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ABSTRACT

The experiment tested the postulate that the cognitive structures

of normal and mentally retarded indivi&uals.differ in the degree of

equilibration (Inhelder, 1968). Thréé groups of subjects, 28 normal
children (N), 28 mentally retarded children and adolescents (¥MR), and
28 mentally retarded adults (OMR) were presumed to differ in equilibra-
tion. All the subjecgé were at the preoperational stage of cognitive

development as was ind%gated by their performance on a pretest consisting

.

of eight different tests of concrete operational functioning: a transi-
tivity of substance test, a conservation of number test, five tests of
gubstance conservation, and a conservation of welght test. Half the
subjects in each of the age grbups were exposed to a training procedure
designed to inculﬁate concrete operational development; the repéining
subjects served as controls. It was reasoned that the differences in
equilibration should have been evide&t in the performance of the
different groups of subjects in reaction to the trdining procedures.
Transfer from the training task, which was a conservation of substance
situation, was measured to concrete operational tests administered

jmmediately after training (Posttest 1) and again ong to two weeks

- later (Posttest I1I). The pusttests were ggrbatim replications of the
Y

Pretest.

It was found that the training procedures were effective 1in
increasing the number of correct judgements on the induction task for
— .
all three experimental groups, relative to the control groups. There

were no differences in the performance of the three experimental groups

_on the induction task. No transfer of training was evident on the tests

of Posttest I, as judged by the fact that the number of correct-judge-

ii
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ments made by the experimental groups was unot significantly diffetent
than the éumber made'by.tﬁg~gggsfol‘groups. On Posttest II the subjects
of tﬁf three experimentaf groups made éignificantly more correct
judgements than the subjects of the control groups on the consefvatiuﬁ
of supstance tests and on the combined transitivity of substance and the
conservation of number tesﬁs. Thére were no significant differences in
t;e number of correct judgements made by the auﬁjects of the three
expgrimental groupé on'theae two blocks of tests. No trahsfet was
evident 'on the conservation of weight test of Posttest II. The
4 training procedure did not h;ve any significang effect on the number
of concrete operaticnal explanations given by the subjects of any of
the experimental groups; the number of such explanations offered on-
the Posttests did not differ from the number ;ffered on the freteat.
The aforamenticne%j?esults fail to support Inhelder's postulations
" concerning differences in equilibration between normal and retarded '
individuals. The results indicated that the three age groups, who
were presumed to differ on equilibration, respemded similarly to the
training techniques. The igplications of the pregent experiment are

constrained by the fact that no changes were evident in the explanation

dependent variable,

14
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It was in her role as second scotrer that she made the ultimate

sacrifice of love that a wife can make ,.. she agreed with her husband

-

more than 95 per%y of the time,
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CHAPTER 1
INTéODUCTION
Inhelder (1968) suggested that the cognitiye development of thé

mentally retarded (MR), as contrasted with that of th;se with normal
intelligence, involves a slower rate of progression‘through the same
sequence of cognitive stages and a more limited upper stage of cognitive
development~ (cf., Zigler, 1969). Inhelder attributed both of these
differences to differences in the power of equilibraﬁion. The present
exper%ment tested the validity of two deductions based on the afore-
mentioned qodel: (a) That individuals equated on the level of

cognitive developmént but differing in rate of development, will
" manifest differences in new structural learning. (b) Thff/individuals y;
presumed to have astained the upper level of their cognitive develop-
mént’will demonstrate no new structural learning. In the remainder of

the present section of the paper, special emphasis'shall be given to
outlining the theoretiéal propoaitions of Inhelder's (1968$.modé1. to
reviewing the empirical researcﬁ conducted to date which relates to the
model and, td detail the logic involved in the derivation of the hypotheses,

The bgsic ;enet of Inhelder's (1968) model is that a similar conmstruc-

tioﬁ of logical operations occurs in both normal and MR individuals

(Piaget and Inhelder, 1947). Specifically with regard to the development
of concrete operational thinking in the MR, three lines of evidence
_support this commonality. First, when assessed on tasks of concrete
oper;tipnal functioning, many'ggjs demonstrate.by the judgemeutéj;hey

make the presence of concrete operational structures (Gruen and Vore,

1972; Lister 1970, 1972; McManis 19694,.1969b, 19694). Second, if the

1
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explanations proffered by the subject reflect the nature of the structure,
as suggested by Brainerd (1972a), then the concrete operational structures
of normal and retarded subjects are of a similar nature. Normal and gg

subjects, matched on mental age ); apparently give the same type of

féxplanatioﬁs’wiﬁh the same frequency on a variety of concrete operationaf

tests (Gruen and Vore, 1972). The finding that the explanations proffered
by the MR, as well as those of normal childfen. reflect the operation of
the reversibilicie; and quantitative identity suggests that Piaget's
(1968, 1970a) qathematical descriptions of the groupings’ are descriptive

of the cognitive structures of some normals and retardacrs (Gruen and

i
: Vore} 1972; Listeg 1970, 1972; McManis 19639b). The third line of

-,

" -
_evidepce bears on the succession of stages, Thé horizontal decalage .

occurring in the acquisition of the comservation of substance and

weigjit, often reported with those of normal intelligence (e.g., Inhelder,

1968), also occurs in the retardate populations (Stephens, Miller and

McLaughlin, 1969; McManis 1969a: Gruen and Vore, 1972: Lister 1970, 1972;
Hnnter and Lister, 1970), It appears, then, that normal children and
the MR show some basic similarities 1n cognitive development. For

both those of normal intelligence {e.g., Plaget 19703) and for the MR
(e.g., Inhelder, 1968) equ%libration i8 cited as being the most promin-~
ent factor influencing cognitive development.

Inhelder (1968) differentiated normal and retarded development on the
dimensions of (a) rate of cognitive astructural development and (b) tﬁe
level of structural development ultimately acquired. Comparisons of the
chronological age- (CA) at which normal and retarded subiecta dcquire |

competence in a given task support Inhelder's (1968) contention that fhe
; E



MR's cognitive developuient occurs at a slower rate than is the Tase for

M

normals. Designs matchingvﬂprmals and thé MR on ch}onological age,
invariably result in the MR lagging behind'gﬁe’normals in performance
on Piagetian cognitive tasks (e.g., Gruen and Vore, 1972; Mitchell,
Lovell: and Everett, 1962; Broyn 1973). However, there is no support
for Inhelder's suggestion that while the development of those with
normal intélfigence is characterized by an increasing power of equili-
brium (as indicated by the mobility of successive structures), that of‘
the MR'a shows a decreasing power of equilibration. Support for such
a suggestirn must come from inveatigations involving repeated measure-
ments -over prolonged periods of time a;d such studies have not been
completed, ‘
The cognitive development of normal and retarded indiv}duals differs
not only in rate; the qevelopmenc of the MR is also characterized by an
arrestation in structursl gevelopment prior to the acquisition of formal
operational reasoning (Inhelder, 1968). Inhelder suggested that
structural development can be arrestdd at any stage of development. She
based this EEPC1u81°u on the observations that none of her, retarded
aubjects gave any evidence of formal operational i.?sdhyég'and that ‘a
large number of these also gave no evidence of concrete operational

structures., Research conducted with the severely and profoundly retarded

subjects supports Inhelder in this reapect. Many severely and profoundly

.retarded adults are incapable of functioning at the sixth stage of

sensorimotor intelligence (Woodward, 1959; Woodward and Stern, 1963).
Similarly, large mumbers of retarded adults fail to ghow indices :of

concrete operational reasoning (e.g., Woodward, 1961). While these data
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support Inhelder's (1968) suggestions as' they relate to arrestation, to
posit that Eurthef’atiuctural dpvelopment is improbable in the MR after
the age of 16, as she did, is a different matter. Inﬁelder based this
suggestion on the observation that not one subject aged 16 years or over
(the age by which those of normal intelligence manifest formal operational
thought), benefitted from the experimenter's suggestions. HRowever, since

Inhe{dEr'a (1968) research design did not involv y systematic attempts

at inducing learning nor any eystematic meagdre of learning, the sugges-
tion that further structural learning is 1mprob§ble is mere conjecture.”
Differencés in rates of structural deﬁ€iopment between those of

/ normal and retardea 1ntelligence and the possibility of further structural
development in retarded sublects over the age of 16 could be evaluated
in "learning experimgnts" in which the subject 1= ;xposed to information
specifically designe& to induce further structural growth (cf., Inhelder
and Sinclair 1969; Pinard and faurendeau 1969). In one such expériment,
B;ipon and Bereiter (1964) found no differences in the induction of
conservation of substance responding among subjects of superior, normal
and retarded intglligence. However, the Brison and Bereiter experiment

_was an- inconclusive test of Inhelder's suggestion that normals and

retardates are characterized by different rates of Qtfuctural development
in that the experiment f;iled in include a number oé»design aspects
essential to an adequate training study (e.g., Inhelder and Sinclair,
1969). For example, Brison and Bereiter (1967) falled to (a) differ-

entiate transitional and non-conserving subjects at the beginning of

‘o

the experiment, (b) test for the persistence of the acquisition at a

‘time after training, and (c) include tasks of concrete operational

)

i
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functioning other than substance conservation (which was the skill
specifically trained). As yet, no studies have been reported which
have attempted to induce further structural developmeat in MR adults;
hence Inhelder's postulate concerning the improbability of cognitive
development iq;those over.:he age of 16 remains untested.

In examining the difference in the cognitive dﬁvelopment of normals

L o4

and the mentally;retarded, Inhelder (1968) used equilibration as the
fundamental expl;natory construct. Differences in the power of equi-
libration were used to explain both the slower rate of development and
the arrestation of development prior to the attalument of formai\yper-
ational reasoning. In employing equilibration as the central expianﬁtory
cénstrucc, Inhelder was not necessarily negating the importance of
other factors such as the genetic detg;ﬁination of intelligenc;, the
importance of the individual's psychosocial history, etd?}f:gquently
cited by others attempting to explain the mental retardation phenomena
(e.g., Zigler, 1969). In the Piagetian scheme, these\factors-aéé
considered subordinate to éﬁuilibration (e.g., Plaget, 1973, chapter 1);
equilibration is the supraordinate factd; which governs the i&feraction
of all these factors in their effects on cogﬁitive structural develop-
me;£ (Piaget 19603): The role of equilibration in the development of
cognitive structures is founded on probabilistic consideratgons in part
determined by the gaing and losses associated with each strategy (Piaget
1960a, 1967, 1970a). With respect to the difference in development in
those of nérmal intelligence and the MR, given sequential stratggies
1, 2......5\which'h§e esgential for the development of a structure, the
AN

probability‘for the déyelopgent of each sqccessive strategy is less for
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the MR than for those of normal intelligedgz.

The arrestation purported to occur in the development of the MR was
seen as being the outcome of a prbgressive decrea;e in the power of
equilibration (Inhelder, 1968).. Maturation and/or other factors closely:
associated with’ temporal events were implicated by Inhelder (1968) in
a role subordinate to equilibration. She suggested that the arrentationf
in cognitive development may occur at approximately 14 to 16 years of:?-'
age, sinée this is the age at which many of the changes assoclated with
piberty are completed and this is also the age at which normal children
have acquired formal operational structures. According to Inhelder
(1968) arrestations in development résult-in intgllectual structures

characterized by a permanent state of disequilibrium or false equilibrium.

-Such an intellectual structure, while not in equilibrium with the

realities of the situation, is incapable of assimilating thg information
or of accommodating to the information. Thus further structural devel-
opment is improbable, if not impossible,

In summary, inhelder's model of cognitive development of the mentally
retarded contains the following propositions: (a)-Reéar&ed and non-
retarded developmcnt-are aimilar.ﬁich respect to the pro;ess of structural
develoﬁment and c#e cognitive structures developed. Equil;bration is
proposed as being the fundamental factor in the structural development
of both populations. (b) The development of cognitive structures occurs
at a slower rate in retarded than normal iéhividuala. The difference in

the rate of development is attributed to differences in the power of

'equilibration of the structures in the retarded and non-retarded

individuals. (c) The rate of development, as indicated by the mobility
or power of equilibration of successive structures, progressively decreases

in the MR and progressively increases in those of normal intelligence.

\
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(d) The progressive decrease in the power of equilibration eventually

.results in arrestation of structural development of the retarded persons

at.-about 14 to 16 years of age. Non-rptarded individuals, howe&er.
proceed to develop until {;Zy have écqﬁired formal operational Ehinkinﬁ,
which is characterized by true equilibr;kion. As was evident iq'the
literature cited, the emp;rical support for points (a) anﬁ (b) is quite
extensive, while points (c) and (d) remain mere conjecture.

Derivation and Statement of Hypotheses K

The present experiment iﬁ;estigated Inhelder's (1968) proposition
thaF the differences in rate of structural development in those of
normal and retarded intelligence result from differences in equilibration.
Since the power of equilibration cannot be experimentally manipulated,
it was necessary to select subjects presumed to differ on this dimension.
This was accomplished by selecting subjects at the same stage of cognitive
development (preoperational) but who were of different chronological ages.
Since the subjects were matched on the stage of cognitive development but
differed grossly in chronoclogical age then these subjects in their past
history likely had grossly different rates of/p ructural development.
Thus when equated on cognitive stage, chronological age should have
related inversely to rate of structural development., The three samples
of subjects were (a) normal cgiidren (M) aged &4 to 6 years, {b) young
mentally retarded children ang adolescents (YMR) aged 9 to 16 years
and, (c) mentally retarded adults (éég) aged 17 to 30 years, An
ordinal scale in the rate of structural development such that N>¥YMR >
OMR was pd?tueated since the three groups varied on chronological age,

and chronological age is at least scalable on an ordinal 1ﬁmension.




According to Inhelder (1968), if the rate of structural de&elopment
can be ordinated, then the power of equilibrium can also be ordinated

such that N >YMR > OMR. Thug the differences on the equilibration )

.dimensf;n were deduced from the different rates of structural learning ,

demonstrated b& the subjects prior to the experiment.

{; the present experiment, the subjects were exposed to a training
procedure designed to lead to correct judgements in the conservation
of substance situation. Tests of concrete operatidnal reasoning were
administered immediately after the training session and again one to
twﬁ weekg later. There were three éroups of operational tests which
differed in the way £hey related to the conserva;ion of substance task
on which the subjects were trained: (a) Yive tests which measured the
same conceptual akil} with regafh\to th€ esame object property (conser-
vation oEysubstance). (b) A test measuring a different conceptual
skill with respect to the same object property (transitivity of
susatance) and a test measuring the same conceptual skill with respect
to a different object property (conservation of number). 1In the course
of normfl development both of these skills are acquired prior to the
conservation of substance. {c) A test measuring the same conceptual
ki1l with respect to a different object property- (conservation of weight).
Conservation of weight {s invariably acquired after the conservation of
substance (Piaget, 1973). The hypotheses for.the present experiment
were Fleduced from Inhelder’'s (1968) model; specifically from the suggestion
tha:.the three age groups can be ordinated on the power of equilibration

dimension so that N >YMR > OMR.

The present experiment was a test of Inhelder's model in that first,

S
e .
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it avoided the circularity-of Inhelder's thesis that differences in
equilibration explain the different rates of structural é;:glopment.
Inhelder deduced from the slower r#tes of structural learning of her
retarded subjects’ that they differed in equilibration. ‘She then used the

4

construct of power of equilibration to explain the observed differences
in rates of development., In the preaeﬁt experiment, the differences in '
the p;we: of equilibration were employed to predict differences in new
structural learning. Second, the present experiment incorporated
repeated mea#urqnents. so that if development did occur it would have
been measured., Inhelder constructed the model on the basis of seeing
each individual subject on a single occasion only, hence restricting

the possibility of actually observing development. Third, the design
:of tﬁe present experiment incorporated measures of equilibrium of
cognitive structures;-hence group differences in equilibration could

be assessed, The importance of equilibration in structural development
was deduced by Inhelder frcﬁ Piagetian theory and no data was systemati-
cally collected to support this contention. The hypotheses in the
present experiment, deduced from Inhelder's model, are stated in the

following paragraphs.

Hypothesis 1. The number of correct judgements made by the experimental

groups during the induction phase should be capable of ordination so that

bbYﬁR>OMR; however, the three control groups should not differ signifi-

cantly on the number of correct judgements given during the induction phase.

The differences in equilibration among the three age groups should lead
to differences in structural learning, as measured by correct.judgements.

As the structural learning should be a function of the exposure te the

\
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induction procedures, the secopd order interaction of the age group x
experimental treatment factors should be significant as 1s indicated in
the hypothesis.

Hypothesis 2. The number of correct judgements ana the number of

appropriate explanations made by the subjects of the three experimental -

groups should be capable of ordination 8o that N>YMR>OMR on each block

of tests on each of the posttests; however, there should not be any ",

significant differences between the three contrel groups on the same

measures. This hypothesis is also predicated on presumed differences
in equilibration existent among the age groups at the bepinning of the
experiment. The second order interaction is predicted since the in-
crease in performance indices should be due to the experimental induc-
tion techniques.

liypothesis 3. If hypothesis Z is confirmed, then it should alsoc be

found that the degree of transfer from the induction task, as measured

by the number of correct judgements and appropriate explanations, should

vary as a function of the block of tests. That is, the triple inter- J
action of age group x experimental treatment X block of tests should be
significant. This hypothesis is predicated on hypothesis 2 plus the
postulate that the degree of transfer should be a function of relation
of the block of tests to the induction task. The greatest amount of
transfer should occur to the test used during the induction phase -

the conservation of substance tests. The degree of transfer to the
conservation of number and transitivity of substance tests should be
less than that evident on the substance tests; and the transfer to the

conservation of weight test should be less than evident on either the
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conservation of substance teats or the transitivity of substance or

the conservation of number test. This latter\prediction stems from the
review of the literature where it was generally found that these two
tests were acquired prior to the conservation of substance. The least
amount of tramsf.r should occﬁk}to the conservation of Qeight tests
since, as was indicated in the ntroduction, the conservation of weight
1s almost invariably acquired after the conservation of substance.

Hypothesis 4. Within experimental group comparisons of the number of

correct judgements and appropriate explanations on Posttest I and Posttest

11 should indicate that the N experimental subjects will show the least

amount of loss.from Posttest I to Posttest II; the amount of loss from

Posttest I to Posttest LI on the part of the YMR experimental subjects

should be between that evidenced by the N and OMR subjects; and the OMR

experimental subjects should show the greatest amount of loss. This

~liypothesis is also based on the presumed differences in equilibration
existent between the different - aged subjects. One measure of equilibra-
tion is stability (Flavell, 1963); in the presentoexperiment, stability

>

is assessed by the retention of structural learning over the period of

time intervening between Posttest I and Posttest II.

