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ABSTRACT

The research was concerned with the development of understanding
of invariant quantity in mentally handicapped children. Ina
series of investigations, 317 educationally subnormal schoclchildren
aged 8 to 16 with IQs between 42 and 81 were pre~-tested in Piaget-
type situations for, variously, oconservation of number, substance,
length, distance, area, weight, and volume. Experimental groups
of nonconserving children, matched to control groups of non-
conservers, were given instruction on conservation and then post-
tested some weeks later,

The five investigations, each of which is reported separately
and in detail, provided answers to 6 central questions, First,
it was found that it is posaible to develop understanding of
conservation in educationally subnormal children by instruction.
Second, such understanding can be developed using teaching which
includes a large amount of varied relevant experiences and
explanations in concrete situations. Third, the understanding
developed by instruoction was shown to be generalised and durable.
Fourth, a uniform sequence was found in the spontaneous development
of conservation in educationally subnormal children: conservation
of number before subatance and length before weight before volume
and area., Fifth, the particulars of the situation facing the
child were shown to influenoce conceptual recognition of conservation
of number, substance, area and volume and also perceptual recogni-
tion of continuing equality of length and area. Sixth, a child's
response to teaching was found to be influenced by some interaction
between his initial level of understanding and the fullness of the
instruction given to him,



CHAPTER 1
INTRODUCTION

It was Piaget who first systematically studied the develop~
ment of understanding of conservation of quantity. He revealed
how normal children between the ages of about 6 and 11 gradually
came to recognise that quantities remain invariant throughout
irrelevant transformations, His main findings on the spontaneous
development of oonservation have been confirmed by subsequent
studies by e.g. Elkind (1961 a & b)Lovell and Ogilvie (1960,

1961 a & b); and further studies have been carried out which
have attempted to teach conservation.

Various authors have reviewed Piaget's work and that of
other investigators concerned with the development of understanding
of conservation, Reference can be made to Flavell (1963),

Baldwin (1967), and Hunt (1961) for comprehensive consideration

of Piaget's work and to Sigel & Hooper (1968), particularly, for

a seleotion of important studies following Piaget. Lovell (1961),
Wallace (1965), Fogelman (1970) and Lunser(1960c) also summarise
studies of conservation, Elkind & Flavell (1969) present further
theoretical discussions of what is involved in the development of
conservation, and many other books and pamphlets on Piaget's work
include discussions of conservation ooncepts. A general summing-up
of Plaget's developmental psychology is given by Plaget & Inhelder
(1969).

No attempt need be made here to summarise Plaget's theories
nor his findings on the spontaneous development of conservation.
These are expounded by Piaget (1952), Piaget, Inhelder & Szeminska
(1960), and Piaget & Inhelder (1941) and are desoribed and discusaed
as relevant in later chapters of this thesis,

Nor does it seem necessary to summarise here studies in which
training was given in order to develop understanding of oondervation
but these may be cited as basiocally effective or ineffective,
There have been relatively few studies which have effectively
induced oonservation. Smedslund (1961 b,c & 4) and Wohlwill &
Lowe (1962), for example, show how difficult it is to provide
learning situations for young children which apeed up their

understanding of conservation, A few treining studies, however,
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have had some success in accelerating conservation, for example,
Beilin (1965), Gruen (1966), Wallach, Wall & Anderson (1967);
but the understanding of conservation developed in these studies
did not generalise to other attribute situations., Other studies
showing varying degrees of success in accelerating conservation
are Churchill (1958), Smedslund (1961 e & £), Frank (in Bruner
et al, 1966), Sigel, Roeper & Hooper (1966), Brison & Sullivan
(1967), Kingsley & Hall (1967), Galperin (1968), Gelman (1969),
and Rothenberg & Orost (1969); but many of these studies did not
test for generalisation to other attribute situations,

Piaget himself has not been partioularly concerned with
accelerating development of conservation, however Inhelder &
Sinclair (in Mussen et al 1969) have reported Genevan learning
experiments designed to study the pasychological proocesses
underlying the "transition from one structure to the next" as
evidenced, for example, in the development of conservation,
These studies raise the question of the influence of initial
understanding, Inhelder & Sinclair have found that "much depends
on the initial level of the subjeot: the lower his level, the
more a new acquisition tends to stay limited either to the
particular problem or to the partiocular field;™ (p.20) and they
have ooncluded that "possession of an elementary inmvariant
(conservation of number) is a prerequisite of suocess - even of
partial success - in learning experiments.” (p.19).

When the investigations reported in the present thesis were
designed, the common conclusion was that on the whole training
procedures had not been successful (e.g. Flavell (1963) p.377,
and Almy, Chittenden & Miller (1966) p.42). Experimental
procedures were seen to fall to produce cognitive change except
with children very near the age at which the conservations
usually develop. Intensive training with such ochildren had
sometimes accelerated the development of conservation but
conoepts developed by special training were found to differ from
concepts developed naturally. Induced conservation was shown
where differences were not great, but was not generalised to new

situations and was given up in the face of seemingly incompatible

experience, Different explanations, also, were reported to have
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been given by "trained" and "natural" conservers; "trained"
children had cited empirical findings where "naturally"
conserving children had given deductive explanations. No
attenpts had been made to develop understanding of conservation
in educationally subnormal children,

Inhelder's (1943) studies of the spontaneous development
of conservation in subnormal children raised the question of
sequence., She found that the order of acquiring concepts of
congservetion of substance, weight, and volume was the same in
mentelly retarded as in normel children, though their develop-
mental speed differed and conservation of volume was present
only in the least backward of the retarded children. She
reported that conservation of volume was never found without
conservation of both substance and weight, nor conservation of
weight without that of substance, while conservation of substance
ocoured without conservation of weight and volume and conservation
of substance and welght without that of volume, Inhelder did not
study the development of conservation of other attributes in the
mentally retarded and so did not relate conservation of number,
distance, length or area to the sequence conservation of substance
before wei_ht before volume.

The research reported in this thesis was concerned with six
central questions,

First, can understanding of conservation be developed in

educationally subnormal children by instruction?

Second, if so, by what meens?

Third, is such conservation generalised and durable?

Fourth, is there a uniform sequence in the development of

conservation in ESN children?

Fifth, in what ways is a child's recognition of conser-

vation influenced by the particulars of the situation

facing him?

Sixth, how is a child's response to teaching influenced

by his initial level of understanding?
These six questions were raised repeatedly throughout the
investigations but each investigation prompted various subsidiary
questions which willbe discussed in the different chapters.
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In addéition to addressing these questions, the research
is likely to have implications for the education of mentally
retarded children and for understanding mental development in
general, While the practical value of accelerating more able
children's understanding of conservation is open to question,
it can reasonably be argued that it is important to teach
children who might otherwise never develop a generalised
understanding of conservation,

The investigations will be desoribed fully later but at
this juncture it seems appropriate to elaborate some general
points: those of the basic design of enquiry, the situations
used, the method of teaching, the criterion for understanding
of conservation, and the children studied.

The basic design of each of the 5 investigations was
similar, in that (e2) children were pre-tested for recognition
of conservation, (b) an experimental group of nonconservers -
matched to a oontrol group - was given instruction, and (c) the
children were post-tested in unfamiliar, inequality, and
different-attribute situstions two or three times over a period
of weeks and months, As the investigations progressed
conservation was studied in an increasing range of situations
and various teaching procedures were tried; later investigations
made use of findings of earlier ones, These investigations are
reparted in detail in Chapters 2 to 6 in the arder in which they
were carried out, and questions arising in earlier investigations
were often taken up and answered in subsequent ones.

The situations used throughout were Piaget-type problems
involving number, substance, length, distance, area, weight and
volume, see Piaget (1952), Piaget, Inhelder & Sseminska (1960),
Piaget & Inhelder (1941). Standard problems were presented to
all the children but flexidility in questioning each child
ensured clear ocommunication, The children were asked questions
in terms familiar to them and using materials of a sort also
familiar to them. For example, questions of volume were expressed
in terms of roaom inside block buildings and space taken up in
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containers of water.

The teaching procedures were not derived from a single
theoretical approach, rather, an eclectic one was used.

Many sided instruction was given based on analysis of the
components of conscrvation tasks and children's performances

in the problem situations, A vardiety of experiences and
explanations were given in the standard teaching schemes,

The emphasis throughout was on the individual needs of different
children, At basis the investigations involved studies of
individual children and changes in their performance.

Concerning the criterion for oconservation, a child was
considered to understand conservation if he recognised, without
rechecking, the continuing equality of 2 sets of material
throughout changes in appearance and also gave reasons for his
Jjudgments in a range of problem situations. Typically, a child
starts out by Judging 2 sets of material equal with regard to a
partioular attribute (e.g. number, length, or weight), then one
of the 2 sets is transformed in full view of the child who ia
asked whether the 2 sets are still equal with regard to the
attribute in question and is also asked why he thinks what he
does., The main point to be made here is that the oriterion
included recognition and also explanation of conservation,

The children studied in the 5 investigations were drawn
from schools for theealucationally subnormal. Their IQs (aa
assessed by Medical Officers or Educational Psychologists on the
Terman Merrill or Weschler intelligence scales) ranged fram 42
to 81 and they were aged between 8 and 16,  In all, 317
children were pre-tested and of these 102 nonconservers were given
instruction,

Bach investigation is reported in a separate chapter of the
thesis where detailed procedures and findings are recorded and
then disocussed. These details are given for each investigation
because deliberate changes were introduced in the prooedures in
order to clarify the influence of situational and instructional
variables, It would have been pleasing to malks these chapters
shorter than they are. But it was felt that full desoriptions
and even some duplicationsof descriptions were justified in the
interests of clarity.
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CHAPTER 2
L
TiE DEVELOPLENT OF UNDIRSTANDING OF WEIGHT CONSERVATION

I. INTRODUCTION

Investigation One was addressed to the following questions,
Given educationally subnormal children who show no evidence of
having a concept of weight conservation, is it possible to teach
them this concept and, if so, how can the teaching best be done?
Answers to these questions are important on both practical and
theoretical grounds. On the practical side, many ESN children
complete their schooling without having developed a concept
of weight conservation and they may, thereby, be at a disadvantage
in various everyday aoctivities such as shopping, cooking, and
working with materials in bulk. On the theoretical side, conser-
vation is a logical operation oentral in Piaget's theoary of
cognitive developnment: the attaimnment of ability to conserve is
seen as a landmark in the development of logical thought which
is free from perceptual domination. By attempting to teach a
concept of conservation to slow-learning children it was hoped
to discover if and how it is possible to modify or accelerate
the acquisition of a logical structure,

Following Piaget (e.g., Piaget & Inhelder (1941) Chapter 2,
especially p.57), a child can be said to have a oconcept of
weight oconservation if he recognises that the weight of an
object remains unchanged during changes in form so long as
nothing is added or taken away: a pound of flour remains a
pound whether it is in a bag or tip.ed into a bowl or spread over
a bread board. Piaget regards the oconcept of conservation as
central to the concept of weight; thus no 'true' oconcept of
weight is present until the judgment of weight is independent of
changes in appearance, until weight is recognised as constant
throughout changes in shape, However, a distinotion can be made
between a concept of weight and a concept of the conservation of
weight; and this distinction seems important in teaching ESN

‘The substance of this chapter is reported in a paper,Br.J.edduc.
Psychol., 39, 245-252.
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children. It may well be said that a child has no 'true' concept
of weight prior to a concept of conservation of weight, but
conservation can be regarded as a separate mental process

because a perceptually based concept of weight, inaccurate

though it may be, develops before a concept of weight conser-
vation, as does also a consistent understanding of the meaning
of words like 'heavier', 'lighter', 'weighs more', *weighs less',
and a kinesthetically based awareness of weight. Such judgments
about, and understanding of, weight may not indicate a 'true'
concept of weight, but it would seem that a teacher needs to
develop these kinesthetic judgments before introducing the
complexity of oconservation of weight throughout transformations
in shape, So in attempting to teach a concept of weight conser-
vation it seems important, in the early stages, to treat weight
independently and to develop a concept of weight as distinct from
substance, Welght, the result of gravitational pull, is not the
same as substance, amount of "stuff"; and children who do not
have a concept of weight abstracted from perceptual judgment of
size tend to associate large with heavy and asmall with light,

In objeots of equal weight, the sensations of pressure are not
always the same; and many children are surprised when they
discover, by means of a balance, that a ball of plasticine and a
pancaie of the same amount of plasticine weigh the same, Conser-
vation of weight can only develop when apparent variations are
understood to be subjective. 8o, in teaching a oconcept of weight
conservation, a teacher ought clearly to distinguish weight

from perceptual appearanoce,

Research has been carried out which attempts to advance
conservation concepts (of number, substance, weight,length) in
normal children using various different treining procedures, see
for example Smedslund (196la, b, ¢, & d), Wohlwill & Lowe (1962),
Beilin (1965). Generally, as Flavell (1963 p. 377) and Almy,
Chittenden & Miller (1966 p.42) have pointed out, studies which
have attempted to develop ooncepts of conservation have had little
success. Experimental work so far has not made clear just what
is involved in the transition from nonconservation to conservationm,
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and much of the early evidence wauld seem to indicate that
cognitive change of this sort can not be induced by short-term
training procedures.,

Among training studies, relatively few have been concerned
with the conocept of weight conservation; the majority have dealt
with conservation of number or substance. Howecver Smedslund (Op.
cit.) carried out several experiments attempting to teach conser-
vation of weight. In the first experiment of his series, although
subjects improved from pre- to post-tests, there was no signifi-
cant difference either between differently trained groups of
subjects or between trained and control groups. In another
experiment, subjects learned to give conservation of weight answers
as a result of practice in predicting and testing the weight of
objects after transfarmation. But these subjects were found to
give up their acquired oconservation, where "natural®™ conservers
did not, when the experimenter surreptitiously stole a piece of
plasticine as he changed an objeot's shape, In a third experiment,
Smedslund attempted to foster conservation of weight in non-
conservers by providing experience with the unreliability of
perceptual size cues. This method had virtually no effect., Apart
from Smedslund's studies, there have been a few other attempts to
teach a concept of weight conservation. Kingsley & Hall (1967)
reported suocess in teaching weight conservation by experimentally
"training conservation through the use of learning sets"., They
analysed the teaching of a concept of weight oconservation into a
hierarchy of subtasks and gave demonstrations and then explanations
ocontinually eleciting their subjeots' active participation in
tasks simple t'o camplex, As a result, their subjects learned a
concept of conservation of weight which was generalised to
conservation of substance., Smith (1968) also reported succesaful
teaching of a concept of weight conservation, He found that a
"verbal rule instruoction® method improved conservation performance:
this method included demonstrations of reversibility as well as
emphasis on ¥fsignificance of addition/subtraction,

As far as the writer knows, no experiments have been carried
out on the teaching of conservation of weight to educationally
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subnormal children., The present study attempted to teach this
concept to such children in order to clarify elements important in
the development of the concept and to discover how to further the
acquisition of such concepts by slow learning children.

II. PROCEDURE AND RESULTS

Subjects were drawn from a school for educationally
subnormal children, Forty-four children aged between 13 and 16
with IQs between L2 and 79 were pre-tested for conservation of
weight judgments in the usual Piaget-type situations. Twelve
children, who gave non-conservation judgments on all the questions
of the pre-test, were selected for special study. Six experi-
mental subjects were matched as closely as possible by six contral
subjeots with respect to chronological age and IQ. Between
matched subjects, thedifference in age was never more than six
months, in IQ never more than 5 points., Children of higher and
lower 1Q, and higher and lower chronological age, were included
for teaching. The six experimental group subjects were taught and
then post-tested twice. When the experimentel group was given
the post-test for a seoond time, the six control group subjects
were re-pre-tested; then they too were taught and post-tested
twice., Eight months later, eleven of the twelve original
subjects were followed up and further tested.

The materials used were simple and familiar to the children:
plastiocine, booak, pencil, model car, feather, apples, margarine,
"Lego" blocks, balloons, lead ball, rioce, rubber, plastic ocups,
boxes, chooolate, cheese, a two-pan balance, wooden and metal
lom, unit ocubes, clear perspex containers, and water,
| Throughout the entire investigation the experimenter was
aware of the need to avoid giving children any extraneous or
inadvertent clues by gesture, expression, or tone of voice and
every attempt was made to avoid giving such oclues.

(1) Pre-testing.

The standard pre-test procedure was as follows,
(1a) Which is heavier, an elephant or a mouse?
9.



(1b) Which is lighter, this model car or this feather? (handling
concrete objects)

(1c) Which weighs more, this boak or this pencil? (handling
concrete objects)

(1d) Which weighs less, a bus or a bicyole ?

Only if children correctly answered the above questions (as

did all but one of the children pre~tested) would they be asked

the following conservation questions,

(2) Here are two balls of plasticine (approximately 13" in
diameter), do they weigh the same, are they equally heavy?

(3) (After agreement of equality in weight) If I do this
(cutting one ball in half, deliberately not saying 'cutting'
or 'halving') to mine and keep my pieces, will your share
and my share still weigh the same, atill be equally heavy?

(4) Now I'll make two balls again, Do they weigh the same, are
they equally heavy?

(5) (After agreement of equality in weight) If I do this
(cutting one ball into quarters) to mine and keep my pieces,
will your share and my share still weigh the same, still bde
equally heavy?

(6) Now I'1l make two balls egain, Do they weigh the same, are
they equally heavy?

(7) (After agreement of equality in weight) If I do this
(rolling plasticine out into a long snake) to mine, will
your share and my share still weigh the same, still be
equally heavy?

(8) Now I'll make two balls agein., Do they weigh the same, are
they equally heavy?

() (After sgreement of equality in weight) If I do this
(flattening one ball into a disc) to mine, will your share
and my share still weigh the same, still be equally heavy?
The same wording was used in all ocases when asking the

initial ques.ions of conservation, However in trying to discover

the children's reasons for their judgments (reasons being important
in ascertaining a genuine concept of conservation), the procedure
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was more flexible. Many of the children had difficulty in
expressing or finding reasons for their judgments, even when their
Judgments were correct, consequently these children were drawn out
with questions unbiased but adapted to the child and situation,
Care was taken that the children would understand the questions

a8 they were intended, that they could correctly use the terms
'heavier', 'lighter', 'weighs more', 'weighs less', 'weighs the
same', 'equally heavy'. Language was simplified and gestures

were used to clarify the questions asked.

Throughout the pre-test the experimenter made all the
transformations in full view of the children. The subjects
did not manipulate the transformations of the materials them-
selves., After a subject made a judgment, the experimenter made
only non~committal remarks and, in an unchallenging manner,
asked the child why he thought what he did.

Bach subjeot was seen alone for about ten minutes and sat
opposite the experimenter at a small table in a quiet room of
the school. The subjeot's performance on the pre-test was
recorded on a standard form and, as far as possible, the child's
exaot comments were taken down,

The oriterion for consistent nonoconservetion was a failure
to recognise equality of weight after transformation in shape,
that is, a failure to recognise this in every one of the pre-
test transformations while also giving a clear indiocation of
which portion was oonsidered heavier and for what reason.
Failure to recognise oconservation of weight was exhibited in a variety
of ways. For example, both times a ball of plasticine was out,
one child said the unout ball was heavier "because a whole is
more" and then, when one ball was rolled longer or squashed flat,
he said the ball was heavier "beocause the ball is fatter and
harder®, In contrast, another child said the pieces "look more
heavier" for the first two transformations and then said the
ball "is bigger and heavier" for the last two. In most cases
the ball unout, unrolled or unflattened was considered heavier
but in a few cases the changed portion was judged of greater
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weight; in several cases children were inconsistent and judged
first the ball but later the transformed portion as heavier,

In every case it was clear that the subject realised that all
the pieces of the transformed ball were included for comparison
yet still did not recognise equality of weight.

Reasons for judgments of conservation, taken as evidence of
genuine concepts of weight conservation, included: 'its the same
plasticine still', 'you can fix it back up together again', ‘'you
haven't tock any off!,

Of the forty-four E.S.N. ¢iildren pre-tested, sixteen were
consistent nonconservers, six were conservers in some situations
only, twenty-one were consistent conservers, and one ohild was
too disturbed to be satisfactorily assessed,

(1i) Teaching the Experimental Group.
Six experimental group subjects (five boys and one girl whose

respective ages and IQs were: 13 years, 72; 13 years, 60;
13 years, 77; 15 years, 66; 15 years, 74; and 15 years, 59),
were matched with six control group subjects (three boys and three
girls whose respective ages and IQs were: 13 years, 76;
13 years, 58; 13 years, 76; 15 years, 6l; 15 ycars, 72; and
15 years, 61). The six experimental subjects were given training
designed to develop the concept of weight conservation, Each
experimental group subjeckwas taught alone for one session of
fifteen to thirty minutes, Although the method of teaching was
flexible and was adapted to the individual child, it was kept
within standard limits and included standard manipulations,
demonstrations, and explanations, Because the primary aim was to
see whether a concept of weight conservation could be taught to
R.S.N. children, varied experiences were given to the child: it
seemed premature to opt for a partioular method.

Bach teaching session involved & sequence of \eight steps.
Step 1. Subjeots experienced, with eyes closed, the muscular feel
of objects of different relative weight and gave Jjudgments of
heavier or lighter for two plastioine balls, and then, for a book
and a rubber. Step 2. Subjects were asked to equalise the weight
of two intially unequal plastiocine balls, and then, unequal
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amounts of rice in two icentical plastic cups. The experimenter
pointed out the need of a balance for accuracy and, where necess-
ary, how to use a balance, Step 3. Subjects tried on the balance
large-light and small-heavy objects (e.g. small filled bax and
large empty box, small lead ball and large balloon) and then,
objects of identical appearance but different cortent (e.g.
identical plastic cups, one filled the other not, and apparently
identical plasticine balls, one with lead inside it). The
experimenter emphasised the distinction between weight and size
and that judgment could not be made by appearance oxly. Step L.
Subjects balanced two four-piece "Lego" cubes then broke one

into halves and balanced it against the whole cube; then further
broke it into quarters and balanced it., The subjects thea put the
broken cube back together again and repeated the procedure while
the experimenter counted the pieces of "Lego" to bring out the
continuing equality. As this type of discontinuous material was
found by Smedslund (1961f) to be conserved before continuous, it
was used here to bring out conservation., Step 5. Subjects
manipulated reversibility of continuous material,i,e. subjects

cut a whole ball of plasticine into pieces, halves and then
quarters, put them back together again, and did this several times
balancing the portions throughout while the experimenter empha-
sised that the weight was unchanged. Step 6., Subjects carried
out continuous transdrmations of plasticine i.,e. subjects turned
one ball from snake to ring to disc and back again to ball while
the experimenter stressed the identity of the plasticine, 1In
order to increase the generality of the concept of oconservation,
identity was pointed out in several different transfoarmations.
Step 7. Subjeots were asked to predict whether changing the shape
of one of two plasticine strips would change the balancing of the
two strips, and then, whether cutting would change the balancing
weight of a block of margarine, and last, the same for two balanced
apples if one were ocut. Here linguistic encoding by the subject
preceded the manipulation which tested the prediotion., Step 8.
Finally, the experimenter used Smedslund's method of induoing
conservation by oreating "cognitive oconfliot", Smedslund (196le)

13.



induced "conflict" by simultaneous deformations and additions or
subtractions in which apparent changes with deformation were in the
opposite direction from changes with addition or subtraction: and
he found that such "conflict" led to conservation of substance.

So in the present study, after two balls of plastioine were recog-
nised as of equal weight by the subject, one was rolled out into
a snake: if the subject judged one portion to be heavier, the
experimenter "subtracted" a small piece of plasticine, asxked the
subject if the ball and the snake were then of equal weight or
not, and if not, which the subject thought was heavier, and empha~
sised that some of the plasticine had been taken away fram one of
the previously equal portions so that, even if it appeared heavier,
it was not heavier if some plasticine had been taken away from it,.
The subject was, therefore, faced with a portion still perhaps
perceptually larger but emphasised as ocontaining less plasticine,
Then the piece was put back on, equalising the weights of
plasticine, Next, after the subjeoct agreed that two balls were
of equal weight one was flattened into a disc and a small extra
piece of plasticine was added to whichever portion the subject
judged lighter., This again was meant to create "cognitive’
conflict™ if the one that still appeared lighter obviously had
been given more plasticine, The extra piece was then taken away
and the portions emphasised as of equal weight, A form of
Smedslund's subtraction/addition process was carried out even if
the subjeot judged the ball and snake, or ball and diso, to be
equal first; and sinoce Smedslund (1962) found that the subtract-
ion/addition sequence must precede the addition/subtraction
sequence in order to develop oconservation, that order was
followed here.

As indicated above, a combination of aotive manipulation and
verbal representation was used throughout the teaching. BExper-
iences were discussed and olarified. Observation, prediotion, and
reinforoment were also included., Sinoce it was thought that
different children might learn the same concept in different ways,
and that generalisation would be more likely to develop if varied
experience were given, a variety of methods and materials was
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used in the teaching. The importance of actual addition or
subtraction of material for any change in weight was brought out
in several steps; perceptual seduction was countered. Identity
likewise was emphasised in several situations. Identity was
particularly stressed because nonconservers are said to centre

on a single aspect not co-ordinating multiple relations, and there
appeared to be a double question invalved in the conservation
situations, i.,e. whether the weight and material were the same as
in the original form (identity) and whether that was equal to the
object of comparison (equivalence), Finally, the need for an
external measure was brought out in order to free children from
misleading perceptual appearances; a balance scale was introduced
as an elementary measure of weight not necessitating transitivity.

On step 1 in the teaching session, two experimental group
subjects had great difficulty in distinguishing relative weight
by muscular feel, even though the differences were substantial.
On step 2, three of the six subjects did not know to add or
subtract some plastioine in order to make the weights equal;
all but one subjeot knew how to use the balance, but only one
subject spontaneously used it when equalising the portions,

On step 3, all six experimental subjeots, experiencing the
conflict, accepted the distinction between size and weight, Om
steps 4 and 5, as on step 3, all six subjects showed great
surprise but recognised oonservation when they counted pieces
and/or used the balance, On step 6, four experimental group
subjects were still very surprised when they realised the
conservation but, by step 7, all but two made predictioms of
conservation, In step 8, the subtraction/addition demonstration
confirmed the conservation of weight far all six subjects.

(1ii) Post-testing.

The first post-test was given to each subjeot two weeks after
the teaching session, and the seocond post-test, two weeks after
that, Each subject was seen alone for about ten minutes. The
standard post-test proocedure was similar to that of the pre-test
but included some new materials and situations to test whether a
generalisable ooncept had been developed rather than a specifie
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response. Questions demanding inequality judgments, as well as
questions on new materials, were included to reveal whether there
was, for reasons other than that of a genuine concept of conser-
vation, any agreement to sameness after transformation. Subjects
were required to give simple judgments of inequality and also
Judgments of conservation of inequality of weight, a generalisation
of the concept of weight conservation. Throughout, subjects

were asked to give reasons for their judgments.

