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ABSTIACT

Piaget's theory of intellectual growth
describes the child as the architect of his own
thinking, The child's initial thought patterns are
perception-oriented interpretations of the surround-
ing world. As his experiences continue they are
transformed internally by the child's previous
storage level of understanding. This introspection
leads to a gradual but spectacular change in the
basis of thinking, there is a move from semilogic
to rationality. Yach act of understanding involves
an element of invention which has had neo existence
befoere either in the extermal world or in the subject's
mind. The concept of invariance is central to Piaget's
theory. It concerns the individual's recognition
that a change in an external dimension does not imply
a change in quantity unless something has been added
or removed,

The fieldwork sectien of this study provides an
examination of some of the known necessary conditions
for comserving behaviours. The New Zealand sample
followed the pattern outlined by Piaget; many young
subjects were included in the group of non-conservers,
a middle group of borderline conservers were more
likely to comnserve quantity than volume, and the third

group of subjects were assured conservers and included
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fewer younger subjects in their number. These findingsa
are used to illustrate some aspects of the current
literature on the necessary conditions for invariance.

The echild, who has access to a wide range of
recognizable operational variety in his environment,
whose experience has undergone some internalized
ordering, who has confidence to explore his world,
whose present equilibrated structures can make an
adjustment to a mismatch, is likely to develop
conserving behaviours., The significance of the
semiotic function rather than the specific dominance
of language is discussed in the study. Piaget
recognizes the extending role of language but
demonstrates that invariance can be established
without language but not without operaiions.

The suificient conditions for conserving are
not yet definitive, they do arise from the child's
active involvement with his environment. The present
studies are based on post hoc explanations concerning
particular aspects of invariance. The concept is a
comprehensive understanding but the current measures
are centred on specifics of the whole. Some of the
sufficient conditions inciude the preliminary
recognition of permanency of objects which contributes
to the identity element in conservation, identity and
equivalence by compensation and reversibility are the
accepted (sufficient) conditions for invariance in
contemporary terms.

/The final



(iv)

The final section examines some of the
implications for educators. Teachers have the task
of providing individual children with operational
challenge. The failure of many studies which attempt
to influence a child's conserving responses by language

and opevational training is salutory.
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PART I 3 THEORETICAL BACKGROUND

"The ability to conserve, which is acquired as a
result of the decentration of the child's attent-
ion, is supported by three types of operation
which are sometimes explicitly expressed in the
child's justification of his response :
reciprocity, negation and identity."

(Ginsberg & Opper 1969)

(A} Purpose of this Study

This investigation is concerned on one hand
with a brief appraisal of Pliaget's theory of
conservation and on the other with the analysis of
responses to the conservation tasks from a group of
Maori and Furopean children. These children were
enrolled in junior classes in the Wanganul area.
This survey was part of a cross cultural study on
the acquisition of conservation concepts undertaken
in association with Prof. Murray, University of
Delaware (1963 (a)).

The study is based almost exclusively on
Piaget's theory of intellectual developmemt, as
'conservation' is a section of that general theory.
The views of Chomsky (1968) who argues for the
innateness of intellectual structures, Brumer (1960)
wvho emphasises learning by discovery and Elkind
(1969) who has restated some of Piaget's thinking
on invariance, will receive some recognition.

There is a vast amount of recent research on

the topic of conservation. Most researchers endorse
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and amplify Pliaget's ideas and a small number are
using these constructs as a springboard for future
refinement.,

The initial purpose was to pinpoint the
behavioural landmarks which contribute to the
acquisition of conserving behaviour., Later the
route moved from an examination of sufficient con-
ditions for conservation to a statement of some
necessary conditions for this behaviour. The

following questions gave the direction of the work,

(1) KECOGNITION : how does the child recognise
that a situation exists; in
this case to conserve or not
to conserve”?

(2) AREA and : once the field for action is
BOUNDARY in focus, how does a child

decide what situations arvre
concerned with conservation
and what are not?

(3} EXTENSION : when a conserving situation
is actioned, how does the child
generalize these ideas into
wider situations?

(B) Conservation

"Conservation has thus to be conceived
as the resultant of eoperational reversibility".

(Piaget 1971)
_¥When Crick and Watson were unravelling the
structure of the DNA molecule they were continually
baulked by the disparity between their interpretation
of the data available and the evidence from infra-red

photography. The classroom setting provides a daily
parallel to that puszzle. 1In all Junior Schools there

/is a
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is a continuous stream of response patterns based on
the pupils'! developmental stage. The difference in
thinking patterns ranges from those pupils who can
provide rational grounds for some of their judgements
to those whose thinking is largely dominated by the
appearance of things. Conservation is the Piagetian
term to describe the premier milestone in the develop-
ment of logical thinking; it concerns an operational
process of the mind, There is a gradual emergence of
an understanding that certain aspects of a changing
condition are unchanging despite those changes. It
is possible to describe children's thinking in terms
of their ability or inability to conserve. The study
of this change in perspective has given rise to a
vast literature of theories and research projects,
but the dymamics of the change still present an
enigmatic shadow of the reality.

The route between operational and logical
thought is, in large measure, controlled by the
individual's ability to conserve. The changing basis
for decisions is not clearly marked or irreversible
in the early stagesy the kinetic charge comes from
the childs own activity. There is a time of
hesitation but once the ability to recognise the
invariance is established for that particular context
there is no return to the illogical bases which gave
assurance to previous judgements.

Conservation is an individual and universal
development in man's thinking. The Geneva school
stresses several important elements in this growth.

/It is
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It is the outcome of an extensive action-reaction-
modification circuit. TFach individual manufactures
his own pattermns of thinking; they do not arise from
the environment or in a void, but their construction
stems from earlier patterms. The elaboration of these
patterns may extend over many years,

"The process (of conservation) is

completed by about the age of seven

and is then followed by an equally
long process of structuration.”

(Barbel Inhelder 1969)

The patterms are not regarded as fortuitous, but their
growth is governed by particular laws at specific
times,

"it is more difficult to order

serially, to equalize objects whose

properties are less easy to dissociate

from one's own action, such as weight,

than to apply the same operations to

properties which can be objectified
more readily such as length."

(Piaget 1958)
The dynamic for these developments issues from the
thought patterns themselves., As the structures become
more elaborate their framework demonstrates an incomplete
reconstruction of reality, so that the individual is

compelled to formulate a more sophisticated construct.

(i) Man and Environment

Piaget refuses to separate man and environment
since he views one without the other as an ineoperative
situation. The growth of intelligence is concerned
with the active comstruction of the individual as he

/lives
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lives in the process of his development
"eeedit is the constant duality of
always being simultaneously structur-
irg and structured that accounts for

the success of the notion of law or
rule employed by the structuralists."

(Piaget 1971)

(ii) Logical Structures

The magnitude of observation and experiment
from Piaget's worlk supports his belief that logical
structures are constructed, They take many years to
mature, their construction is controlled by a network
of special laws, and this construction always initiates
further learning.

The blueprint for conservation begins in sensori-
motor intelligence. There are a limited number of
reactions already present at birth, They include sucking,
looking, listening, vocalising, grasping and motor
activity of the trunk and limbs. These activities do
not emerge spontaneously at birth. Their presence at
the pre-natal stage has been well documented, including
a recent Auckland study by Prof. Lilley (Massey lecture
1970). The reactions are not a selection, in miniature,
of the range available to the individual throughout life.
They are the prime components to be specialized and
differentiated through the activity of the individual
and his enviromment. This notion of complex trans-
formations developing from a limited initial system is
not unique to logical thinking as it is shared by other
studies. Ashby's (1952) "Design for a Brain",

/G. Walter's



G. Walter's study of brain patterms, and the term
'regulation' in the area of cybernetics have a
similar basis (Furth 1969). Piaget terms these
initial structures "general co-ordinations of
actions"™, Their significance is mot that they are
innate but that they become differentiated by

functioning.

(311) Structure-function route

The rhythm of structure development has a dual
structure-function and control. The functional factors
are assimilation (an action is actively reproduced and
may include new objects into itself) and accommodation
(applying schemes of assimilation in modified way to
other objects]. The structural elements include certain

ordex relationships, the subordination of schemes from

simple to complex and the production of

correspondences. (Piaget 1971)

(iv) Structural elements

It is not until quite late in sensori-motor
thinking that there is evidence that the child is
capable of seeking an object when it is no longer
present or he may be able to use some part of his
environment to cause a reaction. Piaget describes
these actions as resulting from a co-ordination of
primary assimilation schemes.

".secertain equilibrated structures,

those that make for a modicum of
reversibility become established."

(Piaget 1971)
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To play hide-and-sesk or peek-a-boo is a pre-
requisite for the award, 'permanency of objects'.
Uzgiris and Hunt (1968) have developed

".ee2 clear ordinal scale of

behavioural landmarks in this
development of object permanence."

