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Previous studies have demonstrated that many different
' o

factor patterns are involved in Piaget's tests.

A .

An attempt was made to determine the factor content of

several Piagetian conservation and classification tests.

'rifty-two»children. with an average age of 94 months, were

N -
.

L o
given the Piagetian tests along with certain conventional
{ .

intelligence, verbal, perceptual, and memory tests.

. Vari-

4

The results were correlated and factor analyzed.
max and quartimax rotations with both non-normalized and

normalized data tended to 1ndicate that the factor conpo-ition

wf tﬁe Piagetian tests differed from that of the convontional

"4, n
Ed

tests:
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( ,
Des étqﬁes antérieurs ont démontré que plusieurs

s

échaptillons factoriels sont.inclus dans les tests de

Piaget. ' - ’ (

Un essai a été tenté afin de déterminer le contenu

géctoriel de plpsieurswéé;tégae conservation et de classif-
ication. On a fait suﬁir 3 cinquante-deux enf;nts ayant

un fge moyen d;.94 mois les tests Piagétiens ainsi que
certains tests conventionnels d'intellifence, verbal, per-"
ceptuel et de memorisation.

| Les résultats ont été ébhantiilépéb et analyq‘s. Les

rotations varimax et quartimax mises en rapport avec les

données a la fois non-normatives et normatives tendent a

]
! -

indiquer qué lé facteur composition des tests Piagétiens est

v

différent de celui des tests conventionnels.
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Introduction .
Intelligence and human abilities have been persisteont
~ ' . v,

topics of extensive discussion. Over the years, philosophers
an rchers have congregated around schools of ,thought

and in due course have formulated theories of intelligence. -
Early researchers, first in France and G;rmany and late;

g ptiharily in Britain and the United States, have perfected
ability testing and have analyzed the results of their o
testing with statistical techniques of varying sophistication
in order to arrive at bodies of knowledge organized into

. what is known today as "classical” theories of intelligence.
. A counterpart to those theories is Piaqet;s developmentalism,

- . v%
a theory also about intelligence., Piaget's expertise

n

does not rest in his careful use of accurate tests nor in
his use of statistical procedures but in his clinical
dbservatipn of rqutine problems presented to apd somchow solved
‘ by children.
¢ For }ears there were inconsequential exchanges between
— - classical theorists and Piagetian developmentalists.

t L
Classical theorists defined and organized such éonstructs

as verbal ability, reasoning ability, memory, and so on;
, . ,

Y
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developmentalista cxamined and ordered pnnatructs'such an

i

object permancnce, conservation, logical thought, and ¢n
forth. Not until someone noted the difference bntw%én,rhn

two schools and argued for the superiority of one schon)

LY

over the other did a fruitful interaction between the two

1

schools take place. Today a considerable body of related
research exists., Some studies suggest that Piaqoﬁién

measures arc essentially reasoning measures or verbal
» .« 7 -
measures; others maintain that perception is most important;
é
still others conclude that they are unlike anythina utilized .

by classical theorists, b

From that point of view, it becomes important to ex-

kS

amine the dependent or independent relationships between

the constructs of Piaget and those of classical psychometric

[

theorists. A modest investigation will be designed to

define and explore the reclationships between the following

»
¢

éhcoretical constructs: genéral inte}ligence;Jverha] ahi]it§,
memorgf perception, conservation, andaclasaification. b
Selected tests for each ?f those constructs will be giQen
to a sample, and the results will be factor analyzed.‘ A
deliberate attempt will be made to isolate factors that =

could be designated as general intelligence, verbal ability,

memory, and percception. Subsequently, attention will be

. -
! [ -~
\
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’ o .paid to the dependence of conservation and classification

‘ ]
" tests on, and conversecly, to the independence of them '

. o
- from, those classical factors.
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CHAPTER 2 , ) A

Literature Review w R

°

Piaget's Theory of Intelligence

Piaget 's observations have led him to the conclusion

A

that an organism's behavior is not random but structured;

the movements are patterned, organized, coordinated, ruled,

!

T
or principled (Fugth, 1969). Behavior that is structured

”

accomplishes its goals intentionally and purposefully.

/
The coordinations or principles are referred to as schemes

¢ (Furth, 1969; Inhelder, 1962) and are those aspectg of

behavior which are transferred to other but similar cir-

cymstances. For instance, what is common to throwina 2 §
o N4
baseball, on the one hand, and throwing a softball, on ..

the other, is the scheme. At the simplest level, the

¢
coordinations are between the different fine- and gross-

motor skills, between the senses, and between the senses

and the motor skills. At another level, the coordinations
4

N \
are between the simplest level, the sense and motor coordin-

s
ations, and a few aspects of the environment. For instance,

, .
two_quite different aspects of the environient are coordinated

with one another and with the besxtforal schemes of the \
organism. At thé highest level, the simplegt coordinations ‘

N e . tT
\ s N :
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’ ,i and the many different variables preSent in the environment
. &
are coordinated (Baldwin, 1967). ™
~n A four-point criterjon(Inhelder, 1962) has beeq used
éb group the scheMe;. The groupings are levels or stages
of devélopment. The criteria ;equire that each stage in-

-

volve the formation of a unique structure, that each structure »

constitute the end of one stage and the beginning of the 5

Fa~

next, that the sequences of the stages, regardless of the

%, .
age variable;’be constant for all individuals, and, finally,

¢ rmm——— o
3

o

that preceding stages are part of and are implicated in !

]

el

succeeding stages. Thatcriterion has led Piaget and In-

helder to conclude that there are essentially four stages:

>

sensori-motor, preoperational, concrete operational, and

[

O - -

RS2 NV S

g e e

A
-

formal operations.

The sensori-motor stage consists of the coordinations

O BT A gk ey v

TR PRI g

of senses and/or motor activities. The schemes which imply"

/ $ '

-a menta% event or an interiorized action (Boyle,‘i969),

T

say, knowing that an object’'exists even though it is not

b

being pe;ceived, and those schemes which can take into ‘ 3 1
$

account only one aspedt of the environment, those Lghenes i

o

< )

make up the preoperational stage. The schemes which in- ‘

volve similar mental events and which can simultaneously

4 ~ i

take into account more than one aspect of the environment -

i . . -
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'l’ - '
’ but which can gperatecOnly in the presence of concrete

¥,

. . -
. objects make up the concrete-operational - stage. Finally, g

the schemeé'éhich show interiorizéﬁion even in the ahsence
. of concrete objects and which can work witg propositions, r
I ‘ the probable but not necessarily the real, make, up the
formal-operational stage. Evidehce.iq adduced té show

-

. _ that the sensori-motor stage is followed by the preoperatioral
stage which is"foliowed by the'concrete-opfrational stage .
! . which, in tyrn, isj}ollowed by the formal operational; that <
sequence, it is postnlated, is invariable.
- ' Tests haQe been devised to help define the different
schemes -of the four sfages: For instance, thg test. that

»

measures objéc? permanence .is a test that taps a sensori-

» mQtor scheme. The conservation and classification tests
are utilized to help clarify the behavior patterns of the

. : . !
concrete-operational stage, The tests which require the
s & * (

formulation of propositions or which require a grasp of

propositional ‘statements expressed in'terms of fdormal logic,
. ’ ; Fat)

d

those tests clarify thé schemes of the formal-operational’

-
-

stage (Phillips, 1969). ;

A host of such tests have been created;  Piaget's pro-"

1

lific writings indicate that on the spur of the moment:

- P -

available materials were manipulated- to createa p;oble@ or

| .
| s . o ¢ =
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a test. To ghia day, many of éhe Tatofials have retained
that hapﬁaza:d character, th;t unstructured:and .non-
standardized element. The difference g,t&een‘such tests
and those contained in most intelligence ;nd achievement
' tests is obvious. l N

Piaget (Laurendeau and Pinand,-l962; Piaget, 1950) has ' -
written about a test battery gonéiating of his tests. He )
. has stated that such a battery wquld certainly be as valuable
as the intelligence tests of Binet and Wechsler. According
to him, the value would derive from the application of his
developmental theory which would permit a comprehensive
analysis of someone 8 score Or someone's abilitiea implied N
by that score. The intelligence quotient of convent}bnal
testing does not suggest anything about‘thq nature of a : .

person's abilities:; it merely ranks the individuals in

terms of their abilities. A qco§5<from his battery,

Piaget believes, would rank a person, show the séaqe of

mental piizessinq, and by drawing gupport from his theoretical

ive a definition of the most powerful mental

writxngs,

/,Operations that the individual is capable of perferming.

wWhile Piaget himself has not collated his tests into a .

bat\"ety. Almy et al. (1970), Lunser(1970), Pinard and Laurendeau

(1964), Tuddenham (1970), Ward (1970)g and Warburtén (1970) "‘\~/

|
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,Lhave taken up the task. Some of those have ‘tried to retain

f " the—<linical, somewhat subjective judgmen ~their
: ‘ structured and standardized approach; butt;ifiih%vc tried -
to standardize Qhe‘matc;ials, problems, and questions, to
specify the bossiS&e correct responses, and to give differ-
ential values fof“the possible'resﬁonses.

To date, reliabilities and‘validities have heen in-
consistent. Lunzer (1970) has suggested that once the
instructions and procedures have been standardized, the
observations placed in an ohjective perspective, and the
criteria for evaluation stabilized,once ghat has been
accomplished, the reliability of the tests will no longer
be a‘problem. The tests, then, will measure well whatever
they measure. ‘ ’ )

- Unfortunately, even Piaget’'s writings do not give us

a clear picture of what his tests are méasuring. For .

example, regarding the development of sensori-motor structures,

Piaget (1950) helieves that those structures are correlated

<

with, but not totally dependent upon, perception. Elsewhere

T " he states that perceptual structures play a necessary Ehough
i ‘ ' * not a sufficient role in the development of concrete-

- operational structures. Those structures contain bnth an
E*. ‘activa 'elémbnt/nd a perceptual element; for him, abstraéting

. . . .

SRR R
So

f

*




-9 -

¥

is an active process consisting-of taking relation]hipn out

-

of and adding rei?tion;hi s to perceptual givens (Inhelder

and Piaget, 1964). 1In ain ion, language plays an Fuxiliary

role in the development of structures which are cbgnitive‘

in natu£e (Inhelder and Piaget, 1964). Memory (Piaget,

1952) is also a facéor: Therl there are a cluster of possibi§

interveﬂing factors such as the length of the instructions, A
- \ 3

their more or less concrete character, the relationghip

between the instructions and the individual experiences

of the child, the numbexr of ele ts inyolved, and the

number system (Piaget, 1952). Therefore, while Piaget

would like to be measuring a subject's operative thought, -

o -
4 A

one's ability to structure, or one's understanding of, say,
conservation in its pure stater—he\{:adil; admits that ‘the
interventionvof other factors precludes this.‘ He is well
aware that one's concept or structure of conservation is
always with respect to a given problem and giveﬁ material
(Piaget, 1952). )
\ Putting all of Piaget's descriptive, theoretical w;itings ’
aside, Qe{cgn ask whether his test items, individually or
in battery form, give us information different from that

given by the usual intelligence and achievement test; Are

we measuring some phenomenon that has been largely overlooked




[}

byjfuCh men as Binet and Wechsler? Undoubtedly Binet and

Wechsler, just like Piaget, would be working under the

"influence of those intervening factors--length of inatructions,

»

5y

a

the more or less concrete character of the tasks, words,
numbers, and so forth. Moreover, those would be factors
influehcing the results of any kind of testing. One
difference, and it may be crucial, thwéen a piagetian

test and most others is that the former require that the

environQFnt be manipulated. That is best exemplifiel by

-

the pouring of water from one glass to another of a different
shape or by the changing of a ball of clay to a sausage

of clay. Structuring that kind of environmentsq change
may'reqﬁire something other than what is required for success

’
in conventional intelligence tests. That missing elecment

may be oge of sevefal‘thaé would indicate that we arc ’
getting different information from a Piagetian test than
from most other tests.

However, that, jusf—::~f:j:>Fommentd‘on giaget'q work, -
is speculative. The questions still remain: do Piacctian
tests measure the gaﬁe.phenomena a# conventional tgsts or
have they defined areas untouched by other tests? If

they measure different phenomena, then what is the nature,

what are the attr}hhtes of those abilities? ‘

i

e ®
R

Sl % o 1




Theories of Intelligence and Factor Analysis

!
The problem of what a test measures along with the

larger issue on the nature of human abilities dates hack

to approximately 1870. Working with the problem:.of in-

[
[

_dividual differences and using either regreaéion analysis

or Pearson's product-moment correlation, Galton faurd
evidence for the age-old philosophical disginction between
éenerﬁl ability and special aptitudes. Spearman (}9?7)

gave more credence to that distinction by arguing, laraely
on the basis of‘thﬁrtetrad difference (rap X Iyg = raq >

Tpp = 0), for a single general factorntheory, g, more often
répresented as, a two~factor theory, g and s, where g dcqotes
the generél factor, s the specific factors.

Henaeforth, factor analysis, implicit in Spearman s
work, 1nherent in the partial correlation of Yule (Cron-
bach, 1957), and developed by Pearson and by Burt (1&40).
"often paralleled the organization of theories of intelligence
and human abilities. Particularly in Englané, the mode
of operating theoretically was by means of hierarchical
models. Burt's attempts to organize abilities resultéd

in the first of such hierarchies; having developed a formula

for simple summation and a technique for assessing group

1
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factors (Burt, 1940), he went on to give evidence for not onl& the
general factof but also for such grouﬁ factors as verbal, numeri-
cal, and kinesthetic (Burt, 1549). Spearman, albeit‘reluctantly.

