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CHAPTER |
PRTRODUCTION

A, The genersl problem of combinstlon of predictors, end

typical procedures In use.

Most perscnnel selectlon, clessificatlion and counw
seliing programs ia which objective psychologicel tests arg
used present the protlem of how best to combine test scores
to meet the particular objectives of the progrem, In per=
sonnel sclection for & particular occupstion; 1t 1s gener~
elly destred to combine test scores in such & way as to
yield & sinple Index which will most accurately predict each
spplilcantts performance in that occupstlion, Fersoanel
classlitcation, where the posl 13 to 23sign applicents to
one of severe! occupations, Is ¢ more complicated statisti~
cal and administrative procedure, bul slso requires some
method tor combialng end eveluating & aumber of test scores
with respect to severa!l criterta, Simlleriy, in vocationasl
guidance and diagnosis, rescarch efforts have been directed
towsrd the comblaation and representation of tcst scores In
profliies and patierns 835 & besis for matching the measured
characteristics of the ladividuval with specifled nccupe~
tionel or academlc group normes

in publlc personnel work, psvchologicel measuremants
have Leen applied more generally for selection and clasge

tfication than for counselilng, Methods for combining



fest scores as well as for combialng tests and other
selection devices=-such a3 ratings on training ond ex-
pertence, blographlicsl data, and interviewsw=-are of
direct proctical ss well o3 thearatical importance
siace they aftect the cost, practicallty, and public
scceptance of the program,

Three mala methods for the selection and combine~
tion of predictors are In use, PFrobably the most geaner~
8l method 1y thot Lesed on multiple correlation analysis.
In this method, the correlation of each tust with the
criterion and with c#ch other test Is considerwd, and
the hattery of welghted tests derived is that which
ylelds the mast sccurate prediction of the eriterion {in
¢ leas? squeres sensel, A second generasl method Is per=
haps best known as the myultiple cuteotd procedure, in
this method, Mertiical scores”, or lowest scceptable
scores, on cach test are detlined, and the sevaral tesis
are then comblned in some way Yo achleve the maximum
prediction of the critertion, A third method 1s the
pattern or proflile technique, in which persons are {dene
tifled, individuelily or 83 & group, on the Lasis of the

unigue conflguratlion of their test scores or catepgories.
By Charectertistics of mulliple correlation methods,.

Although multiple correlotion techniques sre avall-
able for wuse under coaditlons of nonelincer as weil as

iineer regression, they have Leen developed and used



chietly tor the latter coses “irdimerily, the multiple
correlation medhod 18 used to derive ¢ single Jdistriby-
tlon ot weighted test scores, delection [s mode from
this distriboution In order of total welphted (must pre-
dictivel scores, 1t 13 Important o nole the principle

of "ecompensation™ In this methad, A high score on one
vartable may corpensate tor & low score on anothery the
same totel weinhted score mey be athleved by a8 varlety

ot patteras of senres on the saveral prediciorse 1t 1s
2iso & characteristic of this metbod that the prediction
equation minimizes the error over the whole racge of
scoress 11 1s not sensitive to particular seaments of
bhe ranne, which may be pecullarly related to criterion
performance nr which mey sherply distinguish successful
from vasuccessful emploveess “hen the gssumpllions of
tincarlity of regression and homoscedasticlity are not met,
routing vse of mwiliple correlation mey be less efficlent
than some other comblinlng method and may obiscere signifi-
cont ann~lincar relationshipss KRichardson, for axample,
has commented that "the generel probiiem of the combina=
blon ot measures has been obscured by the Indliscrinminete
sdoption of the multiple correlation teckniaue ss the
thest? solultlon, and by the fallure to investinate the
propertles of vérfous welohting systems™ (25, po. 379),

A gecond mafor Menltstion of the mulilple correlation
approdch 15 Ihs computablonal diédlculty, when many

variables are employeds Albkough much reseerch has Leen



directed toward simplifylng the procedures, 1t raemalins o
complex problem both in spplication and laterpretetion,
Finaltly, uniess carefully applied and cross~validated, o
test battery selected by this method expioits sompling
errors la the semple used for determining the welohts

for the several tests,
Ca Charecleristics of multiple cul=ott methads,

The multiple cutmoft method, 1a contrast to mulii-
ple correletlon, miokes no essumptlions as to the nature
ot tha reoression of celiterion scores on tes! scores.
As It has been formelly described by Crimsiey (i), 1t
is a frankly empirlcal method for determining the best
cutwott scores on cach predictor énd on vartous combina=
tions of predictors, Criticel scores may be fouvand
srithmeticaliy or grephicaily} In general, they are lo-
coted et test scores which appeer Yo maximize differences
withla the criterlicen groups When these critical scores
are determined, ecach person's scoures are coded o8 sbove
or below the crittcel scores. This method appears to be
simple to apply and sdaptabile o 8 varledv of situstions
tor which mulltipla correlation 1s nol sppropriste. {1t
per=its takiag asdvantage of particelar characteristics
threaks, skewness, etcs) of the score distributions, 11}
is siso stantticent to npte thet each criticel seore
operates &3 on eliminator: compensstion 15 not permitied,

The concept of mu!##a}n-zﬁ??ihgvs%ntes hes long



been applled In public persoanel sclectica programs.
Yeriouws cub~otd procedures, such es "simultenecous™ or
"successive hurdles,” have Luen devised to reduce the
number of applicents resching successive stages in the
testing or scoring process, The princlple that the mogt
valid test should be the basls of the first cutecti, and
so on, I8 protably well reconnized, slthough,in large~
scale testing programs, thﬁ‘eityiadk1en rete and conse=
guent reduction In processing costs no doubl effect the
Efﬂfti'ﬁiﬁﬂ as e iht;jnmiqr nf uses  From the standpoint of
measurement, the cu ot pré&mduiﬁt uéuiﬁ seer to make
nreater demands wpon the rellability of eoch of the
tests al the ﬁ%%n!”oi éuinaii, whe ther or not the tests
were vied sinply or In combinations Finelly, there
should be noted one other characteristic of the cul-ott
method as 1} has generally been epplieds The culmolf
point on & particular test has the effect of selecting
all persons at or shove the criticsl score., There are
no maximum critical scores to define particular segmenty
ot the range., 1In atfeect the critical score dichotomizes
the test score distribu¥lon, While this is aot & signif=
tcant limitattion In selection programs {pardiculsrly In
rub:lle personnel selectlon) the mathod ts loss flexible
for viher purposes where severasl categorties of esch vari~

ab:le sre to he deflaad,.

De Characterlistics of pettern and proflle methods,

Pattern and proflie methods attenpt Yo cepltalize un



the predictive staalticance of the unigue relationships
gmnng the several test scorese The fotal of pessible
tadividual patterns In sgveral tests, cach categorized
into & number ot score groupings, 13 gatirely too large
b5 handle Ly any simple meangy Hore 1uportent, the ace
cyrdcy of seesurement tor most Pests does act often
jusitdy the use of discrete scores &3 Seporate categories,
For both these reasons, patiern methods demand some basis
for reducing the categories to & méndgedble numbar, and
some method for manipuleting the patterns resviting trom
combining categoriesse The gra9b§€ device at protlles
has been vsed to represent o pettern of seores tor comw
parison ﬁifh‘tbt»ﬁaéilt& af & criferion gaéwﬁ‘ Patterans
end profiies present simiiar 9rab!¢msv3a use and inter-
pretation, These problems chlgfly concerar the estima=
tion of the reliablitty of the patiern and the stigatfi-
cance of ditterences smong the severd! scoresy and the
measvrenent of the degree of similarity of profiles or
patterns to the criterlon group pettern, These methods
can coscgplually handle ¢ wide varlety of date, both
auantitetive and qualitative, but the problem of laterw
pretetion is megnifled rother than reduced by vse of
heterogeneous data,

The relstionship between multiple cuttingescare
methods aad pattern moltheds is very close. The muitiple

cultingwseore method can b considered o3 & speciel case



conatties dhet waizoories of the

patbtera weelo seem Yo e rore cgnered sno fioxiide In

ot §) rerobds rojeaiion of rersons whose test soores
tadld gtave en o3 tloum, ¢8 well @ Ledor o oinliu,
TR WA



CHAPTER 1
REVIEW UF #uiTUNINT LITERATURE

The tollowing review Is not latended to be an exhavstive
survey of the great volume of ilterature aboutl the theory
and applications of multiple measurements ftor the prediction
of behavior. Since the study Is desipgned to evéluate several
current methods 43 they may spply te public personnel selecw
tion programs, this chapter highlighis certain major methods
aad revigws some typlicel fiadings. Perticvlar studies of
the muitiple cutwott and pattern techniquen, which serve os
4 basls for the formulaltion and design of this study, sre

discussed In detaiil,

Ae Mathods $or the Iincer combination of medsures to predict

cantinuous criteria,

Recently Mosier (24 poe 764 #1) hos reviewed the
generel theory and semple technliques theat bhave been develw
oped for the lincar combination of messures vader varlous
conditions of the aumber of predictors &nd criterion
elements, HMe points out that slithouph the !inear hypolhesis
may be the simplest 1t Is not necessarily the most accurste;
particulariy, the hypothesis may break down 8} the extremes
of the range In the ares of deviant behavior in which the
¢clinician 1s especlolly Interested, However, he sdds that

nop~iinear reclations have seldom bLean found,



Of particuler interest in applicetions of the multie
ple correlation techalque 13 the Wherry=Doollittle method
for the selection of the most predlictive st of vori~
ables wilh respect to 2 single criterions while this
method 1s stralnhiforward and permits on estimate of
whether each additional varlzhie s confributing error
or nomeerror verlance, it ls compliceted ond ditfteult
to carry oul and does not lead Tlselt readily to mechlne
or 130 operations, Furthermore, llke other multiple
correlation methods, 1} requlires cross-validation to
guard agalnst caplitallzing on chence variation In the
senple, Meverthelass, since it represents 8 fyplcal
and fraqueatly used technlque, 1t 185 ¢ vsetul stenderd
sgelinst which to compare othar less well=known methods,

The diffteulty in computing mulilple regressios
problems has led Yo maany altlemptls Yo develop approxie
mation technigques, Including grephic methods dnd pro=
cedures for estlmeting end using spproximale regression
coetitcientss As Orimslioy polnts out, the fiadiag Yhat
rounding off bets welghts Yo single Integers makes
Hittle difference 1a the multiple correlation. hes

ralsed & quesiion s Yo the velue of full solulttons of
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the regression eguation {11l 11t hes alse encouraged
the search for simpler empirical methods (such a3 mul=
tiple cuttlng=scarest os sa&;iiiu%cs.i
The general method of multiple regression has also

been appllied In recent yerrs bo the problem of Jditéer~
entlal prediction end clussiflication, The purpose I

to predict several ditterent criteria, and the stze and
stontticance of the differences between sels »t pre-
dicted criterion scores becomes ié@mrtaat for classifie
cotion and counselilinpge This problem has been recently
explored by Thoradike 130) end Wesman and Bennett (371,
Super refers to speciilc batteries and progrems based on

this spproach 1281,

Be Methods for the linegdr comblinetlon of mecsvures to

predict categorieas,

tn personnal selection, 1t is often more practicable
fo define @ cotegoricel critertion, such a#s poss~fell in
¢ tralning course, or satisfactory~unsatistactory In

meeting specitled work standards, than 1t 1s to obtein @

'Thc Test Development Sectton of the United States
Civil Service Cummizston has frequently fouad 1t prace
ticeble to use Iategrel welfghts {n scoring muitiple
test vatberias, In llew of fractional regression coel=
ticlents,



H

continuaus criterion, A aumber of methods have been
oitered to meet the problem of prediction ot such cate-
gories from continvous measuremants, The discriminent
fjunctinn hos been developed by Re As Flsher as & method
of weichting vartables ¥» moximize the ditlerences bLe~
tween two defined groups, Darrett (10} and Anderson (2)
have shown its applicetion to psvchologlcal daste, MNore
recently, vherry {368] has demonstrated that the multiple
rearesston welghts Jderlved fram & golulblon esing
Liserial or point=biserial criterion correlations are
proportional to the welghts vielded by more compliceted
discriminant tuaction enalysis, Rulan (25) snd Tledeman
(27} have $urther explored the use »f these methods for
classificeltlion amd puldance, I8 practicel applicalion,
this mcthod persits the solution of regression welightls
for & dichotomous criterion and thelr vse In & regresslion
equatlon by the device of sebting vp the criterion as 2
"dummy varjate,"

Graphle snd arithmetic techaigues for predicting
categnries have been devised, ot least for the case of 8
dichotomous eriterion, by Gullford snd NMicheel (13] and
Petts 141, They are bssed not on multiple correietion
analtysis, bul upon the deltarmlaction of that critical
test scoare which produces & prediction of membership in

8 criterion category a4t ¢ scecifled probablitty level,



12

These methods, howaver, deal only with 8 single predic-
tore While they might apply to mu!tléta meassures, lthey
have not yel been developed to meet the problem of tasi=
selecilon and comblnattion,

One nther spprosch usiag & single predicltor to pre-
dict cetegories 18 the mulbimserteol technlique develaped

hy Jaspaen (17},

Ce Multiple cutwof? score techaiqgues o predict @ cone

tinwous criterion,

MHorst (16} haa'#k@viﬁﬁé ﬂ‘?kﬁﬂf¢§iﬁéf tormyliatton of
bhe mpltiple cubting score techalaus. fﬁ%,m&a&gf&pk by
Crimsley (11) 15 the most detelled avellable exposition
of the gartlceuler muif!ﬁi&‘@ﬂ&%ing~@a$rﬁ (MCS) method
propesed by Fo Lo Ruche The precedure calis for the

followliag stepse

by calcviating the mean test score made by specle-
fied criterton groups. Since, at any critical
score, all persons scoring at or sbove sre¢ con-
stdered acceplabile, the critarion proups are
cumuiatives For sxemple, critlcal scores 2, B.ee
F are the mean test scores maede by the top t/@,
top 1/4, top 1/R, total group,, lowest 1/4 and
fowest 1/8 of the criterlon group,

2} Veltdrmine the percent who would be selectad &t
each of the critice] scores »n the test leumulaw
Yivelas

3) Compute the mean crilterion seore for each selec~
ted group levmulaTivele

4) Fvaluate the diseriminating velue of & test by
prephing or Yeblifeg the relation between mean
criterion score ond percent sclectede~the grester
the decrease ln meén Score ftor successive groups,
presumably the more valid the testh,
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8) tvaluate combinations of tests by apriyiag the
critical sgore fevels A to F te various combinae
ttons, #ad caleulating the mean ertterion score
and percent selected by the swecessive A fo F
fevelss For sgxample, 1n the case of 2 tests, the
tirst group would be those who satistled the A
level on both testsy the second proup these who
met the © fevel or ebove on holh tests, ete.