"
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‘CHAPTER 11

METHOD

General Desipn

There were five basic steps in the experiment. First, each 'subject
was evaluated to ascertain comﬁrehension of the relational te;ma "game,
more, and less", Subjects falling to demonstrate comprehension of these
terms were eliminated from participation in the rest of the experiment;
hence those subjects whose nan—c;nservation responding might have been
due to an inability to comprehend the questions were precluded. (Griffiths,
Shantz and Sigel, 196%). Second, the remaining subjects were pretested
for concrete operational thinking via a test of transitivity, five tests
of substance conservation, a test of number conservation and a test
of weight conservation. Each conservation task, but not the trans-—
itivity task, consisted of two phases: (a) a prediction phase in
which the subject was required to make conservation judgements prior
to the perceptual deformation of one of the stimulus configurations énd,
(b) a transformation phase in which the subject was required to make

;
conservation judgements after the perceptual deformation of one of the

stimulus configurations. This procedure was designed, to allow the
differentiation of three s;ages in the acquisition of conservation:

Stage I = total non—conserva;i;n, Stage 1I = conservation in the pre-
diction phase only, and Stage III = conservation/}ﬁ both phases (Plaget,
1952; Brainerd, 1972b; Brainerd and Brainerd, 1972). Only those subjects
performing at Stage I on all the congervation ‘tasks and who did not make '

consistent transitive judgements on the tramsitivity task participated

in the remainder of the experiment. Third, the remaining subjects were
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-trained to acquire Stage III conservation'fesponding on a liquid con-
servation task. The trdining occurred one to three days after adminis-
tration of the pretestlﬂhFourch, immediately after the completion of the
training, each subject was posttested. Fi}th, each subject was again
posttested one to two weeks later. ‘

“The experiment is of a 3 (age) x 2 (experimental treatment) x 3 (test
days) x 3 (groups of tests) factorial design. The first two factors were
between subjects and the last two were yithin subject factéfs. Three
age spans defined the levels of the age factor: 4 Eo 6 years, 9 to 16
years, ané 17 to 30 years.: The two treatments constituted the control
and the experimental groups. During the training phase, the experimental
subjects received training on Stage III conservation responding by
receiving contingent reinforcement for their judgements (Brainerd 1972b,
1972¢c; Overbeck and Schwg;tz, 1970) and by acting out the object bound’
form of inversion reyersibility (Brﬁinerd and Allen, '1971). The control
subjécts were treated in an identical manner exCQQt that they were not

/
exposed to either of thé induction procedures. The three levels of the
test days factor were the pretest and the two posttests administered
to each subject. The three levels:of the groups of tests factor were
the conservation of substance tests, the transitiﬂlty;gf substénce

and the conservation of number tests, and the conservation of weight test.

'Suhjects i ) ‘ o -
The relational terms pretest was administered to all students com-
prising the kindergaftén classes of two elemeatary schools; one of the
achools was locatéd in a town with a population of 10,000 and the other

in a town with a population of 5,000. Another 10 children were pretested

[
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I(;éd,,’ ‘

from the subsequent years' kindergarten class in the first mentioned
town; in this instance the childrem in the kindergarten class were
pretested until the experimental and control groups of ﬁhe E_groﬁb wvere
fully constituted. In all three of these kinderéarten classes, appro-
ximately half of 'the children resided within the town limits; the
remainder were bussed in from the rural environs. All children in the
normal groups attended schools-half days only.

Subjects in the younger menfally retarded (YMR) and the older
mentallyiretarded (gﬂgj groups were drawn from two provinci;lly admin-
istrated facilities for the mentally retarded. Both of the facilities
are ldhated in Eastern Ontarioifhne has a resident population of 1500
and 5&5 other of 405?%;A11_squécts in the YMR group attended acadenic
school . in their respective facilities, some on a full day b}sis and
others on a half day basis. Approximately half the subjects pretested
for the OMR group also attended school; the remainder were situated in
job settings in their respective facilities.

All possible subjects for the OMR and YMR groups were initially
diécussed with their teachers and/or counsellors. The subject was not
pretested 1if, in the dpinion of the teacher or the counsellor, (a) the
subject was lacking sufficient intellectual ability to comprehend any
of the relational terms, (b) the subject’'s speech was incomprehensible
or, (c) the subject was afflicted with gross sensory handicaps which

would interfere with the administration of the tests. Ingpection of

INSERT TABLE I ABOUT HERE

Table 1, which lists the number of subjects participating in each step

AT
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. , TABLE 1
Distribution, Age and IQ of Subiects
Level of _ Item .
Pretest Performance Distribution Mean Age IQ d " 1 4
of Subjects (years) (median) = = (range)
= Normals .
No Quantification " 7 - - . -
Stage I . 32a .
Experimental ‘ 7 - - ,-‘ ™~
Control - - - )
Stage II or III 6336)° | - - -
Young Mentally Retarded -
No Quantification 55 13.4 35° 22-70°
Stage I 292
Experimental 14.3 45 ‘ 33-77
Control ~ “14.4 49.5 31-72.
Stage II or III 17(15)b 14.5 62 31-93
' 0ld Mentally Retarded
No Quantification -37 20.8 . 33.5f ' 20-54f
Stage L | 32® _
Experimental 21.1 54.5 32-79
Control 22.7 46.5 32-70
Stage II or III 45(29)° 19.2 59 - 36-82

a. Number in excess of 28_lostﬂin the course of the experiment due to
attrition. |

b. Within parentheses is the number of subjects administered the complete '
pretest. ‘

c. All normal subjects were 4.8 to 5.8 years.

d. 1IQ data on normal subjects not available. IQ's for the MR obtained from
clinical fghes was based on one of four tests: Wechsler Adult Intelligence

" Teat for Children, Stanford-Binet (L-M) or the Peabody Picture Vocahulary

o4 Test.

e. IQ data for three subjects nct available. g

£. IQ data for eight subjects not available.
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of the experiment, 1ndicd;es thah the counsellors and the.tegchets
reéommended many who did not comprehend‘a number of the %elaciona},termn,
éhus guggesting that few subjécts who comprehehded ;He relhti;nal terms

were excluded f}om the aCudfﬂ The age breakdowns for each qf_the groups '

19'3130 indicated""iabla 1. Of the 14 subjects constituting each
age X treatment’grds;; the number of males were: N experimental, 7;
N control, 7; YMR experimental, 8; YMR control, 6; OMR experimental 9;
and OMR control, 9.
Materials

In addition to the materials used in each test, which are described
in the test'a.description, a Sony TC252 stereo tape recorder and audio
tapes were used to record all of the subject's verbalizations during the
pretest and posttests. ’ °

Procedure

The Relational Terms Pretest. This test served the purpose of (a)

ensuring that non-conservation responding by the subjects in the later
sections- of the experiment was due to an inability to conserve (Griffiths,
Shantz and Sigel, 1967) and (b) that all the subjects taking the tests

of concrete operational reasoning were at least at the stage of gross
quantification (Piaget, 1952). Materials. Two. identical glasses

(14 x 7.cm.) and a pitcher of coloured water were used., Procedure.

The subject made three comparisons; in eacﬁ comparison the two glasses,
filled with varying amounts of coloured water, were plact: on the table

in front of the subject. In one comp;risbn both of the vessels were \
half filled with water, in another one of the vessels was h;lf filled ‘

while the other was three quarters.filled, and in another one of the
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vessels was half filled while the other was one quaéter filled. For
each of the comparisons the following randomly ordered questions were
asked: (a) Does one of the glasses have more water in 1t? Which one
(if the answer was yes)}? (b) Do the glasses have th; same amount of’
water in them? (c) Does one of the glanse; have leas'wuget in 1t?
Which one (if the answer was yes)? 'ﬁince all of the fuestions were
asked for each of Ehe comparisons, a total of Pine questions was asked.
In order to continue in the experimént, the uubjec; was required to

answer at least seven of thf/g}pﬂ/queations correétly.

Concrete Operational Reasoning Pretests !

The pretest was comprised of eight tests of concrete operational
thinking; coq?ervation of number, four tests of conservation of liquid
substance, conservation of solid sibstance, cansefvation'of weight, and
transitivity of substance. The procedure for each of gpL tests wvas
patterned after the cons&rvation of number tests emle;ed by Brainerd
and Brainerd (1972).

1. Conservation of number. Materials. A bowl containing 25 white
and 25 red plastic poker chips (each 3.8 cm. in diameter) was used in
the experiment. Procedure. Téo parallel rouﬁ of seven chips were
constructed, one row being comprised of white chips and the q:her of
red-chips. the two chips in each column were in one to one corresapondence.
The chips within a row were placed approximately three to four cnm. apart
from one ancther; the two corresponding chips in each column actually
touched each other. The subject was first asked what the objects were
callsdﬂ In all further references to the chips, the experimenter used

the name designated by the child. The subject was then asked 1if there
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-were the same numbef of chips iﬁ the two’tows (or lines). Once the,
subject agreed that the two rows contained an equal number of chips, a‘
two staged sequence of questions was asked: viz,., a prediction phage
and a ttanufofmation phase. Prediction. Leaving the chips intact, thel
experimenter asked the following randomly ordered questions: (a) If I
were to push the chips in this ¥ow (designating one of the rows) very
close together, would the two rows have the same number of chips in

"them? How do‘you know? (b) If I were t? push the chips in this row
(indicating the same row) very close together, would one of.the rows have
more chipe in 1it? ‘(If so, which one?) How do you know? (c) If I

were to push the.chipa in this row (indicating) very close together,

would one of the rows h;ve less chips in it? (If so, which one?) How

do yo? know? It was often found necessary to push the chips in the

centre of the row together in 6rder to demonstrate what was meant by "If

I weré to push the chips in thias row very close together..,'". Transforma-
tion. The experiment;{ or the subject then pushed together the chips

in the designated rod, until :h; chips touched each other. The following,
randomly ordered, questions were asked: (a) Do the two rows have the
same number of chipg in them? How do you know? (b) Does one ¢of the rowq\“
have more clilps in 1t? (If so, ghich one?) How do you know? " (e) DoeWL
one of the rows have less chips in if?' (1f so, whith one?) hov do you

A

know? After the subject gave the last explanation, the chips were re-

-

turned to the bowl, . _1)

2, Conservation of ligquid substance. Materials., Two "standard"

glasses (14.0 x 7.0 cm.), one "thin" glass (17.0 x 6.0 cm.), one "wide"

glass (8.0 x 8.5 cm.), one pyrex "pie plate" (4.5 x 25.0 ¢m.), one 100 ml.

.

.
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"graduated cylinder" (25.0 x 3.0 cm.), and a pitcher with blue water were

used in the liquid aubstanﬁe tests. Procedure. The two standard glasses,

filled with équal amounts of water, were placed side by side on the table.

When the water was to be poured into the wide or the tall glass, or into
the ple plate, the two BCaqﬁard glasses contained approximately 200 ml,

of water. When the water was to be poured into the gra;uated cylinder the
two standard glasses contained approximately 136 ml.lof water. After

the subject agreed that the two vessels contained the same amount of
water, the following‘two step assessment was executed, Prediction. The
wide glass (or the tall glass, or the ple piﬁte, or the graduated cylinder)
was placed between the two standard glasses and the subject was asked the
following, randomly ordered questions: (a) If I pour the water from this
glass (randomly indicating one of the standard glasses) into this glasé
(indicating the glass set between the two gtandard glasses), would these

two glasses (indicating th%,other standara glass and the glass into which

the water is to be poured) have the same amount of water in them? How do

{
you know? (b) 1If I pour the water from this glass (indicating), would
a . ' 1

6ne of these two glasses (1hd1cat1n§) have more water in it? (1If so, which

- one?) How do you know? (¢) 1If I pour the water from this glass (indicat-

in%%'into this glass (1nd1cating) would one of these two glasses (1ndicat-

*»

ing) have less water 1n ie? (If so, which one?) How . do you know?

L

Ttann%brnation. The experimenter or the subject then pgured the water

as indicated in the preceeding paragraph.- After the pouring, the following
randomly ordered questions were put to the subject: (a) Do these two
glasses (indicating) have the same amount ofibater in them? How qd you

\\J .

know?! (b)) Does one of these tuo-glunseu (indicating) have more water

L e e [ e e ® mam A o s e e mm S dAa e e R ¥ A B W mrapoSRMA o v S . e A s et g~
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in 1t? (If so, which one?) "How do you know? (c) Does one of these two
glasses (1nifcating) have i;sa water in it? (If so, which one?) How dﬁ
you know? After completion of the.questions, the water was return;d to
the pitcher, Each of the teats‘]i.e., the one with the wide glass, the
tall glass, the piE‘%late,fand the graduated cylinder) was considered

to be separate from each other and given in random order among ﬁhe other

tests of concrete operational thinking. - \

3. The qonsetvation of solid substance. Materials. Two identical
ba}ls of play-doh, approximately 5.0 cm. in diameter, were used in this
test. Proc;dure. The two balls of play-doh were_placed on the table and
the subject was asked if the two had the same amount of play-doh in them.
After the subject agreed to their equality, the feollowing two step assess-—
ment was carried out. }rediécion. The subject was asked the following
randomly ordered questions: (a) If I were to roll this ball (indicating
one of the two balls) into a 'sausage" ("hot dog" or "wlemer') would the
. two pieces have the same amount of play-doh in them? How do you know?
(b) If I were to roll this ball (indicac{gg)‘into a eauéage, would omne
of the pleces have more piay-doh in 1t? (1f so, whicﬁ one How do you
know? (c) If I were to roll this ball ‘(indicating) iunQ/i&sausage would

one of the piecés have less play-doh in 1t? (If so, which onel) How do

you know?® Transformation. Theiexperinedter or the subject then rolﬁed

-

the deﬁignated ball into a.sausage shape and the subject was asked the

rollowing randomly ordered questions: (a) Do the two pileces have the
Y

same amount of play—doh in them? How do you know? (b) Does one of the
pieces have more play-doh in i¢? (If so, which one?) How‘ﬁo you know?
{c) Does one of the pieces have less play-doh in %t? (1f so, which one?)

LN

Bow do you know?

4. Conservation of weight. Materials. Two tdentical balls of

L
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plasticine, approximately 4 cm. in diamater. and a Rexo-a® éhofographic
balance scale (Pelouze Manufacturing, Evanston, &lr.).were uaéd ig,hhia
test, Procedure, After placing the scales in the é;ncrn of the table,
the experimenter asked several quegstions to ascertain if the subject k;aw
how the scales worked. If it was found that the subject was {mfamiliar
with the balance scaleg? the principles were demon;trated using a variety
of objects. The subject was then asked to pl#ce the pleces of plasticine
on the balance scale to determine’ié.they weighed the same. Once the
subject agreed that the two pleces were of the.sama weight, the following
two step assessment was carried out. Prediction. (g) If I were to flatten
this ball of plasticine into's "pancake" (or "cookie'), would the two
pieces weigh the same? How do you know? (b) If I were to flatten this
ball of plasticine (;ndicating) into a pancake, would one of the pieces
weigh more? (If so, which one?) How do'you know? (c) If I were to
flatten this ball of plasticine into a pancake, would one of the pieces

weigh lesa? (If so, which one?) How do you know? Transformation. The

designated ball was then flattened into a pancake shape and the subject

l<was asked the following fanddhly ordered questiona: (a) Do these two

pieces of plasticine weigh the same? How do you know? .(b) Does one of

the pieces of plasticine weigh more?. (If so, which one?)} How do you know?

.(c) Does one of the pleces of plasticine weigh less? (If so, which one?)
. r

How do you know?

5. Transitivity of substance. Materials. Three identical glasses

(10.0 5.5 cm.) were used in the test: glass A contained 100 ml. of
yellow \water, glass B contained 100 ml. of red water, and glass C

contained 90 ml. of yellow water, The difff:gp&e in water levels between



é_gnd C was perceptible whén thay were placéﬁ next to each oﬁher, bu£ not
when tﬂey were any distance apart. Procedure. The glasses were compared
in pairs (A and B, B and C); the order of the pair first compared was
randomized. Vessels A and C were never perceptually compared to one
fanother and they were always kept at least 1 metre apart. After making
the comparisons, the experimenter held vessels A and C at arms length
anq, while jiggling both of the glasses, asked the following randoﬁly
ordered queationsi (a) Do these two glasses have the same amount of
water in them? How do you know? (b) Does one of the glasses have more
water in it? (If so, which o;e?) How do yoﬁ know? (c) Does one of.
the glasses have less water in 1t? (If so, which one?) How do you know?
Induction

Only those subjects performing at Stage I on all of the concrete
operational tasks;that comprised the pretest were included in the induc-
tion ;Base of the experiment. The two induction ﬁrocedures empioyed met
the dual criteria of being deducible from Plagetian theory and of having

been successfully employed in previous research,

The object bound form of inversion reversibility involves having the

subject return the transformed object to its original state by using

the inverse of the action originally used to transform the object
(Brainerd and Allen, 1971). Brainerd ;nd Allen (1971) suggestﬂthat this
procedure may provide the generalized experience required to promote
advances in the cognitive operation of inversion reversibility tpat
Piaget i1970c) maintains are the root of all operations and cognitive
structures. The object bound form of inversion reversibility is not,

by itself, a sufficient condition for the occurrence of operational
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inqeraion‘teversibility\ The subject can reason, for example, ;hat whilcf
one of the ;bjects is in its transformed state, the two objects are .
quantitatively differenﬁ, even though they will agai; be ithe same when the
two are returned to perceptually identical states (Piaget, 1952b).

In contingent reinforcement, the second induction procedure used, the

subject is told whether his conservation judgements are right or wrong.
Telling the subject thi& he is wrong could lead to the cognitive dis-
equilibrium that Piaget (1960a, 1960b) considers essential for further
cognitive growth (cf., Langer, 1969). The power of contingent reinforce-
. p
ment as a technique for inducing further structural development is all
the more convincing in that on subas¢quent posttests 1t.hau been found to
result in superior explanafion:, even though only the conservation
judgements were subjected to contingent reinforcement (Brainerd, 1972b).
The subjects at each age level ﬁere randomly divided into two groups:
an experimental group and a control group. The training procedure was
the same for both groups except that the control subjects utra,;ot exposed
to the object bound form of 1nvarsionlrevefsibility or contingent rein-
forcement, Materials. Two "standard' glasses (8.0 x 7;0 cm,) and a
"tall” glass (10.0 x 5.5 cm.} — all of an opaque yellow colour —, and a

pitcher of green water were used during the induction phase.

Procedure for the experimental group. After the subject agreed that the

two "standard" glasses contained the same amount of water, the taller glass
was introduced between the two ''standard" glassesa. The subject was then

asked to pour the conteants of one of the "standard" glasses into the taller
glasa. The following randomly ordered questions were then asked: (a) Do

E

these two glasses (indicating the vessels with vater in them) have the
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game amount of water in thém? (b) Does one of the glasses (indicating)
have more water in it? {c) Does one of the élasses (indicating) have
less water in 1t? After each '"yes-no" answer, the experimenter said
"Th;t's right" or "That's wrong"”, according to whether the judgement was
correct or incorrect. Af:ér answering the questions, the subject.poured
the water from the talier glass back into the "standard" glass. The
subject was then asked: Do these two glasses have thé same amount of
water in them? This procedure was repeated up to 12 trials or until the

subject made three correct judgements on three consecutive trials.

