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previous atudies have demonstrated that many different 
,1 

factor pattern. are involved in Pi~et·. tests. 
~, . 

An attempt we. made ta dete~ine the factor content of 

several Piaqetian con.ervation and cl •• siflcation te.ts • 

• Pifty-two children, with an average age of 94 menthe, were 
, ' 

t t1" 

qiven the Pi.getian -te.ts along vith certain conventional 
( 

intelligence, verbal, perceptual, and ~ry te.te. 

The re~~!l ts were correlated and factor analyzed •. Vari-

max and quartimax rotations with bath non-normalized and 

normalized data tended ta indicate that the factor-composition .. 
~~ , 

~,' af t~è piaqeti&n te.ta differ8d fram that of the conventional 
L, 

'", 

teat.~ ) 

, . 
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\ ?, "i' .L, Des et~e8 ante~ eut8 ont demontr que plusieurs 

écha~tillons factoriels sont. inclus dans les tests de 

Piaget. 

Un essai a été tenté afin de déte'rminer le contenu 

~.ctoriel de p~,usieurs· t'e~t~':de conservation et de elassif

ieation. On a fait subir A einquante-4eux enfants ayant 

un Age moyen de 94 mois l,es tests piag'tiena ainsi que 

certains tests conventionnels d'intelligence, verbal, per-' 

ceptuel et de memorisatiop. 

Laa résultats ont été éehanti~18né. et analys'.. Le. 

rotations varimax et qu'artimax mises en r~pport avec 1 •• 

donn.es à la fois non-normatives et normative. tendent à 

in4iquer qué lé facteur composition de. te.t. p1aq'tien ••• t 

différen~ de celui des t •• ta conventionnel •• 
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'.Introduction 

Intcll;igcncc i\nd hmnan abilities have been·porftir.t('\nt 
1/ . 

topics of extensive discussion. Over the years," ph; lOFlnphl'rr. 

an ~hers have congregated around schools of 1 thought. 

and in due course have formulated theories of intelliqcnco. 

Early researchers, first in Fran~ and Germany anrl later 

primarily in Britain apd the united States, have perf~ct~« 

ability tcsting and have analyzed the results of their 

testing with stat~stical techniques of varying sophistication 

in order to arrive at bodies of knowledge organized into 

, what i8 known today as "classical" theories ·of. intclligE.'nce. 

,A counterpart to those theories ls piaqet's developm~ntalism, 
/ 

"-

a theory,also about intelligence. piaget's cxperti~~ 

does not rost in his careful use of accurate tests nnr in 

his use of statistical procedures but in his clinic~J 

observation of rqutinc problems presented to a~d 8om~hQw solv~d 
, 

by children. 

t For years thera were .inconsequential exchanges' betwcen 

classical theorists ~nd piagetian developmentalists. 
t 

elassical theorists defioed and organized such constructs 

as verbal ability, reasoning ability, memory, and so on: 

,r;' 

.~ 
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davolopmentnlioto cx~mjn~d ~nd orrl~red con~truct~ r.uch nn , . 
obj,act permanence, conservation, loqicl'll thOllght, l\n~ r('\ 

> ~, , 

(nrth. Not until 90meone noted the di fff"rC'nC"C" h~t""'0n th" • 

two schools and arqued for the superiority of onA flr.hnnl 

ovor the other did l\ frultful interaction betwc(\n th,. 1 \\P(') 

schools takc place. Today a considt'rl\blc body of r(']·att'n 

rC!1f':'\rch ~xi Rt.A. Sorne ot\ldi es sUqgf"Bt 'thnf· piFlCT('.ti ~n 

meè\BUreS are ossentially reasoning meas,ure~ or verbal 
• f 

( measureB: others maintnin 'that perception ls most important: 
Jo 

still othcro concl\l~(, thnt thpy l\r~ unlike ~nythjnq utili?r~ 

by classical thcorists. 

, From thnt point of vi(\w, it bccomes important to ex-

amine the dnpondent or independent relationships bctwccn 

the constructs of Piaget and those of clasaical psychomotric 
" , . .. 

theorists. A rnod~st investigation will ~ designrd to 

define and cxplorc> .. theo rclationships between the following 

theoretical conat ructs : qcn~ral intelligence,:' verh" J l'hi] i t.V ~ 

memory, perception, conRcrvation, and cla88ific~tjon. 

Sclactcd tcatn for each of those constructs will ~o given 

to a snmplc, ano the reRults will he factor analyzed. 

deliberate attempt will he made to isolate factor~ th~t 

could he designntrd as gcncral intellig~ncc, vprbnl ~hility, 

memory, and perception. Subsequently, attention will ~ , 
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'paid ta the depenàènce of conservation and classification 

tests on, and conversoly, to the independence of th~m 

• from, those classical factors. 
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CRl\PTER 2 

Literature Review 

p~aqet'a Theory of Intol~t9~nc~ 

Piaget 's obscn1ations have led hi ... to the concl\1sion 

th~t ftn or9~niRm's behavior la not random but structur~~: . 
the movements are pë\tt~(ned, organiaed, coordinë\t~!1, r\11f'it~ 

or principl~f~th,. 19(9). Behavior that 1. structl1rNl 

ë\ccomplishes,its goals intcntionally and purposefully. 
1 

The ccordini\tions or princi.,ples are referred to as ~("hflme8 

& (Furth, 1969: Inhe1der, 1962) and are those aspect8 of 

behavior wh~ch arc transferred to other but simil~r cir-

c~stances. For instance, what is common to throwin~ ~ 
l' 

baseba11, on the one hand, and th rowing a softball. on 

the other, in the ~chcme. At the simplest level, th~ 

coordinations are bctwcen the different flnc- and qrops-

motor ski11s, betw~en the senses, and between the senses 

and the motQr Rkil1~. At another level, t~e coordin~tions 
ù \ 

are,-between the simp'Jcst level, the sense and motor cooF~in-

ations, and a few aspects of the environnent. For in8tanc~, 
/ 

'"'''' ,(":::- -

11 -:~ 

.,~ 
'l 'j, 

~ 

.. 

two~quite different aspects of the environment are coordinAt~ 

Vit~ one another and vith the be~Oral .e~. of th • 

or<]ani8~,' At the hi:hcst leve~. ,the 8imPle\t: coordin .. H ..... ' .• 
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and the many different variables present în the enviroa.ent 

are coordinated (Baldwin, 1'9,67). 

A four-point criterlonClnhelder, 1962) has been used 

~ group the sche~e~. The 9~~upings are levels ox stages 

of development. The cri,teria require that each stage in-

~ 1 h f ~ f . h vo ~e t e ormat1on 0 a un1que structure. that eac struct~e 

constitute the end of one stage and the beginning 9f the 

next, that the sequences of the ~tages. reqardless of 'the 
,- \; S ' 

age variable;'be constant for aIl individuals, and, finally, 
• 

that preceding stages are part of and are implicated in 

succeeding stages. Thatcriterionhas led Piaget and In-

helder to conclude that there are essentially four stages: 
" ' 

sensori-motor, preoperational, concrete operational, and 

formal operations. 

The sensori-motor stage consists of the coordinations 

of senses and/or motor activities. The schemes which imp1y' 
~ . 

-a mental event or an interiorized action (Boyle. '1969). 
f 

say, knowing that an obJeet'exists even though it ts not 
, ~ 

being perceivcd. and those ~chemes which can take into 
,f 

/'- acëount only one aspeèt of the environment. thO'S;~Ctu.e~ 
" 

make up the preoperational stage. The sCh~a which in

volve similar mental events artd ~hich can aimu1taneoqaly 

tak~ into account more than one aspect of the environ.ent 

Il 
• t 

'1 ~ 
t 
t 
, 
'( 

~ 
J 

" ~ , 
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~ 

bu~ which can operate only in the presence of concrete 1 ., 

o~jects make up thû concrete-operational> stage. Finë\lly, 

t h h '/h' h h . i" '. . th h .,e GC emes w 1C S ow 1nter orLzat10n even 1n e a p~nc~ 

of concrete objects and which can work with proposition~, ~ 
!Ii 

the probable but not necessarily the real, make.up thp 
- . 

formal-oper~tional stage. Evidence,is adduced to show 

that the scnso~i-motor stage is followed by ~he pre~peratiOrë\l 

stage which is followed by the'concrete-o~rational stage, 
,\ . l 

which, in t~rn. is foilowed by the formaI operational: th~t 

sequence, it is postnlatC'd, is invariable. 

Tests have been devised to help define the different' 

schemes-pf the four stages. For instance, the tpst·thë\t 

measures objàct pèrmanen~c,is a test tnat tapa a sens~rj-
'. / 

mQtor scheme. The conservation and classification tests 

are utilized tQ help clarify the behavior patterns of th~ 

concrete-operational stage. the tests which require t~e 
Q 

f?r.mulation of propositions or which require a grasp of 

proposit10nal '~tatements ex~ressed in'terms of fOrmAl 109ie, 
'1. 

those tests clarify th~ schemes of the forma~-operational' 

stage (Phil1ips, 1969). .. 

A host of sucfi tests have been created:'Pi~get'8 pro- • 

li~ic writinqs indicate that on the spur of the moment 
, ~ 

available materials woro ~nipulate~to createa problem or 
> • 

) . 

... . 

• 
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.. 

a teat. Ta th!a day, many of the materials have retained 
-, 

, , 

that haphaza~d character, that unatructured'and.non-

standard!zed element. T~e differ~nce ~tWeen'auch te.te 

and those contained in moat intel)igenèe and achievemént . 

tests is obvious. 

Piaget CDaurendeau and PinaJ;d, -1962, Piaqet, 1950,> hae 

written about a test battery p,onsiating of his testa. .. , He 

has stated that such a battery would certainly he as valuable 

as the intelligence tests of Binet and Wechsler. According 

1 to him, the value'would.derive fram the 'application of hi. 

developmental theory which would permit a comprehensive \ 

••• analysis of someone's score or someone's abiliti~s·implied 

by that score. Th~ intelligence quotient of convent~nal 
testing does not suggest anything about the, nature of a 

"Pe,rson's abilities: it merely ranks the individuale in 

te~s of their abilities. A ~co~ 'ttom his battery, 

Piaget believes, would rank a person, ,show the stage of 
1 

mental ptocessing, and by drawing ~upport f~m hi. theoretical 

writing.,~ive a definition of the moat powerful mental 

. . 
/. operations that the individual ia capable of P.4!rf9~ing., 

While Piaget himself has not collated;his te.ts into a 

bat:,e~, A~ et al.(1970), Lun •• r(1970), Pinard and Laur~4 •• u. 
/- . 

(1964). Tuddenham (1970), Ward (1970) Il 'and warburtbn (1970) ~ 
" . 

. , . , 

,- , 
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'. ~have taken up the t~F.k. Some of those have ~tried to retain 
. ~ 

th~inical, somewhat subjective }udgmen~heir 

structured and standardized approach: but &ost ~c tri~n 

,to standardize ~hel matcrials, problems, and questions" to ,. 
.( 

specify the Possible correc,t responses, and to give cl.iffeor-
.' 
1 

\ 
ential values foi the possible·responses. 

To dat~, reliabilities and va1idities have heen in-

consistent. Lunzer (1970) has sU9gested that once the 

instructions and procedures have been standardized, the 

observations placcd in an objective perspective, ~nd the 

criteria for evaluation stabilized,once that has been 

accomp1ished, the rûliability of the tests will no longer 

be a:problem. The tests, thén, ~ill measure weIl whatever 

they measure. 

Un,fortunately, even piaget 'a writings do not giv~ us 

a clear picture of what his tests are~asuring. For 

example, regarding the development of sensori-motor structure~, 

Piaget (1950) heliev~s that those structures are corrc)at~d 

with, but not totally dependent upon, perception. Elscwher~ 

ç , . 
he states that perccptual 8truct~res play a necessary though 

. not a sufficient role in the deve.IopDel)t of CCX1crete-

operational structures. Those structures contAin 'tnth ftn 
. 
Active 'elèmQn~"nd n percoptual clement: for hi~, abstractJn9 

". 
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is an active process conaisting-of takinq relatio~hi~ out 

of and adding r"t:tion;'hi • to p8rc.p~ual giv";'. dnhelder 

and piaget, 1964). In addi play. an ~uxiliary 
'. 

role in the developDent of tructures which are cognitive 

in nature (Inhelder and Memory (Piaget, 

1952) is also a factor. there are a cluster of possible , 

intervening factors such as of the instructions, 

their more or less concrete c aracter, the relationship 

between the in~tructions and tH indi~idual experiences 

of the child. the n~ of ele Ived, and the 

number system (Piaget, 1952). Therefore, while P~aget 

would like to be me4surinq a subject"s operative thought. ~ 

~\' " 
one"s ability ta structure, or one's ~nderstandinq of, say, 

--
conservation .in its pure stat~eadilY admits 

/ ~ , 

intervention of other factors precludes this. He 

that'the 

is well 

aware that one "s concEPt or: structure of conservation ià 

always with respect ta a qiven problem and given mateTial 

(Piaget, 1952·). 

Putting aIl of 'piaget ,~s descriptive, theoret~cal writings 
, 1 

4side, We can ask whether his test item., individually or , 
, 

in battery fora, 9ive us infor.ation different fra. that 

given by the usual int.elligence and achiev_nt test: Arè 

\te meaauring SOlll8 phena.enon tbat has ,~n larg_ly overlooJcec! 

. . 

1· 

.'. 
r ~~ -~ • v r":~"i<- i" ""~ - ~ l.~t,,--~.,.~ _u.:~,t.iWi~~~::1!I:Iii.~1i 
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byjSUCh .me~ ao Binet and Wochsler,? Undoubtedly nin~t 8nrl 

Wechsler, just like piaget, would he vorking under th~ 

, influence of those interveninq factors--Iength of j nl!tt:r\l~t; on~, 

the more or less concrete character of the tasks, wor~R, 

numbers, and so forth. Moreover, th98EYwouid be fac~orR 

influencinq the results of Any kind of testing. One 

difference, and it may be crucial, between a Piaqetian 
1 

test and most othe!s 18 that ,the former require that the 

environment be manipulated. That is be8t exemplifie~bY • 
the pourinq of watcr from one glass to another of a ~ifferent 

shape or by the chanqinq of a ball of clay to a sausage 

'of clay. Structurinq that kind of envlronment~ change 

may require something other than what ls required for sucees, 
; 

in conventional intelligence tests. That mi8~ing clement 

" , . , 
may be one of several,that wou Id indicatc that we arc 

getting diffcrcnt info~ation from a Piagetian test th.n 

from most other tests. 

However. that. jU8:_~.:::::{.-ent8" on rlaget'~ work ... 

~ i8 speculative. The questions still remain: do riag~ti~n 

tests measure the same phenomena a' conventional tests or 
/' 

have they defined areas untouched by other tests? If 

they measure different phenomena, then what ia the nature, 

w~at are the attrJlmtes of thoae abilities? 

, ., 

"'-. ' 

"'1 -, 
-. 

.;: ,-

~1 

'. 

/ 

.. 
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Theories of Intelligence and Factor Analyais 

The problem of what a test measures along with the 

larger issue ,on the né\ture of human abilities dateR }Vtck 

to approximately 1870. working with the problem [,of in

.dividual differences and using either regres~ion analysin 

or pearson'o proou(!t-momE"nt- corr(']ntlon, Galton ft:n\l"~ 

evidence for the age-old philosophieal distinction betwecn 
. , 

general ability and special aptitudes. Spearman (19'7) 

gave more cred~nce ta that distinction by arguing, largely 

on the basis of '~~tetrad difference (rap x r ng - r~n y 

rbp - 0), for a single gèneral factor theory, g, more often 

represented as.a two-factor theory, 9 and s, where 9 dcnotes 

the generai factor, s the specifie factors. 

Henoeforth, factor analysis, implicit in Spearman~ 

work, inhe~cnt'in the partial corre~ation of Yule (Crqo-
. ... 

bach, 1957), and developed by Pearson and by Burt (1~0), 

often paral1eled tho organi%ation of theories of intelligence 
, ~ 

and Quman abilities. Particularly in England, the moo~ 

of operating theorètically was by meaQs of hierarchical 

JOOdela. 
) 

Burt's attempts to organize abilities res\11t~rl 

in the first of sueh hiérarchies: having developed ~ formùl~ 

for simple summation and a technique for a •• es.ing group 

.' ./ 

1 
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factors (Burt, 1940), he went on to qive evidence for not only the 

g~neral factor but also for such group factors as verbal, numeri-

cal, and kinesthetic (Burt, 1949). Spearman, albeit reluctantly, 

accepted group factors, part.icularly verbal and kinesthetic, 

'1 

and later certain others. A theoretical framework sim!lar ta 

Burt's but accounting for g, group factors, and specifie factors 

was conceived by Vernon (1950). Thomson (1939) a1so worked with 

methoas of factor analxsis and dev~lopéd the sampling theorY7 al

" though he himself denied any hierar~hy or any g, others (Vernon, 

1950) believed the 9 to be a measure of the total number of bonds, 

the basic elements of Thomson's s~pling theory. 