The actual wording of the post-test was the same as that of
the pre-test. Items 2 to 8 were repeated but in item 9 a twist
of plasticine rather than a disc of plasticine was made; then
chocolate, one piece tobe cut in half, and then cheese, one
piece to be cut in thirds, were introduced. Finally, unequal
balls of plasticine were presented; first the larger was cut in
half, then the smaller was out in quarters and last both larger
and smaller were cut in halves. Again all transformations were
made in full view of the subjects and gestures were used to
clarify the questions., . Noncommittal remarks were made after
the children's reponses and a record was made of each child's
judgments and reasons,

On their first and second post-tests all six experimental
group subjects made conservation of weight judgments throughout;
the subjects gave conservation judgments on the familiar,
unfamiliar and inequality transformations. The reason usually
given for conservation was that of identity in the sense that
'it is still the same' plasticine, chocolate, or cheese; in
two cases reversibility was the reason given, e.g. "you can make
it back again", "you've only cut it, you can put it back same."

On the repeat pre~test, given to the oconmtral group when the
experimental group subjeots did their second post-test, all aix
control group subjects consistently gave nonconservation judgments.
(iv)_Teaching the Control Group.

The ocontrol subjects were then taught in exactly the same way
as the experimental group had been. On step 1 of the teaching,
all six ocontrol group subjects were able to distinguish relative
weight by muscular feel. On step 2, three subjects did not kmow
to add or subtract plasticine in order to equalise the weights
and two subjeots did not know how to use the balance; none used

the balance until it was suggested. On steps 3, 4, 5 and 6 all
16.



the subjects were very surprised but finally accepted perception
could be misleading. On step 7, one subject failed to predict
conservation and two others only very hesibantly predicted conser-
vation., On the last step, all six subjects clearly recognised
the significance of the subtraction and addition of material,

On their first and second post-tests, carried out exactly as
the experimental group post-tests had been, all six control group
subjects gave conservation of weight judgments throughout; the
subjects made conssrvation judgments on the familiar, unfamiliar,
and inequality transformations. For their conservation judgments,
three control group subjects gave the reason of identity in the
sense of *it is still the same material' and three gave the
reason that 'nothing had been taken awgy', a version of the
identity reason,

(v) Retention Study.

In the retention study, carried out eight months later, the
eleven available subjects were again given the post-test for
weight conservation. Then, in order to see if the retained
concept of conservation would be generalised further, the subjects
were tested for oconservation of volume by means of the situations
Piaget has used to study interior and occupied volume. (e.g.,
Piaget,. . Inhelder and Szeminska (1960.) Chapt. 14). To ensure
that subjects distinguished questions of volume from weight,
the experimental situations and the wording of the qawstions
were different for the two attributes and, where possible,
judgment on the basis of the different attributes was made
mutually exclusive - the separation of volume from weight was
made by weighting plasticine balls, In addition, after the
subjects had been asked questions of weight conservation, the
following operational distinction of simple volume and weight
was required of them,

Here are two boxes each with something different inside
(1ighter bigger box, heavier littler box)

(1a) Find and give me the baex which takes up more room, takes
up more space,
(1b) Find and give me the bax which weigh® more, is heavier.
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(1c) Find end give me the box which takes up less room, takes

up less space,

(14) Find end give me the box which weighs less, is lighter,

Here are two plasticine balls (one heavier bigger, one
lighter littler)

(22) Find and give me the ball which takes up more room, takes
up more space,

(2b) Find and give me the ball which weighs less} is lighter.

(2¢c) Find and give me the ball which takes up less room, less
space,

(24) Find and give me the ball which weighs more, is heavier,

After the eleven subjects had correctly made the distinction
between weight and volume, they were given the conservation of
volume problems. Plaget's interior volume situations were
introduced first. Three transformations of one of a pair of
36~wooden-unit-cube buildings, previously recognised as of
equel volume, were made; and for each transformation the
subjects were asked the following three questions. (a) Does
ny building still have as much room in it? (b) Do our buildings
have equally much space? (c) Are our buildings the same sise,
equally big?

Next, the occupied volume situations were presented using both
discontinuous (36 metal unit cubes) and continuous (plasticine)
material, After recognitions of equality followed by transform-
ations, the subjects were asked these three questions. (a) Would
my rock (or share) still make the water rise the same, rise
equally far, if put in this (container)? (b) Would our rocks
(or shares) leave as much space for water in these (conteiners)?
(o) Would our rocks (or shares) take up equally mach room in
these (containers)? For the conservation of volume situations,
as for the weight post-test situations, each subject's judgments
and reasons for them were recorded.

The eleven subjects available for the retention study still
gave correct conservation of weight judgments with appropriate
reasons for them, The most frequently given reason for comser-
vation was, again, identity in the sense of 'it is still the same'
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plasticine, chocolate, or cheese. Another reason, 'nothing

has been added/nothing has been taken away', was also given but
less frequently. These eleven subjects, as well as making
conservation of weight judgments, made conservation judgments

in the Piaget volume situations., Generalisation of the concept
of conservation from the weight to the volume situations appeared
immediately in six subjects; four subjects hesitated in the first
lengthening transformation only, and one subject gave conserva-
tion judgments in the occupied valume situations but not in the
prior interior volume situations, Individual subjects gave

the same reasons for conservation in the volume situations as
they had givem for conservation of weight, Some of the

children who in the weight situations stated that nothing hsd
been added or subtracted, in the conservation of volume situations
gave, in addition, conservation of number reasons, Children who
gave the reason of sameness of material gave only that reason
throughout .

III, DISCUSSION

The experiment showed that it is possible to teach a concept
of conservation of weight to previously consistently nonconserving
E.S.N. children. After a single teaching session, all twelve &f
the subjects gave conservation of weight judgments, with reasons
for them, in new as well as familiar situations whereas they had
not done so before. Eight months later the subjects still
maintained conservation of weight; their experimentally induced
concepts of conservation proved to be durable as well as general-
ised and supported by reasons. It can therefare be argued that
a genuine concept of conservation hed been taught. It might,
however, be suggested that the subjects had only learned a verbal
response., For example, the words "if I do this to mine = - - ?"
might be said to be a cue for "yes" answers, and judgments of
sameness for reasons of identity. There are four grounds for
rejecting such an interpretation. (1) In the oonservation of
weight post-test situations, subjects were required to give
negative as well as positive judgments, i.e., judgments of
inequality as well as equality. They did this correctly.
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(2) The reasons the children gave were not as similar as the
classification into categories might suggest. For example, the
"nothing has been added or taken away" category includes reassons
such as "you haven't took none off it", or "you haven't put
nothing to it", or "you still got all the pieces" - not a single
taught verbal response., In the "same stuff" category, additional
comments, such as "you just put it different®, indicated more
than verbal learning., (3) As the reason of identity was only
one of several reasons brought out in the teaching situations
and was not a practised response, and as varied active experience
of conservation of weight was given, it would seem unlikely that
a simple verbal response alone was learned. (4) In the retention
study, very different expressions followed the "if I do this to
mine - - - ?" opening in the volume and weight situations.,
Although it is true that, in the weight situations, the wording
was always the same ("will your share and my share still weigh
the same, still be equally heavy?"), in the volume situations
questions on interior and occupied volume were worded entirely
differently and the "if I do this to mine -~ = -~ ?" was a very
distant cue indeed., There is, therefore, evidence that more
than a verbal response had been learned.

No attempt was made to "extinguish" conservation responses
by surreptitiously removing material because it seemed unfair to
subject retarded children to such a situation., The fact that
both Kingsley & Hall (1967) and Smith (1968), on the basis of
their experimental results, reject resistance to extinction as
a means of distinguishing "taught" from "genuine®™ conservation
lends support to the - amission.of this as a test for the
genuineness of the conservation taught in the present experiment,

Bxperience during the eight months after the teaching session
might have resulted in the development of conservation of volume
independent of the teaching of conservation of weight and so it
cannot be stated conclusively that the taught conservation of
weight was generalised to volume, although such generalisation is
suggested by this study. Although it is unlikely that a oconcept
of conservation in the volume situations would have been shown when

conservation of weight in the pre-test situations was not, and
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although it was reported that conservation of volume had not been
taught during the eight months, both of these factors need to be
controlled before generalisation of taught conservation can be
said definitely to occur,

Although this experiment, and an earlier one carried out by
the writer on the conservation of substance, showed that it is
possible to teach ESN children a concept of conservation and
how, in general, one can accelerate such a concept, further work
would be needed to determine any specific effective and essential
aspects of the teaching as well as the extent of the influence of
the teaching. The present study did not reveal whether the
crucial influence was a particular experience, some variety in
experiences, ordering of experiences, or the interaction of these
and perhaps other factors; nor did it reveal the relative import-
ance of identity, addition/subtraction, reversibility or other
explanations; nor did it indicate which method of teaching was
most effective., Likewise the present study did not reveal the
extent to which a taught concept of conservation may be general-
ised; certainly the results of the retention study indicated
that a taught concept of conservation of weight may be generalised
to volume, but the limits of generalisation were not established.
These, and related, questions were studied in subsequent invest-
igations and are discussed in later chapters.

On the question of effective and essentidl elements in
the development of conservation, it was the writer's impression
from working with the children in the present investigation that
more than one particular experience or explanation was responsible
for the development of a concept of weight conservation. Piaget
(1968) writes that conservation involves more than identity alone
and depends on a total system of operations involving reversibility
and compensation as well as identity., Piaget further argues that
"quantitative operational™ identity, i.e. identity in the sense of
'nothing has been added or subtracted', rather than "qualitative
pre-operational® identity, i.e. identity in the sense of 'same
material', is necessary for the development of oonservation. He
sees this "quantitative identity operation +0-0=0", as a necessary
yet not sufficient foundation for conservation., In short, Piaget
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argues that the system of operations which is essential for the
development of conservation includes this "quantitative" identity
and also reversibility and compensation, Although subjests in
the present experiment gave "qualitative" identity reasons alone,
as well as "quantitative" identity reasons alone, in explanation
of conservation, it cannot be said conclusively that identity
alone provided sufficient basis for conservation. Subjects may
have been aware of compensation and/or reversibility as well as
identity even though they cited only identity explieitly in
giving reasons for conservation judgments; ESN children

lacking verbal fluency are unlikely to express more than a
~single reason for their judgments.

To conclude, the results of the first investigation showed
that it is possible to develop a concept of weight conservation
in ESN children using a teaching method which includes active
manipulations by the learner and verbal representations with
emphasis on identity, subtraction/eddition, and reversibility.
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CHAPTER 3
*
THE DEVELOP!ENT OF UNDERSTANDING OF VOLUME CONSERVATION
I TILTRODUCTION

The purpose of Investigation Two was to reveal whether and

how it is possible to teach a wide age range of educationally
subnormal children a concept of conservation of volume in
Piaget-type situations, and whether such a taught concept of
conservation will be generalised from the volume situations

to weight and substance situations, and if conservation of
volume can be taught before conservation of weight and/or
substance is recognised,

Such a study of the development of a concept of volume

conservation is of both practical and theoretical interest.

It is of practical importance in that a large number of
educationally subnormal children do not recognise conservation
in Plaget-type volume situations and an effective method of
teaching such children this concept could enable them to solve
elementary problems which arise both in classroom and out of
school situations. An understanding of volume conservation

is basic to any further work involving volume, for example in
arithmetic, in cooking, in gardening; it is important wherever
the children are faced with containers to fill and objects to be
packed away, in school, at home, or in their later jobs. The
study is of theoretical interest as it investigates two issues
of central importance to Piaget's developmental theory: the
notion of a fixed order in development and that of generalisation,
The two issues are distinot but related., The investigation
was designed to reveal any natural orfunctionally necessary
sequence of stages in the development of conservation of
substance, weight, and volume, i.e. to test whether conservation
of substance and weight are prerequisites for oonservation of
volume. The question of generalisation of the taught concept
of conservation was studied in relatiom to these attributes said

to arise earlier in the sequence.

‘The substance of this chapter is reported in a paper, Br.J.
educ. Psychol., 40, 55-64.
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In this investigation Pilaget's interior and displacement
volume situations were used. These situations were ooncrete and
appropriate for educationally subnormal children, Piaget, in
studying children's concepts of volume conservation, introduced
problems involving objects made of wooden and metal unit-cubes
The Child's Conception of Geomet Chapt. 14) and objects
made of plasticine (Le developpement des quantites physiques
chez 1'enfant, Chapt. 3).

In presenting the volume conservation problems (The Child's
Conception of Geometry, Chap. 14), Piaget started from a con-
struction whose shape had been reproduced by the children, with
or without help, and built other comstructions out of the same
unit-cubes changing the form of the base while the children
watched. The children were then asked whether there was as much
room in the new as in the old construction or whether there was
more or less room and whether the same cubes which now formed
the new ocould be used to remake a construction like the original
and exactly the same size. Biaget next asked the children
questions on the conservation of volume when a solid object
was immersed in water, He built a block of unit-cubes at the
bottom of a bowl of water while the children noted how the water
level rose. The children were then asked if they thought the
level would change if the arrangement of unit-ocubes was modified,
In addition to questions about water level, the children were
asked whether the cubes would continue to take up the same
amount of space in the water or whether there was as much room
for water as before,

This second situation, the one in which a bloock of unit=
oubes was immersed in water, would enable questions to be asked
on interior, occupied, and oomplementary voltmi. Interior
volume Piaget desoribed as volume defined by boundary surfaces,
occupied volume as the amount of space taken up by an objeot
in relation to other objeots around it, and complementary
volume as the volume of the water displaced. Conservation of
the last two volumes, Piaget said, was present if the childrea
anticipated that the water level would remain unaltered,
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Piaget found that children recognised conservation of
interior volume before conservation of occupied volume., This
Piaget suggested was because conservation of ocoupied volume
necessitates more than simple qualitative operations, involves
not only logicelbut mathematical multiplication, and further
implies the infinite subdivision of continuous space, Piaget
argued that: at first, logical multiplication and compensation
of relations between dimensions enables the conservation of
interior volume; qualitative co~ordinations of subdivisions
and changes of position occur without any use of measurement.
Then, reconstruction and spontaneous measurement involving
logical transitivity allow more accurate compensations.

Later, measurement involving unit iteration develops, boundaries
are measured in three dimensions, the relations between lines
and areas bounding a s0lid and its volume are established,
mathematical multiplication enables the calculation of volume,
and conservation of volume relative to its surrounding space

is understood. Thus Piaget described the development of
understanding of volume conservation as from a qualitative
conservation of interior volume, through the achievement of
simple metrical operations, to the mathematical oalculation of
volume and conservation of occupied and ocomplementary volume,

For the purposesof this investigation a child was said to
have an understanding of volume conservation if he recognised
conservation in all the interior and displacement volume
situations presented to him, whether or not he was able to
measure and ocaloulate volume mathematiocally. A child was said
to understand conservation of interior volume if he recognised
that the room inside a unit-cube building remained unchanged
during changes in the shape of the building so long as nothing
was added or taken away. He was said to understand conserva-
tion of displacement volume if he recognised that the space
taken up by metal unit-oubes and plasticine and the water level
likewise would remain unchanged during transfarmations of the
objects immersed in water, The concept of volume oonservation
taught was strictly a ooncept of conservation and not a concept
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of volume which entailed mathematical calculation or an
explanation of density. A full understanding of volume mgy
require an understanding of density and the compression and
decompression of matter (as Piaget discussed in Le developpement
des quantites physiques chez l'enfant, Chapt, 8) as well as the
mathematical calculation of volume, but such a concept of volume
is distinot from, and not necessary for, the development of a
concept of conservation in interior and displacement volume
situations, It is this latter concept that is more importent
for educationally subnormal children to learn.

The recognition of volume conservation is a limited aspeot
of an understanding of volume but it is basioc to any fuller

understanding. Piaget himself (The Child's Conoeption of

Geometry, p.355) recognised that volume in one sense is based

on an elementary understanding not entailing measurement and
mathematical calculation, Such an elementary understanding

of volume conservation is no less genuine because it is limited
nor need it be restricted to interior volume. An under-
standing of volume is likely to be gradually developed and
extended and the recognition of conservation in interior and
displacement situations, without explicit understanding of
density, compression/decompression, measurement, or mathematical
multiplication, is a step in the gradual development of fuller
understanding.

To develop a basic understanding of volume oonservation,
only situations where oconservation of volume holds true need to
be considered. To introduce questions involving popped corn,
or water ice and steam, or collapsed containers would unnecess-
arily complicete the teaching for educationally subnormal
children.

As far as the writer knows no other investigators have
attempted to teach volume conservation though several investiga-
tions have been cerried out on the natural development of a
concept of volume conservation, see for example Beard (1962),
Elkind (1961b), Lovell & Ogilvie (1961b), Lunser (19604).
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II PROCEDURE AND RESULTS

One hundred and four educationally subnormal sshoolchildren
aged between 8 and 16 with IQs between 46 and 80 were pre~tested
for conservation in Piaget-type substance, weight, and volume
situvations. Thirty children who gave nonconservation judgments
in all the volume situations were chosen for special teaching,
Sixteen of these children, who failed to recognise conservation
of substance and weight as well as volume, were paired -~ matched
for chronologiocal age and IQ; six other of these children,
nonconservers of weight and volume,were likewise matched and
eight others, nonconservers of volume only, were so paired.
Between experimental and oontrol subjects differences in age
were always less than 9 months, in IQ usually less than
6 points, The thirty children taught ranged in age from 9 to
15 and in IQ from 46 to 75. The fifteen experimental group
children were taught and then post-tested twioce. When the
experimental group was given the post-test for the second time,
the fifteen control group children were re- pre-tested; then
they too were taught and post-tested twice. Five months later,
twenty-nine children were again post-tested.

The materials used were: plasticine, oreange drink, four
100ml beakers, one low wide dish, two 50ml beakers, four 25ml
beakers, balance soale, lead weights, rice, wooden lom unit-
cubes, metal lcm unit-cubes, four perspex containers 4"xi"x3",
water, marking pen, four boxes of the following internal
dimensions: 6x3x2high cms, 12x3xthigh oms, 6x3x2high cms in
two parts L_L‘J , 6x3x2high oms in four parts , "lego®
cubes, perspex boxes 5%x3"x2", ’

Throughout the investigation the experimenter tried to

avoid giving any extraneocus or inadvertent cues by gesture,
expression, or tone of voice, The situations and questions
were presented 30 as not to bias the children's responses.
The proocedure was staniard yet flexible. Care was taken that
ohildren understood the questions as they were intended, The
children's answers to the different wordings of the questions
were recorded separately for each wording in order to check
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for consistenqy and understanding,
(i)_Pre-testing.
The pre~test included questions on conservation of

substance, weight, and volume in order to select for teaching
children with different degrees of understanding of conserva-
tion i.e, children who failed to recognize conservation of
volume, weight, and substance, children who failed to recognise
conservation of volume and weight but recognised conservation

of substance, and children who failed to recognise conservation in
the volume situations only. As well as finding children with no
concept of conservation of volume who might be taught that concept,
the pre-test was designed to reveal any naturally occurring

order or sequence in the development of concepts of conserva-
tion in E.S.N, children. Likewise the pre-test was meant

to provide for the later investigation of generalisation of
taught conservation from the volume to the weight and substance
situations, i.e. to provide a record of the presence or

absence of conservation juigments for substance and weight as
well as volume prior to the teaching, In brief, the pre~test
provided for answering the following questions: Is there a
naturally occurring sequence in the development of conservation,
conservation of substance before weight before volume, in

E.S.N. children? Can a concept of conservation be taught out
of this generally recognised sequence, i.e. can oconservation

of volume be taught before oconcepts of oconservation of weight

and substance have been attained? And, will a taught concept

of conservation be generalised to other attributes?

To ensure that children distinguished volume from weight
from substance when answering the oonservation questions and
gave judgments for appropriate reasons, the pre-test situations
as well as questions were different for the different attributes,
and, where possible, judgments on the basis of different
attributes were made mutually exclusive. The separation of
volume from weight was made by differentially weighting
same-volume balls of plastiocine; oonservation for weight was
distinguished by divorcing heaviness and sise by differentially
weighting same~volume balls and identically weighting
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different-volume balls of plasticine. Weight situations
separated substance and volume questions. Different materials
were introduced and different transformations were made in
different attribute situs:ions although certain materials and
transformations were similar throughout the pre-test for
control and consistency on one dimension of diffioulty. The
word "amount" was not repeated for attributes other than
substance and the actual wording of the questions in the
substance, weight and volume situations was entirely different
in each case. (See chapter appendix for details of the
pre-testing procedure)

Piaget's conservation problems were presented. Liquid
as well as plasticine was used in testing for conservation of
substance because in past studies some children have been found
to conserve for the one substance, liquid, and not for the other,
Conservation of volume was investigated in displacement
situations as well as in Piaget's internal volume situation
because children have been found to conserve for interior
before occlipied or complementary volume, The displacement
situations entail the consideration of volume in relation to
something outside the object itself; the situation is clearly
different from that involving conservation of substance.
Continuous material, plasticine, was used as well as discontinuous,
blocks, in displacement volume situations in order to preclude
conservation for the reason of number alone where conservation
of volume was required, The large number of blocks likewise
mitigated against number conservation only. Discontinuous
material, blocks, was used in both the internal and the
displacement situations to ensure that any differences in
difficulty would be due to the volumes considered and not to
the faot that discontinuous material is often oonaerved before
continuous,

Juigments of inequality as well as of equality were
required throughout the pre-test in order to reveal any agreement
to sameness after transformation for reasons other than that of
a genuine concept of conservation. In addition perceptual as
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well as conceptual judgments were called for. Although it was
recognised that the question "look the same" may be ambiguous
and a distinotion between reality and appearances might not be
nade, the "look the same" question provided a counter suggestion
to test the stability of the conservation judgments.

Operational understanding not just verbal recognition of
equality on the different attributes was tested before making
any transformation or asking any conservation questions i.e,
children were asked to select and give the experimenter obJjects
equal on a named attribute. This made it clear that the
children would understand the conservation questions as the
experimenter intended them. For every transfarmation the
conservation question was asked in three different ways;
care was taken to eliminate any misunderstanding by wording
the same question in several ways.

Throughout the pre-test the experimenter made all the
transformations in full view of the children, The children
did not manipulate the transformations of the material themselves
but they could see materials being returned to their original
form, After a child made a judgment, the experimenter made
only non-committal remarks and in an unchallenging manner asked
the child why he thought what he did. Children's explanations
of their judgments were taken as evidenoe of conservation or
nonconservation,

Bach child was scen alone for about twenty minutes and sat
opposite the experimenter at a small table in some fairly quiet
place in the school. The child's performance on the pre-test was
recorded on a standard form and, as far as possible, the child's
exact comments were taken down,

The oriterion for total nonconservation was a failure to
recognise equality in any attribute (substance, weight, or
volume) after transformation in shape in every one of the pre-
test transformations while alao giving a clear indication of
which portion was considered greater or less and for what reasons.
The oriterion for partial nonconservation was nonconservation
in one or two of the three attribute situations i.e, the failure
to recognise equality after transformation in every situation
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involving any particular attribute or attributes. In other
words, a child who was classed as a total nonconserver would
Judge every objeot after transformation as more or less in
amount, weight, or volume while a child who was classed as a
partial nonconserver would, in particular attribute situations
only, judge a transformed object as greater or less and would
recognise conservation in other attribute situations,

Nonconservation was exhibited in a variety of ways. In
some cases the transfarmed portion, and in other cases the
original, would be judged greater or less. Such differences
in judgments were found within the same child, between different
children, and within and between different attribute situations,
In failing to recognise conservation, children were not
necessarily consistent in their judgments of greater or lesser
portions nor in their reasons for their judgments, but in every
case it was clear that the child realised all the previous
material was included for comperison,

Reasons for oonservation judgments taken as evidence of
genuine concepts of conservation included: the recognition of
identity of material, amount, or weight, that nothing had been
taken away or added, and the recognition of the possibility of
reversing the transformation or of similarly transforming the
as yet unchanged portion, or a clear statement that the portions
were equel before and so must still be equal. There was
variety in the children's justifications of oonservation
judgments too, both in the type and number of reasons given,

Of the one hundred and four educationally subnormal
children pre~tested, thirty-nine were total nonconservers, one
gave nonoonservation answers in all but the liquid substance
situations, seven were nonconservers of weight and volume
but conservers of substance, eleven gave nonconservation answers
in the volume situations only, one gave oconservation answers
for all but the interior valume situations and five of the six
displacement volume transformations, one gave conservation
answers for all but the weight and interior volume situations,
one conserved for all but weight and solid substance, one
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conserved for all but interior volume and solid substance,
five recognised conservation for all but interior volume,
one recognised conservation for all but displacement volume,
two recognised conservation in later but not in earlier
transformations of different materials and thirty-four were
total conservers,

The thirty-nine total nonconservers ranged in age from
8 to 1¢ and in IQ from 45 to 75, the seven nonconservers of
weight and volume ranged in age from 10 to 16 and in IQ from
52 to 75, the eleven nonoconservers of volume only ranged in
age from 10 to 16 and in IQ from 64 to 74, and the thirty- four
total conservers ranged in age from 10 to 16 and in IQ from
55 to 80, The lowest mental age to be found among children
who recognised conservation in every situation was 5.7 (CA 10).
The highest mental age to be found among children who failed
to recognise conservation in every situation was 9.5 (CA 15).
The results of this pre-test indicate the extent of indivigdual
differences in the development of conservation concepts in
E.S.N, children. (These mental ages can be compared with those
Hund by other experimenters presenting similar problems to
mentally retarded subjects. Hood (1962) found 6.6 the lowest
mental age among oonservers of substance and 9.8 the highest
mental age among nonconservers of substance. Mannix (1960)
found no completely operational thinking in children with a
mental age of less than 6,8 nor completely preoperational
thinking in children with a mental age greater than 6.5.)