\\\\\H_ggpcadure for the control group. The subject was asked to agree that the

two "standard" glasses contained the same amount. of water before he
poured the water from one of the '"standard" glasses into the taller one.
The following randomly ordered questions were asked: (a) Do these two
glasses (indicating) have the same amount of water in them? (b) Does
one of the glasses (%ndicatlng) have more water in 1t? "~ (c) Dees oﬁe

of the glasses (indicating) have less water -in it? After answering the
questions, the subject poured the contents of the taller glass into the
pitcher. The two standard glasses were again filled with equal amounts
of water and the procedure was repeated. The number of trials was detep-
mined by the number of trials it took the matched experimental subject to
reach criterion.

Immediate and Delayed Posttests

Immediately after the training trials were completed, and again one
to two weeks later, both the experimental and control subjects.participated

in the posttests. Both of the posttests were verbatim replications of

the pretest.
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Randomization

Except in those instances that other activicieﬂ interfered, the subjects
were tested according to the alphabetical lisging:on the class or ward
list. Assigument to the experimental or control groups was determined by
the order in which the subjects were tested: in each aée group, the first

Stage I male and female subject were assigned to the experimental group,

‘subsequent subjects were alternately assigned to the control and experi-

mental groups. The matching of subjects in the control and experimental
groups was done by matching the experimental subject with the subject
of the same sex closest to the subje?t in chronological age,

On each occasion the subjects were tested, the eight tests of concrete
opafttional functioning were administered in a random order as determined
by a table of random numbers. On all of the conservation tests the pre-
diction phase always preceeded the transformation phase but the relational
questions asked within each phase, as well as the relational questions
asked during the induction phase of the experiment, were asked in a
random order.

<

Dependent Measures

The tests of concrete operational functionfhg yielded two sorts of
responses: (a) the judgements to the "same-more-less” qde;tions and
(b) the explanations given in respouse go the "How do you kngw?"
question. Either judgements or explanations are sufficient for‘the
deteruinatio?/éf the presence of operational structures, although_the
explanations provide a more conservaﬁ}vg estimate-in that they are more

susceptible to Type 2 error (Brainerd, 1972a).

e

The judgﬁanuts were employed in two ways, depending on the specific

question which motivated the analysis. (a) The correct judgements were
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assigned "ls" and the incorrect judgements were assigned "0s", (b) Om
the conservation tests, subjects making two or less correct judgements in
both the prediction and the transformation phases were a;signed to Stage
I; subjects making tﬁree correct judgements on either the prediction or
transformation phase, but not both, were assigned to Stage II; subjects
making three correct judgements on the prediction and the transformation
phasea were assigned to Stage III. As the transitivity of substance test
did not involve a prediction phase, subjects answering two or less
questions correctly were assigned to Stage I and subjects answering the
three questions co;rectly were assigned to Stage III.

It should be noted that Stage I1I performance is defined somewhat
differently than is the case in the published literature (e.g., Piaget,
1952; Brainerd, 1972b). The analysis of the pretest protocols of subjects
showing a discrepant performance on the prediction and transformation
phases (i.e., the subject answered the ;hree judgement questions
correctly on either the prediction or transformation phase, but not both)
showed that there weré 56 such instances. In 30 cases the subject
answered Ehe three questions'correcily on the prediction phase but in
26, the ;ubject correctly anqwered all the transfo;mation questions correctly.
Of the 15 discrepancies ;vident in the protocols of the N subjects, 10:
were in the predicted direction in that the prediction phase performanée
wna'superior to that of the transf;rmation phase, Of the 16 discrepancies
in the protocolg of the YMR subjects, 6 were in the predicted'direction.

And of the 25 discrepancies in the protocols of the OMR subjects, 14 were

in the predicted direction. Consequently, for the present sample there

seemed to be little basis for assu?ing that correct answers on the
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prediction phase invariantly precede correct answers on the transformation
phase, | |

The scoring of the explanations involvedfthg following steps:

1. The explanations were transcribed verbatim from the audio tapes;
any observations recorded during the experimentai sessions, which
clarified the subject's explanation were appended to the ;ranacribed
explanation. "’

2. The explanations of 30 MR and 30 normal subjects were inductively
searched by two persons to determine the number of explanation categories
used by the asubjects., -The explanation categories{are named and defined in

Table 2.

INSERT TABLE_Z ABOUT HERE

3. The explanation protocols of 60 subjects administered the total
pretest were independently scored by two persons to determine the inter-
sc;rer reliability. The 60 subjects were drawn randomly, 10 each frcm
the Stage I and Stage III subjects for each age group. The two scorers
agreed on the classification of 95.4 percent of the responses.

4, Th? extent that each explanation category was associated with
correct judgements was calc&lated using the pretest protocols of the
84 aﬁbjects who participated in the rema?ning phases of the experiment
and the 60 subjects who demonatrated Stage II or III respouding on one

of .the operational tests. Table 3 lists the £réquency of occurrence of

INSERT TABLE 3 ABOUT HERE

each explanation category on the transitivity of substance test and the
combined conservation tests, as well as the percentage of time each

category was associated with a correct judgement. An explanation category
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Table 2

Definitions of Scoring Categories for Explanations _ N

1. Comgafison. On the transitivity of substance test the explanation
R .
included at least one of the comparisons with the comparison glass-or

‘else included the statement that the comparison was made. ///

2. Inversion Reve;sibiliCy.'.(a) The transformation could be;reversed
or else the "standard" stimulus left intact could beﬁgimilarly tr;nsformedl
(b) The two "standard" stimuli were éhe same before the transformation.
The reference to the two standard stimuli needed to be explicit from the
subjects' verba statémen:, the observations made during tésting, or from

the context.

3. Inversion Reversibility Negated. (a) If the transformation was ™,

. reversed théd two "standard” stimuli would be equivalént, but they were
not quantitatively equivalent when one of the stimuli was.in its
“transformed" state. (b) If the transformation was reversed then the
two "standards" would not be quantitatively equivalent, (c) The two
"standard" glasses were notﬁguantitatively equivalent before the .

transformation.

[ty

4, Logifhl Necessity. (a). On the conservation tests, gtatements to

the effect that the two stimuli were the same quantitatively,.except in
response to the "same" judgement question in which case the response was
scored as a “tautology"' (b) On the t;aﬁsitivity of substemnce test,
atatment;‘to the eféc:_t‘ r.haé 1!;:ltne.- two stimuli were not the same, except
on the "same" judgement question in which case the response was scored

as a "tautology".

Y
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‘emptier). {f) -The relational word from another question is used as
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TABLE 2 (CONT'D)

&
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5. Llogical Necesaiﬁy Negated. In response to the "nore"” and "less”

jﬁdgement questions, the subject's response was merely that they were not

-

the same. . s
6. Identity. (a) Some matter would have to be added or subtracted ///
to resdfg-in-a quantitative change, (b) The quantitative features would
.8 X . 7
always be the game, no matter how they were transformed. (o) The
phyﬁlcal transformation was irrelevant to the quantitative characteristic. -
(d) The perceptual features wheqjone stimulus was transformed, were

irrelevant,

7. Second Invariant. Reference is made to the invariance of another

quantiténive object property.

-

8. Second Invariant Negated. The object property in question has

changed because of a change in another quantitative property of the object.

9. Perception. (a) Reference is made to only one of the relevant

-

dimensﬁzgfi\\f:jlexample, in the conservation of number, EPg,relevant
dimensions wer2-length and demsity. (b) ‘A perceptual comparison was *

made and used as the basis’of the explamation. For example, on the

" conservation of weight, the subject picked up the two objects to weigh

themuin his hands. {(c) R&ference is made to features of the ébjgct ot
which were not relevant {(e.g., coiour, shape, marks on the stimulil, ete.)..

(d) Explanation is based on perceptual changes resulting from the

.physical transformation of the stimulus. (e} A vague relational term

without a specified referent was used (e.g., bigger; smaller, fuller,

the key word in the explanation. (g) One stimulus has changed but

one remained as it was before.

© s
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Table 2 {(Cont'd)

10. No Perceptual Deformation. That the physical transformation

will not ‘result in a chanfe in the perceptual configuration or “that Ehe

transformation did not result in a change in the perceptual configuration.

11. Tautology. (a) The relational word from the question is merely
repeated in theexplanarion or else is me::&ykgqggged. (b) A strict .

synonym for the relational term in the question is used in the explanation. .

12. No Logical Information. (g) The subject's explangtion made o;/a
-éense.'.(b) The explanation question was not nnswﬁred. responded to' by
"I don't know", etc. (c) Magical explanations. (d) ExplanationQ
suggesting the experimenter secretively took some action to change the
quantitative property. (e) Subject stéted he would have ta make an
empirical compatiéon. (f) Subject reported that he learned it from
gomeone else, etc. (g) Reference term and real object were confused. -
{h) Subject reported he knew'by looking at the stimuli, etc. (1) §ubject
reported counting the objects (but there ;as no \indication he did sgg,
or grossly incorrect counting. 3
13. -Counting. In number comservation: (a) Subject reports a
specific number of elements (7 + 2). (b) Subject counts corz%ctly in

response to question (7 + 2). (c) /Subject repo:ta\he counted the elements

._/" —

: -
and there is an indication he did so correctly (7 + 2). ¢~

14. Tfansformntion. (a) The transfo

tion to be completed or

already completed is cited. (b) Only odg of the atimuli was physically
transformed. (c) The physical ;rﬁnsforqat‘ with the change in the

perceptual configuration is cited. .

»

15. Reciprocity ﬁéversibilicy. (a) The two relevant dimensions

\ s



Table 2 (Cont'd) _
were mentioned in relation to one of the stimuli or to different stimuli,
(b) Mention of the two relevant dimensions with the idea of compensation
or the ides of compensation alone., (c) An expl ion pf tha parcaptqnl
dis;ortioﬁ s given by use of 15 (n) or 15 (b).

16. Onel to One Correspondence., In nunb;t conservation, raference to

the fact thak the chips in the two rows were in one to one correspondence. .
i
17. One to One Correspondence Negated., The explanation cited the
N,
~-
fact that the one to one correspondence was destroyed :n# consequently the

two sets were different quantitatively,

..
\_ﬂ_\
.
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I TABLE 3
Association of Explanation Categories with Correct

Judgements on Pretest

Transitivity of Substance Conservation Tests
Explanation Frequency of Percent Frequency of Percent
Category Occurrence associated Occurrence associated
with correct with correct
judgement judgement
Comparison _ 54 89 - Y
Logical Necessity 8 100 85 84
Logical Necessity 16 23 24 13
‘Negated ‘ '
Inversion Reversibility - - 316 92
Inversion Reversibility 1 . 100 14 7
Negated '
Identity 4 0 161 94
Second Invariant - - 8 15
Second Invariant Negated - - 10 10
Perception 193 . 55 3035 10
Tautology a9 33 299 23
No Information 115 . 37 1143 28
Counting - - 117 70
Transformation - - 535 15
No Perceptual 1 ' 0 49 78
Deformation . '
Reciprocity - - 81 33
One to One Correspondence - - 14 64
Gne to One Correspondence - - 13 10
Negated :

Note. - Includes only thﬁﬁg;explanations scorable in one category.

f
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\'d’#(f\\h““*\\“a’ defined as "appropriate’ if it was associated with correct responding

70 percent or more of its occurrence, onlels {ts occurrence was very
infrequent (less thaa 5). It can be reen that two expl,nation categories
were "appropriate’ on the transitivity of substance test: viz., the ;
“"comparison™ and the "logical necessity" categories. Similarly, six
explanation categories were .associated with correct judgements viz.,

(a) "inversion reversibility", (b) "logical necessity”, (c) ‘'identity",
(d) '"second quantitative invariant", (e) ‘counting” and, (f) "no
perceptual deformation". All but the last category were deemed as
"appropriate” expianation categories; the "no perceptual deformntion"
category, while associated with correct judgements 78 percent of itsa
occurrence, is baded on the ‘false premise that the transformation would .
not leao to a perceptual change. Consequently, the "no perceptual
deformation" category c;uld not reflect operational thought. (For more
detailed data on the relationship of each category with tho judgements,
see appendix B). Subjects also- gave éxplanations which reflected more
than one of the explanation categories. Explanations wh;ch were oombin-,
ations of two "appropriate” categories were associated with a correct
judgement 90 percent of the time on the pretest; co;sequenrly if an
explonation was scored as reflecting two categories, and if two were
"appropriate”, the whole explanation was deemed appropriate. Combinaticps
of one appropriate and one "{nappropriate” explanation were deemed
“{nappropriate'; on the pretest, these were associated with correct
responding on 64 percent of their occurrences. Combinations of two

inappropriate respongses were also deemed inappropriate; on the pretest

these were associated with correct judgements only 12 percent of their
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S
occurrence,

5. Explanations falling into the appropriate categories on each test
w;ra assigned a score of '"l1" while those falling into the inappropriate
categories were assigned a score of '"0".

6. Posttest explanations of all subjects were scored by a single person.

Dependent measures.

The copcfete operational tests included in the pretest and the two
posttests yielded two sorts of responses either of which is sufficient
for the determination of concrete operational structures: .viz., (a)
the judgements to the "same-more-less' questions and, (b) the explnnatioﬁs
given in response to the "How do you know?" questions ainerd, 1972a).
Consequently both responses were employed as dependent measures, |

The judgements and explanations obtained on the five conservation of
substance tests assessed the same structure as was trained during the
induction phase of the experiment; conscquéntly. these tests yielded
measures used to assess the learning of the conservation of substance
structure. The remaining three tests on the pretest differed from the
conservation of substance tests in that they tapped either the same
quantitative aspect (substance) but a different conceptual skill
(transitivity) or else they-tappcd the same conceptual skill (conserva-

tion) but with reference to another quantitative feature {(number and weight).

As such, they provided the dependent measures of the field of application

measure of equilibrium. The field of application is "the ensemble of

‘objects or object properties which the equilibrated action system accomo-

dates to and assimilates'(Flavell, 1963, p. 242). However, as different

=

object properties are not assimilated to the operational system with equal



facility (Piaget, 1971; Hooper, Goldman, Storck and Burke, 1971j, it
would be expected that differences should occur in the degree of transfer.
observed from the conservationm of substance tasks to the other three tasks.
The normative data. raported in theé literature, as well as thé theoretical
writings of the Piagatiann‘(e.g., Piaget, 1970a) provided a basis on
which to ordinate éhe three concept tests relative to the conservation of
subgtance tests,

For a given object property, trangitivity is a logically necessary
skill for the occurrence of conservation (Piaget, 1973). Brainerd (1972)
demonstrated this relationship for the object properties of length and
weight. The pretest data of the Stage III subjects reflected this relation-
ship 1n that a comparison of the stage obtaiwed on the tramsitivity and
subatance tasks demonstrated that in those cas¢s where the stage obtained
on the two tasks were different, trnnaitivity obtained the higher rating.
Comparing each substance conservation tesy with transitivity in turn re-
sults in 5 comparisons; all 5 comparison supported the above stated
~difference at th; p < .001 level of confifience (ell comparisons wére one
tailed). ,

The conserﬁntion of number test also dppears to be acquired prior to
substance conservation, not withstandin Piaget's (1952b) suggestion

that number and substance conservatipa’ develop synchronously. The earlier

acquisition of number conservation has been demonstrated with both those

of normal jptelligence (Brainerd and Brainerd, 1972; Goldschmid and Bentler,
1968) and the MR (Gruen and Vore, 1972; Lister, 1970, 1972; Hunter and
Lister, 1970). Again the data of the Stage III subjects obtained in the

present experiment qupported the sequence. When conservation of number
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rating was compared in turn with the rating of the substance conservation
test, all 5 possible coméﬁrisona were significant at p< .0l Yevel (all
comparisons were one-tailed), |

While the conservation of number and ihé transitivity of substance skills
are acquired prior to the conuervntion of substance, the conservation of
weight {s usually acquired suynequent to the conservation of substance.
This invariant sequence hau.been rhpeatedly demonstrated with those of
normal intelligence {e.g., Hooper et al., 1971) and the MR (McManis, 1969a;
Gruen and Vore, 1972; Lister, 1970, 1972; Hunter and Lister, 1970). The
 performance of the Stage LII subjects in the present experiment also
aubported this sequénce. Of the five comparisons of the stagé obtained
on each, &4 were significant at the p< .1 level (all comparisons were
one-tailed). Hence little or no generalization should take place from
the conservation of substance training to the subsequent tests ofjthe
conservation of weight.

The second dimension of equilibrium assessed was the stability of the

structure (Flavell, 1963, p. 242). This dimension was assessed by com-
paring the explanations and judgements obtained on the two posttests

which were separated by a one to two week interval (cf., Plaget, 1970a).
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CHAPTER III

RESULTS

o

Pretest

Although all subjects participating in the induction phase of the

experiment were cquated on stage of operational functioning on the basis

r—r

of their pretest performance, the following analyses test their equi-
valﬁrce on‘the pret;st with respect to the number of correct judgements
and” the number of appropriate explanations. Due to heterogeneous within
cell variances, the'judgqnent scores were transformed to arcsin scoces.
The summary table for the agelgroup X treatment x block of tests

&

analysis of variance{ is reported in Table 4. Post-hoc comparisons
N .

INSERT TABLE 4 ABOUT HERE

(Tukey (A) Method; Winer, 1962) indicated that the main effect of the

age group factor was a consequence of the N group making feger correct ..
judgements on the Pretest than either the OMR or YMR subjects (p <.05);
the number of correct judgements made by subjects of the two MR groups

did not differ significantly. The main effect of the block‘of tests
factor occurred because more correct judgements were made on the

combined conservation of number and transitivity of substance (transitivity-
number) tests than on the conservation of substance (substance) or the
conservation of weight (weight) tests (p <.05). Furthermore, more

correct judgements were made on the substance tests than on the weight
test (p< .05). This sequence of test difficulty, as judged by correct
judgementa, parallels the sequence found in the Stage II and III subjects.
- Further post-hoc comparisons of the internction.of age group and

block of tests factors indicated that on two of the blocks (crangitivity—



TABLE 4
Analysis of Variance
Effects of Age Group, Treatment Grouping, and Block of Tests on Pretest

Judgement Scores.

38

Source SS df MS F

Between subjects

Age Group (A) ' 6.2713 2 3.1357 12, 25%4*
Treatment Group (B) .0248 1 .0248 .10
AB .5005 2 .2503 .98
Subjects within groups 19.9681 18 .2560

P

Within subjects

Blocks of Tests (C) 4.2056 2 2.1028 41,72%%%
AC .7295 4 .1824 3.62%%
BC 3 .1454 2 .0727 1.44
ABC .3478 T4 .0870 1.73

C x Subjects within group 7.8610 156 .0504

Note. - Judgement scores transformed to arcsin.