As opposed to hierarchies, multiple-factor theoretical 

frameworks became the- means for orgariizinq abilities par

~ . ticularly in America. Thurstone drew suppo,rt for his 

multiple-factor theory when he had demonstrated that Spear-

man's tetrad difference was a special case which was bound 

to yield a single factor. He noted that wh en ~re tests 

were used, the proportionality amonq the correlations would 

not exist, a general factor would not emerge, and more 

r' 
factors would he required (Thurstone, 1952). Concomitant 

to that theoretical work, his laboratory concentrated 

on two other psychometrie issues: test construction and 

atatistical techniques. He utilized large numbers of 

short te~t. in his batteries, developed complex diaqrame 

.".. .. ... ...... ..... 
•• ".~ L .l.. ..... ~-'..,"-"..::.""'""" ........ _ ...... ioioiiIi';lIiIrIII.o ..... 1aiIiiII 
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to facilita~e the calc~{a~f corrQlation. and'develOped 

the centroid '~thod of ~naly8i8 for re801vinq the communaltty 

problem in a sinqle, thouqh -approximate, way. Moreover, 
, 

he .~lved the problem of rnaking his factors meaninqful, . , . 

notably, b~ the simple-8~t,ucture and positive-manifold 

criteria. The final contribution to atatiatics was in the 
\ 

realm of orthogonal and obI que axis solutions. His work 
( 

resulted in the!Ostulate lth t there were seven pr,imary 

mcnta~bilitiesl verbal comp ahenaion, ward fluen~, . 

,number, space, associative mem ry, perceptual speed~ 

i~duction (Thurstone, 1938). 

\ Multiple-factor theories viable frameworke 

read1ly acccptcd by Guilford. For years, firet with the , 

army ahd latar at the university, he worked with concepts 

. s~çh as \ttcntion, judgment, foresight, reasoning, creati~ity, 

mechanica.l aptitude, and a host of personality variables. 

Flctor-analytic studies by Guilford and many others had 
... . 

ge,nerated 'large quanti tics of factors; in the intellectual 

realm a10ne, by 1946, thore wcre twenty five: unfortunate1y, .. 
tactor analysis itse1f showed no promisinq, conclusive 

framcwork to organize the factors. ln 1955, having been 

invitcd to a symposium on factor analysis, Guilford pre~ 

pared a paper in which'he attempted to organize logieally 

•• 
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the then recoqnizod intollectual abilities. He-accepte~ 

, 

the orthodox distinction between verbal and non-verhp\],' 

but even for non-verbal material, for tnstance, a fnrthor 

distinction h8d to he made between that contllining figttr"" 

and tha~ contllining letters. He proposed a furth~r di,,-

tinction betwcen memory, discovery.. evalulltion, and othnr.r'. 

At a latcr date, 80cial intelligence 'became a recogni?~rt 

factor in the realm of abilitiea. The multitudinous 

factors werc finally intcgrated into a tentative, structure 
(' 

of ~ntellect model (Guil ford, 1967). The modol la l'l cubf"-

like, 'rectangular pllrnllelopiped, the three dimension .. of 

which are operations, contents, and products. Any op~r~tion 

can work on nny content to create Any product, m~king ft 

totn~ of a 

\he, tot~l. 
evidcnce. 

hundred and twenty poatulated abilities. Of 

about cighty now are 8upported by empiric~l 

.. 

Fundamental to Any thcory about the reaults of tcat!ng 
. ' 

».'~. ~~ \~ 
. ~ ~ 

1 , 

'must be the structure and operations of the testA th~Aclve~. 
\ 

Sometimes that fact ia lost or ovcrlaid bY the ,cmphasie 

upon corrolation ~nalysia. Many tests in thQ earl~ ~ay8 ~rn 

named.upon seant y cv~denee as to what they measured. Whèn 
• 

80 ftamed. it was somotimos suppoaed that thcy mcftsured 

What had been nnmed. It WAS a long timo bcfore a th~nry 

• J 

"-, 
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~j 
r.mcrged. inclulling the application of factor analyele. ,,'hich 

results today in our present knowledge of psyehometri~ 

procedures (Guilford. 1954: Guilliksen. 1950). 

For this and other reasona, common to most cl.asical 

theories of intelligence i. the ralianca upon factor analysie." 

It. more than Any other technique, haa bean used Ito clar'ify 

the contents of tests. It consists of obt~ining a ~mAll 
f 

number of constructs or factors by wh!ch to represent ~ 

large number of tests. , Each test in the battcry i a ... 

explainable in terlas of the variou8 facto'ra. Thp factors 

are thougbt of as being the crucial variables in the,teet 
. . 

battery (Adcock, 1954): they are méana used to describe 

the contents of the tests (Burt, 1940); and they 8uggnst 

psychological constructs under ~hich the tests can he 

SUbsuméd (Anastasi, 196'5). The constructs may in turn 

imply human abilities: it must, however. he noted that those 

constructs remain hypothetical entitiee which may nev~r 

have any rea1 existence. Much more research ls necded on 

thos8 constructs. 

Returning to Piaget, we find that he has qiven extensive 

,; 

;':- Il 

- ? 
,çlinical judqments on what the problema he posea to children 

. 
are measuring. He has U8ed concepts auch as loqical atructur-

1 

inq, cloaure, reversibility, assimilation, accommodation, j 



• 
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" , ' 
and equilibriuM tQ-~oscribe what the child'a mind dOêA ln 

attempting to solvo his probtoms. Aekinq whet.her t.hon~ 

concepts are inherent in t~, .olu~~on to hls prohl~m~ j~ 

poalng a question I\]n'o llnawctable in terms of clllllsic"l 
. 

theories of huml\n abU i tics. Puttinq tht) :'queation wi thin' 
... 

the frAmework of thoRc theories and of faetor annlysi~, on~ 

cnn detcct factors and, by inference, abilitios thnt arc 

requirod to complot~. for instance, the conservation anel 

cJaasifièation problcmR. 

. 
1\n lntogration of ri!!9~tj an I\nalysis an51} Correllltion~UnalY!l~ 

Attemptinq ta plnce part of Piagct'B developmcntnl 

theory into fActor-nnnlytic reaoarch ia real1y po.lng 

another qucry: in it logical to syntheaizc aspects from li 

devclopmental theory and aspects from the clasèical theorica 

of intelligence? Considerable debato betwcon Michen~T., 

Wohlwill. Birch and oth~rB (GarrJson, 1966) has cent~rcd 

on reRolving, thn Appnr~nt dispnrity betwcno the two ApproA~hp8. 

It has been argueo thnt devolopmental approlilchoa ord~r 

soquential abilitics, show~n9 how, for instance, formAI 

operational, abiliti~D Arc natural sequels to conc~etr 
t-" 

operational abilitJcn: the more u8ual psychometrie ftpproftch, 

correlatinq, analyzoB parnllol ahilities, showing how ~na 

c' 

r 
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ability·~s re1ated to ~nother, not sequentially, but con-

_cu~rently. Hence, they argue, correlating tests for 

9cquential abilities would result in a zero corrc]atjon. 

In practise that argument is refuted by noting that Piaget's 

tests, parèicular1y the stan~ardized ones, do have ~n ord~r 

of difficulty, do produce a range of scores, and can 

produce a normal di-stri"bution of scores. Moreover, two 

tests, both designated to measure operational abilities, 

may not be done equally weIl by 'the same individual. 

Occasionally, an individual will exporience partial failure 

in a test rneasuring one level of ability while achieving 

parti~l sueccss' in a test designated for a higher lovei 

ability. Since the tests do not fall into neat pl\ckagcs· 
\ 

which can be sequenced and since the tests probab1y ov~rlap 
'1 

ln terms of the abilities they measure, they lend thcmF"~lvcfl 

readily to the usual psychometrie analysis. In goneral, 

these apparently polflr theories of intelligence can help 

clarify eaeh other. ( 

That congruence between the two school. ia accepted 

by Piaget (1950) who states that both schools are gettinq 

at the sarne phenomenon, intelligence. There is no diftercnce 

between Spearman'B cduction of relations, Binet's judgment, 
'\ 

Wechsler's purposeful behavior, ,nd piaget's logic~l 
r 
1 

.... 
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'Lstructurinq (Elkind, ] 969) • 
! ' 

Mor~ boldly atated, ~hlberg 
/ 

" 

(1968) hypothesizes that Piaqetian tests will load on a 

general ~tor that will he greater t~an, but of th~ ~~m~ 
nature as the gener.al factor found in certain~factor-

, 
" analytic studies. Guilford (1967) belièves that Piaget'8 

tests requ1re the cognition of figures, occasionally the 
.,. 

cognition of semantics, in each of the product categories. 

Further hypothe,ses relating the two schools of intelligence 

have been made by salI (Garrison, 1966), Braine (1959) and' 

Meyers and oingman (1966). others have not indulged in 
f 

theoretical discussions an to whether or not tests unique 

to developmental thcories can he p~ychometricized: they 

simply put tests, no matter the source, 'into a battery è"nd 

calculated correlations or' factor analyZedthè results. 

A la~e number of such correlational studiés have been 

conducted. Sorne resonrchcrs 'have correlated scver~l 

Piagetian tests with cach other while others have corr~lated 

.those tests vith intelligencé tests, 1ancr'qe t~8ts, ~nd 

pérc~Ptual tests. These correlatio~~ie8 are valuabJ~ 
in that they show the degree Of relationship or the lack 

-$ 

of re lation'ship between the Ptaqetian tests themselve!\, or 

between those testa i'lnd other bettcr-khovn tes.ts • 

Taking a wide vicw of what constitutes i~telliqence 

1 • 

.. 

, "'" 
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gol\o' V1A(tctt.illn hUttn "nd thé StAntord Dinot fp'j.~flnhft""" 
-., 1 

1963, nr\lên anci Vor@, 14)721 Knhtb@rg, 19(0). (~lc1lJrhlfttc1 

r~lntinnRhlpa.~twa~n~~Aftrvhtlon And th. Woeh~l~r In

ttslli'fcancct I-knl~ rnr~'lllc1l".n (WI8C"), fllthnuqh, Klltinc1 (19"J) 
1 

~ ti.on bCitWt1ftn th" t'Clnhocly .'4c~t \Ir., Vnt"Ah\tlA"Y Tp .. l (rrVT) "rt1 

cunAorv"tion\wa" .iqnifkt\nt (w\\1CH, r"7,lr "~m •• 971) hut 

(!ln."iric~i.ion thet (·~)t'r.,JnLl()fI w". Jnw «'Arl.on, 1971, 
; 

do l~cy, 1971). "nv~nl~ rrn~r~ •• 'v~ MAtrtr~. ~nrr~lnt~« 

(1970) ('onco1\1(1.,(, t'.hnt. thC1 hw,,1 ot abatractnch'" nt t,htl 
o , 

1 
.t~rm. u.od Wftll (\ fM"t.Ot'.!n t" .. t1nq conloryfttinn abiJJ.tJC'II. 

Jl'urthor, Uftrtl91 '"nt! witt. (1971) round thnt lanq\l"tJ«' r'''ytt<' 
~ 

ft rolo in con •• rvfttinn. RC'ading roadino •• t •• t. eorrol"t.(\~ 
. i ' . 
• 1qntrieAntly with ron.orVAtinn (hrokka, 1972, rr"tehfJol~, 

1~70, Rau_chor, 1971), "nnd tha M.~rnpolitAn Rondln9 

.. 

; -
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Achi.v ... nt t •• t r.lat.d hiqh1y wlth'ola •• 1nclu.1on 

(Garr.tt.on. 1971). A1drioh (1970), a.rko and àrown (1960). 

8rain. (1959), 8r.~a. and Shan,. (1965a. ~965b). a,uner 

(1964). (1n ürq. (1970), and Raite (1970) reported that 

verbal matorial w •• a mediatlnq ractor ln ·cpn •• rvation • 
. 

Ito""vnr •• evoral (lnho1der.( l1.11. 1966, Jonnlnv., 1970, 

Maekovita. 1911: Roee, 1971) would di •• gr •• wlth that 

atatomont. 

Similar dieparato toeult. wero tound in the Icorre1.tlon. 

Th.,eo <.'m-rolatod .i'lniticantly wlth t •• t". me •• ur1ng v.oCjraphy 
" . 

, . 
concepte (Sa~anok, _~ 912): wilh toet. involving thinq •• uch 

•• ambiguou. fiqur". (Sant.mar la,- 1912), or luch a. em~dd.d 

tt'lure. (I-'lock, 1971), and vith the abi11ty to dra~ g.ametrio 

(L<Juree (ClUftp, ,1971: Champagne. 1971). ov.rton and arod.i~.ky 

(lQ72). howevor, obtftined reaulte Yi.ldinq no .upport to the 

hypoth •• i. that thore wero'perctl'Ptual faotor. in te.t • 

• uch •• cla.aitication. 

Turnin9 now to tactor-analytic .tudie. that u.e4 

difterent Piaqotian te.t., on. finda r •• u1ta that are by 

. 
no mean. aufficl.nt1y definitive but on th. whol. eneou»avin9. 

l ' 
The •• Itudi •••• am to t.l1 Into two c.t.gori •••. tho •• that ... 
•• ek to d.teraine. firatly, wh.~h.r Pi~9.t'. po.tulat~ 

, .. 

, ',," . , , 
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constructs do in fact ocçur .as factora and, secondly, 
r: 

~hether the,usua1 verbal factof, perceptual factor, and 

others 9Ccur as factors in Piaget 'w' test •• 

Among the first category of studies are those that 

have attempted to determine whether reveraibility ia part 

and parcel of the tests thought to mea8ure concrete-
\ 

/ Q 

oPerationa1 schemes". Inhelder and piaget (1~64) maintàined • 

that systems oé schemes have a s~bility that depended on 

the possession of five properties, the main one of \&'hj ch 

was reversibility. They suggested that reversihility was 

the basis for understanding logica1 re1ationahips and ~as 
') 

the most genera1 characteristic of operational thought. 

Being so genera1, it had an autonomy that transcen~ed 

.. 
such factors as perce~ion, language, and maturation. 

O'Bryan and MacArthur (1967) argued that if reversibility 

was the most general attribute of logical thought, then~ 
, . 

it ought to he a crucial factor iwhen tests of operational. 

thought are factor analyzed. They defined reversibility 
,f 

as' flexibi1ity of foresight and hindsight. Flexibility 
-' 

of fore8ight~ccurs when there is a meptal prediction of a 

classification or connection before the c.lass has been 
? 

'1«)rked out', particularly if trial and error are not utilized. 

. Flexibility'of hindsight occur. when an individual goe. back 

'. 

.1,.. ~ 

" 

., . , 
~ 
':~ 

J
;~ 

"~1~~ ~ 
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. 
over an bperation.in order tb take 'into account properties 

earlier over~ooked or items ~at are nev and have been 

added ta his problem. Hence, havinq operationally defin~~ 
1 

foresight by the test which requires a statement of~h~ 

classification before objects are classified'and hindsi9ht 

by the test which requires a repetition of an earlier 

operation in order to account for additional objects, 

these researchers believed that they could quantify 

reversibility in operatio~al or loqical ~houqht. 

Their factor analysis of a test battery which included 

" 
several conservàtion tests, an !nclusion test, and tests 

of for~~ght and hindsiqht produced six facto~s. The 

first two factors, the ones that accounted for the largeat 

portion of the total variance, were interpreted as re-

versibility factors. The first vas reversibility to do vith 

the inversion of classes: the second vas reversibility to 

do' with·: the reciprçcation of relations. Neither of thcse 

factors,vas general or pervaded aIl testa. Factor three 

w~s a conservation. of liquid a~d area factor, faètor four 

a 'number factor, factor five dècentration. and six logical 

, ipcluaion. 

In a aecon4 study (O'sryan and MacArthur, 1969), 
1 

the testa of flexibility of foresight and"hindsight vére .. . , 

.;: ..... ~,,:. 
,-, 

~ 1'\., 

1 
..1 

\ '. ~ 
':,1 

o ~ 
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. 
paralleled vith tests of creativity and intelligence. 

'il They attempted to show tbat what ia uaually thouqbt of as 

creativity may possibly he a psycholoqical correlate of 

their concep~ion of' flexibility. Their interpreta~ion of 
./, 

the factors, from the first to the sixth, vere rev~~sihilitv 

of the ~eciprocity type, reversibility of the inversion 

type, numerical combinations, socio-econamic status, 

conservation, and non-verbal creativity. The primary con-
-

clusion was that the inversion reversibility was related 

to creativity but the reciprocity reversib~lity was related 

to intelligence. In summary, thyintained that rever

sibility is a crucial factor in operational or 1ogica1 

thought. 