Froceduraily, the eam%wiﬁfimna sod classification of
persons arereadlly done from Indivicdual date cordse The
stabitity of the “"best Lattery” s cheptwd by epplylng
the critical scores Yo & second sample and computing the
difterence In meen criterion seore between groups et
conparabile criticsl score levels, Comparison Is also
made with & balbtery selected by the Wherry«Dooiitile
method by compariag meen criterion scores ot groups at
specified critical score ifgvels with the meen criterion
score of the same number ol ceses from & distribution
rénged In order of (YherrysDoolttile) prediclted grie
tarfon scores,

Grimsley found that the M5 method hed o small bet
inslgalficant sadvantage al high selection levelss He
cancludes that, overally, the WS method s Just as ae=
curdte as the Wherry-Doolittie, required anly oneethird
the aaigui$§i@a'ifm%,Lré%w%r@ﬁ Itttle knowledoge of
statistics, and wes less attected by shrinkege.

| ﬁéﬁcvcﬁi‘fG ﬁav:§§g§ués?26hué éh&ihif'kﬁé dita vsgd
by Grimsiey provided for . thoraugh “best of the hCS
methods The %tsfs.h¢:§$§ﬂ’£¢6~réiat!vetv restricted

ranges of scores and rgfa#tvciv low vallidities (2ero
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order r¥s up fo L30B8, Rwe.d03)e For exampley, he reports
the following typlcel means and stendard deviations re-
spectively for 3 tests; mesn 10450 s.de 2,913 meon
10,96 sede Jui15) mean 8,04 sods 3401, This restriciton
ian renge Is Importent In severs!l respects, In clessiiy-
tag groups whole numbers must be veed as critical scores,
Theretore, the fewer Intapral scores In the effective
renge, the smaller the number of categories that can be
Isolated, and the larger the frequency wilthin céch colee
norys Furthersore, the asrrow range implies varellabli-
Tty of the lests, elthough no coefticlents are reported
by Orimsleys 1F I8 spparent thet he mede vse of data In
which it would he very ditflcult for any technlque to
show discrimiaating abllity or stablility on cross vall-
detione 1} is Indicoative thet be found only ¢ small
proportion ef common cases st high selection levels In
comparing the two procedurese Furthermore, the difier-
ence In mean criterion score between the bighest end
lowest groups In his experimental population was less
than 3 points, ss compared to & stendard devistion of
748 for the criterion scores.

Several commants eboul the technlque itself may be
mades, Flrst, as to the means for defining the critical
scores, there seems to be no speclial redson for grouplag
the population on the criterlon and compuling critical

test scores for those #ined criterion groups, 1n the
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following chapier on Methods and Results, & simpler and
more direct basis for grouplag the populotion is developed,
Second, no rationale 18 represented 43 to how maay
growps ere Inttlelly Justifiede Orimsley says only that
"tt was decided thet with 250 ceses, o o111 shovld be
possible fo have six sels of eritical scores.™ (11, pg.
© AQle - Third, the comiination of tests by veing the some
critical score level across all tests wou I d sprear to be
¢ limitation ot the mathod, a3 compéred with the possi~
biitty of camﬁiﬁlng %:i&s #t‘va?vih@ eriticel score
levelse That 1s, combinstlon of tests 1, 2, and 3 might
theoretlcally be better 1§ made by using test } at level
Ay test 2 ot level €, and tast 3 et level B, The method
he used, however, exemined tests 1, 2, 3, aill &t level A,
then all at level B, and 80 oa, It Is recognized that
arplying & concapl of varylng levels would Immediately
Increase the number of combinations to be tested emplri~
cally, and wowld tend ¥o aepgate the sioplicity of the MCS
methodse Urimsley did use one varlatlion which appedred
useful, bul did act develop & systemétic plan for combin«
fag tests at verving standards. Finally, 1t ghould be
noted thet the method dJeals with grovp prediction aand
does not vield & practicable mesns for makliag Individual
predictlions and evalvating them,

it 1s clear that the large number of coadltlons thet
sftect multiple correletion studlies also atfect the MCS

and osther procedures for menlpulating test scores,
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Thase Include the degree and nature of Intertest correlaw
tions, test rellabliltles, number of tests vsed, nature
of the eriterion, stce Few of bthese condlitions have
been systematically Investigated in comparing MCS and
mubitiple regression methodse 1In precticel application,
Thoradike (29} points oul four probismsy

I} Unless there Is cledriy & nonelinear relationship
betwaen predictor énd criterion there is no
unique besls ftor selection of & cutwoiil point,

2) 9ith a tsrge number of predictor varlables, the
triel and error process with &1l the possible
%@m&!ﬂafiﬁax of cuttlag polnts 13 &n overwheliming

a8k,

3) Adjustment of staadards to supply end demand Is
simple with @ sinpgle composlte score, bul re=
gquires full recomputation with multiple cuifia%~
scores to determing the percentage of applicen
sclected by & given comblnation of scores,

4) The multiple culting=score method ts not adept-
able to the problem of classiiicetion, 83 disw
tinct from selection, since 1t glives no quantie-
tetive score showlng degree of ebiltty for ony
particular Job,

Vith respect o these polnts, at least in publice
personnel selection, 1t I8 pertinent to note that, in
using composite scores besed on the multiple regression
method, thare 1s simllarly no unlque bagts for selection
of the cutwoff polnt which separates the gualiifled and
unqualiflieds 1o Loth cases, the decision genersally I3
~ade in terms of supply and demand, end the amount of
risk thet is tolerable In accepting unlikely applicants,
besed on the validlity of the predictors, The problem of
selecting cuttlng polnts for trial §s soluble, within

the Ilmits af the modest number of ltests In most ectual
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selection programs, by use of 1B or sther sorting de-
vices., These are also essential to any large scele
mulitiple reqgression analysis end weightlinge Similariy,
machine procedures shuould meet the problem of estima-
tton of number of qualtited applicants, within the
Himits of practice! test progreams, Finally, although
the guantti tative scores on predictors have aot been
vsed In previous studies ¥o rank the épplicents, there
I8 no reagson why, atter cutting seores have been deglerw
mingd, the teal scores should nol be used, 1In foct, in
public personnel work, ronklng of candidates Is genqr-
ally @ requirement regardless of the methods of setiing
the qualitying sianderds,

in view of the theoretics!l advantages 33 well as
precitical values of sveh culwoft methods, and despite
the diffticuities posed by Thorndike, furlher shudy of
the reletive values of such methods ay compared to

rmultiple regression seems fully justifled,

Ce Multiple cubwotf score methods to predict 2 cate~

gorical criterion,

The methods reviewed sbove sre related In that they
make use of the sctusl test scores and ere concerned
with maolrulating these scores In moximizing group dife=
ferences or predicting o criterion varieble, A somewhat
difterent approsch for combining tests to predict a

dichotomized criterton has been develored by Frenzen and
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This method would éppear Fo bave veliue for siivations
where the criterion Is & Jichotomy, 4nd where disiloce
fions among, or & ranking of, the selected grouwp I8 not
¢ ragquiramenl, end whery non~lineer relations might
¢xliste Howevery the probiems that wouid Le raised by
fhe nged to edjust the cut=ott polats to vieid o re~
quired number of salcgtians have not been fully investis

gated,
. &w  Pattera and profile mathods,

The zssence of the methods which mey conveniently be
grouped as petiern and profile Yochaiques iles in the
assumptlon that the total pepulation uader study cen be
cleassitted on each prediclor variable or atiribute, aand
that perticuler comblastions of sweh clessitications
will have unique value for the prediciion of criterion
performances, Toops (33, 34) hes disceussed in detall the
theory underiyling these methodse ‘where goch variable
can be clessifled with accuracy (tor exemple, such at~
tributes as sexy, occupation, elc,) the mejsr problem that
renalas (s tha procedural one of identifyving all possie
ble combinations of such categories, so thet eosch combile
natlon can be evaivatad ladependentiye Toops preposed
"addend" coding of varlables uniquely to ldentity &
rarticular combination, or a5 he calls 1, "the vitimate

breakdown socliety to which 4 piven person belongs™ (34,
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pge 410. This “udstrith™ is, fn effect, & cell eniry In
an | by k table of | vaerlsbles each cotegorized In up to
k groupss HMe points oul that the homogenelty aad
unigueness of o sub-populstlon veries with the validity
and Independence of the predictor vartebles, Thus (} Is
desirablc for resedrch thet there be only 8 limited nuam~
ber of valid sand independeat predictors. Alss, there
shovld be only @ @fry‘igw cetegorizations per varlable,
sta§€ ﬁigh sa&*nagéia%lén must £4§¢ N large e#wﬁgh fre-
quency to vield ralishie ditterentiol criterion means,

Johrson t18) has developed @ sieillar coding me thod
based on the properties of the binary number system, He
also describes & procedure for comparing the oblalned
trequency of subwpopulstions with expectency by 8 chi~-
squared criterions Toops'! comments as fo avmber of
cetegories end Independeace of varlables also spply to
Johnson's method, Jahnson polnls out one sdvantage of
such coding methods over multiple correlation; they pere
mlt the score or cede of the subepopuletions to show how
the score wes derived, whereas in mulliple correlation
this Jaformation Is nolt apparest ia predicted eriterion
scores.

Tucker 135) recently has studied the vnlgque pattern
bechnique as compared to muliliple regressicn, In predicts
ing both contlavous and dichotemous criterla, His proce=

dure was, In penersl, to classliy a populatlion iInto xeils
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of petterns varviag the number of patterns by changing
the number of cealegories of each vartebles (Thus, 3
vériables cach triclotonlized would vield 27 unlgue pat=
ternsel He found that ihe multiple regression tech-
nigque wes superlor ftor quantitselive, lincariy~related
veriables, but thet unlque patliarss were equally elfec
tive for qualitative nr & mixture of toth kinds of
verlabless The operating advantege In uslng only &

sma il number of categories of the predictors did nol
result in & Joss of valldlity, 4nd showed less shrinkage.
18 general, & crude grouping with more predictor vari-
atles was superlor Yo retined categorizations with
fewer predictors,

This study conflirms certein theoretlical expecta~
tions &s fto tha‘grawﬁiag eftect 1n cm!rzta?l@aci
aneslysis and as ?a the Increase in vaiiéi§§ refated to
¢dding Iadependent 4m<d valld predictors to an existing
battery, As Tucker polats out, 11 supports the view
that & citnlclen or counsellor cem work more ettectively
with & speclilec number of patierns boased on 8 few cate-
gories ond varlebles, then with ¢ Jerge ond vamensgeable
sumber of poorly defined patterns, As the basts for
categorizetion of quantitetive vartables, however,
Tucker vsed erblifrary grouplings or stanling scores. HMe
did not investigalte rellablilty of ditiereaces for
varylag numbers of cotegories, except In terms of their

effect on the shrinkege of meltliple correlsttuns In



cross=validation,.

