRECTIONS FOR USE OF THE ANSWER SHEET WITH THE P-H INVENTORY

There are 100 questions in the P-H Inventory booklet. Answer each question by placing a check mark (1/) on the
line under the appropriate heading of "yes” or "no” next to the number that corresponds to the number of the question.
Note that the question numbers on the answer sheet are arranged across the page. Av the beginning of each new line of
the answer sheet, be sure 1o check the number of the question in the booklet with the number on the answer sheet.

Do not omit any question.

When you have finished with the 100 questions in the booklet fill in the informarion regarding sports at the
botrom of the answer sheet by placing check marks in the proper columns. In the first column marked “Atritude,”
indicate your atticude towards each sport by checking whether you like, dislike, or are indifferenc to that sport. In the
next two columns indicate your participation in these sports, You may have no marks, one mark, or up o four marks

in these last two columas for each sport.

EXAMPLE: (Check marks show how one man filled in this part of the blank)

Sport Attitude for s e donsity i
L I D H.S. Col.* H. S Col.*
Football v v v N
Baskethall _\/_ v ,Vr - R L
Baseball v ) Voo o
Succer _ v - —_—
Rowing _ Vo - - - ——
Track v o _ _ _\/ _ -
* L = like * H. 8. = high school
I = indifferent Col. = college
D = dislike

This man liked football, weat out for it in high school and college, but made the varsity only in high school.
He liked baseball, went out for it in high school, but did not make the varsity. He liked track, went out for

it in college, but did nor make the varsity,
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'THE MAXIMALITY OF ITEM #f COEFFICIENTS WHEN THE

CRITERION DICHOTOMY IS SUCH THAT 90% OF THE
CASES ARE PASSERS :




APFERDIY B

THE MAXIHMALITY OF ITEM & CGEfF;PIENTS WHEN THE
CRITERION DICHOTOMY IS SUCH THAT 905 OF THE

CASES ARE PASSERS ke
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The following note describes gertuln limitations of the @ coefficient AR
vomputed from a two-by~two chart when the criterion dichotomy and the item . S
dichotomy proportions differ., As shown below, even 1f items are opersaiing with i 3

their best-pussible efflciendy thé alze of the meximin’' @ coefficlept 1s someld< ,"-:
erably réduced from 1,00 when, &s in the present instance of a 08-10% criter- ~ %°
ion dichetomy, the item dichotomy proportions deviate from 90%-10%.

In computing the B coefficlients the two-by-iwu cuuclt is set up as fol-

lowns
No
Paes | a
o ‘  CRan ¥
| &

Here ol = par cent of pessers checling "lo®
{3 a per cent of passers chacking "es"
. ¥ = per cent of fallers checking ™Ho®
}( = per cent of fallers checking "Yes"
The formula for § = o\-js - By
v pxqx .9 x,10

Because of the nature 'of the # coefficient, a § of 1,00 can be at-
tained in the above case only whend » py= .90 As pjdeviates from .90
the maximum @ which could be reached under the optimum conditions of dis~
crimination is indiceted in the accompanying graph. For example, whan
the criterion Pass-Fail ratio is ,90Q end the item ia dichotomised with

.10
50% choosing each altcmative, the meximum # atteinable can be sesn to
be .33,
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4 The two~by-two chart under these conditions of best disorimination-. |
for an item pjof .50 1s as follows: . - B
. ‘ T,
/ ) No Yea Total _ Jak
- Pass .50 . <40 «90 ¢ po . . :ﬁf
] . i"gr.‘
Fﬂil cm 010 llo- B qz ' _“:?
- 05‘0 050 1-05 - -fg
e 4 o
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In this -itultim becauss or the .50 = .50 point distributlan of the

‘ﬂ:ﬂ, the mexieum number of passers who cen be clessified correctly by the

item 33 émly 507 of the total cases even though the feilers (10f) are all,
correctly clessified. Hence, passers constituting 40f of the totel must of

, nacusity be misclassified end consequently the ceiling of the #'is .33,

Other paximum @'s at varying p-levels of the ltems as associsted with

"a criteriom pz of .90 sre indieated in the graph,2é

The efficlancy of discrimination indicated by a # is tm-oron in-
fluenced by. the specific proportion of subjects assoclated Jboth with the
criterior dichotomy end the iitem dichotomy. The greater the 8isparity be- -
tween the positiong of the points of t.nm::atim: of the two wveriables the
less 1lkellhood thera is of a # approeching 1.00.  This gradient awsy froa '

_a saximum @ of 1,00 as p 18 not symmetrical, however, sxcept wheh thn
%O P2

pz of the eriterion ia . o
 In the case where P2 = .90 it can thus bs seen that a g of .50 or ovnar

-t

ia possible only when the item py sssociated with pusing .on the criterion 1s .;_

" in excess of approximetely .70. With mary items having a py of less than .50
- we must expect many low f s‘ even under potentially fevorable conditions of

d:lucrimimtion. L : .

Since the # is related to X2 such that X2 & K2, 1t cen be seen that X2 .

_and hence the P-level of significance are affected only by ﬁ and N and.are -

thus subject to the -same 11m1tationa of ¢riterion and ltem dlsparity’ of dl-

{ '~ chotomization s ﬂ

The pain cenclusion to be kept .in mind is thst item dichotomies must
be .23 equivaleni as possible to the criterion diehotomy i? efﬂciant dis-

criminatian is desired.

13 -
-

4 « This greph reureaents the maximum phi ohtainsble for
a part:lcuhr eriterion dichotomy, namely, 908 pessers end 10% failers. Pro-
fessor He M. Johnson has shown thet the maximum phi can be determined for any
couhination of critericn end item dlchotomy proportions froma 2 x 2 ‘@iatribue
tion bv reans of the follovi.ng formula darived for the gemrﬂ. t:aso. This

Y formule 1is =8 follovsl

‘ =z 4N Jplq N btn which 'py 1s the proportion .
of test paasera and py the propartion of course pessers ia the aample of N

individuals, ¥hile.q; = 1- ;& 9z = 1-p; , o = (AB) - (A)(B)/%<
(AN )pey = = P4 OF Py, ¥ chwer is the smaller, and subsututing in tha E

uation
o ' Toax = VP2 /P20y or iy = P21/ 491‘12- For s dlscus~
slon of the davelopment of the’ ‘formale ‘given above, seer Johnsan, H. M.
General rulss for predictiné the’ sel@etivitv of a test. amer, J. Psychol., .
1942, 55, 4364420 - s o |
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" APPENDIX ©
. DISTRIBUTIOR3 OF IN%+#NTORY SCORES
FOR SAMPLES a4, 3, AND C
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AFPENDIX C

‘

DISTRIBUTIONS OF INVENTORY SCORES FOR SAMPLES A, B, & C

P-H KEY % teeme clen, 50%)

B

le

Semple A

Total Total
Ssore Group Pussers Failers ¢y Soors Grpup Passera Failers

Total

Soory Groip Passers Failers
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