In much the same vay as O'Bryan and MacArthur tried 

to identify rcversibility in operationa1 thouqht, Ber-

zons~y (1971) tried to identify causality. From st~tements 

made by piaget (1953), it was thought that precausa1ity 

and preoperatioftal were almost if not synonymous concepts. 
, 1 

Further, it was thought tbat the shift frOill the preoper.lltjonal 

stage to the concrete-operational stage alao required a 

con~~itant shift in causal rea.oning_ Thu8"Ber7.0n8ky , 

isol~ted the problem of identifying causal and operational 

thought and of determinlnq the relation.bill between them. 

- ~ 
(' 

• 
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Be defined c~usal thouqht ~ te.ta Whicb requ1red causal ex-

planations to thinga auch a. c louda. and ainkJ.ng ahipa, opera-

tional tbouqht wa. defined bf elaaa-incluaion. conaervation. 
} 

. and •• riation tests. The five factora vere causal reaaoninq. 

operationa~ thouqbt, problem solving, cauaal explahationa of 

concret. situations, and under.tanding the c~ce. 

He concluded th6t aince causal and operatio~l thouqht each 

defined factors, 'there wes little relation" between tb ... 

As oppoaed to etudie. Which tried to iaolate Piaqetian 

conatructs in his teata, .. ny studie~ have been devQted ta 

considering whether the traditional factors, for instance,' 
~ 

those of Thuratone and Guilford, appear in piaqet'. 

te.ta. Theae latter atudiea were provoked by aODe of 

Piaget'. statement. that implied a relation.hip betveen hi. 

framework and that of sameone else. For instance. Piaqet 

sugqeated that .eriation wea far le •• cloaely r.la~ed to 

,language than clasaification, or, that aeriation, altbougb 

.omewhat related ta pe~cePtion, vas IDOre an ~peration in 

whicb SOllle fOral of order va. anticipated (Helson, 1969). 

Immediately, the relationahip between piaget's work and 

Thutatone'. Primary Mental Abilitie. beca.e a prob1 ... 

Nelaon att.-pted to detenaine th~t kind of relationship 

by inc ludinq not only •• riatian testa and Thur.to .... ' • 
• 

"d ... _... ~ ,..... ~ ... """"'~ ............ 
... _·_~"\t .. ~ 
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Primary Mental Abilities but also six subtestl tram the 
f • 

california Achievement Tes"t. The three factors that 

" 
emerged were achievement or" tau'1ht abili ties, '~easoni.ng 

, . 
abilities, and m~t~ration. He went on to conclude that 

seriation was a reasoning ability since it related well 

with ,the primary Mental Abilities. 

In a similar study, Stephens ~ al (1972) examined 

the relationship between the WISe, sorne aéhievement tests, 

and about twenty Piagetian tests.' AlI of the WISe'and the 

achievement tests loaded heavily on the first factor; the 
~ 

second factor waa labclled operationa1 thought. The others 

were thought-in-action, maturation, and percept~al factors. 
, 

Opposcd to Nelson but agreeing with Stephens et al, Heron' 

(1971) found no relationship between conservation and either 

what was called Spearman's 9 or what was called performance. 

working with adolescents and using Piagetian ite~ 
1 

dealing with combinations, proposi~ions, reversibility, 

and seriation, Evans (1970) found that Piaget's tests 
- . 

, 
corre1ate with reasoning, verbal, and mathematical-education-

al factors. 

P.E. Vernon, alth~~_ not pri~arily interes~ed in ~he 
-', 

-..... 
piaget tests ~er ~, took a battery containing ~ome thirty 

subtests to six different cultural areas. ~he test battery 
\ 

" .. 

, JI 
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, 
contained Kobe' Block., matrice., vocabu1ary, arlthmetic, 

cre.tivity, and Piagetian t.~t., th. latter containe~ 

con.ervation, cla •• ification, and per.p.ctive taak.. Th~ 

, 
aubject. were eleven-year-old boy., and the re.ult. were 

factor analyzed. ~ir.t, only the piaqetian te.ta were 

factor analyzed. The Eng1i.h-.ample analy.i •• bowed 

three factor'l arithmetic, ~n •• rvation, and viaualization, 
"' 

, 
while mo.t con •• rvation te.t. 10ad.d on the con.ervation 

. 
factor, con.ervation of amount and lenqth 10aded on the 

arithmetic factor. The main factor. of the Jamaican 
., 

re.ults were arithmetic, verbal, and practical with the 

con.ervation te.t. ,loading mo.tly on the practical fector 

(Vernon, 1965a~. Second and for all culture •• thè entire 

t •• t batte~y was factor an_lyzed. Again for the Enqli.h

sample analy.ia, tha Piag~ian teat. loaded mo.tly on 9, 

aometime. on the perceptual and practical factor., but not 

on the education and verbal factor. (Vernon, i96Sb). The 

Jamaican re.u1ta produced a q, a verbal-educational, and 

a spatial factor, the fir.t of which received the large.t 

lo~dinq. from the Piagetian te.t. (Vernon, 1965b). The 

piaqetian test. loaded very hiqhly on the qeneral-verbal 

factor but 'not at all on the .patia1 and fIu.ney factor, 
" \ 

that va. in the H,bridean ana1y.i. (Vernon, 1969). ~. 

,or , 
-, ~

,;:' 

_~ '':.-,_,,~ •. __ -''--_.l'.', .... _-.!f ~ii~fJii;.!tI~~ 
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dat,a colilected ~n Ugf\ndn yielded a verbl\l, induc:tial, 

practical and draw~ng factor: the tests of Piaget lOl\ded 
• 

mostly on the verbal factor, some on the inducti'on and 

practical factor (Vernon, 1967). In Canada, Eskimos n~~r. 

, 
Inuvik were tested: Piaget's tests identified with both g 

and the conservation factor but not with verbal-education, 

flucncy, nor space. Although the same factor. were ~x
/' 

tracted from the ra8ults of the Canadian Indiana, tho 

conservation and classification tests identif!ed with the 
, 

spatial factor (Vernon, 19fi9). 

In Californi~, Orpet and ~eyers uBed Guilford's 
• 1 

structure of intellect model as a framework for their work. 

From data that were nct factor, analyzed, they conclu~e~ 
" 

that convergent production of semantic material in eithor 

the relations, systems, or classes categories were moat 

crucial in the Piagotian tests (O~pet and Meyers, 1970). 

Five-year-old youngsters were the subjects of' thoir second 

study. Factor annlynis showed that the dit feront ~CBts 

of piaget identifiorl with a memory taçtor and with a factor 

. / 

named convergent production of semàntic and symbolic contents 

but not with a visual factor nor with a spatial-fiqural-

memory factor. In thelr third study, leven-yoar-ol~' 

subjects were uled. The conservation tosts identified 
;' 

'J 

':. 

~ . , 

, ' 
~, "'," J: ) " , ,c.. f"~\' + '''~ _ .!. .... "''!-'' t'};; . 
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with factors named convergent production ~f pictur.~ 

semantic content, an~ cognitive and .. mort of figuraI and 

semantic content (Meyers and Orpet, 1971). 

Lunzer (1970), ~o has been attemptinq to standardJ?~ 

Piaget's materials and administration procedures, administerod 

a ~ttery of taska to aeventy-five British.children. 
• J 

Factor analysis showed a clear genera1 factor on which all -'~ 

conservation tests and some clasaification tests loaded. 

The conservation of area test also loaded on a spatial-
, 

visualization factor, the aIl and some test on a vorba1 
• 

factor. ln a second study (Lunzer et al~ 1971), conventi.onal 
l -.- ... 

tests, used as reference tests, were included vith piaqetian 

tests. Again the conservation tests loaded hiqhly on th~' 

generai factor, but they also defined their own faétor. 

The variance of the classification tests vas explained by 

faètors desiqnated as general, auditory memory. visual-

4, iza tion, and conceptua 1 learning. 

ln gene~al, th. above factor-ana1ytic studies appear 

to lead to the following conclusions. It is aomewhat 

doubtful' whether the qeneral factor ia inherent in Piagetian 

testa: there was a cloae relationship between a general 

factbr and the Piagetian testa in the studies of Lun~~r 8n~ 

,> 
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Vernon but no relat.lonahip in the .tudi.. of Orpet and "'yen. ,<~ 

The verbal faet;or ,.. crucial ln Vernon". Alrican atudy 

and in tho •• of Orpet and Meyera, only the conaervation 

testa identified vith a verbal factor in Lunzer's study. 

vern~ has shawn evidence ~or an arithmètic ~actqr. orpet 

and Meyers noted that Piaget'. testa correlated with a 

memory factor.· A spàtial-perc..ptual factor waa found 

frequently by Vernon. aa.et~ ... by Lunzer. And finally, 

the conservation teata theaselves have be.n known ta define 

a factor. 

\~ 
\ 

.' , 

. 

\ , 

• '. 

\ , 
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CHAPTBR 3 

Problem, Rationale, and Bxperimert 

problem 

As demonatrated above, .everal inve.tiqatiôn. have 

preaumed to show that in Piagetian test. one or mo~e of thé 

following four "cla •• ical" factor. exist: g, verbal, 

memory, and spatial-p4rceptual. It would seam rea.onable 

to de.ign an experiment which would attempt to isolate 

thoae generally-found factors, by mean. of conventional 

reference test., and thua examine the nature of piaget'. 

con.ervation and classification te.t. in ter.m. of tho.e 

factors. The objective would he to te.t whether tho.e ~ur 

"clasaical" factora alao define the characteri.tic. of 

either or .bath of the con.ervation and cla •• ification te.t •• 

"If !t were po •• ible ta have a qua.i-null hypothe.i., 

then tha~ would he to the effect that Piaget'. con.ervation 

and claa.ification te.t. and the conventional te.t. would 

10ad on .ame or all of the .ame four factors and to about 

the .ame deqre.. Alternativèly, .hould the .elected 

Piagetian te.t. load on different factor. fram the con-
• 1 

ventional tests, that ~~ld be taken •• evidence tbat the 
,)-

factor. needed to expre.. the nature of the piaqetian te.t. 

p. 
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are different fram those need.d to explain conventional 

cognitive tests. 

Rationale-for the Seleçtion o!- the Testa and of the Sample 

In a factor-analytic study to te.t thoae kinds of 

hypotheses, it is conventiona1 practice to uti1ize, along 

side piagetian tè9tS, relative1~ factor-pure reference 
. t 

tests to define tQe desired factors. TwO~preferably three, 

reference tests are usua1ly inc1uded so as to give the 

effect of over-defining each factor (Gui1ford, 1954). 

Moreover, each reference "test must work together with its 

counterpa,rt, both having th~ highest 10adings on a certain 

factor. In this study, two reference testa are to be 

se1ected for'each of the g, verbal, memory, and spat~1-

perceptua1 factore;those eight reference tests toqethér 

with a se1ected number of Piaget's conservation and( 
\. 

classification tosts will make up the test batte;Y/' 
h 

Besides the reference tests.being relativ~' factor 
\ 

pure, other considerations must be met in selecting testa. 

Since the piagetian testa are individua1 tests, as oppoa.d 

to group tests, and since individual tests tend to giv. 
1 

more reliable and valid resu1ts with younger children, 

the ref.rence tests alao ought to be individual te.ta or 

• 

" " -".. 

',j 



-' \ 

• ough~ to he pr~sented individually. By the sa.e rat~onale. 
--.-- t}le- refer~mce tests should be unspeeded. .In additiQ.l\. they 

should he useful, for a reasonably vide age'range. should 

be easily given" cha1lenging. and appealing. 

Two reference tests which are usually associated vith 

general intelligence are needed to isolate the 9 factor. . 
--1 

On 10gical grounds, Raven (1960), Wechsler (~os. 19t9). 
, ">-) 

and ~ortner (Buros. 1965) give reason to believe that .. ~ . 
Raven's colored Progressive Matrices is a measure of genetal 

intelligence. In factor-analytic-studies. O'Bryan and 

" 
MacArthur (1969), Tuddenham (1970), Vernon (1969), and 

westby (Buros. 1956) use Raven's Matrices as the purest 

available measure of g. In terms of validity. it correlates 

at-between .50 and .65 with the Terman-Merrill scale: its 

_/'" -- test-retest reliability ranges from .65 to .90 (Raven. 

1960). As its counterpart, Kohs' Block-Design test. was 

~hos~n: Kohs states that the test measures intelligence • 
. 

and that it mcasures intelligence with a high degree of 

, 
reliability. Three studies Iby Vernon (l96Sb. 1965c. 19~9) 

give evidence showing that Kohs' Blocks load highly on the 

same factor as does Raven's Matrices. For those reasons. 

Kohs BlocK-De~ign and Raven's Proqressive Matrices tests 
, ~. 

--- -'1!r.( 

wcre chosen to-bopefully isolate a 9 factor. 

'. .. 
.. ", 1 
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,. - , 1 

The next fa~tor for wh~ch,two te.t. ar. requlred 1. 
" 1 

verbal factor. Meyer.' and Orpet (1971) hev. had con.id.rabl. 

.ucce •• with WISC-vocabul.ry. W.ch.ler (1949) r.~rt. ~ 
ù 

, 
reli.bility coetfioi~nt'ot .77 but no va11dlty co.fficJ.nt 

tor ,th! •• ubte.t." Mâny (Cohen, 1959r Davl., 1956, Ol •••• r 

and Zimmerman, 1967) conolude th.t it' .... ur •• v.rbal 

comprehen.i?n. The p.ebody Pictur. Voc.bulary T •• t (PPVT) 

wa. cho.en ~.. the .econd verba 1 te.t. IV id.nce i. wantin9 

a. to how well it mea.ure. verbal abl1ity (Childera, .1966, 

Ounn, 1965), Lyman (Buro., 1965) -al've •• 0In. evid.nce to 

.how that it correlat •• high.r with r.adin9 and lan9uage ' 
~ 

te.t. than with other.. Th. pp~ and the ~SC-voc.bulary 

t •• t. were cho •• n •• réterence te.t. tor th. verbal factor. 
\ 

Two reterence te.t. Ar. raquired to i.olate • ...ary 

-
taetor. The .tudie. by Heyer •• nd Orpet (1971) .how that 

WISe-Oigit span rorward. and Illinoi. Te.t of '.yeho

linquiltle Ability tl:TPA)- Auditory Sequential Memory .e. 

" 

ta Work together mo.t ettectively to detin. a factor. wt8C-

Oigit Span rorward. mealure. the abi~ty to r .... ber , 

(weehller, 1949, Pri.d •• in'Buro., 1972), ...ary (~.r. , 

and Orpet, '1971) ,.' tr •• dom trom di.tractlbl1ity (Cohen, 1959). 
~ 

-

and fluency or nûmerical tacl1ity (Davi., 1956). It ha. a " 

reliability coe~fici.nt 

-
> 

, 

of .60. 

o . , 

'. , 
, 

, . 
. 
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Mem6ry test measurea ah~t-term memory (Carroll in 8Uro.~ 
" 

1972) or memory for symbo1ic systems (Mayers, 1969). It 
, ..' '\. . . 

has a test~retest reliabi1ity ran~ing fram .12 to .86. 
, 

Thè WIse and ITPA I!'e,mory tests have the same procedures / 

" and contents .and hence may,be prestimed to define a memory 
, 

factor. 

The spatial-perceptual factor i~ usua11y defined by 

such tests as Formboard, Gottschaldt Embedded Figures, 

Reproducing Designs (Bender Gestalt and Term~n-Merrill), 

Porteus Mazes and Draw-a-Man. ver~'s research indicates 

that Gottschaldt Embedded Figures and Reproducing Designa .. 
come out most frequently and most strongly~'a spatial-

pcrceptual factor. The Gottscha1dt Embedded Figures were 

made public knowledge in Psychologische Forschung (1929) 
1:, 

by Kurt'Gottschaldt and were used in factor-ana1ytic re-

search by'Thurstone (1944). Th~rstone tentative1~ con-

c1uded that the test measures perceptua1-configuratioq 

strength: Tyler (Buros, 1965) concurs saying the test 
. 