** p 05
sx% p 01
—
o R
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number and substance) the YMR group made more cérrect judgements than
thé N group (p<.05); also the OMR group made more correct judgements than
the N group (p<.05); however, the performances of the two MR groups
failed to differ significantly. .On the weight tasts, the YMR subjects
made more correct judgements than subjects in either the N or the OMR
grouﬁa (p<.05); in sddition, the subjects in the OMR group made more
correct judgements than the subjects in the N group (p<.05). Within
group comparisons of task difficulty showed that both the N and YMR
groups made more correct judgements on the transitivity - number tests
than on the substance tests (p<.05) or the weight test (p<.05); the
number of correct judgements made on these latter two blocks of tests
fajled to differ significantly. Subjecéslin the OMR group made more
correct judgqnent? on the transitivity - number tests than the weight
teats (p<.05), on the substance tests than the weight test (p<.05), but
their performance on the transitivity - number and the subatance teatzi_
fajled to differ significantly.

Parametric comparisons of the number of appropriag; explanations
offered by each age x treatment group on the pretest were precluded by
heterogeneous within éell variances on the transitivity - number tests
. (Fmax = 20.02; 17/13, p<.01), the substance tests (Fmax = 398.15, 17/13,
p<.0l) and the weight test (Fmax = 25,19, 17/13, p<.61). Consequently,
the number of abpropria:e.explanations offered by each age x treatment
group were contrasted using the Kruskél-yallis one-way ana;ygis of variance
for ordinal datal (Siegel, 1956). Ehese comparisons indicated that

there was no difference in this measure on_the substance tests (H = 7.81,

p>.10) or on the weight test (H = 3.76, p>.50). However, there was a
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significant difference among the gr#upa on the transitivity - substance
tests (H = 12,38, p<.05). Post-hoc comparisons uning the Wilcoxon matched-
pairs signed ranks test of the individual experimental - control groups
within each age group did not differ for the N group (z = .67, p>.45),
the YMR group (z = 1.12, p>.30), or the OMR group (z = 1,13, p>.30).
Hence the experimental - control subjects were combined and differences
between the age gfoups were tested using the Hann-Whitn;; n test. These
analyses showed that the YMR subjects gave more.appropriate explanations
than the E_sub]ects (z = 2.33, p = .02); the OMR gsubjects gave more
adequate explanations than the N subjects at a borderline level of
significance (z = 1.77, p = .07); and the number of appropriate explana-
tions offered by the two MR groups failed'to differ significantly (z =
.86, p = .39).

The foregoing analyses indicate that even though the subjects in
the various age groups were equated on stage of operational functioning,
they were not necessarily equivalent ;1th respect to the dependent
variables of correct judgements or appropriate explanatfbns. Also,
even though the subjects were all classed at Stage I on all of the
operational tests, it is evident that more correct judgements were made .
on some of the tests than others. Significant differences were 1limited
to between age groups comparisons - ail the comparisons of the experi-
mental and control subjects within each age group failed to attain
significance.

Induction Phase

The hypothesis that E?YHR>0£R in terms of change resulting as a
consequence of training (hypothesis 1)) was tested by comparing the number

-’

i %+t R = e pp— g = - - e %
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of subjects in each group (a) answering all 3 judgement questions

" correctly on one or more induction trials and (b) answering all 23
judgement questions correctly on two ér more inductipn trials. Fo&wthe
N, YMR, and OMR experimental groups, 11, 10 and 11 subjects respectively
answered all questions correctiy on at least one trial. while there
was no difference in the number attaining this criterion in each of the
experimental groups (p>.10, Fisher Probability Test, Siegel, 1956) when
each experimen;al group was compared to its comparable aged control group
on this cirterién, it was evi&ent that the subjects in the experimental
groups were superilor (p<.005 in all three comparisons). When the
criterion is set at two or mor: perfect trials in the induction phase,
8, 5, and 6 subjects from the N, YMR and OMR respectively attained the
criterion. Again, there was no difference in the number of subjects

meeting\;his,critefion in the three experimental groups (p>.10)} but .

-

the withinjage experimental-control group comparisons were all significant
(p<.05 in‘each comparison). Consequently, there was no support for the
hypothesis when the stage apaiysié based on judgements was th; dependent
variable,

In comparing the number of subjects who made 3 correct judgements
on a numBer of trials, hypothesis 1 was tested by using non-parametric
tests, for it was presumed fhat the datum reflected dichotomous stages
which could be ordered. The validity of a stage gnalysis is questio;abie
(Brainerd, 1974; personal communication); thg most pouerf;l aﬁalysis
which would test the hypothesis would involve assigning eg;h cor>ect

judgement a score of "1" and each incorrect judgement a score of "0".

Differences in the mean number of correct.judgements per trial were

—— i -



tested using parametric statistics. Figure 1 portrays the relevant data.

INSERT FIGURE 1 ABOUT HERE
.

Heterogeneous within cell variances (F nax - 8.2, 6/13, p<.0l) precluded

testing the overall effectiveness of traininé with a 3 (age groups) x

2 (treatments) analysis of variance. The effectiveness of the induction
procedures in increasing correct judgements for subjects in the experi-
mental groups, as opposed to those in the corresponding control groups,

can be seen by reference to Table 5 which reports the results for tests

for the simple effects of main factors.

INSERT TABLE 5 ABOUT HERE

A further test of hypothesis 1 was made by contrasting the slopes
of the indi&idual learning curves over the induction trials. The trials
for each subject were divided into four conseéutive blocks of trials,
Consequently the number of trials per block of trials qpuld vary between
subjects: subjécts needing 12 trials had 3 trials per block whereas

subjects needing 8 trials had 2 trials per block, etc. Since a slope

Y

analysis of each individual learning curve is only justified it can
first be shown that the data is linear, the gro;;\:ﬁrvesdof'the three

experiméntal groups were tested for linear, quadratic, cubic and higher
order components. For/fﬁe E_experimeﬁtalﬁgroup, the linear component
accounted for 70 perceng of the variation‘(F = 38.54, 1/39, p<.01);

the quadratic component accounted for 22 percent of the variation

:(F = 12,00, 1/39, p<.01); and tﬁe cub%f component accountedgior 8 percent
of the variation (F = 4,46, 1/39, p<.65ri‘ Fbr.the YMR experimental group

the linear component accounted for 97 percent of the variation (F = 39.46,

1/39, p<.01); neither the quadratic or the cubic componenth contributed

{
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. Control Group B
Experimental Group. —o

20 |

(PER TRIAL)
; .

o

0.5

NG
- . N YMR OMR
_~_  AGE GROUP

MEAN NUMBER OF CORRECT JUDGEMENTS

Figure 1. Mean number of correct judgements per trial during the induction

phase
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‘//’qhnalysis of Variance:
Simple Effects of Treatment and Age Group JB'
Source of Variation . df MS ¥
Simple Effect of Treatment:
For Normals 1 21.30 34, 35%h%
w.cell error 13 .62
For YMR 1 5.76 HJ\ll.TS**f
w.cell error | - 13 .49 '
MR 1 6.17 9,49%%
‘w.cell error 13 .65
&
Simple Effects of Age Grouping:
For Experimental Subjects 1 .78 .68
w.cell error 13 1.14
For Control Subjects ( _ 1 2.64 4.25
w.cell error . 13 .62

|

Note. - All comparisons were one tailed except for the comparison of
control groups in testing the simple effects of age grouping —- this
comparison was two tailed.

Tk p<, 10
** p<,05
*k% p<,0l

o

- s

B
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significantly to the rémaining variation. Similarly, for the OMR group,
the linear component accounted for 98 percent of the varia;ion (F = 46.76
1/39, p<.01) while neither the quadratic or cubic components accounted -
for éignificént‘amounts. Higher order components did not account for ‘
A significant amount of the variation for any of the experimental groupe.
Given that the linear component accounted for most of the variation
in all thrée groups, the slope of each of.the individual learning curves

was determined. The mean slope for the N, YMR and OMR groups were .0712,

.0898, and ,.0786 respectively. As was the case for the other aualyseﬁ

. 1
testing hypothesis 1, the analysis of the slopes of the individual

learning curves failed to indicate any significant differences attributable
to the age group factor (F = .28, 2/39, p>.25).
Posttest I

Hypothesis 2 - that the three experimentgl groups would be ordinated
in their performance on Posttest I - was tested separately with reference
to (a) the conservation of substance tests, (b) theicransicivity of

gsubstance and conservation of number tests and {c) the couservation of

" weight test. For each block of tests, three different sets of analyses

were coﬁducted. First, the judgement data was used to determine stage
of operational functioning and the stages attained by subjects in each
group were contrasted. Second, each correct judgement vas given a

score of "1" while each incorrect judgement was given a score of "0" and
relevant paran;:ric analyses were conducted. This set of analyses
should be more ;ensitive to changes resulting from the induction pro-

cedure than the stage analyses. And third, the number of appropriate

explanations given by each group were contrasted.

AN



Stage Analyses, The judgement determined stage analyses contrasted

the number of subjects in each1ﬁreatment x age group attaining stage II
or III. For the analyses on all three blocks of tests it was ne;easary
to combine the stage II and III subjects éecause of low frequencies,
Table & reports the relevant proportions. |

On the substance tests all between group comparisons proved to be

INSERT TABLE b ABOUT HERE

non—significant‘l_(l-‘iaher Exact Probabn'f:; Test, a - .10, one tailed
‘comparisons). In addition, not one of the proportions is significantly
greater than zero (Binomial Test, o = .10, one tailed comparisons); thus
no group showed a qignificantly greater number of stage II or II}. .
subjects on Posttea; I than on the Pretest. ‘

. With reference to the transitivity - number section of Table 6,
there were significantly more N experimental subjecta attaining stage 11
or III than YMR experimental (p<.10) or OMR experimentai (p<.05) subjects;
the difference between the number of OMR and YMR experimental sublects
aétaining stage II or III uﬁs not significant (p>.10). Within age;group
comparisons of the experimental and control subjects also using the Fisher
Exact Probability Test (a = .10) indicated that the number of subjects
attaining stage II or III in the R experimental group’%as greater than
was the case for the N control group at the borderline level of signifi-
cance (p<.105; however, there were no significant differences between the
ex;:}imen:al and control subjects in the two MR groups. Cqmpgrlsons of
the propK:tion of subjects attaining stage II or III on Posttest I,

felative to the proportion on the Pretest, indicated that only the N

experimental group's performance had improved (p<.05, Binomial Test).
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Hence the stage analysea of tﬁe transitivity-number tests on Poattest I
would support at least segments of hypothesis 2 in that when the perfor-
mance of the experimental groups was contrasted N>YMR (p<.10) and N>OMR
(p<.05).

with rveference to the weight section of Table 6, all comparisons indi-
cated that there were no significant differences in the number of subjects
from each age x treatment group attaining Stage II or III on Posttest I
(Fisher Exacf Probability Test, a = .10). It was also evident that
the proportion of subjects attaining Stage II or III on Posttest I failed

to differ significantly from the proportion at these stages on the Pretest

(Binomial Test, a = ,10).

Correct Judgements.‘ As was noted in the énalyses of ;?e number of
correct judgements made on the Pretest, differences existed between at
least two of the age groupsz on each block of tests. 1In evaluating the
effect of the experimental treatment and age group factors on subsequent
posttests, ;n adjustment was made for the effect of the variation due
to the initial differences in the number of correct judgements. Analyses
of covsriance were used to anaiyze the posttest data, with the pretest
data providing the covariate. ;hua, for example, the number of correct
judgements made by each subject on the substance tests of the Pretest
provided the covariate for the analysis of the number of correct'judge-

ments made on the substance tests of Posttest I. Table 7 presents the

summary table for the analyses of covariance. Not one of the F ratios

INSERT TABLE ~ ABOUT HERE
- !
. attained ¢ = ,10 level of significance; hence, when adjustment was made

for differences on the Pretest, no significant effects could be attri-

N



[ TABLE 7

. Analyses of Covariance of Correct Judgements on Posttest I

49’

]

MS

Source 85 _df _MS_ ¥
Subataﬁca
Experimental Treatment (A) .258 1 .258 2.13
Age Group (B) .513 2 .256 2.11
AB .151 2 .076 .62
Error 9.336 77 .121
Transitivity — Number
Experimental Treatment (A) .387 1 .387 2.28
Age Group (B) .281 2 140 .82
A | .719 2 .360 2,11
Error 13.103 77 .170
Weight
Exéetimental Treatment (A) .629 1 .62? 2.63
Age Group (B) .100 2 ?‘650 _ .21
AB .803 2 402 1.68
Error ’ 18.398 77 .239

Note. - Judgement scorés transformed
{

to arcsin.

-
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buted to eithqr‘the age group or.the experimental treatment factors on
any block of7testg. : -

Appropriate explanations. The explanations given on the tests of

Posttest I provide angther depéndent measure with which to test hypothesis
2. The totpl numbér of appropriate explanations offered by the subjects
of each age x treatment group on the five conservation of substance

tests were contrasted‘psing the Kruskal-Wallis analysis of variance for
ordinal data. The overall analyéis indicated a difference between the
groups at the borderline level of significance (H = 9.62, .10<p>.05).

The within age grquf éxperiméntal - control comparisons using the
Wilcoxon matched-pairs signed-ranks test indicated that within the YMR
group the experiment#l subjects offered more appropriate explanations
than the contfol subjects (z = 1,86, p = .03), but that no significant
differences existed between the two treatment groups within the N
(insufficient differences to make statistical comparisons) and OMR

(z = 1.24, p = .11) age groups. As there was no difference in the
experimental and control groups of the OMR and N age groups, the experi-
mental and control groups in theae two age groups were combined for
further pqst—hoc comparisonslusing the Mann Whitney p test. On %ﬁe -
substancé igst of Posttest I, the OMR subjects offl;ed significantly
more éppropriate explanations than the N subjects (z = 2.19, p = .03).
The performance of the YHRlétperimen:al group was superior to that of

the N group at the borderlfﬁe level of signifiqaﬁce (z=1.73, p = .08)
but not significantly different from that of the OMR group (z = .01,
p_; .99). The perfoéﬁaﬁgg oé Fhe ¥R contrpl group was,not‘significantly
differenbrfrom that of'ei¥ﬁgr'the OMR group (z = 1.36, p = .1%) or the ‘

N grouﬁ (z = .63, p'-..53);

e ST e T
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There was no aignificaqc difference in the total number of appropriate

explanatiénJ;pffered by the subjects of each age x treatment group on
the transitivity - number tests (H = 5,38, p>.30) or the weighﬁ"test
(H= 4,67, p>.30) of Posttest I,

Posttest 11

The same sets of analysés\ggsg\fo test hypothesis 2 on Posttest I -

were also used to test the hypothesis as it related to Posttest II perfor-

-
mances.
y

Stage Analyses., Table 8 reports the proportion of subjects attaining

Stage II or III on the various blocks of tests of Postteat II. On the

INSERT TABLE 8 ABOUT HERE

substance tests, all between group comparisons proved to be non-significant
(Figher Probability Test, a = .10, one tailed comparisons). Furthermore,
since the proportion of subjects demonstrating Stage II or III fu&ctiouiug
failed to differ significantly from zero §Binomial Test, a = ,10, one
tailed comparisons), it is evident cha; no group showed a significantly
greater number of Stage II or III subjects on the substance tests of °
Pogttest II than oﬁ the Pretest.

%? With reference to the transitivity - number section of Table §,
between group comparisons using the Fisgher é;ﬁéé Probability Test
indicated that more subjects from the N experimental group attained
Stage II or III than subjects from the OMR experimental group (p<.05),
the‘ggg control group (p<.05), and the YMR control group {(p<.05).

However, the proportion of Stage II or II1 subjects in the N experimental
did not differ from that in the N control or the YMR experimental groups

on Posttest II (p>.10). The proportion of N control suﬁjects demonstrating
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Stage II or III'fuﬁcﬁion was greater than the pfoportion of subjects from
the OMR control, the OMR experimental and the Xyg_contfol groups (p<.l10).
There were no qigniftcantrdifferences between any of the Eg_age %' treatment
groups., Only the proporéion of subjects'from the H_experimental (p<.05)
and N control (p<.10) grﬁups differed significantly from zero (Binomial
Tests, a = ,10). |

On the weight test of Posttest II (refer ﬁo Table 8), ;11 domparigpdé
between the age‘x'treatment gréups failed to indicate any significant \\\
difference in the number of subjects attaining stage II or IIL (Fiaher.'
Exact Probability Test, a = .10, one tailed comparigons), ~ Furthermore,
as not one of the proportions is significantly greater than zero (Binomial
Test, a = .10, one tailed comparisons), it is evident that the number
of Stage II or III subjects on the uéight tést of Posttest II falled to
differ from the number of Stage II or III subjects on the weight test
of the Pretest. -

——

Correct Judgements. In analyzing group differences in the number of

correct.juﬂgementa made on the various blocks of tests of Posttest II,
the covariate was the number of correct judgements made on the same block
of tests on the pretest. The judgement écores had been subjected to an
arcsin transformation because of heterogeneity of within cell variances.
Table 9 presents the summary tables for the analyses of covariance_for
each block of tests.

With reference to the substance section of Table 9, the main effect

TNSERT TABLE 9 ABOUT HERE

of the experimental treatment factor was due to the superiority of the

-

experimental subjects over the control subjects (p<.05). The adjusted

. ¥ 1
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JABLE 9 | ' Cd
. . ;
Analysis of Covariance of Correct Judgements on Posttest II. "
Source SS df MS B
Substance
Experimental Treatment (A) .927 ) 1 .927 6,07%%
Age Group (B) .259 2 .130 .85
AB .508 2« .254 1.70
‘ Error 11.766 77 .153

/&ransitivigy = Number

Experimental Treatment j&) 862 1 .862 4, 37%%
1

Age Group (B) 432 2 216 1,10
AB .152 2 .076 .37

-~ Error 15.190 . 77 197

Weight
Experimental Treatmen? (A) 514 1 .514 1.59
Age Group (B) ,-I .088 2 .04d 14
AB |/ -.08% 2 .044 .14
Err?i 24,872 77 .323
\\\“”/._ﬁ;;e. - Judgement scores transformed to arcsin. -
kkp .05 )
>
] o
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means of the ;rcain t;ansformed scores were 1.00 and .ﬁl for the
experimental and control subjectg respectively. The lack of a main
effect for the age group factor and the non-significaﬁce ;f the inter-
action*suggeat'that the experimental treatment was equally effective for
subjects in all three experimental groups.

