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I. DIRODGGIION

From the industrial point of view, the efficient selection of
personnel becomes increasingly more important as the complexity of the
Job increases, Mistakes made in the sale~tion of punch press operators
are much less costly &nd easier to correct than mistakes made in the
selegtion of vice presidents, A somewhat similar situation sxists in
the field of education, The selaction of the wrong candidatss for
specialized training 13 costly, in terms of time and effort wasied,
both %0 ths student and to the institution whoee facilities and staff
are limited,

One area in which the selecticn of personnel capable of success
on the Job is extremely criticzl at toth the college level and in the
field is the area of machine design, Able designers ars few, and,
e;pecialiy in times of national emergency, there is an urgent demand for
their skills, In such a situation, even slight improvements in the
prediction of success on the job or in training may yield sudbstantial
dividends in terms of types, nmumdbors, and quality of products developed,

Therefore, the problem of identifying creative ta’eat in this area

has been an important ono for those who wish %40 select ongincers already

4n tha Rewvalon.

- v g

in the field as weil as for eﬁ@toré whose interasta 14
nent of future designers. .

The problem for‘tho present study, then, is to develop instruments
with which to identify creative mechine design adility. The investiw
gation 48 primarily concarnsd with making this identification at ‘he

industrial levei, tut an attempt to predict creative ability at the
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time individuals begin specialized engineering courses in collsge
(usuelly the middle of the third year) is also being mede,

Previous investigations in this area have besn very limited, Some
progress has been made by Guilford (2), in the factoring of teats
agsumed to measure reasoning ability, Howevor, no validation of these
tests hae been underteken to date, Until such validation is dono on
& sarple of machine designers, nething can be irnferrsd about the extent
t¢ vhich creativity in machine design may be predicted froam thece tesis,

Farhaps the most claborate system for aclection of proapective
croative designers used in incusiry is tho technique empleyed by the

. @General Electric Corporation (5). A serisa ¢f tosis, interviews ard
Jjob assigmments, as well as college grades are used tc evaluate candi-
dates for G.EB.'s Crsative Enginsering Frogray, IExecutives in charge of
selection for ithis program sesm well satisfied 'with the gystem, tmnt

-again, the lack of wvalidity dats ﬁakes_, it difficult to obt=irn an objece
tive svalnation of the inetruments used,

Ons fact which emsrges from the revicw of the availeble .literature
in the area is that the definition of creative ability differs somewhat
emong diffarent inveatigators, !.'ieo, “ercativity!, in the tcchnical
sense, is not alwaye the same @s "creativity" used by the luyman,
Thezrefore, in vrder to avoid confusion of terms, the following dofinie
tions for creative end nonecrestive designers were adopted for purposes
of thie atudy.

Creative deaigners: Parsons who have demonstrated the ability to

comprehend the nature of a design prodblem, and to produce & novel,

niong, or origimal solution in the form of & total, functional,
and practical mechaniss, Creativity, in this sense, does vot
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neceseerily iavolve the concepiion of en eniirely msw principile,
tu% does involve the combination of existing principles or mechane
lems in smech a way as to produce a new and uniqua ssluition to a
previouely unsolvad prodblen,
Non~creativo Gsuigners: Persons whess asjor fanction is t2 work
out the details of a design; that ic,. e engineors who do not
produca originnl idezs, lut who work out tho routire protlems of
what materialcs {o uss, and who smooth cut tho design according to
estatlished procodurss,
To obiain more suggesbions stoult the tyiss of vects which nighd
b2 useful in predicting creative ability. persons in choarge of design
departmente in which creative irdividrale wvere emplared wore asked fcor
their cpinions concerning the charactoristics of crestivo enzincers,
On the basis of tuese sugrsstions and the prsvious studies in this wres,
four major assumptions were adopted as gridionz nrinciples for &the come
siruciion of testing imsirumenis,

FPirat, it was assumed that in crdsr o maintain 2 positicn as a

nechine deaigner, ¢ituer creative or nonwcrcative, an individval mued

¥as further essumed ihai this miniwwm wes censideradly highoer than what
is generally tormed "everage inuvelligence®, Tor ¢this reason, any aiterpd
to discriminate betwesn creative and non=creabive diecigners on the bvasie
of acores con etandard intelligsrnce tests would probably not prove
fruitful,