'Ii • i 

requires the subject to hold a configuration in mind despite 

distractions. TAC test has a spI.it-half, rcliability 

coefficie~ of .78. Reproducin9/Designs'consists of, for 
'" 

Vernon, items A, 4, S, and 6 fram Bender Gestalt and item 

l, Memory f~esign, Terman-Merrill, Form M, Year IX~ 
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wottmann (tlufoa, 1959) di.cua,ol l\ow ditforont .corJn" ... 
k.y. Cl\n mAl(o t.h. nondor o.,talt m.".ur. di,t .. r.ont ph~n'nmf\non. 

l, ". ,,:, ,ro. \lI l, t .,. 111('0 ri nq koy "".d ~,"o,' hy )(01',,1 t v. (J 9~.fq 

n •• tAlt m.".\Jr"M ~rc"Jltunl tunc~jrminu. The llondllr n •• t"lt 

tln." roqnhllJt-y (!r .70 {Iluroa, 1972). Follo'Wing Vernon'" 

PI',,"Ot.,..,nt, thll itC'm l'tom the" 'rornlM\o·M"tI',ilJ Intnl1j~Jctnc .... 

t('l.t w". ln{"luc1C"l1r no ('ommcmt. .. on br 'figura .. tOI" valic.11ty 

nnd'rolinblÙty nro nvnUnhl". It Wft .. hopod thnt. t.h~ 

.rinAlly, n Mtnnc1nnHxotj torm.ot l'ingC'lt '. con • .,rv"tion 

.. thnt whnt wn. rt\qui r(\(1 wa" ft te.t that hAd provrm it.l'"lf 
( 

in rono~rch, thnt r~qulrcd no clinical ~vArufttion e. oppn.C"~ 

tq the mC"chanicAl ôvnluntion with .corinq kay., ,thftt prot1ucC!'r1 

ft 'aprond of Icoro.,.And thnt Wft. readily available. Sovorftl 

ntandArdized forma (':0\1) ct hAve, bfllen u.at1, hnt I.unr.~r '. 

vorsion w~. aolocted. Each te.t in Luntcr·.'~lëget bftttery 
~"l_ • 

, 
follows ft .imple-to-dittiçult •• quonco, boqinninq with 

e.tabliahing the Tf'Cluirf!l<1 vocnbulary and endinq with a 

-problom nec ••• itating thft .imultan.ou. manipulfttion ot two 
/ 

-
or more variable., oneh t •• t pre •• nt. tho key problema .ither 

. , 

• 
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twice or in alt.red form sa a. ta get more reliable re.ultR7 

each test ~lso ensures that the subject ha. learned the 

general procedure when many variations of the aame t~ 

of tasx are pre~ented. Lunzer (1970. 1971) reports a 

~ reliability coefficient ranging from .40 ta .89. Of the 

entire battery. only two conaerVation and five clas.ification 

tests were ~sed (Appendix A). 

Considerable care must he taken in sele~tin9 subjects 

for the sample: the piagetian tests, for instance. cannat 

he used for subjects of a wide age range. Subjects tao 

old will get_too many perfect acores, aubjecta too young 

will get too many zero-order scores. A general guideline 

given'by Piaget and most others i. that aubjecta can con-

serve an4 classify at the age of seven. Dowever, Braine 
" 

and Shanka (1965b) found aeveral kinds of conservation at 

five: their teats, unlike those of Lunzer, used non-verbal 

" assessment which never require~ the subject to justify a 

response. pinard an~ Laurendeau (l964) concluded that a 

Montreal sample on the average vas a year later in con-

serving than a European sample.< Tuddenham (l96~) found 
, 

! 
that girls experienced sucees. on conservation .omewhat 

) r 

later t~n boys. Dosides controlling the sex variable, 

choo,ing girls would allow one ta work vith an older'child 
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who had .ore açhooling, toat-takinq aophiatication and .0 
torth. Thua, it wa. decided to t •• t about fifty grade 

two girls who.e tir.t language wes Engli.h, who atten~~d 
'1 ~ 

a·normal cla.~ooa in an Enqli.h-.peaking .chaol, who livod 

in the Weat I~land, ragion ot MOntr.al, a middle-cla •• 
~ 

diatrict, and who vere cauca.ian. 
" A \ 

ln aUJNDary" sixteon, teat.a will be given to about fifty 

grade two girls. The followinq i. a li.t ot th. test. 
1 

and where applicable the hypothesized factor content • 

1. Raven's Colored ,Progresaive 
Matrices A, Ab, D 

2. Kohs' Black Design Test 
3. WISC-Vocabulary 
4. PPVT 
5. WIS~-Oi9it Span 
6. ITPA-Auditory Sequential M8mOry 

Reproducing nesigns 7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 

Gottachaldt Embeddod Figure. 
Conaervation of Length 
conaervation of Humber 
A Il an'" Some , 

cla •• Inclusion (Unequal Partitidn.) 
Inter.ection (Ovorlapping EnclojUre.) 
Croas ,Classification 
Transformations 
Age 

9 
9 

verbal 
verbRl 
IIICIIIOry 
melllOry 

spatial-perceptu.l 
.paiial-perceptual 

From th, out.et, .everal w..kn ••• e. in the de.ign of 

the experi .. nt are fairly obvioua. In th. tir.t place, 

the reference te_tR, though the boat available, are limited 

in numb.r. ThOl time available to~ te.t!aq preeluded the 

" 

- .. -
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u.e ot more reteranc. tOIt •• v.n if th.y had be.n .ultabI~ 

for th. age ot the childr.n to be t •• ted. Furth.r, Whll~~ 

thore ,i •• omo con.on.u. about th. factor .tructuro of th(\ 

roteronc. ~e.tl, thore i. not compl.t. agr .... ntr th.y ~r~ 

not pure te.tl of the factor. hypoth •• ized. B •• ide., m~ny 
, . 

ot the retorenc. te.t. have be.n de.ign.d tor u •• in either 

England or the united State., th. r •• ult. U.1n9 a Canadian 

.ample may he quite unlike the re.ult. of a non-canadian 

.am~le. Thore i. thG added problem that .ame te.t. mfty 
"-

have a c011in9 tha't i. too lov or a ba.al line that il too 

high. Finally, a ."mplG .ize ot fitty i. qenerally·-thought 

to he too ... 11 for ft factor analy.i.f but they were the 

only childrGn available. With a .mall .a~l., th. error 
) 

of mealur.ment may m~k. tho correla~ion •• ~.igniticant and 

the reaulting factor matrix non-~nt.rpretabl •• 

Experiment 

Subjecta ver. obtaine4 tra. four el ... ntary Ichool. 

in the Lak.shore Rogional School Board. With the approval 
o 

ol the Di.tr1ct Education Olficer, each of the four 

re.pectlve principal •• olicited the cooperation of about 
ti' • 

~a dozon grade two pupil.. The .ubject.~).hen, verel cho •• n 

t~r their villingne •• and not ~ randa. olection technique., 

."., .. :, 
"' '<. 

-.-
>,j 

.J 

- :,,~ 
~I 
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Inadvertently, aix boya wer. included in the aampl., 

with forty-.ix girl., th. total number of .Ubject. va. 
'J -,' 

fifty-two. All .ubjec~. were Engli.h of Cauca.ian extraction, 

all were stud.nt. in normal cla •• room. a. oppo.ed to .pecial 
" ~ 

education cla •• roam., each .howed no .ign. of ret~:~ 

emotional maladjultm.nt, or phy.~cal impairment. Bxeep~l \ .... ( 

for a few, all were ju.t fini.hing grad. two and being ~ 
• 

promoted ta grade three. Th.ir age. ranged fram 80 ta 
" 

103 menthe. 

The test. were administered by thre. 'individual. 

(R. Edward., C.Hak.tiner, E. Haltiner). Precaution. were 

takan by prete.ting other children to en.ure un,fo~ity 

of test administration. The te.ting wa. geherally done,.in 

a .chaol in à room normally •• t a.ide for .uch purpo •••• 
\. 

The sUQjects were tesied during the latt.r part of the 1971-
1 

12 school year. Each .ubject was te.t.d in thre ••••• ion. 

of approximate1y 45 minute. each. The children wera 

reaslured _hat the relu1t. of the test. in no vay would 

lmpe4e school progree.. Throughout, th •• ubj.ct. were 
, 

complimented in an oblique mann.r, and, exeept for a verbal 

expr ••• ion of gratitude for participation, no reward va. 
• . ' 

qiven. 

It va. thought that, ahould the t •• ta he adainiatered 

• 
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in an !a hoc order, learning experiena •• from one te.t 

could have differential effect. on the re.pons •• of ft 

second stmilar te.t. 'In order to exert sorne form of oon-

trol on lear~ng·effects. the tests were admjnistered ~n 

the following sequence: 

Session l 
Conservation of Length 
COnservation of Number 
All and Some 
Cla •• Inclusion (Unequal partition.) 
Intersection (Overlapping En~lo.ure.) 
Cro.s clas.ification 
Transformations 

Session 2 
Raven's Colored progressive Matrices A, Ab, B 
WISC-Vocabulary 
WISC-Digit Span 
Reproducinq Designs (Bender Gestalt and Memory for 

Designa) 

session 3 
Peabody Picture Vocabulary Test 
Koha' Block De8ign 
ITPA-Auditory Sequential Memory 
Gottschaldt Embedded Figures 

Standard pro~edures were follo~ in all but threé 

tests. Instructions for the piagetian tests and for the 

Gottschaldt Embedded Figures test are qiven in Appehdix 

A. .~eproducing Designs consisted of the Bender Gestalt 

a~d Memory for Designa. All Bender-Gestalt designs, rathar 

v than only thè'four uaed by Vernon, were given: the eubject 

merelyéhad to copy the de.igns, ae opposad to drawinq th .. 

" 

~
: .. J 
, 

• ,:. '. ~_... t~ :.J.~ 
--",'1:- ....Mi~t~~~~~, .lfr; '~'!;.~>tt .... :ljti?r 
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from m.mory. The d •• i9n. and direction. in the Termftn-

Merrill manual were u •• d tor the Memory for Oe.i9'n •• 

A The evaluation of Othe ~ubj.ct'a r.apona •• wa. ~nn. 

aceordinq to eonventional pract1ee. For ~ofi.~ Block Dftaign, 

• record blank produced by C •••• lberry wa. u.!.d 'ï!l .core 
t,.~-"* \-,,~ '" ~ 

the re.pon.ol. Tho .ooring of th. Bender-Ge.talt d';aivnl 
, ~ \ 1 

tollowod tho guidelinfts out1inod by ~oppitz (1960). No 

Icoring .tandard. wer. available tor the Gatt.chaldt 

Embedded Figuro. but tho followinq re.pon ••• wer. conaid.rad 

erronooU8. tho .implo des1g'n correctly drawn in the complex 
" 

tigu~~ut in a rotated or compr •••• d v.raion, the .imple 

drawn in the complex hut wlth extra lin •• or figures. 

In general, fifty-two norm~1 grade two .ubj.ct. were 
, 

te.ted by thre. people. The t.st1nq wa. don. in tour , -. 
elementary Ichool. (1\1rin9 th. latter part of the 1971-72 

1 

.chool y.ar. The test. were given in thr ••• ltting. an~in .. ... \ ; 

a predet.rmined ordo~. St~~ard prOC.d~r.. tor a~m(~iatrft-
tian and evaluation were u.ually u •• d, tho •• te.te which 

d.viatecS tram ,convohtion have b.en included in Appondix A. 

<\ , JJb 

,.... " . 
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Rèsulta, Discussion and Implications 

Results \ . .-
Forty-s~ girls and six boys, in all 52 children with 

an average age of 94 months made up the aample. Sixteen 

tests vere administered to eacb sUbject. Frequency dis-

tributions for the sixteen variables, means, standard 

deviations, and correlations were calculated. 

V~ry fe. of the distributions were no~lly distributed: 
. 

most were ei ther U-sl1aped, skewed, or rectanqular. The 

~means vere significantly different from zero: however, the 

mean for the conservation of number test-wa. near the 

ceiling of the test. The standard deviations tend to show 

a reasonable spread of scores. There were many zero-order 

·t 
correla~ions: only 25 of the 120 co{rèlation coefficients 

were above .27 • 
• 

A principal-cOlllponent analysis vas attempted. Factors 

whOS8 eigenvalues were greater than unit y vere initially 
, 

. -
aelected as indicatinq the required number of factors. 
. . 

Thus six factors seemed .oat promisin~: tboae vere rotated 
,1 .. " \ 

to a varLDax solutlon4 Ta gain clarity, solutions vere 
, 

obtained and rotated for four, five, and six factors. __ ~ch 

", ~â - t 
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solution resulted ln a dirrerent distribution of etgeny.lue., 

vith the la.t factor extracted haYlng the ~lowe.t .1genyalue 
o 

often being le •• than unity. 

'l'ABLE 1 

vari_ax Rotated Factor Matrix (4 Pactors) 

~ ..: 
\ 

" 

Test No. and NaIN pac!s2r 1 Factor 2 F.ctor 3- Facto!: ~ 

1. Raven'. Prog. Matrice. 
'" 
115* 108 068 043 

2.ç, Kohe Block Design 715 117 043 049 
3. \~Sc-vocabulary 484 373 231 051 
4. PPVT ~ 322 493. -121 133 
5. WISC-Diqit Span -004 828 042 006 
6. ITPA Aud. seq. ~. -058 673 371 207 
7. Reproducinq Designa 604 181 200 -208 
8. C.ottschaldt 611 030 200 -040 
9. conservation-lenqth 281 001 521 567 ' ' 

p 

10. Conservation-number -077 214 -068 800 
Il. "11 and SOlDe 105 288 309 276 
12. Class inclusion 110 ' 116 344 -075 
13. Intersection -031 ~106 528 138 
14. Cross classification 418 -127 335 -016 
15. Transformations 421 -081 104 126 ,. 
16. "qe 168 085 283 -030 

.. .r' 
: &1qenva lues 3.23 1.69 1.24 .74 

Percent of total 
variance explained 47% 25" 18% 11'' 

rms .69 .50 .42 .33· 

*Decimal points have been oai tt8d 

Table 1 shows the ~esults when only four factors are ex-
'" 

tracted from the correlation matrix. Under the~. conditions, 

the fourth factor ha. an eiqenva~ue of .74 and explaina 

,,' 

- . J
} 

.. / ~~ ' .. 
- 1<,. ~ l," .'. ,. ~,~, j ... 
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11'' of the tot~l variance. kaiser '. (1956) root-mèan-

squares (rma) vere calculated; loading_ above the ~ 

will be considerad large. In addition, for this study, 

loadings beldw the ~B but above the conventional, 

arbitrarily choaan value of .30 will he considered .1gnifi

cant and w~ll alao be used in interpreting.factors. 

Factor l, haB large loading. on Raven'. Progressive 

MAtrices and Kohs Blacks. (Those two teata reflect the 

ability to abstract, cognize, and make inductions,' and 

usually define <3 (Lunzer,' 1971; Vernon, 1965b) .') It has 

significant loadings on eight of the sixteen variables, 

and explains 4~ of the total variance. For those and 

other reasons, factor 1 ia assumed to be a me.aure of g. 

Factor 2 has large loadinga on WIse Digit Span and 

ITPA Auditory Sequential Memory and i. de.ignated the 

memory factor. The significant loadlnga from W7SC-Vocab-

ulary and PPVT may mak~ thi. a v.rbal~ry factor. 

Factor 3 hae large loadinga on conaervation of length , ) 

and intersection .(overlappinq enclo.urea). It has aig-

nifica~t loa4in9. fram aIl and aoae, cla.. inclu.ion (un

equal partitions), and croaa cla •• ilication, •• well a. 

frOID ITPA - MeIDory. Hith the one large loactinq and thr •• 
1 

.ignificant 10ad1nqs froa teata involving qroupinq ta.ka, 

J 
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it seems reasonable to l-abel thi. factor a cl~ •• ification 

• factor. 

Factor '-4 has large loadings fro~ conservation of 
, 

0 number and conservation of lenqth., No other loadinCJ& 
') . were above .30. Âs a result' thi. factor wa& label1ed the 

\ 

conservation factor .. 
~ 

--------~~ <t TABLE 2 

, 
, " ." 

----- varimax Rotated 

Test ..No'. Factor 

, 1 
'2 
3 
4 
5 
6 
7 
8 
9 

10 
Il 
12 
13 
14 
15 
lE? 

Eiqenvalues 

"of total 
variance ex-

804 
715 
468 
297 
036 " 

-059 
578 
650 
251 

-092 
155 
104 

-050 . 
399 
261 
232 

3.47 

plained 3~ 

,,62 

1 

Factor Matrix (5 Factors) 
... 

factor 2' Factor '3 
1 

Factor 4 Factor 5 

033 074 " 055 076 
070 097 032 073 
061 373 -232 060 
090 510 -127 121 

-076 778 011· 031 
007 708 376 158 
121 203 164 -227 

-022 -000 186 -021 
097 034 556 469 
024 2Qo17 -006 

, 
r 861 

-134 269 336, 274 
032 136 333 -119 
064 , -079 546 078 
089 -115 327 -044 

1.494 -000 134 034 
-151 048 281 ~10 

. 
2.16 1.60 1.18 .76 

.. ' 

24% l~ 13% 8?' 

.49. .42 •. 36 .29 
~ 

J ., 

{, , 

IJ!.' 
".~ 

1. 
1" .. ~ if,. "~ M. ..' '. ~ .. >'l , , 

,.1. ' ,~ 
lit ~ 
,_ ,,-_1lo_.~ 
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Table 2 .hows the fact.or loading. when five factor. 

~ 
are ext.racted. The fifth factor ha. an .igenvalue of .76 

ànd explain. ~ of the variance. 

naminq the fa~~ors and- the factor na.e. are e •• entially . ' 
the seme as when four -factor. vere extracted.. . 

Factor 1 is 9. Pactor 2 ha. an unuaual l~~ing o~ 1 

1.49 from the tran.f~~tion te.t, .. king this'a 
i~~ • 

trana-

formati~n'facto~ CA di.cu •• ion of t~. ana.alou. r •• ult. 

is reaerved for a later occasion.) Factor 3 i. -.ory.' 