The same conclusions can be made concernig; the performance of the
subjects on the numher - transitivity tesé; of Pésttest II. The main
effect of the experimental treatment indicates that the expeélmental
subjects (adjusted x = 1.23) made moré correct judgements than the
control s;bjeéts {adjusted x = 1.67). The failure to obtain signifiéant
effects for the age group factor or for the interaction’ of age grdbﬁb:
treatment conqition would suggest that the experimental treatment was
equally effecti;e in 1nc£;asing the number of correct judgean:s for all
three experimental groups on the transitivity - number teaés of Posttest II,

With reference to the weight section of Table 9, However, it can be
seen that there was no significant difference in the number of correct
judgements made by the experimental an& control subjects on the weight

test of Posttest II. Thus, when an adjustment was made for the initial

¥
S

differences in correct judgements on the Pretest, no significant effects

could be attributed to either the age group or experimental treatment
factors on the number of correct judgements on the weight test of Post~

N
test II.

Appropriate Exé&anatious. The number of apﬁropriate explanations

giien by the.subjects of each age x treatment group were contrasted using
the Kruskal-Wallis analysis of variance for ordinal data. There were no

significant differences in the number of appropriate explanations given
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on the substance tests (H = 7,22, p>.20), Qpe transftivi;y - number
;ests‘(ﬂ = :.25, p>;§a) or the weight test (H -_3?26, p>.50) of Posttest II.
In summarizing thecggélyses of\g§?ttest I and Posttest II performance,
the judgement—based stage analyaes indicated that the effects of the
experimental induction procedure were limited to the transitivity - number
tests of the two poséfeatangﬂgiboth posttests it was found that the
performance of the N experimental group was superior to that of the OMR
experimental and control groups (p<.05). This woudld suggest that the
age group factor was of importan;e in determining transitivity - number
perform;nces. The stage analyses also cast some doubt on whether the
improvement in performancé should be attributed to the experimental
induction procedures: wiﬁhin age group comparisons of the experimental
and control groups resulted in only one significant (a = ,10) comparison
and that was between the N experimental and contrel groups on‘Posttest I.
The difference in performance between these two groups was no longer
':igniéicant on.Postﬁest IT. .
In contrasting the number of correct judgements made on Posttéét I,
it was found that if adj;atmentsﬁwere made for the initial diffefences
in theé number of correct judgements given on the Pretest, then signifi-
cant eéffects (a = .10) could not be att{}buted to either the experimental

-—

treatment or the age group factors. On the 7K;er hand, these analyses
f

indicated that on Posttest II, significant effects could be attributed

to the experimental treatment factor og}the substance and transitivity -
)

number tests, but not on the weight test,

The stage analyses and the correct judgements analyses, then, were

somewhat contradictory. First, the stage analyses suggested that the
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effects were limited to the transitivity - number tests on both posgtests
whereas the analyées of correct judgements suggested that the effects
were limited to the transitivity - number and substance tegts6f Poaf@est
I1. Second, the stage analyses tended to suggest that the age gﬁpup'

factor was relevant whereas the analyses of correct judgements Eugggsted

—~ / —— __\!

~

least on Posttest II. - p d

-~
| (/
The comparisons of the numbet of approp i%te‘gxplanationsqgiven by

that the experiﬁsﬁtal treatment conditipn.;;% the relevafj/fgptor, at

the various groups on Posttest I aad Posttesg,I{ indicatej/?)at the

only significant differences in performaydé/;c;urred on the substance
tests of é:stfest I. It was found tha#/the gg& subjects gave more
appropriate explanations than the N subjects (p = .02) and thaﬁ the YMR
experimental subjects gave more appropriate egplanatlons than the ﬁ
'subjepta\iz;:\LQB). When the comparisons were limited to the experimentali

groups ~ these are the groups that hypothesis 2\pred1cts would be

ordinated - it was found that the only compagison to attain significance \g‘f/’*fikz

. '-\ o
(a = .10) was the one indicating the superiority of the OMR group over b
the N group (z = 2.08, p = .04). , '
The superiority of the OMR experimental group may well be a continua- e

tion of the superjority, albeit not quite a significant one, of this group

on the Pretest. Examination ofasigure 2, which graphicaliy presents the ¥

proportion of shbjecta in each experimental group giving one or more

appropriate explanations on each of the'test d#ys for each block of tests,
- :

'supports this interpretation.

The afor-:ofﬁg interpretation is also

- -
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p] INSERT FIGURE 2 ABOUT HERE -

explanations offered over the course of the ex;:}iment on any block of
tests. Friedman's two way analysis of variance were used to contrast the

number of appropriate explanations given on the Pretest, Posttest I and

Posttest II. On the substance tests there was no significant improvement

for the N (x 2 = .18, p>.90), the VMR (xrz - .36, p>.80) or el QR

(xr2 - .36, p>.80) group. Om the transitivity - number test thefe was

LD 2
no sf%nificant improvement for the E_(xr = 1,68, p>.30), the YMR

(xr2 = .18, p>.90) or the OMR (x 2 . .03, p>».98) group. On the weight

test there was no signifiqknt improvement for the N (x L 4.40, p>.10), "’

the YMR (xr = 2.27, p>.30) or the OMR (xr = .61, p>.70) group. It

. e

appears that the gxperimental induction procedures, then, did not result

in a significant improvement in appropriate explanations for any experi-
| —— ) T

\
mental group on any block of tests.

Relation’ of Posttest I and Posttest II per formances
Hypothesiakh-guggesti that the strucFural %:3rning that occurred
would be more staﬁle for the subjects in the E_experiﬁental group than
for.the sgbjects i& the xgg_and gﬁ&_experimental groups, and that it
wguld be more stabfg:for subjects in the_xﬂg_experimental group than
sybjects in‘the Oﬁilexpe;imental grouh.. For the judgement relatéd stagé
ana ysia subjects failing to obtain %*stage II or III response on both
of the posttests were eliminated from the analysis. Table'1l0 reports
the number of subjecjp (a} showing no—hange or improvin; on their
performanée from Posttes: I to Posttest II and\{p) showing a decrease

(A

N e» INSERT TABLE 10 ABOUT HERE

. N
from Posttest 1 to Posttest 1I on the substancehstransitivity - number
A - -
apd weight tests, In the judgemenﬁ based analysis the number of Stage 11

, A4
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TABLE 10 \
Number of Subjects Showing No Change or Decrease on Judgements and

Explanations Between Posttests

Substance Trangitivity - Number Weight

Group No Change Decreasge No Change Decrease No Change Decrease

Judgement Determined Stages

N 1 1 6 1 - 1 1

R 4 0o 3 1 0 0

OMR 0 1 0 1 1 1
) Explanations

N 1 2 6 3 1 1

MR 5 2 ‘ 6 2 B 2 1

MR 4 4 5 { 1 3

Note, - No change fncludes snbjeéts performing at same lgvel and
those subjects improving their performance from Posttest I to Posttest II.
Decrease category includes subjects performing at a lower le;el on
Posttest II than on Posttest 1. The analysis was limited Fo subjects from‘

the experimental condition. *

-

-
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and Stage III performances on the combinea_test were counted., Stage II
performance coﬁnted as 1 point, Stage\III as 2 points. Within group
comparisons contrasting the number oE\Eiﬂﬁsgig/méi;;;ining a stable
level or improving versus those showing a decrease from Posttest 1 ﬁo
Posttest II all proved non significant (Sign Test, x = .10, two talled
comparisons). Between group comparisons of the experimental groups taken
two at a time also_failed to reach significance in each instance (Fisher
Exact Probability Test, a = .10, one tailed COmparisons); Thus all
comparisons based on the judgement data indicated that there is no
difference in the stability of the structural learning that did occur.
The data based on the explanations giv?n by the subjects 1s also
reported in Table 10. Again subjects failing to provide an appropriate
explanation on either of the posttests were eliminated from the analyses.
The subjects were dichotomized into those {(a) providing the same number
of appropriate explanations on the two posttests and those shouing an
increase in appropriate explanations from Posttest I to Poqttest II or
(b) those sh;uing a decrease .in appropriate responses from Posttest I
to Posttest Ii. As with the comparisons on the judgement data, all
within cell comparisons proved to be Rtn sl&pificanc {Sign test,a = ,10,
t;o tailed comparisons) and all comparisons of the experimental groups
proved to be non significant (Fisher Exact Probability Test, a = .10,
one tailed comparisons). Bo;h the explanation and stage'analyses. then,
failed to show any differences between the experimental groups og the

sthbility dimension.

~

<

N~
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. CHAPTER IV,

DISCUSSION

The results from the present experiment failed to prbside support
for any of the h}potheses derived Eroﬁ Inhelder's thesis that mental retarda-
tion is characterized by, 1f not due to, deficiencies in equilibration. It
was predicted that on the induction task the performance of the three experi-
mental groups would be ordinated so that N>YMR>OMR (Hypothesis 1). While
it was c%ﬁgr that the induction procedures were effective in increasing the
number of correct judgements on the conservation of substance task used in
the induction phase, three separate sets of analyses failed to provide any
support for the hypothesis. Iﬁfwas evident that while the N, YMR, and OMR
groups increased the number of correct judgements made on the induction
task relative to the control groups, there were no significant iéfferences
among the three experimental groups.

Hypothesis 2 also failed to receive much support; this hypothesis pre-
dicted that because of the postulated differences in equilibration, what
-
structural learning did take pl%ce during the induction phase would transfer
differentially to the block; of tests on Posttest I and II: in-each
jnstance the ordination of the experimental groups should have been R>YMR>OMR.
The stage analyses suggested that the effect of.the age factor was signifi-
*cant on the transitivity - substance tests of the two Posttests; whereas the
analyses of porteét judgements led to the conéiusion that the effect of the
age factor was not significant on any of the Posttests, but éhat on the
transitivity - numbér tests‘and substance tests of Posttest II the experimental
- —

induction procedures’ led to more correct judgements, The appérent support of
<

2 \
hypothesis 2 by the stageqaﬁalzgggrgpst be ‘considered in light of the perfor-
: [wrag
o
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mance of the three contrel groups.and also in ;ight of the analyses based on
the number of correct judgements, *

With regard to the performance of t@e control groups, as compared t§ the
experimental groups, the stage an#lysis indicated that the sdperiority of the
N experimental group over the N control group was evident only on the transi-
tivity - number tests of Posttest I (p<.10). By the tiﬁé the Posttest II
tests were administered, the difference between the two groups was no longer
evident. In fact, the performance of the N control group was superior to that
of the gther éwo control gﬁgugs and the OMR experimental group on the transi-
tivity —.number tests of Pogtteat II (p<.10). This suggests that the experi-
mental procedure may not have been 9ole1y rehponsible for the superior
performance of the N experimental Qubjects. The repeated testing, which
resufted in each 5ubjeét making 147 to 171 judgements and explaining 135 of
these, may alone have beeh.a sufficient condition to initiate disequilibration~
in the N subjects. |

However, as indicated previocusly, the analyses of correct judgements
suggested that the age group factor did not significantly contribﬁte to an
' 1nc;eaée in correct judgemgpgs. In weighing the relative validity of the
two sets of analyses (stage analyses and correct judgement apalyscs), feveral
factors should be considered. First, the jﬁdgement analyses are more é;werful
statistically in that the stage analyses used “dichotomous stages whereas the
judgémqg&\analyses allowed for ceonsiderably more variation. Second, fhe (;A‘
judgement analyses toock into accbunt differenq&s in prete;: levels whereas
the stage analysis did not, Third, the stage analyses actually consisted of
a large number of individual group comparisons (two groups at a time); this
procedure is very susceptible to fallacious conclusions in that the possibility

\ / \

-
-

\ \ | "
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of Type I error is inflated over the a = .10 level (Siegel 1956, pp. 159 - 161).

In general, then, the analyses of correct judgements is probably a much more
valid test of the hypothesis. Consequently there is littie'support for
hypothesis 2 in'that the ﬁnalyses of correct judgeménts indicated that all

i
three experimental groups benefitted equally from the {nduction techniques,
as was measured by the increase of correct judgements on Posttest II.

The analyses condpcted on the number of correct explanations similarly
failed to provide any support for hypothesis 2. Not a single analysis
conducted with the explanation measures profed to be significant in the
digection predicted by hypothesis 2; in fact, the within group analyses of

th% number of appropriate explanations made by each treatment x age group

s t
/’//’__;Ei fgﬁiCAtEd there was no significant change with reference to this measure

’

s

.

during the course of the experfheat.

With reference to hypothesis 3, which prédicted that the degree of transfer
from the induction task would vary as a prction of the age group dnd block
of test factors, there was no evidence tolfgpport this hypotheais.. It will
be recalled that in order fol hypoégg;;;‘s to be adequately tested, hypothg$is
2 needed to be supported. Since hypothesis 2 failed to be supported,
hypothesis 3 cannot be supported by the results of the experiment.

lypothesis 4, wh edicted that éhe stability of pefformance from Post-
test 1 co_?osttest I1I should vary iﬁversely with the age of the subjects,
also failed to receive any support. Both the stage analyses and the explana-
tion analyses indicated there were no differences in performance on Posttest
1 as compared to Posttest II for any of the experimental groups. Furthermore,
the: judgement analyses indicated that while the number of correct judgements

made on Posttest I did not differ from the number made on the Pretest, more
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correct judgements were made on Posttest II than on the Pretest (p<.05). This
would indicate that there wa; actually an improvement in the number of cg¢rrect
judgements made oniPosttest II relative to Posttest I. Since the age groﬁ
factor was not B{gnificant, but the experimental treatment factor was sign;
ificant on the analyses of the sub;tance and transitivity-number tasks, it i
suggégted that all experimental groups demonstrated 'il ains. Hence, the
results failed to support hypothesis 4. {kl o .

The implications of the present research for Inhelder 968) formulations
are constrained by two aspects of the results, First, the training pro;edures,
while leading to a significant increase in the correct judgements for the
three experimental groups, were not of sufficient power to change the respoud4
ing of all of the subjects in each of the groups. This, in effect, limited
the transfer to tﬁ; posttests. The training procedure was not a# effective for
the normal group as may have been<expected from.the literature (e.g., Brainerd,
1972¢). Although Brainerd (l972c)\daés not report bhe.exact numbgz\of subjects
demonstrating correct judgements during the training phase, 75 percent of the

20 subjects trained gave correct judgepents on a substance conservation post-—

]

et

test after 4 training trials. By way of contrast, only 57 percent of the sub-
‘ L)
jects in the N experimental group attained the criterion of two trials of 3

correct judgements during the induction phase.after up to 12 training trials.
Several différénces in.the two afmples may have been responsible for the less
effective training in the present experiment: (a) The pormal childrén in

the present experiment were drawn ffom kindergarten classes whereas Brainerd's
(1972c) sample was comprised of grade one children. (b} In the presént experi;
ment, subje;ts vepe precluded f;pm pérticipationﬁih training if they demon-

strated concre} Loperational thinking on a transitivity of substance or
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number cohservation teat: .Asauminglthat transitivity is the earliest in~
dication df cancréte operational functioning (Piaget, 1973), the subjécta
in the presené sample were clearly preoperational. Brainerd (1972c) pre-
tested only for conservation of substance; consequently, some of his
subjects may have already attained the stagé*g;-:;ncrete operétional thought.

Second, the finding that there was no significant improvement in appro-
priate gxplanations given over the course of the expefiment, places some
gevere constralints on the implications of'tﬂe present experiment for the
theory — at least from a Genevan perspective. The Genevans (e.g., Inhelder,
1968) place considerable significance on using explanations as the depen-
dent measure of cognitive structures, hence suggesting that the present
expériment falled to support the hypotheses because no structural learning
took place. However, the finding thﬁt some of the judgement analyses were
significant, but not the explanation based analyses, is 1ntefpretable when
one considers the posited relationship of cognitive structures with the two
dependentsweasures (Brainerd, 1972a). Brainerd notes that a;cording to
Piagetian theory, operational structures antgdate linguistic sttuctures and
that the latter develop from the former (e.g., P t, 8970b). Consequently,
on a temporal basis, this means that a j&dgement bésed cviterion will indicate
the presence of an operational structure prior to an eﬁplanation based
criterion., Support for this comes from demonstrations that explanations

ovide a much more difficult criterion for cognitive atrpctures with both

//ﬂormal {Brainer and Brainerg, 1972) and retarded (w;odward, 1961; Boehm,
1967) samples. )

Within the limitations of the design, the present experiment falled to
provide support for the postulaté that normal and mentally'retarded individuals

!
differ on the dimension of equilibration ?f cognitive structures. The results

-
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of the present experiment are in accord with those obtained by Brison and
Bereiter (1967). Brison and Bereiter failed to find a difference in the pro-
portion of subjects trained from groups of gifted, normal or rctarded sub-

jects in response to ¢ onservation of substance training task. It is evi-
dent, however, that the training procedures used by Brison and Bereilter

were much more effective in changing responding. This is 'probably because,
relative to the training procedures in the present experiment, those of Brison
and Bereiter were much more complex and lengthy. The Brison gnd Bereiter (1967)
training task included, but was not limited to, (a) the object bound form -of

.

jnversion reversibility, (b) models of correct responding, (c) models of appro-
priate explanations, and (d) elther explicit o; implicit information concerning
the correctness of responding during training.

I summary, Inhelder (1968) posited that differences in (a) rates of
cognitive structural development and (b) the upper level of cognitive struc-
ture attained between normal and mentally retarded individuals could be att-
ributed to differ%g;es’i;KZEZ power of equilibration. It was reasoned ,that the
three groups in the present experiment varied oﬁ the equilibration dimensiop
so that N>YMR>OMR. Furthermore, as the OMR proup was of an age that Inhelder
(1968x\3rec1uded the possibility of further structural development, it was
reasoned that the power of equilibration in the OMR group was such that they
would give no evidence of structural learning.

Contrary to the predictions formalized in the hypotheses, it was found that:
(a) the exﬁerimenta; induction procedures resulted in similar levels or correct
judgements on the induction task on the part 6? the subjects of the three ex-
perimental grqups and, (b) the degree of tramsfer, as measured by-the number of

correct judgements, was similar for all three experimental groups. Hence the

present experiment did not support the postulate that the N, YR ;nd OHR grouﬁs
were characterized by differences in either the mobility (field of apgiication)
or stability measures of equilibration.
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Footnote - S

v

1, In comparisopa using the Kruskal-Wallis one way analysis of varlance
the experimenter may, at his discretion, include a correction procedure
for ties (Siegel, 1956). The affect of the correction for ties is to
'inéreaae the value of 1, consequently making it a less Btringent test.
In the present study it was decided not to use the correction procedure
for two reasons: (a) The level o} significance required was set at

o« » .10, thus the probability of Type I error was quite high to start
Awith. {b) The Krusk#l—WaLlis procedure was used in comparing differ-
ences in explanations and, except in a few instances; more than 507 of
the subjects were tied at one rank (zero appropriate explanations). The

correction is LT

tT R

where T = t37t (when t 18 the number of tied observations

in a tied group of sacores).
N = number of all‘observations.