Patterns and proflics which represent them heve bLeen
¢ major foel of clinlcions, vocallonal counscliors, and
others concerned with the sdvisemegnt of ladividuels and
prediction of individual success, Hosler (24, pg. 794)
cevtions thaty

"Becouse proflles are simple to construct and are

superficially ¢osy to Interprel, they constitule one

of the most popular methods of summariziang the re-
sults of myltiplie medsurement, Thev, . .tneble ong
to tplcture the total set of test scores end thelr
interrelations et a plancest Here, more than in #my
other aspect of test interpretetion, do we nged to
beware of seeming sloplicity, By falling to ques~
tion the reliatiitty of diffgrences belween scores,
and by relylag on the judgment of the interpreter

to meke the sver-all summary, we ignore the possitle

unrellabiilty and lTavelldity of the sver-sl! summa~

tlon which would be Instantly reveeled 14 less

Tslmple? methods were used,”

There are many discussions of the vse of these
methods In vocattional guldances, Toops'! {33) review of
the gengral problem, Baracktiets (3) discussion of occue
pational aptitude patterns, and Harmon's {15) review of
vocsbional applications are representative, Harmon
susmariges bis review with the staltement thot the quantie

fetive study nf tast yai?wrni-hgg'ﬁarkiv begun, Untll
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such tools sre evaiiable, the couvnselor will depend on
Tquslitative clinical Insight and judgment” eppliied to
clinlcal clues awaif&hle ia patterns and profiles,
¥hether psychometric devices, when avaitable, will, or
ibautd; suppleant clinicsl judgment ramalés 2 éut:f!@a

of taith at this times Super (20) Lelleves that cling-
ca) Interpretation is‘atybvt necessary for proper use of
psychomebric toola, Mensh (23] has reviewed In detall
the varialy ot épprosches belng explored for the develope-
mant of statistical techaiques to meel the needs of cline
tcal work rather tham group prediciion, He notes the
shiit to "individval=cantered” stetistics, and reviews
the methnds of pattern analysis, Pelechnique of factor
snalysis, reting, scaling, ond multivariste analysis,
Some recent excmples of studies which desl with patterns
may be clited, Cronbach (5) proposed a method tor detin-
Jng Intre«individual profile seores {for 3 variebles)
end plotting them on triengular, homooenesuswconrdinate
disgroms to determineg whether and what patterns existed
in the groupe Duias (7) bas devised o measure of prow
flle gimilaritye Heehl (22) hes lavestigated poatierns
of 1iem responses, In order to explolt predictive possi~
Btlities of combinations of responss In sltustlions in
which aech ttem of ¢ palr seperately mey have 2ere
valtdlty, but the Inter=item correliation ks different

in the two cetegories of the criterion,



CHAPTER THH
STATEMENT OF THE PruBLEM AND 1T3 SIGNIFICANCE
A, Objectives of this study,

The general objective of this study was to lavestipate
severe! methods for the compination of predictors with
respect fo fthelr effectiveness In predictiang continvous and
cateporical criterla, and thelr practiceilty, o3 compéred
to multiple correlation anslysis. Because of the oriente-
tion ot the study towerd methods which are appilcatie to
selection and placement rather than to guldence and counsele
ting functions, the methods selected for study were the
Multiple CuttlingeScore, for prediction of & contlovous crie
terion, and the Multiple~Chi, for prediclion of & categor=
lcal criterton, The cholee of these melthods for study wes
based largely on the theoretical and prectice! advanteges
they seemed to offer, but alsc on the tinding thal, partice
viarty for the multiple Cotting~Score method, the oaly dee
telled stedy reported (11} wes conducted under serious
Himitations. |

A second objective developed during the course of the
study, Alttempls to slmplitfy and to deveiop # retionale
for the M3 grﬁxédurq revesied the need for a4 basis for
catenorizin: continuous varlebles prelimingary to recombi-
netion Into paticrase The objective then formuloted was
to investigate methods iur'éittrmtalag the optimum é@f&garw

fzoation of test distributions, and to explore procedures



2s

for comblining such categories tor prediction purposes,
The fntttal dusion of the euperiment did act fully en=
conpass this objective, As & resull, certeln limita-
tions in the date, particulerly with respect to the
siza of N, atfect this phase ot the study, However, I}
was practicable to devise ¢ categorizing method and &
pattern snalysis procedure as & pliot study for future

glaboration,
Be Slgalflcance of this study,

The theoretical sigalticence of this resesrch lies
In the possibtitty of estet:lishing methods for the cale-
norization, comblaatlon and Interpretation of tast
scores, In @ particular kind of prediction situstion,
which mey be more effective than the typlecal muliiple
regresslion methode A method of enalysls which does not
iavolve the essumptions of multiple regression, and
which permits meking vse of varlous petteras of test
scores, would appear to have volve both for selection
and plecement or counselling uses, Of practical ia-
terest te public and privete personnel selection organis
zetions, this study may reswlt In guldes tor the effective
reduction of testing, scorlang and test analysts time,
It otters bhe posstibliilty of more etfective predicilon
devices than are yvielded by multiplie regression proce~

dures for the perticular progrem wied Ia this study.
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Abthownh the present enslysis has Leoen cérrled oul

in the trasegwork ot 4 selection proaran, the rosults,

o

mardicobsrdy as o oazans tor deiiatng tast patteras,
i

wmudd o aesdy b bhae crverat pratlem f usw b fest scores

Yor owarabtonal quidance and olialoal pueposas,



CHAPTER 1V
METHODS AND RESULTS

As OUeneral procedures

This section presents & briet overview of the design end
method of this studyas The genersl plon Included, as o firs}
step, fht\éi*tfmlﬂ#?l@ﬂ<&ﬁd ieftﬁ!!aﬁ’ﬁi basic deta la &
prediction ;ttQaitaﬁ which met these critertar 1] multiple
predicltors which were homogeneous in &ﬁnftﬁf, relatively
Independent, end setisfoctorily rellable, 2) substantial
validity for the battery as & whole, 3) criteris which gould
be wiilized both as continucus and as categorical verlables,
4} & realistic end meantingful prediction situstion so that
practical problems In spplication of the procedures and re=-
sults of the study could be studled, &ad so thet the re-
sults might be of direct value In & curreant progrem, Next,
random sempilng wos carrled ovt from the total experimentsl
papulation to select experlimentsl and cross=validetion same
ples, and & s¢cond cross=valldaticen sample for study of the
stability of techalaues other than the mulilple reqgression
method.

Following the selection of the random samples, multiple
regression analysis was made for both coallavous sad colew
gorical criteria In order to select prediction batteries as
bases for comparison wilth other methods, Multiple cutiing=
score and myultiple~chl techalagues for selection of & predice

tion battery were then appllied, Comparison of the several
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me thods wes next made In terms of stmilerity In prediclors

selected, predictive efflicliency, stabliity in cross~

validation, and priﬁiigalifyg Pinally, experimental studles

of methods for determining the optimum categorization of

predictors as @ basls for evoluating petterns of predictor

variehles wera carried nutl,

Ba

Speclflc methods and resvits,

e Description of populations and data selected for

studys {see Toble 1,

The vartables uvsed In this study sre the tests In
the Designetlon test batlery ipredicinrs) developed énd
administered by the U, S, Clvll Sarvice Conmission for
the uvse of Congressmen in moking selections to the U, 5.
Militery and Mavel Acedemlies. This bettery consists of
S sublests of vocabulery, reading comprehenslion, spatial
relations, surfece development, and algebre, Samples of
these tiem types are glven In Appendlix |, A more de-
talled descripiion of the tests (s shown ln Table 1.

The continvovsly distributed criterion 1s the sum

of scaled scores on the Entrance Examination, This ex~
amination conslsls of aptitude tests (several verbal
subelests and alpehralc compuletions) and achlevement
tests in English, Mathemallcs, and Us 5. History., Not
21! the achlevament Yests are taken by eoch candldetey
cerfoin tests moy be walved where educeticnel preg-

requlisttes dre mety Relotively few condidates compete
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ta the History testse In this study, In order 1o have 2
homogeneous group for the crilterion asad Ia terms of edu-
caticnal prerequisites, only those candidates taking the
eptitude, Mathemetlcs ond English tests have been in-
cludedy from the group applying for West Point,

The categoricsl criterion s the pesg~fall rating on
the Entrance Examination, Candidetes are rejected for
tatiure on ény one of the several ports of the test,

The populaetion fram which the study groues have been
selected is 2184 cendidates In the June 1950 Designation
exeminations This population is represeanted in the
ansiysis by a 204 randem sample, N ¢ 436, ldentlfled o3
Croup Te OF the totel popuvlation 292 candidates were
emong those whe took the Entrance bettery In March 1951,
These 292 cases feor whom both predlictor and eriterion
data were ovallable are designated &5 Sroup C, Group C
was subdivided by rendom sémpling Into twe groups, of
146G coses each, for experimentsl end crosswvalidetion
usee These grouvps ere dasigreted Groups C) end (2, re-
spectivaly, Finally, ¢ third random semple, Croup C3,
wes selected from the total Oroup Cy for turtber study
of sempltag stabillidy of the multiple cut=oft methods.

A sertes of wopublished studies conducted by the
Test Development Seciion, Linlted States Clvil Service
Cormission, bhave éaa;%ﬁteativ;skewn}hxgh valldity,

{2 = approximately 7] for ﬁr«ﬁiéf!aa of pass~tatl on

~?k$,Eﬁ%r¢ua¢'tna&imwt%aﬁ, high rellablitly of the
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component sublests, and moderate or lovw intertest cor~
relations, These studles have shown relatively less
valldity for the spetial vartables (variables 3 and 4}
than tor the verbal tvartfables | and 2)or numerical
vartalile tvariable 5)s The battery Is under further
study with particular attentiana being pal’ to the con=
tribution »f the spattel vartebies ¥o predicilon of

Entrence Examinating success end Academy course orades,
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o TABLE )

Description of Groups and Vérlaebles

A Qrm&gi

Gre DNOo

i

Deseription of Croup

c2

C3

8. Predictors:

426

146

146

146

Vll'= Nﬁg

Ce Criteria

Var, Mo,
é

Rendom sample of 202 of tota!l of 2184 com=
petitors in the predictor battery,

All competitors tor whom the unttorm cri-
terlon is availleble.

The Experimental Sempler @ rondomly-selected
50¢ of Growp L used 4% the predictor group
for determining multiple~regression weights
and multiple cultmott polints,

First Cross=Validation Sam%%g - the remaining
ik of Growp C atter selection of Group Ci,
used tor cross-vallidation of multiple regres-
ston and multiple cut=ofi methods.

Second Crosg~Validatlion Sample - ¢ randomly
Selected 0% of Growp & wsed Yfor further
cross~vaiidation of mulliple cuteaft methods,

Content Noe of ltems 3coring Method
Vocabulary 35 Noo Right
Reading Comprehenslion 25 Noe Right
Spatiel Reletions 25 R =~ 4/4
Surtace Development 28 R = G/4
Afgebra 4C No. Right

Content scoring Method
Sum of scaled scores on Eatrence tech test
Tests (West Polnt Aptitude, plus based on
Math Achlevement, plus English scaied score
Achievement! wi th Mean = 500
S0 = 50
Passwor~tall un Entrance Tests Fétlure on any

one or more of
3 Tests below
8 scaled score
of 450
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2e Descriptive statistics and signiflicance tests for

populetian and eiwerlman&ci gf@uwt,'

Table 2 summarizes the descriptive statistics for
each vartable and group. The é!@ﬁf*i@th«q tests tndl-
cate that Croup € 15 not & random semple from the tolal
population a8 represented by Grouwp T, but 1s a selected
nroup wlth higher medn scores end restricted variablif-
fv In cach vertables This i3 én expected resulte The
iesionation test results #rq used by Congressmen to
screen candidates before they take the Entronce ixemiw
nation, The rejection of condlidates on the basis of
low scores on the Designation tests, which are pogl=
tively correloted with the Eatrence Lxemination, would
result In the hipher mean and reduced varfabliitty shown
by Group € a8 compared to the total population, Growp T.

it 1s apperent thet the mean ditierences among
Groups Cl, C2, and C3 are nol sigalficent tor any of the
variables, Therefore, (t is judged appropriate to apply
repgression welghts and culttlag scores derived from the
experimental sample directly to the crossevalidation

samples,

!%aw scores for all of Group © oo all verlables are
gliven in Appendix il



TABLE 2

Deseriptlive statistics, estimated raiteb%tttvi

and tests of :!gatfihr&gac of mean differences of vartables for 2l groups

o031
o612

#7682

‘ﬂ?ﬁ$

887

W

-

18437 4490
12,28 4,13

18445 4,55
14,27 4,43

22.31 8,89
2733

Cralditmido)

« 004
» 601

799
w744

«898
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variohle Lhem Ty ey (OTpUASSL | M%@ﬁ!%tws — T
§ Yocab, 35 18,33 4,8% o047 659 18.00 4,75
2 Resdling 28 12.16 4,09 + 653 o543 11,97 4,14
| plus 2 60 |28,78% 8,01 30.50 7.81  .767
3 Spettel @5 [ 17,30 5,31 18451 4.43 786 | JIB7 | 18412 4,47
4 SurfoDeve 25 | 13,11 5407 14,04 4465 o749 m»@ggmm o767 | 12423 4449
2 plus 4 50 |30.41 9,43 33415 8,09 4846 >,
s Algebra 40 | 18,57 Mrj 21,00 9407 4890 | 21. u,ﬁ.m 270 | 22,02 8.57
6 crite sum (1585477 226405 - 3533. ‘@&aﬁ? e N587.86 20435
7 Pass~Fall on crite « 746 o726

3

Hypolheses as to mean differences

a) thet group C is o random sample from Growp ¥

b} that groups Cl, C2, and C3 are random samples from group C !P ?’.QS for all variables compared

B

P
%-

Igetioblitty ﬁt?!miftd by Kuder-Richerdson formuls { | pge 15402 g?fﬁﬁ
2 C12 .l Mo m) A
r’u “* G} K

2rotal score for vertebles ! Flus Q only were avallable tor the
2164 cendideties from which Group T wes sampleds

:?‘<f¢0ﬂi for all variablaes Lompérad
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3. Comperison of multiple regression and multiple
eyttlinp=secares for prediction of a contlavovs crie

terion,

The %herrv-Doolittle test selection method (27) weas
spplited Yo the date for Croup Cly Teble 3 shows the
matrix of Intercorreletlions vsed In this enealvyslis. The
intercorreiatioas of the two verbal varlabiles tvartobles
I end 21 and the bwo spatial varlobles (varlables 3 and
4) are higher than the aversges The spatlal varlables

have the lowest valldliles.