Factor 4 is,a èJa.sification factor, and factor 5 is 

\ labelled conservation. 
, , 

J ". , , 

.. 

'} 

. . ' .' . 
'ù 

. 
• 

.' 

" 
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TABLE 3 )" 

\ " 

" 

var1Rlax Rotated Pactor Matrix D 
(6 Pactors) , 

... ~ 

f 

-~ 
Test Fac- Pac- Pae- Fec- Fac- Fae-

No. tor 1 tor 2 tor 3 tor 4 torS tor 6 

1 721 047 189 -036 068 147, 
~ 859 066 038 1i4 102 -094 
3 218 036 1.247 120 056 091 
4 

, 207 084 326 393 111 -011 
5 068 -069 090 869 01.5 -034 
6 000 024 -038 719 " 247 242 
7 '" 534 133 159 153 -181 258 
8 697 -012 -016 017 010 160 
9 224 119 -048 018 596 482 

.... " ....... 
-10 "' -092 017 049 198 787 -138 
11-" 110 -120 056 234 348 344 
12 017 051 068 103 -080 488 
13 013 097 -264 -003 170 385 
14 349 109 018 -122 -002 387 
15 246 1.502 054 -017 059 077 

, 
16 192 .. 137 038 030 036 328 

Eigen-
values 3.60 2.23 ,1.65 1.53 .94 .74 

% of to- .,. 
tal var-
iance ex-
plained 34% 21% 15% 14" ~ '" 

fil 
rma .58 .46 .. 39 .38 .30 or 

.26 

\' 

J. 

l' 

• 
,1 

<' 

: 
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• Table -3 .how. the factor loading. when .ix factor • 
• 

are extracted. Factor 4 ha. an .ig.nv,alue of .74 anel 
~ 

explain. ~ of the variance. 

Factor 1 i. 9r however, it explaina only 34% ot the 

,total varianoe,an~ has loadinq. fram only live ie.t., 

three of tho.~ loading. are large, two othera are significant 

(above .30). 

, Factor 2 i. a tran.formation factor, loading an un-

usual 1.50 from the transformation test. 

Factor 3 i8 a verbal factor, loading another unusual 

1.24 on WISC-vocabulary and .32 on PPVT. 

Factor 4 is the memory factor: it identifie. le •• 

with the ve~~ts as· campered ta the memory factora 

found in Tables land 2. 

Factor 5 is the conservation factor but here has a 

large loading from the all and aome test. 

Factor 6 ia th~ ëlassification factor and here ha. a 

large loading from the aqe variable. 

··Discussion of Reaulta and lmplication. , 

This experiment waa designecl to determin. the factor 
1 

content of aeveral Piagetian te.t.. Aa notecl in the 

re.ulta above th~ Piagetian te.t. tende4 to clu.ter~n . 

.. 
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their own factors whieh were different from th. on •• 

revealed by conventional tests. 

prior ta an~naly8is of each Piagetian test, some . " ) \ 
preliminary ob8erva~ions need to be made. Fir.tly, since 

i 

sUbjeets were chosen for their willingness and not beeause 

they represented a populat-ion, the generalizability of the 

results ls severely limited. Secondly, age was included 

in the analysis: it was a non-siqnificant variable but 

tended to identify with classification and to a lesser 

~~gree with g. Thirdly, ~Y of, th~ referenee 

proved to he more complex faetorially fOr this 

than was or~gin~11y predicted. 

tests 

age level 

The referenee tests s~lected as 1i)(e1y to have g-' 

factor content did in practic~ load most-highly on one 

factor, and that factor was namèd 9. However, that factor 
\ . 

.- 1 

also explained much o-f the variance of the tests thought 

to be verbal tests and almost all of the variance of the 

tests which were initially des!qnated as' spatial-perceptual • .. 
As Tables 1 to 3 show, whe~ more and more factors wero 

extracted, 9 explained 1ess and less of the-variance. 

Moreover, only about half of the tests loaded signifieantly 

on that factor, and of' tho.e, only one was a Piagetia~ 
r 

test. On the other hand, with chi'ldren of thi. age, q 1 .. 

1 



- 50 -

.ore likely t.o he foune! than At. a lat..r aCJ •• 
"

thi. factor a. 9, t.hen, va.odon. inot.he fac. of .evaral ~ . 
uncertaintie •• 

The te.t. cho.an for thair verbal éharactar only 

• i.olated a factor when .ix fae~or. vere axtraeted. When 

less than .ix factor. were extraete4, the pre.u.ed verbal 

te.t. loaded on 9 and ...ory. 

The memory te.t. dafined a _mory factor fairly 

elearly and consiatantly. A. noted, t.he ...ary factor 
• 

" 

was al.o somewhat verbal in eharacter. The ITPA-Sequantial 

Memory tests ahowed seme affinit.y al.o wit.h the cla •• ifica-

. tion te.ts. 

The te.ts hypothe.ized to be apat.ial-perceptual 
~ 

tests ident.ified vith q whether four, five, or .ix factor. 

vere extracted. Some .uppprt i. qiven to the earlier 

su.picion that Raven l
• Matrice. and KOb.- Block. have 

figural, spatia~, or perceptual attribute. (Vernon, 1969). 
1 

The Piagetian test. clustered around two factors, 

con.ervation and ela •• ifieation.. Con.ervation of lenCJt.h, " 

a complex Piaqe~ian test, loaded hiqhly on both the con-

.ervation and the cla •• ifieation and ,bout .25 oon g. The 

rea.on for it. relationahip vith th. cla •• ification 
\ . 

factor i. unclear • . ~ HoWever, rtha frequency d~tribution 

1 
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. 
for thi. te.t .bowed a u-abape4 diatribution, aU9Qeating 

that two di.tinct levela of abilitl •• wer. operative or 

mee.ured., Furthe1'lllOr., it _y well be that, for seme 

children, k •• ping length,variabl •• (lonq, ahort, narrow, 

wide) ae~rate frOID .patial variabl:e. (ahead, behin~ 

horizontal, vertical) i.'a crucial taak and indicative 

bf a cla.aification task. That, together vith the two 

levels of abilities, may make th. con •• rvation ot lenqth 

teat a mea~ure of both conaervation and clasaification 

at this age. Dy'the same token, the number variables 

(more, less) mixed vith lenqth (long, short) would also 

make the conservation of number teat both a cla.sification 

and con.ervation test. That, however, does not appear to 

he the case aince conservation of number con.i.tently 
. " 

1 • 

loaded on only the cqhaervation factor. "All and some" 
1 ~ 
1 _ 

loaded primarily on the ~las.ification factor but had 

10ading8 of .29 and .28 on conservation and -..ory, 

reap8ctively. Clua incfuaion loaded only on cla •• ification, 

as did intersection. cros.-cla •• ifioatlon div!ded its 

variance betveen 9 and cla •• ilication, probably abowinq 

th." coqnitive, irlductive nature of the test. Tran.-
JJII'" 

formation., a teat which requirea the youngater t~ chan9~ 

for in.tanc., color and ahape holding aiz. constant, wa. 

.. 

l' 
f' 
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Il' 
an unuaual te.t in the battery. When only tour tac\pr. 

w-re extracted, tranaformation. bad • loading ot .42 

on g1 wh.n more facto~s vere extracted, it had a .purioualy 

high loading on ita own factor. 

OOe. a four, fiva, or .ix-factor aatrix be.t explain 

the total variance? The aix-factor .. trix reca.mend. 

itaelf because it ia only when that many factor. are 

" 
extraeted that a verbal-factor begina to emarge. Similarly, 

• it,is only with the five and aix-factor matrix tbat we 

canraee that ,the transformation teat ia un~que to the 

lSattery. The verbal and transformation factolll are suapect, 

~U9hJ each factor la defined by only one teat and at tbe 

expense of a variaax loading"greater than unity. Two 

questions ari.e. Wh.n only ~ne teat reveala a factor, 

what can be aaid about either the teat or tbe factor?, \ 

No economy, no cluatering, no relationsbip between testa 

has resulted. Secondly, are factor loadinga greater 

than unit y epurioue? (Tbose loading& tend to be aince 
r~ ~ 

they are thought to he correlation. between te.t. and 

factor., and correlation. ahould not axeeed unity. se.ide., 
-
rotations are undertaken to en.ure the probability of a 

aatisfactory psychological a. well a. numerical interpre-

tation. The vartmax rotation belp. the ~ychol09ical 

'~<'~ 

" ~1 
!1 
-.. 
-<, 
~ 

. , 

/ 
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'\ 

explanation by •• parating the te.ta into high-1oading and 

10w-loading testa. If'the price of achieving that aep-

aration is producing varimax loading. in exce •• of unit y, 

then thos. loadi~~ are best reject.d. 

A somewhat extended comment fram Comrey (1973) 

highlights the dilemma. 

, with the Varimax method it i. important to 
'rotate the proper number of factor.. Rotation of 
too few factors with the varimax criterion, a. with 
any method of rotation, crowds the variance for n + k 
factors into a· space of only n dimensions, thereby 
losing some f~ctors< and distorting the others. 
Rota~ng too Many factors, however, can also bring 
about distortions with the Varimax criter~on.- The 
varimax method will tend to build up the variance 
on extra small factors to increase the overall variance 
function ,thereby splitting up major factors and 
"robb!ng'~ larger factors of th.lr variance for 
certain data variables. The best indication that 
th!s has happened is the appearance of a Varimax 
factor with only one large loading and al1 the rest 
of the loadings at much loWèr levels. The solution 
should he rerotated. dropp!ng,out Any factor that is 
artificially overinflated in fhis way. (p. 178) 

The apnormally high loading given ~ test 15 on factor , 

ls an example of Comrey's assertion. That, in fact, 
-

.predisposes us ta take the foui factors where no abnorma11y 

inflated loadings are obtained. 
.. " 

There exists an earlier and alternate vay of rotation, 

the quartimax. It "at~empts\ to maximize the variance of 
1 • 

squared fàctor loadings by rovs, since if all the variance 

.. " ... ~" 
,~ l, 

<,;" 

" . ". 

.' 
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for a qiven variable i. concentrated on one factor, 

leaving th. oth.r loading ••••• ntially equai to zero, 

th!a result will be aehi.ved" (Comr.y, 1973, p. 173). 
1 

Aa Comrey has point.d out "exp.riene. with the quartimax 

approach haB ahown that it tend. to give.a general factor,' 

that ia, a factor with which al1 or moat of the' variable. 

are 8ubatantially correlated" (Comrey, 1973, p. 173). 

Ua. of the quartimax should serve a dual purpo.es firatIy, 

if a general factor ia to appear, the quartimax ia most 

likely to give such evidence7 in the •• cond place, i.t may 

enable ua to determine on which factor, if Any, the 

Piaqetian testa load • 

1 

'" 

~(1 
i 

\ 
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TABLE 4 

Quartimax Rotated Factor Matrix (6 Factors) . 
D 

~ 

Test Fac- Fac- Fac- Fac·- - Fac- hè-
.l!2.!. tor 1 tor 2 tor ~ tor 4 tor 5 t2r 6 ~~ 

-
1 027 736 147 033 128 048 
2 043 858 -019 104 -097 117 
3 026 295 1.266 159 027 <147 
4 075 234 291 404 -011 105 
5 -066 082 051 874 -029 . 001 . . 
6 022 014 -047 716 288 191 
7, III 555 132 143 208 -218 
8 -030 699 -049 004 144 -010 

, 
.,' 

9 103 236 -032 017 567 516 
10 021 -090 041 219 -014 794 .. 
Il -119 122 058 236 3à7 286 
12 043 037 087 097 466 -155 
13 , 078 010 -231 -015 421 108 
14. 090 361 022 -131 311 -056 
15 1.586 289 044 -022 089 045 .. 
16 -117 199 042 026 320 -013 ..... ' { 

'f 

Eigen-
.. 

values 3.68 2.41 1.67 1 .. S8 .95 .73 

" of 
total d3% { 22% 15" 14% 9% '" variance 
explained 

rms .57 .47 .39 .31 .30 .26 
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Table 4 s~ the factor loa4iDg~ ~n six factor • 
. 

are extracted and then rotated to a quartt..ax criterion. 

~he sa.e difficulty is eneount.red~ a high .purioua , 

factor loading (fac~r ) appears on t.st l an~ another 

loading (factor 1) appears on t.st 15. The oth~r factor. 

are as aiqht he expected: 

Factor Ho. T.st Nos. Factor 'Ule 
2 l, 2, 1, 8, 14 q 

4 S, 6 aaemory 

5 9, Il, 12, 13, 14, 16 ç1assification t, 

6 9, 10 conservation 

In an attempt to remove aeme of the source of our 

anomalous reaulta, the proce4u~ was repeated vith 
} '. j' 

test 1;1 J:'emoved frOID the battery. 'l'able 5 shows the 

spuriously hiqh loadinq on tactor 2 fram test 13. 

/ 



Eiqen 
values 3.22 2.22 1. 70 .94 .71 .67 

" of 
~J 

total 34" 23% 
1_ 

1'"' 
variance ' .. 
explained 

~ .58 .48 .42 .32 .28 .. .26 
l, 

a 

( 
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, 

Whilrt rotation i. re.pan.lb1. fOf .<B8 of the 
1 

abnorma11y high 1oadinga, it ia a1so nec ••• ary to examine 

the original communa1ities prior to rotation. Table 6 

present. that dataI 

TABLE 6 

COIIIIIunali ti,.!ts 

Test 4 Pactors 
..l!2..t.. Varima! 

1 619 
2 529 
3 430 
4 381 
5 671 
6 637 
7 483 
8 416 
9 672 

10 697 
Il 266 
12 '149 
13 310 
14 304 
15 210 
16 '117 

No. of ... 
tterations 40 
to reach 
converqènce 

S Factors 
Varimax 

622 
532 
420 
387 
614 
672 
469 
459 
604 
7"94 
303 
156 
317 
290 

2.324 
158" 

+200· 

• more than 200 lt.rations 

6 Factors qi"X 
85 

774 
1.721 

320, 
780 
635 
450 
513 
655 
689 
321. 
262 
252 \ 
298 

2.611 
164 

+300 

. .. 

~ 

6 Factors 6 Factor. 
Quartimax . varimax 

585 596 
774 857 

1.721 695 
320 499 
780 586 
635 86l( 
450 447 
513 544 
655 752 
689 654 
321 282 
262 293 
252 2.016 
298 283 

2.611 ---
164 121 

\ +300 +300 

"1 
; 

4 
l 
,1 

"' 
" 
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communalities are produced by an iterative proces. 

which removes unique and error variance and make. possible 

the explanation of a large number of tests in a few factor 
"t 

spaces. In, the case of our data, over 300 iterations 

failed to produce a convergence with a communa1ity 1.s. 

than unity. It is inferred that it has not been possible 

to remove aIl the error and unique variance fram the test 

battery, and for sorne reaBon this has usually been squeezed 

onto tests 3 and 15. If error variance can be ~emoved 

prior to test correlation, which in part is imp1ied by 

the normalization of test scores, a better solution may he 

obtained. 
\ 

At thia point evidence may be introduced to the affect 

of 1')ormalizi.ng the----~ scores. Data were norma1ized 

(Ferguson, 1959) usinq 50, tS - 10), and the 

correlation matrix was analyzed 

convergence was reached in 248,iterations. 

f~~~ors will he indicated by eigenva1ues ~~eater than 

the sixth factor wôuld have an eigenvalue of .98 when the 

16 testa were being representéd by 16 factors. A. before, 

rotations were performed~n 4, S, and 6 factors. Tables 

7, 8, 9, 10, be10w are based upqn data no~liz.d prior , 

to inter-correlation. 
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TABLE 7 ' , 

~ 

vart.ax. Rotated Factor Matrix (4 Factora) 

Test Factor 1 Factor 2 Factor 3 Factor 4 
No. 

1 763 126 084 077 
2 722 -058 . 011 -006 
3 432 470 -161' 058 
4 295 625 -098 092 
5 036 " , 685 061 -093 
6 -065 "'" \ 623 449 -011 

- '" 
1 "555 198 051 153 
8 633 039 "199 -026 
9 103 143 631 111 

10 -149 416 274 103 
11 075 310 448 -112 , 
12 131 049 253 050 
13 -091 -031 693 110 

1 

14 h 453 -147 331 112 
15 '. 284 014 157 1.220 
16 216 " -048 411 -195 

Eiqen- t 
valu •• 3.24 1.85 , 1.50 1.25 

Q' 

" of tot~1 
variance 41" 24% 1~ 1_' 
exp1ained 

nu .64 .,49 .44 ..40 

vith re.pect to Table 7. factor 1 1. ~k.n te be 

th. q Jactor. tactor 2 i. a' .-..ory-v.rba1 factor., factor 

3 i. a Piaqetian factor. and factor 4 i. the .purloaa 

/' transformations factor. A1though convergenc:e ~. reac::bed 

''0'11 
J, ~ 

1 

.>l 
'1" 

~ 
~ 

~ 

, , 

. 