When t approaches N, the expression LT  approaches unity, thus resulting

N-n
in a small denominator for the corrected value of H. For example, in

comparing the number of appropriate explanations offered by the subjects
in the 6 treatment X age groups on the conservation of weight test, the
uncorrected value of H= 3.76 (p>.50, one tailed comparison). However,
78 of the 84 sub.ects offered no appropriate explanations;‘hence the
correction factor 1 - _ ET was .1993. The corrected value of’H -

- 3
18.87 (p<.01, one tail¥d Comparisen).

i

”
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APPENDIX A
7ot —
e REVIEWNOF THE LITERATURE
As Tnhelder's (1968) work on|cognition in the mentally retarded was
the primary impetus for the present study, the present section is directed
at examiniog (a;ithe relevant empirical literatufl,I(b) some of the

theoretical notions relating to the model and (c).some of the more

important methodological issues which bear on the experimental validation
of the model, The review is limited to studié; involving at least one
aaﬁple of MR subjects and those studies in which conrete operational
functioning was the period of concern. Iﬁ‘ﬁ&dition. only studies per-
taining to cognitive structures (and the development of these structﬁreu&
will be reviewed.

As is the case with Piagetian theory in general, the primary concern
in Inhelder's model 1is the.ontogeneais of cognitive structures (Piaget,
1970a, 1970b; Brainerd, 1972a). These structures (henceforth the term':
structure will have reference to cognitive structure, unless otherwise
stated) are lnterposed between the functional invariants of organization aLd

‘adapt;:ion on the one hand, and the behavioural contents on the other.
_¢q such, structures are the main datetminhnts of behaviour -‘as Flavell
(1963, p. 169) states: *
D " . ! (structure) is that with which and inte which he
incorporates the data of the concrete problem before him,"

Since structures are the main determinants of behaviour, given the appro-

priate stimulus situation one can determine the presence or absence of a

}tructure from an examinatiou.gﬁ/éhe subject's behaviour. _E
N : ) &
v
\
%
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The literature pertaining to: Inhelder's mod:& i8 reviewed along the
following dimensions: .(a) evidence for concrete operational structures in -
the MR; (b) evidence bearing on the nature of these structures relative to -
both the descriptions of operat!onal structures (eg., Plaget, 1970) and as
compared ié those of normals in experimentafllhvestigations; (p) evidence
for a similarity in sequences of acquisition in normals and the MR; (d)
evidence for a slower rate in ﬁha MR; and (e) evidence for arrestation in
cognitive development on the part of the MR prior to the acquisiton of for-

mal operational reasoning.

Presence or absence of cognitive structures

The behavioural data collected on the Piagetian inspired tests which

can be used to 1nferﬁghe presence or absence of operational structures vary.

N N

On some tasks the subject's behaviour is sufficient, on others the subject
is required to answer verbally posed questions, and on others the subject

is required ta answer questions concerning specific properties of materials
in front of him., On the tests of conservation and transitive reasuning used
in the present experiment, thq_sﬁbject was required go answer questions

about various quantitative properties concerning sets of objects and then he
was asied to justify his answer with an explanation. There is some controver—
sy as to what the appropriate criterion shpuld be for the inference .of the
presence of operational structures. The fenevans use the criterion of
correct judgements and explanations reflecting the ;peratioq\of one of tﬁe' '
following cquitive operations: reciprocity reversibility, i:?brsion .
reversibility, or quantitative identity (Piaget, 1968, pp. 36~37). Other

experimenters often use correct judgements as the sole criterion (eg.,

*
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McManis, 1969d, 1969¢). In an-attempt to solve ;e c‘om:roveray w the
appropriate critai!gﬁ'for‘inferting the presence of a cognitive structure,
Brainerd (1972a) suggested that the criterion shquld be deducedlfrom <

Piagetién theory as it relates to coggitive structutéh. On this basis
¢ L?r
Brainerd (1972a) contends that the inclusion of explanationa aa part of {

i
the criterion results in systematic error because it is at ofs with g

<
Genevan theoretical notion of the relationshi existent between operational

Y
and linguistic structures. Pi 1970a, 19709} 1970c) marshalls consider-

. , i _ ' -
able evidence to support the argument Ehgt“tﬁfiilec:ual operations give rise
to linguistic progress and not vice versa. As Brainerd notes, from the

. ey

perspective of Plagetian theory, the use of explanationiﬂ;;the criterion for
the presence of operational structures introduces Type I error into the

assessment situation. That is, if operational structures antedate Linguis:ic

structures and if we include linguistic structures as part of the eriterion

-y

for the inference of cognitive structures, then some children who éo, in fact,

have the cognitive structure may not be so identified. ﬁrainerdi'then. is

J

suggestigg that correct judgements are the minimum necessary evidence re-

quired fof the inference of the presence QE\Pperational striuctures, - Pre-

‘sumably the Genevans require evidence qﬁ/fgcafaibility to aveid making

Type II errors; employing judgeme;td as the only cr%&ériq would increase the
robability of making such an error. Typé;if errors, ho&ever, can also*

be reduced by quicious contxol of the stimulus situation (Brajinerd, 19723)

It is che position of the present author that if the stimulus situation 1is

\oﬁgll designed, and if there a:;e no theorgtical reasons to argue ‘the contrary,

Il)\ . +
-thgq,co}rec;- dgements are sufficient evidence fof\inferring'thetpresence

o

of'a cognitive structure.
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The nature oﬁ_thé'Piagetian task in which we collect the behavioural

data determines the level of cognitive structures attributed to the child.

‘. For example, successful performance on one of the conservation tasks in-

volving a first order quantitative invariant such as substance and weight
allows for the inference of concrete operational cognitive structures;
success on a task involving a second order quantifative invariant such as
volume; alloualfor the 1uference of formal operational reasoning.

Numefous studies have repor;ed that a proportion of the population
classified as being retarded by some criteria (eg., performance on a stand-
ardized test of intelligence or enrollment in a_echool for the menEally
retarded child) are capable of making correct judgements in the Pia%ftiae

situations. Table A presents in summary form the results of Qpese tudfes.

In relation to this table, it will be noted that under criteria there are

. JINSERT TABLE A ABOUT HERE
three sub-sections. The "judgements" category includes those studies. in

which the S merely had to respond to ome or more dichotomous questions.

o

The "judgements ahd explanations” includes those studies where an appro-

priate explanation had to accompany the correct judgement. While this

4

criterion is not the minimum necessary criterion, it is a sufficient one to

o4
miake the inference of a’ cognitive structure. In the "other™ category fall

a variety of tests in which the Ss performance was taken to be sufficient to

v 2

infer concrete-operational strucutres. An example of this uld be the

"multiple sorting" task used by Lovell, Mitchell and Everett [(1962) - in which
e . v ' -, :

the S needed t6 sort a set of materials three times - each Lime using a{p

different dimension for .the sort. Inspection of Table A revealsithét with

few exceptions, a large proportion of retardates can meét the criteria for

L ‘f‘\( L
"t.. - - . Q.g,

et

~a
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the various tasks indicative of concrete operational funefioning. The

only exceptions were tholi@ i stance® in which the psychometric data indicated .

4.
g Hoodward€§1961 Prothro, 1943).

The Nature of Co%i e St tures

Piaget (1970a, 1970&2ﬁ325:§§scr1bed'the nature of a number of structures; ¢
pr

at the concrefe operational level they are described by the groupings or ﬁk\

Pyl .

et

groupements (Piaget, 1970a), The specific nature of a cognitive structure \

cae be discovered by analyzing the child's explanaeienﬂ-of his judgementsf/ .“3
(Brainerd, 1972a). At least at the level of concrete coperations, qpe atiohal
structure ontogeﬁetically pfecedes linguistic st;ecture ~ "the latter some-
how growing out of the former to rely upon it subsequently" (Pilaget, 1970b,

p. 96). That is, Piaget sees language as being a dependent variable in
relation to operational thinking,'hence justifying the position that a study
of the structural properties and semantic references of language can lead

to ‘the discovery of the properties of cognitive structures (Brainerd, 1972a;
Flavell, 1963).

A problem arises, however, in that there seems to be little concensus on
just what exactly constitutes an "adequate’ explanation (Brainerd, 1972a).
Piaget (1968) considere three categories of explanations to be adequate:
reciprocity reversibility, inversion reversibility and qudncitative identity.

- All thr;e categ;ries are consistent with the mathematical models Plaget
degcribes as being isomorphic to the concrete operational cogeitive structures.
Many authors (eg., Lister, 1970, 1972; McManis, 1970} have determined on an
a priori basis that only explanations is these categories will be considered
adequate. There are several difficulties 1nvolvedlin deeming only these

three categories of explanations as being adequate. First, a pragmatic
I

reason, numerous authors mention many other categories as being adequate

o
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67; Br;&yerd, 1972b). Second,
language development in e%e :gtardéd;may be eépecially deficient-as compared .
to cognitive development (Schiefelbusch, Copeland and Smith, 1967). Several
investigators have, in fact. reported that verbal explanations appear t; be
inappropriate as indices of cognitive structures with the retarded (Wood-
ward, 1961, Boehm, 19671. Given these difficulties in determining the
ddequacy of explanationégggne solution would be to determine the adequacy

of varbal explana?hons on an empirical basis as done by Brainerd (1972b) and
qutZZLd and gra¥£erd (1972)." These authors inductively aearchéd_S;}:the
explanations given for mutually exclusive categories,. The decisioﬁféﬁ to
whéther or not the category was an "adedhate" one (i.,e., was consistently
related to the presence of a cognitive structure) was determined by noting
what categories of explanations were employed bfvconaerveré (as indicated by
a criterion only involving judgements).

Table B presents the results of three studies in which appropriate

. .. ;
explanationsa were defined on an a priori basis to match the deéééiprBnﬁiu

of operations set forth by Piaget (1968). " The appropriate explanations
s S
were: reciprocity reversibility, inversion reversibility and identity.
These studies, along .with that of Inhelder (1968) give evidence that some
=

MR's operational structures are isomorphic to tLe groupings ‘described by

A

Piaget.

IRSERT TABLE B ABOUT HERE

il - Gruen and Vore (%??2) compared the categories of explanations used by/f

. n .
i normal and mentaily}retarded conservers. The normal and retarded groups
! ; .
¢ : hS
i 4—tyore matched on MA leve of 5, 7 and 9 yeafaﬁaxponservation status was
n }a- Lo
détermined with reference to a judgement\based criterion; for the purpose

- - -

AT



Studies with MR Subjects Fmploying Explanation Categories Acceptablp to

Piaget (1968).

TABLE B

.~

1

Study Congervation Test Percent of Subjec;:J"
) ' Satisfying Criterion
Lister 19128( Number 87
Substance ¢69
\ Length 66
Weight 50
Volume 16 %
_Area "8
_Lister_1970b Substance 58
Weigh; 42 ﬁ£\¥
Volume 34 -
McManis 196 9b°¢ Length 58
Weight 58 <

Note. — In all three studies correct judgeméhts also were part of the criteriom.

a. Reciprocity and inversio ‘reveraibility and identity explanati

were defined as appropriate.

/’ b. - Reciprocity and invegsion reversibility, identity and logical
. |

necessity were defined as appropriate.

Logical necessity was

scored when the subject explained conservation by having reference

to the equivalence of the stimuli before the physical transformation.

jl

c. Reciprocity and inversion reversibility were defined as appropriate.

——

B
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of the present analysis a subject was judged to be a conserver if he made
correct judgéments on a consérvation of number and/or substance and/or
weight tests, Gruen and Vore compared the use of the normals and mentally
retarded subjects on the following "logical" cateqoriea: {a) previous
events, (b) logical necessity, (c) counting, (d) inversion ;eversibility,
(e) rﬁhiprocity reversibility and (f) addition and subtrgctiun Squantitative
identity). When the two groups at each gé level were compared it was found
that normals and retardates did not differ in the number of "logical" expla-
nations uqed nor in the frequency with whicQ each category was used. An
analysis of the explanations used by the normal and mengally retarded con-
servers in the present experiment is presented in Appendix B. With refer-
ence to the nature of cognitive structures in normal and f;;arded populations,
it appears that at least some normals and retardates use explanations
reflecging the operations cited Qy Piaget (eg., 1970a) and that normals and
retardates, wﬁfn matched on MA, use similar explanation categories with the

same frequeancy (Gruen and Vore, 1972).

Common Operational Construction

In the present section the evidence for an invarianf aequence.in the
acquisition of substance, weight and volume concepts common to both normal
and retarded populaticns will be considered. The purpose of the review is
to examine the postulate that a similar cperational construction océurs in ,
those of normal and deficient intellectual functioning (Plaget and Inhelder,
1947€;£hhe1der, l§6§). Only the relationship in the appearance of subatanﬁej/
yeight\hnd volume iatcongidered beca:se it is the énlf sequence sufficiently

investigated with the retarded and/or because the other invariant sequences

studied are of limited interest in that they are probably due to differences

0
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©1in the atimuliouaed to test the concepts (Flavell, 1970), Due :Bthe
numerous methodologiéal diffiqultics encountered in demonstrating invariant )
sequences (cf., Flavell, 1970; Pinard and Laurendeau, 1969)., the review -
\\\\\_1/4111 also be limited to studies in which the tests of interest were adminig-
tered to the same subjects; this restriction is meant to minimize the
variation due to brocedural differences. Lastly, only those studies including
at least one sample of mentally retarded subjects were included in the
:review. The studies to be reviewed are grouped in two categories: (a) studies
in.which the performance on the concept tests was compared on a group basis,
and (b) studies in which each individual subject’s test response pattern was
analyzed. The latter analysis is more sensitive to investigating sequences
in development since group averages may well obscure sequences occurring
in the response patterns of the individuals and the group analysis is
susceptible to floor (when all the tests are too difficult for the subjects)

and ceiling (when all the tests are too easy for the subjects) effects.

: v
Group performances. McManis (1969a) compared the performance of normal

and MR subjects on tests of substance, weight and volume conservation. The
‘'subjects were matched at MA levels of 5, 6, 7, 8, 9, 1011 years. The

score on each tests was comprisea of the subject's res gnse to a judgement ﬁi
question before the physical tramsformation, a judgement question after the

physical transformation and his expladation for the latter judgement. The

overall analysis, collapsing across the variqe;‘ﬂ& groups's supported the

P
2

postulate of an invariant sequence in that significantly higher scores were

obtained on the substance than weight test and on the welight than volume

4

test by subjects in both the normal and MR samples. A detailed inspection
\ )

of the performances of the groups at each MA level revealed the only evidence

%

/-
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contrary to the predicted sequence occurred in both groups for subjects with
a mental age of 5 years. 'These subjects obtained higher scBres on the
conservation of volume test thap the substance or weight tests, McManis ‘ ’
(1969a) explained this anomalous result by suggesting that the prediction.
response vas artificially inflated because these subjects did not comprehend
the verbal description of the physical traésformation to be enacted. While
McManis administered tests of all three concepts, Gruen and Vore (1972)

administered only tests related to the substance and weight concepts. Their w;

~

" sample was comprised of MR and normal subjects at MA levels of 5, 7, and 9

years. The scores on the two tests were compared using two criteria: (a)
judgements, and (b) judgements accompanieg b& "logical' explanations. When
performance oﬁ the two tasks was compared using judgements only there were
no significant differences at any MA level for either of the grodps. When
the performance on the two tasks was compared using the judgement plus’
explanation criterion, the only significant difference occ;rred at the MA 9
leyel; for both the MR and normal groups, the scores on the subétance task
were significantly superior to those obtained on the weight task. In an
experimeat comparing the performance of 24 educable mentally retarded subjects
on the conservation of substance, weight and volume tests,.Carlgpn and
Michaelson (1973) found no significant difference attributable to thd tests.
In general, thg group data prévided meager evidence to support the
hypothesized invariant sequence in|the acquisition of substance, weight and

volume conservation. As mentioned, however, this may well have been a func-

tion of the samples sele&ted in that floor and ceiling effects may have

. L)

occurred. ' \
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Individual pefformances. Two studies (Hunter and Listeﬁg 1970; Lister,

1972) provide an analysis of individual protocols of mentali?x;etarded
subjects administered tests of subatance, weight and displacement volume
cbnservat;on. The criterion for comservation in both studies involved
correct judgements plus explanations. ﬁunter and Lister (1970) report that
of 21 subjects who attained conservation status on one of the concepts, all
did so for the ;onaervation of s;batance task. Also, of the 40 subjects
attaining conservation status on two of the tasks, all did so on the
conservation of subatance and weight tasks, Of the 61 sut;ggza showing dis-
crepant performances on the three tasks, then, all 61 suypported the hypothesis
that the three coﬁservation tasks are ordinated iIn the predicted s;queqce.
Lister 61972) found that of the 24 subjects showing distérepant performances
of the substance, weight and displacement volume, the performance of 21

were in the predicted sequence. Of the tﬁree subjects failing to de;;nstrate
the predicted sequen;e, one was a conserver of volume but not weight and sub-
stance, one was a conserver of substance and volume but now weight, and one
was a comnserver of weight and volume, but not substance,

In summary, while the three studies (McManis; 1969a; Gruen and Vore, 1972;
Carlson and Michaelson, 1973) comparing the performances of groups failed to
provide unghuivocal support for the invariant sequence in the acquisition of
substance, weight and voi;me; the two studies (Lister, .1972; Hunter and Lister,
1570) examining the individu#l response patterns did provide substantial
support for the posited sequence in acquisition.

The evidence for a similar sequenée iﬁ the ;Eﬁu}sition of these <oncepts

13
does not conclusively point to a similar mechanism of structural development -

-

it merely makes such a position more plausibfé, Several alternative inter-

T
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pretations of the temporal relationship in acquisition are feasible (Flavell,
1970). Pirst, the later acquired responses may only substitute for the
earlier acquired responses. If sucli‘is the case then similarities in the
soc;al environments, rather than operacioﬁal mechanisms, are implicated.
Secoend, the structures requiaité for the acquisition of the concept may be
linked by similarities. Thus the later acquired concept may only réflect

a perfected version f the structure neceasary for the acquisition of the
earlier concept. Or else, the structure for the earlier acquired concept

may be integrated in the later séiucture for the later acquired concept. If
the latter is the case, then this would comstitute evidence for a similar
operatory construction, Third, the earller acquir%d cdﬂbept may serve as

a mediator for the later acquired concept; if such is the case, then ;he
lavariant seduénce may or may not support similar operatory construction.
€9urtﬁ, ihfre is the poesibiiltyut' t the structures may have been acquired
by differe;c means even if the sequenc £Q-concept acquiLition is the same
(cf. Werndér, 1957; Waddington, 1357; and " . 1972). Fifth, a criticism AN

7K

.directed specifically at the sequence examiﬁed, the decalage observed in
_ the acquisition of the invariance of substance, welght and JLlume is ofla QE_
“trivial" nature; consequently the foregoing analysis is not a suitable

test for the postulate that normal and MR populations demonstrate a;;imilar
mechanism for operator; construction (Brainerd, 1974, personal coﬁmuﬁicacion).

