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RATIOMAL RESEARCH COUNCIL

2101 Constitution Avenue, Washington, D. C.
Division of Anthropology and Psychology

Committee on Selection and Training of Aircraft Pllots

-

March 26, 1943

Dr. Dean R. Brimhall

DPirector of Research

Civil Aeronautics Administration
Washington, D. C.

Dear Ir. Brimhall;
The attached report entitled MMM

- , by Raynond Fran-en. e ottt
ted by the Committee on Selection mnd Tra:l.nj.ng of Alrcraft Pilots with the
recommendation that it be included in the series of technical reports pub-

lished by the Division of Research, Civil Aeronautics Administration.

The report 1s not concerned primarily with experimental
findings, but with a new method for the analysis of results obtained in
investigations on the selection of aviation personnel. To date, thie
method has been applied in the trestment of date gathered in an investi-
gation conducted by the Committee on Selection &nd Training of Alrcraft
Pilots, at the Naval Alr Station, Pensacola, Florida, in cooperation with

-the United States Navy, with funds provided by the Civil Aeronautice Admin-

iatration.

Frequent reference to the statisticel technique will be
found in later rsports dealing with the analyals of data obtained in the
exanination of naval aviastores at Pensacola. The wvalue of this method, in
combination with corrslational and other techniques, is being further inves-
tiguted in connection with the analysias of the findings of the Standard
Testing Program end of the Midwest and Boston Projects sponsored by the
Committee.

In addition to the main report by Dr. Fransen, there 1a
presented, in Appendix "A", a simplified revision of the method developed
by Paul F. Lazarsfeld, in collaboration with Dr. Franzen, which provides a
short-cut. computationsl procedure for the solution of problems involving the
selsction of the best combination of dichoteomous arrangements to distinguish
a categorical criterion.
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In presenting this report attention should agein be
drawm to the fact that 1t 1s devoted to the description of a new method
which 18 to be considered in comparison with other tecbniques that are
available for the treatment of dichotomous material. There has been muoh
discussion within the Committee concerning the advanteges of this as com-
pared with other methods, and there is no intention, in preasenting this
report, to imply that the method should be substituted for the methods
more commonly uped in experimemtal studies.

Very truly yours,

, M. e

Morris S, Viteles, Chalrman

Commlttees on Selectlon and

: Training of Aircraft Pilots
NSVirm National Research Council
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A 'FTUOD FOR SELECTING COUBTNATIONS OF TESTS AID DETER, TING THEIR
BEST "CUT-OFF POLUTSM TO YIELD & DICHOTOLY {OST LI A
CATFGORICA, CHITERION

Introduction,

The present paper provides a new method of combining test scores into e
meaningful predictive battery, The particular merit In this method lies in
the fact that it permits recovery of useful predictive materiel from distri-
butions of test scores which, if analyzed by the more common techniques used
in test construction, would be disczrded. It mey be employed without the
usual assumptions and problems involved when the conventional methods of
test~selection ere employed in.the construction of a test-battery. Presented
below are (a) & general statement of the type of test situation in which this
method is useful and more generally spplicable than the more common methods
of anmlysis, and (b) & specific example naking use of the methiod and some
brief comparisons with other technigues.

The aim underlying the upual technigues of test selection is that of
finding & test which is correlsted {linesarly or curvilinearly) with the cri-
tericn. By these methods it is possible to grade or classify the indivi-
duals throughout the entire range of test scores. Vhen & dichiotomous eri-
terion is used, it is also usually assumed that the varisble is actually
continuous and that the individuals are normelly distributed within the two
groups, Some analysis of variance within the groups is therefore needed,

In generai, three types of statistical techniques are employed in the shbove
type of anaiysis: (&) Correlestional metnods -~ the intercorrelstions of the
tests thewselves end their criterion correlations are studied, Those which
ghow a significant linear or curvilinear correlation with the criterion are
combined into a battery using one or riore of the variocus muitiple-regression
or maximizing techniques. (b) 'Cut—off' vrocedures —— this method, es usually
employed, dees not determine weights for combining the tests into a bettery,
but does provide a neans by which scores on different tests nay be considered
together, Here, those tests with significunt criterion correlations are em-
ployed and & point in the totsl distribution of each selected st which there
seeus to be s significent difference in the criterion groups. These tests ere
then employed singly or in arbitrary combinations (sometimes emnirically
established) to preselect the subjects. This nmethod of cut-off is, however,
no better than erecting & cut-off score based on the average of the standerd
scores, and Still assumes correlated sctivity throughout the range encom-
passed by these averages., (c) Analysis of Varience — this technique is of'ten
used glone or in combination with the sbove forms of analysis., Here an at-
tempt is made to enswer the question "How can we best weight the tests to get
e meximum stendard difference in the means?" One such procedure is the
Discriminetive Function of R. A. Fisher. His method sets up & lineer function
of the tests and seeks to determine the constants of these functions which
will perwmit the best poesible sepesration of the two eriterion groups,

Note here again that assumptions of normeslity, linearity or curviiineerity,

end variance within the criterion groups are present in all the above nethods,

It is, however, unnecessary to assune that a test must correlate through-

out its entire range or provide a continuous, graded clcssification of the total

population. Further, in those cases where the criterion roup is 'fixed! or
ttruly' categoriczl, it is unnecessery fo concern ourselves with an estimstion
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" of varlance within any single group though complete treatnent of the date
should include more then one form of analysis.