(Flkind 1969)

The child now possesses some primitive appreciation
of the logic of order, inclusion and correspondence.
This 'early' conservation may show a tendency to
appear and disappear but the schemata persist longer
and stronger as the perceptual encounters are increased
and multiplied.

".solike the point in a gravitational

field around which actual and potential
acts of knowing stand in equilibrium."

(Furth 1969)

The child's order relationships are totally immersed
in sensori-motor schemes, his sub-ordering schemes are
implicit and his correspondence activity is primitive.
His goal-seeking and detour behaviour sets, give
examples of the beginnings of reversibility in thought.

Representational thinking appears during later
sensori-motor development ami as the child's growth in -
imagery, speech and symbolic play increases he reaches
a new frontier of both power and bewilderment.

"The child may be able to think of something

but it does not by itself give him the means
to comprehend the object.®

(Furth 1969)
The ability to represent ideas permits the development
of reflective abstractions. As pre-operational
development continues the child shows an inereasing
ability to order and rank. His subordination schemes

/are more
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are more refined so that there is a distinct class-

ification, his correspondence schemes may include

one to many, one to one, or copy to original.

Inhelder describes this as a time of 'semi-logic'.

The notions of function and identity are present

but the ability to think reversibly is yet to come.
"A true notion of conservation is a

construction that rests on a fully
reversible system of knowing."

(Furth 1969)

Conservation presages the onset of concrete
operational thinking, and development is continuous
until thought patterns are extinguished. The route
began with object permanence and progressed by
transformation activity to operational knowing. The
child is now able to order materials with an
appreciation of reversibility in relationships;
subordination schemes are more complex and correspondence
schemes include semi-networks., There is an assurance
in the child's response to the invariance of quantity
regardless of the external arrangement because he is
able to classify and to reverse operations mentally.

fpiaget contends that a correct

Judgement of conservation is the

result of a compensating trans-

formation."

(Furth 1969)

Concrete operational thinking, in Furth's terms, has
a double emphasis. Ile names the groupings as 'a
hierachy of classes' and 'a grouping relations'.
At first they are the separate systems and there is
reversibility in both systems but as the groupings
extend and interweave the thinking patterns become

formal op.r-.tionll. /(V)
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(v) Equilibration and Conservation

Piaget designates four factors in intellectual
growth. Three involve the individual as a receptor.
They are maturation, experience and social transmission.
The fourth factor,equilibration, concerns the
individual's response to the first three. This is the
self-regulating mechanism which conducts the balance
between the twin functiomal factors, assimilation and
accommodation. The processing of new information and
its incorporation as part of the individual's new
mental structure results from equilibration. It
concerns regulating and organizing schemes towards
operations.

The term has a similar set of properties in
biology and in cybernetics, where it is used to
describe processes with feed back and feed forward
qualities,

"The concept of equilibration implies

not only a constant development from

less to more stable stages of

equilibration but precludes the notion
of a static beginning or end product."

(Furth 1969)
The development of comnservation results from a
continuous network of equilibrations, not all of these
proceed in a positive direction, some equilibrations
preserve the status quo, others halt development until
some irregularity of fit causes the individual to re-
assess his earlier decision. The route is an individual
specific one, but the direction is always 'toward order
rather than chaos' (Inhelder 1955). Furth stresses the
dynamic of equilibration when he describes the struggle
for 'compensating mechanisms 'yy which children in the

LIBRAP
MASSEY UNIVERSIT /transition
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transition stage toward reversible operations, seek
to order their understandings. They cannot recognize
an incongruity until their present level of thought is
'sufficiently receptive to the need for stability!'

(Furth 1969).

Figure A DiagRAMMATIC, REPRESENTATION of |NVARIANCE,
UNPREDICTABLE CONCRETE hOGICAL
CHOICES DPERATIONAL —fp- OPERATIONS

THINKING
CON'sER.VAnoN
I
NON -REVERSIBLE ———— l Tesr ; REVER SIBLE
THINKING \ i ' THINKING
\
EQUILIBRATIONS r E&D!usm-nous
PRI
SENSORI- / \EQGTABLL
MoToR, THINKING OUTCOMES,
¥orld of Things ¥orld of Ideas

Piaget's concept provides an interpretation for the
intrinsic form of causality within a total organism
and an organizational law te explain the growth of

thinking towards logical operational thinking.

(p) R H

"To divide developmental continuity into
stages recognizable by some set of
external criteria is not the most profit-
able of occupations, the crucial turning
point for the begimming of operations
shows itself in a kind of equilibration
which is rapid and sometimes suddem, which
affects the complex of ideas forming a

single system and which needs explaining on
its own account..."
(rPiaget 1950)

/Piaget
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Piaget develops the theme that although there may
be some similarity with the Gestalt theory the
transformations which ocecur, in fact, often re-
state the relationships in startlingly new ways.

The implications from Piaget's work for teach-
ing have not escaped the educations or the curriculum
'mandarins' (Marsh, 1970). There has been an
inmediate interest in the possibility of ordering the
encounters that subsume behavioural change and to
achieve some understanding of the 'ages'! at which these
landmarks could be expected,

Hunt (Elkind £ Flavell 1969) considers that the
traditional learning experiments provide examples of
the immediate effects of short-term encounters whereas
the effect of long-term encounters may be a more frult-
ful area to discover the role of experiencing in the
modification of behaviour. Hunt has examined the
contemporary attempts to encourage conservation and
his findings follow.

A. So far short-term encounters are seldom
effective (Gruen,Smedslund (many experiments), Elkind
and Flavell 1969), There are particular cases where
there has been an effective programme. These have
involved short-term encounters confined to particular
activities,

(1) Beilin, Gruem, Ojemann and Pritchard

have had success when the children
have been taught verbal rules. It
has been well established that the
ability to give verbal rules often
enables a high resistance to con-

servation responses. Bruner and

Inhelder have preduced similar find-
ings in some recent Harvard experi-

ments.
(Furth 1969)

/(2)
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(2) Smedslund's experiment involved
teaching addition and subtraction
as reversible intellectual
operations where one nullifies
the other.

(3) Beilin and Franklin found that
the transfer is better from non-
conservation to conservation when
some indication of concrete
operational thinking was already
present.

B. The long-term experiments give evidence that
experiences could influence the 'age' at which
behavioural landmarks appear. Success in this area
is dependent on the conceptions of cognitive structure,
of conflict and of match which arise from Piaget's
theory. (Xohlberg 1968)

Some successful long-term experiments include:

(1) Vacks, Uzgiris and Hunt (1967)
have worked with deaf children.

(2) de Lemos (1967) has researched the
culturally deprived children and
young adults. 1In this work ‘'long-
term encounter'! was contact with
European culture through schooling.
These children scored significantly
over their colleagues. In contrast
to this study, Mermelstein (1964)
working with Prince Edward County
negro boys and Goodnow (1966)
comparing schooled and unschooled
Hong Kong children, beoth found no
significant difference between the
schooled and unschooled groups.

(Kohlberg 1968)

However, both studies provide direct evidence in
support of long-term 'experiencing' encounters,
the Smedslund study (1961 - reprinted Sigel & Hooper
1968) also provides some indirect support.

Hunt has criticised the Piagetian studies
because they appear to test a particular area of
conservation and then accept a general finding.

/However
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However, the work of Laurendau & Pinard (Piaget 1970)
on geometry and spatial representation exhaustively
endorsed Piaget's findings on open and closed figures.
Smedslund has investigated individual performances
across a range of diagnostic tests of concrete operation
and so far he has not found a consistent pattern.
The landmarks are real but the routes are obscure,.

WVhen Hunt (Elkind & Flavell 1969) has examined
the inferences from these studies he makes the following
statements,

The landmarks of conservation may be said to
occur through long-term repeated encounters with
certain kinds of problem circumstances. The nature of
these are still indistinct but the elements of surprise
and spontaneous interest are worthy clues. The 'problem
of match' provides another signpost (Berlyme 1961,1965).
Hunt provides the lines of interest as;

(a) relevance to what child has already
assimilated

(b) the encounter can be novel but not
too strange

(c) they (encounters) should be
sufficiently complex to modify
existing understandings but not
beyond these limits.

(Elkind & Flavell 1969)
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PART IX H FIFLDWORK

(A) Description of the Work

Goldschmid and Bentler's 'Concept Assessment
Kit - Conservation' (1968) is the instrument Murray
has selected to examine the development of invariance
in young children. A group of children from an area
of the WVanganui Fducation Board are the subjects of
the New Zealand contribution to a cross-cultural study.
Murray's study (1968 (a)) is in preparation for
publication, and some relevant sections of the Vew
Zealand results have been made available for this
study.

The tasks of the Xit are derived fiom the taslks
Piaget has used to examine intellectual functioning.
They are representative of the class of abilities
concerned with mankind's universal understanding of
order and permanence. They are based on Piaget's
theory of development and are not concerned with an
examination of a body of acquired content. The kit
is an attempt to provide some measure of the specific
area of invariance.