A second major assumption was that & moro accurate mezsursment of
creativity could be obteinsd by svaluatirg eodmethinz which an individual
has produced instead of attemmiing Yo accore judgmicnts which he has made
. about something produced by anqthere To thi3 end, completion type

rather than racognition type icets were consitructed,
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The third acssumption made was thet differorces in age, orperience,
aud formel trudining, cpart from diffarsnces in crective 2bility, night
produce differences in teat socres botween tae criterion groups, To
prevent the vesits Ifrom tacouinz mare moasure: of time and Yraining, the
criteriorn grours vwere meichsd 2o nearly &3 pluscible with respect to
these three variables, znd analyses ware perlforned to debermins how
well the maitching had besn done.

Finelly, sincos ths "gpeciiiceity” or "gsasrality™ of creativity is
upi.pown, it wag assuwwed thas the 4dveit is spoeific %o a given Braa,

This is nct t0 ooy thet only engircors can b coeativa, but rather, that

ereativity in onginesoring is different fron orsativity 4o other fields
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¢of endeavor, f this assumptiic2, vrobloms dealing with

]

machine design rather than with Fgsneral crentivily” werz devoloped.



II., MRTHOD
A, Tests Coustructed

¥With the aforemontioned aesunptiona' as pointe of reference, six
special ability tests aui a persomality test vere comstructed, All
special ability vests were adminisdered to coilege students to obtain
an estimate of fiem difficulty and time necessery for administration,
Items which provad extremely difficult at the collego level wore dis=
carded, and twoc axperimartal test batteries wsre essembled from the
remaining items, Battery A consisted of thras special ability tests
and a persopality test, Thece weroe:

Mechanicel Ingenuity, Power Source Apparatus Test

Three Dimenaionel Spsce Relations Test

Pigure Matrices Test

Perasonal Inventory
Battery B was composud of the following special ability tests:

Mechanical Ingermity, Design A Machine Test

Huxber Series Tost

Unstructured Test for Creativity in Machine Design
A type of bdiographical information dlar’s, the Personal History Form,

vas also inclnded with both test batteries,
B, Selection of Item Analysis Sample

Industrial firms wers contacted by mail and ssited if thsy had grovps

¢l oreative and non-creative engineers in their wploymont. The previocusiy

R L b
: S
AR

s i gy




stated dofinitions of creative and non-creative onginsers wers inciuded

iz the levieors,,

if sueh individuale were employsd by “hese ccmpanies, and if the
comparies were willing %o allow ¢heir engiuncers Lo be tested, tiey were
ingtructed to have an exscutive in chargn of the enginsers fnev=lly the
chief enginesr) ideatify those porsons who comld bo considersd creative
aceording to the dofinition, &nd 49 select & like rmmbor of non-creative
enginesrs, matching th:e two grovna a3 nearly as pessible with rispsct
%0 age, awcunt of education, and amount of orpsrience iz the [i:ld.
Subsequent v Yests beiwsen tke critsrien grospns on thess varinbies
vielded ne differences whick were significsnt at the 5% lovel of conlie
donce,

Sixzteon coupanies, conbtributing e btetal of 135 cnginssrs, cgraed
t2 cgocperate in tho siuly, Muriug o two-nonta perisd. Datisyy £ was

administersd 4o nine of the participating ccipanies, contzibvuling &
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sota)l of 70 men. and dettery B ues adninistorad
comsnies, providing a2 total of 66 men, 7he btypes of firms tesued with

Batiery A included o coupany proaacing wnial counbainsrs. a printing

TTO58 corpwai,,vn5 2 :lirm pyvoduciugz washing wechinsge, o anydranlic appii=

ance compavy, & maching tool plant, a €irm which mamfactures conbrels for

machine $ools, and $wo tractor mamfacthuring conpenice, IBaitery B was
adminisvered 4o enginecsrs at an iron works, o brake end ¢lulch comany,
a hydraulic spplience firm, a company wmammfacturing electric roirar lins
equipnant, & broctor wozks, & w=menine tool plisnd, and & sapmpary =hich

mokes parie for Jsb enpines.