Y

accepted group factors, particularly verbal and kinesthgtic,

and fate; certain others.' a th;oretical framework similar to
Burt's but accounting for g, group factors, and specific factors
was conceived by Vernon (1950). Thomson (1939) also worked with
methods of factor analxsis and/devqlopéd the sampling theory; al -
though he himself denie;\any hierarchy or any g, others (Vernon,
1950) believed the g to be a measure of tﬁe total number of bonds,
the basic elements of Thomson's sampling theory.

As opposed to hierarchies, multiple-factor theoretical

frameworks became the. means for orgarnizing abilities par-

. ticularly in America. Thurstone drew support 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 when’mqre tests

were used, the proportionality among the correlations would

not exist, a general factor would not emerge, and more ¢
factors w%hld be required (Thurstone, 1952). Concomitant

to that theoretical work, his labSratory concentrated

on two other psychometric issues: test construction and
statistical techniques. He utilized large numbers of

short tezts in his batteries, developed complex diagrams

)

o

-

*‘b AYE 1 g
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I

to facilitate the calcu{afigg/ot correlation, and develéped
o .

the centroid method of analysis for resolving the communality

problem in a single, though ‘approximate, way. Moreover,

he solved the problem of\making his factors meaningful,
notably, by the aimple-sgructure and positive-manifold

criteria. The final contribution to statistics was in the

i \
realm of orthogonal and oblique axis solutions. His work

T

resulted in the postulate that there were seven primary

mentaf\abilities: verbal compyehension, word fluengy,

. number, space, associative memdry, perceptual speed,\ and

4

induction (Thurstone, 1938).

* Multiple-factor theories became viable frameworks

iy

readlly accepted by Guilford. For years, first with the

army ahd later at the university, he worked with concepts

‘sqgh as attention, judgment, foresight, reasoning, creativity,

mechanical aptitude, and a host of personality variables.
Factor-analytic studies by Guilford and many others had
gqne;ated large quantities of factors; in the intellectual

realm alone, by 194G, there were twenty five; unfortunately, \\
v o .

factor analysis itself showed no promising, conclusive

framework to organize the factors. 1In 1955, having been

o

invited to a symposium on factor analysis, Guilford pre-

I3
'

: pared a paper in which he attempted to organize logically .

. v
\\
2 ’ 2 .
4 N . 9 < e arloa Lo
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the then recognized intcollectual abilities. vHe-accepted‘
the 6rthodox distinction betweer verbal and non-verhal,’
but even for non-versal material, for instance, a £nrthcf
distinctionvhad to be made between that containing figures
and that containing letters. He proposed a further dis-
tinction\betwoen memory, discovery, evaluation, and othars,
At a later date, social intelligence became a recogntized
~

factor in the reélm of abilities. The multitudinous
factors were finally integrated into a tentative, structure .
of intellect model (Guilford, 1967).{ The modecl is a cube-
like, rectangular parallelopiped, the three dimensions of

¢
which are operations, contents, and products. Any opecration
can work on any content to create any product, making a
total of a hundred and twenty postulated abilities. Of -
he_total, about cighty now are supported by empirical

evidence. ‘ ) !

Fundamental to any thecory about the results of tecsting

.

‘must be the structure and operations of the tests themaclves.

. \
Sometimes that fact is lost or overlaid by the emphasice

upon corrclation analysis. JMany tests in the early days were
named upon scanty cvidence as to what they measured. when
80 named, it was sometimes supposed that they measured

* H

what had been named. It was a long time before a theory

« :
[ ) ,
i
. . .o
4 . t ) AT A Y
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emerged,\{Lcludinq the application of factor analysis, vhich
results today in our present knowledge of psychometric 7
proceaures (Guilford, 1954; Guilliksen, 1950).

For this and other reasons, common to most classical )
theories of intelligence is the :eliance upon factor analysis..
It, more than any other techhique, has he:n used to clarify
the contents of tests. It consists of obtainiﬁé a ;mall

4
number of constructs or factors by which to represent a

large num?er of tests. Each test in th; é;ttety is
°explainable in terms of the various factors. .Tho factors
are thought of as being the crucial variables in the test
battery (Adcock, 1954)} fhey are means used to describe
the contents of thedtests (Burt, 1940); and they suggest
psychological constructs under which the tests can be
subsumed iAnastasi, 1965). The constrdcts m;y in turn
imply human abiiities: it musé, however, be noted that those.
constructs remain hypothetical entities which may never
have any real existence. Much more research is needed on
those constructs.

@

Returning to Piaget, we find that he has given extensive

o

. ¢linical judqﬁénts on what the problems he poses to children

are measuring. He has used concepts such as logical structur-
1

3
v

ing, closure, reversibility, aasimilation; accommodation,
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" . and equilibriu;:{ to describe what the child's mind does in |

attempting to molve his problems. Asking whether thorne

1Y
< L

concepts are inherent in thﬁ solution to his prohlema is

posing a question also answerable in terms of clamsicnl ‘

- theories of human abilitles. Puttingﬁtﬁe}queation within
the framework of thosc theories and of factor aﬁalyaia, one
can detgct factors and, by inference, abilities that are
required to complete, for instance, the conservation and

]

cJassification probhlems.

An_Integration of riagetian Analysis andﬂCorrelationgl’Analyaia

Attempting to place part of Pliaget's developmental
theory into factor-néalytic research is really posing
another query: is it logical to synthesize aspects from a
developméntal theory and aspects from the claséiqal theories .
of intelligence? Considerable debatc between Michener,
Wohlwill, Birch and otherg (Garrison, 1966) has centcred "
on resolving the apparent disparity between the two approaches.
It has been argued that developmental approaches order
sequential abilities, showing how, for instance, formal
operational_abili%ﬁon are natural sequels to cdﬁcxete

operational abilitiecs; the more usual psychometric approach,

correlating, analyrzes parallel abilities, showing how one

“ B PR R IR WS e
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ability-+is related to another, not sequentially, but con-
_currently. Hence, they argue, correlating tests for
scquential abilities would result in a zero corre]atjpn.
fﬁ practise that argument is refuted by noting that Piaget's
tests, parﬁﬁcularly the stanéardi;ed ones, do have an order
of difficulty, do produce a range of scores, and can
produce a normal distribution of scores. Moreover,'two
tests, both design&ted to measure operational abilities, .
may not be done equally well by 'the same individual.
Occasionally, an individual will experience partial failure
in a test measuring one level of ability while achieving
partial success in a test des;gnated for a higher level
ability. Since the tests do not fall into neat package&'
which can be sequenced and since the tests probably ovorQap
in term; of the abilities they measure, they i;nd themeelves ﬁ
readily to the usual psychometric analysis. 1In general,
these épparently polar theories of intelligence can help )
clarify each other. (

That congruence between the two schools is accepted
by Piaget (1950) who states that both schools are getting
at the same phenoménon, intelligence. There is no difference
between Spearman's eduction of relations, Binet's judgment,

%
Wechsler's purposcful behavior, and Piaget's logical
- !‘

- ’ [

N
MEEEEN
"
<




! - 18 -~

a3

¥ “

(RIS

_.structuring (Elkind, 1969). More boldly stated, Kohlberg

(1968) hypothesizes that Piaggtian tests will load on a

s
general\dttor that will be greater than, but of the same
nature as the general factor found in certain .factor-
analytic studies. Guilford (196%) believes that Piageé's
tests require the cognition of figures, occasionally the
cognition of semantics, in each‘of the product catego;iea.

Further hypotheses relating the two schools of intelligence

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

Meyers and Dingman (1966). oOthers have'?ot indulged in

theoretical discussions as to whether or not tests unique
to developmental thecories can be psychometricized:; they
simply put tests, no matter the source, into a battery and
calculateq correlations or factor analyzad££é results.,

A lafge number of such correlational studies have Qgen

conducted. Some researchers have correlated several

Piagetian tests with each other while others have correlated

ies are valuable

those tests with intelligence tests, ge tests, and
percéptual tests. These correlatiog?(ﬂ;gzz

in ghat they show the degree Of relationship or the lack
of relationship between the Pi&getian tests themselves, or
between those tests aﬁd other better-known tests.

Taking a wide view of what constitutes intelligence




. tests, significant cnf-m:\m;ionu have bheen found hetweean

some’ Plagetian tests and the Stanford Binet (Fiedenhaum,

1 r .
1963 «ruen and Vore, 1972; Kohlberg, 1968). Goldschmid J .
(1967), Marchi (1971), and Miller (1970) found slani ficant
ré'lnt:mn;ahipﬂ_ bet:ween/czmrvntion and the Wechsaler In-
) ‘

telligence Scale for

4

1dren (WISC), although, Elkind (196))
" found low but aignificant relationships between conaervation

T l and only certain of the WISC scores. Similarly, Swirze

(1972) found a non-aiqnificant relationship hetween con- #

s

énrv&tinn and the Wisc comprehenaion subteat. Thoe carrela-
t,lc;n beétwoan the teabody picture Vocabulavy Test (PPvVr) am
ccmuervation‘*mu 'u.i«mHivnm; (Gaudi, 197); nam, ‘971) huf‘

wan non=slgni ficant for Sw\izn (1972). Detween the PPYT and
clamaification the correlatton wan'lnw (Carlmon, 1971,

. . [
de lacy, 1971). Raven's Prodressive Matrices correlated

positively with clasnificat i(»n.(Carlnon. 1071).
changing now 'to 1anquage, abl 1‘ttim;. Lnr;cm and Flavell
(1970) concluded that the level of abatractndaas 00?' the
r * ,t{;rml used was n factor.in teeting c'otiuryutmn abilitiee.

Further, Hamel and Wittt (1971) found that lanquage played

S ' a role in conservation. Reading roadinoss tests correlated

. | - :
nignificantly with conservation (Rrakka, 1972: crutchfield,

1970; Raupcher, 1971), -and the Metropolitan Reading

- £l
» . i




Achievement test related highly with class inclusion
(Gnr;ottnon. 1971). Aldrich (1970), Berko and Brown (1960),
Braine (1959), Braine and Shthl (1965a, 196Sb), Bruner
(1964), Grorge (1970), and Reditz (1970) r;portod that
verbal material was a mediating énctor in ‘conservation.
However, -ovcrgl (!nholdorv,gg_gl, 1966; Jennings, 1§70r
ﬁa-kovitz. 1971; Ross, 1971) would disagree with that
ntatoment:

Similar disparate kc-ult; were found in the correlations

‘

batweon porceptual or‘npakial tests and the Piagetian tosts.
These correlated significantly with tests measuring geography
conciptn (Séganok, }972{. with tests 1nvo191ﬁg things such
as ambiguous figures (Santamaria, 1972), or such as embodded
figqures (Fleck, 1971), and with the ability to dray geometrioc
figures (Camp, 1971:; Champagne, 1971). Overton and Brodzinsky
(1972), ho?ovcr, obtained results yielding no support to the
hypothesis that there were:perceéptual factors in tests
uuéh as classification.

futning now to factor-analytic léudio- that used
qxttorSnt Piagetian tests, one finds r;lultl that are by.
no means auffiéiontly definitive but on tﬁo Qholo encouraging.

> .
These studies seem to fall unto two categories:. those that

P

seek to determine, firstly, whether Piaget's postulated
i N ' .
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constructs do in fact occur as factors and, secondly,

' . I
whether the usual verbal factor, perceptual factor, 9nd

.

others occur as factors in Piaget's testd,

Among the first category of studies are those that hae

2

have attempted to determine whether reversibility is part

and parcel of the tests thought to measure concrete- {

operational schemes'. Inhelder and Piaget (1964) maintained -
that systems of schemes haLe a stability that depended on

the possession of five properties, the main one of wvhich

was reversibility.N They suggested that reversihility was

the basis for understanding logical relationships and was

the most general characteristic of operational thought.

Being so general, it had an autonomy that transcended

" such factors as perception, language, and maturation.

O'éryan and M;cArthur (1967) arqued that if reversibility
was the most general attribute of logical thought, then-
it ou;ht to be a crucial factér'wﬁen tests of oper;tional.
thought are fac:gr analyzed. They defined reversibility /
ag flexibility of foresight and hindsight. Flexibility

of foresight occurs when there is a mental prediétion of a

classification or connection before the qlabs has been

‘worked out, particularly if trial and error are not utilized.

Flexibility of hindsight occurs %heq an individual goes back




&
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over an bﬁerationnin order to take 'into account proéerties
earlier overlooked or items that are new and have been
added to his p;oblem. Hence, haviqg operationally defincd
foresight by the test which requires a statement of the
classification before objects are classified and hindsight
by the test which requires a repetition of an earlier
operation in Prder to account for additional objects,

these researchers believed that they could quantify

reversibility in operational or logical thought.

Their factor analysis of a test battery which included °

s v

several conservation tests, an inclusion test, and tests
of forgseight and hindsight produced six factors. The
firs£ two factors, the énes that accounted for the largesat
portion of the total variance, were interpreted as re-—
verhibiiity factors. The first was reVersipility to do with
the inversion of classes: the second was reversibility to
do-with' the reciprocation of relations. Neither of these
factors,qas general or pervaded all tests. Factor three
was a conservation.of liquid and area factor, factor four
a number factor, factor five decentration, and six logical
inclusion.

~

In a second study (O'Bryan and MacArthur, 19§9).

.

the tests of flexibility of foresight and*hindsight were °

*

. . .
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paralleled with tests of creativity and iﬁtelligence.

* They attempted to show that what is usually thought of as
creativity may possibly be a psychological correlate of
their conception of flexibility. Their interpreta}ion of
the factors, from the first to the sixth, were ré;etsibilitv
of the reciprocity type, reversibility’of the inversion
type, numerical combinations, socio-economic status,

» conservation, and non-verbal creativity. The prjmary con-

clusion was that the inversion reversibility was related

to creativity but the reciprocity reversibility was related

to intelligence. In summary, tﬁ:ir-aintained that rever-

sibility is a crucial factor in operational or logical
thought.