The test designers believe that by establishing
standardised procedures for Piaget's tests they have
broken with traditional intelligence tests and provided
a measure which is clesely linked to theory.

*(1.0. tests) ... simply present an

agglomeration of tasks which empirically

have been shown to correlate with school

achievement and other indices of
intelligent behaviour®,

(Goldschmid & Bentler 1968(a))
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They are concerned with a general assessment of
mental development es well as a particular view of
a child's ability to understand and use abstract
concepts.

The criteria for test construction were to
provide the child with some interesting tasks that
would test his understanding of conservation, to
ensure that the tests would be easily administered
and marked and to make certain that the tests were
valid measures, Validity was established on the
premiss that the precesscs involved in these tasks
are the basic categories of intellectual functioning.
There are three forms of the test, two are parallel,
while the third measures a slightly different
dimension of conservation, including are@ and length.
Goldschmid and his associates liave subjected the thise
forms to cross validation and reliability tests.

The designers have used the forms in pre- and post-
measures of accelerated conservation after special
training techniques.

Piaget found a high positive correlation between
Stanford-Binet scores and the scores for conservation,
ile believed that the second group were more powerful
and fundamental. Goldschmid and Bentler (1968 (a))
have established a parallel between their test and
elements of the curriculum, the correlations for an
overall curriculum grade, using Forms A & B, is in the
order p< 001, as is the arithmetic score. The level
of correlation for social studies and science is given

as p< 01,
/Table
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TABLE A, INTERCORRYLATIONS OF FORMS A,B & C, Ne=ly3
Subject Forms A%B Form C
2% Items 12 Ttems
Growth in wvocab. . 32% + 08
Oral expression «J1¥ «21
¥ritten expression «35% = «05
HAandwriting .08 « 17
Arithmetic o 52%%% - JO¥R
Social Studies J2un «31¥
Science A2 « J1¥
Art & Craft « 30% <18
Music o1t « 12
P.E, _364 .!;,3;-!
All subjects comwbined Janexe +J3*
P<L 35
* ¥ p< «91

ey P< 001

These correlations have been raplicated by Goldschunicd
& Dentler (1968 (a) - p.13) , the test designers, in
other studies. Goldsmid (1967 )has also established
correlations of .49 with mental age, .31 with IO and

<40 with the WISC veocabulary.

(8) Eormat

The items of the Kit include two-dimensional
space, mumber, substance, continuous and discontinuocus
quantity, and weight. The format is based on Piaget's
studies. The -ubdcct_;- presented with a standard and
a variable stimulus. M are initially equivalent in
the perceptual and gqualitative sense. The subject is
asikked to confirm this judgement. The experimenter

/transforms
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transforms the variable in view of the subject so
that perceptual equivalence is lost. Finally the
subject is asked to comment on the equivalence between

the transformed variable and the standard.

(1V) square vV pyramid

"You have kept the same blocks and
made it into a staircase."

Gordon 6y m
The child's level of conservation is determined by
his comments on the invariance and his explanation for
hiis judgement.

The directions, procedures and scoring are simply
atated. The test is not exhausting for subjects or
examiner. The materials used include water, small cubes,
play dough and dried corn, The New Zealand teachers
completed & general information sheet about their
pupils. They were asked to assess their pupils, on a
five point scale, under the five headings reading,
general achievement, social adjustment, muscular
development and manipulative control., The last two
categories were sub-headed with qualifiers to assist

teachers with their ratings.

(c) Ihe Comcept Xit in Action

(a) Tasks of the Kit

The activities have been selected as examples
of the class they represent and they are expected to
provide children with an intrinsically motivated
experience. The responses of the subjects varied

/egreatly
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greatly in this study. Some subjects recognized the

pattern and proceeded calmly. Many of this greup did

not score, but they recognized the territory of the

exchange.

Other

'Ouiet, slow and deliberate.'

'A little more confident, tihought
about problems dwelt on them, didn't
rush at an incorrect answver as many
of the subjects did.’

*Very quiet voice - but not anxious.®

(E's comments)
subjects were bewildered by the situation.
‘I'ncertain - limited response.'

'Flashes of insight. Distractable.
Hervous. [frratic.’'

'Points - very tense,'

(E's comments)

Some needed assurance {from the adult before proceeding,

while

'j.ooks at examiner, rather than
task." '
(E's comment)

others seemed unaware of the exchange request in

a question,

'Puzzled by being asked, 'Why?',
obviously would prefer to leave it
without an explanation.'

'(vnry'-uch coaxing) Very reluctant
to speak.’'
(E's comments)

The general impression was that the tasks of the Kit

were not always intrinsically interesting for all

m’.ﬁt.-

It may have been the artifacts of the kit that

distracted the attention of a few subjects from the

/ judgements

Many enjoyed them, a few found them worrying.
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judgements requested, GCaudia (1971) comments that
the taslks of the Kit are probably common to all
cultures.

"Fluid levels are as horizontal in a

beer bottle as in a vase. I‘eversals

of perspective are as readily observed
in an alley as in a boulevard."

Tuddenheim (Gaudia 1972)

(b) T'ole of the Fxperimenter

The Kit has standardized procedures and clear
directions for examiners. 7The 1ole of tester and
teacher was sometimes confusing The subjects in
this study were tested in their school environs.

In many cases the children expect that the adults
they meet in these situations are likely to be
teachers. Yven the youngest subjects gave signs of
their already-established socialisation to school.
The majority of children accepted the interview
situation as an extension of school.

It was often difficult for the examiner to
maintain a neutral position. There is a wide range
of atmosphere change when subjects are conspicuocusly
successful with the tasks and when there is a lingering
silence between the subject and examiner. Sometimes
the subject's valiant attempts to make a logical
response tempted the examiner,

" esevavered - has nearly grasped this

concept, perhaps she had but can't
express herself."

Karen 6y 2m - Examiner
comment.

The test response is a verbal one, the focus is on

an intellectual operation.
/(e)
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(¢) The Voecabulary of the Test

Farly in the programmse the examiners discussed
the range of verbal fluency, the awareness of the
questions, the personality factors of the subjects.
It was unwise to expect that verbal fluency was an
indicator of success in test scores. Some children
were at ease in a verbal exchange while others were

visibly wvulnerable to the test procedures.

Verbal Instructions
Substance (P18)
(a) ‘'Now, is there as much play
doh in this one, as in that
one, or does one have wmore?!
Discontinuous quantity (P20)
(b) ‘iow, is trere as much corn in
this one, as in all of tlese
together, or does one side
have more?'
The examiner indicates the underlined words by
gestures, This may have confused some children who
gave their attention to the gestures rather than the
words. The key to success lies in the ability to
understand the question - unless the subject recognizes
the question he cannot score or explain his answer.
Lovell and Ogilvie (Sigel & licoper 1969) preferred to
use"'most" rather than the grammatically correct "more"
in their U.XK, study of conservation of substance with
Junier School children. At first, the examiners
attempted to explain the lack of verbal fluency in some

subjects in terms of their intellectual development.

/Further
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Further study of the responses will show that all
subjects prossessed the linguistic power to give a
positive response, but some subjects lacked the
operational knowledge to interpret the changes.
Goldschmid and Bentler (1968 {a)) make several

references to their efforts to neutralize response
sets in the kit. Sometimes the language and gestures
of the examiner did 1induce a set response., This
reaction involved tie examiner in a quick decision
whether or not to intervene by a shading of stress in
giving the instructions. It may well be accepted that
the child who is caught in a response set may be
demonstrating that his pre-operational mode of thought
is still dominant.

The correct answers included many examples of
the principles outlined by the test makaers,

'You didn't take any away so there must

be the same amount,'
KeCo Ty 2m

INVARIANT QUANTITY (Identity-Elkind)

'Same as the other, if you flattened it,
it will still be the same,'

REVERSIBILITY

'ess just because one's flattened out,
it doesn't change the weight.'

COMPENSATION
These three, invariance, reversibility and compensation

or equation of differences, are Piaget's constructs.
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PART IXII : RESULTS

"It was the same before and it's
still the same - it's just in a

different way."
Carron 5y 9m

The total sample for this study (N=276) are
pupils from the schools of Wanganui city and its
rural environs, The numbers are matched for urban
and rural living, age groupings, sex and racial
origin., S.E.S. ratings for further analysis have
also been determined., This last group was divided
between European and Maori. The category Maori was
designated by parents at enrolment. The category
European was applied to all other children who were
not Maori.

Within the sample there is a population of
Maori children (N=135). This represents almost every
Maori pupil enrolled in junior classes of the Wanganui

(Education) ecity and near areas at that peint in time.