TABLE 3
intercorrelatlions of prediclor varistkles and contlnvous cri-
terion for experimental Group Cl (Mald0) ,
Varleble Predictors Criferion
2 3 4 5 6
£
i 527 233 L064; 4342 .433
2 '956 4.13%‘.3 w219 1.3
3 » 630 +262 o311
g +300 aﬁﬁg

The Deta weights, end multiple correleotion tor comm
binations of predictors, arg shown ia Teble 4, Eoch R,
tor oae or more varlables, Is stonlflicant at the 1Y level,

The increase in R for the addition fo vérlables 5 and 2,

iihe:a correlations are nol significant ot approximately
the 5% levely dor diglB0, the correlatiop st this level
should be 4159 or better {12, pgs 6101,
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TAGLE 4

foultivle correlotion of predickor varlobies wilh suntinucus
vr%%eraan &nd oyder of %maariancﬁ a3 Jdeterwlned by Yherry=

Phlle Test Zotectlon isethody partiel regression coebfi-
cien?s ﬁﬂﬂ renression &quatlaa iar Croup Cly correlation of
prediched ens actual Criferton scores for Groups C2 and 3
and computes! multiple correlation for Oroup C?a

i

Prediclor Variables Holtiple Correlalion sels
ﬁ #3502 #4295 {8)
2 «G58 #2708 (2]}
5,2,!*3 T #0333 (31}
5,2, 13,4 «6G3 3524 (4)

Prediction eaualion based on Troup CI

Xz 5,30 % 76 X 4 2,72 A 4 2,34 X 4 10
g° 5430 X 1476 K4 2072 X 2,34 X 4 10445 X 4 092,75

Crogseyalldetion:

Fﬁfr%ia%iuu ot predicted and actvwel criterion scores,
i’}rvmp C2 = b?74, €3 m L7561

baultiple correlation of predictors with criterion,
Graup CF w (7682

*A!i mutbiple correlations signiticant at 17 level, The
Cp for R om o563 ¥s 073 tor all other B3, the G - 047,
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of variable |}, and poarticularly 3 and 4, is less than

the standard error of Re Howevery, @3l 5 vartobles were

retataed o cross=wali fotion, since thare wos an
stontiicaat decredse In Q‘by use of the larnest number
8 vertables, sad It was desired to study all of the
verlatbles Ly the severel dechatgues emploved 1§ o ol
rossible,

Tehile 4 also shows the prediction equatioa based on
Sroup Cly and cross=valtdetlon resvits, when pradicted
artterton scorzs tor “roups C2 and 23 were oblatned by
the equation and correlotad with actual erlttartion
scorgse 11 18 en unvival finding that, rather fhan
shriankane, the correlations bhelween predlcted and ace-
tust crlterion scores 'a Oroups (% and C3 are hicher
than in Troup Cle (This resedl 13 conflrmed by the
direct computation nf R far Sroupr €241 A possible
cayse for this may lle In the ditference In criterion
warfance In the two szmplesse Troup C1 hag 2 speller
varience then elther Troyps C2 ar O3, (but aol sionifle
cadntly smeller on the bLasts of feleslts),

Selection of & rrediction battery by the Mullbiple
Cuottlag=Score mathod reaulred a5 8 firet ster the defi-
nition «% the cotting or critical scores,. The procedure
used for defining sveh gorres on the predictor varlables
Te emplrical and Judgmental, Ag descritied by “rimsley

{11) o distribution of criterion scores 13 prepared, dnd
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2 number of cumuletive criterion groups ere established;
€s0ey top (0%, top 20%, etca The mean test score of
edach such {cumuiative) group Is detlined a8 & selection
levels 1In exploretory work with this melthod, 1{ was
tound that 1+ the size of such criterion groups wes too
small, the ditferences belwaen successive mesn test
scores would be so small o3 to have no practicel signiflw
conces ¥ too lurgg, the relationships between criterion
and test alt varlous szg#&ait ia the rénge of scores be=
come ditflceit to éis%lﬁgulsk.

Seversl Jefintitions of critical 3cores were studied,
One procedure was to wstablish ¢riterion grouplings of
equsl frequencles prior to @uﬁuiiiim@g A second proce~
dure was o categorize the critericon distribulion on the
basls of standard score grouplngs prlor to cumulation,
Howgver, this was found i(neffective becevse of the sharp
reduction In the number of cases in the exireme catbe~
goriess The delfinition finally adopted wes Lased on
categories with equel frequencles such that ne categery
would be smaller than 101 of the fotal N 1t was also
considered advisable to esteblish Jaltially ¢ toc large,
rather than & toc small, aumber of categories., There is
& self-corracting effect 1+ too meny cetegories are used
{since mean differences belwaen successive categories ap-

prosch zero) but not 14 too few are wsed,
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In the course of axploratlon of this ¢rprocch, 8 more
divest wothod dhan ¥aat used by Orlesley wes Jeveloped
for defiaition of criticsl scores, This aslternallve,
{tdentlificd as the Devised LU In thias shudyl, daflings
the critteal score Jdircelbly from categrrizetton ot the

tes? score distribublon fusing as close to equel frequens

cles 83 practiceble) rether than Indirectly bhrounk the

eriterion Jisiritedion, This techajague has 4 number of

advantagag:

a) erdinarily, 1% 0s siempler Yo examine and work with
test score distributicons In test enelyvsis programs
then with criferion date, since the test resulls are
generally srreved end gxeminegd {for 2lher puUrpoiese

L) ¥he iPduntity of the perbicolar fondividuals tn 8 ¢rl=
ferion nrouping is tosd &y s-en 33 several ltasts are
combinedy thas thare seams to be Itttle valug In uge
Jag a eriterton groupliay Ia llew of 2 more readily
sbhtained test grouping.

e} tast catenarles oive a direct indicotion of perceant
selected at the deflacd cub-off scores, wherzas crie
terion groyplings reguive & computatlon of mean tast
score, then an exambaatlon of the prreent who would
e seluched Ly that test scores The parcaent of cases
In 8 ariterion vroup end In the Yest oroun bssed on
that criticsl tevel varles widely 8 8 ftuaction of

the correlellon belwegen criterion and test,
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For these reasons, both the Ruch=-Grimsiey MIS proce~
dure and the Revised MCS were used for selection of test
batteries, and the resviting batterias compered, with
the Intentlon to use the most praclticeble and eftective
method tn the subseguenl comparisons with the muttiple
regresston methods Teble 5 summarizes the detlined critie
cal scores and percent selected for zach varisble, for
both the MCS and Revised MLS methodse For preparation
ot the tabled dete, test snd criterion scores were en~
tered on I8M cards for esch persons, Calegorization was
made by cardwsortingy celewlations of mean criterion
scores were mede directiy from the date cards¢’

The judgment as 1o selective value s gulded by the
size of ditferences In mean criterion score belween the
successive critice! score levels, and by the occurrence
of no difference or sctual reversals In medn criterion

scores belween successive !av@l::ﬂ

'Th& computations sre also readily sdapteble to 1883 tabue
leting aperstionsy tn this case, & listing, in criterion
score order, showiang cumulative criterion score, ond ol
test scores, and listings for each varlable, In Yest
seore order, showing cumvlative criterlon scores, are
desirable,

QYht MCS as deseribed by Grimsiey Includes the plotting
of the date In Table 5, 43 &n ald In selecting tests,
Graphs were drawn, bul were not fousd particulerly use~
tul or essential 3& judging the reletive value of tesise
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Gegtermination of ceritical test scores (X} mean criferion score of- tglta%ad Sroug {91 end percent selected, for each vorialle, Ly
iui%iple Cutting Score end Revised twitiple Cottling Score 1afth$ *mr Crovp Cl, N 2 246
MCS Method:r Critical test scores (X) defined s the mean test acnﬁy tor the specifled ¢r¥§mriwmfgrmuw.
Selection level & AT B C | D - hin ] S H T i
Criterion Group/ top 10% top 205 top 30% top. 405 avp.test sc Lot 500 Lot 404 bot 305 Lot 2u. 1 bot {0%
T Variable X ¥ & % ¥ 5% Y o, X ? A o b S %X Y  n o Y u X M 4 o A
| Vocebulary 24 1736 16 22 1710 26 21 {692 33 | 20 1669 30 20 - 10 165G 4D 17 1630 65 17 == mm 1T == wm 16 1627 72 14 1600 67
2 Reading 15 1703 20 45 == == 14 1673 40 14 == ==  § 12 1638 60 1) 1620 73 11 == «=  J0 1612 80 9 1612 82 0« we
| r—— Ay +, -
3 Spattatl 21 1653 43 0 1628 55 20 e~ == 20 = -= (B0 « 19 1626 61 18 1612 67 17 1602 75 12 4 == 17 == == 16 1604 §1
4 Surt. Tev, 18 1601 32 16 1619 34 |6 == =w= |6 == w= §6 = 15 1625 52 14 1619 66 13 1413 73 14 oe == 12 1816 79 12 w= we
5 Algebra 32 1816 16 28 1738 27 ,27 == == 26 1721 32 25 {1768 21 1672 49 18 1650 62 17 1637 ¢8 16 1638 70 15 1624 76 13 1017 84
A L R S Sl R 4 5 ’ \ <o L 2o e
Revised MCS Method: Critical test scores X detined as the test Sggr )racched or. ‘exceeded by the spectficd criterion nroup.
Se irciiﬁn §ei A T ! 'S o 3f”“- ‘ = T T i — ] .y
& test group top 103 top 200 _top 307 top 40% tatﬁ 5&* % 0P 707 __top 80%F | top 90% . tap 100%
Variable X ¥ 3 ff*iar AN ¢ &ﬁ'f ¥y ZTY¥ ?ignﬁpQ TR ?"%fT*f?' RSNVES S0 SN
| Vocabulary 26 1783 10 23 1710 21 21 1692 33 20 1669 39 j;&ga 4918 1644 S8 17 1639 &5 |15 1616 €0 13 1598 91 O 1584 100
2 Reading 16 1796 40 16 1718 21 15 1703 20 | 14 1673 40 [$3 1640 52 12 1636 60 Vi 1620 73 10 1612 60 7 1604 59 2 1804 100
¥ b i H .
3 Spatial Jiﬁ* 722 15 22 1679 29 21 1653 43 20 1628 55,_1% (1626 61018 1612 67 17 1502 75 5 1604 66 12 1502 03 4 1534 100
4 Surt, Deve S 21 1672 14 19 1646 23 18 1601 32 17 1625 46 ié 1@:@ 5404 1610 66 13 1613 73 11 1609 82 6 1596 91 4 1584 100
I {
- — i -
5 Algebra 35 1844 10 31 1786 20 20 1721 32 23 1698 41 iﬂi Y72 42,18 1650 62 16 1638 70 14 1619 81 10 1607 91 4 1584 100

*Fﬁiiawinn

Trimsleyts procedure, below the test mean,

»

eritical sCﬁféf%re

Q“ecause ot the ftewer discrete scores In the tests, as compared io th e critertion, ia =

the nroups only approximate increments of

105,

der b oavotd selltbinn cases with & given test sco
The percent seieet«imhaw the ectual gerrerx%.

detlned hy cumulatinng

from the ¥al i

gnd of the

distribution,

re,
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From the MCS date in Teble 5, variable 5 shows the
grestest differences among the svccessive groups In
mesn criterion score, {from IB16 at the A level, to
1617 at the § tevell, and no reversals, Theretore, it
was conslderad thet variagla S ts most selective,
foliowed by varlables | anﬁ 2y then 2 and 4, The Re~
vised MCS 4pprosch a !i"a;’ sglacts verlable § first, then
vartabici 2 and 1, fh¢a43 #ad 4, For the ai#m of the
categories used, there ts 1itble distinction to be medse
between these maibaé#;

The combinetlion of tests for selection of the most
predictive battery, for both the MCS and Revised MCS
method, was made by teking vertable 5 as the base, sdd-
ing to 1t o second varlable, and computing the mean
criterion score and percent selected at the various
sefection levelgs, Since vertables 3 and 4 eppeared
relatively Ingfiechive, they were added to the hatber~
fes atter combinatlons of 5, 1, and 2 were studieds To
the best 2 tests were mext added other veriables, and so
on, until the maximum predictive arreagement was found, |

The results of this opersation are shown In Table 6,
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LS Methods

percent selected 8 warlous arl%%ﬁaif score levels tor specitied test combinations,
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¥ 4 Y =z .Y i i
5 16 16 2 ) 62 1637 68 1638 70 1624 76 1617 &
£y Yird TE14 1 45 1682 45 {63 52 1GA7 60 1631 76
s 5 ) 1 60 1630 64 1630 G4 1635 71 - o
, V v & 44 T665 46 TG40 53 1035 67 w= ==
¥ LT TOR ‘T;?gf L 1 361668 36 1o5l 42 1036 60 == ==
O I 187¢ 1684 35 1674 40 1650 57 == ==
YRS P P91 M B2 3 g%, % , v 4888 27 1668 33 V506 36 T
Devisad S rpbhod: ,ég“
- m.:
; ‘i'g@m
Selection Level -
i 3’::: i

i

v_ %

Y 2

1619 81

1607 91

1638 &7

1618 84

1630 &7

1614 65

1648 58

1617 82

554

1G4 54

1623 77 1564 100

feod 51

1030 75

1564

1661 50

1629 74

A o A 2 o

1562 1



43

Evaluation of the varlovs combinations wes made by
faspection of the mean crlberion scores and percenls
selecteds A comparison of the ftwo methods for glven
combinationg of varlables shows no spprecleble differ=
gaces belween them, For example, comparison of the M5
batteey 5;1,2 with the Revised M5 battery 5,3,1 shows
so targe differences, and at a number of points the
mean crlterion scores and percents selected are ldenti~
cal, Becsuse of this similarity only the Revised M5
dats were used as a basls for selectlion of & final
&af&grv for comparlson with nulltple regression meih;ﬁg
Yk& most sclective battery was judged to be one which
included varishles 5,2,1,3 at the A to D levels, ond
onfy 5 and 2 et the € to ) jevels fsee Tuble 6)s This
battery would select S5 of the group with & mean crie
terion score of 2002 (D levelle For salection of larger
percents, tests 5 and 2 appear Yo yleld the hipghest mean
criterion scores, in general, Except for extreme grd#ps
§a which the percent selected 1s so0 small a3 to be néi
only unrellable, butl of little pra@itﬁf!'tiﬁu!f!euac¢$
this battery appeared to be most effectlive over the en~
$lre ranges, 11 13 recognized, however, that the ‘ k
distinctlions among t?c varlous combinations Lecome small
aad protebly varellable as the percent selected Increases,
The cutling sceores for this battery are summerized in
Tat:le 7.