s
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C. Scoring

Scoring on the Thres Dimensjionnl Spsce Relaticne Teet (3-D), %he
Figaro Matrices Test {Fi), anéd tha Famber Serice Tect (7S) consiatel

almply of marking $temc as correct cr incorrsgt on tihe hesis of 8 pra«

u

vicusly comstrucihed ecoring key., In additica, & pirt scorc wae obisizned
for the itomz in %he =D test, Sirce ths enzwenrg iavilved thy culrsct
identificetion of tur.e sidss of o cubs, enci oliie as scersd ay corvect
¢r incorrect. The paiure of ths remeining i2sts wos tack $hat 1o scoring
ey conld be duviscd bheforeaend, Rather, 2 iist o
mathods wae conpiled for eech of these westis.,
Isoms 4in the Moechanicel Ingemuisy, Feowe:r Sgurcy foparatns Noo
(P34), and the Mechanical Iagemaity, Dosign n Hochizns Tost (D) wars
axaminad for tctel ronbter of solubions given, In oddition, the soluiiens
given were clagsiied as workebls ur not werlmbls Ty Uwo indepenizab

Judges, Yer the IGA Lect. $he per cent of sgrecnen’ hotssen Judzie on

o
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soluticzg for individual iteme ranged frem 60% 43 4
704, Tor the LM tests, intorjudge sgrosmont ranged svea 59% to ©3% for
individual itewns, with 2 wean of 4%,

The Unstructured Tesit, {(Unsir), wea scored for otal musler of
objects idsniified, mraber of responssg par rirmis, BURUsr of TO3DORIES
iavolving moticn of the objects seen, cverngn muntsy of line sesuents

uged in ewch regponse, numbtor of wmechimse ideasilied,

]

=l pay oens of

machine resvnonsas
Itons in the Parsonal Inventory (PI) ware of tho poired sisisemcnd

o~

Texced-cholie Yypa, %29 scoving of whlch -oull net be crsdesuvrnined,



Iastend, ar aralysis wae performed, es described below. For the items

that alecriminated siynificantly betwesn the criteriovr grouns, a scoring

Koy woe detormined. cuchi thet Tor each item, the respenss more charactere

igtie of tha creative group was idsntified a

[l

3 the ‘ecerrect™ rasvonse,
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11I. ANALYSIS OF THE DATA
A, Itew Discrimination

As in scorinz., the nature of L3 itcus s 221l as t1e wumber
availatle mathads of anzlisis dictatad ihie procedurc
new well each item differentialed bebwesn tho eroatbivs it the non-
creative groups, For all tests of item Afscriminasicn, subjechs Trom

all companies were pocled, and tscizd ag a eingle scuvle

Table 1 shows %ha tests, scored as iadicated, nich were snalye=d
by means of the H test {(4), & sesy of the si:mificznce ¢l the dille
betwesn rapke, to leterning if 2 adienific-nt differancze axisizd Hotwsen

the creative and non—creative group

Tass Saoping rienhod
F54 Total avmber of sclubicns
PSA tfumhaer of workatle rolu%icua
oM Toval ramber of soleitions
i Mamber of workadle uoimiions
Unstyra. Total manbtor of rosuwonses
Unsir. Tumber o7 line scogn MER FGUDONNC

The tests for which continzency tulles were et up Lo tent for Giliore

o

|

ences betwean the cridarion growrs are showvn in ¥able 2, Finalld
part zecr? and the whole acore for the 3D tost 1tuns were veed o
preticiors in dlseriminace funchions in an aitteupt 1o 2modich the

creativo, noa-ereative oviterion,
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respact to the criterion? To arswer thic ovwaestion, a goodnews of f£it
Chi square was obtainsd for each itom, with the mumber of responzes by

each compary as contribating elemants,

2, Comanv afPect 3, Tor those itsms 'shich differentiated.between
groupe when individusls from all compusnies ware lumped togedher, the
following question was asked: Is the proportion of correct responces
(cr otker responss msasure, dependinrg upon ta1e scoring mathod vasd)
made by the creative individuale independert of classification Tr
compary? %Yhe answer to this gqusstion was provided By obteining j X 2
Chi squares with the properticon of correct rispouses by critericn

groups for each cowpany ag contribubinz clemante, Snoedeeny's cozmputaes

tlonal method {6) was employed to obtain these Chi acvarse,

"