TaBLE 1 CONSERVATION Scores
6ror | N | Aee Rance | O Q |RuraL Urean thJ&mﬂNCmEz:mimz
| |[40 |50 - 55(20 20020 21|19 I -T50
2 173 |66 - 50|39 34| 32 4 |35 37 | 22b
3172|160 - 65|46 2| 35 39|34 3¢ | 3055
A |51 166-6125 2|30 2 |2%w u | 392
5|40|70- 75|22 18] 20 20|19 9 | 5675
206 SrErbien
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The total conservation score shows successive
increases with the age of the subjects and this fits
well with the theoretical basis of the kit (Goldschmid
& Bentler 1968). The sequence of thought development
followed a predictable pattern. Many young children
were unable to conserve, the next group scored
erratically on some examples (usually quantity), and
the last group gave conserving replies in a determined

WaY .

FieurE B Staces v Conservation Responses

Weight 11 ball v pancake

O o
(a) E (b)

Q ¢ 'Now is the ball as heavy as the pancake
or is one heavier?

¥hy??

Stage | Answer -'(a) = because its round®
(N.T. 67 Blll)

Stage 2 Answver - 'Same? - just because one's
flattened ocut, it doesn't
change the weight.'

(Logks away from task to
think, )
(‘.s. 67 m)

Stage 3 Answer - 'Same - that one was a
ball you made it into a
pancake and you didn't
take any out.'

(LeLe 6y 3m)

(Concept Assessment Kit - Comservaticn)

Age does not necessarily indicate the ability teo
conserve, Piaget reminds us that individual subjects
move through the route at their personal speeds,

/Furth
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Furth (1969) itemizes the studies of several groups
of children who live in VWestern culture settings,
showing that the stages outlined above are well
established in their attainment of invariance,

The increasing scores in Table T are signposts
of the subjects' gradual release from the 'static
states' of the situation,

Y.eemost 5 or 6 year olds assert

without hesitation that each change

in form involves a change in the amount

of the water."

(Furth 1969)
The child, who understands the conservation principle,
signals that his structure of knowing has advanced to
that stace where he is able to review and adjust what
he sees, to what he understamds about the changes that
have occurred.

"...thus the perception of the external

transformation follows the ability to

construct internal transformations through
compensatory mechanisms."

(Furth 1969)
A second feature of the data for Murray's survey
(McAlpine 1972) was the negative significant difference
between the conservation scores of boys compared with
girls and also wvhen the scores of urban and rural
subjects were compared., The theoretical basis of the.
kit would enderse this finding. Goldschmid and Bentler
(1968) have been anxious to provide test experiences
that were not specific to boys or girls, and that
would interest both rural and urban subjects. The

subjects in this sample enjoy a geographic nearness
which does not allow of a marked difference in

/life-styles.
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life-styles, Many researchers have commented on the
different rearing patterns of boys and girls, The
New Zealand sample would illustrate this view, but
the Concept Assessment work provided experiences
which are not specifically more related to either
SeX.

The third outcome of this survey concerns the
differing scoring successes when Furopean and Maori

scores were compared.

TapLE O Comparison oF Maori anp Eoropean Scores.

Ace RanGe | Maori EuropeaN  |Hiswer Mean Dier. |~ £ - TEST.

Yy M Y. M. } -+ BB

E O =5 5 N,Ig N = 2! E o]}

5 6 - 51 26 7 E -

6 O-6 5 34 3% E go]

66 -6l 2% 2L E Nolell

0 - 75 19 21 E * 000l
2134 Zl4| |MMaon E:Eunpan

The difference between Maori and FEuropean children is
not only significant but becomes increasingly more
significant with increasing age and schooling.

(5yre - Tyrs 6mths).

Piaget has always emphasised the duality of man
and his environment, he writes of the structures of
knowing as belonging as much te man in society as teo
the society as shown in the man., There have been
numerous cross cultural studies to examine the
invariance patterns in other cultures (Sigel & Nooper

/1969
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1969 - Hyde (1959), Goodnow, Greenfield, Price
William (1361)). They point to some necessary
universal skills, particularly in the comnservation

of guantity. On the other hand there are indications
that some groups explain conservation in other ways.
This may be due to variables within the experiment.

The recent controversies on racial differences
have diverted many studies from examining the construct
validity of the tests. Gaudia (1972) believes that the
quesation of difference is unanswerable at present, and
that the focus should concern not a controversy on the
inappropriateness of the test for a cultural group
but the analysis of the test with the idea it represents,

The kit test construction has been well validated
by Goldschmid and Bentler (1%68). For the purpose of
this study the kit is accepted as the measure, and the
gcores of the Maori population are significantly
different from the Furopean group. The kit is concermned
with the logico-mathematical system of Western culture
and many subjects in this study may stand in anothor
culture or participate in two or more variations of
New Zealand life.

This population was matched as far as possible
with the Furopean sample for age, sex and soclo-economic
rating, although further analysis employing smaller
samples on a more closely matched SES basis is to be
carried out at a subsequent stage of research. Some of
the difference may be explained by personality and
perhaps language interpretations, but this group has
a particularly interesting matrix.

/The
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The historical derivation of this population
may provide a frame for the explanation of difference.
The subjects can be separated broadly into two distinect
streams of sociological change. One group has moved
irom a secure river tribal setting to the anonymity of
a rew suburb on the outskirts of a city. 7The land of
the homes has no tribal significance for many of them.
The second group live in a close rural community where
tribalism has been replaced by a prophetic imterpretation
of 0ld Testament beliefls. Both groups of parents have
experienced subsistence living., Their children are
living in signiflicantly different home circumstances
from that of their parents. Some families are nuclear
or solo, most relatives are visitors rather than
participants in the family. The play behaviour and
social transmission role of language are likely to
provide a variation from usual New Zealand patterns.
They may not experience the behaviours which provide
the enjoyment and novelty to wventure forward.
Furth (1969) refers to some of these patterns as
intellectual initiative, the grasping of instructions
and familiarity with similar problems. Unknown
personality factors which influence the development
of comservation further add to the complexity of such
study. Sigel (1969) stresses the lack of precise
knowledge about the experiences which contribute to
this growth in young children. Some work (Almy
Chittenden & Murray 1966) has shown that the con-
servation of quantity appears to be immune from school

/influences
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influences, whereas class-inclusion performance can
be influenced by programmes.

The fourth consideration in this study concerns
the relationship between the conservation scores and
the teacher ratings of their pupils. The teachers
were asked to provide some general information on the
subjects. They were asked to make an assessment on
a five point scale using the areas of reading,
achievement, muscular development and social develop-
ment. This was not part of the kit proper but it was
added to maintain control of the New Zealand sample.

All the teachers who contributed to this study were

European.,
TasLe T TEACHER, RATINGS
Ace Group |OveraLL TEACHER Asessment READING

MAOR.| EUROPEAN MAOR.| EUROPEAN
50 - 55| 3 3 30 30
56 - 5-l R I 32 -
60 . 65| 31 %9 5T 3-0
6b - U] B0 28 3-8 29
40 - 1-5| 293 28 3 H 29

Table IIT contrasts with Table II in that the teachers'
ratings of their Maori pupils is in contrast to the

scores of these children using the Concept Assessment

Kit. In Table II the European pupils score significantly
and progressively higher than the Maori group, but in

Table III the teachers have reversed this general

fﬁm.
/The



The mismatch between the teacher estimates of
the pupils' abiliities amd their conservation scores
may deserve some further examination., The teacher's
rating may represent a positive identification of the
chilid's personal development. The form may hold some
ambiguity for the teachers as it refers to the pupil's
progross but not to a ranking system. In this respect
the lower lHaori conservation scorss would not necessarily
be reflected in lower aclilevement sceres, or the
inconsiastency may stem from tha teacher's view of the
child from another culture, participating in an
ascoadant culture. There is also the pessibillty that
the tesacher's view may be superior to that of the
BSUTVeY.

"The teacher himsell may make an asseoss-

ment of the students capabilities. Iven

if relevant research was availablae, the

teacher must still perform such an

assessment since it is extremely likoly

that there are wide individual differ-

ences with respect to the understanding
of any concept at almost any age level."

(Ginsberg & Opper 1964)

There are other altermnatives to these arguments.
The teachers may be responding to the climate of race
relationships that is world wide at the moment. By
over-compensating for these differences they may be
accepting, unconscicusly, a different and lower
standard of achievement from the Maori pupils. There
may be particular personality traits which make the
Maori child a more responsive pupil and this racial
glow may obscure the real world of development.
Vhether or not any of these possibilities are appropriate,
the teacher's knowledge of conservation and the way in

J/which
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which this important landmarit heralds logical thinking
is crucial. If the programmes in action ignore the
variety of development in any class range the resulting

learning will be superficial,



PART IV : DISCUSSION

"T am reminded here of the hmunt for
the woozle in "Winnie the Pooh'.,"

Vohlwill-Pliaget's
system as a Source
of Fmpirical Tesource.