>

In much the same way as O‘Bryan and MacArthur tried

to identify reversibility in operational thought, Ber-

zonsky (1971) tried to identify causality. From statements
made by Piaget (1953), it was thought that precausality

and preoperational were almost if not synonymous concepts.
Further, it was thought that the shift from éhe preope:ation;1
stage to the concrete-operational stage also required 5
concomitant shigt in causal reasoning. Thus, Berzonsky

isolated the problem of identifying causal and operational

. thought and of determining the relationship between them.

iy,



He defined causal thought by tests which required causal ex-

planations to things such as clouds. and sinking ships; opera-

tional thought was defined by class-inclusion, ,comorvation.

- and seriation tests. The five factors were causal reasoning,

1

operationa'’ thought, problem solving, causal explathations of

concrete situations, and understanding the con(ptm\fotcm

He concluded that since causal and Opetationq} thought ;ach
defined factors, there was little relation between them.

As opposed to studies which tried to isolate Piagetian
constructs in his tests, many studies have been devoted to
considering whether the traditional factors, for hinstance.‘
those of Thurstone and Guilford, appear in Piaget's ‘
tests. These latter studies were provoked by some of
Piaget's statements that implied a relationship t;etvreen his
framework and that of someone else. For instance, Piaget

1

suggested that seriation was far less closely realated to

. language than classification, or, that seriation, although

somewhat related to perception, was more an Xpetat:lon in
which some form of order was anticipated (Nelson, 1969).
Immediately, the relationship between Piaget's work anda
Thutstone's Primary Mental Abilities became a prol;la.
Nelson atte'upted to determine that kind of relationship

by including not only seriation tests and Thur:tgnc'o

-
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were thought-in-action, maturation, and perceptﬁal factors.
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. . |
Primary Mental Abilities but also six subtests from the

california Aéhievement Test. The three factors that

R

" emerged were achievement or taught abilities, feasoning

abilities, and maturation. He went on to éonélude that

seriation was a reasoning ability since it related well

~

with the Primary Mental Abilities.

K]

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

the relationship between the WISC, some achievement tests,

and about twenty Piagetian tests.’  All of the WISC and the

achievement tests loaded heavily on the first factor; the

4
second factor was labelled operational thought. The others

Opposed to Nelson but agreeing with Stephens et al

, Heron”

(1971) found no relationship between conservation and either
frr—

what was called Spearman's g of what was called performance.
Working with adolescents and using Piagetian itemg
i }

dealing with combinations, propositions, reversibility,

e

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

correlate with reasoning, verbal, and mathematical-education-
° P

al factors. — X

N

P.E. Vernon, altﬁsﬁgh\not primarily interested in the
. ~ .
pPiaget tests per se, took a battery containing some thirty

subéést§ to six different cultural areas. The test battery



contained Koh" Blocks, ﬁatricoo. vocabulary, arithmetic,
creativity, and pPiagetian tcgtu} the latter containeAd
con-orvatioh. classification, and perspective éankc. The
subjects were sleven-year-old boys, and the results were
factor analyzed. PFirst, only the Piagcti;n tests were
factor analyzed. The Engii-h-namplo analysis showed

three factors: arithmetic, qpn!ervatioq, and vilualization:.
while most conservation tests loaded on the conservation
factor, conservation of amount and length loaded on tﬁe
arithmetic factor. The main factors of the JaMaic;n
re;ult- were arithmetic: verbal, and p;actical with the
conservation tests loading mostly on the practical !acéor
(vernon, 1965a). Second and for all cultures, the entire
test battery was factor analyrzed. Again for the English-
sample ;nalyain. the Piagcéian tests loaded mostly on g,
sometimes on the perceptual and practical factors, but not
on the education and verbal factors (Vernon, 1965b). The
Jamaican results produced a g, a vorbal-e&ucational, Qnd

a spatial factor, the first of which received the largest
loqding; from the Piageéian tests (Vernon, 1965b). The
Piagetian tests loaded very highly on the general-verbal
factor but ‘not at all on the spatial Qnd fluency factor: .

that was in the Hebridean analysis (Vernon, 1969). The 2

-~
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' the relations, systems, or classes categories were most
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data colpeeted in Uganda yielded a verbal, induction,

practical and drawing factor; the tests of Piaget loaded

mostly on the verbal factor, some on the induction and
practical factor (Vernon, 1967). In Canada, Eskimos near
Inuvik were tested; Piaget's tests identified with both ¢

and the conservation factor but not with verbal-education, .

fluency, nor space. Although the same factors were ex-
J

tracted from the results of the canadian Indians, the -

conservation and clasasification tests identified with the
spatiaf factor (Vernon, 1969),

In California, Orpet and Meyers used Guilford's
structure of intellect model as a ftamework’ﬁor their work.
From data that were not factoruanalyzed, they concluded

that convergent production of semantic material in either

crucial in the Piagetian tests (Orpet and Meygra. 1970).
Five~y§ar-old youngsters were the subjects of their second
study. Factor analysis showed that the different tests

of Piaget identificd with a memory factor and with a factor
named convergent production of semantic and symbolic¢ contents H
but not with a viauai factor nor with a spatial-figural-

memory factor. In their third study, sevén-yoar-old

subjects were used. The conservation tests identified

A
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with factors named convergent production of picture-
semantic content, and cognitive and memory of figural and
semantic content (Meyers and Orpet, 1971). |

Lunzer (1970), who has been atéempting to standardizc
Piaget's materials and administration procedures, administered
a battery of tasks to seventy-five Briti?h.children.
Factor analysis showed a clear general factor on'which all %
conservation tests and some classification tests loaded.
The conéervat%on of area test also loaded on a spatial-
visualization factor, the all and some test on a verbal

! \

factor. In a second study {Punzer et al, 1971), conventional
tests, used as reference tests, were included with Piagetian
tests. Again the conservation tests loaded highly on the-
general factor, but they also defined their own factor.
The vari;nce of the classification tests was ;xplained by
factors designated as general, auditory memory, visual-
ization, and conceptual learning.

In general, the above factor-analytic studies appéar

to lead to the following conclusions. It is somewhat

doubtful whether the general factor is inherent in Piagetian

tests; there was a close relationship between a general

factor and the Piagetian tests in the studies of Lunzer and

L peE
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Vernon but no relationship in the studies of Orpet and Meyers.,

The verbal factor was crucial in vernon‘s African study

&

and in those of Orpet and Meyers; only the conservation

tests identified with a verbal factor in I;unzer's study.

‘ Verm){ has shown evidence _forb an arithmetic factaor. Orpet
" and Heilers noted that Piaget's tests correlated with a
memory factor.. A spatial-perceptual factor was found
frequently by Vernon, sowmetimes by Lunszer. And finally,

- the cénservati:on tests themselves have been known to define

. -

a factor.,
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CHAPTER 3
Problem, Rationale, and Exporimgpt

Problem

As demonstrated above, several investigations have
presumed to show that in Piagetian tests one or more of the
following four “"classical" factors exist: g, verbal,
memory, and spatial-pérceptual. It would seem teaQ;nable
to design an experiment which would attempt to isolate
those generally-found factors, by means of conventional
reference tests, and thus examine the nature of Piaget's
conservation and classification tests in terms of those
factors. The objective would be to test whether those fﬁhr
“classical" factors also define the characteristics of
either o;.both of the conservation and classification tests.

-

f-‘"if it were possible to have a quasi-null hypothesis,
th;n that would be to the effect that Piaget's conservation
and classification tests and the conventional tests would
load én some or all of the same four factorsand to about
tho‘lama degree. Alternatively, should th9 selected
Piagotiaﬂ tests load on different factors from the con-
ventional tests, that would be taken as evidence that the

>
factors needed to express the nature of the Piagetian tests




e w0 - TERTO TR TET N T T T ATy R T TR R T IR T TR R R T T R
, P 5

! . - 31 -

. are different from those needed to explain conventional

cognitive tests.

Rationale_for the Selection of- the Tests and of the Sample

In a factor-analytic study to test those kinds of

A hypotheses, it is conventional practice to utilize, along
side pPiagetian tésts, relatively factor-pure reference
. tests to define the desired factors. _fwo;preferably f;;;e,
Y reference tests are usually included so as to give the
effec; of over-defining each factor (Guilford, 1954). t -
Moreover, each referenée‘test must work together with its
counterpart, both having the highest loadings on a certain
factor. 1In this study, two reference tests are to be
selected for each of the g, verbal, memory, and spatial-
perceptual factorgjthose eight reference tests togethér
with a selected number of Piaget's conservation and( .
clasgification tests will make up the test batte;yf/‘ 0
s Besides the reference ?ests~being telativef; factor
puré, other consiﬁerations must be met in selecting tests.
Since the Piégetian test; are individual tests, as opposed
j to gr07p tests, and since individual tests tend to give
.

more reliable and valid results with younger children,

I, .
f‘f. the reference tests also ought to be individual tests or

f
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ought to be presented 1ndi§idually. By the same rationale,

”

_the/refe£§nce tests should be unspeeded. In addition, they

shouid be useful for a reasonably wide age‘rangé} should
be easily given, challenging, and appealing.

_Two reference tests which are usually associated with

general intelligence are needed to isolate the g factor.

—

} . 4

on logical grounds, Raven (1960), Wechsler (Buros, 19@9). ;
-

and Bortner (Buros, 1965) give reason to believe that v

Raven's Coléred Progressive Matrices is a measure of general
intelligence. In factor-analytic ‘studies, O'Bryan and~
MacArthJ} (1969), Tuddenham (1970), Vernon (1969), and .
Westby (Buros, 1956) use Raven's M;tricea as the purest
avalilable measure of g. In terms of validity, it correlates
at’betweep .50 and .65 with the Terman-Merrill scale; its
test-retest reliability ranges from .65 to .90 (Raven,
1960). As its counterpart, Kohs' Block-Des;qn test, was
chosen; Kohs states that the test measures intelligence,

and that it measures intelligence with a high degree of
reliability.‘yThree studies by“Vernon (1965b, 1965c, 1969)
give evidence shgwing that Kohs' Blocks load highly on the

z °

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

o

\
c

Kohs Block-De§ign and Raven's Progreigive Matrices tests

— -

—

were chosen to.hopefully isolate a g factor.
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v S ' The next factor for §h$ch~tw;~to.€| are required is a
‘ verbal !a;tor. Meyers and Orpet (1971) have had considerable
success with NIBE-vocabu}lry. Wechsler (1949) reporta a
reliability coefficient of .75 but no vilidity coafficient
for this subtest.” Many (Cohen, 1959: Davis, 1956; Glasaar
@ f . and Zimmerman, 1967) conclude that it measures verbal
comprehension. Th; Peabody Picture Vocabulary Test (PPVT)
was chosen as the second verbal test. Evidence is wanting
as to how well it measures verbal aﬁility (Childers, 1966,
R Dunn, 1965%5); Lyﬁan (Buros, 196%) gives some aevidence to
show that it correlates higher with reading and language
teats ﬁﬁan with others. The PPVT and the Wxsc—vocnbulary
teats were chOI;n as reference tests toé the verbal factor;
Two reference tests are roquirod\to isolate a memory
factor.‘ The studies by Meyers and Orpet (1971) -ho§ that
. ‘ WISC-Digit Span ior&a;d- and Illinois Test of Psycho- "
~ linguistic Ability {ITPA)- Auditory Sequential Memory seem
to work together most effectively to aofino a factor. WISC-
Digit Span Forwards moalurc; the ability to remember
(Wechsler, 1949; Friedes in Buros, 1972), memory (Meyers

and Orpot.‘i971),'£ro¢dom from distractibility (Cohen, 1939),

and fluehcy or numerical facility (Davis, 1956). It has a x

’ reliability coefficient of .60. The ITPA-Auditory Sequential
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Memory test measures short-term memory (Carroll in Burcs,

1972) or memory for synbolic systems (Meyers, 19§9$. %It‘
f ' has a test-retest reliabiliﬁy ranginé from ;12 to .86. |
The WISC and ITPA @gﬁory tests have the same procedures
and contentgtand hénce éaytbe presumed to define a mémory )
factor. . : .
. The spaéial-ﬁerceptual f;ctor is usually defined by

such tests as Formboard, Gottschaldt Embedded Figures,

’ ,> Réproducing Designs (Bender Gestalt and Terman-Merrill),

Porteus Mazes and Draw-a-Man. Vergdé's research indicates
, ) that Gottschaldt Embedded Figures and Reproducing Designs .
come out most frequently and most strongly—eﬁﬁa spatial-

perceptual factor. The Gottschaldt Embedded Figures were
-

made public knowledge in Psychologische Forschung (1929)

‘> by Kurt Gottschaldt and were used in factor-analytic re-

¥

search by Thurstone (1944). Thuyrstone tentatively. con-

cluded that the test measures perceptual-configuration P

.

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

requires the subject to hold a configuratian in mind despite

disttactions.' The test has a split-half reliability

coefficient of .78, Reproducing,Dfsigns’consists of, for .
. Vernon, items A, 4, 5, and 6 from Bender Gegtal% and item

1, Memory fJ‘\pesign, Terman-Merrill, Form M, Year IX.
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woltmann (nurga,_lQSQ) discusscs liow d;f!araﬁ¥ scoring
ka;: gsn mnk§ the NDendar Gestalt measure different phenomenon.
°'An\h &auglt. the acoring koy damigned by Koppitz (J96RH)
w;§ uuod; Koppitz arques that with har‘koy, the Render '
Centalt measyres perceptual tuncpiéning. The Bender Geatnlt
has a reliability gr .70 (huros, 1972). Folldwing Vernon's
procodent, the {tem from the Torman~Merrill Intelligence
toat was inol;dudx no comments on 3r'flgureu for validity
and reliability aro availabla. It was hoped that the
Gottachaldt. Embedded Fiqures and Reproducing NDemigna would
. ;ork together to imolaté a apatial-perceptual factor.
.rlnaily, a ntandardized rorm.of Piaget's conmservation
and claanificntfén tosts noada to-bn choson. 1t war thought.
. N
*that yhnt war roquired was a test that had proyoﬁ itnelf

in rescarch, that required no clinical evaluation as oppomed

to the mechanical d¢valuation with scoring keys, that prodn&ed

‘ a sproad of scores,.and that was readily available. Sevoral

ntandardized forms could have been used, bhut Lunzer's
version ;a- solocted. Irach teast in hpﬁzor'a'ﬁiiqot battery
follows a aimplo—to-ditfigul? sequence, boginnihq with .
establishing the required vocabulary and ending with a
problem ncéenuitat%ng the simultaneous manipulation of two

{

or more variables; each test presents thd’koy problems either

R .
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twice or in alt;red form so as to get more religble results;
each test leo ensures that the&subject has learned the
general procedure when many variations of the same typa
ofytaak are pregented. Lunzer (1970, 1971) repérts a
reliability coefficient ranging from .40 to .89. Of the
entire battery, only two conservation and five classification
tests were used (Appendix A).