Suppose that & battery of experimentel tests has been given to & seuple
of individuals who fell into & truly categorical dichotomy, i.e., the stztus
of the eriterion is not arbitrary and changing, but is fixed and stuble as
such. Suppose further, previous anclysis hes shown that the tests have no
dependeble linear or curvilinesr correlation with this categorical criterion,
Now, however, when the total distributions of test scores are re-exsmined it
mey be found (es is often the case) that certein eress within the totel dis-
tribution seem to be related to the criterion while certain others are not,
l.e., the scores for one of the criterion groups all tend to cluster in one
particular srea of the total range, while the acores of the other of the
eriterion groups are scattered over the remsimder of the range, but not in-
cluded in significent numbers in the uares embraced by the first group., This
area, if the sample is representetive, mey then be used in preselecting
those individuals who fall into this limited range of scores. This same
situation could conceivably be found for a number of tests, each one being,
in some degree at least, a good selector in itself. The problen now is to
coubine these tests (which, slthough uncorrelsted linearly snd continucusly
throughout the entire range, show certsin zreas of relationship) in such s
way a8 to ellnminate & meximum of one of the eriterion groups &nd retsin a
maximx of the other. (The particular level of efficiency of this elimine-
tion is primarily & function of how meny of those individusls in the upper
renges we can afford to sacrifice along with those in the lower ringes.)

One other consideration arises here as in the other methods of test con-
struction. Does passing in one or more of the teasts compensate for feilure
in one or more other tests, e.g., does making high scores on psychomotor in-
aices as a whole tend to offset failure in & senersl intelligence test, so
that the individual is actually more like the 'good' criterion group than one
would be led to think if only his intellizence scores were considered? It
is believed that the method offered in this paper more adecuctely answers
this question of graded compensation than the conventional tecinigues, Fur-
ther conparisons with other techniques are, of course, needed before test
situations can be defined in which the rmltiple chi technique is to be eumployed
withiout recourse to other forms of anslysis. In the interest of compiete
analysis of any date, as many .iethods as misht concelvably yield useful infor-
mation should be enployed,

The proposed method mokes use of the ehi-squered type of snelysis.
However, in sctusl prectice, "chi" and not "chi-squered" is used. Briefly:
Partial chis, involving passing (et a point chosen statisticelly) in any number
of tests together with failing (ot a point chosen stetisticelly) in any other
munber of tests, are calculated. These partial chie are investiszcted in all
combinations and at all levels of efficiency until one arrangeunent of suc-
cesges and failures on the tests {as defined by the cut-offs) is found wnich
presents the besi possible prediction 'of the categorical criterion, This
letter combination of partiale is called the 'miltinle chi!',~ It should be
noted here that rmultiple, not elternative, use of the partial chis is intended.

1 Full descriptions of terms and technigues mentioned in these introductory
puages ere presented in the body of the paner,
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The prediction of pass and fall in flight training at Pensacola con-
tained elements which suggested the inclusion of this form of anaelysis as
well as the usual procedures. After results of the experimental tests used
on the study of the Pensacola cadets had been anazlyzed by the conventional
techniques, the present anslysis was underteken. Areas, such as those men-
tioned above, which seemed to be related to failure were found in the total
range of scores on the tests used in these studies. It was belleved also
that the criterion of pass-fail in treining at Pensacola et the time of this
project could be wvalidly considered as !'truly categorical?; at least, the
eriterion groups were not erected on a-priori considerations of the type of
criterion that might be desirable. Criteria in studies of this kind must
often be taken juat as they stand —- wash-outs vs. passers.

There are, then, three good reasons for viewlng the material collected
at Penaacola from this point_of view as well as from that of correlation
throughout the entire range.

1. The psychological factors (ell involved in learning) which distin-
guish the abllitles of the upper half of the total distribution sre probably
different in kind from those that distinguish a 'wash-out' from & successful
candidate. In other words, the elements of the distinction are not continu-
ous throughout the whole range of scores.

2. There are many compensatory traits, abilities, and aptitudes which
function in the upper half of the distribution, which are probably absent
altogether in the lower ranges.

3. The immediate practical problen is to distinguish wash-outs, not
to classify or grade success in the upper remks. This is not meant %o imply
that this problem does not aisc exist; but rather that the methods here des-
cribed are addressed to the former problem end not to this other one. The
required method will find ways in which wash-outs respond to test scores which
are not shared by the pilots who &re successful. But this difference in res-
ponse does not necessarily imply en average difference. Ideally, when three
tests are concerned, this method should cut out that rectangular portion of a
cube whose dimensions are the tliree tests which would place successful candi-
dates at a minimum and wash-ouls et & maximuin, rather then try to get & linear
(triengular) relatiouship. (App. B and pp. 3-9.)

The following discussion, with examples, provides an empirical way of
achieving this result with more tests than three. It is, of course, possible
to obtain a generalized formula; but as will be seen in the discussion, there
are many by-products of en empirical approach.

¥hich of the Tegts Digtinguish the Rejected Group?

A divisgion of the parent population into two groups (one enjoying success
and the other rejected &8s incompetent) provides the criterion for selecting
some of an experimental battery of teata which were thought to measure charac-
teristics associated with this criterion. The first step in the mnalysis ls
to determine the probability of getting the obteined divergence In one sample
(those that were rejected) from corresponding theoretical values in the parent

<4 short comperison of the afficiency of these tec methods when applied to por-
tions of the Pensacola cata is alven in Appendix B.

b
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osopulation {&ll the carndidstes, rejected or not) for esch of the tests used.