Brainerd differentiates between decalages in acquisition which are of a

"trivial" nature (such as the decalage-occurring in the acquisition of sub-

. .
stance, weight and volume) and those of a '"non-trivial™ nature (such as the

decalage occurring in the transitivity of substance and the conservation
of substance). Decalages are trivial when there is no logiéal alternative

to the sequence of acunaition; for example, Brainerd suggests that substance

LY

ey
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must antedate weight because logically the acquisition of ugight implies the

acquisition of substance. Hence, according to Brainerd, only the examination

:of non-trivial decalages relate ta the poatulg{z of similar operatory con-

struction in normal and MR populatiens. As not?d previously, however,

evidence relating to-non-trivial sequences in botg,normal and MR populations

is not avallable or else confounded by methodological differences. In summary,
4

while there 18 evidence suggesting that there is an invariant sequence in
the acquisition of the c;nservation of substance, w@ight and volume: in"both

rmal and MR populations, the dedd%tion £ﬂat this implicatés similar opera-
to construction in the two pbpulagxfns is anarranted.

-

Rate of Structural Development

r

The threé previous sections have indicated that some proportion of the

retardate samples assessed in various normative-descriptive studies have

_ cognitive structures which are isomorphic to those of normfls in that

réf;;agtes.(a) can make correct judgements in many Piageti situations and
(b) can :1}loy explanations which fall in the three categgries described
as "adequate" by Piaget (1968), and (c¢) demonstrate f;/,;iance of the
acquisition of substance, weight and volume conservation as do those of nor-
mal iﬁCelligencet In the present section we shall discups a difference
bef&gen normals and retardates, viz., the’ rate of structural succession,
Normative studies support piagft 8 (1970&) contention thac the ability
to. provide correct judgements and qgequate explanations on Piagetian tasks
is attained by most Ss within a restricted age range of three to four years

(Inhelder, 1968). This lattitude in age range has Heen interpreted by

some authors (eg., Brainerd, 1972b) to indicate the age of the S to be of

" litthfimportanTe except as a 'statistical assoclate of stage"”. While this

N .




may bE the case for children of normal iptelligence, Piaget does
postulate that age (as an index of rate of development) is a relevant
variable:

e f;;_; specific subject the speed of transition from /
one Qtage to the following one has an optimal rate. That..Lr
is, the stability and even.fhelfruitfulness of a new
organi;ation (or structurization) depqus on connections
which cannot be instantaneous but canpot_ﬁe indefinitely
postponed either since they would lose their power of
internal combination" (1970a, p. 713; cf. Piaget, 1973).
"The power of intermal combination".Piaget attributes to s&;nctures in
" the above passage clearly has reference to the process of equilibration

+

ar the "self-regulating” characteristic of structures (cf., Plaget, 1970b).

-

<
_ In examining the differemtial rate of succession of structures in

normals and retardates, some caution has to be exercised. The 5's
performanc;)on a Piagetlan task is {nfluenced by several factors such
as the specific materials used (Piaget, 1971; Inhelder, 1968), the
eriterion employed (Brainerd, 197Za; Gruen and Vore, 1972), and various
aspects of the methodology (Rothenberg, 1969; Rothenberg and Courtney,
1969). For this reason, the review is limited to those studies in

which retardates and normals were tested usiﬂg-the game materials, ,ﬁ
procedures, etc. Filgure A graphically illustrates the delay in
development associated with retardétion as found in a paradigmatic study

of rate of development. Gruen and Vore (1972) compared the number of

- INSERT FIGURE A ABOUT HERE

correct judgements made on the conservation of number, substance and

weight tasks by groups of normals and retardates matched on chronological

3
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age. On all threé conaervation‘tasks the 8';nd&io year old normal group's
performance was superior to that of the same aged retardate group; the two
oldest age groups performed at thai;:he ievel for all three tasks.- The
outcome of comparisons involving CA matched individuals of normal and
deficienf intellectual functioniﬁglis almost axiomatic éhen the comparison
involves performance on a cognitive task of a developmental nature {(Zigler,
1969). This is so much the case that few investigatofs include €A compari-
son groups when normal and MR aubject; have been mat%}ed on CA; the pgrformance
of the former has been shown to be superior on tests of number conservation
(Gruen and Vore, 1972; Brownm, 1973), substance conservation (Gruen and Vore,
1972; Brown, 1973), weight conservation (Gruen and Vore, 1972) and various
tests of classificational and relational thinking (Lovell, Mitchell and
Everett, 1962). .

Another manner ofrindicating the delay in rate of constructiﬁn is to
examine the.normative data for studies including both norQal and retardate
pamples. Table C reports the chronobgiceal age at which 70 to 75 ﬁercent of

a normal and MR subject sample ntta&ned the criterion for concrete operational

TNSERT TABLE C_ABOUT HERE
thought. Again the evidence is in aupp&rt of the observation that retardation
involves a delay in the rate of structural development.,
In summary, the evidence for a delay in structural development on the
parf of the MR, relative to similar chronological aged subjects of normal
intellectual status, is conclusive.

Arrestation in cognitive development.

The second difference in atructural development existing between those
'l + .

of normal and retarded intelligeﬁce is that the retarded become arrested in
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TABLE C

Normative Age for che Acquisition of Concrete Operational Skills by Normal
and MR Subjects

ta

. Chronological Age (in years)
.Study - Test . ) Normals Retardates

Gruen and Vore ) Number Consengation a , 9 12
1972 | - Substance Conservation a l9 12
Weight Conservation a S 9 .12
Number Conservation b ‘ 9 .12
Substance Comservation b Y 9 12
Weight Conservation b 9 -
Lovell et.al. - Addition of Classes . .“8 ) 15
1962 : -///, Multiplication of Classes - 8 15
Seriation 7= ¢ 13
. Multiplication of i ) ‘ . :
Assymetrical Relations ' 8 < v
Class Inclusion 9-11 N
Multiple Classification 6-7 10-13
McManis 1969a Substance Conservation 8 }5
- ' Weight Conservation 10-11° 17
McManis 1970 Length Conservathgf' .6 14
Seriation of Length 7 15
Transitivity of Length 10-11 18

Note. - Chronological age level represents the age at which 70 percent of the
subjects in the gample met the criterion for concrete operational
functioning or the age at which 70 percent of the responses were of
a concrete operational nature.

'ar; Criterion based on judgements only

b. Criterion based on judgements and explanations

il
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structural development prior to fhe acquiqition of formal operational

thought (Inhelder, 1968).. -

Theoretically, Plaget (1970a) has suggested that in the course of
development, the various factors afe go interrelated that acquisition of
formal‘operational structures is the normal outcome. Only if this stage 1is
attained can we talk about perfect equilibration for many cognitive activities.
In the discussion on the rate of succession of structures, we also saw that
Piaget considered as a plausible hypothesis that "new organization ... cannot
be indefinitely postponed either since they would then lose their pover of
internal combination (Piaget, 19763,,9. 713). If retardation involves a delay
in the ;uccession'of structures, them it would be qxpected that retardation
may be.characierizeﬁ by a cessation in development pefore formal operationaf’

thinking was achieved and that, depending on.the degree.of retakdation, other
7/1gvels of structurization may also not be attained. Inheldef's (1968)

" classification system for mental retardation, in fact, is based on this
Eoncept of arrestagion in development. Both Piaget and InhelderlhaVe
reference to the concept of equilibration to explain this arrestation in
development. While Piaget talks about a loss in "the power of internal

_ coqbination“. Inﬁeldef has reference to 'false equilibration".‘ In contra-
&istinetio to Piaget, Inhelde; (1968, p. 161) ties the ‘arrestation in
developmenﬁ.closer to -the chroéological age of the organisms. She suggests

‘ that after the ages of 13 to 15, it is highly improbably that any develop-
ment will occur but that it may well be possible before that —age. It

should be noted, however, that the 13 to 15 years age span may well be a

function of Inbelder's selection procedures in that her sample Qﬁs limited
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to preoperaﬁional and concrete operational childéén. Had Inhelder_included
profound%y and severely retarded children and gdults in her samplg. arresta;
tion of deve;opment for these individuals may have been postulated to occur
earlier in their life span.. '

The research literature is suggestive of the following plausible postulate: ™
that arrestation of development is possible at‘hny substage in any period
of develépment. Woodward (1959) and Woodward and Stern {(1963) report that

'

many profoundly retarded children and aquts.are incapable of evea the last
sﬁage of sensorimotor functiening. Similarly, Inhelder {1968) found a pro=
portion of her sample of retardates to be fncapable of concrete operational
functioning. Further support for a position stating that some retardates

are incapable of concrete operational thought comes from the studies emﬂioying

le

substance and number conservation ;asks.reported in Table A, VWhile ¢
reports the percéntage of §;-who did meet the criterion of concrete-operatio. 1
thought, it also indicatea,that a percentage of the subjects did Egg_neeé th
criterion, The proposition ;het the developgent of the subjects included
.the above studies hagxégtually been arrescedﬁls difficult to test since
further development may always have been forthcoming. Only if we accept the
proposition that further development is unlikely after the age of 13 to 15
can we test the hypotfiesis; this would be done by selecting Ss considerably
older than the designated age span. We can, however, empirically‘aetermine
the validity of Inhelder's (1968) contention that "to be retarded means ...
to be able to think by concrete operations but not by formal operations"”

(p. 294). In the empirical test of this statement, if one found retardates
to be capable of formal opefational thinking then tﬁ; hypothesis would be
demonstrated to be invalid. If, however, one found an absence of formal

operational thought, then the validity of the statement would still be in

F
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doubt. As it turns out, th; literature is equivocal: Jackson (1965) assessed
the performance of 40 normals and 40 educable retardates on six éests

' selected from Inhelder and Piaget's (1958) boéﬁ on the growth of formal
operational structures. While 8 to 40X of the normal subjects demnﬁvtrated
formal operational thinking, not a single subject in the retarded sample \\\
gave indications of this Yevel of thought.. The remaining studies assessing k

formal operational funmctioning in retardates all involved the use of the

conservation of volume and/or area. McHénis (1969a) assessed normal and

retarded subjects in the mental age range of 5 to 11 years. McManis'

procedure involved a prediction judgement, a transéormation judgement and an
explanation. 1In order to be credited with formal operational thinking, the

subjects had to answer all three conservation of volume questions correctly.;

Of the 90 normal subjects, three percent answered all three questions correctly;

of the S0 retarded subjecﬁs,‘nine percent answered all three questions cor-

rectly. Two problems exist in the interpretation of MnManis' results:

(a) he did not state what the criterion were for adequate explanations and

(b) it is difficult to state whether the nine percent of retardates demon-

strating volume conservation was significant relative® to the number af W
subjects expected to ansTer the two judgements questions correctly just by

chance. Lister (1970) tested 104 educable retardates on a conservation of

béth {nterior and displacement volume. The criterion for form;l operationa{

cﬁough: included both ;Otrect judgéments and explanations involving recipro- T
city reversibility, inversion reverstbility or quantitative identity.

Thirty-four percent of‘the gubjects met the cr@teriajon both thé interior

and displacement volume tasks while another eight percent met the criteria-

on one or the other tasks. Lister (1972), employing the same criterion as
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in the previous study, reﬂorted that 16 percent of 115 educable retarded
children showed formal operational thought on both of the volume faska
(another eight percent met the criterion on one or the other tasks) and

that eight percent of the Ss met the criterion on complemeutary and interior
area tasks (another éight percent met the criterion on ome, but not both,
area paskg). Thus, at the presant time, the question of whether or not
retardates are capable of- formal operational thinking must be ansuered
equivocally: the tests of formal operational reasoning used seems to Be

a m;jor variable heqding furgher investigation before this question can I"h
be answered. . .

One further question remaims: Can formal operational thought be induced
by exposing the individual to relevant experiences? Lister (1969) selected
12 educable retardates who gave non-conservation judgements on a weight
tésk to participate in an induction of conservation of weight experimeat.
All subjects gave correct judgements aﬁd adequate explanations on conservation
‘of weight posttests administered immediately after, two weeks after and four
weeks after training. JEight months after the training, Lister assessed the
eleven available subjects not only on conseﬁyatiod'of weight but also on
conservation of interior and displacement volume. All eleven subjects made
cprrect judgements and éave adequate explanations on all tests. There is no
assurance that the induction .procedure was responsible for the performance

Sy

on the conservation of volume tests in :hat {a) there was no control for .

1ucreased task familiarity. (b) conservation~of volume tests werg not included

in the pretest, or (c) other experiences in the eight month peyxiod may have
been résponsible; 1t/ia evident that some type of acquisit had taken place.

sults, is to

/ |
\\

J) .
The major problem, from the stigdpoint of interpreting the

et 12
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defermine whether a true logico-mathematical learning had taken place or _

' whether psuedo-learning had occurred. It may be that the 1nduction.tehh-

niques were too specific in pfgviding correct ans;ars and adequate explanations.
The conservation of volume tests employed were fery similar in nature to the
specific situations included in the training procedures; hence they were
actually inadequate to test for géneralization for the purposes of distinguish-
ing between psedﬁo-and logico-mathematical learning. The explanations offered
by the subject to explain conaervation of volume‘;ere primarily in the form

of "it is still the same” plasticine, etc. This form of the identity
explanation is qualitative, not quantitative (Piaget, 19685; thus, a large

proportion of the children were giving preopgrational explanations for tests .

at the formal operational level.

hS

Lister (1970) induced’ Volume conservation in 30 EMR children., On the
pretest, all 30 subjects failed to make conservation judgements in both the

interior and displacément volume situations. Of those 30 subjects, 16 failed
to make conservation of substance and weight judgeﬂgnta, 6 made conservation
~ >

of substance judgements but did not make conservation of weight judgements,

and 8 made conservation of weight-arnd substance judgements. The training

1

procedures directed at inducing volume conservation included:t
"... a cambination of manipulating reversibility, filling J.

containers with and counting disconC1nuoue material measuring

displacement and verbalizing reasons for conservation (including # e
]
\ reversibility, identity, and compensation) and empirical findinﬁyﬂ

«h

(such as the distinction between appearance and reality. and th

.Tesults of measurement)"” (Lister, 1970, p. 59 - material witii

J

parenthzﬁes is part of the text).
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Posttests were administered 1 week, 2 weeks, 6 weeks (on volume conservﬁtion

_only) and 6 months after the original trainI:E\uasfcqu}ated. In addition

to replicating Ehe tests given in the pretest, the posttest also included
identical é;a;s which used different materials. Also, while the pretest
ai;uafion inyolved making judgehsnth of equality only,‘the posttests involved
making judgements of inequality. The criteria fér—conservdtion in gllythree
content areas required the aubject-co make the correct.judgements aué to be
able to justify the judgement with an explanation reflecting either reversi-
biliﬁy or identity. On the posttests assessing volum; conservation; all
subjects met the cgiteria for conservation. All but one subject met the
criteria for substance and weight conservation on all posttests; the one
subject, yhile making the correct judgeﬁsnts in both situations, failed to
give acceptable explanations. ﬁosc of the explanations offered by the
subjects‘reflected identity, some reflected inversion :e;ersibility and

i

fewer still reflected reciprocity reversibility.
Essentiqlly the same commé;ts can be made of Lister's (1970) study as
were made of the other two training studies reviewed. The expdfimental
design did not include a coatrol fer the effect of task familiarization.
Also, it is questionable whether actual opegative development took place.
In relation to this last poiﬁt; Lister (1970) presgents three -main lines of
évidence'intended to support the conclusion that operational thinking had
baen_facilit;ted ;Erggigiated as a result of the induction proceduras; .
(a) the posttest situations included tests with materi;ls with which the S
had not been specifically trained. (b) Déxing the training period, judge-
ments of equality had been emphasized while the posttests required both

judgements of inequality and equality. (c) Although all the explénations
. 5
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reflected the operation of identity, inversion reversibility and reciprocity !
. . . 0 D

1

revera;bility»— the explanations verbalized by the E during training - the
vodhbularf ugsed by ﬁhg subjects in their explanations was often very diff-

erent than that used by the experimenter; fﬁrthermore, some ‘subjects otcas-
ionally demonstrated.the explanation. All three of these lines of evidence, '
however, fall short of providing adequate proof. With respect to (a), even

.

though the materials may have been somewhat different;, the two situatiéns were
still essentially similar with regard to procedures, etc;' As for (b), while
it eliminated the possibility of\a subject showing conservation as a function
ofta response set (always judging equality), 1; does not eliminaté the .
possibility that the subject merely perseveratéd the initial judgemefit made
by the experimenter in each situation. éo; example, in conservation of weiﬁﬁt
éests, the experimenter typically shows the subjects two stimuli and states
éﬁg;her or not they are equivalent. Liéter's Pubjects mé>é1y“a§fded to be
aware ofﬂfhé experimenter's gomments in relation to tﬁis initial comparison
in order to be able to ans;er all the questions correctly. With regard to
point (c), most of the subjects' explanations referred to the fact that it
was still the same material. As previously noted, this would seem to be
indicative of qualitative, as opposed to quantitative, iden?ity;'qualicative
1dehtity‘is present in the thoughtuof the preoperationai:child (Piaget, 1968;
DeVries, 1969). ' - . |

Lister (1972) pretested 115 educable ?etardateé on‘conservation tests
relating to the concepts of number, substance, distance,‘iéggth. weight,
vﬁlnne, and area. ?1fty-one of “these subjects, all of whom demonstrated
non-conservation on ;t least two of the conéepts, participated in the

[

induction phase of the experiment, These subjects were divided into three

K

Foa
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groups; in each group two aubjedts were non-conserVera‘on all of the preneats,.-- o
two more demonstrated number, substance and length conservncion and'nine . o~
pfailed the area and volume tests only. One group was’ trained on conservation

on all concepts, the second group received training oh,the ‘conservation of

area only, while the third group was given practice 1€?reading. The 1nduc£ion
technique - for each concept trained includéd (a) the giving of examples of ‘

acceptable explanations, (b) verbalization of the reasons for conservation -

in conjunction with observation of materials, (c) the usé of external

criterid, and (d) the object-bound form of inversion reversibility. The \{
posttests, administered one week and two 'Eonths after training, included.
tests of each concept with new materials and tests of inequality for each
concept in addition to the tests of the pretest. Comsidering the basic

' procedural similarity in all conservation tasks, however, it is doubtful
whether these additions are sufficiedt to provide a true-test of ﬁhé
generality of the acquisition (Inhelde and ginclaif; 1969). This question

is of special importance, since the induct procedures were very detailed

LY
,

psuedo—learning or logico-

and 11dit; hence raising the issue of wheth

math 1 1earnin£‘had taken place. Fifteen the 17 subjects in both

experimentai groups demondtrated conserva;ion resp ingdin every situatién
on both posttests. The remaining.4 subjects in the \two experjmental groups
faiied to give any Andication of conservation on any the poattestlitem;;
these were the adhe 4 gubjects who demonstrated total non-conservation on

" the pretests. Finally, not a single subject in the control group manifested
an increment in conservation performance.