The Revised MCS battery and the wherry=Doolitile
battery, #s described sbove, wers crosswvelidated and
bthem comparegds The cultlng scores 28 shown In Table 7
were applled Yo Oroups G2 end C3, and the percent
selected and mean criterion score compuleds The multl-
ple regression eguation from the wherry~Doollittle
analysls for Group Cl was used to estinmste criterion
scores {or Groups C2 and C3. Thea the C2 and C3 groups
were arranged In order of predicted zriterion scorese
From this srray, 1t wes possible to coopute the sctual
mean criterion scores tor verious percents setected,
corresponding to the perceals gelected by the Revised
S me thod,

TABLE 7

Cutting=scores for the most predictive battery, selected
by the Revised M5 method

| Selection Level
Varfsble A ] C D £
5 35 31 26 23 21 8
2 18 16 15 14 13 |
! 20 23 21 W e ww  ww e e=

The two balteries were compared In the foillowliag
wayR?
al simtlarity In tests sclecteds There 15 close agree~
ment 8s to the arder of velues of the tests. Varle
ebles 5 and 2 are of most vealue, then | and 3,

Varioble 4 was omitted In the Revised M5 (and might
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heve been gllminated from the Yherry=Doollttle alnol.
prediciive value ot vartous selectlion ratios. The
date In Table £ show 11ttle difference belween the
fwoe melhody where the vercent selected Vs relatively
lerge, Diftferences 2t high selection rotics are
consistently In favor »f the Sherey=Doglittlic mathod,
This holds trve for Soth Troups CR and C3, Lut the
difterencensy while consistent In Jirechion, are not
very large vhen compared ¥o the standerd deviation
ot the criterton dlstribution,

stabiltty on crosg~veildation, The cross-vallidation
stabitity of the Wherry-Dooltbtle mathad has Leen
Jescribed eariler in ?é&!a 4, 1a which ao shrinkage
was founds For the Revised MCS method, Tabhle B
shows ?&ﬁ%'@ggrz aee'rgiﬁiiva!y small ﬁtffarﬁﬁﬁta
amang iht“thrgﬁ gréu@t with V@?ﬁ&ﬁfliﬁ the perceal
selected and mean eridertion scores, encent st the
hiohest, and, m'c;m&»‘m, least relliable selection
fevele where the frequencles are very small,
practicallty of the methads, The Pevised KIS method
as developed In this study wes found considerably
easlar 1o apply than the vherry-Doolittlic, The pos~
sihie savinpgs 1 any partlcylar program will depend
upen the extent to which machine methods are adepied
to the compultation of correlaitonsl dats and the ap=~

plicotion of rearesslon weights, end the extent to
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Percent sclected by the Revised gy!%tﬂie Cultting=icore Lebs

tery end mean criterton scores ¢

} in Groups Cl, C2, &nd C3}

and mean criterion scores for comparable percents selected
fa Croups C2 and C3 by use ot therry=Doollittie VD) multiple
regresslon gouation derived from Grovp O,
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which ﬁléﬁw;&viag mgthods, suech 48 use of spproximete
betos, can be applieds In this study, the time for
developing the Revised MIS battery and appclying it to
the two crossevaildation semples was estimalted af ape
proxinetely cneehalt the time requlired for the %&tfrvw
Tosllitble anglysls and cross=velldation,

Howgwer, the raducilon ia processing bizme Joes nof
jmply that & lesser degree of techalce!l competence in
the use and Interpretetlon of the W05 methods 18 rew
guireds A3 hés been polnted out, there are & aumber
of stages in the process for which ao sdequate crie
teria or gulde lines have yel been developeds A high

level of knowledge sbout the behavioe of test scores,
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end considerable informetion sboul the vses to which
the data ere to be put are conslidered cssential to
the proper uvse of these methnds,

4, Comparison of switiple=chl sad mylltiple=Reblserial

for prediction of 8 dichotomous criterlion,

in order Ve evaluate the multiple~chi technlique for
the selection of combinations ot tests end cuteott
scores tor prediclion ot o dichotomous criterion, the
procedure outllined by Fronzen and Lazarsteld (D) weos
used with verjables I, 2, and S5, The criterion, described
s variable 7 in Tebles | and 2, was pass=fail on the Ln=~
fronce test batterys In the experimental group, Cel, the
number passing was 103, the number talling, 43,

Each varteble was studied at successive culwott scores,
fapproximately 56 Intervals) to determine the score
which showed the grestest differentiation, In terms of
«bl‘¢ between the distritutlon of the 43 fsllures and
the 146 tote! competitorss Those cutwolf polnts on cach
varlable were selected which showed the hinhest chie-
values and which did nob reject wore compelitors than
the actual rejection rate. -Far ﬁéauﬁ Cil, 43 sut ot 146
were rejoected by the criteriony thus no cutwoft which
rejected more then 43 persons was used for later combling~

tleas,

‘Qb% instead of Chimsquere wos used, since with diel, 1t
mey be laterpreted as 8 standard scores '
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Toable 9 summarizes the results of this anslysis. All
the chi's but two are signiticent at the Ol levels For
cont:ina tion studies, culmotl scores ot 10 aand 13 tor
variable 1, 5 and 7 for varlable 2, and 12 snd 14 for
vartaeble 5 wegre selected,

TABLE ©
Rejection rates In the follure group (Nem43) and total group
C1 (Ngl46) ot specified cuteott scores for each varisble,
#nd chl values for comparison o fallure grovp to totel

group. .
MNumber ﬁi}tctgd
Varioble Cutwolf Score !a faituresgroup Ia total aroup Chi

1 1o aaé htta& 5 8 17
3 I i2 19 2.9
4 " # i6 30 2.7
i5 s 20 41 247
2 § end below 8 10 3,1
6 % o® 10 16 2e6
7 " " 15 24 3.8
g v ® §7 26 37
o *# " 23 40 3.8
L » 27 59 3,0
5 8 and below 5 7 2et
o v " bi 17 2.9
2 " " 13 24 28
14 * " i8 35 3.3
6 " " 24 27 3ol

Table 10 summarizes the 2nalysls of the combinatlons
of cuttiag pointse (For economy la computing, not every
possible combination was exemined} certain possiuiltties,
such &8 veriebles | snd 2 slone, were Judged from Teble 9

aot to be etiective,l
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TABLE 10

ﬁtgetiiaa rates o faljure group (Nmd3) sad total group CI
{rai46) at specified cul=ott scare combine tions, and chi
values for conperison »f pass~fail classification made by
multiple cutwoffs with poss«fall on criterfon,

Mumber Relected
Respective n ta ng a tote

Veriables Cul~oft Scores Croup Crowp = Lhi
1,2,5 10,5, 14 23 42 o
% 5’ 10,14 21 3o 3,9
e AP A S

i 20 ' 5
T 0 )
2.5 7 12 22 37 446
132,5 tO,?,I# 25 46 4,5
2,5 7,14 24 44 43

Regression analysls was made by compulting the mulile
ple correlation of vertables 1, 2, and S with the psss~
fell criterion, vsing bilsertal correlations tor the
velldity coefficlents, For the prediction equation, a
dummy verlate was set up {10) by coding ¢!l pass cases as
by, el tetl cases a3 O, Accordingly, the mean and
stenderd deviation of this varfeble for Croup C1 was 708,
Bade o420, The correlatlons and prediction equation are

glven In Table 11,



TABLE 1)

Bisertiel corrvlatlons, mulltiple-Rebiserial ead regression
equation for prediction of pass-fall criterion, based oa
Group Cl (s H4),

vgr!é§§g This

.

2 « 501 Predichtion equations
5 832 X

7 :.G!?‘C}xt + 0&37?2&2 + q@iésxﬁ - gﬁg'}{;‘

For cross=validation, the cut=ott scores and the pre~
diction equatlon were applied to Groups 02 and (U3¢ The
predicted and asctual pass~tall scores were recorded (a
ftourtold tailes and tedrachsrlie corretatlons compubed,

These results are summarized In Table 12,
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Peletionship beiween cri&ti%aa pass~toll categsries &nd pess=
fall categorles predicted by oultiplesch] and multiple~fi=-

Liserial wethods, for Groups CT, C2 and C3,

Multiplewchl Myltiple=R=Liseriel
& e
Criterion
tall pass tall pasy
shove dbove o
cut=ofts 12 84 40} sulmoffs & 67 75
below prede
cut=nifs 20 19 45 fa1d 35 3 7
43 103 148 43 103 146
Group C2 Groyp C2
CetTarion Creiterion
fatl pess 1all pass ,
above S , prede B
cuteofis (3 B4 97 ﬁ% e .. 2
below pred,
cul=ofls 27 22 40 fo3t 37 37 14
40 106 146 40 166 186
!“i‘ *aaﬁ% te fz»m&
Crove C3 Group €3
&ri?triﬁﬁ Lriterion
tal! pass fall pasy

above
cubwofls 16 80 105

below
cyt=offs 23 18 41

39 107 146

prede

ag&%’ 2 35 8%
=3 & £+

fall 32 32 o4

o

9 107 146
f“,gﬁ'w
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These results show the multiple~chl method to be more
sccurafe with respect to the totel aumber of feliures
predicted then the E~biserial, which would reject meay
more then the aclvel rete, However, 1t is less eccurate
in tdentbiylng the actual eriterion falluress For ex~
smple, for Group Cl, the multipleechl method properily
tdentifies B4 of the 103 pass cases, end 26 of the 43 -
fallures, vherges the multiple~Rebiserial identitics 67
of the 103 pass cases, and 35 of the 42 tatlures, Re~
sults for Groups C2 #nd 03 are similar,

From the polat of view of selection, P might be more
desirable to predict the maximum number of failures,
evan at the cost of rejecting 4 slacable aumber of pass
cases, thas to misclassity fellures. In this light, the
Rwbiserfal 1s the preferred method for this detas.

in terms of crossevelidation stebility, there 1s less
varlation smong the three samples for 4§¢4mu!4¥p!¢*zhi
method, than for the multiple Reblsertal,

With reperd to sase In epplitcation, the multiple=chl
procedure was found to be quite simple Yo compute, (14
cadenot be mechanically used;, howevere Ong must consider
such factors as the desiroble rejection rate and must
select likely combinations for trisl, Ia order o reduce
lebore The multliple=Rebiscrial lnvolves 85 wuch work es

any typleal mulilple regression problem,
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S¢ Methods for categorizing test score distributions,

in this section are discussed three methods which were
dpplled to the problem of how best to group test scores
prelininary o padtern 2nalysis, Ai polnted out In the
discussion of the Multiple CuittiageScore methods, proce-
dures which require grouplng together al) ceses ot or
sbove 2 particuler cutltting=point fn o distribution are
not essily adapted to combining test categories when the
shtenderds vary for the severel tests. when 1t 13 desired
to combine célegories or segments of distributions without
regerd fo i%air‘rc!a%igs arder or raak In thelr ariginal
distributions, & more flexible progedsre 13 needed fhan
the Mul%%pi? ﬁuitiagwsesrt mzthﬁds‘@fsvfét‘

The study wes not orlglnally desigaed to lavestigate
this problem, H;wxvsf; sne of the methods, based on @
single~classtilication analysis of varlance, adppesrs,
even &n the Lasis of bhe dete used, 93 & practicable ond
theoretically sound spprodch,

8) Comparison of frequency d}a?rlbuilans of criterion and
test detined by Multiple CuttingeScore (MCS) cate~
goriese
In the MCS method, before cumuviation of the criterion

distribétion, the mean test scores made by specified

tequal) criterion groups ere determined, “hen these test

L]
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score cut=otfs are applied to cetegorize the test disiri=-
bution, & new frequency distribution is generoted. 1I¥

was desired to find the reletionship between the test

score distributlion based on the defined cut-oti scores‘

and the rectangular criterion distribution. Fresumably,
the more similar the criterion distribution and the test
distribution assoclated with it through the defined cutt=
ing scores, the more valld the test,

As a test of this relation, the chi=gsquare test of the
homogenel ty of variances (18) was applieds For compari=-
sons based on 10 criterlon groups, each containing 10% of
the boses, ail of the test score distributions were found
to be slgnificantly ditierent tn variance trom the cri-
ferlon distributions assoclated with them (p L.001). The
criterion groupings, end, consequently, the test groupings,
were then made svccessively coerser and chli=squere com=
puted, However, the null hypothesis as to homogenelty of
varlance was accepted {p>.05] only for vartable 5 and only
with as few as 3 categories,

There are a number of problems 1a connection with this
technique which sharply limit its usefulness here. Flirst,
when criterlon categories are combined, (t becomes neces~

sary to recompute the median or mean test score for the

;th median, rather than the mean, test score wes used to
define the cuteott score, becsuse of the small N and the
wide variability in the test score arreays tor ecach cri=
terion group.