It is intended to focus this section towards two of
the initial three questions. One query concerns tie
child's recognition of an invariance situation, the
second secks some topographical knowledge of the
territory. These questions stom from a particular
view of reality, so to give a more balanced explanat-
ion it will be worthwhile to consider and contrast an
alternative to Piaget's construct, The next sectiomn
concerns Flkind's refinement of the term conservation
and the last section explores the relationship between
thinking and language. The three areas provide the

justification for the conclusions.,

+Extensive or Intensive Analysis
Piaget wrote the "Child's Concept of Number™

in 1937 and he was already emphasizing the focus of
his work, |

"eeeObviously, comservation, which

is a necessary condition of all
experience and reasoning by no
means exhausts the representation

of the dynamism of the intellectual
process, but that is another matter."

(Flavell 1969)
/As early
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As early as 1931 Lewin had developed a schema to
examine the formation of science concepts. lle
traced their beginnings to the historical giants

of scientific thinking. Lewin's view is that one
mode derives from Aristotle, the other from Galileo.

Flkind (Flavell 1965) has extended this
{ramework to examine two contemporary views of
concept development., The customary way of exploring
concepts by verbal definition arises from an
textensive' view of reality in the Aristotelian mode,
an alternative is the Plagetian examination of the
transformations that leave the exemplar a member of
the class. This 'intensive' view follows from Galileo.

These two views are compared by Flkind in terms
of essence, function and content of the concept of
invariance, This concept is examined as it is regarded
as central teo the development of logical thinking.

The Aristotelians explain the essence of a
concept in terms of the principle of similarity among
things, the other view, as represented by Piaget,
invokes the principle of identity and conservation.
These are not necessarily contrary views in fact.,
Elkind believes that they represent the reality of
things in both multiplicity and uniqueness.

The function of a concept concerns the recognition
or the classification of exemplars for the Aristotle
mode. Piaget's study examines the discrimination
between what is apparent and what is real., Elkind
examines these as sections of a whole, the final concern

/is with
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is with decisions about the diffevences “"between" as
well as "within®™ things.

The traditionalists seek to explain content in
terma of '"extensive' gqualities of the population of
objects to which the concept belongs. Piaget's focus
is to obtain 'intensive' recognition of the property
that is left unchanged across the various trans-
formations., TFor Elkind these modes co-exist, the
variations give a clearer delineation of the concept,
in fact, it may be that ono mode is impossible without
the other.

Elkind's study and the @arlier sections of
this paper contain many instances of Piaget's emphasis
on the discontinuity of conceptual properties.

"What the conservation problems propose

is that the 'intensive' content of a

concept is always relative to the trans-
formations that leave it invariant.*"

Flkind (Flavell 1969)
(*For Piaget, form and content are thus
always relative to one another.)

The preoperational subject explains transformation in
terus of the 'form' of the substance,

*{b) has more - it's all spread out'

(ball v pancake)
S.B. 67 h

whereas the child who has a 'units' concept of
substance will explain that these remain constant in
spite of other changes.

?eeethoy have the same dough as they

CeSe 5y m
Elkind has examined the logical analysis involved in
a statement of invariance, the one above is a verbal

/explanation



explanation based on reversibility. !iis analysis
supports and extends the understanding of Pilapget's
work. 'le believes that many readers receive a
simplistic understanding of Piaget's construct
because scome sections involve implicit as well as
explicit understandings. Piaget writes for his
collaborators who share his conceptual framewcrk of

intellectual functioning.

+Conservation ¢ Identity and Fquivalence

Elkind has contributed a further refinement
of the term 'conservation', he posits it is inclusive
of two distinct forms which he has named conservation
of identity and conservation of equivalence. Tn his
examination of the present tests of conservation he
believes that the test includes a covert form of
conservation, in this case identity conservaiion,
which is critical to the determination of the con-
servation of egquivalence.

The conservation of identity involves the child
in the recognition of the sameness in some quality,
for example quantity, between two items. Then if
nothing is added or taken away from one and it is
moulded into another shape, the quantity remains the
same. If is important to note that the child needs
a point of reference here cotherwise judgements are
erratic. Two experimenters, Vinh Bang and Beilin
(1964), have reported that both children and adults

have failed to assess weights correctly when they

/were
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were presented with a ball and a sausage of clay
as the exemplars,

Conservation of equivalence, in Flkind's terms,
is the comparison of the transformation with the
original state. To do this the subject must have
attained the conservation of identity and then
employ a form of deduction based on past experience.
The subject has to remember the original and test
the copy against it., Flkind claims the conservation
of identity as necessary but not sufficient conditien
for the attairment of conservation of equivalence.

Piaget describes conserving benaviour in terms
of the 'equation of difference' or 'compensation',
The child comes to see that a change in one dimonsion
is compensated for by a change in a second dimension
and this is usually an inverse one. This discovery
undexlies the child's insight that transformations
are reversible and that they leave the object
invariant. FElkind would rate this as the identity
conservation not equivalence.

Furth interprets Piaget in a broader basis
than Elkind,

"Piaget contends that a correct

Judgement of conservation is the

result of a compensating trans-

formation."

(Furth 1969)
To recognize a situation where invariance may apply
at least one aspect must remain unchanged otherwise

there is no intermal possibility of reversibility.

/This is
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This is similar to the 'counservation of identity'.
The subject must reconstruct the changes and then
through 'compensatory reversibility' he can release
his thinking from the figural static aspect and move
to operational knowing.

"It is both a transformation and a
reconstruction on a higher level."

(Furth 1969)

Flkind has not moved markedly from the Piaget
tradition (Piaget 1970) but his analysis has aided
a better understanding of the progress of conservation,
ile does not agree that the equation of differences
and reversibility are achieved at the same time but
e does believe that there is evidence that the
conservation of identity precedes the conservation
of equivalence and that identity is necessary to the
equivalence conservation,

The examination of the test situation in terus
of the route between verbal responses and the thinking
they reflect is a present interest of Elkind. Piaget
has always asserted the inability of children to
retrace their thinking route. Their response is in

fact a post hoc rationalization rather than the

summary of a logical thinking pattern.

* Conservation and Language

Piaget's earliest work in the field of genetic
epistemology evdved from an examination of children's
verbal replies to Binet's tests. His interest soon
moved from the words to the thinking patterns behind

/them
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them. Piaget has continued to express this
viewpoint, so Furth (1969) describes hin as,

".eoethe only exponent of logical

thinking who does not see language

as an intrinsically necessary

element of operational thinking."

There has been a wide and lively exchange between
Piaget and Ausabel (1965), Sutton Smith (1966) and
others to determine the extensions of the terms,
symbolic functioning and operative thinking.

The symbolic function is sometimes referred to,
by Piaget, as the 'semistic' function. It includes
gestures, images as well as socialized language.

“Language is recognized as a special

kind of symbol, that is not figuratively

related to the objective configuration

but too is part of the symbolic function

and does not enter directly into the

operative component."

(Piaget 1971)
This is not to say that semiotic functioning is
unimportant in intellectual functioning. It is
significant in the construction and understanding of
internal structures. Piaget emphasiges this view
because he believes that symbols represent reality
states. Operative thinking transforms reality states
according to the stage of intellectual development.
(Furth 1969)

There is a significant amount of evidence to
support these views. It is clear that a great amount
of thinking appears in the sensori-motor stage well
before language is available, there are many examples
of more complex systems of thinking that function
beyond language. Piaget suggests that most

/pre-operational



preoperational children have the language to cope
with invariance but lack the thinking patterns te
deal with it.

Goldschmid and Bentler (1968} found that children
younger than four years did not respond well to thelr
kit,

"part of the difficulty seems to

relate to the child's lack of

relational terms as "more' and

'same'."
Piaget (1979) reminds his readers that both of these
wvords have been available to the children for some

time prior to their fourth year.

"lL.ucy has more than me, I've more
than her, Alistair has more than me."

Pocket-money by K.M, 7y “m

(o awareness of distributing an amount of money
between the three 1:1:1,)

Speech, for Piaget, is biologically oriented
not to knowing but to communicating, its whole system
concerns social exchange. The primacy of ego-centrism
is broken by communication. As soon as the child is
able to make a symbol oriented response, he is able
to participate in social transmission.

Although Piaget believes that language is not
intrinsically necessary for operational thinking, he
recognizes that language has a "facilitating' role.

Language may direct attention, the focus of
attention is a pertinent factor in all conserving
behaviour. Richmond (1971) notes that the extent to-
which language can be assimilated depends on its
meaning and usefulness to the child in terms of his

/mental
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mental activity. Many recent studies (Furth 1969)
have attempted to isolate verbal formulations for
preoperational subjects, A. Morf (Furth 1969) and
Inhelder and Bruner (1969) found that there was
little linkage between language training and
invariance, Ginsburg and Opper (1969) believe
that the ability to verbalize may help to consolidate
and generalize concepts. Strong evidence for the
significance of cognitive operations rather than
language development comes from recent weork by Hurth
(1966) and the studies of Oleron, Vincent and Affolter
in Ceneva. Doth research {eams have developed non-
verbal response systems for testing the development
of thinking for children who have been daf from
birtii. The deaf children do show a slower-paced
growth, however.