This ia obtained by the uss of the chi-gquered formula: <(10 - 012
' ) e

0 = the *observed" frequency of the criterion group at any
georg or score interval.

&

the "expected" frequency at the score or score interval.

'et 1s obtained by applying the percentsage distribution of the scores
of the perent population to the N of the criterion group, thereby obteining
6 distribution for the group ldenticasl with that of the pesrent population,
and against whilch the Pobserved™ distribution is to be measured. The o-o
value 19 then the actual frequency at any interval minus the frequency thet
would have occurred if the sample had beer distributed exactly as its parent
population. This method does not messure the association between varietes.
It freezes the perent disiributlon and then wmeesures the probebility that
the distribution of = glven hanaful #lll differ as much as this by chance.
The p-value of chi-syuared used et this polnt in the analysis states the
odds that the wash-outs are a chance withdrawal from the total population.

In all of the examples used in this discussion, the distributions have
been mede according to intervals of the standard deviation. In other words,
the scores of all tests wers expressed as standard scores, (X - My}, and the
frequency distributions are of these standard scores. ¢ x

In the tables, therefore, individual scores, cut-off points, and dis-
tribution intervsls on‘sall tests are comperable. The same method of test
selection and determjnation of cut-off points may be used when originai
scores are retained, but then the veluea of cut-off points are more diffi-
¢ to_jinterpic., and without comparable intervals, dlstributions are more
dg}}iqul% e aadra. Sl ’

Examples 4 and B below present lllustrations of the chi-squared tech~
nique as it 1ls smployed in tais stuay. Both significant end non-significant
samples are chosen:

Exumple At Chi-aquured for comparing aiastribution of & sample with its parent
distribution (no significant différence):

Stenaara % of 2
Leviation Parent o { o-a!
Intervel3 o Pop. (2 x 36) o - 4 (o - @) e
a.? & E.bOVﬁ 5 22.2 3::0 "3!0 9-00 1013
‘ .1 to .6 10 19.7 7.1 2:9 3.41 1.19
! v 0 th "03 3 20.98 7.5 ls u25 003
) "‘04 tO _eé 5 1205 455 -5 925 005
-17 & leSB -__8_ gﬁas 809 =g n%l .02
Total 36 100.0  36.0 0.0 ) . 2,486

P for 4 degrees of freedom = .73
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; Example B: Chi-squared for comparing distribution of a sample with its
parent distribution (eignificant difference)s

8tandard % of

Deviati Parent e iﬂ.:.!l?
Interval o Pop. (% x 35) 0o -8 {o - SL: ®

4, & mbove 5 38,4 13.4 -8.4 70.56 5.27
1 to .3 4 1.1 3.9 1 .01 .002
0 to -.3 5 15.1 5.3 3 .09 .02
-4 to -6 g 12.9 4.5 3.5 12.25 2,72
-7 to =1.2 g 13.1 4.0 3.4 11.5 2.51
~1.3 & less _§&§ 9.4 3.3 1.7 2. =88
Total 35  100.0 35,0 X2 = 11.40

P for 5 degrees of freedom = ,043

It is apparent from an inspection cf the ‘o' and 'e' freguencies of
Exampls &, that the reojected group is very like the parent distribution.
The P of .73 is a measure of this likeness. Seventy-three times out of 100
a differcnce as lerge as that obtalned between these two distributions would
occur when samples of this size were withdraswn from the psrent distribution
at random. The difference, therefore, is not significan@.

It is also apparent from inspection that the 'o' and 'e' frequencies
in Example B are more different than in Example A. The rejected group has
few in the upper end and many in the lower end of the distribution, when
compared with the parent population.

The P of .043 is & measure of the difference. Only four times out of
one hundred would groups of this size, =elected at random, show as large a
difference es thias from the Mexpected® distribution. The difference, therefare,
way be attributed to the charscteristics of the sample.

At What Point in the Scale Shall Test Failure be Placed?

In crder to determine the polint of ®cut-off" defining "pass® and *fall¥
two measuree are used. First, chl, in order to determine the point of cut-off
that ylelds the most significent difference betwaen the number of the criterion
group failed at that point, and the numbsr of the perent population failed
at thet peoint, i.e., verying degrees of selective efficjency are not considered.
Only the greatest efficiency is tested for by showing the cut-off at which the
pass and fall division of the unsuccessful pilots is moat different from the

3Before computation regular intervals are combined so that no interval of
the To' or the 'a' distributica has less than 3 cases.
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same division of zll pllots.4 The formulee for obtalning tneoretical v. lues
aind for chi itself, remain the sume zs when applied to the distrioution,

but chi, not chi-syuared, is used ocwciuse there is ouly one aegree of free-
dom {two cluzses of euch varicble). veeond, percent of fallure in the perent
population since the test diseriminsiion musit oe severe enough to eliminute
only & smull proportion. As a rouh stenderd of severity, we huve assumed
tbat in order to se cousidered, a cut—off on one test or & combination of
cut-ofts on a vuttery of tecis usea us pre-gelectors, must not fail more

than twenty percent of those who azre retuinec oy experience.

ixame-le U: Presenteu below is «n sxumole of chi for comparing cutegories or
& sample with categories of its perent population (deta from example J,

puge 5}, Before combining intervuis, the distribution of the criterien
group and the expecteu ulictributlion are calculuted w5 follows:

Standerd
Deviation
Interval 0 &
. 1.8 & ubove - 1.6
1.7 to 1.3 1 1.7
1.2 to 1.0 1 .8
29 to .7 - £.8
.6 to .4 o 4,5
eo to WL 4 .9
o - 1.3
- to —--5 5 4&0
-4 to -6 g 435
-7 to -.8 3 “e8
=1.0 to o 5 1.8
=1l.5 to -1.7 3 i.7
-~1.8 & less & 1.6
Total = 35 32.0

f el R ————— o — ——

4 -
Agein e cre nol meo:uring w.occcluticn vutween verizies, out wmerely the

probuvility thet tue aifference i.lci. e obtuin Jetiwin our rejectea group
ana tne parent would occur 1. tue greizp wer: selecied ot Tardom.