Although no single child has been studied longitudinally
to reveal any natural sequence in the development of conserva-
tion of different attributes and although no simple pattern of
conservation responses was found in a ocross section of E.S.N.
children, the sequence conservation of substance before weight
before volume was verified in general for E.S.N. children.
Only three children recognised conservation of an attribute
later in the sequence but not oconservation of a prior attribute
i,e. except in three cases conservation of volume did not appear
until after conservation of substance and weight nor did
conservation of weight develop before conservation of substance,
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The sequence was generally found to hold but was not
unexceptionable,

While this pre-test revealed that for the majority of
E.S.N. children conservation develops in the generally agreed
sequence substance before weight before volume, it did not
reveal any sequence for conservation of interior before
displacement volume as has been found by Piaget(The Child's
Conception of Geometry, Chapt. 14). Rather, seven children
gave clear conservation answers in the displacement volume

situations but gave clear nonconservation answers in the
interior volume situations. The pre~test was repeated with
these seven children and the reversal of Piaget's order was
again found, i.e., the children responded the same as before.
It was thus shown that the conservation of displacement
volume in the absence of conservation of interior volume was
not the result of practice in the pre-~test situations nor
the result of any individual merely momentary confusion ar
variability.,

The question of differences in conservation showm in
interior and displacement volume situations was clarified in
a subsequent investigation but certain points need to be
mentioned here. It was clear that the children were aware
of the distinction between interior and displacement volume
questions., Not only was there a demonstratiom and explanation
of displacement before any questions about conservation of
displacement volume were asked in situations entirely different
from those for interior volume, but also all the children.:
selected objects appropriately when asked to do so in relation
to making water rise as well as in relatiom to taking up space,
All the children understood the displacement volume questions
as the experimenter intended them, The fadt that seven
children gave conservation answers in the displacement volume
situations but not in the interior volume situations was
further evidence that the distinoction was made; likewise there
was a single child who oonserved in the interior but not in
the displacement situation., Thus, the pre~test situations and
questions effectively distinguished displacement and interior
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volume and conservation of displacement volume was several
times recognised before conservation of interior volume and
only once was conservation of interior volume recognised
before conservation of displacement volume,

The displacement volume situations in this pre-test were
different from those described by Piaget (The Child's
Conception of Geometry, esp.pp. 358 and 375-6). It is not
clear precisely how Piaget presented the problems to each
child i.e. whether he actually made the transformations in
each displacement volume situation, but no comparision object

is reported to have been present in any displacement volume
situation and the fact that the objects were immersed in water
would make it unlikely that any transformation would be ocarried
out because if it were the child could observe the effect on
the water level and answer the conservation question on the
basis of immediate perceptual experience. The displacement
situations in this experiment were presented to each child in
the following way: The actual transformation was made and a
comparison object was present in every case so that the
situations were consistent with those for conservation of
substance, weight, interior volume, etc, The objeots were not
in the water at the time of transformation in order not to
prejudice judgments but they had previously been in water and
the ohildren clearly understood what was meant when questiocned
on the objeots making the water level rise, taking up space.
Other than in these three main conditions, i.e. the presence
or absence of actual transformations, comparison objects, and
present immersion in water, the displacement situations in
Piaget's expcriments and in this experiment were similar, for
example the same materials, thirty-six lom metal unit oubes
and plastioine, were used and similarly worded questions asked,
The interior volume situations were likewise similar to Plaget's
in these respects. However, less obvious differences, for
example the different number or type of movements in making
transformations, i.e, different actions or different permuta~
tions of unit ocubes, may influence the results.

Conservation was clearly not an all or none development,
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rather it was of‘ten recognised for some but not for other
attributes (substance, weight, or volume), in some but not
in other situations (e.g. liquid not solid substance), and
for some but not all transformations of the same attribute
(e.g. 6x3x2 building in two parts not 12x3x1 building).
Two particularly good examples of the children's thinking
were the following: Clearly distinguishing substance from
interior volume, one child said "its the same a.ount 80
there's the same room in it -~ no, there's more room in it",
Another child asserted "its the same plasticine but it takes
up more sphce",

(ii) Teaching the Experimental Group.

Fifteen experimental group children (eight total
nonoconservers whose respective ages and IQs were: 14 yrs 5m, 57;
12 yrs 5m, 66; 12 yrs Om, 60; 11 yrs im, 46; 10 yrs 5m, 67;
10 yrs 2m, 62; 9 yrs 1lm, 70; 9 yrs 4m, 73; three non-
congervers of weight gnd volume whose ages and IQs were:

1 yrs 7m, 61; 14 yrs 7m, 52; 11 yrs 10m, 63; and four
nonconservers of volume only whose ages and IQs were: 1, yrs
Sm, 64; L, yrs 5m, 74; 13 yrs 2m, 72; 10 yrs 8m, 70)
were matched with fifteen control group children (eight total
nonconservers whose respective ages and IQs were: 14 yrs 5Sm,
58; 12 yrs 10m, 64; 12 yrs 2m, 61; 11 yrs 10m, 52; 10 yrs
4m, 71; 10 yrs 1lm, 61; 10 yrs 4m, 66; 9 yrs 5m, 70; three
nonoonservers of weight gand volume whose ages and IQs were
15 yrs 3m, 75; 14 yrs 2m, 55; 12 yrs Om, 65; and four
nonconservers of volume only whose ages and IQs were: 1l yrs
8m, 70; L4 yrs 4m, 70; 12 yrs llm, 74; 10 yrs 8 m, 71). Of
the fifteen experimental group children eight were bgys and
of the fifteen control group children six were bays.

The fifteen experimental group children were glven
teaching designed to develop a conoept of valume conservation,
Physioal, not mathematical, valume was considered; the develop-
ment of a ooncept of conservation of volume as a conorete
operation in Piaget's sense was not seen to necessitate
mathematical caloulation by linsar dimensions, Conservation

35



in Piaget's interior volume situation was taught and then
congervation of volume in the displacement situation., The
displacement situation, while it is complex involving not

only conservation and equivalence of volume but also recog=-
nition of the relation between volume of object immersed and
volume of liquid displaced, does enable simple recording of
ocoupied volume in a finite situation; the water level can

be marked off before and after an object is immersed or
transformed, the objeot taxing up room in a container of water
rather than in unbounded space.

A repetition of the pre~test situations in every teaching
session was designed to prowile, first, a check that subjects
were still nonconservers at the start of the teaching sessions
and, second, information as to when in the teaching conserva-
tion developed in these subjects and whether conservation
was generalised from the earlier teaching situations to the
later.

The onildren were given varied experiences, involving
different manipulations of concrete materials in different
situations and verbalisation of several reasons and empirical
findings, in order to develop a broad understanding of volume
conservation. Each child was taught alone for one session of
approximately thirty minutes. Although the method of teaching
was flexible and was adapted to the individusl child, it was

kept within standard limits and included set experiences and
explanations. EBach teaching session involved a combination
of manipulating reversibility, filling ocontainers with and
counting disoontinuous material, measuring displacement and
verbalising reasons for conservation (including reversibility,
identity, and compensation) and empiriocal findings (such as
the distinotion between appearance and reality and the results
of measurement.

The teaching began with the oconsideration of interior
volume. A transformation of one of two recognised-as-equal
wooden-block buildings was made, i.e. one of two 6x3x2 high
buildings was made 12x3x1 high and the pre-test questions for
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interior volume were asked. Then the experimenter demon-
strated and the child manipulated reversibility. After a
preliminary cheox that the child could give the correct
number of blocks up to 36, the experimenter demonstrated and
the child filled two bo¥es shaped to hold the 6x3x2 and the
12x3x1 block buildings counting the same number of blocks into
each bax, Throughout these demonstrations and manipulations,
the experimenter emphasised verbally that there was as much
room in each transformation, equally much space inside, only
the shape was different. The sameness or identity of the
material and amount was pointed out and that nothing had been
added or taken away. That the building oould therefore be made
back the same as it wasbefore was likewise stated and also that
changes in one direction were compensated for by changes in
another direction. The same demonstrations, and manipulation
of reversibility and counting of identity, and verbal explan-
ations were repeated for the second and third tranaformations
of the 6éx3x2 wooden block buildings, i.e. for the separating
of one building into two and then four overlapping parts, bdut
the child was encouraged to take the leading role in manipulating
and explaining conservation in the interior volume situations.
The teaching ocontinued with the oconsideration of displace-
ment volume, After an initial demonstration of displaocement,
i.e. after 36 metal bloocks were immersed in a dish of water
and the water rise recorded, a transformation of one of two
recognised-as~equal metal-bloock 'rocks' was made, i.e, one of
two 4x3x3 high 'rocks' was made é&x6x1 high, and the pre-test
questions for displacement volume were asked, The experimenter
then demonstrated tdnd the child marked on the container that
the water level rose the same for the two different shaped
'rocks', Again the child counted that the ssme number of
blocks was in each 'rook', Throughout the marking off of water
levels and oounting, the experimenter emphasised verbally that
these showed that the transfarmation took up equally much room,
left as much space for water, merely looked different, i.e. the
experimenter emphasised the distinction between reality and
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appearances, and the child was encouraged to express the
evidence for equality, i.e. to state that the water rose the
same, equally far. For the second and third transformations
of the 4x3x3 metal block 'rocks' i.e. for the separation of
one 'rock! into two and then four overlapping parts, the child
was again helped to record and count and then verbelly express
the evidence for the ocontinuing equality of displacement
volume,

The teaching ended with the further consideration of
displacement volume using plasticine instead of blocks.

After an initial demonstration of displacement of weter by
plasticine, a transformation of one of two recognised-as-
equal-in-volume~-thopugh-not-weight plasticine balls was made,
i.e. one of the two balls was made into a ring, and the
pre-test questions for displacement volume were again asked,
The child then manipulated reversibility and marked that the
water level rose the same for the transformed as for the
original plasticine., Throughout, the child was enoouraged
to give reasons for conservation including the recognition of
identity, reversibility, and compensation as well as to make
empirical statements including the result of marking off water
levels and its significance. The child did the same for the
second and third transformations of the plasticine ball, i.e,
for the cutting of one plasticine ball into two and then four
plieces,

A11%he experimental group children gave nonconservation
answers to the questions on the first transfarmation in the
opening interior volume situation. Twelve children said there
was more room or space inside the 12x3x1 high transformatiom,
two that there was more in the 6x3x2 high building, and one
judged first the 12x3x! and then the 6x3x2 grester. The children
pointed out as Justification for their judgments that one looked
"bigger® or "longer" or "fatter” etc.; each child's answers
were very similar to those he had given on the pre-test.
Thirteen of the children counted up to thirty-six blooks
meaningfully and without help, two did so with help. TFilling
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the boxes as well as counting, however, required much time and
attention. Por the second and third transformations in the
interior volume situation, ten children recognised conservation
and gave reasons for their judgments. Six children gave as a
reason the fact that there were the "same blocks" all the time,
one child gave the reason that there was the "same amount of
blocks", and three children gave as a reason the fact that the
building "could be put back the same as before". Five children
did not recognise the oonservation of interior volume and
pointed out not only that one building looked "bigger" but
also that the blocks were "put more" or “spread". Three
children thought there was more roam or space inside the
transformed building and two that there was more inside the
original.

Eight of the experimental group children recognised
conservation in the displacement volume situation i.e. eight
of the fifteen children had learmed and generalised conservation
from the interior volume situastion., ¥Five children gave reasons
for their conservation judgments; two of these children said
that there were the "same blocks", one that there were the
same amount of blocks", and two said the building could be
"put back the same as before", Three children gave no reasons
for their conservation judgments., Six of the experimental
group children did not recognise conservetion of displacement
volume; three of these said the 6x6x1 high transformation took
more space than the original 4x3x3 high rock, two said the
4x3x3 rock took more, and one child judged first the 4x3x3 and
then the 6x6x1 rook to take more spaoce, These six ohildren
said in justification of their judgments that one was "bigger"
or "wider" or "square!'or "fatter”, One child said he did not
know in answer to the questions of displacement volume; he said
that he would "need to try it"., [For the second and third
transformations in the displacement volume situstiom, all
fifteen children recognised conservation and gave reasons for
their judgments, Seven children gave as a reason the faot
that there were the "same blooks" four children gave the reason
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that there was the "same amount of blocks", and four children
gave as a reason the fact that the rock "could be put back the
same as before",

Fourteen of the experimental group children recognised
congervation in the displacement volume situation when
plasticine was used i,e. fourteen children had developed a
cuncept of conservation and recognised conservation of
displacement volume when a new material, plastiocine, was
introduced instead of blocks. Thirteen of these fourteen
children who recognised conservation gave reasons for their
Judgments; one child gave no reasons, Seven children pointed
out that there was the "same plasticine" still, three children
that there was the "same amount" of plasticine, and three
children that the plasticine "ocould be rolled back the same
as before". One child still did not recognise conservation
of displacement volume and pointed out that the ball looked
bigger. For the second and third transfarmations of plastiocine
in the displacement volume situation, all fifteen children
recognised conservation and gave reasons for their judgments.
Bight children gave the reason that there was the "same
plasticine", four that there was the "same amount® of plasti-
ocine, and three that the plasticine could be "rolled back
the same as before",

The results in the teaching of a concept of volume
conservation, like the results of the pre~test, revealed that
the development of conservation is gradual and individual
differences important, There were individual differences in
the speed of learning, in the pattern of learning, and in the
reasons for learning. The amount of repetition of manipula-
tions and verbalisations that was necessary varied for different
children; some children learned to recognise conservation
within twenty minutes, others needed forty minutes..
Conservation was not recognised by all children at the same
point in the teaching nor was it maintained in the same manner
thereafter, No relation was found between the point at which
conservation was recognised and whether the child had been a
total or partial nonconserver. Different childrea found different
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manipulations and explanations to be the most convinecing; some
children found recording the water level particularly convinecing,
others found manipulation of reversibility or counting for
identity most helpful. Identity reasons for volume conserva-
tions judgments were the most frequently given by the children;
reversibility reasons were next most frequently mentioned.

The reasons individual children gave could be easily categorised
as identity, reversibility eto., and children gave predominantly
one reason or another, This does not mean, however, that all
children gave only one reason throughout the teaching session,
Generally one main reason was repeated but another reason was
often also mentioned. Reversibility and identity were quite
frequently cited as subordinate reasons to each other; compen-
sation likewise was cited as a subordinate reason. The
experimenter felt that there were differences in why and what
the individual children learned; younger children appeared to
need most the information given while older children seemed to
need to have their attention appropriately directed,

When perceptual judgments, i.,e, judgments on the basis
of appearance not reality, were made the transformed object
was usually judged greater, but this was prodbably due to the
particular transformations made,

Care was taken in teaching to emphasise volume conserva-
tion rather than number conservation. No child counted to
give number conservation answers alone., Likewise in the
displacement situations in which plasticine was used, fourteen
and then fifteen children recognised conservation of gontinuous
material. Conservation answers were given for the right, i.e.
for volume, reasons.

(iii) Post-testing, ‘

The first post-test was given to each child one week
after the teaching session, and the second post-test, one week
after that, Each ohild was seen alons for about twenty minutes.
The standard post-test prooedure was similar to that of the
pre~test but inoluded some new situations to test whether a
general concept had been developed rether than a specirfio

.



response learned; both familiar and new materials, transfor-
mations, and names of objects were introduced to test for
generalisation and not just a learned response., Questions
demanding inequality Jjudgments also were included to reveal
whether there was, for reasons other than that of a genuine
concept of conservation, any sgreement to sameness after
transformation. Unequal quantities were presented not only
to check that recognition of sameness was not a response to
any and every situation but also to test for further general-
isation; children were required to give not only simple judg-
ments of inequality but also judgments of conservation of
inequality of volume, Throughout the post-test, the children
were asked to give reasons for their judgments; both judgments
and reasons were recorded. The stability of the children's
conservation judgments wes: tested by the experimenter's
pointing out perceptual differences; in giving a counter
suggestion the experimenter simply emphasised appearances
and did not mislead the children, All transformations were
made in full view of the children; gestures were used to
clarify the questions, Noncomuittal remarks only were made
after the children's responses,

The actual wording of the post-test was similar to that
of the pre-test. The pre~test questions and situations were
repeated in the post-test and the questions in the new situations
were worded similarly., (See chapter appendix for details of
the post-testing procedure). In the seocond situation of
the post~-test, new material, 'Lego”blocks, was introduced, new
transformations made, and new verbal labels used but the
problem was similar to that in the teaching, i.e. equality was
to be recognised after transformation, In the fourth situation,
that involving unequal metal-block transformations, new verbal
labels and new transfarmations were introduced; and new
containers, though not new blooks, were used., The probleam,
i.e. 3hat of recognising and oonserving for inequality, was
different from that in the teaching. The sixth situation,
the final new situation in the post-test, was again an inequality
situation but one involving inequality of volume and equality
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of weight, NNo new material was introduced but new transform-
ations and new verbal labels were used, In the rest of the
post-test the familiar pre-test situations were presented.
The preliminary choosing of two objects equal on a given
attribute from among four objects was, however, omitted from
each situation as it was known from the pre-testing that these
children oould understand the questions as they were intended.
No negative options were given in the questioning, i.e. the
questions were not worded 'same or different', This might
make it more likely that children would give conservation
answers in the equality situations but it might likewise make
it less likely that children would recognise inequality and
conservation in the inequality situations,

On their first and second post-tests all fifteen
experimental group children made conservation of volume judgments
throughout; the children gave conservation judgments on the
familigf;m;lamarinequality transformations. The reason most
frequently given for conservation was that of identity in the
sense of its being the same material or same amount of material
still, a reason quickly put into words by the children.
Another reason frequently mentioned was that of reversibility
in the sense of putting the material back the same as it was
before. Compensation reasons were also mentioned but less
frequently. The faot that nothing had been added or taken
away was never given as a reason for conservation judgments
although this reason too was pointed out in the teaching,

The reasons the children gave on the post-tests were similar
to those they had given during the teaching session, i.e., each
child mentioned the same reason or reasons in justifiostion
of his conservation judgments in the post-tests as he had

in the teaching. The reasons the children gave on the first
and second post-tests were likewise similar; each child's
identity or reversibility or compensation reasons were Just

as clearly and fully expressed on the second as on the first

post-test.
The eight children who had been total nonoconservers
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generalised their taught concept of conservation of volume
to weight and substance; they recognised conservation in the
weight and subatance as well as volume situations and seven
gave clear reasons for their judgments., The three children
who had not recognised conservation of weight or volume bdbut
had recognised conservation in the substance situations also
generalised their taught concept of conservation of volume
and recognised conservation in the weight situations as well;
all three gave reasons for their judgments. These eleven
children understood and considered the different attributes
in question, i,e. the children gave conservation judgments
f'or the appropriate attribute in each situation. One

girl, for example, before giving judgment asked "weigh

you said, not space? "

All fifteen experimental group children developed a
concept of conservetion and gave conservation judgments in all
the volume, weight and substance situations presented, but
there were clear individual differences in thelr responses.
Some children were very hesitant in expressing a reason for
their conservation judgments; other children gave reasons
easily. There were differences in clarity, speed, and number
of reasons given., Four children cited several reasons for
conservation, three gave two reasons, seven gave just one
reason throughout, and one boy was reluctant to give any
reasons, All the children had been encouraged to give as
many reasons as they oould and the experimenter had given
them adequate time to express their understanding, Those
who gave the moat reasons were the slowest at the start;
and those who were quickest to express reasons generally
gave only one reason throughout.

More than a simple single verbal response was learned.
Although the children's reasons oould be ocategarised as
identity or reversibility or ocompensation reasons, there
were noticeable differences inthe way the reasons were
expressed. Idesatity type reasons were worded in different
ways, 6.g. it's still the same toy or building and not Just
it's the same bloocks or plasticine or amount; reversibility
type reasons were likewise expressed in different ways,
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€.8. You ocould move the other one the same and not just
you could make it back the same as before. Compensation
was also explained in different ways appropriate to the
dif'ferent tra.nsfomationa, but compensation reasons were often
not as clearly expressed as the identity and reversibility
reasons were, The children frequently used the word bigger
when they could not give the exact word needed to describe
the dimensional differences, that is they would say bigger
when they meant longer or wider etc., e.g. that one's fatter
but the other's bigger or that one's bigger this way (pointing)
and that one's bigger this way (pointing). Several children
chose to demonstrate their reasons, for example, reversibility
was enacted by one boy in particular throughout the post-test.
On the repeat pre-test, given to the ocontrol group when
the experimental group children did their second post-test,
all fifteen control group children oconsistently gave nonconser-
vation judgments still. The explanations they gave for their
nonconservation judgments were similar to those they had given
in the original pre-test, e.g. it's longer so it has more rom
in it, it's fatter s0 it'll make the water go up more. -
(iv) Teaching the Contral Group.
The fifteen control group children were then taught in
axactly the same way as the experimental group children had been.
All of the oontrol group children, like the experimental
group children, gave nonconservation answers to the questions on
the first transformation in the opening interior volume situation,
All fifteen children juiged the 12x3x1 high building to have
more room or space inside it and pointed out as justifiocation
for their judgments that the 12x3x1 building looked "bigger"
or "longer®, As was true of the experimental group, each
control group child gave answers for the first transformstion
like those he had given on the pre~test. All fifteen oomtrol
group children counted up to thirty-six blocks meaningfully
and without help. Filling the boxes as well as counting again
required much time and attention, For the second and third
transformations in the interior volume situationm, twelve
children recognised oonservation and eleven of these gave
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reasons for their judgments. Three children gave as a reason
that there were the "same blocks", five that there was the
"seme amount" of blocks, and three that the building "ocould be
put back the same as before"; one child gave no reasomat all,
Three of the fifteen children did not recognise conservation of
interior volume and pointed out that one building was "oblonger"
or "fatter" or "in one piece", All three of these children
thought there was more room inside the original building,

Nine of the control group children recognised conservation
in the displacement volume situstion i.e. nine of the fifteen
children had learned and generalised conservation from the
interior volume situation, BEight of these nine children gave reesons
for their conservation judgments; one sald there were the
"same blocks", three that there were the "same amount™ of
blocks, three that the rock could be "put back the same as
before" and one that one was "longer but the other taller",

One child gave no reasons for her conservation judgments,.

Six of the fifteen comtrol group children did not recognise
conscrvation of displacement volume; two of these children
judged the 6x6x1 transformation as taking up more space and
four judged the 4x3x3 rock as taking more. In justification
of their judgments these six children pointed out that one was
"bigger" or "fatter® or "higher" or "spread". For the seoond
and third transformations in the displacement volume situationm,
all fifteen children recognised conservation and gave reasons
for their judgments. Two children gave the reason that there
were the "same blocks", seven that there was the "same amount"
of blooks, five that the rock ocould be "put back the same as
before”, and one child gave the reason that the rock "weighs
the same still",

Eleven of the control group children recognised oon-
servation in the next displacement volume aituation when
plasticine was used i.e. eleven children had developed a
concept of oconservation and recognised conservation of
displacement volume when a new materisl was introduced instead
of blocks, Nine of these eleven children who reoognised
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conservation gave reasobs for their judgments; two children
said that there was the "same plasticine" all the time,

three that there was the "same amount®™ of plasticine, three
that the plasticine could be "rolled back the same as before"
and one child said that one portion was "longer but the
other fatter®. Two children gave no reasons at all for
their conservation judgments. Four children still did hot
recognise conservation of displacement volume; two said

that the transformed portion took more space beoause it was
"longer" or "bigger" and two said that the original ball
took more because it was "fatter" or "bigger". For the
second and third transformations of plasticine in the dis-
placement volume situation, all fifteen children recognised
conservation and gave reasons for their judgments. Four
children gave the reason that there was the "same plasticine",
seven that there was the "same amount" of plasticine, and
four that the plasticine could be "rolled back the same as
before".

The results in the teaching again revealed that the
development of conservation is gradual and individual
differences important., Again there were individual differences
in the speed, the pattern, and the reason for learning i.e.
in the amount of repetition necessary for different children,
in the point at which oonservation was recognised and the way
it was afterwards.recognised by different children, and in
the manipulations and explanations found most convinocing by
different children as evidenced in their own explanations,

No relation was found between the point at which oconservation
was recognised and priar total as against partial nonoonserva-
tion, Identity reasons were again the most frequently given

by the children, reversibility reasons the next most fequent

and then compensation reasons, As was trus of the experimental
group children, oontral group children gensrally gave one

main reason throughout the teaching session ocoasionally
mentioning subordinate reasons., Again, the experimenter

noticed differences in the children's overall resctions

to the teaching; some children appeared to need much



information and explanation while others seemed mainly to
need their attention directed.

The particular transformations made seemed to influence
the nonconservers'! choice, e.g. when judgments on the basis
of perceptusl features were made in the first tranaformation
of the interior volume situation:, the 12x3x1 transformation
was invariably judged greater.

When conservation was recognised it was again recognised
for the right, (i.e. for volume) reasons; no children were
recognising conservation of number or substance alone rather
than volunme,

On their first and second post-tests, carried out
exactly as the experimental group post-tests had been, all
fifteen control group children gave oconservation of volume
judgments throughout; the children made conservation Jjudgments
on the familiar, unfamiliar and inequality transformations.
For their conservation judgments, the reason most fequently
given by the control group children, as by the experimental
group children, was that of identity, in the sense of its
being the same material or same amount of material.
Reversibility, in the sense of putting the material back the
same as it weas before, was, again, the next most frequently
given reason far conservation. Compensation reasons were
given by only one child, One other child mentioned the fact
that nothing had been added or taken away in explanation of
his oconservation judgments; this reason, a version of the
identity reason, had not been cited by any cohild in the
experimental group. The reasons each child gave on the two
post-tests were similar and similar again to those he had
given during the teaching session,

The eight children who had been tetal nonoconservers
generalised their taught conooj;t of conservation of volume
to weight and substance; thay gave oonservation juigments
with reasons for them in the weight and substanoce as well as

volume situations. The three children who had not recognised
conservation of weight or volume but had recognised conservation
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in the substance situations also gemeralised their taught
concept of conservation of volume and recosnised conservatian
in the weight situations as well; they too gave appropriate
reasons for their conservation judgments,

Although all the control group children recognised
conservation in all the situations pesented, there were
noticeable individual differences in their responses, as
there had been among the experimental group children's
responses. Theexplanations they gave differed in their
clarity, fullness and speed with which they were given., All of
the children gave reasons for their conservation judgments,
one ci:ild gave several reasons, eight gave two reasons, and
six gave only one reason thro.ghout. The explanations of
conservation given by the boy who mentioned several reasons
were the most confused i,e. although more reasons were cited
irrelevant arguments were also included,

Again there was evidence that more than a verbal response
had been learned, Identity and reversibility reasons were
worded differently by dift'erent children, several children
enacted their reversibility reasons; compensation was expressed
differently and appropriately for the different transformations.
(v) Post-testing with Revised Displacement Situations.

The thirty children, experimentals and controls, who had
been taught and posptested were further tested for conservation
in revised displacement volume situations. (See chapter
appendix for details). In their first and second post-tests
these children had recognised conservation in the original
displacement volume situations, as in all the other volums,
weight, and substance situations, but there were reasons for
testing the children in a revised displacement volume situation:
The results of the pre-test, contrary to those of Plaget
(The Child's Conception of Geometry Chapt.lh), showed that
some children recognised oconservation in displacement volume
situations before they did in interior volume situations;
Piaget had found the reverse order. As Piaget's displacement

volume situations were different from those in the present
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experiment, it seemed that differences in displacement volume
situations might influence the recognition of conservation,.
Therefore a displacement volume situation more like Piaget's
(whose displacement volume situation, as mentioned earlier,
is not absolutely clear from the description in The Child's
Conception of Geometry, Chap. 1) was also presented to the
children in order to check that the taught concept of volume
conservation was not limited, i.e., to check that the taught

concept of conservation would be generalised and conservation
recognised in the different displacement volume situatioms,

The revised displacement volume situations differed
fram the originel displacement volume situations in three main
ways: in the revised situations, no comparison object was
present, no actual transformation made, and the object was
immersed in water. Another difference was in the wording:
the children were asked where the water would come to if an
object were transformed rather than asked if the water would
rise equally far, i.e. the wording of the question did not
include any suggestion of sameness.