C. Reliability

Odd=even corrolations, corrected by the Spearmar-Brown formala for
a test twico the length of the halves, wers cbirsined on all 4ests which
were Y0 be incladed in the revised batlicry,. .The infoyvmatiop {rcr the
Personal History Form was such that it was im ..itlo %c compate

oquivalent halves reliability coofficienis,
fficully

The percanitegs ¢f sublects anawering corractly was copputed for
all it%us, In tke case of a scoring mathod involving mumber of responcss
zs %he measure uced, %he mecan muter of resnonses per itsm s86.v: . 28 the

index of difficulty. In suzh cases nothing could te inferred 2toul the
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Tests for which item intercorrelaiions wwere obteined wers tns PSA,
DM, Unstr., and Pi, (¥or the Fi, intercorreiations were obtalned only
on itoms discrimireting at the .10 lovel or Jetter,) Total scora
intercorrelation: were obtanined between PSA nand PI, and betwe:xn Unstr,
and I,

Protuct-mement corrolations were usod in ell cauces excert for the
intercorrelztions among items of the PI, Thoge items weire such $hat

the Phi coefiicient wasz 2 more aporopriate measurs of association,



The critorion foi‘ the salec‘aian of an iter to Be used in the
vevissd bettery vwas taat. the mll hﬂpot wesin of g difforenes betvwaen
the means of {he creavive and nonecreative pspulé.tiqﬁs be rajacted &t
tha .20 lsvel ef‘ confidoncs or bettar, In e.iéitien, for esach tes%, the
02 deucribed by Brozelk and ‘iede (1) was uséi_ %0 éezi'.arming-\-whetlaer ﬁ_b.a
munber of items in thgt test which wers significant 2t the 20 confi-:

ders level or hottor was greater than eould 31.."8 Tasn aznscae'é. by

2 .

chance alons, Table 3 shows the mmdar of {sezo wiich wera chkcszm

from each test for further validation, according bc ihe sbove criteria,

Sl e S LR T Tanle. 3 25 : : ;

Homber of Iae*s,} by Tests and Scoring lﬁeuhodso
. Salected for Validetion

Tost Scoring Mothod Ho, of Iteme CR )

PSA - Fotal ro. of sol'n 7 2.5 0062_ i
oo e Ho, werikable soifs o, =Rl 2.9 "= 50227

PIL B R 50 3,70 -0001
Tusirs = Roo of responses i & 2.646 — 0197

b1 Potal no., of gcolls b 1,55 0895

i Ho, workabla aoﬂa 2 3,31 01357 _

T e

In add*tions soe ton arses i‘rom tas ?ergonal distory Fur’n wore found &2 .

dmcrmm&t - betwsen the criterion groups, &nd have besn included .in tus

‘ravised battery, ok
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B, Compary Effects

Tests for company effocts showed theti tiie items which had tasn
chosed from the PSA and DM tests were fros £:-¢n bota coriceny offect A
and company affect B, Twe items of the FI, and three iftems fron the
Unstr, test were found to have a significant compaps effsct A, 411 itema
except ons from the Personnl History Feemvwers fies ‘‘rom company a3ffect B,

Since company effect A is primarily concernzd with the relsaticnship
botween coupanries, withou$ concern for the claassificatioa of engineers
within those companies, it would seem thnat 2 significant compeny sffect
A might te important in detormining tho norsms for a given tent or test
ivem for u spocific company. Howcver, if all sudjscie in sone companiss
had higher scores than all subjecis in ciher companiss, Shis would not
imply that & given item wss discriminsting Vot 5hs criterion groups
in ons company to e greater extent than in another corpeny, Tor ihis
reason, no itewm wae gliminatied msrely becsuso it wes found to hewo a
significant company effect A,