€.

The sroveellity of e eid . wel prougdn, reduces biue ey ol freedon o
1, in interpretec like the rocawility of & sbenarre scire. s chi of 1.0

inoeicctes & probebility of .o tuwt the diflerconce 2 the result of iance;
for a rhi of 1.2 the p-value is .05 (.0x5 at ewch end of the aictrivution,;

ete.
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. To test for various cut-off points these distributions are cumuia~ed invc
. the following pasa ana fall categorles and thelr chis calculated as foilcws:

Cut-off at. {o - 0)2

&_score of 0 ° o-e (0-e2 "6 —  opg
Pass 30 31.7 1.7 2.89 091
~1o3 Fail 5 3.3 1.7 2.89 876 6.98
967
-1.0 Paega 25 22.9 4.9 24.01 .803 2.35
v Fail 10 5.1 49 24,.01 4,709 .
: 5.512
o Pass 22 27.1 5.1 26,01 960 2.06
-t Fail 13 7.9 5.1 26 .01 3.292 .
4,252
) A Pass 14 22.6 5.6 73.96 3.273 3.04
T Feil 21 12.4 3.6 73.96 5.965 *
9,238
N Pass 9 18,5 9.6 92.16 4,955 3,25
-t Fall 26 16.4 9.6 92.16 5,620 ’

10,575

These chis indicate thut -.4 or -.1 ere the "cut-offsh ylalding the most
significant number of ®failurea® in the criterion group {that is, the group
sho were rejected by experlence). &t -.4, 60 pereent of the rejected group
and 35 percent ol the parent population wre feiled. A failure point at -.1
nets 74 percent of the rejected group end 47 percent of the parent populetion,

This oane tesat, therefore, capnot bc vsed wlone to selsct cases having
the cheracteristics of those whe were rcjected by experience. Although it
shows a rellable difference between the distribution of the rejected and of
the parent groups and a relieble difference ln "pass® end %fe’l" categories
at two cut-off points, both of these pointa feil toco marny of the parent dis-
tribution.® .

Since the other teste which sghowed relisble differences also fail too
many at reliable Pcut-off points,” it becowes necessary ln thia situation to
uge more than one itest.

e L A S Sl B a— P

of Pass or Feil)?

By &pplication of the chi msthods rireedy aiscussed to & battery of
teats, thrse tests {for exmaple} have been seiacted. These three all show
lgnificant differences tetween the distribution of the scores of the group

6

A cul of appro. imately 1.9 represents & p-value 0.05.




rejected by experience and of the parent population. (See below.)

Degrees of
Tent P ;ﬁf Froedon
a {not Test A of previcus
discussion) - .030 12.41 5
b (Teat B of previous
discusaion) .043 11.40 5
¢ .00028 23.52 5

The cut-off points in certain levels in the distributlions of standard
acorea show the following characteristlice:

% of Rejected % of Totel Pop-
Chi Group Failed ulation Failed
Cut-off
Point  Jeat s Teat b Tesmt o Zegta Test b Test ¢ Test a Test b Teat ¢
-7 2.08 2.06  2.47 41 37 40 26 23 23
—oh 2.23 3.04 3.62 56 60 57 37 35 29
-l 2.66 3.25 3.95 £8 74 T4 45 47 41

On all of these tests -.4 and -.1 as cut-offs yleld significent chis.
All, however, select too many of the non-criterion cases at these points.

Nate that euch of the tests alone approximetes a good selective device,
but it 18 not known whether fallure on all three or on any two end not the
other is the beat stendard for feiling the rejected group without failing too
aany of the retained cases.

If superior performance on cne test ects as compensatlon for the inferior
ability demonstrated by another test, then failure on both tests will be =
better standard of elimination than failure on elther test used alone. Then
there are three tests, the possibilities for determination of failure ere
increased. If passing either of two tests compensates for fuillng the third,
then pusa~-felil-fail ana fail-pass~fail, us weli as fail~fuil-fall stendards
should be investigated. Satlsfactory ability demonstrated by passing one
of the three teste may be &ll that 18 necessary to compensate for the handi-
cep indicated by failure on the others. If this is tne case then fuilure on
all three tests will be required to predict the criterion charactsristics.

As part of this problem of the proper combination of pass and fail on
each of the three tests is the question of the point on each test below
which a score shall be conslidered as failure, All possible combinations of
the three teats at all possible success and failure cut-off points (levels
of elimination in the dilastribution) are first snslyzed in order to find the
combination of cut-off points which will yjgld the largest number of failures
among those actually rejected by experience accompanied by the smallest
number of other feilures smong those retained by experiencea7

7This operatinn 1s very iaborious. A shorter, more practical method,
seving & great deal of the computationsl labor, apvears in Appendiz A,
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When only two tests are considered, the problem 1s essily presented in
a graphic manner:

o | © a 9
+2 o1 X o o
o1 x o X | X °
1 2 s { X9 o o
~ o ° xju o}oex|yx X rejected cases
-2 9,5 0o &
2 0 X x 2o % . o all other cases
[ 2] } 4 Ox o X X -
x AAK o o °1l.
alreo s |2 xi¥e
xig X} °x Xl x | o* {©
2 R A ©
-2 -1 0 +1 2
Test 2
What rectangle or square ln the lower left-hand corner will enclose the .

largeat number of failures (X's) and the smallest number of passers (circles)?