The children were tested for conservation in the revised
displacement volume situations less than one month after their
second post-test, The procedure, apart from the stated
differences, was sinilar to that throughout the investigation.
Each child was seen alone but for only about five minutes and
each child's judgments, explanations, and resistance to
countersuggestions were recorded. The materials were in the
centre of the table, gestures were used to clarify questious,
and non-committal remarks only were made after the child's
responses. )

All thirty ohildren recognised conservation in the
reviged displacement volume situations and gave reasons similar
to the reasons they had given on the first and second post-
tests, i.e. all the experimental and ocontrol group children
generalised and recognised conservation in all the new
displacement situstions. Their understanding of displacement
volume conservation was not limited to the recognition of
conservation in the original situations only.
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All but three of the children without any hesitation
recognised conservation in the new situations. Two children
hesitated on the first transformation only, e.g. "lower
water, no, the same, it's the seme blocks", and one child
had considerable difficulty at first in understanding the
conservation problem which waes more verbally less concretely
presented in the revised displacement volume situation,

After several repetitions of the problem this child, who

had usually demonstrated rather than verbalised reversibility
reasons for his conservation judgments on the previous
post-tests, understood the questions and recognised gonserva-
tion,

All but one of the thirty children gave reasons for
their conservation judgments and reasons similar in most
cases to those they had given on the firast two post-tests,
Five children, however, who had previously given reversibility
reasons did not do so but gave other reasons when the revised
displacement volume situastions were presented, i.e. when
reversibility was less appropriate as a reason for oconservation
judgments because no actual transformation had been made
which oould be reversed.

(vi) Retention Study.

In the retention study, carried out five months later,
the twenty-nine children still at the school were again given
the poat-test for volume, weight, and substance oconservation.
This included the revised as well as original displacement
volume situations., The revised aituations were again presented
last in the series of conservation situations but this time
within a single testing session. The testing was ocarried
out under the same conditions and exactly as it had been
before. (See chapter appendix for details).

The durability of the conoept of comservation developed
in the children was evidenced by the fact that all twenty-nine
children still recognised conservation in every situation
presented to them and gave appropriate reasons for their
oconservation judgments. Even the one child who had never

before given reasons for his conservation judgments this time
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gave a clear "it puts together again® reason for conservation.
The most frequently given reason for conservation was, as
before, identity in the sense of its being the same material
or amount of material., Reversibility reasons were, again,
next most freguently given. Reversibility, the possibility
of putting the material back the same as it was before, was
expressed or demonstrated nearly as often as identity reasons
were given; compensation reasons and the fact that nothing
had been added or taken away were infrequently mentioned,

The reasons each child gave were similar to those he or she
had given on previous occasions,

III DISCUSSION

This investigation of the cevelopment of understanding
of conservation answered some questions, clarified others
and raised still others, It answered the questions whether
and how it is possible to teach a concept of valume conser-
vation to educationally subnormal children. It likewise
answered the question as to whether a taught ooncept of
conservation would be generalised to different attributes
and situations. Further, it showed that conservation of
an attribute usually found later in the sequence substance-
weight-volume can be taught before conservation of an earlier
attribute is recognised. The inveatigation also clarified
several points. The recognition of conservation in displace-
ment volume situations may precedé the recognition of
conservation in interior volume situations, The development
of a ooncept of conservation is not all or none. A
diversified method of teaching conservation is important to
develop a broad understanding, The question of particular
elements essential in the development of a oconoept of
oonservation was not answered, Likewise the possibility of
developing an understanding of valume oconservation using a
simplified teaching scheme remained to be investigated.
Ultimately the investigation provoked the question whether
a general teaching scheme can be devised to develop conser-
vation of multiple attributes in one go.
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The first question to be answered by this investiga-
tion was: can a concept of volume conservation be developed
in E,S,li, children? The answer was yes. All thirty
children given instruction which included counting for
identity, manipulating reversibility, mariing off water
levels in displacement volume situations, and verbalising
the three reasons of identity, reversibility, and compensation,
learned and recognised conservation in all the interior
and displacement volume situations of the post-test. MNore
than a verbal response was learned. The children gave
congervation judgments in unfamiliar and inequality situa=-
tions as well as in the familiar aituations. They made
negative as well as positive responses, The reasons the
children gave varied from several, providing an argument
for conservation, to none at all. Some children demonstrated
reversibility rather than putting their explanation into
words. Many children gave a single reason for their
conservation Jjudgments, but these children rerely expressed
their reasons in the same way far example, one child said
"you just have to fix it up the same®, another said "it
counts up the same", another "it weighs the seme", and
another "when it was together it was the same™. And finally,
the oiildren's conservation answers were given to questions
worded quite differently; no simple verbal cue was given,
Thus, it can be said that a genuine understanding of
conservation developed in these children,

The concept of conservation developed in this
investigation was a ooncept of volume conservation and not
just one of number or substance conservation, The children
understood the questions were of interior or ooocupied
volume, e.g. some children even asked "rocm in it to run
about in?" or "space you said, not weight?® They recognised
oonservation in situations involving continuous material
where oonservation for number alcne would not apply and
distinguished volume from weight and substance and gave
appropriate responses in situations where judgments on the
basis of different attributes were made mutually exclusive,
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It is recognised, however, that though a genuine concept
of volume conscrvation had been developed, the children's
understanding of volume w:s limited. The teaching was
designed to give the children an understanding of conser-
vation in the Piaget-type interior and displacement volume
situations and this it did. Such an understanding, while
limited, is an essential step toward a fuller understanding
of volume and is of practical importance; a concept of
conservation in the interior and displacement volume
situations provides a basis for the development of under-
standing of volume in an arithmetical as well as physiocal
sense and is relevant to everyday problems the children meet.
The reasons the children gave could conveniently be
described as identity or reversibility or compensation type
reasons, but the differences in the actual reasons as
expressed were not as clear as the classification might
suggest. For example, the bare statement "it was the same
before" could be a recognition of identity or reveraibility
and the explanation "you could make the other the same™ could
be desoribed as an identity of action reason or a reversidility
type reason., Bearing in mind the diffioculty of cleassifying
some reasons given by the children, and remembering also that
the reasons given by the children were influenced by the
reasons emphasised in the teaching, the relative frequenaqy
of the main types of reasons can be considered as possibly
shedding light on the children's learning. Identity type
reasons were the most frequently mentioned, This classi-
fication included "qualitative" identity reasons, e.g. identity
of material, and "quantitative" identity reasons, e.g. nothing
had been added or taken away. Reversibility type reasons
were next most frequent; these included the mention of
the possibility of reversal as well ag a recognition that
it was the same before. Compensation type reasons were the
least frequently given, Taking “qualitative" and “quantitative®
identity reasons separately the relative frequency of the
reasons was: "qualitative®™ identity reasons most frequent,
reversibility next, oo:npenaation next, and "quantitative”
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identity reasons leust frequemt. (This fiuding can be
compared with that discussed in the earlier investigation
of the development of a concept of weight conservation in
relation to the role of "quantitative operational® identity
in the development of conservation as suggested by

Piaget (1968).)

Individual differences in the children's responses
and reasons were great though all the children gave
conservation judgments throughout the post-tests. The
childiren's explanations differed in their clarity, in the
number of reasons mentioned, and in the speed and ease with
which the reasons were given. At one extreme of a continuum
was the boy who would only say "I just know, I can't say
why" and at the other extreme was a boy who would say "you
can put it back the same, it.'a the same amount, one's more
that way but the other's more up, two of them make one of
them, put it in water and you'll see". The rest of the
children gave one, two, three or four reasons and usually
the same ones throughout the post-tests.

Whether the children's explanations reveal the degree
of their understanding is an open question., The differences
between the different children's verbal explanations of
their volume conservation judgments do not neqeuari]y
reflect differences in their understanding of comservation,
There need be no exaoct relation between the extent of a
child's explanation of conservation and his grasp of the
concept. Personality differences and differences in verbal
fluenoy influence the expressing of reasons. Less
artioulate children, for example, often unhesitatingly
recognised conservation and strongly resisted any counter
suggestion yet gave only the briefest reasons for their
conservation judgments, while more verbally fluent childrens'
arguments sometimes were filled with irrelevancies, No
necessary relation was found betwsen the number of reasons
given and other indiocations of degree of understanding.

The clarity of a child's reasoning was not neocessarily
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related to the number of reasons he cited nor to the

ease with which he expressed them. The record of reasons
given by each child gives a rough indication of the child's
understanding but is not an exact indicator of degree of
understanding,

Though degree of understanding and extent of verbal
explanation may not always be positively related they need
not always be unrelated either. It might be expected that,
though all the children recognised, generalised and gave
reasons for conservation, some children would understand
congservation more fully than others and this understanding
might or might not be reflected in their verbalisation of
reasons for conservation, There are very likely to be
individual differences in degree of understanding apart fram
verbal reasons though it is difficult to cite clear evidence
of such differences. One boy argued "they are the same
amount but they do not have the same room inside when you
move them" and until he grasped the idea that one person
could still fit in each block and thirty-six in the thirty-
six . - blocks no matter how the blocks were
arranged, he argued the difference between amount and space.
This boy thought about the situstion in detail before he
recognised conservation of volume as distinct from amount.
In contrast, one girl quickly learned to recognise identity
of material and amount and gave conservation answers in the
volume situations, She gave no sign of really thinking
about the situation and the possibility that identity of
material or amount might not necessitate conservation of
volume, Understanding of conservation, as distinet from
or related to verbalisation of reasons for conservation,
varied from a clear appreciation of the physical situation
and use of information given in the teaching, e.g. counting
to prove conservation as well as stating that it is the
same amount, to a simple knowledge of conservation and
statement of the evidence for conservation, e.ge that it
ig the same material. All thirty children distinguished

the attribute in question and recognised conservation of
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volume, weight and substance but some children were more

aware of the implications, aware, for example, of the co:u rast
between empirical evidence for conservation and perceptual
appearances,

The question of difflerences in degree of understanding
of conservation is of practical importance. Different
children may well have benefitted to a different extent from
the diff'erent aspects of the teaching; for example, older
children may have needed their attention directed to the
relevant aspects of the volume situations where younger
children may have needed the physical experience of con-
servation in the volume situations. Though there was no
conclusive evidence that this was so, the fact that
different children in this investigation clearly found
different experiences and reasons most convincing suggests
that a varied teaching method which provides for such
individual differences is important if a broad understanding
is to be devloped in all children and if a further under-
standing of volume is to be built upon the concept of
volume conservation taught. Clearer evidence of differences
in degree of understanding of conservation with different
teaching experiences and reasons was found in a subsequent
investigation of the development of a concept of volume
conservation,

The second question to be answered by this investiga=-
tion, the question of generalisation of the taught concept
of conservation from the volume to the weight and/or substance
situations was also answered in the affirmative., All of
the sixteen children who had previously been total noncon-
servers generalised and recognised conse:xvation in the weight
and substance as well as volume situations., Similarly, the
six children who had previously been mnconservers of volume
and weight generalised their taught concept of conservation
from the volume to the weight situations, Thus, twenty-two
children given full varied teaching generalised their under-
standing of conservation and gave reasons appropriate to the

different attridbutes in question,
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Clearly, the taught concept of conservation generalises
from an attribute later in the generally accepted sequence
substance-weight~volume to attributes earlier in the
sequence, but the question arises as to whkthexr such a
taught concept would generalise forward as well as backward
in the sequence, i.e. from an attribute situation where
conservation is usually recognised earlier to an attribute
situation where it is usually recognised later., The
results in the prior investigation in which weight conserva-
tion was taught suggest that it would generalise to later
attributes as well, but this would need to be tested under
conditions more controlled than in the prior conservation
of weight experiment.

Not only was the taught concept of conservation
generalised from the volume to the weight and/or substance
situations, but also conservation was recognised in revised
displacement situations. The understanding of conservation
developed was not limited to the original displacement
volume situations. The reasons the children gave for their
conservation judsments in the revised displacement volume
situations were similar to those they had given in the
original displacement volume situations if they were of the
identity type, but if reversibility reasons had been given
in the original situations other reasons more appropriate
were suggested in the revised situations where reversibility
was not actually enactable.

A third question answered in this investigation was the
question whether conservation of volume can be taught before
conservation of weight and/or substance is recognised. This
was found to be possible. It was shom that conservation
can be taught out of the generally accepted sequence substance
before weight before volume. Total nonconservers and
partial nonconservers learned to recognise oconservation of
the attribute last in the sequence before they had developed
a concept of conservation of attributes earlier in the
sequence, Understanding of oonservation of weight and

58.



substance did not appear to be a prerequisite for conser—~
vation of volume, but understanding of conservation of
weight and substance may develop concurrently when conser-
vation of volume is taught., On their post-tests the
children, who recognised conservation in the volume
situations, always also recognised conservation in the
weight and substance situations. No child in this
investigation recognised conservation of volume but not
conservation of weight end substance. In a subsequent
investigation, however, when the teaching method was cut,
four children recognised conservation in volume situations
but not in all weight and substance situations.

It was found on the pretests in this investigation,
and in the subsequent investigation, that the usually
accepted sequence substance~before-weight-before-volume
generally holds. The pre-test results revealed that
conservation of volume is rarely recognised when conser-
vation of weight or substance is not and conservation of
weight rarely recognised when conservation of substance
is not, Only three of the one hundred and four children
pre-tested recognised conservaetion for attributes later in
the sequence when they did not recognise conservation of
earlier attributes. One child gave conservation
judgments in the volume situations but not in the weight
and substance situations, another conserved for volume
and weight but not solid substance, and another for dis-
placement volume but not weight. In addition, conservation
of substance and weight appeared to develop closer together
than conservation of weight and volume, i.e. fewer children
recognised conservation of substance but not weight or
volume than recognised conservation of substance and
weight but not volume. To conclude, the sequence substance
congservation before weight conservation before volume
conservation, though not unexceptionable nor seemingly
logically necessary, was generally found to hold.

A question clatrified was whether conservation in
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a displecement volume situation is ever recognised before
conservation in an interior volume situation. On pre-
testing and repeated pre~testing, five children made
conservation judgments in displacement but not in interior
volume situations. Thus it appeared that conservation of
interior volume need not precede conservation of displace-

ment volume, Where Piaget (The Child's Conception of

Geometry, Chap. 14) found that conservation is sometimes
recognised in interior volume situations but not in
displacement volume situations, this investigation revealed
the reverse order is also possible. The particular
displacement situations, however, were different and the
question arose as to the efiect of these situational
differences on the recognition of conservation. The effect
of different displacement situations was therefore studied
in a subsequent investigation of volume conservation and
some children were found to be nonconservers in the revised,
i.e, the displacement situations more like Piaget's, though
conservers in the original, i.e. the displacement situations

like those in this investigation.

A point clearly brought out and supported by findings
in all the subsequent investigations, was that the develop-
ment of understanding of conservation is not ell or none,
The results of both pre~testing and teaching in this investi-
gation revealed that the development is gradual. There
were, for example, children who recognised conservation
of liquid but not solid substance as well as those who
conserved for displacement but not interior volume and
in the teaching session some children recognised conser-
vation in one but not in the next situation, The need
for a fairly full end varied teaching method seemed clear
from this as well as from the fact that not all the
children recognised conservation by the last teaching
situation.

A question that remained to be answered was that
of essential elements in the development of a concept of

60.



conservation., The importance of particular experiences,
reasons, situations etc. would need further clarification,
This investigation reveeled that certain combinations of
experiences, reasons and situations are effective in
developing understanding of conservation in E.S.N. children
but no essential elements were isolated. Nor was the
relative importance of the different experiences, reasons
etc, made clear,

Another question that would need further investigation
is the possibility of simplifying or shortening the teaching,
The omission of containers in the teaching of interior
volume might facilitate the teaching. Filling the containers
counting blocks made great demands on the children's attention
and took up quite a lot of time for relatively litde
apparent return in understanding, The conteiner situation
included no actual transformation and verges on a situation
where conservation would not apply. Thus it could
justifiably be omitted. Although there are various ways
the teaching method could be shortened, care would need
to be taxen to provide sufficiently varied teaching to
develop a broad concept of conservation. It would seem
that two or three experiences, reasons and situations need
to be included in order to develop a sound understanding
in all children.

To conclude, the second investigation showed that
a concept of volume conservation can be developed in
educationally subnormel children and that this understanding
of conservation will be generalised to weight and substance
situations. Using a varied teaching method which included
three conservation experiences, reasons,and situations,
thirty E.S.N, children were taught to recognise, generalise,
and give reasons for conservation. The method used was
found to be an effective way, though not necessarily the
only or the best way, of developing oonservation in children
regardless of their prior understanding of conservation.

It might be possible to simplify or expand the teaching
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method and perhaps to isolate essential elements. The
fact that development of couservation is not ell or none,
however, suggests that a fairly full method still would

be most generally eftfective and the faect that any method
more extended than that in this investigetion would exhaust
the children's concentration suggests that fuller teaching
would necessitate an additional session, The teaching

of volume concervation given in this investigation might
provide one step in a series designed to develop a fuller
understanding of volume, It would seem to be a method
useful in the classroom and likely to be effective for
group a8 well as individual teaching. The possibility

of' group teaching was in fact studied in Investigation

Three,
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IV APPERDIX

Pre-testing Procedure for Investigation Two.

la.

1b.

Here are four balls of plasticine (four same shape,

one two times as large and one half as large as two

same medium sized approximstely 13" diameter balls)

Find and give me the balls which have the same amount

of plasticine, which have as much plasticine as each
other, which are fair shares of plasticine,

You have that ball and I have this one (two equal balls
as chosen by subject or by experimenter)

Have we each the same amount of plasticine?

(After recognition of equality or making equal)

If I do this to mine (roll one ball into sausage approx-
imately 3" long)

Is there still the same amount of plasticine,

Do we have fair shares of plasticine,

Do we have as much plasticine as each other?

Do our shares still look the same?

(Remake two balls and repeat questions cutting plasticine
ball into 2 and then 4 pieces)

Here are four glasses of orange drink (four identioal
100ml beakers, two quarter full, one half full, one full)
Find and give me the glasses which have the same amount
of orange drink, which have as much orange drink as each
other, which are fair shares of orange drink,

You have that orange drink and I have this one (two
equal drinks as chosen by subject or by experimenter)
Have we each the same amount of arange drink?

(After recognition of equality or making equal)

If I do this to mine (pour one drink into low wide dish)
Is there still the same amount of orange drink,

Do we have fair shares of orange drink,

Do we have as much orange drink as each other?

Do our shares still look the same?

(Repour drinks into original beakers and repeat questions
dividing drink into 2 50ml and then 4 25ml beakers)
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1c.

2a.,

2b.

Here are two glasses of orange drink (one 100ml beaker
% full, other 7 full)

Have we the same amount of orange drink,mgcs%}eaa%h other,
fair shares?

Here are four balls of plasticine (four same size and
shape i.e. of identical appearance approximetely 13"
diameter)

There is something inside each ball (two balls with
lead equally heavy approximately 150 g, two balls with
rice grain equally light, approximately 50 g)

Find and give me the balls which weigh the same, which
are as heavy as each other, which are of equal weight.
(scale balance available for use)

You have that ball and I have this one (two balls equal
in weight as chosen by subject or by experimenter)

Do our balls of plasticine weigh the same?

(After recognition of equality or making equal)

If I do this to mine (flatten one ball into panocake
appraximately 25" diameter)

Does mine still weigh the same,

Are our shares of equal weight,

Are our shares as heavy as edch other?

Do our shares still look the same?

(Remake two balls and repeat questions cutting plasticine
ball into 2 and then 4 pieces)

Here are four balls of plasticine (four same shape,
one large approximately 2" diameter and heavy,
approximately 600 g, one small approximately 1"
diameter and light, approximately 50 g, one medium
approximately 13" diameter and heavy, approximately
200 g = one small approximately 1" diameter and heavy,
approximately 200 g)

There is something inside each ball

Find and give me the balls which weigh the same, which

" are as heavy as each other, which are of equal weight,

(scale balance available for use)
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2Ce

3a.

You have that ball and I have this one (two balls
equal in weight as chosen by subject or by experimenter)
Do our balls of plasticine weigh the same?
(After recognition of eguality or making equal)
If I do this to mine (roll approximately 45" long and
twist one ball)
Does mine still weigh the same,
Are our shares of equal weight,
Are our shares as heavy as each other?
Do our shares still look the same?
(Remake two balls and repeat questions cutting
plasticine ball into 2 and then 4 pieces)
Here are two balls of plasticine (one twice as large
and heavy as other)
Do they weigh the same, are they as heavy as each other,
of equal weight?
Here are four buildings made of wooden blocks (four
different buildings made of wooden 1 cm unit cubes,
one 4x3x2, one 6x3x2, one 6x3x2, and one 3x3x2)
Find and give me the buildings which have as much room
in them as each other, which are the same size, which
have equally much space inside them, (unit cube set
for measurement available)
You have that building and I have this one (two equal
volume 36 unit cube buildings as chosen by subject or
by experimentér)
Do our buildings have as much room in them as each
other?
(After recognition of equality)
If I do this to mine (make 12x3x1 building out of
6x3x2 building)
Does my building still have as much room in it,
Do our buildings have equally much space,
Are our buildings the same size,
Do our buildings still look the same?
(Remake two buildings 6x3x2 and repeat questions
separating one building into two and then four
overlapping parts)
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3b. Here are four rocks made of metal blocks (four
diff'erent rocks made of metal lcm unit cubes,
one 5x3x3, one 4x3x%, one 2x3x3, and one 4x3x3)
And here are four dishes of water (four perspex
containers 23&;.2{3" exactly alike with water coming
up just as far in each)
If I put a rock (4x3x3) in a dish of water what will
happen? It will take up room, make the water rise,
see? (demonstrate)
Find and give me the rocks which would make the water
rise the same, rise equally far, which would take
up equally much room in the dishes of water, which
would leave as much space as each other for water in
the dishes.
You have that rock and I have this one (two rocks of
equal volume as chosen by subject or by experimenter)
Would our rocks make the water rise the same, equally
far, if put in these dishes?
(After recognition of equality)
If I do this to mine (make 6x6x1 sheet out of 4x3x3
rock)
Would my rock still make the water rise the same,
rise equally far,
Would our rocks tzke up equally much room in the
dishes of water,
Would our rocks leave as much space as each other for
water in the dishes?
Do our rocks still look the same?
(Remake two rocks L4x3x3 and repeat questions separating
one rock into two and then four overlapping pieces)

30. Here are four balls of plasticine (four same shape,
one 4 times as large,' and one 2 times as large as
two smallest same-volume approximately 1" diameter
but different weight balls, the one lead weighted
small ball equal in weight approximately 150 g to
the largest ball)
And here are four dishes of water (four perspex
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3d.

containers A&h&}nexactly alike with water coming

up just as far in each)

If I put a plasticine ball (approximastely 1" diameter)
in a'dish of water what will happen? It will take
up room, make the water rise, see? (demonstrate)
Find and give me the balls which would make the
water rise the same, rise equally far, which would
take up equally much room in the dishes of water,
which would leave as much space for water in the
dishes.,

You have that ball and I have this one (two balls
of equal volume as chosen by subject or by
experimenter)

Would our balls of plasticine make the water rise
the same, equally far, if put in these dishes?
(After recognition of equality or making equal)

If I do this to mine (turm one ball into & ring
appraximately 4" in circumference)

Would my share still make the water rise the same,
rise equally far,

Would our shares take up equally much room in the
dishes of water,

Would our shares leave as much space for water in the
dishes?

Do our shares still look the same?

(Remake two balls and repeat questions cutting
plasticine ball into 2 and then 4 pieces)

Here are two balls of plasticine (one 4 times as large
as the other)

Would they make the water rise the same, take up
equally much room, leave as much apace for water in
the dish?

Post-testing Procedure far Investigation Two,

1.

2.

Repeat pre-test 3a except for preliminary choosing
of equal obJjects. ,
Here are two blocks of flats (two buildings made of
36 Lego cubes 1x3x12 high)
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3.

Lo

Do they have as much room in them as each other?
(After recognition of equality)

If I do this to this one (make one into 1x2x18 high
building)

Does it still have as much room in it,

Do the two blocks of flats have equally much space,
Are the two blocks of flats the same size?

Do the two blocks of flats still look the same?
(Remake two buildings 1x3x12 high and repeat questions
making one building 1x1x36 high and then 3x12x1 high)
Repeat pre-test 3b except for preliminary choosing of
equal objects.

Here are two submarines (two objects, one made of

36 metal 1cm unit cubes 9x2x2 high, the other made
of 18 metal 1cm unit cubes 9x2x1 high)

And here are two bowls of water (two perspex
containers 5%"x3"x2" exactly alike with water coming
up just as far in each)

Would the two submarines maske the water rise the same,
equally far, if put in these bowls?

(After recognition of inequality)

If I do this to this submerine (make 9x2x2 high into
9x4x1 high submarine)

Would it make the water rise equally far as the
other submarine,

Would the two submarines take up equally much room
in the bowls of water,

Would the two submarines leave as much space as each
other for water in the bowls?

(Remake one 9x2x2 high and repeat questions making
other 9x1x2 high and then first one 12x3x1 high)
Repeat pre-test 3c except for preliminary choosing
of equal objects.

Here are two undersea islands (make two disos of
plasticine one twice as large approximately 3" thick
24" across as the other approximately 3" thick
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15" across but of equal weight 10 grammes)

And here are twgbowls of water (two perspex

containers 5"x3"x2" exactly alike with water coming
up just as far in each)

Would the two undersea islands make the water rise

the same, equally far, if put in these bowls?

(After recognition of inequality)

If I do this to this island (squeeze larger island
into ball)

Would it make the water rise equally far as the

other island,

Would the two islands take up equally much room in

the bowls of water,

Would the two islands leave as much space for water

in the bowls?

(Remake two discs and repeat questions making one into
a cube and then other into a cylinder)

Repeat pre-test 1a and 1b and 1c¢ except for preliminary
choosing of equal objects,

Repeat pre~test 2e and 2b and 2c¢ except for preliminary
choosing of equal objects,

Post-testing with Revised Displacement Situations Procedure
for Investigation Two,

1.

2.