55

naw larger prowpy which will be used a8 the test cul~off
scoree Second, when cetegories are relatively }tiinmé,
reversals occury that 15, the computed medlien fest score
for one criterion group may be lerger thon the medien
text score for fbe'nzx} higher criterion groupe Usiag
such reversed cult=ofts resulls in test cetegories with
2ero frequencys Third, for the bottom criterion cates
gory, its median best score scieets an)y those persons
in the category who scored at or above thet medlan. For
those bglow that median, there Is no corresponding ifre~-
quency In the cri terion disteribution, These frregular~
files may be handied ¥a the chliesquare computation by
cembining cétegorties, bul the rationale tor sodelng 1s
not fully satisfactlory.

For these redsons, @s well 23 the gencral compute-
tlonal difficultly, this epproach was judged not }o be

worth further study or crossevaelidetlion,
b) Application of the Cuitmen €¢dlewanalysis

The procedure described by Guitman (14) for scale
analysis was appliled to the date for Crowp Cl for veri=
able 5, the most valld tests, 1t was desired to delerming
whether & cultting polat or points on the test could be
located which could sort out test categortes related to
criterion categories, Theretore, the group wes arrayed
In test score order on the vertical axls of & tabulation
form, and 10 eriterion categories defined as the herle

rontel axlse Each Individusl was then recorded in the
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colums representing kis criterion scor¢s The procedure
then was o attempt to adjust and recombine criterion
categories so as. to tind an arrengement in which o
'ﬁﬂrifinfﬁgriﬁpappeartﬁ; i#d in wﬁ(ah;Gﬁ??msaﬂs-art%urlan,
that no column have more error than non=error for the
eviting polnd itltd?ed, wis sottistteds The criterion
graups had io be condensed to two broad cetegortes be~
fore & slzegble distinction between ce2tegories dppeared,
However, ¢ven with this grouplng, the crliterion of 80%
reproductiblitty was not met,

tt Is likely that the criterts Jeveloped by Guttman
sod uilltized by hle and others for the scelling of qualle-
totive data are too rigld ftor direct tronsfer to the
present problem, The tabuletion muthod does provide a
vselul summary form from which laferences méy be drawn
tas from & correlation dlegram), However, there is &
basic problem presented by the order Implicit in the
criterion categories, which 13 aol found in scaling
discrete ltems or quelilative variotes,

Since bhis method did rat prove frultivi for the most
volid verieble, no turther attempt was mede to spply 1}
o other verlsblies ta this study,
¢) Categorization and pattern analysis of test scores

by a5 enalysis of varlence procedure,

This epprosch te the problem of definlag mesningful

coteanries of the test verlobles 13 based on the concept
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that 1§ test score cui=ofi polnts can tc located which
wili separate the population into groups which arc slig~
nitteantly dlifereat In terms of mean criferion score,
then those test score cubtwolt polats will provide a deg=-
fentitile and steble sab of categories es & besis for
pattern analysiss For this purpose, the Fetegchalogue wes
coneldered applicable 2 the present data, In & single
clagsificatlon enslysls of varfance design 119,21)s The
Fuwiechalque 13 o paneral test for the stonfticance of
grovp i fierances 1a mean scores, lrrespective of any
logice !l order #mony the groupse

There sre two major assumpllons of thles sethods The
first, o normal distribution of the messurament In the
populetion sempled, s setlatied by the distribution of

the continvous critarton Yor these éﬁ?aa'

The seconad,
that there 18 equal varlabl ity amonn the groups, s pare
haps more Jdifftculd ¥o galtlstys The application and ine
terpretation of tests of signftlcance of mean Jdifterences
among the groups &nd belwesn groups 1y complliceted bee
couse of the shape of the erliterion serre distritbulions
within the categories, Slnce the criterinag categories
are dg#tned by test score Llimlts, énd the test 1z posls
tively corrclated with the criterlon, the disteltution of
ceiterion scores wiikin & category would sot be expecled
to be the sa%w &z the driifibﬁiiea that would resuvlt from

rendom sanpiing,

A X2hest showed the distribution of criterion scores not
to depert significantiy from normality (p 2,301,
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i Howevegr, despite this complicetion, &% well as the
relatively small N for precise tests of sigatiicence, it
wes consldered very desirable to explore the epplicetion
af the analysts of varlance to the present problem, As
Metiemar polals out, there is "some evidence thel moderate
departurz from anrmellity and moderate lack of hemogenelty
reqarding verlances do nol seriously disrupt the spplice~
Bitity of the technique™ (21, pge 24%), The particular
wiy in which the method wag carried out 15 described bew
low,

Group Cl was arrsyed in test score order, divided into
16 categortes, with frequencies of 9, 8nd means and vari=
ence estimates for critarion scores compulede An Folest,
terstiosand ebs were then computeds The group wes then
dfy]deé into successively larger éslegories, 4nd F and
«ts campuicﬁ:§§r n&mhiatiggar!zQQSQa.a” ?héu, petests tor
mesn differepces Leltwegen sdloining categories were made,
vp to the pelnt-at which moe!t or all were less then 1,0,

Teble 13 summarizes these computeltlionss From this
teble the optimum categorizetion was sclected for cach
varistle, tor pettere anslvals. This point was chosen ot

the categorizetion at which there eppeared to be ¢ sharp

2this procedure was also cerried out with cetegories
based on stendard devistion groups with similar resulisg
the equa len gfauﬂt gre considered preferable bo sveld
very small a%s In extreme categories, and to simplity
cologuiztions,
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change In the rate of decrease In F, as well a3 nenerally
sioniflcant ¥'s between categories. Usiag these criterts,
for vartables 1, 2, and 5, the opltimum grouplings were 3,
3 end 4 respectively,

TABLE 13

Analysis of veriance of criterion scores tor 8 verylag numbgr
of categorles af the predictor variables. Group Cl, Meldd,

v ?%’
Vars Renge Cate Frege wjf, gta _t tor adislinlng calegories
{ 09314 g 33 :g.g .3?9 ;.g ’
’ J . 413 2
& 36 9.5 :mT"Q"‘T”ﬁ 2.4
OO
_ . / 8 4
2 12 5:.@93"”""
16 o 2.4 L4067
tooen 4oW oo
K 4 3 »
i 36 o0 308 THTT 2.4
&6 24 6.5 4437 !.S, I, 1, 2.3, 1
] I8 Sed L4655 2.2, t i, 1, 1, 1.0, 2,0
12 12 3.5 474
1) ® 2e7 #4902
5 04=-39 2 72 2B, L406 5,3
3 48 20,2 472 2;3 4‘6
4 36 15,9 584 2
6 24 ftgtﬁ Qsﬁ*ﬁ adhy. t 3&?
B I8 12,1 .620 2,7, l, i, 5, by 143, 4.2
12 i2 G 598
16 ) Sei 4031

iFnr slmpitelty In computing, the original N of 140 was re-
duced to 144, by dropping 2 rendomly selected cases,

2,<.01 for all Fty



Two methods have beegn explored for evaluating comblagm
ttons of test score categnries as detlned above,
bf In the #irst, the test scores for varfables 1, 2 and 5
were conded lato thelr respective coategories. For ex-
ample, the code fur & person scoring In the top catew
gorles of variables 1. and 2, snd the bottom calbeqory
of veriable 5, would be lid4, Thea for gech unigue
combinatinn of categories, the frequenc¥, mean crim
terton score and number of tatiures were ﬁﬁm¢etedol
The sipgnificance of & particular combinallion may be
interred by releting it to expected velues vader the
hypotheslis of no relstionshlip between vnlque combing=
Hons and criferia, wT&qrg are & pa&st&&? 36 paltterns,
Each shauid:k¢ rﬁpretéaitﬁ by a@prwn;m;tﬁ!y 4 persons,
incloding | fallure, whose mean criterfon score i3
the group mean, 1584, Preclse tests of significance
dre not Justitled with these <ate, becouse of the
small a's, However, 1t 1s tilustrative of the method
o present the deata and to discuss the kiands of la-
ferences that con bLe drawn,
Table 14 iists these date ftor Groups Cl and (2,
The combinetion codes are set up In the order of varie
shles 5, | and 2, and listed so thet the category code
changes first tor the lesst velld test, This type of

table may be vsed 83 followsy

*}aha:au {18) describes @ sinllar method with the addition
ot 8 special coding syshem which wes nol necessary here,
since the position of the digit Ydentifles the variasble,



&)

b)

¢!

d)

6l

by rankiag the combinations Ia srder of mean crie
terion score, that sel of combimalions con be
selected which yialds the deslred auvmber of persang
with the mextwum criterion mean,

by exéminlag codes only »n two of the three diglis,
the cttectiveness of combinations of 2 vartables,
Ignoring the third, mey be studlied,

by combintag netegorles for the same varlasble, the
eftectiveness of Lroader growplags may be studled.
particular patterses mey be tound which Include most
tatluresy this would permlt use of the patteras e¢x-
pecielly tor ldeatifying fellures, snod might yvidd
some Inslight as to lhe specliic paychologleal causes
for criterion fativres For example, to eveluate the
ghtect of cutttng off 811 persons In category 4 on
variable 5, 81} codes from 411 to 433 would be
grouped; tor Crovp Cl, this would reject 18 of the
43 fetlures and 17 othars,



Combinations of test categorlies, mean criterion score (V)

TABLE 14

o2

total number of coéses In cofegory (n) and aumber of tallures
tagl, tor Groups Cl end C2, Naldd 1n each proup.

Greup C2

Growp C1
Cembinstions ¥ a g
bt 1952 €& O
i 504 2 0
113 1708 5 0
§21 1730 - S |
122 703 i I
123 1451 5 2
£33 1907 I ¢
132 1458 5 0
133 1604 4 1
an 1747 4 O
212 853 8 ¢
213 2025 1 O
221 1606 3 2
Ras 1558 § ©
223 15468 4 1
231 1825 I O
232 1502 3 0
233 1527 4 2
31 1698 7 O
312 1768 4 0
313 1421 3 i
3z 1519 g 2
322 1699 2 0
323 1433 3 2
334 0 =
332 143“ 5 3
333 1445 8 5
411 1687 2 1
412 1470 2 |
413 1574 2 1
421 1300 2 4
422 1500 31 1}
423 1640 4 O
431 1542 & 0
A32 {548 3 |
433 1347 16 12

Combinstiony

Y

T S A —

Foih ow oo vowe.
g wer 8xd B wem

123
131
132
133
211
212
213
221
224
223
23
232
233
311
312
313
321
322
323
331
332
333
411
412
413
421
422
423
431
432
433

1963
1603
1667
1877
1796
1699
1809
1620
1704
1770
1685
1585
1624
1680
1538
1678
1469
1456
1692
711
1688
1606
1627
1486
17314
1470
1337
1682
1801
1514
1704
1354
1450
1610
1334
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e) the stablitty of the criterion means and Foilure
rafes may be compared between fwo semples.
Perhaps the ma;!4s¥gﬂ§i!¢;&§ festure of this teche
nlqua, &3 compared to muitiple regression analysis, 13
that the cadfé;eambtwaiinﬁ n@aré'parwiia'igma s tudy of

the r«ta%iaﬁihlpt gm%ag ihe test varlables and the cri=

teriong %ka*it&, t? Is porsible to see the potlern of o

parsonts’ s£or ey ar, 18 f!f(ﬁ!, Hhe cﬂmp#agwti ef his
tanrw, whereas in mméitmtx aarraia*%an, 1t ts almost fmm
possible *m dt#tru&az fram ttc total walghted score
exactly hnw the f&d!vtdﬁ:% aa&itv«d tte Although this
valve his been recognized for the paltiern method,  en
It ts coupled with 4 sound procedurs for dufining tast
categories, there appears do emarge & very meaniaght
and useful aaa#yf!clﬁ program,

The seccnd method which has been found practicable’ 1s
the preparation of o 1is} In the formst used for
Culimen scale enalysise Such & list i srranged iIn
criterion score order and shows & tally for cach person
In the test column which Identliiles his category score,
Yhen these columns ere grouped so that the top cater
gories fa ceck vartable are together, thea the second,

snd 30 on, I¥ there is & posltive relationship between

;!Ew proceduvres are readily ud&giwﬂ to this lype of
lil*!un;iﬁﬁ!
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the varisbles and criterlon, the tallles should sppronts
mate & parallelonram, The headings and entries for such
a listing tor & 109 somple at Crogp C1 appear In Table
15,

TABLE 15

Sanple scale asnalysis tabulatlon farmal, for categorized data,
Sroup Cls

1475 i i i

14240 | ! ]
1381 i
1312 } o
1201 I B

This tvype of data may than be further manipulated tn
gecordance with the scale enalysls method, or for say

ather desired purpose,

Ce Distusston of results and suggestions for further re-

search,y

The results sbitalned In this study show aqulte definttely
that the emplrica!l methods fur combialng predictors, speclifice

atly the MultiplesCuttingwlcore and Multiple~Chl technlgues,
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The Himitation In baib’fi%%@ methody resulis from the
aged to reteln tha %kditoﬁrﬁk¢’nﬁ¥cqaf¥ﬁi; so that ia
selecting a& 3 g&vga zu%wa?i szare, all persans In cate=
gories above that point are constdered :ﬁleﬁtid. While this
i3 perhaps aﬁucn&iﬁi iy au&itc p«#:ﬁﬁ&t! selecilon program,
Fh defiattely rastrichs the agai!au&ti%&v af the methods,
Therefore, tha segond generel rcasvil of this siydy, the
ratlonale and xuﬁasii!aa'a§~y'mw&a;'ia} ca%ag@itxing and
combining fast aenama,Ltiéet on added Importande, The
generality of the mefhod of analysis of varlsnce for tast
categorization mekes 1} vseful &ﬂfk'ia.igl¢t¥fﬁﬁ work and
In counseliinge This techsique, coupled wi%h grephlic and
tabvlatine devices Yor asalysis éf patterns, provides &
:pr&¢§1c&$ and flexthie tool, spplicable &a'ﬁtﬁxr tinds of
selection devices besides best scores,