. F - .
In conclusion, all three investigations attempting to induce further

progress in opérational development were successful in inducing conservation

I
.
‘ ¢
£ . .
. .
! S i \‘ . .-
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of volume (Lister, 1969, 1970; 1972y. However, because the intervention

{1\proceduren'in all three studies 1 ed.é&plicit training on correct‘judge-
mentafﬁnd ade;uaté explanation {s debatable whether or not formal opera-
tional thought had been inculcated. As was the case with our review of the
normative~descriptive studies, the evidence demonstrating formal operational
thinking in the MR is inconclusive, At the same time, however, the evidence
for arrestation at periods more.primitive than formal oper;tional thinking

was substantial,
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" APPENDIX B .
: >~
. " 'SUPPLEMENTARY ANALYSES

: I; the present section four additiomal analyses will be presented: :the
first'anélys;hiis a furgher test of the experimental hypotheses; thé last
three &niiyhaa were provoked by the revief of the literature and/or test
the validity of gome of the assunptions made 1; the design of the experiment,

Subjects trained during the induction phase

The analysis of the judgement data collected during the induction phaae
indicated that the training procedures were differentially effective in
leading to correc%kjudgements £or;Pubjecta in the experimental groups. Only
8, 5 and 6 subjects of the N "YMR, and OMR experimefital groups respectiVely

7
gave correct judgements to all three questions on two or more of the craining

trials. It can be argued that generalization to the operational tests on the
posttests would only be expected from those subjects demonstrating correct

\ R
judgements during the induction phase. Consequently, the following analyses

compare the posttest performance of the experimentalﬁsubjects giving three

correct judgements on at least two triﬂis during the indUction phase (hence-
forth these subjects will be called trained subjects). The proportion of
, ,

trained subjects manifesting operational.performance (Stage 1I or Stagé II1)

on the posttests is reported in Table D. With yeference to Table D, it can

INSERT TABLE D ABOUT HERE &

be seen that only twu‘coﬁparisons attained significance.

The superiority of the YMR tr;iLed subjects over the OMR trained subjects
(p = .06) on the substance conservation tests administered on E eat'II
was in the direction pré;icted by the hypothesis. However, since th; per-
'fornancs of the E_trai?;d subjects was not significantly different from

that of the YMR or OMR groups, the hypbtbesfn\;:at age would be inversely

related to the power of equilibration is not c g}rmed. The second significant

¥
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TABLE D

Proportion of Experimental Subjects at Stage IT or III on Posttests
UL

QR
Test Day
Posttest I Posttest II'
& Conservation of Substance
] N MR OMR N R OR
N .13 N .13
YMR .20 YMR .60
- OMR. A7~ OMR * .00
Transititivity of Substance and Conservation of Number
N ™R OMR N MR OMR
‘N .63 N VE
MR .40 MR .40
OMR .17 N OMR *% 00
Conservation of Weight
N YMR OMR N YMR OMR
N ) .13 . .13
™R .00 .00
aMR \H\.OO .00

Note. - Along the diagonal

Stage II or III in

of

significant in the

were ?laced at the

the

*p

that'group. If

diagonal.

.10

*kk P

.01

of each matrix the proportion of subjects at
each group is reported at the intersection point

the comparison of two different age groups was

point of interséction of these two groups below

predicted direction, the asterisks for s{g?ific;qke
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compafison. the superiority of thely_trained subjects over the OMR trained
subjects on the combined conservation of number and transitivity of substance
tasks of posttest II, ngain.w:s in the predicted direction. As such, the
results of the preceeding analysis with trained subjects supports the conclu-
sions of the analysis based on the total group of experimental subjects
which also indicated that the N group was superior to the OMR group on the
combined transitivity of substance and number conservation tests of posttest
I1.' The aﬁ;lyszﬁ of thé perfﬁrmance by the total groups on these two tests
also showed significant differences on posttest I1: the N experimental group's
performance was ‘superior to the performance of both the YMR and OMR groups.
The failure to find a similar pattern of significant differences in the
analysis of trained subjects provides further support for the suggeation
that the training procedures were not solely reaspongible for the gains made
on the posttests. )

In comparing the number of appropriate éxplanations offered by the trained
subjects in each group it was-found thagrnb difference existed on any block
~ of tests on any of the test days. In comparing the‘number of appropriate _’///////
explanations offered on the substance comservation tests, there were no
significnnt{ﬁifferences among the thr?e groups on the pretest (H = 3,35,

> .10), on Posttest I (H = 2,58, p> .20) or on Posttest II (H = 3.35, p> .10).

On the transitivity of substance and comservation of numbéf tests, the
performance of the three groups did not differ on the prétest (B = 2.26,
P> ‘3_11_gggftest 1 (H= 1 22 p> .50) or on Pos::est I1 (H = 0,54, p> 70). .
The finding that the three groups of trained. subjacts did not differ signi-

ficantly in the explanations offered is congruent uiﬁp the results of the

.comparisons {nvolving the total group of subjects. As such, the same



Y 102

conclusion is valid, viz., that the training procedures did not differentially
effect the explanations offered on the posttests.

Correspondence between correct Judgements and explanation categories

As ‘was mentioned in the_raview of the literature, difficulties are
encountered in defining just what categories of explanations should be called
appfopriate. Since explanations are dependent variables of the ﬁ;ture of
the coguitive structure (Brainerd, 1972a), the procedure uséd to define
appropriate categories is of some importance. In the present experiment,
appropriate categories of explanations were determined by assessing the
degree of correspondence between the explanation category and correct judge-
ments. The validity of this procedure js based on the postulate that correct
judgements in the various Piagetian tests are sufficient evidence Eor the
presence of gg_operational structure. g

The data used in thé definition of appropfiate categories were the
pretest judgements and explanati&ns of ali experimental and control group
subjects and all subjects demonstrating stage 11 or stage III functioning
who were administered the complete pretest. The following prgﬁedureruaa
used in the determination of appropriate expladhCIon categories: (33 The
number of explanations acconpanied by correcé or incorrect judgements was
calculated for each cateﬁory of explanations. A separate analysis was con=
ducted for each of the judgement questions on each concrete operational test.
(b) The number of explanations accompanied by correct judgements was
contrasted to the total number of explanations using the Binomial Test

(Siegel, 1956).As the judgement questions were of a dichotomous nature,

the value of P and Q viEKQ:t at .50 in the expression:

< .
\’ “

™
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ﬁ:* #—x )
p(x) = “x! (N-x)! P

where: p(x) is the probability of obtaining the observed nhmber-qf
. correct judgements;
X 1is the number of explanations accompanied by correct judgements;
5,1; the total number (correct and incorrect) of explanations;
P 1is the proportion of explanations that would be associated
with correct judgements by chance;‘
Q 1is the.ptbportion of \explanations that ;ould be associated

with incorrect judge%fnta by chance. -

Inspection of Table E, which reports the proportion of explanations

INSERT TABLE E ABOUT HERE

associated with correct judgements for each of the judgement questions,
1nd1c;tes that neither a logical criterion alone nor a statistical criterion
alone can adequately define what categories of axplanation should be con-
sidered appropriate. A statistical criterion would probably lead to the
conclusion-that the no perceptual deformation category should be’ considered
as one of the appropriate categories. This category was assoclated with -
correct judgements 78 perc&rt of the timé it was used on the cénservation
tests; furthermore on the fivae occsaion'l that the explanation was l&d,

a sufficient number of times for a statistical comparison, three ;f %he
analyses 1nd1catea it wvas associated with correct responding above a ch&ncg\\h
level (p< .10, two €giled comparisons), The definition of the category

(refer to Table 2) suggests that the high correspondence with correct
responding is due to the fact that the subject belteves that the physical
trannfornntibn will not lead to a perceptual change; this is supported by

the fact that this explanation was used almost exclusively on theﬁﬁte@ietion

phases of the tests, not on the transformation phases. Clearly this
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reciprocity category is logically sufficient to

; explanation categ;ry ref ;cta ptéoperaﬁional thinking;.
-On the other hand, F
be included with the éﬁpropriate categor;es (Piaget, 1?fba). In the present
study, rnciprocit§ reJ reibility was scored when the subject (1) mentioned
both of the‘relevapt d puiona or (b) mentioned one or two of the relevant
dimensions plus the ided of compansatioA. This definition of reciprocity
reversibility is in accqrd with that used by Brainerd (1972b). It is,

.
T3
however, stricter than that used by Brainerd (1972¢); in that experiment

reciprocity reversibility was scored when the subject had reference to only
one of the dimensions (e.g., This one is wider than this oma.). In the
present experiment the explanations;ueferring to one dimension only were

Q

acored as "perception”.- On the othgx hand;.the scoring of reciprocity
o \,

————

reveréf%ility seems less strict than iﬁi;\sj%ically used by Piaget (e.g.,
1970a); Piaget typically requires the gsubject to include the implication of
compensation between the two dimensions. With reference to Table E, it

can be seen that reciprocity reversibility as scored in the preseant expéri—
ment did not relate-;ignificantly to correct judgements.

Piaget's (e.g., 1970a) analysis of the transitions occurring in
conservation péf?orm#nce'auggesta(that having reference to the two dimensions,
without the idea of compensation, may only reflect a level of thought |
transitional‘b;tueen preoperational and operational thought. Thus the lack

v of association between correct judgements and reciprocity reversibility

explanations may be due to the fact that the definition of the reciprocit
reversibility did not necessarily require conhrete operational thinking; if
such is the case then the definition of reciprocity reversibility is ﬁot

consistent with Piagetian theory. This possibility was investigated by
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\ .

examining the 84 expiinationa originally scored as reciprocity reversibility.

It was found that this catégory could be.further divided into three ¢

categories: (a) Empirical Prediction:5‘jxplanationa offered in the pre~
N -3

! diction phases of the,cohservacioﬁ‘tests which are of the £3rm "the water

i)

will go'ﬁigher in that one (e.g., cylinder) because it is narrower than

that one (astandard glass). (b) Two dimensions: explanations given in either

the prediction or transformation phaéh which had referemce to the two
dimensions (e.g., that one (cylindex) is narrower and télier than that one

stan@ard glass); or the water is narrower and higher in that one (cylinder)
than that one (standard.glass). {(c) Compensation: explanations given in
either the transformation or prediction phase implying compénsation between
the two dimensions (e.g., that one (cylinder) is narrow and tall and makes
the water go up high, but that one (standard giass) is wider and shorter);
of explanations referring to the invariance of the.amount and mentioning one
or two dimensions (e.g., they are the same amount of water, 1ts‘jusc that
oae‘(standard glass) is wider).

The empirical prediction explanation comprisgd 11 percent of the total

_ number of reciprocity reversibility explanations; all empirical prediction

explanations were associated with incorrect judgements. The association
with incorrect judgements was significant (p = .004, Binomlal Test, two

tailed comparison): The two dimension explanations comprised 51 percent

of tﬁe total reciprocity reversibility explanations. Of the total number
of two dimension explanations given, 25 percent were associated with correct
judgements. The two dim;nsion explanation category was alsc significantly
associated with incorrect judgements (z = 3.17, p = .002; Binomial f;st.

two tailed comparison). The compensation explanati&ns comprised 38 percent
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of the total reciprocity reversibility explanatioms. bf the total number of
compensation explanations offered, 58 percent were accompanied by correct |
judgements. - fhe association of the compensstion category with correct
judgements was not aigni‘i ant (z = 0f87, p = .38; Binomial Test, tﬁo
tailed comparisom). |
With regaid to the reciprocity reversibility category of explanations;
then,’fgﬁwould appear that even though this type of explanation may appear as
a sufficient basis for conservation, the statistical relation between the use
of this category and correct judgements does not bear this out. Eve&iwhen '
he reciptocity reversibility category was more congruent with Piaget's
(e.g., 1970a) definition of this category - i.e,, as implying compensation -
the stntisfical relation to correct judgements failed to exceed the chance
level. °
In the present study, categories of explanation were deemed appropriate
" ~or inappropriate on a joint logical and statistical bases. First, the
explanations of a category deemed appropriate‘néeded to be accompanied by
correct judgements on approximately 70 percent of its occurrences. Second,
given the literature on concrete operational thought, the category needet
to be congruent with these writings to the extent that it did not reflect
preoperational thiniing. Two explanation categories appeared to meet these
criteria for .the transitivity of substance task (comparison ;nd logical
necessity) and five explanation categories appea;ed to meet these criteria for
the conservation tests (logical necessity, inversion reversibilt}yf identity, -
second invariant and counting). }
Appropriate explanations of stage II and III subjects i

The complete pretest uis administered ‘to 16 N, 15 YMR and 29‘§§E subjects,

who proved to function at stage II or III om at least one of the tests. In
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the present section, the number and type of nppropriaté explanations ﬁaed by

these concrete operational subjects are contrasted to investigate the

poseibility that even though all had demonstrated concrete operational

thinking (by a judgement criterion), the structures of the YMR, OMR, aed_g

subjects may be of a different nature, '

The Kruskgl-Wallis one way analysis of variance test was used to contrast
the number of appropriate explanations offered by the‘concrete operational
subjects from each age group on (a) the transitivity of substance, (b) the
conservation of number, (c) the fth/SEEZfance conservation ‘and (d) the
conservation of weight tests. Only the tests on which the subject ;;tained \ i
the Stage II or 1II criterion were used in the analyses, The Stage II and
1I1 subjects were combined because of low frequencies. There was no signi-
ficant difference in the number of appropriate expfdnations offered by the
concrete opera:ional-shbjects from each age group on the transitivity of //’—‘
gubstance test (H = 2.92, p> .10), the coqe;:vacion of number test (H = 0.51,
p> .30), the combined five conservation of substance tests (H = 0.45, p> .80)
or the conservation of weight test (H = 0.28, p> .10). !hut there is no
difference in the total number of appropriate explanations offered by the
subjects manifesting opé;:;lonal thought in each of the age groups.

The poss;bility of diff;rencel in ﬁha categories of explanations used
by concrete operational subjects from each age group was investigated by
comparing the number of explanations offered in each of the categories

defined as appropriste. The "H's" resulting from the Kruskal-Wallis one

wvay analysis of variance are pttiﬁﬁted in -Table ¥, With reference to Table P,

INSERT TABLE ¥ ABOUT HERE

~
-

the only overall comparisons to attain significance were in the use of the

4
-
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TABLE F
. Az
Value of Kruskal-Wallis' "H" in comparisons of Categories of Explanatfgnn

Used by N, YMR, and OMR Concrete COperational Subjects

Test(s) Comparison Logical Inversaion Identity Counting Second
Necessity Reveraibility Invariant
T
Transitivity 2.92 0.15 !
of - :
Substance

Conservation
of
Number

6.60%% 1.82 1.28 0.83 -

Conservation
of

Substance

(5 teats)

5.00% 1,08 1.53 - 0.13

Conservation - 0.95 0,55 - 2.84 - 0.60
of
Weight

Note. - Values of "H" aﬁf/no: corrected for ties, All comparisons were two

__J o
tailed.

* p .10

*® n .05
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logical necessity cntcgory'on the consetvniion of number and the consarvaﬁion
of substance tests, Paired éomparisons of the N, ggé. and OMR groups on their
use of the logical necessity category on the conservation of number test
indicated that the OMR group used significantly more logical necessity
explanations than the N group (:'- 2.32, p = .02, two tailed comparison) and

* »
the YMR group (z = 1.71, p = .09, two tailed comparison). The N and YMR

/_'—_/

groups did not differ (z = 1.32, p = .19). The paired comparisons using
the Mann-Hhitnay/;hst on the conservation of substance tests 1nd1ca£ed that
while :ﬁ% OMR group used significantly more logical necessity explanations
than the YMR group (z = 1.65, p =~ .10, two tailed comparison), there was
no significant difference in the use of logical necessity explanations
between the N and OMR subjects (z = 1.37, p = .17, two tailed comparison)
or between N and YMR subjects (z = .03, p = .98, two tailed comparison).
Logical necessity was scored when the subject stated that the quantitative
property of concern was the same in response to the "more! and ''less”
judgement questions. (If the subject responded with "they're the same"
explanation to the "same" judgement question, the explanation was scored as
a tautology). The logical gxplanncion category probably:required the least
verbal effort as measured by the number of words needed to express che‘
5 tic content'of the idea. Hance, the more frequent use of the logicni
necessity category may reflect a more limited verbsl ability on the part of
tha‘égg suﬁjects. However, it should be notnd‘that there was no significant
difference in the u.; of the other explanation categories, even though they
teanded to require more words.

Sequences in Acquisition of Conceptual Skills

, In the interpretation of the results of the present experinndi. it wvas

REP R I,



117

e
assumed that some conceptualllkilla ware acquired before others. Specifically,
it-wan suggested that transitivity of substance and conservation of number
were acquired prior to substance consarva;ion} which in turn was acquired prior
to weight conservation. The present a;;lysis is directed at examining this
postulate. ' .

The datum for the analysis was the stage clasaifications for each test
(I, II or III) for the 16 N, 15 YMR, and 29 OMR subjects demonstrating
atagexil or III perfofmance on at least one test of the pretest. The per—
formance ‘of each subject was ordered according to the stage attained on each
of the eight tests. A Friedman two way analysis of variance conducted on
the ordinal data indicated that the tests were of differential difficulty
(x 2_ = 59.13, df = 7, p <.001).

_ Comparisons of the individual pairs of tests were conducted using the

sign test (Siegel, 1956). In comparing pairs of tests using tre gign test,
only those pairs on which the subjects obtained different levels are included
in the analiail; comparisons involving tied ranks are eliminated from the
analysis (Siegel, 1956). 'Consequently the proportion preuen:ed.in Table G'
are bas7€;on numbers of different magnitudes. The proportion reported in

Table C were conducted by the formula:

Number of subjects obtaining higher level on test reported along top axis
Total number of subjects showing discrepant. performance on the two tests

INSERT TABLE G ABOUT HERE

As can be seen vith reference t; Table G, (a) th5 pﬁrfornance on the
Eranlitivity of substance test wvas significantly -upefior to the performance
on &11 the other tests. (b) Similarly, the performance on the coaservation
of number test was superior to that oblerv;d on all other tests, except for

the transitivity of substance test, (c) There was no significant difference
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in the performances on the five -substance conservation tests; therefore they

are probably equivalent in diffiéulty. And (d) the‘pqpform:nce on four of

the five conservation of aublflncp tests was superior to that obtained on

the conservation of weight test; the conservation of substance (cylinder)

and cohservation of weight comparison failed to reach significance (p = .17).
In summary, the stage data would aupﬁort the postulated order of acquisition

of transitivity of nubntancez conservation of number, conservation of

substance, conservation of u‘ight. Houu;et. since not one of the proportions

1s equal to unity there is little justification for assuming that the

above astated sequence is an invariant one.
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