Here are some blocks (4x3x3 high 1cm metal unit cubes)
and a dish of water (perspex comtainer 5"x3"x2")
I'll mark where the water comesvto
Watch what happens to the water level (pointing) when
I put the blocks in the water (demonstrating)
If these blocks were spread along the bottom of the
dish
Where would the water level be, where would the water
come to?
Would these blocks take up equally much room in the
dish of water, leave as much space for water in the
dish?
(Repeat for: if the blocks were part at this end, and
part at that end of the dish and if the blocks were
part in each of these corners)
Here is a ball of plasticine (approximately 1"
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diameter) and a dish of water (perspex container
5"x3"x2")

I'1l mark where the water comes to

Watch what happens to the water level (pointing)

when I put the plasticine in the water (demonstrating)
If this plasticine were in a ring on the bottom of

the dish

Wnere would the water level be, where would the water
come to?

Would this plasticine talke up equally much room in the
dish of water, leave as much space for water in the
dish?

(Repeat for: if the plasticine were part at this end
and part at that end of the dish, and if the plasticine

were part in each of these corners).

70.



CHAPTER &
A FURTHER STUDY OF VOLUME CO..S:RVATION
I INTRODUCTION

Investigation Three was also concerned with the development
of a concept of volume conservation in educationally subnormal
children., It was carried out to study the effect of (a) different
displacement volume situations on children's responses in the
pre-test and (b) different teaching schemes.

Different displacement situations were presented in order
to reveal whether and how the way in which the conservation
problem was presented influenced the children's recognition
of conservation, a point of very general importance. It was
likewise hoped to clerify why, in the prior investigation of
volume conservation, some children were found to recognise
conservation in the displacement but not in the interior
volume gituations, a reversal of Piaget's interior before
displacement volume sequence. In order to explore how
differences in the actual presentation of displacement
volume problems may influence the recognition of volume
conservation, the displacement volume situations and questians
described by Piaget, Inhelder, and Szeminska (1960), Piaget
and Inhelder (1941), Lunzer (1960d), Lovell & Ogilvie (1961bv),
Elkind (196lb), and Beard (1962) were considered in detail
and in relation to their findings on volume conservation,

It is not clear from the description given by Piaget in

The Child's Conception of Geometry whether actual transforma-

tions of bricks in the displacement situations were made.
Piaget writes (The Child's Conception of Geometry, p.358):

The child is shown a set of 1cm., metal cubes which are
then put at the bottom of a bowl of water. The
experimenter builds a block out of 36 units (3x3x4)

while the subject notes how the level of the water rises
in the bowl. He is then asked if he thinks the level
will change if the arrangement of the bricks is modified,
by meking constructions of 2x1x18 or 2x2x9, etec,

From this description, it is not clear exactly how the

conservation problem was presented. If transformstions were
made with the bricks in the water the children would see the
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answer, i,e. see that the water level remained unchanged.,
If transformations we ‘e not made it is not clear how the
children would understand a 2x1x18 or 2x2x9 arrangement
was to be considered. For these reasons, in Investigation
I'wo the actual transformations were made but with the sets
of bricks removed from the water. From Piaget's descrip-
tion it is clear that he did not include a second, comparison
set of bricks. In this, Piaget's displacement volume
situation differed from his interior volume, weight, and
substance conservation situations and from his earlier
(Piaget and Inhelder(1941)) displacement situstion as well
as from the displacement situation presented in the writer's
prior investigation.

Close examination of the protocols quoted by Piaget
(The Child's Conception of Geometry, pp.363, 375-6, 382)

in order to discover exactly how the displacement volume

problem was presented, does not reveal whether transforma-
tions were always carried out but it does appear, from these
protocdls, though not from the earlier description, that actual
transformations were made more often than not,. It also
appears from these protocols that any transformetion made
was made with the bricks removed from the water., Flavell
(1963, p.3,0), however, writes that the bricks were
transformed while immersed in water. If the latter were
the case the children could see and describe the water level,
The displacement situation described by Piaget in Le
daveloppement des quantites physiques chez l'enfant, Chapt3,
unlike that described in The Child's Conception of Geometry,
included a comparison object as well as an actual transform-

ation in most cases. In the earlier work conservation of
volume in displacement situatvions only was studied and
plasticine was used. One piece of plasticine was transformed
while the other equivalent piece was left, available for
comparison,

In Piaget's investigetion (The Child's Conception of
Geometry, Chapt. Li) where both interior and displacement
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volume conservation guestions were asked and wooden and
metal bricks used, a comparison object wns present for the
interior but not far the displacement volume problems and
Piaget noted the interior before displacement volume
sequence. In Investigation Two where both interior and
displacement volume conservation questions were also asked,
a comparison object was included for both metal bricks and
plasticine displacement volume problems as well as for the
interior volume conservation problems and no interior
before displacement volume sequence was found. It seemed,
therefore, that the presence or absence of a camparison
object might be a crucial factor influencing the children's
responses in the different displacement situations. There
were, of course, other differences in the way Piaget's and
the present writer's volume counservation problems were
presented, for example in the wording of the questions,
which might likewise have influenced the children's
responses.

Other investigations carried out following Piaget's
on the conservation of volume were also considered in detail.
Lunzer (1960d), using Piaget's metal unit cube displacement
situation, with no comparisan object and no actual trans-
formation, found conservation of displacement volume did not
appear much before the age of 12 though elementary conserva-
tion of amount of room appeared about the age of 7. Lovell
& Ogilvie (196lb), using situations and questions quite
different from Piaget's and not always including any actual
conservation situation or question, concluded that an
understanding of interior volume was usually necessary before
occupied volume could be understoods They found that
interior volume was the least difficult to grasp, followed
by occupied volume, and then by displacement volume.
Elkind (1961b) presented Piaget's displacement volume
conservation problems both with and without actually
transforming plasticine objects but always with a comparison

object present; he reported that conservation seemed easier
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to discover by means of a displacement volume problem as
opposed to an occupied volume problem. He found that
some children more easily recognised conservation when asked
whether a ball and sausage would displace the same amount of
water than when asked vhether they both take up the same amount
of space or room, This finding appeared to be contrary to
Lovell & Ogilvie's finding that occupied volume was easier
to grasp than displacement volume, but the particular situa-
tions and questions presented in the two investigations were
quite different. 1In any case, Elkind found that conservation
of volume did not appear in most children before the age of
11l. Beard (1962), however, using materials quite different
from tiiose used in the other volume conservation ihvestiga—
tions, with a comparison object always present and
transformations sometimes made, found children as young as 7
who answered correctly questions on displacement volume,
She, like the present writer, found a wide age range for the
acquisition of the concept of volume conservation,

In these four investigations following Piaget's, volume
conservation problems were presented in different ways,
Lunzer presented both interior and displacement volume
problems using unit cubes as Piaget had described in The
Child's Conception of Geometry; Elkind presented displacement

volume problems only and used plasticine as Piaget had in

Le developpement des quantites physiques chez 1l'enfant;

Lovell & Ogilvie presented both interior and displacement
volume problems but used situations and materials different
from Piaget's; and Beard presented displacement volume
problems only but used materials different again from Piaget's
and from those of the othecr investigators, Beard found that
conservation in a displacement volume situation was recognised
earlier than the other imvestigators had reported. Elkind

and Lovell & Ogilvie did not find the same order in the
recognition of occupied and displacement volume conservation.
Such differences in the findings on volume conservation may

be due to the differences in the ways the conservation problems
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were presented. There were many difflerences between the
volume situations presented and it is not clear exactly

what may have made a difference in the difficulty of the
situations, The presence or absence of a comparison
object, howev.r, did not seem to be the sole determinant

of difficulty; Eliind with a comparison object, like Lunzer
without one, found children did not generally recognise
displacement volume conservation before the age of 1l. The
particular question asiked as well as the particular displace-
ment situation presented probably influenced the recognition
of' volume conservation; Elkind found the question of
displacement of water was easier for children than the
guestion of taking up space and Bear¢g who found conservation
of displacement volume in younger children, asked all her
displacement volume questions in terms of water level rather
than space taken up. Other factors, for example different
criteria for the recognition of conservation, may also have
influenced the reported results. Whatever determines the
difference in difficulty, the importance of the particular
way in which volume conservation problems are presented
seens clear, If an interior before displacement volume
sequence is being considered, therefore, it would seem that
the conscrvation problems need to have been presented in a
similar way, for example, a comparison object and actual
transformation need to have been included in both situations
if they are included in one,

Different teaching schemes were designed in order to
discover: first, whether an understanding of volume conser-
vation can be developed using a simplified method and group
teaching; second, what experiences are of most importance
in the development of a concept of volume comservation; and
third, how prior conceptual development and experience
interact. A simplified but still diversified teaching
method was tried out with children in a group situation,
Then systematic reductions in the teaching were made in the
hope of clarifying what were the most effective experiences,

Total and partial nonconservers were alloocated to the
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different teaciiing schemes so as to reveal whether and how
initial understanding influences responses to the different
teaching experiences,

wWhen the reduced iteaching schemes were designed, it was
recognised that conservation of volume is not fully explained
by either identity, or reversibility, or compensation reasons.
The fact of identity does not necessitate volume conservation,
for example in the case of water, ice and steam, The
possibility of reversibility does not necessarily mean there
is no change in volume either, ror example a flattened plastic
cup has less interior volume though it can be opened out again,
And a recognition of compensatory relationships need not
involve conceptual rather then perceptual judgments,
Conservation of volume, however, as it applies in the unit
cube and plasticine situations presented to the children, can
be supported by identity, reversibility or compensation reasons,
It may be that a distinction between appearance and reality
facilita'ed by these reasons is the crucial factor,but even
s0 the relative effectiveness of identity, reversibility,
and compensation reasons has importance.

A simple measure of volume was included where compensa~
tion reasons were given in order to provide an objective
standard as a basis for conservation judgments. The
recording of water levels was introduced to develop freedom
from purely perceptual judgment; the separation of appearance
and reality with the provision of an external criterion was
meant to enable independent conceptual judgment. The use
of such an elementary measure for qualitative comparison
involved no iteration or addition of standard units, nor
prior conservation or transitivity.

As in the prior investigation of understanding of volume
conservation, the teaching in this investigation was
designed to advance children a certain way in their under-
standing of volume, The coneept of volume conservation
taught was ssen to be an essential step in the development
of a fuller understanding of volume. Again, no exceptions

to volume conservation were introduced as these would only
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confuse B.S.li. children. Interior, occupied, and
displacement volumes were considered, as before, in the
two conservation situations; the invariance of volume
despite changes in shape was here taught using several
diff'erent methods, The same criterion for an understanding
of' volume conservation was used as in the prior investigation:
a recognition of conservation in all the interior and dis-
placement volume situations presented.

IT PROCEDURE AND RESULTS

Fifty-four educationally subnormal schoolchildren aged
between O and 15 with IQs between 42 and 79 were given a
revised form of the Investigation Two pre-test for
conservation of substance, weight and volume, This revision
included different displacement volume situations. Twenty-
six children who gave nonconservation juigments on all the
volume questions were selected to be given systemeticelly
varied teaching schemes., Chronological age, IQ, and total
as against partial nonconservation (i.e. nonconservation of
substance, weight and volume as against nonconservation of
weight and volume or nonconservation of volume alone) were
considered when children were chosen for the different teaching
schemes; control subjects were not thought to be necessary
a8 no spontaneous development of conservation had been found
in E.S,N. children during the course of previous experiments
of similar duration. The children taught were aged between
8 and 15 with IQs between 42 and 76. All twenty-six
children taught were twice post-tested with & post-test
similar to that used in Investigation Two., Five months
later, the twenty-six children were again post-tested.

The materials used were: plasticine, orange drink, two
100ml beakers, one low wide dish, two 50ml beakers, four
25ml beakers, lead weights, rice, wooden 1cm unit cubes,
metal 1cm unit cubes, two perspex baxes 5"x3"x2%", water,
marking pen.

Throughout this investigation the experimenter again
tried to avoid giving any extraneous or inadvertent cues
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by gesture, expression, or tone of voice., Again the
situations and ¢uestions were presented so as not to bias
the children's responses. The procedure was standard yet
tlexible., Cere was taken that children understood the
guestions as they were intended. Every effort was made
to keep the varied teaching schemes the same except for
the variables being systematically altered.

(i) Pre-testing.

As in Investigation Two, the pre-test included questions
on conservation of substance, weight,and volume in order to
select for teaching children with different degrees of
understanding of conservation i.e. total nonconservers,
nonconservers of volume and weight, and nonconservers of
volume only. Besides finding child:en with no concept of
conservation of volume who might be taught that concept,
the pre-test was designed to provide a record of the
presence or absence of conservation for substance and weight
as well as volume prior to the teaching in oxrder to enable
the later investigation of generalisstion of taught conservation,
Likewise the pre-test was meant to reveal any naturally
occurring sequence in the development of conservation
concepts in E,S.N, children.

In this, as in the prior experiment, care was taken
that children distinguished volume from weight from substance
and gave judgments about the different attributes for
appropriate reasons. The pre-test situations and questions
were different for different attributes and, where possible,
judgments for different attributes were made mutually
exclusive, e.g. volume was separated from weight by
differentially weighting seme-volume balls of plasticine
or by identically weighting different-volume balls of
plasticine,

Piaget's conservation problems were again presented.

In presenting conservation of substance problems, orange
drink as well as plasticine was used. For volume problems
both blocks and plasticine were used and interior and

displacement volume situations presented. Different
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materials and situations were introduced where in previous
studies they hesd been flound to give rise to diffeerent
results,e.g. conservation had been f'ound for liquid before
plasticine substance, for discontinuous before continuous
material, for interior before displacement volume,

Again gs in the prior investigation, judgments of
ipequality were required to expose any answering of 'the
same' for any and every situstion. Recognition of
perceptual differences was also required to test the soundness
of any judgments of sameness. A large number of blocks
was used wherever an object was made of discontinuous
material in order to discourage counting and to separate
conservation for volume from conservation for number only,

Throughouf this pre-test, as throughout the prior one,
the experimenter mzde all the transformations in full view
of the children; children did not manipulate the materials
but could see them veing returned to their original forms.
After each child made a judgment the experimenter made only
non~-comnittal remarks and encouraged the child to explain
why he thought what he did.

Each child was seen alone for about twenty minutes and
sat opposite the experimenter at a small table in a quiet
room of the school. A record was kept of each child's
responses to the pre-~test situations and questions, and his
expressed reasons for making those responses,

Again, the criterion for total nonconservation was a
failure to recognise equality in any attribute after
transformation in shape in every one of the pre-test
transformations while also giving a clear indication of
which portion was considered greater and for what reason.
The criterion for partial nonconservation was nonconservation
of one or two of the three attributes, nonconservation in
every situation involving a particular attribute or
attributes but conservation in some other attribute
situations,

The failure to recognise conservation could be exhibited

in various ways, the original or the transformed portions
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could be Jjudied ;reater and not necessarily in any
consistent manuner, Conservation judgments could be
supported in various ways, identity of meterial, amount,
or weight and/or reversibility could be cited. In cases
both of nonconservation and conservation children's
explanations of their judgments were taken as evidence

of their understanding.

As has been indicated above, the pre-test in this
investigation was basically similar to that in the prior
investigation of conservation in volume situations.

However several chanses were mede. To begin with, the
preliminary choice of two objects equal on a particular
attribute was omitted, because a child's understanding
could be clarified without thus using up his attention

and lengthening the pre-test. Two, rather than three,
wordings of each conservation question were made; this was
sufficient to eliminate misunderstanding, Certain
expressions or words which had led to confusion in the
prior pre-testing were omitted. For example, in the
substance conservation guestions "As much... as8™ had been
undcrstood by some E,S.N, children to imply, and certainly
not to exclude, "more", i.e. "as much ... as" questions
were often not understood to mean the same as "same amount"
"fair shares" questions, Similarly in questions of
weight conservation, "as heavy ... as" was misunderstood

by some of the children i,e., they did not interpret it as
meaning "of equal weight" "weigh the same as", but rather
took the question as referring to heaviness in an absolute
concrete sense (heavy ~s opposed to light), not in a
relative abstract sense (heaviness as equivalent to weight),
In the interior volume situations the word "size" had been
ambiguous, i.e. to some children "size" did not mean the
same as "room in" "space inside". Because these particular
expressions obscured rather than clarified the conservation
questions for the E,S.N, children, they were not used in
the revised pre-test; this reduced the number of questions

in the pre~test., No balance scale nor unit cubes for
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measuring were provided in ths pre-test as no E.S.N.
cnild had ever used them when they were available in the
prior investigation,

The aforementioned were some of the changes made in
revising the pre~-test but the main change was in tne
displacement volume situations, The displacement
situasions in this experiment were presented in the
following weay. No actuel transformations were made and
no comparison objects were present, The objects were
put in the water and the children were asked about the
water level and the space taken up if certain transformations
were made, The displacement situations thus differed from
those in the prior pre-test where transformations were
actually made, comparison objects present, and the objects
not in water at the time of transformation. The
conservation situations in the revised pre-test were no
longer consistent with the conservation of weight and
substance situations but they were more like the displacement
volume situations described by Piaget than were the
displacement situations in the prior experiment. Though
different in these three main ways, the revised pre-test
displacement situations and the original ones were similar
in other ways, i.e. similar materials were used and similar
questions asked. Discontinuous material was again used in
both the displacement and interior volume situations to
ensure that any difference in difficulty would be due to the
type of volume considered rather than to the fact that
discontinuous material is generally conserved befare
continuous, Care was taken that the children understood
that the questions of water level aftter an object was
transformed referred to where it would be in relation to
where it was at present with the object already in the
water and with the experimenter's hands out of the water
in both cases. Care was likewise taken that the children
knew that the blocks and plasticine in all the transform-
ations would be entirely ocovered by the water and on the
bottom of the dish.
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Where a child was found to recognise conservation in
the interior volume situations but not in the revised
displacement volume situations, he was asked to make
Judgments in the original displacement volume situations
as well,

The reason a diff'erent displacement volume situation
was introduced in this second investigation of conservation
of volume was to clarify the finding of conservation of
aisplacement volume before interior volume in the prior
investigation which was unlike Piaget's finding of
conservation in interior volume situations before conser-
vation in displacement volume situations, In the prior
investigation, seven children were found who gave
congervation judgments in the displacement volume situations
but not in the interior volume situations and only one
child was found who gave conservation judgments in the
interior volume situations but not the displacement volume
situations. (ALl the other children pre-tested in the
prior investigation gave the same,i.e. conservation or
nonconservation, answers throughout both the interior
and displacement volume situations.) It was thought
that differences in the displacement volume situations
might be the reason for the results differing from Piaget's
and this was therefore investigated.

(The details of the pre~-testing procedure are given
in the chapter appendix).

Fifty-four educationally subnormsl children, some
from each class in the school, were pre-tested. Of these,
nineteen were total nonconservers, two were nonconservers
of weight and volume, two were nonconservers of weight and
displacement volume, ten were nonconservers of volume
only, seveu gave conservation judgments in all except the
displacement volume situations, one gave conservation
judgments in all except the interior volume situations and
thirteen recognised conservation in all the pre-test

situations,

The thirteen children who recognised conservation in all
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the pre-test situations ranged ia age from 9 to 15 and

in I¢ from 56 to 79. The nineteen total noncoiiservers
renged in age from 8 to 15 and in IQ from 49 to 76, the
two nonconservers of weight and volume were 10 and 12
years old with I¢s of 63 and 77 respectively, and the
ten nonconseirvei's of volume only were aged 10 to 15 and
had Ig8 between 42 and 75. The lowest mental aze to be
found among children who recognised conseirvation in every
pre-test situation was 7.4 (CA 10). The highest mental
age to be found among total nonconservers was 8,6 (CAl2),

Although the number of children was smaller, the
general pattern of the pre-test reswdts was similar to
that of the prior investigation., The proportion of
children giving nonconservation judgments in all situations,
in the weight and volume situations, in volume situations
only or giving conservation Jjudgments in all situations
was similar to that in the earlier experiment and the age
and IQ ranges of these differemt groups of total/partial
nonconservers/conservers was likewise similar, The
sequence conservation of substance before weight before
volume was again generally found to hold. BExcept in two
cases, where two children recognised conservation far
interior volume before weight, conservation was not
recognised in any volume situation before conservation
of weight was recognised; no children gave conservation
judgments for weight or volume before substance, Thus
in the majority of cases, again, conservation was found in
the generally recognised sequence but thié was not without
exception,

Nine children in this experiment gave conservation
judgments for interior volume but did not recognise
conservation in tire revised displacement volume situations,
This finding was similar to Piaget's (The Child's
Conception of Geometry, Chapt. 14) and unlike that of the
prior investigation. These nine children failed to

recognise conservation in the revised displacement volume

situations but immediately afterwards recognised conservation

in the original displacement volume situations, The
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different displacement situations evoxed clearly different
responses,

Seven of these nine children gave conservation judgments
in all the pre-test situations except the revised displace~
ment volume situations and two gave conservation judgments
in all but the weight and revised displacement volume
situations. Five of the nine chidren said the water would
go up if' the proposed transformations were made, three
said the water would go down and one said the water would
go up or down, The direction of the change in water level
was not spontaneo..sly suggested by the children, rather it
was usually hesitantly given, that is, the children did
not have any 1irm views on whether the water level would
go up or down although they were certain that it would
change. Four children could give no reasons for their
statements that the water level would not be the same.

0f the other five, one boy suggested the water would go
up "because it would be pushed up", another boy that the
water would rise up "because the air would make it rise",
and enother that the water would go up "because it's light".
Another of the five said the water would go down "because
there wouldn't be as much (plasticine ar blocks) in it"
and still another boy said it would go down "because it
(block transformation) would be smaller" and up "because

it would be wider."

Although these nine children did not recognise
conservation in the revised displacement valume situations,
they gave clear conservation judgments and supporting
reasons in the original displacement situations as well as
in the interior volume situations. Three children gave
reversibility-type reasons: two stated that the object
was the same before and the third that it would go back
the same, Three children gave identity-type reasons: one
pointed out that nothing had been taken away and the other
two that it was the same amount oi material. And three
children gave both reversibility and identity reasons,

In order to further clarify and confirm the findings,
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the pre-test was repeated with these nine children and the
results were the same, The children still did not recognise
couscrvation in the revised displacement volume situations
though they gave coaservation answers with reasons in all

the other pre-test situations including the originel
displacement volume situations,

The wording of the questions in the two displacement
situations was as similar as was possible; the questions
could not be identically expressed because of the physical
differences in the two situations. In one case no actual
transformation wes made, rather it was described in words;
whereazs in the other case the transformation was enacted
rather than described in full. Though not identicel,
the questions were basically the same. When certain
expressions were deliberately altered, e.g. "if these
were - — - " was changed to "if I - - - to these", the
children's responses were just the same, Care hed
again been taken and it was clear that the children realised
the questions in the revised displacement situations referred
to the present blocks or plasticine and the present water
level with the object immersed and no hands in the water.
Likewise it was clear that the children realised the
object would still be at the bottom of the dish fully
covered with water after transformation and that no water
would have been lost. The failure to recognise conserva-
tion was not due to some obvious misunderstanding of the
situations nor to ambiguity of the questions. The children
had genuine difficulty in recognising conservation in the
revised di: placement volume situations whereas they did
not have this difficulty in the original displacement
situations.

One child can be quoted to illustrate the problem.

When asked in the revised displacement volume situations
"If this plasticine were - - - would the water level be
the same as now?" he answered "no" and "the water would
go down" but when asked in the original displacement
volume situations "If I do this, would they still make the
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water level rise the seme"™ he answered "yes" and "because
there's the same amount of plasticine". The same trans-
formations were referred to but in the first case they
were described verbzlly whereas in the second case they
were demonstrated.

To try to clarify why children recognise conservation
in interior volume situations and one type of displacement
volume situations but not in another, the nine children
were asked gquestions on interior volume in the revised
displacement situation and likewise asked to draw a line
where they thought the water would come to af'ter being
asked questions on displacement volume, The procedure
was this. First, in the original displacement volume
situation, after one 4x3x3 building was made 6x6x1, the
children were asked to mark where the water level would be
for each building andwhether the buildings would have the
same room inside them, and whether the blocks would take
up the same amount of space. Then, in the revised
displacement volume situation, the children were asked
to mark where the water level would be if these same
blocks were spread along the bottom of the dish, and
whether there would be the same room inside the block
building and whether the blocks would take up the same
amount of space and then again to mark where the water
level would be. In the first, the original displacement
volume situations all nine children gave conservation
answers with reasons to all three questions., In the
second, two children gave conservation answers with reasons
to all the questions; with the tihird presentation and
Jjuxtaposition of the displacement volume situations,
two children began to recognise conservation in the
revised displacement situations as well. In the second
displacement volume situations, the other seven children
still thought the water level would not be the same
after the blocks were spread; four of these seven drew
a mark above the present water level with the blocks in
the water and the three others drew a mark below the

present water level. Though certain the water level
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would not be the same, these seven children were unsure
as to whether it would be higher or lower. These same
children, then, gave conservation answers to both of the
next questions, i.e. they recognised conservation when
asked about the amount of space taken up as well as the
room inside. When asked again about the water level
immediately aftter giving conservation answers for space
taken up they still did not think the water level would
be the same, Again the children had great difficulty in
explaining why they thought the water level would not be
the same; they clearly did not understand the displacement.
The greater separation of the question of water level
from that of taking up space revealed that these seven
children understood the conservation of space taken up
but not the displacement of water. when in the revised
displacement volume situations the questions pf water
level immediately preceded the questions of taking up
space, these children hesitated in answering the second
question, Until the two questions were asked further
apart, the children's problem was not clear; when the
question of conservation of interior volume separated
the question of water level from that of space teken up,
the seven children acknowledged conservation of space
taken up in the revised displacement situation too although
they thought the water level would not be the same. Thus,
seven children gave conservation answers to all the
questions asked in the original displacement situation with
the concrete comparison object and actual transformation;
in the revised displacement situation with no comparison
object nor actual transformetion, they gave conservation
answers to questions of amount of room inside or amount
of room taken up but did not recognise that the water

level would be the same,

The difference between these children's recognition
of conservation of space taken up and their failure to
realise the water level would be the same was not the
result of a simple misunderstanding of what was being
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considered. These children understood the distinction
between the question of room inside and amount of space
taken up. Their conservation responses to the question
of space taken up were not the result of the juxtaposition
with the room inside guestion nor a practice effect;
when asked immediately afterwards they did not recognise
the water level would be the same. The reasons the
children gave for their recognition of conservation of
space taken up included the fact that it could be made
back again and that it was the same blocks, and none

had been teken away. (One practice effect was found
in this investigation, The one child who gave non-
conservation judgments for interior volume but conserva-
tion judgments for displacement volume was found, on the
repetition of the pe-test, to recognise conservation
for interior volume as well.)