When three tests are considered a graphic description may be presented
by & cube. The X's and circlss are suspended in pesitions determined by
their relation to the scales on the three dimensions of the cube. What solid
in the corner, which represents the lowest scores of sech teat, will enclose
the lergest number of fallures (X's) end the smallest anumber of passers
(eircles)?

X rejected cases

o all other capsa

This problem, methematically, is one of testing the difference between
the proportion of pass and fail rejected cases and the proportion of pass and
fall retained cases at various definitions of failure. These definitione are
at different levels of the distribution on different tests in combination.

.
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How ifay We Fipd the Beat Definitior of Failure?

Up to this point the znalysis has dealt entirely with wash-cuts versus
&1l pilots {total populetion). The problem now arises specific to pilot
selection of how these tests may be used to distinguish the wash-outs {those
eliminated by experience) from those who are retained by experience (passers),
i.e., the problem is to locate e point in aptitude (measured by the tests)
below which all pilots will be rejected (unsuccessful performance) and above
vhich they will be retained {at lesst adequate performance} .,

In order to investigate these tests in combination as they operate to
distinguish wash-outs from successful pilots the same chi technique ls ap-
plied in the form of the multiple chi. This multiple chi is arrived at by
an analysla of all of the poseible combinetione of the partial chis in the
test situation.

The chl formula to tast for essociations between variates in a contin-
gency tuble is &3 follows: Let the four velues {(a, b, ¢, end d) in the two
categories (rejected and retained) be indicated in s two-by-two contingency table
as followss

Failed Hot Falled

by Test by Test Total
Rejected by experience a b a+b
Retained by experience ¢ d c+d
Total 8+ bed a+b+recpd

becoma3:

N

Example of chi to test for sssociations between variates in a contingency
teble:

2
In this situstion the formule for chi, \’ :E: jgigl“

{asbscsd) (ad-be)?
(a+b) (c4d)} (a+c)} (b4d)

Failed Not Pailed

by Test by Test = ZTotal
Rejected by experiencs 3 3 34
Kot rejected by experience 42 255 297
Total 45 286 331

2
Chi « 33; (765 - 1302) = .86
(34) (297) (286) (45)
}
8ince there are scores for 34 criterion cuses and for 297 non-criterion

cases on all three tests, (a + b) (¢ + d) and (a + b 4+ ¢ + d) have the same
value throughout all combinations.
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The tabic on page 12 givos pass and fall categories and chis obtalned ‘ﬁéjl-
for zll possible comblnatione of the three tests at the -1.0 and less, -.7
and less, -.4 znd less, and -.1 and less, levels of falilure.

A chi is given a negative velue if the difference it measures is in the
unexpected direction. A negative chi then indicetes that the observed value
of cases failed by test and rejected by criterion is less than the expected
value, l.e., there are fewer wash~outs and more of the group retained by ex-
perience selected by the given pass-feil level than would be expected from
the total distribution of pilots.

It is also possible that the game level of fallure should not be used
on all three teats. In the materials being used as examples, for instance,
chis were computed for all seven combinations when the failure level was ~-.l
on two of the tests, but wes -1.0 on the other, for all the seven combinations
with the same fallure level on two of the tests, when it weas -.7 on the other
and also when it was -.J on the other. There were then 63 such chis. All of
these must be considered because being the best cut-off when a test is used
alone does not necessarily mean it 1s best for that test in combination with
others. In thc interests of simplicity, however, this discussion wlll be
limited to the deta in the table where the same level of fallure was used
for all three tests in their puss and fail combinatlions.

The chis presented in the preceding table are in reallty partial chis,s
for by combining the fell categories of different combinations we may obtain
any of the following composite determinations of failure &t any cut—off points

Call:
a.be (failure on a but pass on b & ¢) 1l
b.ac (failure on b but pess on a & ¢ 2
c.ab (failure on ¢ but pass ocn a & b 3
ab.c (failure on a & b but pass on o 4
ac.b (failure on a & c but pass on b) 5
be.a (failure on b & ¢ but pass on a) 6
abe (fallure on a & b & c) 7
A chl then, 13 obtained for: by combining the failure of:
Failure on a without consideration of b & ¢ 1, 4, 5, &7
Failure on b without conaideration of a & ¢ 2, 4, 6, &7
Fallure on c without consideration of a &b | 3, 5, 6, &7
Failure on at least one of & or b without
consideration of c 1, 2, 4, 5,6, &7
Failure on both a & b without consideration of ¢ 4 &7
Failure on at least one of a or ¢ without con-
sideration of b* 1, 3, 4, 5, 6, & 7
Failure on both a & ¢ without conaideration of b 5& 7
Failure on at least one of b or ¢ without con-
sideration of a 2, 3,4, 5, 6, &7
Failure on both b & ¢ without consideration of a 6 &7 ‘
Failure on at least one of a or b or ¢ 1,2, 3,4,5,6, &7
Failure on all three of a & b & ¢ 7

Vaﬂote -~ Multiple rather than 'alternative! use of these partiel chis is in-
tended. In the actuel computational process 1t 1a unneceassry to carry these
tlial measures through to the final chi. A methematlcal shortcut by P. F.
zarsfeld and Raymond Frenzen is presented in Appendix A.