"the basic manifestations of logical

thinking in linguistically deprived

deaf children were present without
any important structural difference."

(Furth 1969)

Other investigators (Y.Halwell in Furth 1969) have
found that children blind from birth, often succeed
in the language area but their limited sensori-motor
experiences givey later logical behaviour less
flexibility. Ordinary classrooms provide many
examples of pupils whose operational thinking way be
developing slowly without the slightest hint of any
language difficulty.

The linguistic explanation of the relatienship
between language and thinking ranges from the logical

/positivists
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positivists, who view logic as simply a linguistic
convention,; to Chomsky who contends that language
is based on logic and that this reason is innate.
The mind contains a system of common notions that
enable it to interpret the maelstrom of the external
world. {(Piaget 1971)

"The most fundamental and at the same

time the most controversial of Chomsky's

hypothesees is that we are born with a
disposition to acquire language."

M.M. Lewis (Minnis 1971)

Bruner and Piaget have been involved in a long
controversy of whether language determines thought,
(sigel % Hooper 1969) Pruner (1968) and his
associates believe that conservation is improved bLy
verbalisation. Bruner and Braine believe that the
ability to conserve is more likely to be found in
the thinking of children 4 - 5 years old rather than
older children, as Plaget's work demonstrates.

Gruen (Sigel L lHooper 1969) describes Bruner's view
of conservation as the stage in thinking where the
'symbolic' mode becomes dominant over the 'iconic'
(perceptual) mode. Bruner argues that this does not
necesssarily occur through logical operations. Frank,
a colleague of Bruner's, has provided evidence to
support this theory. She found that children gave
conserving ansvers at much earlier years than

Piaget predicts and that children were able to predict
the invariance when the transformations were screened
from the subjects. These studies hinge on Bruner's

framework of thinking.
/™y
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"My colleague (Bruner) thinks that a
notion of the principle of identity
is sufficient as a notion of

conservation.," (Piaget 1970)

Piaget requires a judgement and justification,
whereas Jruner's researchers deem a subject a
conserver if the first judgement is correct.

Smedslund (Sigel & Yooper 1969) has examined
Frank's (1963) findings. le terms the subject's
answers 'symptom responses' and he believes the
results can be shown inferior to Piaget's construct
because they have a low correlation with the subjects
operations in subtraetlion and addition work.
Secondly, the symptom response is not markedly
regsistant to extinction and its predictive guality
is low. Oruen (Sigel 2 llooper 17269) believes it
would be fairer to accept each school of thought as
an acceptable illustration of two diifering views.
The term 'pseudo-conservation' is giveu to the
infra-logical stage where the correct reosponse is
given but the underlying logical operations are not
yvet available.

S8inclair (Piaget 1970 and Sigel & Hooper 1969)
has worked in Geneva to examine the conservation
responses in linguistic terms. She found that the
congerver was able to express double differences in
one statement and in general used a more sophisticated
patterning of words to provide greater precision in

terms, A training programme by Mme Sinclair proved
to have little effect. She believes that both groups

possessed the linguistic patterns but in further
/evidence
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o#idnnca,_for the separateness of logic and language,
the conserving group were able to use the language.

*¥hy do people wear rubber shoes?!

"The prickles don't dig right up
and hurt you ... concrete, sharp
stones can dig up.'

Peter €yrs

« Yecognition of Conservation

The harbinger of conservation is the child's
growing awareness that objects exist, even when they
cannot be seen. This development usually appesars
during the first twe years of life. Throughout the
next five vears oy so there is an extended time of
expleration concerning the baslc properties of the
world, The earliest thinking has a static, figural
component. As the storage begias to interweave,
the thinking patterns provide the child with stable
interpretations of reality.

'T saw an Arymy helicopter.'
‘ifow did you know it was an Army onae?'!

'{gestures) L-0=N-G, and green an
ound painting red - 1it's Army.!
{ the roundel).

New entrant X.,0. 5y Om
New experiences and further thinking patterns upset
this equilibrium and the child finds mismatching
and dissatisfaction with his previous decisions. In
his search for order again the search for the
unchangeable takes precedence. At first the child
fovuses on the external properties of objects but
increasing intreospection and deduction leads him to
/the
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the conclusions stated many times in this paper, that
if nothing is added or removed the material remains

the same even if its perceptual outline is changed,

and that the first instance and the final have a
relationship that is based on a logic deduction by

the child which can be Jjustified. The uneveness of
conservation skills derives from the child's satisfact-

ion with illogical decision, the infra-logic of Piaget.

* The Parameters of Conservation

"Operativity does not derive from

events, It is not built into the

hereditary structure. The simple

logical rules have to be constructed,

the rules are not outside it takes

time."

Piaget (Sigel & Hooper 19569)

Conservation is not a generalized activity the
order of conservation is believed to be quantity
firgst, weight and then volume, From 7 - & years
{(approx.! the child is able to denyv perceptual clues
and he begines to apply logical process to practical
problems and conecrete situations. It seems that the
objects of his world, that he can dissociate himself
from, (e.g. quantity), are conserved earlier than
othexrs. The child's thinking results from a co-
ordination of actions - cowbining, dissociating,
ordering and setting up éorro-pond.neoi. Hiis depend-
once on perception gradually wanes as he comes to
appreciate the significance of his actien. Complete
invariance in a sub-glass is established when the

J/enila
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child has the ability te think reversibly. The
logical structures of the child's thinking are
flexible enough to allow for variations in a sub-
class without disturbing the basic essence., There
will always be further development but the core of
invariance remains,

Flkind explains counservation in terms of a
deductive argument which supports the equation of
differences, this gives rise to the logical explanat-
ions of a conservation judgement.

f¥hat they reflect is that the child

now feels that conservation is a

logical necessity, and that he must
_i'l.tij‘y .it.'

Elkind {Sigel 4 llooper 10€9)
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V ¢ EDUCATIONAL IMPLICATIONS

Although the concept of invariance has been
discussed in terms of quantity, weight and volume,
it has a much wider significance. Conservation is
concerned with all aspects of personality, social
interaction, value judgements as well as the logico-
mathematical system. Children and adults who have
a poor understanding of invariance are at a con-
siderable disadvantage in many phases of life, since
their judgements are perceptual instead of rational.

' 2 November, 1972
Sorry Mr M... for annoying you at
Maths time, and makeing (N.B, his
spelling) iunny noises to annoy you
s0 you couldn't carry on with what
you were doing.

Yours sincerely
Billy M,! Byrs 'otorua

Conservation is the breath of life for future develop-
ment, As the growth of this concept coincides with
ihe pre-school and early school yvears, programmes for
this population require particular attention. The
educational implications will be discussed within a
framework used by McAlpine (1972) to emphasize the
invelvement of parents and teachers in the child's
growth during these years. The quality and variety
experiences, the significance of seguence and unity,
the balance of intellectual and expressive activities
and the individual characteristics of childrem will be

used to focus on the acquisition of comservation.

/Conceptual



46.

» Conceptual development from Fxperience

"he child is the agent of his own development,
unless he can construct his own framework of reference,
is task becomes less satisfactory.

"Piaget's work has made plain all the

vital eduaction that goes on in the

child quite independently of the
educational processes ..."

Nathan Isaacs (Weber 1971)
Play, a comprehensive term for a wide range of
intellectual, emotional and social learning, is the
most visible activity of the pre-school child.
The play situation provides the child with the cause
as well as the opportunity to move from egocentric to
objective judgements.

Weber (1971) describes play experiences as the
child's way of selecting elements of past experiences
which embody his intellectual and emotional needs of
the present. It is a way of obtaining information
feedback. The child at play is contisually confronted
with the unexpected, the energy of a young child deal-=
ing with saucepans may demonstrate this challenge.
There are innumerable ways in which the child may
explore these objects. Omne way concerms the
correspondence of saucepans and lids. The child finds
that each lid may or may not fit any saucepan, This
is a situation of cognitive conflict, the child has
to reorganize hi; route of actions if matching lids
and saucepans interests him.

The flc:ibilify of fit with circular shapes provides

a range® of acceptable solutions as well as clear

/examples
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examples of non-fit solutions. The thinking trans-
formations that the conservation tests attempt to
order are the products of these endless experiencings.

The role of the adult, at home and in home-
oxtension institutions, is to provide each child with
the opportunity to extend his developmental stage,
rather than an attempt to boost the child to a subseguent
stage. The adult can provide time and opportunities
for the child's explorations.

The teacher at the early school level is
concerned with selecting the experiences that are
‘worthwhile' (Peters 1967) and those that are appropriate
to the child's home experiences. Kohlberg (19683)
stresses the signficance of the home experiences and
ior some teachers the task will be to supplement and to
provide experiences which have not been available at
home. This imples variety as well as flexibility in
the materials used., Marsh (1969) in the mathematical
field, Matterson (1966) in exploratory play,
luriwitz (1972) in art, represent the vast array of
recent innovatoérs, who are encouraging teachers to
provide simple pliable materials to aid the child in
his work.