In summary, children were found to give different
judgments in dif'fefent displacement volume situations,
i.e. children were found to recognise that the transformed
object would make the water come to the same place and
to give reasons for conservation when the problem was
presented with the transformation actually made, though
not in water, and comparison object present, yet the
same children did not recognise the water would come
to the same place when the problem was presented with
no actual transformation made nor comparison object
present though the object actually was in water., These
children did not exhibit any awareness of the inconsistency
in their responses. Likewise, they showed no awareness
of the contradiction when in the same displacement volume
gituations they gave conservation judgments for space
taken up but did not recognise the water level would be
the same, In one type of displacement volume situation
the children revealed their understanding of conservation
and recognised the water level would be the same; in
another type of displacement volume situation the same
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children, though they recognised conscrvation of space
taizen up, did not recognise the water level would be the
same, The influence of the particular situation was
evident, Consurvation was zgain showﬁ?%o be an all

or none development; it was recognised in some but not
necessarily in all situations.

{ii) Teaching.

Twenty-six children who showed no concept of conser-
vation in the interior or displacement volume situations
were selected to be given different teaching experiences
designed to further the development of this concept.

o control subjects were included in this investigation
because in all of the experimenter's previous investiga-
tions of similar duration with E.S.N. children no
spontaneous development of conservation concepts was found.

Five different teaching schemes were devised and the
children accordingly divided for different teaching. The
first teaching scheme, a revised version of the method
the experimenter used to teach a concept of volume
conservation in a prior investi@ation, involved a
combination of': counting discontinuous material to
emphasise identity in the interior volume situation,
measuring displacement in the displacement volume situation
using blocics, manipulating reversibility in the displace-
ment volume situation using plasticine, and verbalising
reasons of identity, compensation and reversibility as well
as empirical findings. In the second teaching scheme
one of the three experiences, counting for identity or
measuring displacement or manipuleting reversibility, was
omitted and verbalisation of only two reasons for
conservation, rather than three reasons, was included,
The third teaching scheme involved demonstrations by the
experimenter and verbalisations by both the experimenter
and the ohildren; the children watched the experimenter
counting to emphasise identity, measuring displacement,
and manipulating reversibility and they verbalised the

identity, the compensation, and the reversibility reasons
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f'or conservation. The children did not manipulate the
materials. One less volume situation was included;
the displacement situotion using blocks was omitted.
Further, the revised displacement situation was presented
where in the other four teaching schemes the original
displacenent situation was presented. The fourth
teaching scheme provided one experience only, either
counting for identity or measuring displacement or
manipulating reversibility, and verbalisation of one
appropriate reason for conservation, Two volume
situations only were presented; the displocement volume
situation using plasticine was omitted. In the fifth
teaching scheme, verbalisetion of a single reason only
was included and no manipulations nor demonstrations
were made, Thus, in the dirferent teaching schemes
different amounts of experience were given. The
first teacihing scheme included a variety of experiences
which had been found to foster a concept of volume
conservation in the prior investigation with E.S.N,.
children., In the other four teaching schemes the amount
of experience was progressively reduced from the second
to the fifth teaching scheme.

Six children were chosen for the first teaching scheme,
six for the second, four for the third, six for the fourth,
and four children for the fifth teaching scheme, The
children less likely to learn, generally the younger
and lower IQ total nonconservers, were given the fuller
teaching while the children more likely to learn, generally
the older and higher IQ partial conservers, were given the
more abbreviated teaching, This was done in order to
ensure thet any differences in degree of learning would
be due to the omission of iteaching experiences and not
just to differences in the cihildren's prior conceptual
development,

All the teaching schemes were similar in so far as they
all were concerned with physical and not mathematical
volume and with conscrvetion in the interior and the

displacement volume situations. The pre-~test situations
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were repeated in every teaching scheme, as they had been
in the prior investigation, and each teaching scheme was
standard but adapted to tiie children., All the children
were taught in a room adjoinin a classroom that was in
use at the same time, i.e. the children were taught
under classroom conditions. These were the basic
similarities between the teaching schemes which then
differed in the amount and type of manipulations of
concrete materials and verbalisations of reasons. The
teaching schemes differed also in the time required to

implement them; ten to twenty minutes was the time rance

for the diff'erent schemes. Group and individual teaching

was used in this investigation. A group of four c¢hildren

was taught using the first scheme and another group of
four children was taught using the third scheme; the
rest of the children were taught individually.

Details of the children selected f'or the different

teaching schemes follow :

Neame: CA IQ Nonconservn. Group/Indiv,
y m total/part.
First
schene Elizabeth C. 10 9 59 x X
Jane E. 10 8 76 x x
Nicholas L. 11 3 75 x x
John R. 11 5 57 x x
Paul B. 9 2 65 x x
Ruth L. 8 8 65 x x
'Second
scheme James B, 9 11 64 x x
Beverley S. 9 11 68 x x
Beverley G. 10 6 67 x x
Alan D, 10 6 75 x x
Nigel M. 10 6 65 x x
Patrick T. 12 - 77 x x
Third
scheme Graham B. 12 L 69 x x
Rosemary P, 12 7 59 x x
David S. 12 5 62 x x
Trevor S. 12 3 60 x x
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liame CA Iy lionconservn, Group/Indiv,
o ...y m  total/part. 1
Fourth
| scheme  Hamish F. 5 4 57 x x
f John R. 15 2 42 x b'd
| Brian 1. 1 3 49 x x
{eith B. 11 10 N x X
Jeanette P. 12 8 57 x x
| David O. 11 - 7k x x
Fifth
-scheme  Robert B. 11 2 6l x x
Janet M. 11 6 72 x x
Sheila F. 12 7 61 x x
Brian H. 11 8 73 x x

-Firsf teéching séﬂeheé

Four of the six children, all total nonconservers,
chosen for the first, the fullest, teaching scheme were
taught as a group. Two boys and two girls of similar
chronalogical ~ge, two of lower and two of higher IQ were
taught, They sat with the experimenter around a table

in the centre of which were put the materials for the
teaching. These children answered individually and as a
group throughout the teaching session and their responses
were recorded at each stage of the teaching. The full
but revised teaching method began with a consideration of
interior volume. Two 6x3x2 high wooden-block buildings
were presented and recognised as equal on room or space
inside, Then one of the buildings was made 12x3x1 high
and the pre~test questions for interior volume were asked.
This was followed by the expcrimenter's counting the same
number of blocks in each building emphasising the identity
of the material and that nothing had been added or taken
away. Reversibility was not manipulated in this situation
but it was mentioned in explaining conscrvation as was
compensation, The same demonstration and explanation
of the identity basic to the conservation of interior
volume was repeated for the second and third transforme-
tions of the 6x3x2 wooden-block buildings, i.e, for the
separation of one building into two and then four overlapping

parts, but the children were encouraged to do
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the explaining rather than just listening to the
experimenter, The teaching continued with a considcer-
ation of displacement volume, After an initial demonstra-
tion of displacement, i.e., after thirty-six metal blocks
were immecrscd in a dish of water and the water rise
recorded, two 4x3x3 high metal-block rocks were presented
and recognised as equal in displacing water or taking up
room. Then one of the rocks was made 6x6x1 high and the
pre~test questions for displacement volume were asked,

After this, the displacement of water by both the 4=3x3

and the 6x6x1 rocks was measured, i.e, the water level was
marked on the dish by the experimenter, in order to provide
evidence of conse¢rvation; and compensation, i.e. that one
rock was wider but the other higher, was pointed out by the
experimenter, Identity and reversibility weréllikewise
pointed out, The same demonstration of conservation in

the displacement volume situation and pointing out of
compensetion relations was repeated for the second and third
transformations of the 4x3x3 metal-block rocks, i.e. for the
separation of one rock into two and then four overlapping
parts, and ithe children were encouraged to express the
evidence for conservation. The teaching ended with a
further consideration of displacement volume using plasticine
instead of blocks, After an intial demonstration of
displacement of water by plasticine, two identical in

volume though not in weight plasticine balls were presented
and recognised as equal in displacing water or taking up
room, Then one of the balls was made into a ring and the
pre~-test questions for displacement volume were again asked,
Both the experimenter and the children subsequently
menipulated reversibility and stated that the material could
be made back into the same shape as it was before. The
experimenter again pointed out théd?ntit%f the material,
that nothing had been added or taken away. Similar
manipulation and verbalisation of reversibility as evidence
for conservation was repeated far the second and third
transformations of the plasticine i.e. for the ocutting of one

plasticine ball into two and then four pieces.
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Thus, in the revised full teaching scheme the children
were given varied experiences basic to the development of a
concept of volume conservation. Three demonstrations or
manipulations associated with three reasons for conservation
were performed in three volume situations. One demonstra-
tion or menipulation per volume situation wes made where in
the original teaching method more than one had been made in
every volume situation, Ho containers ..ere introduced in
the revised teaching method because the filling of these
with counted blocks made unnecessary demands on the
children's attention and all the children understood what
was meant by interior volume when the wooden block buildings
were presented. No child was confused by the fact that
guestions of room in or space inside were asked of buildings
with blocks all through them rather then of empty containers.

All four children in the group gave nonconservation
answers for the first transformation in the interior volume
situation., Three children still gave nonconsecrvation
answers for the second transformation but one child recog-
nised conservation and said that one building was longer but
the other was higher so they "balance out", For the third
transformation in the interior volume situation only one
child failed to recognise conservation; two of the children
who recognised conservation gave compensation type reasons
and the third child who recognised conservation said that
there were the "same many" blocks. In the displacement
volume situation involving metal blocks, only one child
at first recognised conservation; she pointed out that
there were the "same blocks" all the time. Later, all
four children recognised conseirvation in the displacement
volume situation and gave identity-type reasons, three
said there were the "same blocks" and one that there were
the "same many" blocks, Finally, in the displacement
volume situstion involving plasticine all but one child on
the first transformation recognised conservation for reasons
of identity and that child, too, later recognised conservation

giving an identity-type reason,
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The group teaching took approximately twenty minutes;
measurement of displacement and manipulation of reversibility
held all the children's attention through to the end.
lleasurement appeared to be particularly convincing for the
children. The influence of the group situation was also
apparent; the children worded their reasons similarly
copying expressions from other children, e.g. "balances
out" "same many". Compensation and identity-type reasons
were the only ones given by these children. As might be
expected, the two children of lower IQ were slower to
understand conservation, i.e. did not recognise conserva-
tion until the later transformations.

A similar method was used in teaching individuelly the
other two children chosen for the first, the full revised,
teaching scheme, These two children, the youngest to be
taught conservation in the volume situations, gave
nonconscrvation answers for the first and second transforma-
tions in the interior volume situation but recognised
conservation for the third transformation, One child
said there were the "same blocks"; the other said none had
been "taken away". Their reasons for conservation were
expressed differently. In the displacement volume
situation involving metal blocks, the two children did not
recognise conservation for the first transformation but did
for the second and third transformations and gave identity-
type reasons, that there were the "seme blocks" or the "same
amount" of blocks., Again in the displacement volume
situation involving plasticine, the two children did not
recognise conservation for the first transformation. The
younger child did not recognise conservation until the third
transformation but the older recognised conservation for the
second as well as third transformation. Both children gave
the reason that it was the same plasticine.

Teaching the children individually took about twenty
minutes for each child, the same amount of time as the group
teaching took; and the children's attention was again held
by the measurement of displacement and the manipulation of

reversibility, Identity-type reasons were the only ones
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given by the children; the younger child repeated that

it was the same material while the older child said in
the first situation that nothing had been taken away, in
the next situation that it was the same amount still, and
in the last situation that it was the same material,

Second teaching scheme:

All six of the children,four boys and two girls,
chosen i'or the second teaching scheme were taught
individually. Two children, one total nonconserver and
one partial noncoaserver, were given no experience of
counting for identity, two other children, again one total
noncounscrver and one partial nonconserver, were given no
experience of manipulating reversibility (care was taken
to exclude any demonstration of reversivility in the course
of the teaching), and the third pair of children, one a
total noncoaserver and one a partial nonconserver, were
given no experience of meassuring displacement, Each
of the three pairs of children experienced and verbalised
two reasons for conservation; the first pair of children
manipulated reversibility and measured displacement, the
second pair counted for identity and measured displacement,
and the t:ird pair manipulated reversibility and counted
for identity,. In other words, a different experience was
left out of each of the three teaching methods comprising
the second teaching scheme. Apart from the absence of
either counting for identity or manipulating reversibility
or measuring displacement, the three pairs of children were
ziven similar teaching., The three volume situations and
the transformations and questions were the same in every
case as t ose of the revised full teaching scheme (see above);
the teaching procedure, demonstrations and manipulations
and verbalisations, was likewise similar except that
particular experiences were systematically left out. In
this second teaching scheme, one reason for conservation
was demonstrated or manipulated in each volume situation
and two reasons verbalised; as there were three volume
situations and only two reasons to be included in the

teaching, reversibility was manipulated in two situations
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when counting for identity was omitteq, displacement was
measured in two situations when wanipulating reversibility
was onitted, and counting for identity was carried out in
two situaiions when measuring displacement was omitted,
Th:hildrep'%nsgonses were recorded =t each stage of the
teaculng.

All six children gave nonconservation answers for the
first transformation in the interior volume situation,
For the second and third transformstions, one pair of
children who had been given manipulation of reversibility
experience still gave nonconservation answers., For these
transformations, a second pair of children who had veen
given experience of counting for identity recognised
conscrvation. One cnild, previocusly a total nonconserver,
gave no reas ns for her conservation judgments and the
other child, previously a partial noncounserver, gave the
reason, not inocluded in his teaching, that the building could
be put back the same as before. A third pair of children
who had been given experience of counting for identity did
not recognise conservation for the second transformation
but did so for the t..ird transformation, One c:.ild,
previously a partial nonconserver, gave no reason for his
conservation judgments and the other child, previously a
total nonconserver, gave the reason that there was still
the "same plenty", In the displacement volume situation
involving metal blocks, the pair of children who had given
nonconservation answers for all the transformations in the
interior volume situation again gave nonconservation
answers except for the third transformation where both
children recognised conservation but gave no reasons for
their judgments. The second pair of children who had
recognised conservation in the second and third transforma-
tions of the interior volume situation recognised conserva-
tion in the displacement volume situation. One of these
children again gave no reasons for her conservation
judgments and the other child gave the reason that no
blocks had been taiken away. The third pair of children
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who had recognised conservation only in the third
transformation of the interior volume situation recognised
conscrvation in the second as well as the third transforma-
tions of the displacement volume situation. One of these
children still gave no reasons for his conscrvation
judgments; the other child save the reason that the rock
wes the "same size and same heavy". Finally, in the
displacement volume situation involving plasticine, the
first pair of children still did not recognise conservation:
they gave nonconservation judgzments for all three transforma-
tions. The second pair of children recognised conservation
in all the transformations; one child still gave no reasons
for her conservation judgrents but the other child gave the
reason that nothing h~d been tsaken away., The third pair
of' children gave conservation judgments for the third
transformation only; one child gave the reason that the
plasticine could be made back the same and the other child
gave the reason that it was the "same heavy".

The teaching generally took about the same amount of
time as the revised full method of teaching did, about
twenty minutes for each child. The children did not
always give as reasons for conservation the reasons
introduced in the teaching; one child who was given no
direct expsrience of reversibility sgave reversibility-type
reasons as well as identity-type reasons which had been
taught, and another child mentioned identity of weight as
evidence of conservation in the displacement volume situa-
tions though this had not been mentioned in the teaching.

Third teaching scheme:

The four children, all total nonconservers, chosen
for the third teaching scheme were taught as a group.

Three boys.and one girl, close in chronolégical age and IQ,
sat with the experimenter around a table in the centre of
wiiich were put the materials for the teaching. The

children answered individually and as a group throughout

the teaching session and their responses were recorded at each
stage of the teaching.

98.



Conservation was demonstrated and explained in two
volume situations only, the interior volume situation with
wooden block buildings and the displacement volume
situation with plasticine. Basically, the teaching method
was similar to that of the revised full teaching scheme
(see above); the volume situations, the transformations,
the questions, the demonstrations and the verbalisations
were the same as those of the fuller teaching scheme but
the displacement volume situation involving blocks was
omitted and a few other changes were made, One important
chenge was that the teaching in the displacement volume
situation was different for this group of children from
that given in the revised full and in the other three
teaching schemes., No comparison object was present,
whereas a comparison object was present in all transforma-
tions in the other teaching schemesﬁ the water level was
measured before end after a single plasticine ball was
transformed into a ring., Thus, the displacement volume
situation in the third teaching scheme emphasised identity
of material and did not entail equivalence. Another
change from the earlier teaching schemes was the elimination
of any manipulation of the materials by the children; the
expcrimenter and not the children counted for identity and
manipulated reversibility in the interior volume situation
and then measured displacement and manipulated reversibility
in the displacement volume situation., The children as well
as the experimenter, however, stated the identity and the
reversibility and the compensation reasons for conservation,
They also stated the empirical evidence for conservation
obtained by measuring displacement,

All four childrea gave nonconservation answers for
the first transformation in the interior volume situation,
One child recognised conservation for the second transformation
and gave the reason that it was the same blocks. All four
children then recognised conservation for the third trans-
formation and gave the same identity-type reason. For the
first transformetion in the displacement volume situation all
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four children again gave nonconservation answers. For the
second transformation three children gave conscrvation answers
for reasons of identity, i.e. two children said that it was the
same plasticine and one child said that nothing had been added
or taken away. All four children recognised conservation for
the third transformation and gave the same reason, that it was
the same plasticine still,

The teaching tock about fifteen minutes, The individual
children's judgments were influenced by the group though they
answered separztely at the different stages in the teaching.
Identity-type reasons were the only ones the children gave
for their conservation judgments but measuring displacement
appeared to be a particularly convincing demonstration. [None
of the children immediately generelised and recognised conser-
vation in the displacement volume situation, but the use of
plasticine rather than metal blocks may have lessened the
likelihood of this.

Fourth teaciiing scheme:

All of the six children, five boys and one girl, chosen
for the fourth teaching scheme were taught individually., Two
children, one a total nonconserver and one a partial nonconserver,
were given only manipulation of reversibility experience,

Two other children, again one a total and the other a partial
nonconserver, were given only counting for idemtity experience.
A third pair of children, one a total and one a partiel
nonconserver, were given only measuring of displacement
experience. Bach of the three pairs of children thus
experienced and verbalised one reason only for conservation;

a different reason was demonstrated by the experimenter for each
pair of chi}dren and only the one reason was atated by the
experimenter and the children. Conservation was demonstrated
and explained in two valume situations, the interior volume
situation with wooden block buildings and the displacement
volume situation with plasticine, The volume situations,

the transformations, the questions, the demonstrations, and
the verbalisations were similar to those of the revised full
teaching scheme (see above) but this fourth teaching scheme
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was greatly ebridged. There was no displacement volume
situation involving metal blocits, the experimenter demonstrated
and vevbalised one reason for conservation only for each pair
of children, and the children nevcr manipulated the materials,
they Just repeated the reason given. The children's responses
were recorded at each stage of the teaching,

All six children gave nonconservation enswers for the
first transformation in the interior volume situetion. For
the second and third transformations, one child from eech pair,
the child who had previously been a partial nonconscrver
recognised conservation., The partial nonconserver who had
been given manipulation of reversibility experience gave no
reason for his conservation judgments, the one who had been
ziven counting for identity experience gave as his reason for
conservation that there were the same blocks, and the one who
had been given measuring of displacement experience gave no
clear reason for his conservation judgments. The total
nonconserver from each pair of children still gave nonconserva-
tion answers for the second and thir d transformation in the
interior volume situation. In the displacement volume
situation all six children gave nonconservation answers for
the first transformation. Then, one child from each pair,
again the child who had previously been a partiel nonconserver,
recognised conservetion for the second and third transformations.
The one partial nonconserver who had been given manipulation of
reversibility experience still gave no reason for his
conservation judgments, the one who had been given counting
for identity experience gave as his reason in this situation
that no plasticine had been taken away, and the one who had
been given measuring of displacement experience this time
gave clear reasons, that there was the same amount and the
same heaviness of plasticine, The total nonconserver from
each pair of children still did not recognise conservation
for the second and third transformations in the displacement
volume situation,

The teaching took about ten minutes for each child.

Identity-type reasons were again the only reasons given by
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the children for their conservation judgments; this type of
reason was mentioned not only by a child who had been given
counting for identity experience but also by a child wno had
not been ziven this experience,

Fifth teaching scheme:

The four children, all partial nonconservers quite close
in chronological age and Iy, chosen for the fifth teaching
scheme were taught iadividually. Two children, one boy and
one girl, were civen the same single verbal explanation of
conservation for every transformation in the three volume
situvations: the identity of the material and the fact that
nothing had been added or taken away was pointed out to them,
Two other children, again one a boy and one a girl, were
also given a single verbal explanation of conservation
throughout: reversibility and the possibility of returning
the material to its original form was pointed out. The
three volume situations, the transformations, the questions
and the verbal explanations were similar to those of the
revised full teaching scheme (see above), but no actual
experience of manipulating reversibility or counting for
identity or measuring displacement was given. No demonstra-
tions by the experimenter nor manipulations by the children
were included in the teaching which consisted solely of the
verbalisation of either identity or reversibility reasons
by the experimenter. (Compensation reasons were not presented
on their own because they do not necessitate more than a
perceptual judgment.) The children's responses were recorded
at each stage of the teaching, and the teaching took about
ten minutes for each child,

All four children gave nonconservation answers throughout
the teaching i.e. none of the children recognised conservation
for any of the transformations in the volume situations.

The merely verbal explanation of identity or reversibility
as reasons for volume conservation judgments did not result
in a recognition of conservation.

(iii) Post-testing,
The first post-test was given to each child one week
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after the teaching session, and the second post-test, one
week after that, Each child was seen alone for about
twenty-five minutes, The standard post-test procedure

was similar to that of the pre-test but included some new
as well as familiar materials, transformations, and verbal
expressions to test whether a broad understanding had been
developed rather than a specific response learned.

Questions demanding inequality Jjudgments were included to
reveal whether there was, for reasons other than that of a
genuine concept of conservation, any agreement to sameness
after transformation and to test for further generalisation;
children were required to give not only simple Jjudgments

of inequality but also judgments of conscrvation of inequality
of volume, Throughout the post-test, the children were
asked to give reasons for their judgments; both judgments
and reasons viere recorded for each child, The stability
of the children's conservation judgments was tested by the
experimenter's pointing out perceptual differences; the
children's resistance to counter suggestion was tested, All
transformations were made in full view of the children;
cestures were used to cerify the questions, Noncommittal
remarks only were made after the children's responses.

The actual wording of the post~test was similar to that
of the pre~test, The pre~test questions and situations
were repeated in the post-test and the quesiions in the new
situations were worded similarly. In the second situation
of the post-test, new material, Lego blociks, was introduced,
new transformations made, and new verbal labels used but
the problem was similar to that in the teaching, i.e. equality
was to be recognised after transformation. In the third
and fourth situations, the wording of the first question was
altered from that in the pre~test in order to avoid giving
any suggestion of sameness; otherwise the questions and
situations were the same as in the pre-test, In the sixth
situation, that involving unequal metal-block transformations,
new verbal labels and new transformations, though not new

materials, were introduced; the problem, i,e, that of
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recognising and conserving for inequality, was different from
that in the teaching. "he ewighth situation, the final new
situation in the post-test, was again an inequality situation
but one involving inequality of volume and equality of weight,
o new material was introduced but new transformations and new
verbal labels were used. Throughout the rest of the post-test
the familiar pre-test situations were presented,

The post-test included both the revised and the original
displacement volume situations, as well as interior volume
situations; the revised situations were presented before the
orisinal to reverse the order in which they were introduced
in the post-testing of the prior investigation of volume
conservation, where conscrvation in the revised displacement
situations was tested about a month after it had been tested
in the original displacement situations.

All twenty-six children taught using the five different
teaching schemes were post-tested in exactly the same way.

(The details of the post-testing procedure are given in the
chepter appendix).

The results of post-testing the children given the
di:ferent teaching experiences follow. With the exception
of one girl, each child gave similar judgments and reasons
in both the®TStangSecerd

First teacihing scheme:

All six children taught using the full but revised teaching
method made conscrvation judgments in all the post-test

vost-tests.,

situationss The four children taught as a group and the
two very young children taught individually recognised
conservetion throughout their first and second post-tests.
They gave conservation judgments on the familiar, unfamiliar,
and inequality transformations and generalised their taught
concept of conservation to the weight and substance situations
too., Identity reasons were given by the six children for
all their conservation judgments. The fact of its being
the same material or same amount of material was pointed out
by five of the children; and the fact that nothing had been
taken away was mentioned by one boy, one of the children who
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had been individually taught. Compensation was the only
other reason jiven and this was mentioued by one zirl, one
who had been taucht in the group. One reason only was
generally given by each child throughout the post-tests.

‘“he reviscd full teaching scheme was shown to be effective
for group as well as individual teaching. Child:en taught
as a group developed a broad understanding of conservation
just as children taught individually had; neither individual
tuition nor an isolated room was essential to the effective-
ness of the teaching. The revised full method worked as
well as the original full method had. All six children,
previously total nonconservers and of low mental age,
recoznised, generalised and gave reasons for conservation
after they h-d been taught in the revised full teaching
situations.

Second teaching scheme:

The 8ix children all individually taught using one of
three cut teaching methods improved in their understanding
of conservation but not equally nor, in most cases, as
much as those children given the fuller teaching scheme.

Of the two children taught with counting for identity omitted,
one, previously a partial nonconserver, gave no conservation
of volume judgments throughout the first post-test but
recognised conservation in all but the interior volume
situations of the second post-test. For her conservation
judgments this child gave identity reasons though these were
not included in her teaching. Of this pair, the other
child, previously a total nonconserver, recognised and gave
reasons for conseivation in some situations but not in other
situations, i.e. he made conscrvation judgments in all dut
the interior volume and a few of the weight and substance
situations. He gave reversibility reasons for conservation
except in the revised displacement volume situations where
reversibility was not enactable. Of the pair of children
taught with manipulation of reversibility omitted, ane,

previously a partial nonconserver, recognised and gave reasons
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for conservation throughout the post-tests, He gave
identity reasons as taught but also reversibility reasons

for his conservation judgments, Of' this second pair,

the other child, previously a total nonconserver, also gave
conservation Judgments throughout but gave no reasons for
thems  She recognised conservation in all the weight and
substance as well as volume situations, Of the two children
taught with measuring displacement and compensation reasons
omitted, one, previously a partial nonconserver, recognised
and gave reasons f'or conservation throughout the post-tests.
He gave some identity and some reversibility reasons, as
taught, for his conservation Jjudgments but these were never
clearly expressed, Of this third pair, the other child,
previously a total nonconserver, recognised and gave reasons
for conservation in some situations but not in other situations,
i.e. he made conservation judgments in the displacement volume
situvations, both revised and original, giving the reason of
identity of weight but he did not recognise conservation in
the interior volume or wei:ht or substance situations.