Considerable care must be taken in seletting subjects

. .

for the sample; the Piagetian tests, for-instance, cannot s
be used for subjects of a wide age range. Subjects too
61d wili get too many perfect scores; subjects too young
will get tpo many zero-order scores. A general guideline
given’ by Piaget and most others is that subjects can con- .,
serve and classify at the age of seven. However, Braine

and Shahks (1965b) found several kinds of conservation at

five; their tests, unlike those of Lunzer, used non-verbal

’ dﬁsessment which never required the subject to justify a

response. Pinard and Laurendeau (1964) concluded that a
Montreal samplé on the average was a year later in con-
serving than a European sample.- Tuddenham (1969) found
that girls experienced success on conservation somewhat
later than)boys. Besides controlling the sex &ariahle,

choosing gitls<ﬁou1d allow one to work with an older ‘child

¢ -
™. -
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who had more schooling, test-taking sophistication and so
" forth. Thus, it was decided to test about fifty grade
. " two girls whose first language ;ua English, who attﬁpdad S
a.-normal clasgroom in an English-speaking school, who lived
in the West Island region of Montreal, a middle-class

. " . N 1
district, and who were Caucasian. ’
In summary, sixteen.tests will be given to about fifty
grade two girls. The following is a list of the tests

and where applicable the hypothesized factor content:

# Test Hypothesizcd Factor
l. Raven's Colored Progressive
Matrices A, Ab, B g

2. Kohs' Block Design Test g

3. WISC-Vocabulary verbal

4. PPVT verbal

5. WISC~-Digit Span memory

6. ITPA-Auditory Sequential Memory memory

7. Reproducing Designs spatial -perceptual

8. Gottschaldt Embedded Figures spatial-perceptual

9. Conservation of Length _

10. Conservation of Number

11. All ahd. Some

12. class Inclusion (Unequal Partition-) b

13. Intersection (Overlapping Enclosures)

14. Cross Classification

15. Transformations

16. Age .

From the outset, several weaknesses in the design of

the experiment are fairly obvious. 1In the first place, :

the reference tests, though the best available, are limited ,%
@ in number. The time available for testing precluded the .
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X use of more reference tosts even if they had been suitable
for the age of the childronrto be tested. PFurther, whilnt
there is some consensus about the factor structure of the
reference tests, there is not complete agreement: they are
not pure tests of the factors hypothesized. Besides, many
of the reteraﬁce tests have been do;iqnod for use in either

England or the Unitod States; the results using a Canadian

e

X
¥
B

T

sample may be quite unlike the results of a non-Canadian
sample. There is the addod\?roblom that some tests may
have a ceiling that is too low or a basal line that is too
high. Finally, a sample size of fifty is generally thought
to be too small for a £actor analysis:; but they were the
only children available. With a small lﬂﬂ?l‘, the error

of measurement may make tho corrolation--Vhsiqnificant and

the resulting factor matrix non-interpretable.

Experiment ' )

L - s?bjacta woere obtained from four elementary schools

in }ho Lakeshore Regional School Board., With the approval '
of the Di-t;ict Education Officer, each of the four
re-pocgiye principals solicited the cooperation of about

.a dogzen grade two pupils. The subjects, then, were chosen

for their willingness and not by random galection techniques,




Inadvertently, six boys were included in the sample;

with forty-six girls, the total number of subjects was

-

N

fifty-two. All subjects were English of Caucasian extraction;
all were students in normal classrooms as opposed to special

“ //~\
education classrooms: each showed no signs of rothdaf

_\_\

emotional maladjustment, or phynical impairment. Bxcop?/ \\
for a few, all were just finishing grade two and being \\

pfomoted to grade three. Their ages ranqod from 80 to

4

103 months.
The tests were administered by threo~1ndividuals_
(R. Edwards, C,Halktiner, E. Haltiner). Pracaution-'wnre
taken by pretesting other children to ensure unjformity
of test administration. The testing was geherally done -in

a school in a room normally set aside for such purposes.
A

The subjects were tei‘ed during the latter part of the 1971- o
)
72 school year. Each subject was tested in three sessions

»

of approximately 45 minutes each. The children were

reassured shat the results of the tests in no way wdald
impede school progress. Throughout, the subjects were
complim;nted in an oblique manner, and, except for a verbal

expression of gratitude for participation, no reward was

given. ) Y
L4

It was thought that, should the tests be administered

~
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i l in an ad hoc order, learning experiences from one test
could have differential effects on the responses of a g

second similar test. 'In order to exert some form of con-
trol on learning ‘effects, the tests were admjnistered in
the followiné sequence:

Session 1

Conservation of Length

Conservation of Number

All and Some
- Class Inclusion (Unequal Partitions)

Intersection (Overlapping Enclosurea)

Cross Classification .
Transformations

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

Session 3 ' "
Peabody Picture Vocabulary Test o
Kohs ' Block Design
ITPA-Auditory Sequential Memory
Gottschaldt Embedded Figures

Standard procedures were followed in all but threé
tests. Instructions for the Piagetian tests and for the
Gottsghaldt Embedded Figures ;est are given in Appehdix
A. .Reproducing Déaigns consisted of the Bender Gestalt
“ and Memory for Designs. A%l Bender-Gestalt designs, rather

. than only the four used by Vanon, were given:; the subject

merely  had to copy the designs, as opposed to drawing them

¥

, . s e
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1

from memory. The designs and directions in the Terman-
Merrill manual were used for the Memory for Designs.

The evaluation of the subject's responses was done
according to conventional practice. For Kohs® Block Design,

a record blank produced by Casselberry was used to score

»* ‘
v oo
4 L

the reaponses. The scoring of the Boqdor-aclﬁalt.dcq}qno
followed the guidelines outlined by Koppitz (1960). No
scoring standards were available for the Gottschaldt
Embedded Figures but the following reaponses were considered
erroneous: tho ;1mplo deaign correctly drawn in the complex

tiguné/but in a rotated or compressed verasion; the simple

]
k]

drawn in the complex but with extra lines or figures.

In ggnoral, fifty-two normal grade two subjects were
tested by three people. The tdating was done in four N
elemontiéy lcpoolu during the latter part of the 1971-72
school year. The tests were given in three littingnippdein
a predelorm;nod order, Stanéard ptoced&r!n for agmfgiltra-
tion and evaluation were usually used; those tests which
deviated from conyvenhtion have been included in Appendix A.

i
~ &

) k]
L
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CHAPTER 4

Résults, Discussion and Implications

Results

Forty-si§ girls and six boys, in'all 52 children with
an average age qf 94 months made up the sample. Sixteen
tests were administered to each subject. Frequency dis-
tributions for the sixteen variables, means, standard
deviagions, and correlations were calculated.

Very few of‘the distributions were normally distributed;
most were either U-shap;d, skewed, or rectangulaf. The
‘means were significantly different from zero; however, the
mean for the conservation of number test- was near the
ceiling of the test. The standard deviations tend to shoﬁ
a reasoﬁa#le spread of scores. There were many zero-order
correlaéions: only 25 of the 120 corxreélation coeffigients
were above .27.

A principgl-component analysis was attempted. Factors
whose eigenvalues ;ere greater tyan unity were initially
selected as indicating the redulféd number of factors. -
ﬁThus six factors seemed nbpt promising; those were rotated

to a varimpx solution:. To gain clarity, solutions were

obtained and rotated for four, five, and six factors. - Each
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solution resulted in a different distribution of eigenvalues,
with the last factor extracted having the lowest eigenvalue

<
. often being less than unity.

TABLE 1

v

. " varimax Rotated Factor Matrix (4 Pactors)

. Test No. and Name FPactor 1 Factor 2 Factor 3 Pactor ¢
- l. Raven's Prog. Matrices J175* lo08 . 068 043
2.. Kohs Block Design 715 117 043 049
. 3. \WISC-Vocabulary 484 373 231 051
4. PPVT - 322 493, -127 133
5. WISC-Digit Span -004 828 042 006
6. ITPA Aud. Seq. Mem. -058 673 371 207
- ~ 7. Reproducing Designs 604 187 200 -208
8. Gottschaldt 611 030 200 -040
9. Conservation-length 281 001 521 567 °
) 10. Conservation-number -077 214 -068 800
: 11. All and some ‘ 105 288 309 276
12. Class inclusion 110 116 344 -07%8
13. Intersection -031 -106 528 138
14. Cross classification 418 -127 335 -016
15. Transformations 421 -081 104 126
16. Age 168 085 283 -030
. Eigenvalues 3.23 1.69 1.24 .74
Percent of total
- variance explained 47% 25% 18% 11 -

rms N .69 -50 .42 .33'

~

- *Decimal points have been omitted

Table 1 shows the results when only four factors are ex-

tracted from the correlation matrix. Under these conditions,

>

e N the fourth factor has an eigenvalue of .74 and explains e

(o

;
b
%
g
4
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-

11% of the total variance. Kaiser's (1956) root-mean-
squares (rms) were calculated; 1oad1ng; above the rms
will be considered large. In addition, for this study,
loadings belodw the rms but above the conventional,
arbitrarily chosen value of .30 will be considered aignifi-
cant and will also be used in interpreting. factors.

Factor 1, haa‘large loadings on Raven's Progressive
Matrices and Kohs Blocks. (Those two tests reflect the

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

.ulually define g (Lunzer, 1971; Vernon, 1965b).) It has

significant loddiﬁgs on eight of the sixteen variablaa;
and explains 47% of the total variance. For those and
other reasons, factor 1 is assumed to be a heqigre of g.
Factor 2 has large loadings on WISC Digit Span and
ITPA Qudiéory Sequential Memory and is designated the
memory factor. The significantrloadings from WISC-Vocab-
ulary §nd PPVT may makg this a verbal-memory factor.
‘Factor 3 has lirge %oadings on conservation of length
and intersection (overlapping enclosures). It has sig-
nificgpt loadings from all and some, class inclusion (un-
equal partitions), and cross clauui{ication. as well as
from ITPA - Memory. With the one large loading and three

i
significant loadings from tests involving grouping tasks,

/ -

.
:
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o o anet e factor 8 < f

it seems reasonable to label this factor a clisaifigaiion

. .
factor. - . S : N

. . : <
. Factor 4 has large loadings from conservationh of

-~

- were above .30. As a_resultgthis factor was labelled the

conservation factor.

7

\ * TABLE 2

varimax Rotated Pactor Matrix (5 Factors)

-

 ad

N

‘Test No. Factor 1 Factor 2;§actor;§ Factor 4 Factor 5

-

. L1 804 033 074 - 055 076
' 2 715 . 070 097 .. 032 £ 073
3 468 061 373 -232 060
. 4 297 090 510 -127 121
5 036 " -076 778 0l11. 031
6 ~-059 007 708 376 158
7 578 121 203 164 -227
8 650 -022 , -000 186 -021
: 9 -~ 251 097 034 . 556 469
10 " -092 024 209 -006 - 861
11 155 ~-134 269 336 . 274
) 12 104 032 136 333 =119
13 ~ -050. . 064 . -079 546 078
14 399 089 °© =115 327 -044
. 15 267 1.494 -000 134 034
16 232 -151 048 281 =010
Eigenvalues 3.47 2,16 1.60 '1.18 .76
% of total
variance ex~
plained 38% 24% 18% 13% 8%
rms .62 .49 . .42 . .36 .29

v : .
number and conservation of length. No other loadings *

1]
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' Table 2 shows the factor loadings whon ﬂ.v'o factors

. W

are extracted. The fifth factor has an gigenvalue of .76

nale for o

and explains 8% of the variance. The

) naming the factors and the factor names are essentially

the same as when four factors were extracted. L . :

~

) Factor 1 is g. Pactor 2 has an unusual loading of «

: 1.49 from the transforsation test, making this a trans-
fa
formation -factor, (A discussion of this anomalous result

?

is reserved for a later occasion.) " Pactor 3 is BeWMOry .-

Factor 4 is.a classification factor, and factor 5 is

\ labelled conservation.
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ﬁ‘l' . TABLE 3 %

varimax Rotated Pactor Matrix (6 Pactors)

Ty

N Test Fac~- PFac- Fac- Fac- Fac~ Fac-
No. tor 1 tor 2 tor 3 tor4 tor5 tor 6
1 721 047 189 036 068 147, ’
. 2 859 066 038 114 102 -094
3 218 036 1.247 120 056 091
‘ 4 207 084 326 393 111 -011
: , 5 068 -069 090 869 015 -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
1 110 -120 056 234 348 344
12 017 051 068 103 -080 488
13 013 087 -264 -003 170 38s
“ 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- , e
tal var- '
iance ex- :
plained 34%  21% 15% 14% 9% ™%
) o«

rms .58 .46 .39 .38 .30 .26

-
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Table 3 shows tha factor loadings when six factors
. <

are extracted. Factor 4 has an eigenvalue of .74 and

s

explains 7% of the yariance,

Factor 1 ia g; however, it explains only 34% of the

. total variance and has loadings from only five tests;

three of those loadings are large, two others are significant

K

(above .30).