-12-

COMPART OF PASS AND FAIL CA ES OF GROY D OF NOR-REJECTED
GROUP IN ALL COMBINATIONS OF TESTS AT VARIOUS LFVELS OF FAILURE

Fallure Level on All Three Tests:
~1.0 & less -.7 & less -4 & lesg -.1 & less

Combination Not Not Not Kot
of tests Fajled Falled Falied Falled Falled Failed Failed Failed
(1) a.be?
Rejected cases 2 R 4 30 3 A 2 32
Retainod cases 3L 266 35 262 42 255 33 264
Chi "'084 "0003 "086 "‘094
{2) b.ac
Rejected cases & 28 5 29 5 29 5 29
Retalned cases 19 278 29 268 33 264 - 32 265
Chi 2.35 +90 .62 69
(3) ¢c.ab
Rejected cases 3 n 3 n 2 3= P, 32
Retained cases 29 68 30 264 23 274 26 271
Ghi "518 -024 ":39 -057
(4) ab.c10
Rejected casea 2 32 3 31 2 32 3 n
Retalned cases 6 291 13 284 27 270 36 26
chi 1039 1.15 "c62 --57
(5) ac.b
Rejected cames 4 30 6 28 - 6 28 5 29
Retained cases 10 287 15 282 17 280 21 27
Chi 2.31 2.35 2.59 1.57
(6) bc.n
Rejected cases 2 32 3 k) 4 30 4 30
Retained cases 11 286 13 284 19 278 29 268
Chi | 62 1.15 1.17 37
(7) abe .
Rejected cases - 34 2 3z 8 26 13 2
Retained cases 4 293 7 290 20 277 38 259
Chi -, 68 1.20 3.33 ) 3.89

9a.bc means failure is defined as below fallurs level on Test a btut
above failure level on Tests b and c.

1°ab.e means feilure 13 defined as below failure level on Teste a end
b but above failure level on c.
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| Thua at -.1 cut-off the chi of failure on a, without consideration of b or
. ¢, 18 obtained from the following table: .

Failures Passing [Total  cmM
rejected at 1, 4, 5, & 7 23 1 34 2.72
retained at 1, 4, 5, & 7 128 169 297 )

Failure on b, without consideration of a or ¢, ie obtained froms:

Failureg Pagsing Total gg;}l
rejected at 2, 4, 6, & 7 25 9 24 3.10
retained at 2, 4, 6 &7 135 162 297 *

Similarly, the following chis are computed:

chi
Failure on ¢, without consideration of a or b, 3.61
Failure on at least one of a or b, without consideration of c. 3.57
Failure on both a & b, without consideration of ¢. .75
Failure on at leaat one of a or c, without eonsideration of b. 2.73
Failure on both a & ¢, without consideration of b. 4.32
Failure on at least one of b or ¢, without coneideration of a. 3.79
| Failure on both b & ¢, without consideration of a. 3.8
Failure on at least one of a or b or c. 3.53
Failure on all three of @ & b & ¢ {the chi appearing on
. the table). 3.89

Most of these chis are high enough to reflect a very significant
difference between the two groups in thelr proportion of pass end fail.
They sre, of course, much higher (with the exception of abe which ia the
sapme) than those under -.1 on the table because there is compensation be-
tween the elements. When passing on one or more of the tests is part of
the composite standard of fallure, then we obtaln lower chis. It 1s ap-
parent that either failure on all three, or failure on two with no consi-
deratlion of the score on the third, will provide the best determinations
of rejection.

1ehis on failure on a2, without consideration of b or c¢; fellure on b,
without consideration of & or c¢; end failure on ¢, without consideration of
a or b; may be compared with the cumulative two-place chis for -.l1 cut-off
given on p. 8, They are slightly different because the formula used there
was one compering a sample with its parent population.
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The question remains as to which of these composites will fall the
seallest portion of the retained group while failing a large enough pro-
portion of the rejected population (see following table).

% of Rejocted ¥ of Retained
Chi_  Group Failed Group Failed

Pelow ~.1 cn a & ¢ without con-

gideration of b 432 53 20
Below -, l on a &b & ¢ 3.89 38 13
Below -.l on either b or o

without consideration of a 3.7 9% 61
Below -.1 on ¢ without consider-

atijon of a &b 3.61 71 38
Below -.1 on either a or b .

without considern:ign of o 3.57 94 I .Y A
Below -.l on & or b or 3.53 100 72
Below -.1 on b & ¢ without

consideration of a 3.48 50 23
Below -.1 ca b without consider-

ation of a or ¢ 3.10 Th 45
Below -,1 on a & b without

consideration of ¢ 2.75 &7 25
Below -,1 on elther a or ¢ with-

out consideration of b 2,73 85 &2
Below -.1l on a without considera-

tion of b & ¢ - 2.72 63 43

The purposes of the particular problem for which the tesats have been
selected will determine which of the composites to edopt. If the need 1s %o
fall as many as possible of the cases who will be relected by experienge, even.
at the sacrifice of others, then test ¢ slone would probably be selected. If
the' problem 13 the more usuel one of falling a maximum of the rejected cases
together with a minimum of thoss retained, then fallure cn both a and ¢ is
the most acceptable standard. If, on the other extreme, a minimm sacrifice
of cases 1s essential, then failure on all three tests should be required.