Goldschmid & Bemtler (1968), Kohlberg (1968),
Elkind (1969) and Smedslund {1961) refer to the
confident wvay in which conservers approach materials,
they appear to possess an inner discernment that things
should make sense of some sort. Many hehavioural
examples of this type were discussed during the field

Jwork
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work sectiom of this study.

Smedslund's study (Chittenden 1970) highlights
the second order strength of envirvormental stimuli,
Af;,or a group of non-conservers had been subjected to
a training programme, they were able to predict the
constancy of weight. lLater during the pest test the
examiner surreptitiously altered the material so that
the prodictions could not be verified. When the
examiner asked the subjects to explain this confusion,
the trained group reverted to their original explanations
based on perceptual judgewments - pseudo-conservers!
The o:riginal conserving group explained the difference
in terms of a poor weighinginstrument or a 'something
fishy going on' explanation.

Many experiments of this nature (Sigol ¢ tlooper

1965 ) support iPiaget's view of the difficulty in attempi-
ing to accelerate a global concept like invariance, The
rriority is to establish enviromments which encourage

cognitive development.

« Sequence i Unity and Continuity in
Conserving Experiences

It is not unlikely that all children meet the experiences
which may contribute to conservation. There is no doubt
that the range of conserving behaviours in early childhood
years is widespread and distinctive. (Goldschmid &
Bentler 1969). FEach child accepts or rejects experiences
on the bases of their relevance to his present storage
structures. Conserving behaviours show some dependence

on an awvareness of sequence,

/The
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The variety and richness of pre-operational
development provides the child with myriad sensory
examples about how things are. In a conserving
situation, the child is asked to make a judgement
about some quality which is still continuing but has
'no adegquate sensory evidence at the time' (Wallach,
Furth 1968)., To make this decision the child has to
proceed from an experience bank about the nature of
things in differences and similarities.

One of the adult's tasks is to provide a time-
dimension which permits the child to construct this
gradual adaptation to reality. Some home circumstances
present the child with a clear daily structure, other
hiomes may function on a looser structure, significant
persons in the homemay wvary, routines may be minimal,
exhaustion rather than time may form an activity
boundary. The teacher may need to provide a predictable
pattern within a developmental day so that the child of
the second group can participate in a wider heritage.

Watson (Sigel % looper 1969) has suggoested
another aspect of the teacher's task which can encourage
conserving behaviours. e refers to

'seothe ability to discriminate time-

disturbed stimulus as a critical

element,..."

This has immediate lmplications in the child's ability
to discriminate speech patterns. The supportive role
of language has been accepted (Piaget & Inhelder 196k,
Bruner and associates 1966). Cognitive structures
way be reinforced by the syntactical sequences of

language. Low order concepts can be formed and used

/without
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- without language, later

® . eespeech (which has to be learned) is
essential for the formation and use of
higher order concepts which collectively
form, our scientific and cultural

heritage."™
(Skemp 1962)

Cultural and class differences have been
established independently in play activity (Piaget
1951, Sutton Smith 19€7) in creativity (Lieberman
196%5), in conservation test scores (Goldschmid and
Bentler 1968) and in syntactical structures within
eroups (Bernstein 1961), and between groups (Sinclair
1966). A high degree of inter-relationship has been
inferred bc tween the areas but further research is
needed. The teacher’s task, in the meantime, is to
establish a linkage between the child®'s cultural
soetting and his own aspirations. !His logical operational
viewpoint permits greater manceuvrability.

Most of the work in attempting to accelerate
conservation has been in the area of mathematical
development (Smedslund 1961, Wohlwill 1961, Gruen 1965)
and science understandings (Chittenden 1970, Nuffield
Junior Science Project 1966). The alert teacher will
find the signs and signals of developing invariance
in all aspects of classroom and playground interaction.

+« Balance 1t Aesthetic, Fmotional, Social
and Intellectual Growth

Although Pliaget has examined the child's thinking
in a wide range of spheres including language, play,
/morality
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morality and causal thinking, his work in mathematical
and sclentific thinking has dominated the present study.
Tt is important now te discuss the wider issue, each of
these areas has its own growth pattern and rhythm, they
do not preceed on a broad front, although they have
different profiles they are interdependent., Social
interaction is a necessary conditien for transition
from one developmental stage to another. The child
cannot free his egocentrism unless he can confront the
social and physical world in a variety of forms.

".sshie must needs "play out' what he

thinks and symbolize his ideas by

means of gestures or objects and

represent things by imitation, drawing

and construction,"”

Piaget (Elkind 1969)

The range of these experiences prior to school affect
tl.e development of conservation., Sigel refers to thgse
'life experiences' and the need for further investigat-
ion of the nature of the cultural setting and conserving
ekille. The teacher®s role in helping the child to
recognize the illogical bases of his judgements has
been mentioned but the means of doing this is found
in ether than the logico-mathematicl field., Piaget
sees socialization as the development which provides
the strees that induces ceognitive transformation.

The teacher's observations of the child's work
in the expressive fields can maintain an awareness of
the difference between a child's "manifest' and 'true’
understanding of an underiying prineciple like
conservation.

/Individual
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« Individual Differences 1 Interests,
Abilities, Pacing and Optimal Match.

EZach of these elements represents a powerful
force in the development of invariance, they are the
subjects of much contemporary research. In this study
they will be used in a general form since their full
recognition is beyond the present work,

The variety of individual responses to the
conserving tests has been mentioned in the field worl:
section., The role of experience has been recognized
by all authors referenced in this work but the specific
delineations of the experiential variables are not vet
established,

Personality characteristics of the early conseirv-
ing child include an open-minded approach to new
materials, a sense of enjoyment from novelty, a seeking
for order as if the child knew an order exists, and an
ability to detour when explorations meet an impasse.

There is also some likelihood that some social
settings encourage children to make sense of their
world while others may include many exciting experiences
but lack the significance for the child which would
lead to equilibrations.

The pacing of conservation experiences has provided
several general but few specific findings (Hunt 1961,
Smedslund 1961, Sigel 1966). Hooper (1968) comments
on the individual's response repertoire as the
standard for type and quality of experiences. The
child needs to recognize the success of his operations,

/and to
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and to use these understandings in other settings.
Tn this respect the teacher's awareness of optimal
match is a vital element in the teaching programme,
The critical questione remain how to establish the
optimal match in each pupil, how to structure theose
oxperiencea which assist in the growth of conservation,

and the wider process of equilibration.
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APPENDIX A

CORSERVATION SCORES : llesults of t-tests

Age Group I (5y 7snt - 5y 5mm) N=l0

Overall Mean Total Conservation Score = 1.750

No significant differences (by t-tests) for
Jural/Urban
Male/Female

No significant difference (between .01 and
.05 level) for Maori/Furopean (ligher mean for
Furopean )

5 point Teacher Nating Scale:

Overall average = 3.4 gnnori) 3.0 (Turopean)
leading = 3,6 (Maori) 3.0 (Furopean)

Age Group II (5y 6mn - 5y 11mm) N=73

Overall Mean Total Conservation Score = 2,246

No significant difference for Fural/Urban
Male/Female

Significant difference (at .01 level) for Maori/
European (H.M, for E.)

Average of Teacher Ratings = 3.2(Maori 2.7{Europ.nn)
Reading = 3.2(Maori) 2.7(Puropean)

/Age Group III
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Appendix A contd...

Conse ti Scores i1 HResults o -test

Age Group IIT {6y Cmn - Gy 5un)  H=72

Overall Mean Total Conservation Score = 3,055

No significant difference for Rural/Urban
Male/Temale

Significant difference {(at .01 level) for
Maori/Furopean (¥.M. for F.)

Average Teacher Ratings = 3.7 }Maori) 2.9 (Furopean)
leading = 3.7 (Maori) 3.0 (Puropean)

Age Group IV (6y 6mn - 6y 11mn) XN=51

Overall Mean Total Conservation Score = 3,902

No significant difference for Pural/Urban
Male/Female

Significant difference (at .71 level) for
Maori/Furopean ('i.M, for E,.)

Average Teaclier Tatings = 3.6 fﬂaori) 2.8 (TFuropean)
Feading = J,8

Maori) 2.9 (Furopean)

Age Group V (7y Omn = 7y Smn) N=hO

Overall Mean Total Conservation Score = 5.675

No significant difference for iural/Urban
Male/Temale

Significant difference (at .0001 level) for
Maori/European (H.M. for E.)

Average Teacher Ratings = 3.3 sﬂnori 2.8 (Puropean)
Reading = 3.4

Maori) 2.9 (Buropean)

Total Sample N=2T73




AppenDix B

b0.