On the othker kand, a significant comanv eifecs B would indicate
that the proportion of correct answers ziven by a pariicular critsrvion
group was dependent upon the company Trom which thiw group wes takon.
Tharafora, it wonld be inferred that an item with & sisnificant company
affect B was pot discrivinating equally woll in ell companisa, I this
wera ths case, it would be justifiable to imclude such sn item i the
fin2l battery weroe tc bz used cnir in those wonmaniss where ths isem
discriminated woll between the criterion growps, Since this wac not {o

Yo tha purpoee ¢f the finall btattery, ths onz item which had & eignifl



P ]6 (23

cant company effect B was excluded,

C. Belisbility

Reiiabilitiss of Revieci Tesis

Test T Coryecisd r
=1 002 ol
PSA o 78 .88
by o715 ~86
Unsir. -89 9L

48 in the cese of item intercorrslatioms, thiss rfs may be somewnat
spuriocusly bigh, since they were obtainad viing only thoss itens whlich
discriminated between the criterion groups, Howevar, it would elpenr
that thess correlziions are high eaough o Justify furthar tesiing
withcut the constructicn of now iisss merely %0 increase test ralia-

'

bility,

The item difficulty indicee genorally riuaged cround .50, wish the

exceptions of items ai thae begimning and su? of the 3-:D and WM {:ie,

bsocause most o0f th8 sudbjects dajd not have an orportunity Lo shirmt
T Ly ]

=8

w2 in the $ime allowed, Xvon though Lo anount of iaformaiion was

limited on auch items, they wore nny Incizdct im %Ly rovissd Latilory,



since with both tssts, 2 large mmwber of itema which had bvasn aitempted

bty nearly all Ss did not differentiate betweon the criterion groums,
E, Intercorrelations

Phi coefficients between discriminating itoms on ths PI mrs shown
in Table 5, 4= previously mentloned, ths item intovrcorralations for the
PI included only items discriminading at the .10 lersi, The corracted
reliability coefficient for the PI, ircludinz those 1iems discriminating
at ths .20 level, was 77, which would suggest that the item relizbpilie
ties nre gquite lov, This is 03t uncommon for psrsonality items, It
vould seem reasonabls that thoese items discriminating a2t lesg than the
<10 level may hkava done so at lenct partially because of lower itom
religbility, If this wers the case, it would be expectod that itom
intercorrelations based on those items weould be spuriously low, 2aad so
low as to obviate any inferoncee from therm, comncerning the consiraciion
of new itecms,

From Table 5 it is apparent that the ivem latercocrralations for
the Pl, cven among the itens dlseriminating at the ,1C lavel or batter,
vere quite low, If itoms on tze PI ars measuring soveral distinst
parsonality traits associated with creativity, the member of itans which
measure oach trali was extremely smali oa tho saperimentil ilsvit, sed
should U2 increass>d on the revised test, Houwever, with the inforratilon
which is availepbls at present, it ig not pornible to say, with auy
degres of certainby, that unigie factors acc being ncasured by icems on

this test, In visw of ithese facts, a corpronige soluvion wam roached,
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thess correlations was high anough to fustify ths om

nf tects from the reviged batbery,

~
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rEASUTIE C

In genoral it michbt be seid Shat the results of 4he

¥

aesocistio. obtained mponn discriminating itsme on the gevsrnl tonts

were somsvhat worhivicted, both by 1isw uareliadilily, and by “h: facy
13 ttems ware corrolated with the coritaricn. Thsrefors, ac
conclusions drewn fro: tlese reculis must be f2ntoive et baeiy, and any

. .-

dacigions as %o tuc onstructloa of additionzl items2 should »retadly
no% be wpade ou Yho beris of thsse ecnciusiens alone. Retheor, ticce

ictercorrelations wers viewed az vory zougsk Inprexivridons of She

s S Y . e = Al il T AR = CARE = e
relationsaips tnich exint, and feriues i%om onutructisn vas postponcd
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As hes zlready been mentic o3 aerrangemanie bave been wmade Yo test

a spmple of mechonical engies: s opporciscs Een ia ‘uhz'ea advanced
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