For purposes of explenation, the analysie of composites has been limited
to the failure level of -.l. In the analysis from which this example was drawm,
the seme procedure wes followed for lower failure values end also for differ-
ing fallure values on the tests belng examined.

One important advantege geined from this form of analyals is information
in reference to the compensatory relation among tests. The calculations tell
you whether fajlure in one or two of the tests is as highly related to the
eriterion ap is the failure on all of them together. Assume now that two of
the tests involved are psychomotor tests and that the other one is a general
intelligence test. Knowing that these tests are all related to the probabil-
ity of rejection by experience, would not reveal whether fallure in general

1

n'l'h:ls sltuation is analogous to the 'Rurdle Method' of cut-offa.
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intelligence 1s compensated by success in the psychomotor examinations, or
vice versa. When the analysis described above is applied it might be found
that such compensation does exist. It would then be known that being low
in .psychomotor abllity, but above averags intelligence, does not predict
rejection nearly as well as belng low in both traita. Likewise it would
be known that heing low in intelligemce, but above average in psychomotor
ability does not predict rejection as well as being low in both. Such in-
terpretations of compensation are possible for any number or any combina-
tion of tests. If the analysia is done step by step as autlined above,
direct evidence of the manner of compensation is devaloped.

Summary of Conditions in Which The Multiple Chi Technique Js More Generally
Applicable Then The Usual Procedureg.

Brieflys fThe uae of the multiple chi technigue of constructing &
battery of selection tesis 18 warrented i1f the following conditions or cir-
cumstences are found.

(a) When the criterion is 'truly' categorical, 1.e., 1s not erected om
& priori considerations.

(b) When, therefore, we are not concerned with the variance in any single
criterion group within the categorical bresks.

(¢) When we wish only to distinguish one group from the other even if
there is no average differenca.

() When we do not wish to grade, scele, or classify degrees of success,
failure, performance, ete.

(e) When the distributions of scores show certain areas within their
total distiributiona that ere related to the criterion and other areas that
are not, yet which do not correlate (show consistent and continuous relation
with the eriterion throughout the erntire range of scores).

(f) Where graded compensation between teat scores is more importent than
reinforcement.

13These conditions or clrcumstances are not mutuslly exclusiva.
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APPENDICES

&. Solution of the Selection of the
Bast Combinaticns of Dichotomous
Arrengesents to Distingulsh a
Categorical Criteriom, by P. F.
Lzazars{eld and Raymond Franzen,

B. Comparisone cof ‘'Hultiple Chi' and
Multiple Regression Techniques.
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APPENDIX A&

Solution of the Selection of the Best Combinations
of Dichotomous Arrangements to Distinguish s
Categorical Criterlion

Paul F, Lazarsfeld haa contributed a simple and direct solution of
this problem, Instead of using partisl chis as was done iIn thias report,
he has suggested using partial deltss., The edventage is in economy of
computation. The delta indicates the degree of relationship (value of
the chi) during the chi computation and thus allows for sslection of com-
binetions without computing eech separate chi, Furthermore the deltas
are aaditive and therefore themselves produce the value from which the
desired cowbined chl is obtalned. Computing namy chis having the seme
N by means of the deltes also allows for a simple tabular arrangement of
the data which facilitates computetion,

The following formulae define delts, using a, b, ¢, and d to desig-
nate the fouwr cells in a 2 by 2 contingency table:

=gd -be = ﬁ ;

Actual minus thooretical frequency ' //
within & cell d=._(a+c)(a4b):ad-hc_._____,
aLh +.c,rd. N N

The frsgquencles for the cells ere, of course, obtained from sorting,
As an example of the use of deltsa in the problem of sslecting combinations
of teats that will predict flying inaptitude (being washed-out), let us
designate passing on & test with a given criterion by plus, and faillng on
that same teat with thet seme criterion by minus, Thus, if below average
is to be consldered failing, then plua on Test 1 would mean that the case
wos ebove average and minue on Test 1 would mean that the case wae below
average. Plus on 1, 2, and 3 would mean passing on all three teats. Plus
on 1 and 2 and mipus on 3 would mean passing 1 and 2 end faiiing 3, After
all combinations of pass and fell ob the three tests have been tabulated
we will have an arrangement such es appears on pege 20, The top row of
nunbers refers to the number of wesh-outs who have each arrangemsnt of pass
and fall on the three tests, The lower row of numbers refers to numbers of
retained pllota who have each arrengemsnt of paass and fall, For example,
two wash-guts and 26 retained pilote passed (wore above average on) Tests
1 and 2 and failed (below average) Test 3, :

a b
¢ d
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Teat Combinations of Pass (+) and Fail (.) on 3 tests, Total
1 T .
2 + + - - + t - -
3 + - + - t - \s -
Wash-outa 0 2 5 4 2 & 3 13 B84

Retained B2 26 32 29 33 el 38 38 297

We may now conslder a simple way of expressing each of these pess-fall
arrangements as & delta, The figures of the top row are the a cells of the
various fallure arrangenente of the teats and those of the bottom row are
the ¢ cells,

We want to get ad - bc, but we uay avoid using the d and c values of
each arrangement by the simple transformetions ed — be = a (c#d) - ¢ (atb),
since the (¢ + d) and (a + b) valuss are the saue for each arrangeuent,