The omission of certain experiences and reasons for
conservation from the teaching resulted in differences in
degree of understanding, i.e., not all children developed a
broad concept of conservation when the teaching was cut,

The decrease in understanding of conservation with the elimin-
ation of one of three key experiences and reasons was
evidenced in: the failure of one child to recognise conserva-
tion in any of the volume situations of the first post-test,
the failure of two other children to generalise conservation
to all the weight and substance situations, and the failure
of these three children to make conservation judgments in the
interior volume situations, of the second as well as first
post-test, although they recognised conservation in all the
displacement volume situations. The recognition of
conservation in the displacement situations after the failure
to recognise conservation in the interioar volume situations

may appear to be a practice effect, Conservation was not
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recognised in the earlier situations but it was recognised
in the later. However, such nonconservation followed by
conservation was present in the second as well as first
post-test, i.e. nonconservation judgments were made after
conservation had been recognised in earlier situations,
and, likewise, conscrvation was not always recognised in the
weisnt and substance situstions which followed the displace-
ment volume situations where conservation Jjudgments were made,
ihe relative importance of the diiferent experiences and
reasons in the development of a concept of conservation was
not clear, Although manipulation of reversibility appeared
to be less essential, in that two children learned to
recognise conservation in every post-test situation without
being given the reversibility training, the small number of
children given the difflerent teaching experiences and reasons
end their individual differences, including partieularly
diiferences in their prior understanding of conservation,
meant that no clear answer was found to the question of the
particular elements essential to the development of a broad
und erstanding of conservation,

Third teaching scheme:

The four children taught as a group using another cut
teaching method also improved in their understanding of
conservation but again not equally, nor, in two cases, as
much as c¢::ildren given the full teaching scheme. Two
children, one girl and one boy, recognised conservetion in
all the first and second post-test situations and gave clear
reasons for their judgments., The girl gave only identity
of material reasons throughout but the boy gave several
reasons, identity, reversibility, and compensation reasons,
for his conservation judgments., The two other children
recognised and gave reasons for conservation in some situations
but not in ot..er situations. One boy made conservation
Judgments in all but certain initial transformations: in the
interior volume situations, in the displacement volume
situations using blocks, and in the weight situations. He
gave identity-type reasons fa-his conservation judgments,
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i.e. he pointed out that nothing had been added or taken away
or tnat the weight was the same, The other boy recognised
conservetion for all the familiar msterials but did not

give conscrvation judgments when new meterials were introduced,
He too gave clear identity~type reasons for his conservetion
Judgments, i.e. he too pointed out that nothing had been added
or taken away and that it was the sape material and weight.

All four children recognised conservation as easily in the
original as in the revised displacement volume situations
which had been the ones presented in their teaching.

All four of the children, previously total nonconservers,
generalised and recognised conscrvation in at least some of
the weight and substance situations. Two children recoguised
conservation in all the weight and substance as well as volume
situations, one recognised conservation of weight and substance
in all but the first weight transformation and one recognised
conservation of weight and substance except in the liguid
substance situation. The reasons the children gave for
conservation in the weight and substance situations were
similar to those they had given for volume conservation,
Identity reasons were the most frequently given reasons
throughout the post~tests; they were mentioned by all four
children, Reversibility and compensation reasons were
mentioned by one boy only.

Although all four children improved in recognising
conservation, there were clear individual differences in
degree of understanding as a result of the cut teaching,

The elimination of one of the three volume situations and/ar
the less concrete displacement situation experience and/or
the absence of manipulation meant that not all the children
developed a broad concept of conservation although they were
all taught together.

Again no answer was found to the question of what in
particular is essential to the development of a broad
understanding of conservation, though clearly, the change
in the number and/or type of volume situations presented, like

the change in the number and/or type of conservation experiences
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and reasons presented in the prior teac:iing scheme, influenced
the degree of understanding of conscrvation,

Fourth teaching schene:

0f the six children individuaelly taught using one of three
further reduced teaching methods, three improved in their
understanding of conservation but the other three did not.
None of the three children who previously had been total
nonconservers recognised consexvation in any of the first and
second post-test situations; neither counting for identity
alone nor manipulating reversibility alone nor measuring
displacement and verbalising compensetion reasons alone, in
two volume situations, gave these children sufficient
experience and reason for the development of a concept of
conservation, 0f the three children, previously partial
nonconservers, who improved in their understanding of
conservation, two recognised and gave reasons for conserva-
tion in all of the first and second post~test situations.

One boy gave identity-type reasons only, as he had been taught;
he said, if'or example, "you haven't pulled any off, it's the
same still". The other boy also gave identity-type reasons
only, though these had not been included in his teaching; he
pointed out "it's still the same amount" though he had’been
given measuring displacement experiences and compensation
reasons in his teaching. The third previous partial noncon-
server, a child about four years older than the other two
partial nonconservers but of much lower IQ (42 as against 74),
recognised conservation in all but the interior volume
situations & the two post-tests; he gave no clear reasons for
conservation in the displacement volume situations though
reversibility reasons had been emphasised in his teaching,

The inclusion, for each child under this teaching scheme,
of only one of the three main experiences and reasons for
conservation given in the full teaching scheme, resulted in
only two of the six children developing a broad concept of
conservation. The relative importence of the different
experiences and reasons in the development of understanding

of conservation was, again, not clear. When given either
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identity or reversibility or measuring and compensation
training the total nonconscrver in each pair of children

did not learn to recognise conservation whereas the partial
noncouserver did. In other words, the particular child's
prior understanding of counservation, more than the particular
teaching experience and reason, cetermined whether the child
learned to recognise conservation. While no clear answer was
fo.nd to the question of essential elements in the development
of a broad widerstanding of conservation, it was t'ound that
experience of more than a single reason for conservation is
important if gll children, total as well as partial nonconser-
vers, are to benefit from the teaching.

Pifth teaching scheme:

Cf the four children, all previously partial nonconservers,
individually taught using one of two very cut, almost purely
verbal teaching methods, two children developed no understand-
ing of volume conservation, i.e. they f'ailed to recognise
conservation of volume in all the first and second post-test
situations, and two other children gave conservetion of volume
judgments in only one or two of the post-test situations, i.e.
one recognised conservation in one displacement volume
situation and the other in the first interior volume trans-
formation and one later displacement volume transformation,
The boy who recognised conservation in one displacement
volume situation, the original and not the revised displace-
ment situation involving plasticine, gave identity-type
reasons as he had been taught. The girl who recognised
conservation far a couple of transformations in the interior
and displacement volume situstions gave reversibility type
reasons as she had been taught.

Verbalisation alone of identity or reversibility reasons
in the three volume situstions was not sufficieant for the
development of a broad concept of conservation; neither
identity nor reversibility reasons alone when merely verbally
expressed were enough to develop a clear understanding of
conservation in these children. Even here, however, there
were individual differences in the extent to which different
children benefitted from the teaching. The development of a
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concept of conservation again did not appear to be an all
or none afifair.

(iv) Follow-up Study.

In the follow-up study, corried out five months later,
the twenty-five children still at the school were again
given the post-test for volume, wei ht, and substance
conservation and in exactly the same conditions as before,
(See chapter appendix for details.) ‘Twenty of these children
responied exactly as they had in the previous post-tests;
five children .ave answers different from those they had
&iven previously.

Six of the original twenty-six children had been given
the first, the fullest teaching scheme, Of these the five
still available f'or the follow-up study recognised and gave
appropriate reasons for conservation in every situation
presented, EBach child gave the same reasons as he had given
vef'ore. The durability of the concept o1 conservation
developed was evident. 0f the six children given the second
teachingz scheme, four responded exactly as they had before
(i.e. three still recognised conscrvation throughout while
the fourth recognised consurvation in the displacement volume
situations only) but two responded differently (i.e. one
partial conserver recogunised and gave reasons ror conservation
in one more situation, three more transformations, than he had
before while another partial conserver reverted to the non-
conservation judgments she had given in her first post-test
not maintaining the improvement evidenced in her second).

The four children given the third teaching scheme now all
recognised and gave reasons for conservation in all the
post-test situations (i.e. two responded exactly the same as
before while two partial conservers improved in recognising
conscrvation); each gave the same reasons for conservation
judgments as he had before, Of the six children given the
fourth teaching scheme, five responded the same as on the
previous post-tests (i.e. the three total nonconservers remained
total nonconservers and the two total conservers remained

conservers throughout) and one improved (i.e. one partial

111.



conserver recognised and rave reasons for conservation in
one nmore situation, three more transiormations, than he had
before). The four children given the fifth teaching scheme
all responded the same as they had on the earlier post-tests
(i.e. 211 four still did not recoznise coas.rvation in any
volume situations).

Thus the follow-up study showed several things. A
lasting understanding of conservation was developed using the
revised full teaching echeme, taught conservers remained
conservers, Children who, given abbreviated leaching, did
not learn to recognise conservation remained nonconscrvers
over the five months as did untaupght nonconse:rvers in other
investigations. Several, though not all, children who became
partial conscrvers, after avbbreviated teachinz, developed
further understanding of conservation during the five months;
four partial conservers improved in recognising conservation
and only one regressed. In summary, after teaching, neither
total conservers nor total nonconservers changed over time
but f'ive out of six children who became partial conservers

did change over the five months.
III DISCUSSION

This investigation of the development of understanding
of conscrvation clerified questions raised in the prior
investigation of volume conservation. In the pre~testing
of this investigation, the effect of different displacement
situations was revealed. Teaching and post-testing indicated
the need for varied experiences, reasons, and situations; a
simplified but still fairly full teaching method was fo.nd to
be effective in group as well as individual teaching but shorter
teaching methods were found to be less effective. The
question of essential elements remained unanswered.

The results in the pre~testing of this investigation
provided some clarification of the question of order in the
development of interior and displacement volume conservation,
Whereas in the prior investigation of volume conservation soms
children were found to recognise conservation in the displacement

before the interior volume situations, in this subsequent
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investigation, where the displacement volume situation was
different from that in the prior investigation, some children
were found to recognise conservation in the interior before

the displacement volume situations. As there seemed to be

no real reason why co.sc¢rvation of space taxen up by an object
should be easier or harder to recognise than conservation of
room inside an object, the influence of the particular situation
presented to the children was studied,

VWiithout giving a detailed analysis of all the differences
between the displacement volume situations in the two investiga-
tions (see the appendices of chapters 3 and 4), it can be
noted that neither the initial explanation of displacement
nor the more concrete less verbal presentation of the conserva-
tion problem is the whole reason for the dif'ferent results.
When in the pre-test of the present investigation, the initial
explanation of displacement was omitted, the children still
recognised conservation in the one, i.e. the original displace-
ment situation, That is, when the preliminary displacement
demonstrations were identicalbut the ensuing displacement
situations different the children responded differently.

It was not the explanation alone that made the difference in
recognition of conservation of displacement volume when con~
servation of interior volume was recognised, but it may well
have influenced the conservation of displacement volume, in
the prior investigation, when conservation of interior volume
was not recognised. The connection shown between space
taken up and water rise may well have facilitated conservation
in the displacement volume situation when conservation was not
recognised in the interior volume situation, though it does
not determine conservation as against nonconservation in the
different displacement volume situations when the conservation
of interior volume is already recognised.

Likewise the concreteness of the situation is only part of
the reason for the different results in the different displace-
ment volume situations., The diff'iculty is not simply in the
more abstract more verbal nature of the one displacement volume

situation. When in the same relatively abstract verbal
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situstion different questions are asked, conservation is
recognised for interior volume and even for space taken up
though the water level is thought to be different, However,
the actual transformation and presence of a comparison object
mey facilitate the recognition that the water level would be
the same after transformation of the object. The enaction

of the transformation may bring out the possibility of reversing
the transformation and the comparison object may be a reminder
of what was before, that is, the one displacement volume
situation may emphasise conservation rather than displacement
especially as the object is not actually in water. Possibly
the children are helped by the visual expcrience of the actual
transformation of the same amount of materisl; information
through the senses may emphasise that the samemmterial is made
different in appearance,. In brief, conservation of interior
volume and space taken up is recognised in the more abstract
verbal situation as well as in the more concrete situation

but the fact that the water level would be the same aftter the
object was transformed is not recognised in the more abstract
verbal situation, though it 1s in the more concrete situation,
The abstractness of the displacement situation may be part of
the reason for the difference in the children's responses;
that is, it may hinder the recognition that the water level
would be the same but it does not affect the recognition of
conservation of interior volume or of space taken up.

So far it has been argued that the explanation of
displacement may facilitate conservation of displacement
volume when conservation of interior volume is not recognised,
but it does not account for the fact that some children who
have not had this explanation of displacement recognise
conservation of displacement volume in one situation but not
in another when conservation of interior volume is recognised,
Further it has been argued that the concreteness of the
situation may facilitate the recognition that the water level
would be the same but it does not account for the fact that
children are able to recognise conservation of space taken up
without the concrete situation. Perhaps the difference in

the children's responses was due to a diff'erent emphasis in the
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two displacement volume situations, The one situation,

as hes been suggested above, emphasises reversibility and
conservation, whereas the other situation, wilh the object

in the water and no actual transiormation nor comparison
object, emphasises displacement., Reversibility is not
directly applicable, i.e. not enactable, The question
becomes more one of displacement than of conservation, of
water level rather then of taking up space, and this may
evoke confused considerations of only partially understood
effects. Conservation of displacement volume involves
conservation of the object and of water as well as the under-
standing of' the relation between them. The undcrstanding of
conservation of' displacement volume involves an understanding
of displacement as well as of conservation - two separate
though here related ideas. These children apparently do not
understand the causal relation between an object's taking up
space in water and the displacement of the weter though they
iknow the water level will rise when an object is immersed in
water; they give conservation Jjudgments tor space taken up
but still think the water level will not be the same. No
child mentioned the possibility of’ an object's floating if

it were spread out and all the children realised the object
would still be on the bottom of the dish.

Whether or not it is displacement rather than conservation
that these children do not understand, and no matter what
exactly in the different displacement situations creates the
difference in difficulty, the importance of the particular
situation in presenting problems of conservation of volume
is clear. Specification of details of particular conser-
vation situations therefore seemsimportant as does the use
of basically similar situations when studying any sequence
in the development of conservation.

The teaching of conservation in the valume situations
is next to be considered. Tdentity of material or amount
and the possibility of reversing transformations do not
necessitate volume conservation, for example in the case of

space occupied by water turned into ice or into steam or in
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the case of room inside a squashed container; but in the
volume situations involving blocks and plasticine in this
experiment, idectity and reversibility hold as reasans for
volume conservation judgments., To nonconserving children,
nhowever, the fact thai the same masterial can be made back as
it was before may not seem incompatible with the judgment

that the present volume differs from that of the original
transformation; where identity or reversibility alone are
pointed out they may seem irrele.ant as reasons for conser-
vation of volume because the present apparent dif'ference in
volume is not thereby negated. Children may accept the fact
of identity or the possibility of reversibility yet not relate
these to and recognise conservation in the volume situations;
one child, for example, manipulated and recognised reversibility
but frowned when il was pointed out as a reason for volume
conservaetion and persisted "put themds not the same room in

it now" and another child said "it's the same blocks but they
take up more room",

In teaching volume conservation, the experimenter's
explicit recognition of dii'ferences in appearance seemed
particularly to encourage the children's understanding. The
expcrimenter indiceted her awareness of perceptual differences
out pointed out compensation reasons for conservation judgments;
compensation may not entail conceptual rather than perceptual
Judgment but to the children it was relevant to the present
situation., The distinction between reelity and appearances
was made by recording displacement; marking off the water level
provided the essential proof of the conservation of space
ta<en up.

An explanation of conservation involves more than a
single reason; it is strengthened by empiricel evidence of
conservation and by a clearly constructed argument from identity
and reversibility to conservation. The comkination of
counting for identity, menipulating reversibility, measuring
displacement, and verbalising these and compensation reasons
builds a case for conservation. Several demonstrations and

reasons per situation were important to the effectiveness
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of the teaching. when fewer reasons for conservation were
given the teaciiing was less positive; there was less force in
the argument and less authority in the explanation when

there was no amassing of reasons, Likewise more than a
single situation appeared to be important in the teaching of
volume conservation; not all children recognised conscrvation
in the displacement situation after recognising conservation
in the interior volume situation even when they had been taught
using the full teaching scheme.

Looking at the post-test results certain points seemed
clear and certain questions remained to be answered. It was
clear that the revised-full method of teaching volume conserva-
tion and group teaching are as effective as the original-full
method and individual teaching., Likewise, it seemed clear
that the development of conservation is not an all or none
phenomenon and that there is a difference in degree of under-
standing with the dif'ferent amount of experience given to
different children. The question of essential elements in
the development of a concept of conservation remained
unanswered; the minimum conditions necessary tor the development
of broad understanding of conservation were not determined.

In addition, the question arose as to whether a method could be
devised to develop conscrvation of number, substarce, weight,
length, distance, area and volume all in one teaching session,

The prior investigation of the development of a concept
of volume co:nservation had shown that an understanding of
conservation in the Piaget-type interior and displacement
volume situations can be developed in a wide range of E.S.N,
children. Thirty such children had been individually taught
using quite a full method which included three basic experiences
and reasons for conservation, three volume situations, two of
the basic experiences for conservation in each of the three
situations, and the actual filling of containers in the interior
volume situations, All of these children, total as well as
partial nonconservers, learned to recognise, generalise, and
give reasons for conservation, Thus it had been demonstrated
that it is possible to develop a broad understanding of

conservation in E.S.N, children,
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In the present investigation of the development of a
concept of volume conservation, each of five teaching schemes
wes designed to provide answers to several different questions,
The results of the first teaching scheme showed that a simplified
but still guite full method is effective in developing children's
understanding of' conservation whether they are individually or
group taugnt., Six children, all total nonconservers, were
given leaching which included the three basic experiences and
reasons for conservation, the three volume situations but
only one of the baslc experiences, though all three of the
reasons still, f'or conscrvation in each of the three situa-~
tions and no containers for the consideration of interior
volune, Two of the children were individually taught and
four were taught as a group. All six children learned to
recognise, generalise, and give reasons f'or conservation.

More than a mere verbal response was learned, This was
evidenced in the following ways: First, all the children
gave negative as well as positive judgments, i.e. judgments
of inequality as well as equality. Secondly, the children's
reasons were not expressed in a single way, e.g. one boy
expressed his identity-type rcasons for volume conservation
"they're the same many still", another "it's the same lot",

a third "you haven't taken none away", and the children often
made additional comments, e.g. "you've just split it up" or
"you'vé only moved it a bit"% And thirdly, no simple verbal
cue wes given, the conservation questions for the different
attributes were not worded identically, yet all the children
recognised conservation of all three attributes., Thus it was
demonstrated that a genuine understanding of conservation can
be developed using a simplified but still varied teaching
scheme in & group as well as individual situation. The
revised full method is efrective in developing a broad and
lasting understanding of conservation and it does not
necegsitate individual tuition nor an isolated room,

The results of the second teaching scheme provided no
clear answer to the question of essential elements but did
reveal the different degrees of understanding which may

result from the omission of different experiences and reasons
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in teaching diiferent children. when each one in turn of
the three basic exprriences and reasons for conservation was
omitted from the lLeaching and an otherwise identical method
was used as was used in the {irst teaching scheie, all three
pairs of children, individually taught with a different
expcrience and reason per pair omitted, improved in understand-
ing conscrvation but not all the children developed a broad
concept of conservation, ‘e differences in degree of
understanding, though not related in a siinple way to the
particular experiences and reasons onmicted, did indica.e
that the development of a concept of conservation is not an
all or none affair,

The results of the third teaciing sche:ie, like the
resulis of the second, showed that the development of a
concept of conscrvation is not all or none, The four
children, all total nonconservers, taught together using a
teaching method from which the block displacement situation
was omitted, the plasticine displacement situation different
from that in the other teaching schemes, and the teaching
again similar to that of the first teaching scheme except
that the experimenter rather than the children manipulated
the materials, developed different degrees of understanding
of conservation. Again, essential elements were not isclated.

The results of the fourth teaching scheme revealed that
the further reduction in experiences and reasons and situations
further decreases the general effectiveness of the teaching
of conservation, Particular essential elements, however,
were still not clear, When, in turn, one only of the three
basic experiences and reasons for conservation was included
in the teaching, and only two volume situations presented,
but an otherwise similar teaching method used as was used in
the first teaching scheme, the children in the three pairs,
individually taught with a different experience and reason
per pair, did not respond to the same extent. Children who
had previously been total nonconservers did not learn from
any single experience and reason as presented in the two
volume situations, whereas children who had previously been

partial nonconservers did learn from any one experience and
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reason given in the two situations. The importance of the
individual child's prior understanding became clear,

Finally, the results of the fifth teaching scheme
indicated that verbalisation alone of a single reason for
conscrvation is insuificient for the development of a
concept of conservation, Wnen iuentity-type or reversibility-
type reasons vere merely verbalised in the three volume
situations, the two pairs of children, individuzlly taught
and all previously partial nonconservers, did not develop
in understanding of conszrvation.

These five teachiing schemes with their different effect
on the children's understanding of conservation throw light
on the development of a concept of conservation. The
developnent of understanding of conscrvation was round not
to be all or none but gradual; the post-test revealed
dirferences in degree of understanding with different amounts
of expcrience for different children. The dif'ferences in
degree of understanding were related not only to the teaching
given but also to the individual children's prior understanding,
Although the reduction in number of experiences, reasons and
situations presented in the teaching schemes resulted in a
comparable decrease in understanding of conservation, the
effect of the elimination of particular elements was not
clear because different children given the same teaching
responded differently. On the whole, however, the second
teaching scheme was less effective than the first and perhaps
slightly less effective than the third (where all the children
had been total nonconservers), the fourth teaching scheme was
again less eff'ective than the f'irst three schemes, and the fifth
still less effective; but individual differences in the
children's responses to the teaching schemes were great,
Children who had previously teen partial nonconservers learned
with less teaching and in three cases volunteered reasons for
conservation which had not been included in their teaching,
Individual differences in personality, ability, age, etc.
also influenced the recognition of conservation, the number
and clarity of reasons given, the confidence and speed in

enswering etc., but thedfect of children's prior understanding
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of conservation, as evidenced in the pre-test situations,

was more clear cut; the children's res,)onses to the reduced
methods of teaching conservation, as evidenced in the post-test
situations, could be clearly related to their prior understanding.

The influence of the children's prior understanding on
the development of a concept of couservation has practical
implications, It would seem important to assess the
children's prior understanding of conservation of several
attributes, as well as the one to be taught,and perhaps their
understanding in related areas, such as one to one corres-
pondence, in order to give the most appropriate and efficient
teaching, As well as attempting to define the exp=riencecs,
reasons, and situations necessary in the teaching of a
concept of conservation, it is important to consider the
individual children's conceptual development and adapt the
teaching accordingly, e€,8. & fuller teaching scheme may be
necessary for total nonconservers than for partial nonconsérvers.
It might Wtimately be possible to order essential experiences,
reasons etc, flor different degrees of prior understanding,

but the best, i.e. the most practical, teaching method might
still be the one that is most effective in developing a broad
concept of conservation in all children regardless of the
degree of their prior understanding.

While the results of the five different teaching schemes
revealed the effect of the interaction between children's prior
understanding and the fullness of the teaching in the develop-
ment of understanding of conservation as well as the fact that
the development is not all or none, the minimum conditions
for such a development were not defined. Although clear
differences in degree of understanding of conservation
resulted from reductions in the teaching (i.e. in the first
teaching schems all the children developed a broad understanding
whereas in the second, third, fourth, and fif'th schemes
progressively fewer learned despite the fact that children
with lower mental ages had been given the fuller teaching
scheges), individual differences, especially in partial versus

total nonconservation, complicated the effects of the
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elinination of dii'ferent experiences, reasonus, and situations.
o clear relation was Found between particular cuts in the
teaching and different degrees of undercstanding, as evidenced
for example in the number of situations where conscrvation
was recognhised. Further work mi;ht answer the yuestion
of or isolate essential elements in the development of
understanding of conservation, Only a small number of children
were given each teaching scheme and further teaching schemes
could be devised to analyse the role oi particular experiences,
reasons, and situations, It remained to be shown whether
and which particular experience and/or reasons are necessary.
It may be thet a minimum combination rather than a single
element is essential, as seemed to be indicated by this
investigation, and this minimum ma:: be different for different
cnildren, as was also indicated by this investigation.

The whole question of essential elements may be unrealistic,
This investigation showed that, in general, a reduced teaching
method results in less understanding of conservation while a
varied full one develops a thorough understanding. The
practical importance of a varied full teaching method for
giving all children a broad understanding of conservation was
clear, If, however, a search for essential elements were
to be carried out, some of the many aspects of the teaching of
conservation which would need to be considered include: group
versus individual tuition, particular experiences and reasons
for conscrvation, number and type of situstions presented,
and individusl differences. This by no means includes all
the aspects which may influence the development of a concept
of conservation and under each can be subsumed several
considerations, e.g. under experiences - manipulation versus
demonstration. These aspects would need to be studied
separately and in relation to each other, e.g. individual
differences in relation to group tuition and number of
experiences, reasons, and situations. Without exploring
all the possible interactions, several studies could be
carried out to discriminate more clearly the most important

elements, individual and group minimums, minimum variations,
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minimuwn combinations etc, ror exauple, one situztion only,
the block displacement situation, could be presented with
three experiences and reasons given, or verbalisation alone
but of three reasons in three situstions could be tried, or
no verbalisation at all included while demonstrations and
manipulations in three situations of reversibility, displace-
ment and counting were made, or the same reduced method

could be tried with groups and individuals to see if

children learned less or more when in a group, or, finzlly,
some partial and total nonconsecrvers could be given teaching
witich included one experience, reason and situation while
other partial and total nonconservers could be given teaching
which included three experiences, reasons and situations,.

To conclude, pre~testing, teaching, and post-testing
results all revealed the gradual, not all-or-none, development
of understanding of counservation. In the pre~testing,
children were found who gave conservation Jjudgments in some
volume situations but not in others, i.e. in the original
but not in the revised displacement situations., 1In the
teaching sessions children often recognised conservation
in one situation but not in the next. And in the post-
testing children were found who recognised conservation in
the displacement situations, both revised and original, but
not in the interior volume situations. The recognition of
conservation in some but not other situations was not just a
practice effect; children recognised conservation in prior
but not in later situations, e.g. in displacement volume
situations but not in substance or weight situations,
Further, the extent of the children's understanding of
conservation was shown to be related to the fullness of the
teaching they had been given as well as to their prior under-
standing of conservation. It would therefore seem best in
teaching conservation to include a variety of experiences,
reasons, and situations to develop a broad understanding of
conservation as well =8 to allow for individual differences

in prior understanding and in what and the way children learn,
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IV APPE.DIX

Pre-testing Procedure for Investization Three.

1a., Here are two balls of plasticine (two identical balls
approximately 13" in diaveter)
Is there the same amounﬁ of plasticine in each ball?
If you have this ball and I have that one (pointing)
have we equal amounts of plasticine, fair shares?
(After recognition of equality or making equel)
If I do this to mine (roll one ball into sausage
appraximately 35" long)
Is there still the same amount of plasticine?
Do we have equal amounts of plasticine, fair shares?