<

" Factor 2 is a transformation factor, loading an un-
usual 1.50 from the trannformatio; test.
Factor 3 is a verbal factor, loading another unusual
1.24 on WISC-vocabulary and .32 on PPVT. ) )
Factor 4 is the memory factor; it identifies less
with the vepbsi,::;ts as compared to the memory factors
found in Tables 1 and 2.
Fact;r 5 is the conservation factor but here has a
large loading from the all and some test. .
:

Factor 6 is the classification factor and here has a

large loading from the age variable.

..Discusgion of Results and Img}ications

This experiment was designed to determine the factor

content of several Piagetian tests. As noted in the i

4

results above the Piac}etian tests tended to clulfar\on

i~
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their own factors which were different from the ones

revealed by conventional tests.

@

Prior to an‘ﬂnaIYBi; of each Piagetian test, some
'l)

« :
preliminary observations need to be made. Firstly, since
/

subjects were chosen for their willingness and not because
they represented a population, tﬁe generalizability of the
results is severely limited. §econd1y, age was included ;}
in the analysis; it was a non-significant variable but
tended to identify with classification and to a lesser
degree with g. Thirdly, m%hy of_ﬁhe reference tests
proved to be more complex factorialiy fo? this age level
than was originally predicted.

The reference t;sts sélected as likely to have g~
factor content did in practice load most highly on one \\L,__/’ ‘

-

factor, aA& that f;ctor was named g. JHowgver, that factorA

also explained much dgbkhe variance of the tests ého;ght

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

tests which were initi?lly designated as spatial-perceptual.
~As Tables 1 to 3 show, when more and more factors were

extracted, g explained less and less of the-variance.

Moreover, only about half of the tests loaded significantly

on that factor, and of those, only one was a Piagetian\

test. On the other hand, with children of this age, g is
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more likely to be found than at a later age. Designating
% L3

thig factor as g, then, Qt-“dono in.the face of several -

awrar, ®
4
oo A Y

uncertainties. o

The tests chosen for their verbal character only £

‘ isolated a factor when six factors were oitractod. vhen

h less than six factors were extracted, the presumed verbal ‘,.§
/’jfx tests loaded on g and memory. ‘
The memory tests defined a memory factor fairly
clearly and consistently. rAl noted, the memory factor
was also somewhat verbal in character. The ITPA-Sequential
Memory tests showed some affinity also with the classifica-
“tion tests.
The t;-t- hypothesized to be spatial-perceptual
- tests identified with g whether four, five, or six éactorl
were extracted. Some support is given to the earlier
suspicion that Raven's Matrices and Kohs' Blocks have
figural, spatial, or perceptual attributes (Vernon, 1969).

[
The Piagetian tests clustered around two factors,

v

| conservation and classification. Conservation of length,

‘ . a complex Piagetian test, loaded highly on both the con-

servation and the classification and 1hout .25.0n g. The

reason for its relationship with the classification

factor is unclear. Hoﬁov;r,:thn frequency dggttibution

A

gy, . [}
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‘ for this test .W a u-shaped distribution, suggesting | 3%
that two distinct levels of abilities were operative or
‘measured.. Furthermore, it may well he,that, fbr some
children, keeping longthuvariablos (long, uhoft, narrow,
wide) separate from spatial variables (ahead, behin¥)
horizontal, vertical) is a crucial task and indicative ’
6: a cla-;ification task. That, together with the two
levels of abilities, may make the conservation of length
test a measure of both conservation and classification

at this age. By the same token, the number variables

(more, less) mixed with length (long, short) would also

make the conservation of number test both a classification
and conservation test. That, however, does not appear to

be the case since conservation of number consistently

l?aded on only the c%haervition factor. *"All and nowé"
loaded primarily on the dlassification factor but had
loadings of .29 and .28 on conservation and memory,

respectively. Class inclusion loaded only on classification,

as did interneétion. Cross-classification divided its

variance between g and classification, probably showing

the. cognitive, idductive nature of the test. Trans- ~
-
formations, a test which requires the youngster to change,

for instance, color and shape holding size éonstant, was

-
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an unusual test in the batt;ry. when only four factors
were extracted, transformations had a io?ding of .42

on gs when more factors were cxtractod; it had a spuriously
high loading on its own factor.

Does a four, five, or six-factor matrix best explain

the total variance? The six-factor matrix recommends

itself because it is only when that many factors are
extracted that a verbal  factor begins to emerge. Similarly,
it is only with the five and six-factor matrix that we
cin’see that .the transéormation test is dnique to the
Battery. The verbal and .transf;:rmtion factorsare suspect,
lﬁgugh; each factor is defined by only one test and at the
expense of a varimax loading greater than unity. Two
questions arise. When only one test reveals a factor,

what can ge said about either the test or the factor?.l

No economy, no clustering, no relationship between testa\xx\
has resulted. Secondly, are factor loadings greater

than unity spurious? Those loadings tend to be since

2hey afe thougﬁt to be correlations between tests and
factors, and correlations should not exceed unity. Bésides,
rotations are undertaken to ensure the probability of a
satinfacto;y psychological as well as nunericaliinterpte-
tation. The varimax rotation helps the p;ycholqgfgal

( | N «"‘\‘o
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) )
explanation by separating the tests into high-loading and

low-loading tests. If the pr{ce of achieving that sep-
aration is producing varimax loadings in excess of unity,
then those loadin are best rejected.

A somewhat éxteqded comment from Comrey (1973)
highlights the dilemm;.

With the Varimax method it is important to
'rotate the proper number of factoxrs. Rotation of
too few factors with the varimax criterion, as with .
any method of rotation, crowds the variance for n + k
factors into a space of only n dimensions, thereby
losing some factors and distorting the others.
Rotating too many factors, however, can also bring
dbout distortions with the varimax criterion.. The
vVarimax method will tend to build up the variance
on extra small factors to increase the overall variance
function , thereby splitting up major factors and
"robbing" larger factors of their variance for Eﬁﬁ
certain data variables. The best indication that
this has happened is the appearance of a Varimax
factor with only one large loading and all the rest
of the loadings at much lower levels. The solution
should be rerotated, dropping out any factor that is
artificially overinflated in &his way. (p. 178)

The apnormally high loading given by test 15 on factor 2

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

.predisposes us to take the four factors where no abnormally

inflated loadings are obtained.
& "
There exists an earlier and alternate way of rotation,
the quartimax. It "attempts' to maximize the variance of

squared figtor loadings by rows, since if all the variance
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%b for a given variable is concentrated on one factor,

leaving the other loadings easentially equal to zero,
this result will be achieved" (Comrey, 1973, p. 173).
§ As Comrey ha; pointed out "experience with the quartimax
approach has shown that it tends to give a general factor,'
" . that is, a factor‘with which all or most of the variables
! \\\ \ are subatagtially correlated” (Comrey, 1973, p. 173). \
Use ;f the quartimax should serve a cual purpoioz firstly,
if a general factor is to appear, the quartimax is most

~

likely to give such evidence; in the second place, it may

\\\\\\\\ enable us to determine on which factor, if any, the
» Piagetian tests load.

~
N
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' TABLE 4

Fagts

Quartimax Rotated Factor Matrix (6 ?actoga)

* I#

Test Fac~- Fac- %ac- Fac- . Fac- . Facé~
No. tor 1 tor 2 tor 3 tor 4 tor 5 tor 6 %
1 027 736 147 033 128 048
2 043 858 -019 - 104 -097 117
3 026 295  1.266 159 027 847
4 075 234 291 404 -0l1 105
5 -066 082 051 874 - -029 - 001 .. ‘?
6 022 ° 014 -047 716 288 191 ~
N 7. 111 555 132 143 208 -218 )
8 -030 = 699 ~049 004 144 -010 '
9 103 236 ~032 o017 567 516 . :
. 10 021 -090 041 219 ~014 794
11 -119 122 058 236 387 286
12 043 037 087 097 466 -155
13 , 0718 010 -237 -015 421 108 »
14 . 090 361 022 -131 371 -056
15 1.586 289 044 022 089 045 o
16 -137 199 042 026 320 -013 L
4
’ Eigén- .
values 3.68 2.41  1.67 1.58 .95 .73
% of ‘ .
total r33% ¢ 22% 15% 14% 9% 7% ,
variance ‘
explained
rms .57 .47 .39 .37 .30 .26
\\ ]
, e .

.
.
‘
N
-~ H
\ L
. s - f
i R B Y [P
. b A e R i N o TR



PRI T e R s vy T L R S
& et f - . T

: - 56 ~ g
i C. Table 4 shows the factor loadings when six factors 5
are extracted ind then rotated to a quartimax criterion. §

The same difficulty is encountered, a high spurious

factor loading (factor 3) appears on test 3 and another

e

loading (factor 1) appears on test 15. The other factors

are as might be expected:

Factor No. Test Nos. Factor Name
2 1, 2, 7, 8, 14 g
, - 4 5, 6 . memory
. 5 9, 11, 12, 13, 14, 16 ¢lassification,
6 "9, 10 ‘ conservation

!

In an attempt to remove some of the source of our
anomalous results, the prqquhre was repeated with
test yﬁ/removed from the’battery. Table 5 shows the

spuriously high loading on f#actor 2 from test 13.

. . .o ok
PR SR R YTIR ST



TABLE 5 .
‘:3
2 varimax Rotated Factor Matrix (6 Factors) :
‘ 4
Test PFac- Fac- Fac- Fac- Fac- Fac- °
No. tor 1 tor 2 tor3 tor4 tor5 toré
1 679  -007 ~042 © 105 313 156
2 884 056 099 070 145 -191 )
3 204 -169 033 0s8 765 183 "
4 145 064 290 082 618  -024 \
S 046 « =026 709 035 279 -019
6 024 040 865 280 »~004 181
7 538 ~007 118 -119 197 300
8 712 -047 039 059 -037 165
9 256 - 062 030 136 -098 359
10 -119 026 164 718 146  -271
11 . 094 075 207 384 . 141 237
12 031 0l4 092 022 039 530
13 013 1.394 017 131 =137 189 .
14 355 122 ~147 065 043 337
15 189 120 024 070 068 247
Eigen . '
values 3.22 2.22 1.70 .94 .71 .67
% of ~)
total 34% 23% 18% 10% % %
variance ' . B
explained
=s .58 .48 .42 .32 " .28 .26
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Whilst rotation is responsible for some of the
abnormally high loadings, it is also necessary to examine

the original communalities prior to rotation. Table 6

o
[
4
2
F%
!
i
K
$
*
d
:

presents that data: T }\J
- , TABLE 6
Communalities
f Test 4 Pactors 5 Factors 6 Factors 6 Factors 6 Factors
3 No. varimax varimax vVarimax Quartimax _Varimax
1l 619 622 85 585 596
i 2 529 532 774 774 857
5 3 430 420 1.721 1.721 695 -
4 381 387 320 320 499
5 671 614 780 780 586
6 637 672 635 ' 635 863'
7 483 469 450 450 447
8 416 459 513 T 513 544
"9 672 604 655 655 752
10 697 794 689 689 654
’ 11 266 303 321 321 282
) 12 * 149 156 262 262 293
13 310 317 252 252 2.016
14 304 290 . 298 298 283
15 210 2.324 2.611 2.611 -———
16 117 158 o 164 164 121
No. of *
iterations 40 +200* +300 v 4300 +300
to reach .
convergence ‘
* more than 200 iterations .-
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communalities are produced by an iterative process

which removes unigque and error variance and makes possible

\

the explanation of a large number of tests in a few factor
-

spaces. In the case of our data, over 300 iter;tions
failed to produce a convergence with a communality less
than unity. It is inferred lhﬁé it has not been possible
to remove all the error and unique variance from the test
battery, and for some reason this has usually been squeezed
onto tests 3 and 15. If error variance can be removed
p;ior to test correlation, which in part is implied by
the normalization of test séores, a better solution may be
obtained.

At this point evidence ma} be introduced to the effect
of normalizing che\tggg\scores. Data were normalized >

. .
(Ferguson, 1959) using a T-sc (x = 50, ¢ = 10), and the

correlation matrix was analyzed as befor
Convergence was reachéd in 248 iterations.
factors will be indicated by eigenv;lues greater than uni
the sixth factor would have an eigenvalue of .98 when the
16 tests were being represented by 16 factors. As bef;re,
rotations were performed on 4, 5, and 6 factors. Tables

7, 8, 9, 10, below are based upon data normalized prior

to inter-correlation.