In the above table (c 4 4) is 31l reteined ceses, or 297, and (a < b)
is all wash-outs, or 34,

Now to obtain a (¢ 4 d) minus ¢ (& + b) we need only to multiply the
top row of figures by 297 and the bottom row of figures by 54 and then sub-
tract (see below),

Test Combinstions of Pess (i) end Fail (-)on 3 Tests
1 t+ + + + - - - -
2 ' + + - - ¥ t - -
5 + - + - T - - -
a {c ¢d) 0 534 1485 1188 594 1485 891 3861

c {a ¥b) 2788 ‘844 1088 986 1122 714 1224 1292

Diff, -2788 =290 397 202 -528 771 ~383 2569
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We zay now pick any combinetion of pass and fail errangenents we
wish and determine its delta, &1 deltas are additive, If we wish to
know the delte of failure on Tests 2 anu », ilrespective of Test 1, ve
add all serrengements ip which 2 eng % snnsw failure,

If we wish to transiste any cosbination of thess “eltas intc chti,
we use the following formulsg

/,_\_ﬁ'an

Chi-squered =
(atb) {u +e) (b +e} (b4 d)

The a, b, o, and d appearing in this formula are, of course, the a, b,
¢y, and d of the combinativn for which a chi-sgquared {8 computed,

This wethod of computation h:s thres very importsnt velueay

l. I% aliows ug, withoul coumuuting the chis, to find the
partial elecents whlch clone or together make the
greztest distinction between the votesories of the
eriterion,

2¢ It shows analytically, prior to obtaining the finel
chi values, the compensatory reiutiops that exist
anong the taests,

5» It has greet economy in computing—labor,
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| APPENDIX B

The following question hes been ssked of the present methods "Can
we arrive at better results with these (Pensacola) materlals by using the
total range of the tests in correlation with our accepted categorieal eri-
terlon?® I{f the multiple regression technique 1s uned a triangulsr cut-
off (Fig, 1) is obtained, i.e., those people in the lined ereas ere rejected.
If the multiple chi 1s used we got e aquare cut-off (Fig, 2), rejecting
tiwse in the lined regions, This is true of & cube (using three tests) as
woll ms of a two~dimensicnal surface (two tests).

x x »
b4 ¥
Fig. 1 Fig. 2
Cat-off py Cut—off hy
lultivle Repregaion Multiple Chi

To anawer the sbove question, it is necescary to assume thet correla-
tion with the categorlval criterios . ovisbs throvghoet the entire range,
Teat acores on ths Oiis rntelligance Tef%, the lashburn, and the Two-Hend
Coorainator were used in this Cchpaﬂ gon ah two lewvele of selection —- nanely,
the levels ab which 25% ard 409 of the wagh-outs wers selected by the cut-
off technigue, These two lovels were cliosen (a) hecauce less than 25% re-
duces the number of wush-outs too much’'while ovaer 407 obviously will include
too many of thope normally reicined by expericnce, and (b) because these are
anong the most efficlent points of eslschion when either metioa i used,

The multiple regroesion technique was empisyed as followse

1, Bi-seriel corvelztionsg botwecn twsts and the criierion (washuout
end retained) were calculzted,

2, Intercorrelestions of ell teats were likewlse calculzted (Pearson),

3. Betas in the mliiple regrezslon were employed to obtain theoraili-
cal standard score wvslues for the dopendent variabla,

4, Counta of wash-ouis and retalred pillots falling below 2 polnt in
this multiple prodiction were then nade,

The multiple'chi was used ps explained in the text,
b

The accompanylng teble bears out tho assusption that the multiple chi
would yield better resulte than the muliiple regrescion technigue in e test
situation zuch as that encoumtered at Paonsacola whan the two selected levels
used hero are employed,

~
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PERCENT OF M4TR.OUTS A5 07 REALING CASETS REJECTED ;T WARIOUS 3
s CUT.OFFS BY MULTIPLE REGRESSICK AND BY MULTIPLE .CHI
”;"} Otis Intelllgence {2), Two-Hand Coordir=tion (4) and Mashbura Serial Reacticn (6),

PART I DATA
Wash-outs Renaining Cadets
— ) {H=54) (¥=297)
Foilure level when dslermined by: % Rejected 4 Rajected
r? {0 5l =44 slgn on teels 2 & 6 41 12
AT al bhooretlcal § & -.4 2igma 41 18
thi el -4 5irwe on tents 2, 4 & 8 24 7
B oed theoretical ¥ = - 67 sigea 24 13
PAET IT DATA
. FKash-outa Temaining Cadels
£ {M=47) (N=203)
) Fellure level when determimed bys % Rsjacted 4 Rajected
};:' - .
e Chi at -.4 on tests 4 & & 40 12
. #R at theoretical 7 = -5 alpgma 40 17
Chl at ~,4 olgma vn tegls 2, 4 & 8 26 06
#+R 6t theoroticel ¥ = ,7E aigua 26 09
- , CORRELAZION MIASURTS

. PART I PART IX
& (=297 (N=250)
Bl-serial r's

12 . 332 . 406
14 . : .2865 468
16 <350 : .275

Tutor-r's (Psarson)

PRSIk T S

¥o4 .245 .220

Tou i .200 137

an 297 '“ﬁﬂs ‘ 214

Ry, 246 451 - 582
R L ]

Beto s, 40 By 306

R Y 180 + 5869

u .LKLUL_4 .238 } 0155

#* o That is, ueing multipls regressiun