~ .lter 248 iterationa. test 15 .ti11 bas • ccI.unality of 1.'95 • 

[ . ,,. . 
~ ~~~",~~~~,rl~~li.l~~~~~" •• 
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~.' TABLE 8 
:' 

" 

Factor Matrix (5 Fa.çtor.) 

Test Factor Factor 
(> 

Factor Factor Factor 
No. 1 2- 3 -j 4 5 
~ 

1 363 084 .. 189 -055 384 
2 756 018 014 -078 097 ü ' 

3 199 020 -004 109 803 
4 148 067 

,1 
-010 353 587 

5 078 -083 -030 685 235 
6 039 016 308 829 -008 \ 7 480 155 097 079 '300 
8 772 -000 145 . 117 -029 
9 093 125 607 203 -019 

10 -151 091 230 453 139 
11 -020 -108 517 235 210 .. 
12 104 '058 260 052 0 042 
13 -069 131 645 114 -207 
14 362 123 413 -202 101 0 

15 223 1.329 '131 -007 114 
16 '177 -161 448 -030 -001 

Eigen-
values 3.33 1.96 1.64 1.34 .60 

<.:: 

% of 
total ,-
variance 38'}{, 22% 18% 15% 7% 
~xplained 

rms .62 .47 e .42 .39 .26 

Table 8 indicates that factor 1 is g, factor 2 is 

the spuriousJtransformations, 3 is piagatian, 4 is memory, 
~, ..... ... 

5 is verbal. Convergence vas-not reached at 300 iteratiôn8f 

test 1'5 has a communa1ity of 1,,84 and the inf1ated factor , 

loading of 1.329. 

. : 
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TABLE 9 

Var~ax Rotated Factor Matrix (6 Facto~s) 

Test 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Il 
12 
13 
14 
15 
16 

Eigen-

Fac
tor 1 

626 
716 
170 
130 
026 
000 

'~'4J3 
852 
142 

-086 
-007 

077 
-083 

318 
194 
137 

~rt 
09 
041 
020 
066 

-064 
034 
187 

-000 
105 
044 

-118 
077 
148 
155 

1.284 
-146 

values 3.34 2.00 

" of 
~ total 35" 21% 

variance 
exp1ained 

rms .59 .46 

Fac
tor 3 

185 
061 
011 

-022 
002 
296 
160 
102 
482 

-016 
444 
291 
621 
467 
101 
520 

1.60 

17% 

.41 
. ( 

t 

Fac
tor 4 

402 
138 
810 
595 
280 
026 
332 

-040 
-043 

131 
195 
046 

-219 
115 
125 
008 

1.36 

14% 

.37 

Fac
tor 5 

-075 
-045 

069 
295 
744 
783 
124 
111 
043 
233 
145 
081 
098 

-154 
-045 

020 

.63 

7% 

.26 

'ac-' 
tor 6 

045 
-100 

039 
135 
066 
219 

-089 
114 
500 
807 
307 

. -005 
193 

-075 
091 

-046 

.59 

.24 

\ 

Regarding Table'9, factor 1 representa 9. factor 2 'is 

aga in the ~purio~s transformation factor, factor 3 la 

classification, 4 ia verbal, 5 ls memory, 6 la conservation. 

Agaln convergence was not reached at 300 iterations1 test 

15 has an abnorma1 communality of 1.72 and a factor loadinq 

of 1.284. 

" . 
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TABLE 10 

" Quartimax Rotated Factor Matrix (5 Factor.) 
'-l>~ .... 

Teet Factor- Factor Factor Factor Factor 
No. 1 2 3 4 5 

1 614 055 181 ~042 322 
2 163 -007 009 -067 025 " . , 
3 276 012, -000 141 774 , 

4 202 062 009 381 553 " 
.,j 

5 088 -082 005 697 195 
6 027 008 354 810 -047 ., 511 135 105 092 247 
8 163 -030 ISO 115 ,-109 
9 .093 103 621 168 -033 

10 -139 090 258 443 134 

" 
Il -006 -124 524 215 203 
12 109 046 264 040 031 
13 -085 113 655 066 -201 
14 318 096 405 -217 076 
15 218 1.316 174 -015 092 
16 111 -182 440 -053 -015 

Eigen-
values 3.33 1.96 1.64 1. 34 .~O 

% of 
total 38% 22% 18% 15% 7% 
vasiance 
explained 

rms .62 .41 .42 .39 .26 

," 

( 
'\ 
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With Table 10 we ean al.o d.t.~ine which factor. 

de!in. the te.tar 

Te.te ractor Pactor nam, 

1, 2 1 q 
3, 4 

\... 
5 verbal 

5, 6 4 Imemory 
7, 8 1 q 
9, Il, 13, 14, 16 3 piaqetian 
10 4 memory 
15 2 tran.formation. 

Three hundred iterations lailed ta reach convergence, 

test 15 has a communality of 1.840. 

In general, as expected the referenbe test, eeam to 

he fairly well defined. Tests l, 2, 7, and 8 consistently 

loaded on a factor which was labèlled q; teste 5, 6, 

thpught to be memory tests, consistently loaded on one 

factor: occasional1y teste 3 and 4 defined a verbal fact~. 

Piagetian tests commonly defined their own factor(e); 

throughout t~st 15 had a spuriously hiqh 10ading on a 

factor of its own., 

These reBuitB must be campared with thoae of othera. 

Vernon (19658, 1965b, 1967, 1969) and Meyers and orpet 

(1971) tended to find a close affinity ~tween Piagetian .' 

tests and conventiona1 tèsts: how"ver, in one atudy by 

Vernon (1969), ~the piagetian test. defined their own factor • 

• S~i1arly, Lunzer (1971) showed that Piagetian tests clu.ter 

l , 

, . 
" 
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. 
on their OWD factor. ~Ther. ~a .vidence in our r.aulta 

t 

to indicate that the reterence te.ta are ad~t.ly 

defined by factors and that the Piagetian
l 

t.~o not 

10a4 on tho •• factor •• ' Vlrt.ax a~ quart~x rotation. 

vith both non-no~lized and normalized data indicat. 

aeme tendeney for th. Piag~an test. 

~iff.rent fra. tho •• of the rafer.ne. 

to load on a taôtor 

only a fev fi~ tmplicationa can be drawn trom the •• 

re8ult8. The 808t obvioU8 tmplication ia that cla.sical 

theorists and Piaget are studyinq different phenamana. 

In the same vein one May ask, do the result. imply that 

Piaget i8 measurinq more effective camponent. of infellig.n~e 

than those measured by clas.ical methods? The corrltation 

matrix in Appendix B ~hows that piagatian test. correlate 

vith ,ach other and vith other tests at a low level. 

About 15 of the 120 correlations are significant: the 

highest single correlation does not exeeed .42. They 

correiate little more with themselve8 than they do vith 

the reterence tests. Wbil8t many of the same correlation. 

~ 'could weIl De siqnificant had a larqer sample beeVu.ad, 

the mere use of ~re subjec~s, desirable thouqh this is, 

would not he .ufficient without internaI tmprovement. in 

the tests themaelves. It is concluded, on the ba.i. of 
• 

\, 

• 
1 .-

" 
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these resulta, that the.piaqetian testa in their pr ••• nt 
1 

foma do not meet the criteria required of tests which are 

included in a factor analysie. 

( 

""""l y ~"Of 

, " 
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CHAPTER 5 

. Conclusion 

This study WB. deaiqned to examine how ,well factors 

as derived from clas.ical theories of intelligence cou Id 

define the characteristiès of Piagetian tests. Te.ts 

, 

thought to be of the general-intelligence, verbal, memory, 

and apatial-perceptual type, along with two conservation 

and five classification tests were administered tb fifty-

two subjects. 

The test results~were correlated and factor analyzed. 

Principal fac~or8 were obtained and rotated by varimax 

procedures. A tentative approach was made in terms of 

eigenvalues greater than unity. with,non-no~lized 

data, the eigenvalaes suggested six factors. But because 

of high loadings' on a single test, rotations were also 
-

carried out on ~ and five factors •. Interpretations 

were offered for four, five, and six factora so obtained. 

A quartimax rotation was undertaken to look at the 

same data from the viewpoint'of the separate teata and 

what the major factor content of each test might he. 'The 

data were normalized and reanalyzed. Eigenvaluea would 

indicate t~at five factors were aufficient, but agarn, ,and 

-"'" 



• 

• 

- 68 -

( 

for th •• ame r ••• on., four, five and .ix factor. w.r. 

rotated by the var~max method. A quartimax .olution 

wa. undertaken for the indicated five fact~r. to attempt 

to aacertain the signifieant load!ng. for each te.t in 

turne 

Difficulties ware encountered by the failure ta .ecure 

convergence co leas than unit communalitie. when more 

than 300 iterations were made from the principal compone,~ 

analysia. A spuriously high factor loading on test 15, 

the transformation test, continued to occur when more 

than four factors were rotated and on one occa.ion when 

four factors were rotated. The solution uling tour facto~. 

seemed the mQat amenable ta interpretation. The factors 

were interpreted as follows: factor 1 wa. g, factor 2 was 

memory, 3 was classification, and 4 conservation. Though 

some doubts exiat because of the abnormally high communaliti •• 

and factor loadings, there ia no evidence to auggeat that 

the Piagetian testa load on the factors of the refer~nce 

tests. There is evidence to suggest from the quartimax 

solution that they load on a'common piagetian ·factor. 
,-

If piagetian tests are capable of being interpreted in 

factorial terms, the most probable tests from thi. analys!s 

are conaervation of length and number, aIl and soma, cla •• 
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inclu.ion, and inter.ection. 

It i. 8uqqe.ted that the piaqetian te.t. in tbeir 
~ 

pre.ent form are not amenabl. for u.. in factor-analytic 

.tudie.. It i. àgreed that the .ampl~ .i&e J ••• ~ll. 

Finally, it will be d •• irable ta .eek to extend the number 

of reterence ~ •• t., but above all more con.ideration 

1 n.ad. to he given to the reliab111ty of te.t. which are 

devi.ed 1n con formi t y with Piaqet'. 1de ••• 

o 

J 

• , 
,f' 
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CONSIRVAtlQ6 or LlNQTU 
{ 

4 

S90rinQ lnatruçtioda . . '. 

Ali queations acore'l or o. 

• 1 

? 

Additional information (rinq aa, appropriate) 

, '" 

Q. 13. Score 1 if one of the fo~lowing categorie. Qt 

l ' 

• 

anawer i. given and ring whichever ia ~~propri~~e. 

Otherwiae acore o. 

" 

c - comp.n.atio~ (longer to walk th.re but .horter 

here} 

. l,,:.r
b

":,, 

"'1 ~ 
~. 

, 

~ 
'\\ 
"t 
of 

". " 

~ 

,1 - identity (ita t~ aame atring, you only movect it) . " ( 

1 

it R - l'everaibility ( i f ,you put ,th, atring bac'k 
. ~ 

would etill fit the aquare) 
J 

Haterial .. _ 
( 

(a) 3· lenqtha of '-" dowlinq (4" , 6" , 6" ) 

• '(b) ~ -line 4rawinq. .. 
. "(c) 3 roda, i" cm. .Q • X-s"ction (12 cm. , 12 cm. , 

12.2 cm. ) 

(d) lengt.h of atrin~. .ofthoard, pin. 1 clo.ad 
r 

~. 
Q 

"ethod . 

~.rt l l ' 
(~a. material (a~: ) ,-

pre •• nt C "ith th.' two equal 1engtba of dow11ng in 

" 

( 

" 

. 
'. 

) 

;, , 
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Q. 1. Ar. th ••• two juat a. long a ••• eh other? la one 

longer than th. other? (Which one?) 

R.plac~ one length of d~linglwith the 4" piace ~ 

preaented t1\us. . 1 

. 
Q. 2. Are these two the' same length? la one longer 

"~ 
, . , 

the other? (Whicb one? ~ L. 
, , 

Q. 3. Is one shorter than the other?, (Which one?J , 

\ 

Part 2 iUle ,material ~) ) .' 

, 1 

Q. 4. 

Present C with f~\~t pictS.t~e., [[] , 

Are thes~ lines just a. long as-each other? 

on~ longer than the 'other; (Whlch 0 ... ?0 
Preoent C wlth oecond picture. '~ 

Q., 5. Repeat abave question •• 

. ~ 
presept C ~th~rd ~icture. 

tHan 

•• 

Q. t. If one snail set out'from he~e and w.lk. along thie 

path lite thi, to the.'other end here,', and, another' 
, . , , 

snail sets 'oat fram here and walk. to the ot~er end 

here, would one of them have a longer vay to walk? . 
(Which one?) 

pakt 3 J (,u1e material (c) ) 

r pr.sJnt equal roda in parall~l al"i9n1lent •1I 

, 
< " 

, ' . , 

. , 

fil. 

... 

, 

, . 
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.' 
juat aa lonq' a,~ each other? la one longer than the other?" 

(Which On8?) . 
J 

Q. 7. Move one rad forward approx. 1 cm. 
'- . ( 

aepeat question. 

o. 8; Mové o~her element forward'approx: 4 cm. in front 

of firat. ~epeat question. 
, . 

pISCONTINUE if c failéd to obtain a perfect score 
.' .. 

'on Part l (3 out. of .3). and C faila Q. 7. 2I. Q. 8. \ 

• ,-' ,Q.&. 9. ,Sorne è~ildren say "Thia one ia lO!lg,r, do you 

" " , think they are {'ight?" . 
) . '. 

, \ 

• 

, 

~\ / 

Q. 10. Select longest rod and o~ of ~he equ'ls. Show 

alignment and a.sk usual q:",,_tion,. pu.h ahorter 
\ ,. l __ .......... ..- -

rod forward 3 cm. and repeat .question; , 
. .. . ' ( 

Q. 1L Revert to equal pair. Show equality,~ tben arradge 
( 

" 

as 'T: repeat qUestion. ... . 
DtSCONTlNUE if Chas made AnY e~ro·r. 

Part 4 
.' .. 1 10,. 

Present aof~ard with·àt~ing· arranged on aquare. . .,~ 

Explain tbat this is a field. ~ A man walka ~l.l round''it 

(tr&<:ing perimeter) . 
. ' . 

Di8plac~ the string and atretch round 
. 

rectangle approx~mately twife &8 long as it is wid •• ~ , 
., . 

Q. '12. Tell me. Which way do ~ou ~in~ th. ma~ woul4 have. 
, 

.. longer to ~lk, this way (aquare) qr~thi. (réc6anqle), .. 
or do you t.hink te'jfJ the .... ? 

", 

" , 
, " 

\ 

---.. 
" , 

'J 

• 

.' 



, , 

-
, 

" ' 

.. ' ". ~, 

, 

~, , 
~ , 

~
. 

'. ~ 
" 

ft .. .,. , 

.. 
l' ~ 

·v ~ q 

94 '"'t 
'i 

f 
~ . . 

Q. 13. 1 f repl~ waa correct. '~y' d~ you thinJc i t '. the 

same? If 

", 

.. 

\ 1 f .. 

CONSERVATION OF NUMBER ,.1-1 C9t\MSPONPgcZ 

Sco;inq instructibna -, 
Q'8. 1-6, 9, lO~ Score l if C qivea correct re.pan.e • .. 

\ 
Q. 7. 2 spontaneouslY corr~cit 

. l ' 

1 cojrect when repeat.ed 
, , 

Q. 8' and c. S. 2 'i f adequate reply i8, givén i. e. one of' 

'" 

th~ followi~g, whether sPontaneoualy or_ 
.. 

in roply to C.S. and ring ,as:appropriate. 

". 

. 

I~~ initial identity - you have only moved them, etc. 

C • compen~ation - theae are eloser ~ogether, etc~~ 

R'. reversibility - yo~ ean mave them baek aa they 
... 

,were before. 

E • enumeration'- child h_as to e~~nt to establi.i . t ..... -;110;. 

equality. , , 

1 if C resiata C.S. but is unâble'to justlfy. .. / _.. l' 

Mate[ials ) 
(a)' 4 blue plastic dises 

4 yeiiow piastïe dises' 

, . 
, - "'" ...... .... 

" 

' . 
.. 

. , 

• 0 

\ -

. , 

, lij 
~ 
.: 
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(b) 24 cube.,' in tvo equal •• t., of diffe{.nt aolour 
If v. , ) 

Mltbod 

pait 1 (di.c.)~ 

Rand' C .4 i'blue di.c. and aak hilll to plaae one o~ the 

table. 1. ' 
When.he doe. thi., place a Xellow di.~ alonq.ide. 

" 
Repeat unti1 ail 4 blue di.cs are partnered .by 4 yellow . 

, . 
dise •• ! 

(, 

Q~ 1. Do we 'hav. just a. many a. each other? 

fRemove 
r - a yellow disc. 