. : ) s
® e 7

Varimx, Rotated Factor Matrix (4 Pactors)

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
7 . 555 198 051 153
8 633 039 199 -026
9 103 143 631 111
10 -149 476 274 103
\ 11 075 310 448 -112 .
8 12 131 049 253 050 . -
13 -091 -031 " 693 110 , ;
14 -~ 453 -147 331 112 .
15 v 2084 014 157 1.220 .
16 216 ' -048 417 -195 S
Eigen- - t
values . 3.24 . 1.85 - 1.50 -+ 1,258
% of total .
variance 41% 24% 19% ©16%:
explained '
. rms .64 .49 .44 A0

with respect to Table 7, factor 1 ;ic t.akol't to be
the g factor, factc;r 2 is a memory-verbal factor: fac.tor ‘
3 is a Piagetian factor; and factor 4 is the spurious
transformations factor. Although convergence was reached ‘

, after 248 iterations, test 15 still has a communality of 1.393,

d

}
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TABLE 8

Varimax Rotated Pactor Matrix (5 Pactors)

Test Factor Factor Factor Pagéor Factor

No. 1 2 3y 4 5
g Y/ T
1 363 084 ‘ 189 -055 384
2 756 018 014 -078 097 0
3 199 020 -004 109 803
4 148 067 * -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 T
9 093 125 607 203 -019
10 ~151 091 230 . 453 139
11 ~020 -108 517 235 210 .
12 104 058 260 052 . 042
13 -069 131 645 114 -207
14 362 123 413 -202 101 -
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%
explained
‘rms .62 47 ¢ .42 .39 .26

Table 8 indicates that factor 1 is g, factor 2 is
the apuriousatransform;tions, 3 is piagetian, 4 is memorX?
S is verbal. ‘COn;ergence was- not reached at 300 iteratiégs:
test 15 has a communality of‘1,84 and the inflated factor P

loading of 1.329. ’ | ' , P
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Varimax Rotated Factor Matrix (6 Factors)

Test Fac-
No. tor 1

1 626
2 716
3 170
4 130
S 026
6 000
7 4433
8 852
9 142
10 -086
11 -007
12 077
13 -083
14 318
15 194
16 137
Eigen-
values 3.34
% of
total 35%
variance,
explained
rms .59

Fac
tofy 2

09
041
020
066
-064
034
187
-000
105
044
-118
077
148
155
1.284
-146

2.00

21%

.46

TABLE 9

3

*
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Fac- Fac- Fac- rac--
tor 3 tor 4 tor 5 tor 6
185 402 -075 045 ;
061 138 ~045 =100 ° a
011 810 069 039
-022 595 295 135
002 280 744 066
296 026 783 279
160 332 124 -089
102 -040 111 114
482 -043 043 500
-016 131 233 807
444 195 145 307
291 046 081 -005
621 -219 098 193
467 115 -154 -075
101 125 -045 097
520 008 020 -046
1.60 1.36 .63 .59 !
17% 14% 7% 6%
.f} «37 .26 .24

l

Regarding Table’Q, factor 1 represents g, factor 2 'is

again the spuriods transformation factor, factor 3 is .

classification, 4 is verbal, 5 is memory, 6 is conservation.

Again convergence was not reached at 300 iterations; test

15 has an abnormal communality of‘1.72 and a factor loading

of 1.284.

2



TABLE 10

Quartimax Rotated Factor Matrix (5 Factors)

Test Factor- Factor Pactor Factor Pactor
No. 1 2 k 4 5
: 1 674 055 187 -~042 322
2 763 -007 009 -067 025
3 276 0l2. =000 147 774
4 202 062 009 381 553
5 0as -082 005 697 195
6 - 027 008 354 810 -047
7 511 135 105 092 247
8 763 -030 150 115 ~=109
9 . 093 103 621 168 -033
10 -139 090 258 443 - 134
b 11 -006 -124 524 215 203
12 109 046 264 040 031
13 -085 113 655 066 -201
14 378 096 405 -217 076
15 278 1.316 174 =015 092
16 171 ~-182 440 -053 -015
Eigen-
values 3.33 1.96 1.64 1.34 .60
% of .
total 38% 22% 18% 15% 1%
vayiance
explained
ms .62 .47 .42 .39 .26
. )
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, ) With Table 10 we can also determine which factors

L gEa e g R B

define the tests:

Tests Factor ,Factor name

1, 2 1 g B
3, 4 N s verbal

5, 6 4 ' memory

7, 8 . 1 g

9, 11, 13, 14, 16 3 piagetian . -

10 4 memory

15 2

transformations
Three hundred iterationsa failed to reach convergence;
test 15 has a communality of 1.840. .

In general, as expected the reference testy seem to

a/‘t:) be fairly well defined. Tests 1, 2, 7, and 8 consistently
< loaded on a factor which was labelled g: tests 5, 6,
' .
oé thought to be memory tests, consistently loaded on one

factor; occasgionally tests 3 and 4 defined a verbal factor.

Piagetian tests commonly defined their own factor(s):

throughout test 15 had a spuriously high loading on a
factor of its own.

These results must be compa}ed with those of otherl:
Vernon (1965a, 1965b, 1967, 1969) and Meyers and Orpet
(1971) tended to find a close affinity between Piaget§an.q
tests and conventional tests; however, in one study by

Vernon (1969), the Piagetian tests defined their own factor.

‘ Similarly, Lunzer (19'51) showed that Piagetian tests cluster

—r
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. . - 65'-
| ¢ on their own faﬁtor. «There is evidence in bur results ,

!

to indicate that the reference tests are ndagzii:ly
defined by factors and that the Piagetian tes

o not
load on those factors. Vairimax a@ quartimax rotations
with both non-normalized and nomlizwed data indicate
some tendency for the Piagetlan tests to load on a factor

\giffarent from those of the reference tests.

only a few firm implications can be drawn from these
results. The most obvious implication is that classical
theorists and piaget are studying diffarent phenomena.
In the same vein one may ask, do the results imply that
Piaget is measuring more effective components of inElligence

\ than those measured by classical methods? The correlation

matrix in Appendix B shows that Piagetian tests correlate
with c{aach other and with other tests at a low level.
About 15 of the 120 correlations are significant; the

I
highest single correlation does not exceed .42. They

correiate little more with themselves than they do with v
the reference tests. Whilst many of the same correlations
‘could well be significant had a larger sample beenvused,

the mere use of more subjects, desirable though this is,

would not be sufficient without internal improvements in

' the tests themselves. It is concluded, on tho_ basis of

o
&
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{ these results, that the. Piagetian tests in their present A
; ) g . -
i form do not meet the criteria required of tests which are
included in a factor analyais.
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CHAPTER 5

conclusion

This study was del;gned to examine how well factors
as derived from classical theories of iné?lligence could
define the characteristics of Piagetian tests. Tests
thohght to Se of the general-intelligence, verbal, memory,
and spatial-perceptual type, along with two conservation
and five classification tests were administered to fifty~
two subjects.

The test resultsiwere correlated and factor analyzed.l
Principal factors were obtained and rotated by varimax
procedures. A tentative approach was made in terms of
eigenva;pes'greater than unity. With non-normalized
data: th; eigenvalues suggested six factors. But because
of high loadings on a single test, rotations were also
c;rried out on Eau; and five factors. :Interpretations'
were offered for four, five, and six faétors 80 obtained.
A quartzmax rotation was undertaken to look at the
same data from the viewpoint of the separate tests and
what the major factor content of each test might be. ‘The

data were normalized and reanalyzed. Eigenvalues would

indicate that five factors were sufficient, but again, amd
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for the same reasons, four, five and six factors were

<

rotated by the varimax method. A quartimax solution )

was undertaken for the indicated five factors to attempt

to ascertain the significant loadings for each test in

turn. ' ] r
Difficulties were encountéred by the failure to secure

convergence 4«0 less than unit communalities when more

than 300 iterationa were made from the principal componenf

analysis. A spuriously high factor loading on test 15,’

the transformation test, continued to occur when more

than four factors were rotated and on one occasion when

four factors were rotated. The solution using four factors

seemed the mqost amenable to interpretation. The factors

were interpreted as follows: factor 1 was g, factor 2 was

memory, 5 was classifié;tion, and 4 conservation. Though

some doubts exist because of the abnormally hiqh communalities

and factor loadings, there is no evidence to suggest that

the Piagetian tests load on the factors of'the refegpnce”

tests. There is evidence to suggest from the quartimax

solution that they load on a common Piagetian -factor.

If Piagetian tests are capabi; of being interpreted in

factorial te;me, the most probable tests from this analysis

are conservation of length and number, all and some, class
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inclusion, and intersection, Lo

It is suggested that the Piaqctian,tclt- in their
present form are not amenable for use iﬁ factor-analytic
studies. It is agreed that the lnmpl; size vas small,
Fiﬂally, it will be desirable to seek to .xt;nd thQ number
of reference Y&-t-, but above all ﬁoro consideration

, needs to be given to the reliability of tests which are

e

devised in conformity with Piaget's ideas.
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\ ’ , “" , ( . {
gcoring instructioris ) ;

.

all questions score 'l or 0.
¢ ¥

. Additional infg;ggtign (ring as appropriato)

Q. 13. Score 1 if one of the followinq cltogoricl Qf
answer is given and ring whichever is appropriate.
f : Otherwise score 0. ;

C = compensation (longer to walk there but shorter

\ . here) . v

T

el = identity (ita the lamo -trinq, you only movcd it) ' :
[} b

:- 7 ; R = reveruibility (if you put the ntring back it A

would still fit the square)

*

- . Materials .

SO ) (a) 3 lengths of k" doyl}hg (4”; 6", 6") ‘ ‘
J ” *.7 7 (b) 3-line drawings . '

{. . " +(c) . 3 rods, 1 cm. sq. x;;dction‘(la em., 12 cm., .
ko o i 12.2 em.) o ' o
) e ‘ id)l 1 closed length of -tging. softboard, pins d

r f
¢

1 . &. 2 i
Method : ) A . .
~ Part l (use material (a)) - oy o d

)l

Present C with tﬁe"two equal lengths of dowling in

parallel and exact alignment. - Y N

) ! \ A w
'
« : N
. .
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\_ . A '
® | oh ot " -5
. Q. 1. Are these two just as long as each other? 1Is one T
longer than the other? (Which one?)
- ' Replace one length of dowling with the 4" piece - ..

presanted tKus. .

Q. 2. Are these tﬁo_tha'sfmo length? Is ohe\loné;; tﬁanl“ *
the other? (Which one?) .~ i i |
Q. 3. 1Is one shorter than @pa otﬁer?p (WhicA ;neé)l B //) ‘
< \ ~ ' .H ;T <
part 2 {use material 4&) ) . . .o

Present C with fiﬁ?t piqtﬁre.,

+
. ¢ N .
.
- .
a .
v

Q. 4. Are these iinea ju;t as long as- each other? ta

"

one longer than the other? (which one?)

= - ,

Present C with second picture.

-

Q} 5. Repeat above questions.

Presén;‘c withthird picture. I §; i
. N LY )
Q. %. If one snail set out' from here and walks along this

& ’

i

path like this to the- other end hafc.ianq. another’

snail sets ‘oat from here and walks to the other end

here, would one of them have a longer Qay to walk?
L4 3 !

(which one?) -

°

part 3. (uge material (c) ) ‘ . ‘s
r . C e
Present equal rods in parallel alignment.” “"Are they

-
7 ¢

! .
'
. . ’ . ‘
- 0™ Dy
N A . . - - LI o B NV . ENRPUUN .
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just as long'as each othex? Is one longer than the other?"

q(Which one?) ’

vy

Q. 7. Move one rod forwagﬁ approx. 1 cm. Repeat question.

» ( »

Q. 8. Move other element forward approx: 4 cm, in front

of first. Repeat question.
: : S
DISCONTINUE if C failéd to obtain a perfect score

-on Part 1 (3 out of .3), and C fails Q. 7, or Q. 8.

o~

Q4 9. Some children say “This one is longg¢r, do you
think they are :{gﬁt?“ ‘ .
Q. 10. Select longest rod and ;;E\of the equils. Show

alignment and ask usual quation“ Push shorter

¢

rod forward 3 cm, and repeat queshion.
Q. 11. Revert to equal pair. Show equality; then arrange
as T': repeat qﬁeation.

DISCONTINUE if C has made any error.

’ {

-

part 4

t
A .

Present softboard wifﬁ';tring'arranged on square.

Egplain that this is a field. . A man walks %1} round it

(tracing perimeter). Dispiaca the string and stretch round ‘\
»

rectangle approximately twice as long as it is wido.* N
L3

Q. ‘12, Tell me. Which way do youtt?ink the man uould have

\

>+ _ longer to walk, this way (square) or.this (tdcﬁaqgle),

or do you think tt)s the same?

-
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Q. 13. 1f reply was correct ?g?j‘dg‘yoﬁ think it's the

same? " e

”, - L4
* R u

’

. CONSERVATION OF NUMBER ;.1-1 CORRESPONDENCE

a
Scoring instructions ' . :
Q;s. 1-6, g, 16" 3coii 1 if ¢ g%veg correct re?ponne.ﬂ
Q. 7. 2 apontaneouslﬁ corrqé; RN C

1 cgzreét when repeated

, Q. 8 and Cc.S. 2 if adeéuate reply is given i.e. one of’

the following, whether spontaneously or_

»

in reply to C.S. and ring as.appropriate.
v - Ifﬁ initial identity - you have only moved them, etc.

C = compenéation - these are closer together, etc.°®

- L] .

R'= reversibility - yo? can move thém back as they

>

E -G enume’ration;— child has to co';xm: .to establiﬂé

equa%}@y. f -

7%

1 if C resists C.S. but is unable‘to Justify.

Y -
, / . S
4 - v N -
0 ¢ . .

Materials . ° . - ‘ /)
. ) (a)° 4 blue plastic discs - s )

4 yellow plastic discs

'
>

2%~'
n‘k.f. “ 1
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/gart' 2

Construct a row of 10 cubes of one colour, with a space

- 95 =

.;"‘ »

(b) 24 cube-{:in two equal sets, of diffo{nnt colour

Method
Ha
table.
Repeat
discs.
Q. 1.

» ;

/
4

Q. 2-
Q. 3..°

Q. 4.

fo. . Y
(discs)-~ K

nd C 4fbluo discs and ask him to place one on the
, B P

When. he does this, place a Yellow disc alongside.

until all 4 blue discs are partnered by 4 yell&w ‘

f

[

/

Do we have just as many as each other?
Remove a yellow disc. '

Now do we have jusi as many as each other?:

Do you have more than I do? - (

y

Do ybu have less than I do?

(cubes)

”»

h ]

of approximately 1-2 cube widphs between .cubes. Remove

the 2 remaining cubes and give C the 12 cubes of the other

colour.

‘Q. S.

Say: p ' .
I want you to put out some of these cubes so that.
you h;va just as‘many as I have. (construction)
Do you have iu;t as many as I have?
Score .as appropriate:\ }f C fails then B,ihouldy

;-tablich 1-1 correspondence and repeat question.’