Fur ther research @f@ﬁ the categarizetlon and pattern
anslysls system deserlibed hare would be highly destreble
and very likely profiteble, vaing sutficientiy lorge M
fo tdentify steble patterns, Analysts of !hi‘ﬁﬁiitfﬁi‘
coudd then be made slong several lines, For exemple, one
passiblitty 15 to develop means for ditterenileting occww
petiane! or other groups by determining these patterss
signiticantly nﬁamé¥£f¢§t§1i¢§iyﬁ@asac!atné with those
groups. Another &ﬁt":gn’mﬁg "mi; of attack §s the vse of
ptf!¢ra! tor dtveiaptag &gwaibelmt &: ta the ac#ur¢, de~
g¢¢§”£ud tamy%pt;qur reistions ‘amotg nﬂaﬁtrﬁuiﬁit; with
respect to criterton performence,
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CHAPTER ¥
SUMMARY AMD CUNCLUSIONS

This study was desligned to Investigete the eflective~
ness of several current melbhods for the comblastion of test
scores, #s compared to multiple regression techalques. For
this purpose, & prediction situation was selected ta which
there were rellable and valld predictors, end both continu~
ous and categorical criteris for & homogenesus test popula~
tlon. The dots were the 5 test scores of 202 competitors
on the Ualted States Clvil Serviee Commission's battery used
by Congrestmen for designetion of candidetes to the Lialted
States Military Acodemy. The criteris were totel score on
the entrance examinalion and pass~fall on the enlrence exam-
tnation, The totai group of 292 ceses was sub=divided Into
3 rendom senples of 1406 esch, The flirst sample waés used
for development of the procedures, the second end third
samples for crossevalidetion,

For prediction of the continvous criterion, @ gimpiie
fled form of the muitipie cuttingmscaore method proposed by
fuch was compared to multiple regression anslysis. for
prediciion of the dichotomous criterion, the multiplie=chi
techaique was cropered wilh smulbiple=bisertal analysis,
Because of limljetlions Ja both these techmigues as to the
ways in which test categories can Le combined, 8 more genersl
solublon to the problem of definltion of cetepories as @
basts for pattern analvsls was explored,.

The following conclustions are oiffered:



fe A revised multipie culttlag=score techaigue and
multiple regresstion analysis applied to the same
date show close sgreement In the tests selected

and in the order of velue of the tests. The multie
ple regression method Is & suparlor pradiction
method at high selection retios, EBoth methods arg
relstively stable on crossevalidetion, The multiple
cutting=score method Iy simple to apply and adapi~-
able to machine computations, Therefore, It I35 &
préacticable method tor use when the selection ratio
15 low end economy In computstion 13 an leportant
ftactor,

2. Ffor predictlion of a dichotomous critertion, the
moltipie=chl method 13 more stable on cross~velide~
tion then the multiple~biserial sad is more &ccuraie
with respect to the prediction of fallure rate,
However, the switiple=bizerial Is superior In iden=
titying actual talturess The multiple~chl technlque
Js relatively simple to compule and adaglable to
méchine operétions.

3. The analysis of varlance techanlque offers @
systamatic method for determining the optimum num=
ber of catepories of fht criterion distribution
which can be detined by test score cvleciis, FPro-
cedures for vsing such categories In combinations,
for the purpose of analysis of the walgue predictive

value of the various petiterns, are presented. This



method offers @ practicable and ratlicnsl epproach
to @ besic problem underlying the technigues tor

combining and eveluating test score pelterns,

70
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AN 3516a
March 1950 UNITED STATES CIVIL SERVICE COMMISSION

SAMPIE QUESTIONS FOR DESIGNATION EXAKINATION

The purpose of these questions is to familiarize applicants with the types of
questions which will be asked in the Designation Examination. Read these directions
carefully; be sure that you understand exactly hcw the questions in the test are to be
answered and how the separate answer sheet is to be used,

In the actual test you will mark your answers on a separate answer sheet similar
to the Sample Answer Sheets on this sheet. To answer the sample questions, indicate
your answers on the Sample Answer Sheets, After each number on the answer sheet are
five pairs of dotted lines labeled A, B, C, D, and E, Read each question carefully;
decide which one of the suggested answers is best; then on the separate answer sheet
blacken the space between the dotted lines under the letter corresponding to your answer,
(Make a solid black mark.) If you make a mistake, completely erase the black mark; do
not merely cross it out., Mark only one answer to each question; double answers are
counted as incorrect, When you finish the questions, compare your answers with those
given in the Correct Answers to Sample Questions,

SAMPIE QUESTIONS

For vocabulary questions choose the 5, The value of y that satisfies the simul-
suggested word that means most nearly the taneous equations, lix - 5y = 31,
same as the underlined word means in the Lx + 8y = 56, is
illustrative sentence. A) 1/3 D) 7 4/5
. B) 4 E) none of these
l, It seems feasible to start naval c) 5
maneuvers now.
FEASIBLE means most nearly e . 3 _ -
A) urgent D) beneficial 6. 2?2 roots of the equation 3x gx + 6 = 0
B) justifiable E) praiseworthy A) irrational and equal
C) practicable B) rational and equal
i i equal
2. Surveillance of enemy aliens is gg ;?:itgzﬁzlazgduﬁngqual
customary in time of war. E) rational and unequal

SURVEILLANCE means most nearly
A) close supervision

B) subversive activity

C) constant protection

D) unwarranted suspicion

E) continued confinement

7. Enough iron ore containing 15% pure iron
is to be mixed with x tons of iron ore
containing 8% pure iron to obtain a
mixture of 100 tons containing 10% pure
iron. An equation that can be used to
find x is

3. e product of (3m - n) and (3w +n) ds )" 15(100-x) + .08x = +10(100)

4) 9n® - n® D) 6m® - n? B) .15x + .08(100 = x) = «10(100)
B) m® - 9n° E) none of these C) .08x + .15(100 = x) = .10(100 + x)
¢) 9x® - 6mn® D) .08x + .10(100 - x) = .15(100)
E) .08(100 = x) + «10% = ,15(100)
4, The velue of y that satisfies the
equation Viy = 3 + 2 = y = 10 ig smps‘;.::’w
A> -3 D) 12 A » [~ -] [ 4 A » c o] E
B) -7 E) none of these O O I
C) lO A | ] [ D E A ] [+ D 3
PTIRTI T  E  T
A ® c 0o x A B c D &
3 i 7
A » c -] 4 "
4 ! i

OVER



In each of the next two questions read wine auctation, select tha one statement that
is best supp?rted by the quotation, and then mer: the answer & :-uce that has the same
letter as this statement,

8. (Rgading) "The English language is 9. {Heading) ‘More patents nave been issued
peculiarly rich in synonyms and there foy inventions relating to transportation
is scarcely a language spoken among men than for those in any »ther line of human
that has not some representative in activity. These inventions have resulted
English speechs The spirit of the in a great financial saving to the people

and have made possible a civilization that

Anglo-Saxon race has subjugated these
could not have existed without them,"

various elements to one idiom, making
not a patchwork, but a composite Select the alternative that is best sup-
language.” ported by the guotation. Transportation
Select the alternative that is best A) would be impossible without inventions
supported by the quotation. The B) is an important factor in civilization
English language C) is still to be much improved

A) has few idiomatic expressions D) is more important than any other activity
B) is difficult to translate E) is carried on through the Patent 0Uffice

C) is used universally Swnle Anrwer
D) is composed chiefly of foreign Sheet

phra.aes A ¥ ¢ @m
E) has absorbed words from other R
languages 4 8 ¢ B o=

R
In questions like No, 10 you are to select the one of A w e B

the drawings of objects, A, B, C, or D, that would have w8
the TOP, FRONT, AND RIGHT views shown in the drawing at the left, 11 Q o i E ¢

o &6 OO

FRONT  RIGHT

In question No. 10, object C looks like the view marked "TOP" when looked at from
directly above, and like the views marked "FRCNT"™ and "RIGHT"™ when looked at from the
front and right side respectively, Therefore, the space under C has been blackened for

question No. 10 on the Sample Answer Sheet,

In questions like No. 11 you are to select the one of the drawings of objects, A,
B, C, or D, that could be made from the flat piece drawn at the left, if this flat
piece were folded on the dotted lines shown in the drawing or rolled.

11.

C b

Correct Answers to Sample Questions
: ‘i [ D l A | ] C o] E A ] c -  §
VE GGG s iR e g
A = C R ! A | ] c =] E A L] (-4 -} K
3§ 0 S RN I
A ® c 0 o« A B ¢ p & A B ¢ D0 &
s f i 7 § ! SN B i
O T
USCSC-=WASHINGTON D C ML . . b " " .
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List of raw test scores end criterion gcores for total Growp
. Jndicating membership 1n random samples Cl, C2, C3

Raw Score oa

Total Secore

idents Predictor on Criterion
Na, Variable Varieble
LA )

5004 : _ {1636
8220 23 20 24 13 19 1779
5380 17 19 20 I8 19 1567
6060 1B 15 20 14 (8 {640
6120 30 121 20 32 1410
Ct44 18 11 20 18 21 1582
2832 30 14 21 14 21 419
Q704 28 20 19 14 36 {o20
S500 25 12 21 20 28 13904
108 21 16 22 19 22 1688
é516¢ 19 13 21 138 3t i789
{476 25 16 19 19 3 i712
2776 19 18 24 22 33 1507
6072 25 8 21 17 31 1968
7664 18 17 25 17 29 i746
3244 30 23 25 20 38 2113
3320 26 15 24 21 34 2i1e
3532 14 2 11 o6 14 11458
2260 14 7 21 15 12 1107
6224 16 7 14 18 13 1153
G664 16 B8 16 4 3 1207
0412 12 1011 5 19 1194
4848 20 12 17 13 9 j187
3800 9 4 1512 4 1238
3636 16 13 21 18 24 i29%
6166 17 5 1 16 27 1331
3344 11 27 14 23 26 1326
3524 18 9 22 19 21 1347
4824 12 13 14 12 11 1344
2588 17 11 20 13 24 1361
0764 20 8 15 16 6 1349
7856 14 9 16 20 22 1407
4480 12 7 22 17 18 1427
5580 Q0 9 20 7 28 t451
2244 18 12 20 12 14 {438
7568 12 12 20 15 25 1432
23% 23 10 9 6 22 1460
4160 14 10 24 21 1§ {480
2228 B 10 17 16 24 1478
5426 12 10 21 14 2 1403
3776 15 13 20 15 24 1467
8700 19 7 10 4 14 {505
5226 9 11 20 13 26 i516

Fass or Fall
on Criterion
Yariable

Ligmbership
In Groups
Ci,02,03,

w5 SE YR T Y VIR TR UG CU T IZ TR ) VR WY UPE R WE VYR TR CBY TR WL WS RE THY W VR I MY TF 5 g W W 0 W W W T u W U

WKNKKRKRKDKRKONSDIDERISIO R B3 02 19 1 B R 50 B IO ww v o o e e ot won cote tuer 538 aom o s e e oo
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tist of rew test scores and criterion scores for lotel Group
Indlcating membership 1o réndom samples C1, C2, C3

Rew Score on  Tolal Score FPass or Fall |Jewmbership

ldent, Predictor en Criterion oa Criterion In Groups
No, gmmg < Vertable = Varleble = C1,C2,83,
V Lopgpg
2048 24 20 2 1524 # 2
7796 18 14 18 16 26 1526 ¢ 2
7432 18 1S 18 12 19 1533 P 2
3972 18 1t 12 B 22 1553 P 2
8520 18 15 22 1€ 3 1583 P 2
0604 22 11 13 16 30 1572 F 2
5452 17 12 16 9 19 1589 P 2
3388 25 1S 16 13 25 1594 4 2
8792 18 9 6t © 1603 P 2
8112 13 14 19 17 15 1602 4 2
s264 13 12 25 18 27 1608 P 2
3756 16 17 20 10 12 1610 g 2
7348 23 11 21 12 20 1614 4 2
2240 16 10 20 12 31 i641 P 2
4080 19 15 24 14 18 1636 4 2
6100 14 11 22 21 3¢ 1645 p 2
1276 24 16 22 19 12 1672 4 2
6302 16 17 21 24 28 1647 P 2
2400 13 7 23 1t 29 1680 P 2
2108 16 9 11 10 36 1684 P 2
5888 24 i3 15 7 25 1685 P 2
1936 19 10 22 19 27 1693 P 2
5872 18 12 23 18 18 1604 P 2
OREO 21 12 1D 17 19 174 P 2
8714 17 14 13 4 29 1719 4 2
igg4 17 8 20 48 8 1729 g 2
7056 13 11 24 19 29 1725 L P
2008 21 13 24 17 29 1776 P 2
6732 15 13 21 21 20 1820 P 2
2202 26 15 19 4 2} 1621 P 2
8736 20 12 20 16 29 1823 ¢ 2
4408 17 14 22 20 36 1847 ( 2
3780 24 10 21 17 16 1551 4 2
7860 18 10 18 7 26 1866 4 2
5360 24 17 14 18 21 1662 P 2
7020 28 22 19 15 16 1921 P 2
7888 19 18§ 57 17 31 1930 P 2
1136 25 19 4 2} 39 i964 P 2
8760 27 17 22 16 0 2021 P 2
2002 24 19 22 21 36 2054 P 2
21ieg 12 6 7 O S 1022 F 2=3
3288 14 8 23 12 123 116 F 23
§827 g 5 14 10 4 1146 F 2=3