1 
1. . 

o. 2. Now do we have just as many •• each oth.r? . , 

Q. 3. ' ~Do you have more th.n 1 do? ( 

Q. 4. Do you have le.s than 1 do? 

) 
1 Part 2 (cubes) 

Construct a row of 10 cubes of one colour, with a spac~ 

o ." 

of approx!~tely 1-2 cube wi~th. be~ween .. cube... Remove 

the 2 r .... ininq cubes and qive C the 12 cube. of th,. other 

colour. Say: 

'o. S. 1 want. Vou t~ put out .ap.' of thé •• cub ••• 0 tbat, 

you have juat a.~many a. 1 have. (con.truction) 

,Do VOu have ju.t a. many. a. 1 have? 
. , 

Score.a. appropriate. \ If C fail. then E .ahould 
~ 1 

~.tabli.b 1-1 corre.pondence and repeat qu.ation.~ 
. . 

, . 

. .. -

" 

, , 
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Do IlOt acore. ~ 

'" , 
MoYe ~ cubes in on. of 

. 
the r~ clo.~r toge~her, . 

aak: -Uave we" still qat just a .. many cubes as aach 

other? Has one ôf us qot more cubes than the' other?" 

If C'a reply is ,"yel;&then Aak "Who ha. qot the ma.at 
,JI. 

cubea?- , 

DISCORtIBù& if 'failure has 
\ 

Q. S, and .Q. 6. 

, 
been recorded for both . , 

Q •. 1. Nove the cubes in the other row to make them furtb~r 

apaced. -And now, have we still qot just as many 

cUbes as each other? Ras one of U8 qot more c~bea 
( 

than the'hther?" 
, 

Q. 8. If reply to Q. 7 ia correct, aSK: "H'ow do you know.?·· 

CQunter suggestion 

If C's reply to. the RDYK question is difficult ta eval-
i 

uate, e.9. ~ey-re the same," then ask, "Several children 
F 

told .a that there are more cUbes in thi. row becauae it 

i. longer. 00 you thi~k that they could he r iqht? Il 1 f 
, 

C replLea "No," then ask: "Why not?" 

Q. 9. Re-align so that the two rows are facinq • Establish 

/ 
, . 

equality. "watch wat 1 -.. doinq." ,ir.t carefully, . . 
and in full • .j.qht ~ C, relDOve a cube fr,am one of the 

.' 

-, 
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rowa and put it ,way fram the cube. before the 

child. Space tbe row of 9 cubes so that it extenda 

well bey~>nd the row of 19 cubes. "Have we juat as 

rnany cubes as each other? Has one o~ us 9Qt more 

. ", 
cubes than t}le other? ft 1 f reply is "yes, " aak: 

"Who has the most cubes?" l 
Q. 10. Re-align as before bringing back the odd cube. Add .. 

a cube to one of the rowa then .pac~ the.. other row 

so that it extends beyond the'l~ cube row. Descr!be 

actions. Question as for Q. 9. 
~ 

" 

1 

Q. 7. If reply to Q. 7 was false while bo~h Q. 9 and Q. 10 
repeat 

, t 

were answered correctly~ then re-ali9n, equalize 

and apacé,' and repeat Q. 7. omit this question un
I 

'lees all three conditions are satisfied. 
1 ' 

L 

, ALL AND §OME 
j 

<, 

Scoring instructions 
.. 

Set (A) 

o one or more errors on'both block. of que.tions. 

1 
o , 

if .econd black (of 3 que.tions) anawered without , 
èrror, but block of 4 is failed on -both ace •• ion •• 

. 
" . 

",.,., . . 
" , 

4' , r 
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2 if first black correctly anawered aecond tiae 
\ -t 

(8eQ()~d black will alao be cor"eçt). 
1 , . 

3 if ~..ir8t, black correctly anawered firat tu..'. . 
~ ,,. 

< Th~ scoring for -S.t (B) ia identical. 
.; '. ). , 

Range of ~8.ible score is a - 6. 
~ .. 
.... • 

H!1terials " '. Set I(A~ c 2 Idrge blue wooden bri;cka 
, " 

'. 4 small blue wooden br i~ka "'-.. 
) 

2 large red wooden bricks ... 
1 -Set ,B~ 4 'red square èards ... 

\' . ~ \ 

J 5 blue circular cards e 

" 

,/2 blue carda square "Cf 

(A) ). \ 
Set . , 

'. Eettablish vocabulary . for tes~ _t:er,ia1 then ask: 

O. 1. Are all_th'~ red bricks large? Yes .' 
~ 

O. 2, Are ail the blue bricks saall? NO 

. ,l' 

O. 3. Are all the smal,l, bricks blue? :; 0.,4. Ar. all the large brick. red? .. -
If all~ questioqs are answered correct1y go tG Set (B). 

}If any anewars are incorrect 'ak: 

Q. s. 
t 

Q. 6. 
< 1 

Are'some of the blue ~rick .... 11? 

Are all of the blue brick .... 111 
" 

y •• , 

--
lia 

• " '. 
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Q. 7. Are aIl 'of th. small bricks blue? Y.a • Il 

t • 

(i) If O"a S, '6, , anawered correc::tly ask Q'. r, 2,' 

3, 4 a aecond time then' go to Set (B). 

(ii) If O's 5, 6, '.are anawered i~c::orr.c::tly go ta .. .. 
Set fB). 

/ \ 
Set (B) 

Establish voc::abulary f?r teat matarial th_ri aaka 

.. 
Q.I. Are aIL the red ones ,s9uare? ~~, 

Q. 2. Are aIL the squares red? No· 

Q. 3. Ar~ aIL the blue' ones round (circles)? No 

Q. 4. Are aIl the circles blue? Yea 

If all questions correctly answered·then atop. If 

any questions incorrect aaKI 

o. ,S. Are some of the blue ones circles? Yea 
• . 

o. 6. Are aIl of the blue ones circlea? No 

o. 7. Are aIl of th~ circle. blue? Yea 

If Q's. 5, 6, 7 all cor~ec::t repeat 0' •• l, 2, 3, 4 

then stop. 
1 

.. 
-

If O's 5, 6, 7 incorrect then stop. 

) 

\ 

'. 
J. 

\ 

<. 
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"" ClASS INCLUSION (unequal Partition) " 

scoring Instructions 
'" f" 

Set (a) Eaeh item, 8eored 1 - o. t , 

Seta (b) and (c) (aeored aLmi1àlry ) 
) .. 

J 
5. Q. 7 anawered eorrect1y fir.t time. 

4 0.-7 answered eorrect1y following ,sueeea. with S. l~ 

J 

3 O. 7-answered eorrectly followinq sucee •• with S. 2. 

.- 2 O.' 7 answered incorrectly, followi"ng sueeesa vith S. 1. 

1 Q. 7 anawered incorrectly followinq suceeaa vith s. 2 •. 

o failure with O. 7, S. lvand S. 2. 

Set (d) 

0-. B 3 correct first tiroe. ') 

2 ,if correct after prompt • 
. 

1 if ;eply ineludea worda 'doqs' and 'animaIs. • 

0 no attempt or hopelessly wrong. 

Materials 

(a> One card'whi~h ,shows 2 girls, 2 boys, l'eat and 

1 doge 

(b) Set of eight carda of which 6 .how fiqur. of a 
"" 

boy, 2 show ~igure of, a qi,rl. 

• (c) Set of eight carda of which 6 show • robin, 2 
'1 

.... 
~'. " 

. show a budgie • 
-.", 

c; • '. 
, . 
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) -
(d) Set of eight cards of which 6 show '. dog, -2 show 

• cat • 

. . ftethod 

" 

Part 1 

• 
tut out card defined in (a). Then" sayr 

Q. 1. Point to the • cat • 
.... 

Q. 2. Point to the doq. 

Q. 3. Now point to all the animals •. 

Q. 4. Point to the boys. 

Q. 5. -Point to the qirls. 

Q. 6. Now point to the children. 

Part 2 

Put out (1t) ca):ds, wlthout separat,ing the tvo .~ •• t8. 

Ask:"" , 
Q. 7. Are there IDOre ~ here or 'more children, (pau.e) 

/ 

l, 

"-

i'/ 

~re children or more .boys? . 
• (' *"-

s. '1. If reply to Q. 7 is <a) correct, proc::eed 'to 

s. 2. 

next set.-
\ 
\ 
\ 
\ 

(b) tal •• , a.k: 

How ma-ny boys are there? How,.any children? r __ 

It reply to s. 1 is falae, .sk: 

How .. n~boys? Dow .. ny girls? 
1 

·80.. .any 

chl1clren? '\ r 

" 

..... ..:.. ,." " 

. t 
• , 
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Repeat Q. 7 if S. 1 or S~ 2 answered correctly. 

Set (cl ft 

, 0' 

proceed aB for Se~ (b), subs~ituting robins for boys .. 

budgies for girls, ~nd birds for children, taking care to 
l, . 
repeat the form of O. 7. 

Set' {dl \ 
proceed as for Set (c)\substituting dogs for robins 

--c 

and cats for bud9i es. Ask: 

\; 
0;.,8. Wh,t is the question l am 90ing to ask you this .. 

time? 

If C fails, prompt by showing Set (c) and saying: 

"When'we looked at these l asked you, are there more 

robins or more birds, now look at thesa. What 

question do you think l am 90in9 to ask1" 

.j) 
".. 

INTERSECTION (overlapping enclosures) 

scoring Instruotions 

'l'. 1. l o both sets correctly allocated 

T. 2. 1. • o both Bets correctly allbeated 

.t. 3. 4 
".h 

spontaneoU8 exhaustive success 
1 

J ~xhau.tive sueeess following initial prompt 

or aingle demonstration onl~ " 
, . 

. .. 

,.. . 

• 
, 

t 

{ 

. 
\. 

, , 

, 
'<' 

J 

~
.,,_ .. 

• , < 

, ' .41è'" 
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2 ~ .pontaneoua partial sucee •• on whieh é.f_il. 

'. ~o iaprove 

'1 partial sucees. followinq initial prompb or 

8i091e demonatration only 
~ 

o po auee~a ~ 2-3 demonatrations needed for 

exhaustive allOcation 

~\o. 4. 4 spontaneoua exhaustive aueee •• 

\œ 
r 

, 

3 exhaùstive suceeas followinq prompt. 

1 

l 

~p to 'J. marks may be awarded to children whci 

.do not fit the above ~ eatÎgoriea but who: 

-
mention the overlappinq diaenaions , . 
allceate two.shapes folloWing'prampt* 

DISCONTINUE if le.. than 2 acored on T. 4. 

T. 5. .. spontaneous exhaustive aueeeas 

3 exhaustive suceeas follow1nq prompts 

2 

1 

6 

3 inter~tions correc~ly filled after prompts 

2 inter.ec~ona correctly fil1ed afte~ prompt. 

les. tbAn two inter.ections filled 

(a) 3 r~nqa of different colours 

(b) The f0110winq plastic ahape.1 . . 
2 la~~e yellow square. 2 large rad circI •• 

\ 

'. 

1 
• 1 , 

ï 
1 

.. 
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2 large yellov circle. , ~ l.rge red triangle 

"' . 
2 a_li 'yel'ldw squar •• '2 amall rad triangle. -

1 amall yellow circl. 2 amall rad circ les 
~ 

(c;). ~e follQwing .. rker~z 
" 

.. 
y4tllow rad. square round large 

. Part 1 
, ~ ,~-

,,~t o~t the shape a and two rings with ~<short d~sta\ce' 

separating them. ~atabli.h vocabulary for t~e ~e.t material. 
. . 

. "1 want you to pu~ a Yellow shape in thi. ring (indicatel 

.\ 

(R. 1) ." •• nowanother ••• we put yellow ahapes \n 

this ring and to help you remember What beldnga\in thl. 
. .. . 

ring 1 am goiQg t~put thi. yellow ~k~r'in it." R~peat 

the above procedure fo~ R. 2 vith two !.!!!. p~ce.. and th6 

red marker. If C makes Any mistak~s. lead correction with 

" .-J'Il \ ... 
"No. weill have this one. shall ~?n . 

. \ 
'P. 1. Ask C to allocat~~hp remaininq yellow and !:!S! 

• • 
shapes. If C dosa not exhauat the re~evant shapes. 

" . 
score 0 and draw hi.s \ attention to ahapes omitted. 

T. 2. Repeat the ~bove pr~.~uré vith aIl !.!!1 '.ha~,. for' 

R. 1 and all sguare shapea.".for R.' 2. 

• 1 

• 

• ,1 

. , 
. . 

" 

a 

"1 .' 
1" 

, , 

•• 

, . , 

/-

-, 

, 
"i 
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, . 
1 )~t~rlal •• for part)l,' ring noW averlap. ~ 

T. 3. The .procedure for ,p:rt- l, ~Oll0~ wit.hç 

a,ll yellow .hape~ i~ ~. 1 and all a"'ll ahapea in 

, J 

' ..... 

T. 4. 

.. 
R. 2. If C allceate. the t~ cla.ae~ but faila to \ 

int.r •• ct draw hi. attention to the dimen.ion. 
, . 

which interaect: "what about thi. on.? (.mall 

yellow circl.). But i.n't it .ma~l (if~a ••• d 
\ 

~ith yellow)?" • . . If C now cla •••• it vith .malla. 

"It ia .mall but it's y.llow too, ian't it?" If . ~, , 
C still fa~l~ to,plac. th. firat amall yellow 

, 

correctly, DEMONSTBATE. "But t~at'a juat ... 11 

(y.llow), thera ~. amall and yellow." Similarly, 

if n.c ••• ery, draw hi. att.ntion to the oth.r 

neglected dimensiona. DEMONS1RATE again if n.c •••• ry, 

always explaining verbally, e.g. "If va put it in 

her. it'a in th. yellow ring (ge.tur.) ~ in the 

amall ring (geature)." If C atill fail. to place 

l 

the ~nter.ecting element. then place the .lem.nt. 

one at a time in their correct po.ition. 

Repeat vith all ~q • • hap •• in ~. 1 and all round 

.hape. in R. 2. If C fail. to .pontaneou.ly allo

cat~ the elem.nta correctly •• k h~ ta explain the 

'1 ~l 

.. 

• .. 1 
\( 

/-

.. 
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. , 

probl.... 1 f C "'hti~. the probl~ tf the over- , 

n.ions but.atilL faila, to'allacate the 

dimensions, 

emonatrate. If, in an.ver to the 

tion C fai,la to mention the overlapping 

draw his att~ntion to th .. , uaing 

QP to ~t~h~r~e~e~~~~ altogether vith up to two piacea, 

aa in T\.. 3. 
\ 

DISCONtINUE 3 pe~itt.d prompta, C 

fails to place piece. corr~ctly in the 

intersectlon. 

" Use bhree rings and all the ahape,. 
q' .. @ Arr~nge th~ ring- ~nd marke~_ thu., . 

, 
R. 1 - ~ellow sape. : R. 2 - roun§! .hapeaa 

1 

R. 3 - small ahape •• 
, . 

Up to five prompt question. (e.9. 'Thi. on~ ~ yel1ow, 
, 1 

but it'a also amal1 isn't it?'), irr •• pective of 

'number of piece. mav be made (dea1 vith ttip1~ 
• 1 

inter.ection ~aat of a11), the PISCOITIMUI and acor •• 

p 

'. 

.' 
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CRQSS:CLASSIFlCATIQN (LU / 

Scoring IDS trustions 

Taska' 1 and 2 r2 cor~ect classification followinq acreened demon-

, strat.i.on 

\. 1 correct classification if open demonatràtion h~ 

been nec.ssary 

Taska 3,oand 4 
, J 

correct cla.ailication following the acreen.a 

demonstration . • 
1 partiai- aucce.s Cscr.ened), i.e. cable to clas.ily 

. 
the element. for one ptrt of the total sequence 

1 correct classification foll~inq an 'open d~mon-
1 

stra~ion . ' .. ' 

.: .... ' 

(1.&. C may he awarded a total of l if bath criteri' 

are aatiefied.) 

Taska 5 and, 6 

1 complete !U,C" 
0 partial aucceaa ~. , 

'. 
Taak 7 

3 complete aucceaa without pr~t . " 

2 dbmplete aucc.ss fol~owinq pro.pt 
f , 

1 do~le ela.~ification acbieved but ~t treble 

'1 
• 

'" 1 

.. "f , 
.; 

1 

.. 

.. 

, ! 

. )' 
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T.ek 8 " 

2 complete sucee •• 1. wi th9ut prOlllP~ 
/ . 

l complete Bucceas following prompt 
1 .. 

0, -one' classific'ation only 

App!r.tu.~ For all ta.ka 
, 

,.. 

.' . ' , , 

2 'post' bOxe~ 6" x 6" x 6", open at bottom and vith 
~. 

a 3" slot at the top 
, 

~ 8of~ aponge pads, alightly large~ than the ba •• of 
" .. 

., the boxes 

. Material (a) 

Blue shapes 2 squares and 2 circles 

Yellow shapes 2 aquare. and 2 circl.a. 