'r 0 o ' o
‘ |
:zt . . ’ - 96 - . )
° ' - .
' . Do not score. _ o

)
LN

Q. 6. Move the cubes in one of the rows closer tc;ge.th'er. ,
‘ ask: “Have we still got jv'ast as many cubc; as eac;h
other? Has one of us got more cubes than the other?"
'If C's reply is "'ye#then ask "Who has got the /‘moﬁt
' ' cubes?*” |

DISCONTINUE if ‘failure has been recorded for both

Q. 5, and Q. 6.

. o | Q.- 7. Move the cubes in th; other row to make —t'hem further
spaced. “And now, have we still got just as many ¢
cubes as each other? Has one of us got -u'\ore cubes

( ,
than theﬁbther? "

-

Q. 8. If reply to Q. 7 is correct, ask: “How do you know?"

Counter suggestion i ¢

1f C's reply to“the HDYK question i:s difficult to eval-~
° gate. e.g. "They're the same, " theh ask, "Several childr:en
told me that there are more cubes in this row because it
i is longer. Do you thiﬁ\k that they could be right?" If
C replies "No, " f;he;\ ask: ':Why not?"
Q., 9. Re-align so that the two rows are facing. Eatahli;h
s/

. equality. “"watch what I'm doing." Pirst carefully,

and in full sjght of C, remove a cube from one of the

S
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r;ws Pnd put it ‘away from.the cubes before the
child. Space the faw of 9 cﬁbea so that it extends
well béypnd the row of 10 cubes. "Have we just as
many‘cubes as each'other? Has one of u; gat more
cubes than the Jthef?" If reply is “yes, " ask:

"who has the most cubes?" (

Q. 10. Re-align as before bringing back the odd cube, Add

Q. 7.
repeat

Scoring instructions

a cube to one of the rows then space the other row
so that it extends beyond the‘;} cube row. Describe
action;. 3Uestion as for Q. 9, . 7

If reply to Q. 7 was false while bo;ﬁ Q. 9 and Q. 10
were answered correctly, then re-aligé, equalize

and space, and repeat Q. 7. Omit this question un-

: |
less all three conditions are satisfied.
1 . . ' Y

\ ALL AND SOME

Set (a)

0 oné or more errors on both blocks of quectiona;
1 if second block (of 3 queltioni) answered without

' .
&rror, but block of 4 is failed on both occasions.

Y

-

|
|
[
i
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- © . 2 if first block correctly answered second time

‘ .
i .,‘
B g -

(secfmd block will also be correct).

-y
.

3 if firsi. block correctly answered first time.

. The scoring for .Set (B) is identical. - 2 g

. A ' S L
Range of possible score is 0 - 6. © s

L]

Materials

. - ;et (A) 2 large blue v;ooden ’bri‘.cka
; 4 small blue wooden .bri._cks : RN
. ) . 2 large red wooden bricks ’ Q |

Set (B) 4 red aqu’aré dards S T ' ‘ -

. 5 blue circular cardio ' ‘ o . /

i .2 bluéﬂ square cards ‘ - ., ' | < '

Set (A)— . . S . _’\

‘ Egtablish voca‘sbulhary‘for test material then asi&:

s ' ‘ Q. 1. Are all the red bricks large? Yes . ‘ RN
Q. 2, Are all the b)iue brick‘s a‘mall?. No |
Q. 3.’ Are all the small ;aricks blue? - Yes

é Q.. 4. Aré all the large ‘bricks 'r.:ed? Nj

- . If all. guestions are answered coi‘roctly go to Set (B) .ﬁ-

¢ })If any answers are incorrect &sk: —
Q. 5’. Are some o'f the blue bricks small? Yes'

A

‘ . Q. 6. / Are all of the blue bricks small? Mo :
n, % “'* ' .

¥
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Q. 7. Are all of the small bricks blue? Yes

§ . (1) IfQ's 5, 6, 7 answered correctly ask Q's I, 2,

‘ 3, 4 a second time then go to Set (B).
A“_ (11) 1f d's 5, 6, 7‘are\anawuied incorrectly go to
; : Set (B).
fad (‘
/ - {
et (B ; .

i Establish vocabulary for test material then ask:

N

Q. 1." Are all the red ones square?. Yes
:¥ *‘ Q. 2. Are all the squares red? No ‘
Q. 3. Are ail the‘blue‘onea round (circles)? No
' Q. 4. Are all the circles blue? Yes oo 3
r';‘ o , . If all questions correctly answered then stop. 1If
3 any questions incorrect ask: o
E v Q. 3. Are some of the blue ones circles? Yes
; .
?(‘ . Q. 6. Are all of the blue ones circles? No

Q. 7. Are all of the circles blue? Yes

. . 1f Q's. 5, 6, 7 all correct repeat Q's. 1, 2, 3, 4

* _then stop. If Q's 5, 6, 7 incorrect then stop.
/ .
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- * CLASS INCLUSION (Unequal Partition) - .
Scoring Instructions
‘ v Set (a) Each item scored 1 -'*O. - ’ .
~ Sets (b) and (c) (scored similafly) . I ‘
51 Q. 7 answered correcély first time.
4 Q.-7 answered correg}ly following success with S. 1.
M . 3 Q. 7 answered correctly following success with S. 2.
. 2 Q.- 7 answered incorrectix folloyihg ?uccesa with S.
] 1 Q.7 inawaged incorrectly following success with S.
o failur; with Q. 7, S. l.and 8. 2.
Set (d) | \
o Q. 8 3 correct first time. R b
' 2 if correct after prompt. ‘
1 if reply includes words ‘dogs' and ‘animals.’
0 no attempt or hopelessly wrong.
Materials
/ (a) One card'th&h:shows 2 girls, 2 boys, 1 cat and
S | dog. .
\ (b) Set of eight cards of which 6_show figure of a
; boy, 2 showigigure of,a girl.

(c) éet of eight cards of which 6 show a robin, 2

b,
.show a budgie.

7«\ .

%
:
o't ' . . - 9
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(@) Set of eight cards of which 6 show a dog, *2 show

a cat. -

R M R ' . ” k
Part 1 \

Put ?ut card def;ned {n (a). Thenugay: :
Q. 1. Point to the cat. .
Q. 2. Point to the dog. o ‘ ’ C
Q. 3. Now point to all the animals.. |
Q. 4. “Poinﬁ to the boys.
Q. 5. ‘Point to the girls. . ‘
Q. 6. Now point to the children.
part i C
Put out (V) cards, without separatfng the two ndgzitt-.‘

Ask :”

\ b -

Q. 7. Are there more poys here or more children, (pause) .
B more children or more boys? "
S. 1. If';eply to Q. 7 is (a)”:orroct. }toceed'to
) ' next set.- | \
. ‘ j o~ , (b)\false, ask:
/l + How many ho&s ;re thg{,? How, many children? )

8. 2. If reply to S. 1 is false, ask: - : R

= ’ - n ‘ .
5 . How many"boys? How many girls? - How many P
! ) . ‘ A

children? k]

- /— ‘l:;}:

* ‘ .
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.



é}- ) Set (c)

»

pudgies for girls, and birds for children, taking care to

\\,

- 102 -

o

Repeat Q. 7 if S. 1 or S: 2 answered correctly.

o

repeat the form of 6. 7.

$au . -\ Set (4)

Proceed as for Set (c)'substituting dogs for robins
and cats for budgies. Ask:

" Q...8. wﬁh; is the question I ‘am going to ask you this

L}

time?
If c fails, prompt by showing Set (c) and saying:

"When- we looked at these 1 asked~you, are there more

.

robins or more birds, now looi at these.

question do you think I am going to ask?*

I} . Y Lo
- . INTERSECTION (overlapping encldsures)

-
“

<

<@

&

Scoring Instiuotions

]
.
N
.

' &. 3. 4

3

w .
spontaneous exhaustive

~

1 - 0 both sets correctly allocated
'l - 0 both sets correctly all6cated’

success

.y

4

what

-

N

Proceed as for Set (b), substituting robins for boys,

aexhaustive success following initial prompt

or single demonstration only

Y

!

W
5
e
.
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N
A B, SEL, W



i% " ‘v “ ’ N
; < 103 - B -
. . L2 "é spontaneous partial success on which ¢ . fails
| to inproveﬂ | ) . ’
‘1 partial suqce;ls 'follo;dng initial prompt or ' BN
' " single demonstration only -0 = !
h o no success or 2-3 demonstrations needed for
e:‘d'na\mt:i.ver allé)cation
3 '. -, ~4. 4 spontaneous exhaustive success \
) _ 3 exhaustive success following prompts ‘
. up to-2 marks may be awarded to children who
.do not fit the above two catégories but who:
1 ¥ n;ntipn tixe overlapping dimensions ’
; ’ 1 allocate two.shapes following prompts
i \7 DISCONTINUE if lésl than 2 scé:red on T. 4.
T. 5. 4 spontaneous exhau{tive success ‘ 7
) ‘ 3°  exhaustive success following prompts -
2 3 interﬂﬁ:ons correctly filled after prompts
2 1 2 intersections cctrrectly filled after ;:oromptc i
x 0 less than two 1nte_lrsectiona filled ‘
Materials | - /
- - (a) 3 rings of different;_colours o, ‘
3 - (b) The following plastic shapes:
2 large yellow squares 2 large red circles ]
T / o
KR - S R T ST AL
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2 large yellow circles 1l large red triangle

2 snallzyelldé squares 2 small rea triangles - .
s * Ut 27 .
1 small yellow circle 2 small red circles

%

(q). Tﬁe following markers: ‘hf
yellow red g&hare round lgrge ;pall _ ce
% ‘ - part 1 ' . C ) ' o

e
, ‘ [y ﬂ o .
: Co. . Lay out the shapes and two rings with a 'short distance
\ " .

sepa;iting them.n Establish vocabulary for the test material.
- "I want you to put a zellow-shape in this ring (indicate)
; ‘ ‘ (R. 1) .. n;u another . . . we put zeilow shapes in
) ’ this ring and to help you remember what.heldngs in t:l
ring I am going to _put this xell marker in it." Repeat’
the above procedure for R. 2 with two red plecqp and thé - *f
ggg.marker. If C makes any mistakes, lfad corre;tion %iqh

-

"No, we'll ﬂ§ve this one, shall wa}" ) .

. \
P. 1. Ask C to allocate.the remaining yellow and red
shapes. If C does not exhaust the :elevant shapes,
score O and draw his’ attention to shapes omitted ‘

T. 2. Repeat the above ptocedure with all red shape? for\»

R. 1 and all square shapea4£or R. 2. : g

* !




.

4.

-

‘
art

.7

" dmaterial as for Part’l. ring now ovcrllp. \\
T. 3.

The procedure for Part 1, T. 2

ollowed with’

all yellow shapes ih k. 1 and all ggél;_ah;pel {P
. R 2. If C allocates the tyo classes but fails to °
intersect draw his attention to the dimensions
. -wh;éh iﬁteragct:‘ "ﬁﬂit about this cne?

(small
yellow circle).

But isn't it small (1g/g+a-nod
Mith yellow)?" . . . If C now cla.-ea it with smalls:

“It is small but it's yellow too, i-n't it?“ ¢ 4

still fa;lp to place the first small yellow

correctli. DEMONSTRATE. "But t@at'- just small

(yellow), there is small and yellow. Similarly,

if necessary, draw his attention to the other

neglected dimensions. DEMONSTRATE again if necessary,

always explaining verbally, e.g. “If we put it in

here it's in the yellow ring (gesture) and in the

small ring (gesture)." If C still fails to place

the intersecting elements ihon place the oleﬁcntn

one at a time in their correct position.

£l

Repeat with all large shapes in R. 1 and all round

shapes in R. 2. If C fails to spontaneously allo-
/;ptg the elements correctly ask him to okplain the

1

-
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2
v

problem. If C mohtions the prdbluq f the over-

nsions but ,still fails to allocate the

pieces, then Ylemonstrate. If, in anawer to the

up to three ts altogether with up to two pieces,
as in 'rk;s 3. . 7 ]
DISCONTINUE if,| given the 3 permitted prompts, C . Q,/
fails to place at leéat -2 pleces correctly in the S
intersection. -

art

Use three rings and all the nhapegx
Arrange the rings and mark;er,. thus: - @
T. 5. R. 1 - yellow s apes: R. 2 - ggg_ninha‘polx‘
Ro3 - small shapes. -
Up to five prompt questions (e.g. 'This one is yellow,
but it's also smlall isn't it?*'), irrespective of
‘number of pieces may be made (deal with !triple;

intersection last of all), the g;sggmm and score.
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J, CROSS-~CLASSIFICATION (L1) - -
Scoring Instructions . Lo
Tasks 1 and 2 ' v - . . L
& “ . . - . .‘ <o
» \) { 2 correct classification following screened demon- . ’
S , _ stration ) e .o .
. ’I ‘ EP

» 1 correct classification if open demonstration has

«

been necessary

. Tasks 3-and 4 ' .

+

>3 correct classification following the screenéd

- ‘
A3 .

demonstration ‘

1l paftiai~succeas (screened), i.e. C able to classify .= .

the elements for one part of the total sequence

Al

1 corregt classification following an open démon-

stration _ . ' )

he

(i.e. C may be awarded a total of 2 if both criteria

kY

are satisfied.) ' .
Tasks 5 and 6 . 7 , f
. ¢ 17
. l compleEg~:2§5§B;
0 partial success v o- . B /
Task 7. - : : .

3 complete success without prompt

*»
1

2 cbmplete succo;s following prompt

'L dopble classification achieved but riot treble
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Task 8 . e . . l S :

2 coﬁplato auccela{withbut prompf

VA
1 complete success following prompt ’ N -

L d

° A 0. -one classification only
\" ' Apparatus: For all tasks ) . '

2.'post' boxes 6" x 6" x 6", open at bottom and with
'y a 3" slot at the top }
| 2 sofb(hpongé pads, slightly larger than the base of
the bo;es
"Material (a) i“i\ \ ' .
_ Blue shéées -2 squa;;s and 2 circles \

Yellow shapes - 2 squares and 2 circles.