CONCEPT ASSESSMENT KIT— CONSERVATION e
Marcel L. Goldschmid and Peter M. Bentler Task |Behavior | Explanstion | Towl
RECORDING FORM A
FORAM A
8
C
NAME DATE o
DATE OF BIRTH. AGE SEX E
SCHOOL GRADE 2 e
Tot.
EXAMINER e |
COMMENTS
{A) TWO-DIMENSIONAL SPACE
ITEM DIRECTIONS VERBAL INSTRUCTIONS RESPONSE SCORE
I. 2 equal lines Build 2 ines, cach with 6 blocks of wood. saying: Watch what I do.
s When finished ask: 13 there as much wood here® as there or does
‘one have more?
2 m If the subject savs they are both the same, say. Yes, they are both the same,
" And go on 1o (11}
1f he says they are ot the same. say Look. Thisone is just as big as that one. See,
both same, §
E Demonstrate to subject by pounting that they are the Mey K
seme, then, when S agrees, go on to (1) |
1. 2snequal bnesy Toke 2 addstwonal blocks, saying Look. i am putiing these blacks here, same O
5 Fhnen, say. Now tell me. Is there as much wood here as ahasmore ]
here, or does one have more? b has more ]
a2
Revord Then ask: ‘Why?
» oD
E
Record and say Let’s do something else. ;
L. 2equalsquares | Build 2 squares with 16 picces of wood each, saying: | Watch what I do.
s When finished, ask. 3 there a5 much wood here as there. or does
anr have more?
@ % If the subject savs thev are the same, contimee wath ({ V).
If the subject savs they are not the same, say: Laok. This one is just as big as that one. See,
2 b | they are both the same.
E Demonstrale to subject by pounning that they are the |
szme, then, gaon (o (V)
Then, take the blocks from the right square and buwid
a prraniid with a base of 5 blocks and successive
IV, square ws. pymmid levels of 4, 3, 2, | and | blocks, saying: Watch what | do. Same [
3
s When finished, ask: Now, is there as much wood in this one a3 in ahasmore [J
A that eme, ot does one have more ?
|b‘| b has more [
@ ﬁ Rerord, then ask. why? —_—
L
a b
E Record,

“When saymg the first undedmed word, pownt to (2); when saying the second underlined word, point to (b). Follow s procedure for all underlined words.



(B) NUMBER

ITEM DIRECTIONS VERBAL INSTRUCTIONS RESPONSE | SCORE
I. parallel red and Place 6 red chips in a straight line about 4 inches apart.
whate chips Parallel to and below the red chips, place 6 white
chips in corresponding position, also in a straight
S line, saying: Watch what | do.
When finished. say- Are there as many red chips as white chips or
isesnne Wi ik ol are there more red chips than white chips?
b 000000 If subrect savs there are as many red as white chips
& goonito(ll)
If he says one linc has more than the other, say. No, look. There is one red chip for every
white chip. Do you see now that there
Demonstrate to subject by pointing that they are the are as many red chips as white chips?
same, then, when he agrees, go on to (I1)
1. red vs white chips | Leave the rwo ltnes of chips in a horizonral position,
one line below the other, but spread out the
s white chups (6 inches apart). and move the red Sime L
chips closer together (2 inches apart), saying: Watch what | do. 1
a o000 ® . " ahas more [J
When finished, ask: Now, are there as many red chips as white |
b 0OOOQOOO chips, of is there more of one kind’? bhasmore (J|
E Record, and ask: Why?
|
Record

(C) SUBSTANCE

1. 2equal balls
s
o O
[ b
E

Make two equal balls of play doh (each 3 oz.), saying

If the subject says they are both the same, go on to (1)

If the subject says one ball is larger, sav

Connnuc fo adjust the two bails uniil the subject says
they are the same.

Here are two balls of play doh. There 15 the
same amount of play doh in each ball.
They arc both alike. Is there as much
play doh in this ball as in that one. or
does one have more?

Let's make them the same. [ am taking a
little bit away from this onc and adding it
to that one.

Now, is there 85 much play doh in this one
asin that one?

i
I
t
i

1I.  ball vs. hotdog
s

e &5

E

Roll one ball into a hotdog (6 inches long — use
ruler), saving:

When finished, ask:

Record, and ask:

Record.

Now watch what | do. See, 1 am making this
ball into a hotdog.

Now, is there as much play doh in this one,
asin that one, or does one have more?

Why?

Same _.
ahasmore OJ |
b has more (J i




(D) CONTINUOUS QUANTITY

ITEM

DIRECTIONS

VERBAL INSTRUCTIONS

RESPONSE

SCORE

1. 2 equal large
Blasses

el

E

Flace the two large glasses filled with an equal amount
of water (150 mlj before the child, and say:

Then, ask

If the subgect says they both have the same amount,
gnantofll)

If the subject says one has more, adjust the water
level, saying

Then, ask:
Continue (o adjust the watet tn the two glasses until he
savs that they both have the same.

See, here are two glasses both filled with the
same amount of water.

Is there as much water in this glass as in that
one, or does one have more?

Let's make them the same. See, | am pouring
a little from this glass into that one.

Naow, is there as much water in this one as in
that one or does one have more?

cils

2 unequal glasses

Pour 25 ml of water from an extra glass into the large
glass at nght, remove the exra glass, but leave it
on the table, saying:

Then ask
Record, and ask:

Record.

Watch what | do. See. | am pouring a little
water from this glass info that one.

Now, is there as much water in this glass as
in that one, or does one have more?

Why?

Same (J
a has more (]
b has more [

(1. large glass vs, dish

s
B —
s b
E

Pour water from nght glass (which has more water)
into the flat dish, saying:
When finished, ask:

Record, and ask:

Record

Watch what [ do.

Now, does this one have as much water as
that one, or does one have more?

Why?

Same [J
a has more (]
b has more ”

IV, 2large glasses

g g

Place the rwo large glasses filled with an equal amount

of water {150 mi} before the child, and say

Then, ask
If the subject says they both have the same amount,
goontofV)

If the subject savs one has more, adjust the water
level. saying.

Then, ask:

Conrinue to adust the watcr in the two glasses unnl
he says they hoth have the same.

See, here are two glasses both filled with
the same amount of water.

Is there as much water in this glass as in
that one, or does one have mote?

Let’s make them the same. See, I am pouring
a little from this glass into that one.

Now, is there as much water in this glass as
in that one, or does one have more?

s
B h a—
a b
E

Record, and ask:

Record

Why?

V. large glassvy. dish | Pour the water from night glass into the dish, saying Watch what | do. Same [
Remaove empiy glass, but leave it on the table, and ask: | ls there as much water in this one a3 in that #hasmore (1
one, or does one have more? b has more [J —




(E) WEIGHT

If the child says they weigh the same, go on 1o (1l).

If the subject H);l one weighs more, say.

Give balls back to subject and ask:

Conninue to adjust the two balls until he says they
weigh the same.

Let’s make them the same. | am taking a
little bit away from this one and adding
it to that one.

Now are they the same? Is one ball as.
heavy as the other?

ITEM DIRECTIONS VERBAL INSTRUCTIONS RESPONSE SCORE
1. 2 equal balls Make rwo equal balls of play doh (each 3 01.). saying: Here ase two balls of play doh. One ball is
as heavy as the other ball.
O = O Give the balls to the child, and say; Is one ball as heavy as the other, or is one
(Be sure that the subject picks up the balls ball heavier than the other?
L g b and weighs them in his hands. )

M. ball vs. pancake

02

E

Make the right ball into a pancake. Flattcn the ball
wntil the diameter is 4 inches (use ruler), saying:

When finished, ask:

(Do ngt allow the subject to pick up the
ball or pancake)

Record. and ask:

Record

Watch what | am doing. See. | am making
one of the balls inte a pancake.

Now, is the ball as heavy as the pancake, or

is one heavier?

Why?

Same [J

ahasmore [J
bhasmore [

(F) DISCONTINUOUS QUANTITY

I 2large glasses

g 0

Place the bwo glasses, filled with an cqual amount of
corn (150 mi), 1 front of the ciuld, saving !
{Level the surface m both glasses. | |

i

If the subject says they both have the same, go on o 1

1f the subject savs one has niore, say.

Continue o adjust the comn tn the twn glasses, unntil he |
says they both have the same amouni. i

| See. hiere are two glasses both filled wath the

same amount of cora. |s there as much
corn in this zlass as in that one, or does
one have more?

Let’s make them the same. See, 1 am pouring
some corn from this 2lass into that one.
Now, is there as much corn in this one as
in that ene, or does one have more?

1. large glass vs
5 small glasses

s

i
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Pour the corn from the large glass into the small
glasses {arranged in a circle, close together) in
equal amounts, saying:

|
|
When fimished, ask: |

Record, then ask:

Record.

Watch what 1 do See. | am pourins the com
from this glass into all of these glasses.

Now. is there as much com in this one as in
all of these together, or does one side
have more?

Why?

Same (]
anasmore
b has more (]