Material (b) / 

Red. shape. - 2 triangles and 2 rectangles 

Yellow shape- - 2 tr~angles and 2 rectangles 
l' 1 ~ 

Material (c) .. 

/ 

8 ahapee conaistinq f squares and triangle., ... 11 and 

large, blue and red, figuring every po.atble ~ina-
1 

4 tion.s a unique eXamPlar 

Material (4) 

8 carda, an1mals~ bird., dame.tic, wil~. 
f 

Test situation 

) 

B .ita be'side C at th. table or d •• k. The two 'post' 

. 
f 

/ . 
>, 

.' 

,. 
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\ 

"boxea are plac:ed, aide bt~aide, on aponqe pada between E 

and C. A gap of about 3" ia left betwe.n the boxe~. The 

pi~.a are randomly scattered on the table. E the~ aaks 
.... 

f\ 

C ta sort the piaces into.two qroups~ If C aorts the piec~s 

. by colour, E aaka C to see if it is possible to sort the 
( 1 

piaces ~y other vay. 
~ . 

~ gives àimilar instructions if 

C aorts by shape. E assiats if neceasary and eventually 

places the piecea in the standard arrangement position: 
,/ 

, . 

\ . 
) 

The piaces are then ahuffled and C is asked to rearranqe 

th_. Assiat,ance ia qivén if naceaaary. E then ahow. the 

boxes to C, explains their structure and function. then 

allows c to post one or two of the pieces. E shows C 

that when the boxes are reme.ved, whatever haa been poated 

is left on the sponqe pads. 

Notes on procedure - Ta_ka 1 - 4 
. 

At no time is C told the nam.a of th. ahapea or th.ir 

cola ur. C ia alwaya encouraqed ta asaiat when the piacea 

are being placed in th.ir atandar4-arrang...nt'poaition. 

Bach aorting .. y have both a acr •• n~ ~n.tr.t1on and 
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1 • L-
In the acr •• n~ demonatr,tion, . 

whi1. C ha. hi. .Y" c lo.ect. B .ort.. 1 f C a t te.pt. " th • 

• orting but fails.~E openly .• ort. th. piace. one at a 
\ 

t~. In the open de.on.tration. the\ aortinq i. carriecl - , .' 
out so that -ail \th,e el .. enta vhich belong ,to. one .et 

are poa~ firat: the~ the element. of the remaininq" 

.et are po.ted. After the open demonatration. ç i. aqain 

,asked to perfo~ the aortinq. If C i. atill unable to 

perfor.-the ta.le. correctly. then te.tin; ~tinU.d. 

Taale. 1 

. 
B aaya, -1 want you ta clo •• your eyee While 1 .ort 

the piaces. When' l've fini8hed, look at what 1 did and 

.ee if you can do the ..... - E aorta the piacea by colour, 
~ . 

a.ka c to op8~ hi. eyea, and th.n remove. the box ••• 0 aa 

tO,reveal the pieces on the sponqe pada. E aay., "New, 
. . , '\ 

can you 8ee what 1 did1 Let t
• put the piece. beck a. they 

vere before and then yoû can have a go." 

/ A '.~1ar procedure is adop~ed when E demon.trat •• 

any sortinq. 

E1 ... nta arranqed 

C perfoDU one .equence. at a tiJDe 

~ 
C aorts (1) by colour " 

(2) by .bape' 

/ 
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Taak 2 

Bl,menta diaarrangeda 

C performa one sequence at a time 

C .orts (1) by colour 

(2) by shape 

Task 3 
. ,.... ~ 

"New this·ttma you will have 'to qlos. your .ye,a two t1mea • 

Pirst you close your .yes and 1'11 do àomething; Then, you 

'look at what 1 did, close your eyes again, and 1 will do 

aomethiQ9 else. 1 want you to try to remember everything 
~ 

1 did because when l've finiahed, it will be your' turne 00 

you think you can d~ that?" E ensure. that CI~eye. are 

closed and then sorts by colour. At, the end of the ;'irat 

8ortirig, E says, "Open your eyea and aee vhat 1 have dona." 
(' 

E places piecea in the standard arrangem.nt, aaka C to clo •• 

his eyes, and sorta by shape. on completiton of the whole 

aequence, E saya, "Now open your eyea again and look at what 

l' did. Than, aea if you can do both ateps as 1 did them." 

If C faila, E ~aya, "W&tch me while 1 do it again. 

When l'm fini.hed, you try the whole thing again." B 

- aort. by col~ur, then by ahape, -and then aaka C ta do the 

whole thing • 

- ----- --'" 
" 

'J 
f 
" 

, 



r ·r ï " .....• -: .. ~:-, , 

., 

~-
~ t \ 

If 

-. 
1 i J 
'. 

\, .. 
~, 

--
112 

v 
Bl ... nt. arranged: 

C perfonu tot.a~ .equenee 

1 C .orte l ir.t by colour and then by .bâpe 
, , 

T •• k .~ 

C parfoX'llle tot.al .equence . 
C eort.. fir.t by colour tben by eldlpe 

<fil ." 

Taek 5 
,- ~ 

P~e .. nt (f~n.fer ~erial . ,(b) .1n the Ta.Je '3 arrange- " 

o _nt and proceed .. for Ta"k 3. The C~.ked to poet 

't.he piece. tWo' .ways •• he did vi th the _in t.e.t. _terial. 
" ( '-- " 

DISCON'l'INQE if C fafl •• 

Taek 6 

, . . 

. 1 
, ~roceed .e for Task 4 ueing tranefer _teri.l (bl. 

DI seoir l NUE if C fails. 

T'.k 7 
~ 1 

Int.roduce tranefer .. t.erial (c) diearranged •• ayi~1 
II) 

"Thi. tim. there ~re ~ree vaye yeu can do it. s .. if ,ou , 

can po.t th .. t.hree different. vay. t.o get. different. pile. 

J ~.-
in the •• each ti ... ~ After the .!COnd po.tift9.\ if C 

" 
.top.~ •• y: "ean yoù do it. anotber wa~".till?· 

- . 

-" 

" , 
.. 
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T •• k. 8 

Introduee tran.fer material ,(d) dia.rranqe4 •• aying, 
1 

"This tima thw pieéé. aren't exactly the .am. but you can . 
.till put them'together to make tham belonq, and you can 

still do it in ,t\1lO ~diff.rent way •• : s •• if you aan do it " 

in two different way ..... If C atop. after one .ucee.afui 

.ort, wayl "la there another vay you'can do it?~' 

t, 

'TRANSFORMATIONS (Li) 

Ssoring i~structio~ 
All item. are .'cored 1 - 0.

0 

Tray holding plastic .haR~ 
tl " 

Shapes. rectangle (R),_ triangle (T) 
~ , 

Colourl Vellow (Y), blue (8) 
, . 
Size: large (L), amall (8) (five piac •• Qf ~.ch 

. colour.d .hape" " 

Carda wit~ coloured .hapes painted~in po.it~on (for 

uae in double and triple tr.n.fo~tion.t . 

small~tift white car~, divided into two ~al ~rt* 
, 

to Act •• te.t .auttee. for .i091. tran.formation. 

, . 
, .~ ' ..... 

, , 

, 
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• Introduction to test situation and mat.rial 
~ 

E'sits alon9side child with C to the right. The 

shapes are.placed bgfore and between E and c. The top 

row of shapes i8 yellow and the arrangement of piece., , 

f~om right to lef~, ls large-rectangle. large triangle • 
. 

small rectangle, small triangle. A selection of pieces 

is acattered before C who is encouraged to play vith them 

for a few moments, then is aaked to replace them in th~ 
"i, 

tray. 

Introductory 1-1 matching exercises 

E presents C with the test surface card and pointa 

out that he is going to work on the half nearest' to himaelf 

whilst C is to work on the other half. E say.: "Watch 

'very carefully because the game- is for you to work out what 
f", 

-you have to talce out of the tray. 50, if î take this (large' 

yellow rectangle) and put it here/CE's half of the card), 

then you have to tak! this (large' yellow rectangle) ~ 
, 

put it here (e'a half). 1 wonder if you can aee why yqu 

would have to t~ke that ~? Il C la allowed to look at' tbe 

piaces then ia encouragod to help replace the pieces in the 

,tray •. The procedure is reatartea with another piace. After 
) 

1 • 

placinq the stimulu., )E paua •• and a.ka C to anticipata· the 

·reapon.e. 1 f C .uccead.,. th. procedure ia repeateA, thia 

\ 
,\ 

~ , 

-,~~ 

.., 

/ t 
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tilDe vith a di-ffe •• nt si"zee! .hape. Give1is many d..an-

8trationa a. are necea8ary lOF the ehild to qr •• p the aatch

~~ atrateqy. and, as 800n ae C correctly complete. two 

aucceaaive'matchinqs, go to 5iz8 Tran~fo~tlons. 

DISCONTlNUI ~ C la unahle to qrasp the 1-1 matchinq 

8trateqy • 

Motea on procedure 

At no time ia C to1d the name. of the piecea or their 

eolour. AIl reapona •• must be in the f~ of a eonatructien 
• f 

~ven thouqh C miqht ahow that he i. clearly capable of a 

correct verbal responae. At the atart of each new trana-

'. formation ai~uation point out that the qame ia to be chanqed 

" and C· a taak ia to spOt hov the qaJDe ha. chan~ed. D\K"ing-

demonstra.tion. telt the child if hia responae ia correct. 

~ ia unahle,to qive the correct reapon.e vith test it~ 

one (vi thin each b~ock), th. correct. An incorrect re.pon.e 

\ 

• • 
in ~ demonatration .i tem ia countered 1fi th a remark auch •• 1 

-1 think that tb,tt anawar ia' ••• ,. Can you ~ee 'Why 1 choae 
\, 

~ 

. this one?- At' ail other times qive oblique encour~_nt' 
cJ , 

vith reaarka such aa: ~Xau ~re doinq' weil.' .. 

1 

1 

~ 
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1 . 
&lAll. TC'QlCgrmotipD' 

Th." f!rlt tw? .it.mM .in ~y ~lCM.fk ar. d.lftOftltration. 
, 

, 

tr.n.~rmètiun ~onai.ta ut fôur iiem.. k ~orr.ati~n pro-

~@d.ure lit ~ for t.h, fir." two, 1 ••• d.mol\.~t.t. oocr.et 

r r " 

SltAP': and COLOlflt hald OOhltant,' Alli ttanafor .. " 

~plou, lXIP'fPIIDIlÂonl '\ 

8HAP~ And 811.~ held conatant, 

, 
sun: ana COLOt1k l\@ld conltant 1 8U1tP. taanltotft\tttl 

J.?1SCÔ!ttlNijI if total .. ~o~ for tUt\qlo Trln.rurma.tiona t. 

'\ or lè88. 

o ' 

.. 

. 
Then'tho •• carda will bë put. up ~.r. 10 
"' 

l " 

th.t. you can look baak At th ••. 1t ... mlMr t.o u •• th. to 

~.lP VOu et.ciet • ..ma: to 40. ln th. lait. t~ o.~J." 
, \ 

., . 

; 

~I 
1 

;' } 
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For d..anatration il aay, • .. tch carefully bec.uae , 

thia ia a new 9.... If I put down thia ahape, then you 

tak~ thia one (painting to the correCt plastic ahape) 
• 

and put i't here. 1 yonder if you can aee why?" 

For demonatratfon i2 say, "If 1 put thia down, then 

you take that one. Can you aee why? New yeu do the 

next tvo. Il Meve(the demonstration material to make apac • 

. for the problems, bùt avoid placing the demonat~ation 

material directly abo~e the problem material ao that cu.a 

of .~try are not given. 
\ 

For problems *1 and *2 say, "Now if 1 put down thia 

one, which one would you fut d~?" • 

Below i8' an outline of the shapea that are painted 
. 

on both the demonstration material and the problem material. 

A code in which the first let ter is the .ize, the aecond 
.r-

I -

t;e ~olour, and the third the shape has been uaed: thu., 

LYR atands for a large yellow rectangle, and SBT etanda for 

a a .. ll blue triangle. Besides ahowing wbat shape. are 

painted on the cards and what .,ahapes are the correct rea-

ponaes, the outline a180 shows the order in which the 

material i. pre.ented in the teatinq situation. 

1 

, . 

\ 

" , 
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• 
0 

pqub1. 1'{anafomatiop! . , 

(A) Oolour h.1d con.tant. S1 •• &net Shape treufol:Md , " 

• 
1. oe.onatrlltion *1 

PaÜted Shape correct~ •• ~n~. _ 
L Y R' S y T ... 

~ 

2. .. S 8 '1' L B R 

3. Probl" *1 L 8 '1' . / S B R 

# 

4. .. . 8 y, R LYT 

(8) Si ... he1d conatant. Colour and Shape tralllformed 

~, s. ne.onatration *1 LY"l' L i R . 

6. .. *2 LYR L8T 

7. prob1_ *1 S 8 '1' S y R 
0 

'l 

---,": 8. .. *2 8 8 R S y T 
..;. 

(c) Shape h.ld conatant.Oolourand 8i •• tran.formed ... 

9. Demonatration *1 8 B R LYR 
" . , 

10. .. *2 LB R S y R 
.. 
Il. Prob1em *1 8 Y T L8T 

. 12. .. 12 S 8 T LYT 

'. 
Tr1pla'Tranafo~ti9n Celour, 81aal and Shape tranafonae4 

j 

• 
13. DemOnatration *1 - S B T LYR 

/ 

14 •. .. *2 L B R S,Y T 
'~ 

15.- probl_ .1 SY R LIT 

J:6. • *2 S B It LYT .. 
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In thi. ..-ce 1 bave tw üaw
ift9.. ~.toh _ 00101' the 11ft •• 
in thi. one on tihe lef~. IIOW 1 

, want )'OU to talle a pen, ..s find 
the ._ line. iD the Üaw1ft9 on' 
th. rigbt, and ~ eolol' tt.. 
in. You abould .tart hen--

1 (pointing). Oood. 

NOw let ua look at the Mat one. 
pirat we color the li ... a in the 
one on the l.ft. can you do 
that? NOV .tartinq he,., Wt fine! 
the .... lin.. hidden in the 
drawing on th. right and we color 
thoae. can you 40 tbat? GoOd. 

Nov let ua look at ~. third on •• 
Fi-rat, we color the lin •• of th. 
drawing in th .... l.ft. Good. Nov 
we find th ..... lin •• which al'. 
hidd.n in the 4rawing on the right. 
Can you ... th_? ~. NOV we 
color th_ • 

. 
ln all th. r ... ining on •• Wt do 
th ..... thing. 'Pir.t, color 
th. lin.. of the drawing on th. 
left. Th.n ••• if you can a .. 
wh.r. th.y al'. hidd.n in the 
drawing on th. right, and when 
'you can, you color th_ a. vell • 
Take yOuJ; tiM, and we will do 
on. at a tiM • .. 
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VAll 1 
VAIl 2 
VAIl l 
VAR 4 
VAl 5 
VAA 6 
VAR 1 

, VAl. 8 
VAR 9 r 

V.t\& 10: 
VAl :1 

. VAR 12 
.. VAIt 13 

VAl 14 
VAR 15 
VAl 16 

VAR l 
VJ.1. 2 
VAl 3 
VAl 4 
VAR 5 
Vüb 

,/ VAl 7. 
VAR 8 
VAl 9 

• VAIl 10 
VAJl 11 
VAR 12 
VAR 13 
VAl 14 
VB 15 
Vd 16 

, " !te' • ~~ f~' / 

. 
• 

> 
VAR 1 VAR. 2 

599 
390 166 
304 241 
117 158 
029 088 
310 S09 
552 588 
223 201 
001 044 
208 116 
107 -067 

-013 048 
423 243 
286... 306 
221 126 

1-

v,u 11 VAll 12 

......-

178 
180 122 . 
084· 211 

-120 120 
136 128 

~ 
\~ 

.. f >,..' 
~. , 

'l' ~ ~ "', -'A.t...: ,'~ • • • '-

VAl 3 

515 
212 
095 
361 
138 
082 
099 
149 
141 

-298 
)133 
182 
143 

1 < 

VAr. 13 

243 
1

164 
226 

~ 

Appetlfdu B 

Correlat1pn Coefflclent~ 

VAl 4 

394 
263 
201 
126, 
063 
152 
227 . 
038 
-030 

-009 
199 
011 

VAIt 1-4 

#' 

279 
162 

-

VAR ~ 

l' 

626 
151 
015 

.014 
223 
181 

,087 
-074 
-026 
-103 

076 

v,u 15 

-136 

VAR 6 

126 
115 
321 
278 
331 
173 
150 
-048 

058 
082 

Vd 16 

t - -

VAl 1 

416 
.180 

-224 
147 
170 
014 
253 
3S5 
209 

'> 

........ 

VAR a 

297 
-088 
092 

• 146 

1 -• 

-009 
248 
158 
165 

" 

\ 

~ .... -.... 

...... 

va 9 

392 
407 
197 
2'69 
261 
306 
179 

VAl 10 

245 
-lOI 

-:~ 
043 

-D03 
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