]

Material (b) /
Red. shapes - 2 triangles and 2 rectangles

Yellow shapes - 2 triangles and 2 rectangles

v Material (c) ) *

hl

[}

8 shapes consisting pof squirea and triangles, small and

large, blue and red, figuring every possible combina-

~

+ tion as a unique examplar
Material (d) S ' P
- 4 )

8 cards, animals, birds, domestic, wild.
§

Test situation .

E sits beside C at the table or desk. The two ‘'post’

.
. « * 2 4 ' - )
I3 L AU F V5 R S I - T
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‘boxes are placed, side by side, on sponge pads between E

- 109 - ' -
\

and C. A gap of about 3" is left between the boxes. The

pieces are randomly scattered on the table. E then asks

-

C to sort the pieces into two groups: If C sorts the pieces

_ by colour, E asks C to see if it is possible to sort the

~

pleces any other way. E gives similar instructions if
C sorts by shape. E assists if necessary and eventually

places the pieces in the standard arrangement position: '
- .

"M

8 ] Y Y
) - -
® ® © ©®

»

The pieces are then shuffled and C is asked to rearrange

them. Assgistance is given if neéeasary. E then shows the

1

boxes to C, explains their strpctﬁre and function, then
allows C to post one or two of the pieces. E shows C
that when the boxes are remeved, whatever has been posted
is left on the sponge pads. ) |

Notes on procedure - Tasks 1 - 4

At no time is C told the names of the shapes or ;hoir
colour. C is always encouraged to assist when the pieces
are being placed in thei; standard-arrangement 'position.

Bach -créing may have both a screened demonstration and

4
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|

an open demonstratioms® In the lcroon_oci domn-érqtion, -

©

wvhile C has his eyes closed, E sorts. If C attempts-the

sorting but fails, E openly. sorts the pieces one at a

. time. In the open d;uonstration, the) sorting is carried

L

out so that all the elements which boionq' to one set
are posted first; then the elements of the remaining

set are posted. After the open demonstration, C is again

asked to perform the sorting. If C is still unable to

perform ‘the task correctly, then testing is discontinued.

Task 1 |

E says, "I wapt you to clos.e ~yomr eyes while I sort
the pieces. Whern I've finished, look at what I did‘and
see if you can do‘ the same.” E sorts ;:he piecea‘ by coloul;,
asks c to open his eyes; and then removes the‘ boxes so as

to,revea'l the pieces on the sponge pads. E says, "Now,

can you see what I did? * Let's put the pieces back as they

_were before and then you can have a go."

;" I.A’sinilgr procedure is adopted when E demonstrates

any sorting. « |
Elements arranged

C performs one sequence at a time

C sorts (1) by colour w\

(2) by shape




! Task 2
Elements disarranged:
C performs one sequence at a time

C sorts (1) by colour

(2) by shape S

Task 3
8

"Nov; this -time you will have to glose your é&yes two times.

~

Lo First you close yo”ur eyes and I'll do something. Then, you
look at what I did, close your ey;a again, ahd I will do
something else. I want you to try to remember everything )
I did because when I've finished, :t will be your turn. Do ‘
you think you can do that?" E ensures that C's eyes are
closed and t)‘xen sorts by colour. At the end of the first
‘ ) sorting, E says, "oiaen your eyes and see what I have donp."(
E; plt;gea pieces in the standard arrangement, asks C to close
his eyes, and ;orta by shape. On completion of the whole v
sequence, E says, "“Now open your eyes again and look at what
. : / .
. I did. Then, see if you can do both steps as I did them."
If ¢ fails, E gay;, "Wwatch me while I do it again.
When I'm finighed, y;m try the whole thing agiir;.' B \
- sorts by colour,then by shape, and then asks C to do the |

whole thing. -

ad,




Task 7

*This time there are three ways you can do it. s;. if you

. - 112 - : '

Elements arranged: - ‘ o <L o

C performs total sequence

3 » o

, C sorts first by colour and then by shape 7

! /

»
Task 4°
Elements disarranged: . .
. R ~

C performs total sequence

/

C sorts first by colour then by shape
- .

Task 5 ‘ ’ . .
Pioapnt %r;nofer mg;erial_(b).{h the Taak‘3 arrange- @ *

. ment and proceed as for Tgik 3. The cﬁii;/IX\sted to post

‘the pieces two.ways as he dgd/yith the main test material.

DISCONTINUE if C fails. o

Task 6

° Proceed as for Task 4 using transfer material (b).

14

i

DISCONTINUE if C fails.

t .

Introduce transfer material (c) hinarranéid. saying: °
/3 v -

can post them three different ways to get different piles

- -

in the es each time.” After the second posting, if C

stops, say: “"Can you do it another way still?®
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e 3
A

T e

Task 8 .

Introduce transfer material (d) disarranged, saying
‘:;; _ “This time the picéél aren't exactly the same but you can
still put them ‘together to make éhcm belong, and you can
still do it in|two)ditfetent ways.: See if you can do it

in two different ways." 1If C stops after one successful

sort, say: "Is there another way you'can do it?"

Nl

' ~
o T FO TIQNS (L ' v ‘
) /
.'/ Scoring 1mtructiofg) ' _ .
X1l items are scored 1 - 0.,
{
Apparatus . :
[ Tray holding plastic shapes k N
. ' Shapu:‘v rectangle (R),. triangle (T)
» . Colour: Yellow (Y), blue (B) |

Size: large (L), small (S) (five pieces of each ,
~'coloured shape) ‘
' .Card- witﬁ coloured shapes painted in position (for
use in double and triple transformations} '
Small/’titt wﬁitc card, divided into two equal pprti

to act as test surface for single transformations

-
2
¢
e 1 *
fe - .
e,
St v
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. put it here (C's half). I wonder if you can see why you ' =<

‘very carefully because the gpme-ia for you to work out what

- 114 -

T 3

;ntéoduction to test situation and material

(9 . .
E sits alongside child with C to the right. The

shapes are placed before anq between E and C. The top
row of shapes is yellow gnd the arrahgem;nt of pieces, )
fgom right to leQ}, is large-rectangle, large triangle,
small rectangle, small trianéle. A selection of pieces
is scattered before C who is encouraged to‘play with them
for a few moments, then is asked to replace them in the
ray. “‘

Introductory 1-1 matching exercises

E presents C with the test surface card and points
out that he is going to work on the half nearest to himself

whilst C is to work on the other half. E says: "Watch

7

-you have to take out of the tray. So, if I take this (large "

yellow reétangle) and put it here/ (E's half of the card),

then you have to take this (large'yellow rectangle) and

would have to take thatJ¥g§?“ C is allowed to look at the
pleces then is encouraged to help replace the pieces-iﬁ the
tray. 'Th; prbcedure is restarted with another piccc.‘ After ﬁ\
pl;;ing the stimulun,}E’pausel and asks C éo anticipate the

Tesponse. If C succeeds, the procedure is repeated, this

. o
‘ [3
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. this one?" At all other times give oblique encouragement’

- 115 -

time with a different sized shape. Give as many demon-
strations as are necessary for the child to grasp the match-
- :

ng strategy, and, as soon as C correctly completes two

successive matchings, go to Size Transfomtions.

DISCONTINUE if C is unable to grasp the 1l-1 matching

strategy.

o

Motes on procedure

At no time is C told the names of the pieces or their ‘
colour. All responses must be in the fo& of a construction
-even though C might show that heﬁ is clearly capable bf a
correct verbal response. At the start of each new trans-
formation situation point out that the ga;ne is to be changed
and C's task is to spot how the guﬁc has cha'nge‘d. During
demonstrations tell the child if his response is correct.
}‘L.c is unable to give the correct response with test item
one (within each f:}ock), themcorrect. An incorrect response

in Aahf\demonstration item is cOuntered \(ith a remark such as:

*I think that the answer is'..., Can you \Ojee why I chose

with remarks such as: '?Xdu 're doing well. ™

.

1.4
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RART ONK Aingls Transformationa

The first tg? items in any blovk are demonstrations

with ¢ being allowed to participate if hahwiuhcu. Bach
. .. transfprmation consists of four items. A correction pro-

cedure is uséd for the first two, i,e, demonstrate correct

TR RRASTIRISReaxpra s T RS
P i} ?
. p
.

ahswer, saying: "Do you see why?" (Verbal response is

not ascored,) 2 .
:“J . ’ . - . ‘ ) \ ‘ o’
, . ar ) .
BHAPE ahd COLOUR held constant: BSIBE transformed
¥ ' a i . ) h
Lolour Trapmformations SN
. , ,
- | BHAPE and BI1PE held constant. Cohgrnkhrunnfdrmud

~ ) N ’
812K and comun haeld constant: BHAPRE trunuformd g

- Q;ﬁggnmlngg it total seove for Bingle Trnnutorm&tlon- tn
B : ‘
’ t “ . 5 or 168!.

PART TWO Double and Trikle Transfermastions
For these problems -use the wards with:the coloured

\/\ shapes painted in pomition. FE says, "Each game is made up . f

of four cards. I will show you How the game works with the

Al

Q

first two cagxds. Thun‘thouo cards will bi‘put_qp here »0

. ' : thnh you can look back at thom. Remember to use them to y
;. holp you decide what to do in tho last two an'dl( ‘ . 3
2 e ~ - o
3 / M &
‘t‘?\ 1 (]

.
,
E.
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1 ‘ : B
For demonstration #l1 say, "watch carefully because
this is a new game. If I put down this shape, then &od
take this one (pointinq to the corteb; plastic shape)
and put'if here. I *onder if you can see why?"
For demonstration #2 say, "If I put this down, then
you take that one. Can you seerhy? Now you do the

—~

next two." Move'the demonstration material to make space

. for the problems, but avoid placing the demonstration

material directly above the problem material so that cues

of symmetry are not given. p

For problems #l1 and #2 say, "Now if I put down this

0

\

qné, which one would you ?ut dowri?2 "
Below is an outline of the.ahapel that are painted

on both the demonstration material and the proﬁlem mate}ial.

A code in which thg{firat letter is the size, the second

tée‘polour, and th; third the shape has been used:; thus,

LYR stands for a large'yellow rectangle, and éBT stands for

a small’blue triangle. Besides showing what shapes are

~

painted on the ca;ds and what shapes are the correct res-

v

ponses, the outline also shows the otder in which the

material is presented in the testing situation.

A j

[




Double Transformations '
(A) Colour held coﬁstarn‘t, Size and Shape transformed g

- . -

1. De-onstrht.ic:n #1

nr.vm,(x
¢ =TT
.

2.
€

3. Probles #1

-

4.

(B) Size held constant, Colour and Shape transformed

LI #2

#2

5. Demonstration #1

6.

7. Problem #1

e

8.

(C) Shape held constant, Colour and

9.

10.

-

11.

E

. 12,

L] #2

w2

Demonstration #1

Problem #1

[ *2

#2

4

Painted Shape COtt.c'(:Zf!.lponl. .

LYR s yiT .
SBT LBR
LBT S BR
éw.a L’y'r’

LYT
LYR
SBT

SBR

{

L BR

LBT

‘S YR

3

SYT

Size transformed

SBR
LBR
SYT7T

SBT

LYR
SYR
LBT

LYT

‘rx:igle' Transformation gglour, Size; ]a'nd Shape transformed

13.
14."
1S."

16.

Demonstration #l .

Problem Wl

- . #2

#2

N

SBT

. LBR

S YR

$§ BR '

LYR
5YT

LBT

LY?T

s
LRI’y . PPV

-

'3

o
4
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GOTTSCHALDT EMBRDDED FIGURES \

In this space I have two draw-
ings. Watch me color the lines
in this one on the left. MNow I
'want you to take a pen, and find
the same lines in the drawing on:
the right, and then color them
in. You should start here--
(pointing). Good.

-

¢ t,

Now let us look at the next one.
First we color the lines in the
one on the left. Can you do
that? Now starting here, we find
the same lines hidden in the ’
drawing on the right and we color
those. Can you do that? Good.

Now let us look at the third one.
First, we color the lines of the
drawing in the' left. Good. Now
we find the same lines which are
hidden in the drawing on the right.
Can you see them? Good. Now we
color them.

In all the remaining ones we do
the same thing. First, color
: ‘ the lines of the drawing on the
| " . left. Then see if you can see
) . - where they are hidden in the
, drawing on the right, and when
- s ‘you can, you color them as well.
‘ . Take your time, and we will do )
one at a time. -
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e b gt gt b
[ RV B - BV V]

12
13
14
15
16

VAR 1

599
390
304
117

029
370

552
223

- 001

208
107
-013
423
286~
221

"VAR 11

178
180
084
<120
136

266
241
158
088
500
588

207

044
116
-067
048
243
306
126

VAR 12

122
211

120
128
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Appendix B _

B
1 ©

Correlation Coefficients

VAR3 VAR4 VARS VAR6 VAR7 VARS
sr‘ls t&“,
212 394 3
095 263 626 . T
361 201 157 126 - e
138 126, 015 115 416 A
082 063 ~014 321 -180 297 ) i
099 152 223 278 -226 -088 392 , ;
149 227 - 181 331 147 092 407 245 3
141 038 .087 173 170 - 146 197 -101 o E
-298 030 -074 150 014 -009 269 063 ' ‘
133 - -009 -026 -048 253 248 261 -087 -
182 199 -103 058 355 158 306 043 4 o
143 o017 076 082 209 165 179 -003 . -
VAR 13 VAR 14 VAR 15 VAR 16 Tl
. ‘{:'i ;
v - ’/
243
164 279 ;
226 162 -136 —
@