78

List of raw test scores and criterion scores for total Group

indicating membership in rosdom semples Cl

Raw Score on

2 £2, C£3

Total Score

Pass or Fatl

tdents Predictor on Criterlon on Criterlon
Noe  Variable Variable Varlable
T34 %5 "™ '
04676 |9 18 24 17 27 toB | P
6736 20 19 21 17 24 1684 p
1528 19 16 20 15 29 1669 P
ito4 21 8 22 17 34 1692 4
4544 29 16 17 15 22 1716 P
6820 18 11 17 20 30 1730 P
944 10 10 {7 17 {7 1729 P
6160 16 17 18 15 20 1731 P
5960 17 15 12 10 32 17414 4
9¥76 14 11 4 12 31 1754 P
5092 31 21 18 11 1} 1770 P
i240 17 9 17 13 22 1774 P
8740 22 O 21 14 28 1774 P
7680 23 13 20 1§ 29 1776 P
5104 21 11 14 11 34 1784 4
5272 12 10 20 146 31 1800 4
1752 24 14 20 18 9 {801 P
27186 1} 17 18 16 35 1809 P
4208 18 7 25 21 (8 1809 P
2324 20 17 22 14 13 1619 P
2732 17 12 15 12 24 1634 P
0504 19 10 24 18 33 1534 P
6404 21 {7 |7 22 35 1835 P
2516 16 15 13 |5 27 1638 4
0732 21 16 17 |9 26 1864 P
4556 16 15 23 |6 26 1868 P
5712 19 17 24 18 36 1887 P
2296 26 21 24 19 22 1920 P
2572 27 18 20 14 30 1588 P
4416 18 15 25 17 29 {925 P
2796 21 10 19 16 31 950 P
4072 22 16 21 13 37 1995 P
2628 23 17 19 16 36 2034 P
6124 19 20 18 18 29 2090

idembership
in Croups

€l,c2,C3.

2e3
2-3
2=3
2«3
2-3
2=3
23
2=3
2-3
2-3
2-3
2~-3
2~3
2=3
2~3
2-3
2-3
2-3
2~3
2-3
2-3
2+3
2~3
2«3
2-3
2 = |
2«3
2«3
2-3
2-3
Q=3
23
2-3
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List of raw test scores and criterion scores for lotal Seoup
indlcating membership Is random samples Cl, €2, C3

Eaw Score on Total Score  FPass or Fall MQm&crshiﬁ

tdent, Predictor on Sr!?gglaa an Qriiaitma In araugs
50 Varlebhiq Variahle Varlsh
WweO A2 21 A3 18 A0 2203 ¢ ‘2..3
G084 17 11 8 17 18 P14 3 p
7380 12 1 18 10 ¢ 171 ¥ 2 w3
3440 © 4 § 8 13 1154 ¥ 2«3
3660 16 O 1O 13 1} 1214 ¥ 2 a3
62%2 4 9 21 W on 123% F 2wl
1016 15 10 10 5 1 1247 § 2 .3
1766 16 8 11 11 10 1244 § 2 »3
3i668 10 8 23 12 & 1298 F 2 3
O848 13 12 13 9 12 1324 F 2 .3
5288 13 14 1% 10 20 i337 F 2.2
Q364 15 16 22 22 29 1339 F 2 w3
8420 IS 3 6 8§ 8 1347 F 2 =3
6372 8 10 14 12 26 1374 ¥ 2.3
o116 20 10 22 19 © 1366 £ 2 u3
2596 17§13 20 17 10 1305 L 4 2 -3
1808 12 13 21 47 13 1394 F 2 3
3580 12 1t 21 16 24 1413 ¥ 2 «3
fa48 g & 17 15 20 1415 g 2 3
S400 186 5 11 16 24 14458 F 2 =3
1612 16 0 15 4 23 1441 ¢ p -
1412 22 10 20 13 20 1480 4 2 3
go0e 17 11 20 17 21 1483 F 2 «3
202 19 1t 18 13 18 § SO0 £ 2 »3
7900 10 21 13 7 25 £S5 g 2 3
3528 23 4 13 13 1} 1514 F 2 «3
360 22 & 17 10 22 1522 ¥ 2 «3
3n48 27 1% 2t 16 15 1525 P p I
7132 23 44 21 20 18 1524 P 2 w3
o636 14 10 11 4 12 1532 # 2 »3
JOOR 2V 12 17 17 22 §528 # 2 w3
0564 18 6 20 ¢ 32 1533 P 2 «3
716 19 & 20 16 20 1557 4 2 -3
Ocd 4 5 10 M4 27 1508 ¥ 2 -3
7350 21 17 2% 10 26 1501 ¥ 2 »3
2768 22 18 17 190 7 1805 P 2 -3
8132 15 9 21 13 27 {608 P 2 =3
6538 21 7 25 17 32 oy P 2 »3
6412 21 9 21 12 34 1633 P 2 w3
DOS2 27 18 17 12 20 1830 p 2 »3
3332 10 8 19 16 9 642 ¢ p
4220 17 15 22 15 10 1640 P 2 »3
4208 21 16 2V 8 3¢ §672 # 2 »3

170675
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List of rew test scores and erlturl@n scagc: tor !ataé Group

Indicating membership

Raw Score on  TYolal Score Pass or Fall #embership

tdeats, Predicior on Ceiterion on Criterion In Groups
) ‘f#r;emg —r Variable Varisbile CLCRCI,
2%32 % § 4 I R 1550 # i3
1800 12 15 25 17 25 $E25 14 fw3
6112 10 12 17 ) 32 1613 F j=3
2015 1 12 2 17 41 1472 4 (=3
s 1o 10 8§ 4 9 isat P {=3
5080 20 16 10 7 12 1484 P fw3
6600 23 o 25 22 38 189% r j=3
5172 23 8 15 6 I 1733 P =3
3088 19 8 21 25 W 1625 4 jw3
4976 21 12 22 18 12 1581 P -3
8656 21 ¢ 13 18 30 1584 B 3
5248 13 10 24 20 13 1646 P jw3
7276 2% 7 17 9 19 1767 P j=3
3172 17 1118 9o 10 1532 P =3
3152 2% 14 10 © 20 ta01 ¢ I
Co44 22 10 13 12 24 2025 ? i3
4152 24 4 17 7 37 1587 P (2 |
&428 15 12 20 10 24 14758 P j=3
1204 190 15 20 @ iS5 123% i3
3616 16 10 21 12 12 1309 F i~3
QOvG 13 11 18 14 24 1312 F f=3
2444 23 o 12 B 12 1430 P jo3
3228 19 16 20 6 23 1202 F j~3
2812 13 %5 10 & 10 1201 § j=3
2120 12 10 22 vt 7 1238 £ j=3
468 1Y 2 12 & 7 1014 F {3
7388 10 10 22 25 15 1543 ¥ (=3
0396 15 7 17 14 ¢ 1362 F =3
4532 10 S 16 § © 1304 F i=3
2550 22 15 16 15 37 {778 4 {=3
2100 15 14 22 16 37 (545 P j=3
1792 15 13 20 16 18 14114 F f=3
7152 27 14 10 13 47 . 1876 P fm3
1572 14 12 22 13 W 1562 P {ed
7976 18 14 90 20 14 1613 4 jw3
7192 20 10 21 17 24 1747 P Joud
100 16 11 25 2) 39 1749 ¥ {3
3748 26 19 12 17 15 800 P jm3
4256 19 9 24 16 32 1889 P j3
B428 1o 16 15 17 3O 1907 F {=3
8548 21 14 22 1§ 20 1907 4 1=3
G264 20 21 19 14 24 1804 P 1% |
3824 19 13 21 17 1e 1718 b 1=l



Lish of raw test scores end crilerion :a%rtt tor ie%ai Croup
ladicating mumbershlp In rendom samples L o3

Pass or Fall

6l

%mm&er:&!p

Raw Score on  Total Score
tdenty Pradictor on Criterton on writcflan ia Jrgnpt
Noe rish — Variable Varlebla CLCQ C3,
7520 18 18 20 21 20 1547 P =3
wel 1B 1S 17 13 16 1522 B j=3
7148 22 5 21 18 20 1401 F fw3
0268 15 11 24 17 V7 1426 £ i=3
3806 17 13 17 16 29 1422 F j=3
8832 21 12 22 14 25 1459 § j=3
5884 20 11 19 17 25 1579 P {3
lﬁ?& 18 7 23 21 30 1438 F 13
20 13 19 1% 24 1655 4 t=3
SP8E 20 19 22 21 2 1664 P =3
Gel6 IV 16 2% 17 2 1685 F j=3
Gl 2% 18 21 15 20 1707 P =3
2092 21 14 21 14 20 1714 P {3
3¢ e 13 21 21 3% 1898 p jw3
5120 20 15 22 17 M4 2032 ¢ j«3
4516 25 18 21 17 37 1966 P =3
3588 31 17 22 24 38 032 P =3
3028 22 1o 2V 17 26 i?&é 4 i=3
6704 24 13 22 15 98 P im3
Q20 20 13 24 1o M4 !5@& B t=3
7728 16 14 Q) 14 3D {574 P t=3
wzg 16 14 2029 2) 1403 P =3
24 23 12 22 16 94 1410 N =3
a980 18 13 20 17 23 1558 P §
7772 18 14 22 17 22 1504 P {
10008 17 17 13 11 ¢ 1296 F i
3476 14 10 18 17 7 1283 F i
S900 13 6 15 11 @ 1370 ¢ i
6540 1% 11 24 16 © 1439 £
6720 14 S5 19 18 S 1026 F {
4392 10 6 11 12 4 1aa4 P |
4508 1% 13 21 17 6 1481 ¥ |
5308 1 7 #8 13 14 1192 4 ¢
0664 10 3 12 12 19 1240 § i
6304 9 13 22 13 13 1692 ¥ i
1716 20 6 24 17 13 1575 P {
2376 10 o 14 20 20 1239 F i
6006 156 4 15 16 3% 1707 P f
3436 19 5 21 12 26 1386 F i
7316 14 4 20 20 29 1364 # i
GEB4 15 & 17 20 18 1496 § 1
0136 21 S5 17 4 14 1532 £ H
3328 27 ¢ ¢ T 2 1330 F i



List of reaw test scores ssd criferlian s¢ res for
ind %ﬂ&%?ﬁ};ﬁxnp#rﬁéiﬁ Yo rancom samples o1, <

82

i &ﬁl Ry TS

22, 3

e heore on

Total Lecors

fa

$8 or Fell

tegmbership

fdente FPredictor on Criterion en Criterica Ia lroups
iy o Yariai e Vartable Veriablg Cl 2,03,
2 3 4 5
4012 n 13 I65 7 12 1861 ¥ }
Gechy 24 16 16 8 2¢ 1540 P H
03286 19 ¥ to 14 31 §389 £ {
76 2 13 10 5 W 1358 F i
GOOE 22 8§ 25 20 35 1903 # i
Resg 15 7 10 ¥ 14 1475 F {
7328 13 10 20 22 23 I557 ¥ H
143G 23 1 12 16 10 {6io # !
73% 19 14 10 i3 ot $32% ¢ i
£53g 17 7 i? g 15 1340 F }
2324 3G R o 21 1553 ¥ t
G50 14 12 3? 1% 35 1432 P {
G256 13 8 20 15 {461 F }
OP%G 20 21 25 v 12 1043 P i
7332 17 41 26 0 14 1701 P }
7272 @1 14 14 © 71 §532 g i
g276 19 1o 14§ 3} 1439 F i
4206 17 15 1o 11 49 ja5i F i
7% 15 12 9 12 1§ 158 P }
B80& 27 14 15 12 26 1927 ¢ {
7260 14 11 19 19 30 1575 F |
0512 14 11 28 g 18 1420 ¥ i
#344 14 1O 1@ 12 28 1878 ¢ |
5896 14 17 19 18 14 1542 ¥ i
J706 14 14 24 22 33 1626 F i
G120 15 11 16 tg I8 1658 P f
2574 15 1y 22 18 17 1497 12 {
860 17 14 22 16 14 1578 P }
296 19ty ¢ 13 17 1533 § §
4202 17 1o 16 17 33 He3e 7 }
Q628 15 12 25 25 22 1567 P {
304 17 16 20 1@ 23 1524 P i
K69¢ 19 13 14 14 26 1520 F {
2404 14 12 17 16 15 1347 F §
1760 16 13 15 14 48 1273 F |
14 20 12 25 10 1S 680 # |
7128 14 1O 22 1E 24 1360 F i
S8G4 17 HL 20 43 4B {713 ¢ i
4784 5 10 22 141G 710 § i
Shos 21 61 18 20 17 §443 ¢ §
G726 10 RS 21 7 §5ag f i
SO 23 4% Q% 24 47 1554 ¥ §
SR20 ¥ th 21 18 17 {322 £ i
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Ph. D, 1952

Date of birthy WNovember 12, 1916

Place of birthy Cleveland, Ohlo

Secondary Education: Glenville High School, Cleveland, Ohio

Collegiate Institutions attended Dates Degree Date ot Degree

Western Reserve Untverslty 19348 A.B., 1938
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Psvchologist, Army ot the United States, 1943=46
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