Do our shares still look the same?

(Remake two balls and repeat questions cutting plasticine

ball into two and then four pieces)

1b. Here are two glasses of orange drink (two identical 100ml

beakers ¥ full)

Is there the same amount of oranjje drink in each glass?

If you have this one and I have that one (pointing)
have we equal amounts to drink, fair shares?
(After recogrtion of equality or making equal)

If I do this to mine (pour one drink into low wide dish)

Is there still the same amount of orange drink?
Do we have equal amounts to drin:, fair shares?
Do our shares still look the same?

(Repour drinks into original glasses and repeat questions
dividing drink into two 50ml and then four 25ml beakers)
Here are two glasses of orange drink (one 100ml besker %

full, other 100ml beaker 5 full)

Have we the same amount of orange drink, equal amounts to

drink, fair shares?
2a . Here are two balls of plasticine (two identical balls

approximately 1" in diameter)

Do they weigh the same?

Are they equal in weight?

(After recognition of equality or making equal)

If I do this to this one (flatten one ball into pancake

approximately 2&" in diameter)
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2b.

38.0

Does it still weigh the same?

Are they equal in weil:/ht?

Do our shares still look the same?

(Remake two balls and repeat questions cutting plasticine
ball into two and then four pieces)

Here are two balls of plasticine (two equal in weight,
approximately 200 g, but diff'erent in size one approximately
2" in diemeter, other approximately 1" in diameter)

There is samething inside each ball

Do they weigh the same?

Are they equal in weight?

(After recognition of equality or making equal)

If I do this to this one (roll one ball approaximately

4z" long and twist it)

Does it still weigh the same?

Are they equal in weight?

Do our shares still look the same?

(Remake two balls and repeat questions cutting plasticine
ball into two and then four pieces)

Here are two balls of plasticine (one two times as large
and heavy as the other)

Do they weigh the same, are they equal in weight?

Here are two buildings (two 6x3x2 1cm wooden~unit-cube
buildings)

Have they the same room in them as each other?

If you lived in this one and I lived in that one would

we have equally much space inside our buildings "to live in"?
(After recognition of equality)

If I do this to mine (make 12x3x1 building out of 6x3x2
building)

Does my building still have the same room in it?

Do our buildings have equally much space inside them?

Do our buildings still look the same?

(Remake two buildings 6x3x2 and repeat questions
separating one building into two and then four overlapping
parts)
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3b. Here are some blocks (4x3x3 lcm metal unit cubes) and a
dish of water (perspex container 5"x3"x2")
I'11 mark where the wzter comes to
@atch what happens to the woter level (pointing) when I
put the blocks in the water (demonstrating)
If these blocks were spread along the bottom of the dish
Would the water level be the same as now, come to the
same place?
wWould these blocks still take up the same amount of room
in the water, leave equally much room for water?
(Repeat for if the blocks were part at this end and part
at that end of the dish and for if the blocks were part
in each of these corners)
3c. Here is a ball of plasticine (approximately 1" in diameter)
and a dish of water
I'11 mark where the water comes to
Watch what happens to the water level (pointing) when I
put the plasticine in the water (demonstrating)
If this plasticine were in a ring on the bottom of the dish
Would the water level be the same as now, come to the
same place?
Would this plasticine still take up the same amount of room
in the water,
Leave equally much room for water?
(Repeat for if the plasticine were part at this end and part
et that end of the dish and for if the plasticine were part
in each of these corners)
If the child gave conscrvation answers in 3a, and nonconservation
answers in 3b, and 3c. the following situations were presented:
Bb*. Here are some blocks (4x3x3 1cm metal unit cubes) and e
dish of water (perspex container 5"x3"x2%)
I'11 mark where the water comes to
Watch what happens to the water level (pointing) when I
put the blocks in the water (demonstrating)
Here are two lots of blocks (two lots 4x3x3 1cm metal
unit cubes)

Would they make the water level rise the same, rise equally
far?
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3c .

Would they take up the same amount of room in the water,
leave equally much room for water?

(After recosnition of equality)

If T do this (make one lot of blocks 6x6x1)

Would they still make the water level rise the same,

rise equally far?

Would they take up the same amount of room in the water,
leave equally much room for water?

Do they still look the same?

(Remake two lots 4x3x3 and repeat questions separating
one lot into two and then four overlapping pieces)

Here is a ball of plasticine (approximately 41" in diamter)
and a dish of water (perspex container 5"x3"x2")

I'11 mark where the water comes to

Watch what happens to the watcr level (pointing) when I
put the plasticine in the water (demonstrating)

Here are two balls of plasticine (two approximately 1% in
diameter)

Would they meke the water level rise the same, rise
equally far?

Would they take up the same amount of room in the water,
leave equally much room ifor water?

(After recognition of equality)

If I do this (make one plasticine ball into a ring)
Would they still make the water level rise the same, rise
equally far?

Would they take up the same amount of room in the water,
leave equally much room for water?

Do they still look the same?

(Remske two balls and repeat questions cutting plasticine
ball into two and then four pieces)

Here are two balls of plasticine (one four times as large
as the other)

Would they make the water level rise the same, rise equally
far, take up the same amount of room, leave equally much

room for water?
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Post-testing Procedure for Investigation Three,

Te
2,

3

4

5

Repeat pre-test 3a

ilere are two blocks of flats (two buildings made of 36 Lego
cubes 1x3x12 high)

Have they the same room in them as each other?

If you lived in this one and I lived in that one would we
have equally much space inside our buildingzs "to live in"?
(After recognition of equality)

If I do this to mine (make one into 1x2x18 high building)
Does my building still have the same room in it?

Do our buildings have equally much space inside them?

Do our buildings still look the same?

(Remake two buildings 1x3x12 high and repeat questions
making one into 1x1x36 high and then 12x3x1 high)

Repeat pre-test 3b but reword first question:

Where would the water level be, where would the water

cone to?

Repeat pre-test 3¢ but reword first question:

where would the water level be, where would the water

come 107

Repeat pre-test jb*

Here are two lots of blocks (1 lot 9x2x2 1cm metal unit
cubes and other lot 9x2x1 1lcm metal unit cubes)

And here are two bowls of water (two perspex containers
5"x3"x2" with water coming up just as far in each)

Would they meke the water level rise the same, rise equally
far?

Would they take up the same amount of room in the water,
leave equally much room for water?

(After recognition of inequality)

If T do this (make 9x2x2 into 9xix1)

Would they meke the water level rise the same as each other,
rise equally far as each other?

Would the two lots teke up the same amount of room as each
other in the water, leave equally much room as each other

for water?
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(Remake one 9x2x2 and repeat questions malking other
9x1x2 high and then first one 12x3x1 high)

7. Repeat Pre-test 3c*

8. Here are two pieces of plasticine (2 discs of plasticine
one two times as large approximately 2" thick and 2%" across
as the other approximately 2" thick and 13" across but of
equal weight 10 grammes)

And here are two bowls o water (two perspex containers
5"x3"x2" with water coming up just as far in each)

Would they make the water level rise the same, rise
equally far?

Would they take up the same amount of roam in the water,
leave equally much room for water?

(After recognition of inequality)

If I do this (make larger disc into ball)

Would they make the water level rise the same as each
other, rise equally far as each other?

Would the two pieces take up the same amount of room

as each other inthe water, leave equally much room as each
other for water?

(Remake disc and repeat gquestions making one into cube and
other into cylinder)

9 . Repeat pre~test 1a and 1b.

10. Repeat pre-~test 2a and 2b
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CHAPTER 5

THe, DEVELOPLENT COF ULDISTA.DLIG OF COLSLRVAYION IV A
GEN:RAL SEiSE AWD AREA CONSERVATION

I INTRODUCTION

Investi.ations One, Two and Three showed that understanding
of conservation of weirht and volume can be developed in
educationally subnormal children. The aim of Investigation
Four was to find out whether conservation of quantity in a

general sense and conservation of area can be successfully

taught to such children, The investigation was designed to
study conservation in a wider range of attribute situstions than
previously studied. The sequence, recognition of conservation
of' substance~before-weizht-before-voiume, had been f'ound to hold
for BSN children; the possibility of a further sequence
including number, length, distance and area situations was
explored in this iuvestigation., The influence of situational
diftf'erences on recognition of conservation was likewise further
studied. And finally, the more extensive pre-test enabled
turther investigation of the role of intial understanding,

The prior inve:tigations indicated that a diversified
teaching method is most generally eftective, that the degree
of understanding developed is related to the extent of the
teaching given, that the development of conservation concepts
is not all or none, and that different children learn with
different explanations and experiences. Part of the purpose
of' the present investigation was to try out a brief general
method for teaching educationally subnormal children to
recognise conservation in diverse situations. If it were
to be found possible to develop understanding of conserva-
tion of quantity in a general sense, it would not be necessary
to design further separate methods to teach conservation of
different attributes, In order to find out if understanding
developed in this general way was as sound as that developed
by teaching conservation of a single attribute, conservation
of area was taught to a matched group of children and both

groups of children were given the same post-test.
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Uncevstending ol couscrvetion may be distinguished from
unicrstanding of the attribute conserved; recognition of
conservation in difierent situations may be developed separate
from a detailed understanding of particular attributes, thoush
couservation can only be demonstrzsted in conjunction with
vhysical attributes., Yo develop an uncerstending of conserve-
tion in a _eneral sense, therefore, it may be unnecessary to
consider in any deteil the specif'ic attributes conserved.

The possibility of teaching conservation of quantity as a
¢eneral principle in a range of attribute situations was studied
in this iuvestigation, but there was no question of teaching a
completely general concept of conservation for several reasons
including the following. 1. Conservation is not unexception-
able as a physical phenomenon (e.g. volume changes as water
is turned from ice to steam). 2. There are situations in
which conscrvation of one attribute holds while conservation
of another does not (e.g. conservation of area but not
perimeter end wice versa)s, 3. Understanding of conservation
has not been found to develop in an all or none manner (e.ge
che recognition of conservation of an object is evident years
before conservation of volume).

In The Child's Conceptionof Geometry, Chapt. 11, Piaget

makes a distinction between interior, or enclosed, and
complementary area. Interior area is the area "within a closed
figure" and complementary area is that "outside the closed
figure", Piaget found that conservation of interior area
appeared before that of complementary area, In situations in
which the shape of a potato plot was altered by separating

it into sectiéns which were not all alike or by transforming
the original square to an elongated rectangle, or in situations
in which the form of the remaining areas, fields instead of
plots, was altered, Piaget found children who granted the
equality of the interior areas though not thet of the
complementary areas. Some of these children recognised the
equality of interior area only where the transformation was

slight end gave no reasong for conservation; when the
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transformation was grester t.ey did not recognise the equality
of either the interior or the complementary area. Such
children Piaget considered as at a transitionel level and he
classified them as non~-conscrvers still, Other children
recognised the equality of ianterior area, but not complementary
area, whateve the modification in form, i.e. however remote
{rom the original shape, and gave reasons of reversibility or
identity or compensation. Such children Plaget classified as
conservers of interior but not complementary area. He
suggested that conservation of complementary areas is harder
to construct than that of enclosed areas because

"the. ¢hild must not only unde.stand the compensation
between 'sites' which are occupied and those which are
vacated but also the reciprocal relation  between the
area within an inner perimeter and the area outside,
He must recognise that the latter is complementary
with reference to a second outer perimeter, This
reciprocal relation implies not a limited but an
overall coordination of plane surfaces." (Piaget,
Inhelder & Szeminska (1960) p.291)

An understanding of the "reciprocal relation" and "en
overall coordination of plane surfaces", however, may not be
necessary. Children mey recognise conservation of comple-
mentary as well as interior area without such understanding
and simply by recognising conservation of field and plot
areas separately., To recognise conservation of both areas
children need not deduce invariance of complementary area
from that of interior area. In teaching area conservation
in the present investigation, no explanation of such reciprocal
relations was included. Further, the investigation sought to
clarify whether conservation developed for 2 different types
of area (i.e, whether potato plot area was considered
differently from field area); or whether differences in
difficulty in recognition of continuing equality could be
explained mare simply in terms of situational differences
(i.e. whether any sequential order was simply a result of
differences in the complexity of the transformetions or
situations). Because field as well as plot areas have

perimeters and are therefore also enclosed, it would seem that
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any order would be one of situations differing in diftriculty
ratiier than different types of area. In brief, it may be
unnecessary to make a distinction between understanding of
conservation of interior a,ea and understanding of conservation
of' complementary area, It was hoped that the present investi-
gation would throw light on the question of recognition of
equality in interior before complementary area situwetions as
Investigations Two and Three had thrown light on a similar
question in relation to conservation of interior and dis-
placement volume,

Strictly conservation situations of Piaget's, Piaget
(1952), Piaget & Inhelder (1941), Piaget, Inhelder & Szeminska
(1960), were used in the present investigation of conservation
of the 7 different attributes, This meant that every problem

involved a transformation of material. TFor example, in the

case of length, conservation situat ions were &istinguished

from length comparison situations (Piaget, Inhelder &

Szeminska (1960) pp.91-92), likewise in the case of distance,
conservation situations were distinguished from distance
symretry situations (Ibid.pp. 71-72), similarly in the case of
area, conservation as opposed to addition/subtraction situetions
(Tbid.pp.261-262) were considered, and again in the case of
volume, conservation as distinet from reproduction of equal
volume (Ibid. pp.355~356) was required.

The criteria fbr classifying the children pre~tested as
conservers or nonconservers of an attribute were the following:
explanation of reasons for conservation and unexceptionable
recogrntion of conservation of the attribute im question, If
a child supported judgments of continuing equality with reasons
of identity (i.e. that nothing had been added or taken away or
that it was the seme material etc.) or reversibility (i.e.
that it was the same before or could be put back the same)
or compensation (i.e. that one was more in one way but the
other was similarly more in another way) and recognised
conservation for all the transfarmations in all the situations
presented for the attribute in question, then he was classified
as a conserver, If, on the contrary, a child failed to
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recognise continuing equality, or recognised the equality ior
some transformations but gave no re-sons for conservation and
tnen did not recognise conservation ifor all the other trans-
formations, or recognised'and gave reasons f'or conservation in
some but not all situations for an attribute, he was classified
as a nonconserver, Althoush understanding of conservation
does not develop in an all-or-none manner, for practical
purposes a distinction can be made and criteria for
conservation/nonconservation judgments defined. ¥ithin <he
category or nonconservers further distinctions were made
between children who evidenced no recognition ot continuing
equality, children who made purely perceptual judgments of
equality, and children who recognised and gave reasons for
conservation in some but not other material situations for an
attribute, In other words a distinction was made between
perceptual and conceptual judgments of equality and between
these and total non-recognition oi' continuing equality.
Although there is a continuum externding from total non-
recognition through purely perceptual recognition, through
conceptual recognition in some but not other situations to
clear conceptual recognition of continuing equality with
reasons i'or conservation and in all the situationa for an
attribute, for this investigation distinctions at points
along the continuum were made.

Similarly, the criteria for regarding the children given
instruction as having developed genuine understanding of
conservation were the following: generalication of conservation
to diffe:-ent and more complex situations as well as recognition
of conservation in all the familiar attribute situations,
clear explanation of reasons justifying conservation judgments
in every attribute situation of the post-test, and also
durability of the understanding of conservation developed, as
evidenced on a second post-test two months after the teaching,

As far as the writer knows, no previous attempts have been
made to develop understanding of conservation in the general
sense attempted in the first teaching scheme of the present
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experimentv, althou;h generalisation of concervstlon of
particular attributes taught has previously been studied.
Conservation of' area, considered in the second teaching scheme
oi'" the present experiment, has been taught in studies by
Beilin & Franklin (1962) and Beilin (1966) but understanding
in area "quasi-conservation" situa ions only was investigated.
Beilin's "quasi-conscrvation" area tasks differed irom
Piaget's conservation tasks "principally in that the congruent
figures were not rearranged before the eyes of the ¢ ild. The
child had to arrive at the Jjudgment of equality with the
petterns already altered". (Beilin (1964)).

ITI PROCEDURE ALD RESULTS

One hundred and fif'‘teen educationally subnormal
sclioolchildren aged between 8 and 16 with IQs between 47 and 81
were pre-tested for conservation in Piaget~type number,
substance, length, distance, area, weight and volume situations.
Fifty-one children who failed to recognise conservation for
two or more attributes were grouped by 3s matched for
chronological age, IQ and degree of conservation. Differences
in age were usually less than 15 months and in IQ never more
than 16 points, Each group of 3 contained children of
exactly the same degree of understanding of conservation as
evidenced on the pre-test. Seventeen children (9 nonconservers
of aree and volume, 3 nonconservers of area, volume and weight,
1 nonconserver of area, volume, weight and length, 2 noncon-
servers of area, volume, weight, length and substance, and 2
nonconservers of area, volume, weight, length, substance and
number) were given instruction on conservation using one
teaching scheme, A matched seventeen children were given
instruction using a second teaching scheme. A control group
of seventeen children, matched to the two teaching groups,
were seen by the experimenter but were not given instruction
on conservation. The thirty-four children given instruction
ranged in age from 10 to 16 and in IQ fram 50 to 77. The
two experimental groups were post~tested one week and then two
months aftter being given instruction. When the experimental
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groups were given their second post-test, the control group were
given the pre-test for a second time,

The materials used were: 24 beads 2cm diameter, 2 trans-
perent beakers 100ml, 1 low transparent dish Scm wide, 1 tall
transparent tube 2.5cm wide, 10 identical plastic flowers,

10 identical glass jars, 2 transparent beakers 100ml, 4
transparent beakers 25ml, 1 petri dish 9cm wide, orange drink,
2 balls plasticine 4.5 ¢ diameter, knife, 2 sticxs .5cm square
and 20cm long, 2 sticiks.5cm square and 10cm long, 4 Mueller
Lyer arrowheads in black cardboard .05cm thick - arms lcm wide
1l3cn long, reel of white paper tape*lem wide, scissors, ruler,
2 model trees 6.,5cm high, cardboard screen 10cm square with
window 5cm square, wooded sereen 10cm square and 2cm thick,

2 pieces of green perspex 30x20cm area, similar piece pre-cut
into 3 parts 20x10cm each, 40 model houses 2x1x2cm high,

piece of thin brown cardboard l2em square, similar piece
divided into 2 parts 12x6cm, similar piece divided into 4 parts
12x3cm, 2 pieces of thin brown cardboard 9em square, 2 balls
plasticine 4.5cm diameter, cotton wool, 72 wooden cubes lcm
side, 72 metal cubes lcm side, clear perspex container
1,x8x6cm, water, marking pencil, 1 ungraduated stick «5cm
square 30 cm long, 2 pieces clear perspex - one 50x30cm marked
in grid of 5x5cm squares and other 28x18cm in a grid of

Lx3cm rectangles, 24 wooden cubes of 1l.8cm side, sand, small
funnel, 1 transparent flask 50ml, 2 balls plasticine-one 6écm
diameter and other 5cm diameter, 2 wires 1l8cm long, 2 red felt
coated cardboard rectangles 38x31 cm one pre~cut into two
triangles, 2 blue felt circles 8cm diameter, 2 meccano lattices,
2 balls plasticine-one 7cm diameter and other 3.5cm diameter,

2 balls plasticine equal in volume but differentially weighted
to 70g and 210g.

Throughout the investigation the experimenter again tried
to avoid giving any extraneous or inadvertent cues by gesture,
expression, or tone of voice. The situations and questions
were presented so as not to bias the children's repponses,

The procedure was standerd yet flexible, Care was taken
that children understood the questions as they were intended.
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(i) Pre-testing,

The pre-test included problems on conservation of number,
substance, length, distance, areg weight, and volume. It was
designed to answer several questions as well as to find
children with different degrees of understanding to whom
conservation might be taught. The questions to be investigated
included the following. Is there a sequence in the develop-
ment of recognition of conservation of the seven dif'ferent
attributes? Are there situational differences influencing
the recognition of conservation of particular attributes?

What is the influence of the degree of initial understanding
of conservation on responses to the teaching? hat is the
extent of generalisation of taught conservation?

In order to study any sequence in the development of
conscrvation concepts, conservation problems for seven dif'ferent
attributes were presented. These problems were not presented
in a random or varied order, rather, attribute situations
generally found to be harder were presented later ta counteract
any possible practice effect., In order to reveal any
influence of particular situations or presentations, two
different materials were used in investigating conservation of
each attribute and more than one transformation of each
material was made, Questions were worded similarly for the
two material situations of each attribute. In other words,
the language used for all questions concerning the same
attribute was kept similaer while the material conditions were
changed, (Questions for conservation of different attributes,
in contrast, were worded quite differently, for example, the
word 'space' was used in relation to area only and the word
'room' in relation to valume only. This was done, in addition
to putting very different attribute situations in juxtaposition,
to ensure that children distinguished the particular attribute
in question). The pre~test was also designed to ensble the
investigation of the influence of initisl understanding on
response to conservation isaching. A record of each child's
responses to varied conservation problems was made before any

teaching was carried out., The pre-test was likewise intended
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to provide for the study of generalisation of taught counserva-
tion, that is, to enavle the comparison of pre and post-teaching
recognition of conservation in several dif'ferent situations,

A standard pre-test procedure was followed but if, in
the course of administering the pre-test, further clarification
of a child's understanding was necessary adcitionel unbiased
guestions were included, e.g. "what about now" for a further
transformation, Some flexibility in questioning was necessary
so as to be sure child and experimenter fully understood one
another, Fore than one wording was given for each question
in every situation just as more than one transformetion was
made. Ambiguous words such as 'size' were avoided. Particular
care was taken that the ciildren understood that the question
of’ sameness ref'erred to specific attributes and not a general
sameness, l.e. not a sameness to all appearances. Sameness
in the sense of eguivalence rather than identicalness was
considered. Likewise, it was made clear that all the previous
material was included f'or comparison.

No preliminary operational clarifications were included
for the different attribute situations as it was possible to
ensure that every child tested understood correctly terms
such as 'same' and 'equal' in relation to the attribute being
considered without making unnecessary preliminary demands on
the child's attention. Inequality situations were included
for every attribute and these clarified the understanding of
terms as well as the fact that there was no agreement to
sameness regardless of the actual situation. Negative options
were not specifically expressed in conservation questions as
these would have increased the verbal complexity and would not
necessarily have unbiased the situation, The inequality
situations, in any case, counterbalanced any biasing toward
correct 'sameness! answers because in these situations any
mere agreement to sameness without understeanding would result
in incorrect responses. Finally, the particular transforma-
tions made were clearly different from the originals in order
to lessen the possibility of merely perceptual correct
Jjudgments,.
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In general, the conservation situations and questions were
like Piaget's (see Piaget (1952) Chapts.l to L4, Piaget, Inhelder
& Szeminsia (1960) Chapts.3 to 5, 11, & 14 and Piaget & Inhelder
(1941) Chapts.1 & 2). The materials used, the number of
objects included, the transformations made, the wording of the
cuestions etc. were generelly similar to Piaget's. But,
certain changes were made, i.,e., different transformations
included, and only strictly conservation situations were
uced, i,e. only situstions where existing arrangements are
modified and not equivalence situstions where no actual trans-
formations are included. Except in the cases of distence and
Piaget's displacement volume, a comparison object or objects
was present for all transformations in the conservation
situations, Different materials were introduced and different
transformations made, as well as differently warded questions
asked, in the various attribute situations in order to |
emphasigse the distinetion between the attributes considered,

In testing for number conservation, Piaget's problems
were presented (see Piaget (1952) Chapts.2 & 3). Piaget
reported using six to eighteen beads and transferring them
into diiferent containers. In this experiment six and then
twelve beads were used. One container was cerefully chosen
so that the six beads, after being transferred, would be held
clearly discrete in single file, and a different container was
chosen for the larger number of beads so that they, when
transferred, would not be clearly discrete. In Piaget's
"provoked correspondence" situation, flowers were bunched
and spread near and far from their jars. The number conserva-
tion questions were worded "seme number" not "same amoumt" in
order to distinguish the attribute to be considered, i.e.
number rather than substance, in the discontinuous as
opposed to continuous material situations.

Again in testing for substance conservation, Piaget's
problems were presented (see Piaget (1952) Chapt.1 and Piaget
& Inhelder (1941) Chapt.1). Containers different from those
used in the number situation were used for liquid substance

transformations which were presented before plasticine
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substance transformations, Conscrvation in the solid substance
situation, sometimes found to develop later than conservation
in the liquid substance situation, .as tested after conservation
in the liquid substance situstion in order to counter any
possible practice effect,

In testing for length conscrvation, Piaget'!s problems
were used (see Piaget, Inhelder & Szeminska (1960) Chapts, L
& 5) but certain changes were made. Sticks were placed between
Hueller iyer arrowheads, such as Smedslund (1954) used, in
order to reduce the possibility of merely perceptuasl judgments
of sameness in length which may be made when sticks are
staggered the top or bottom stick to the right of the other.
The length conservation gituetion involving strips of paper
cut and positioned in different ways, was presented as
Piaget described, In this situation, as in the staggered
sticks situation, the starting and stopping points of the
pieces were put out of alignment, whereas in the Mueller Lyer
situation the pieces were still aligned, In asking the
length conservation questions, care was taken that the
children understood 'long' as used in the abstract-relative
sense here rather than in an absolute sense. Likewise, the
experimenter moved her finger along the lengths to be
considered in order to clarify the gquestion, i.e. to ensure
that the children understood the lengths in question. The
word 'distance! was not used in the length conservation
situations.,

In testing for distance conservation, Piaget's problem
was presented (see Piaget, Inhelder & Szeminska (1960)
Chapt.3). Piaget's 50cm spacing of objects was followed
and the reportedly easier divider situation was presented
first, again to counter any possible practice effect. Care
was taken that the children understood the distance to be
considered, i.e. that they understood the question referred
to going from object to object not object to divider and that
it referred to going through not around or over the divider.
The experimenter indicated a straight path between object
and object signifying the objects by name, Questions of
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"gymmetry" in the distarnce situation were not included; the
children were not asked questions of distance going in both
directions,. Likewice, althoug: questions of distance were
raised in Piaget's study of movement and velocity concepts
(Piaget (1946b)) and described by Flavell (1963, pp. 322-3),
the situations considered there were not included in the
present pre-test because they were not couservation situations.

In testing for area conservation, strictly conscrvation
problems of Piaget's were presented (see Piaget, Inhelder &
Szeminska (1960) Chaptll). Piaget's problem situation in
which an existing arranzement of houses on a field is modified
.as used here first. A small number of houses on each of
.vo fields was presented and one arran;ement transformed, and
then the same was done with larger numbers of houses; as before,
the presentation was in an order to counter any practice efiect,
Piaget's rearranged shapes were incorporated into the second
area problem situation of potato plots on fields. Questions
of complementary as well as enclosed area were included in
order to test for the sequential order Piaget found, i.e. in
order to see if' some children recognise conservation of
eiiclosed before complementary area. Though Piaget (in the
chapter ciied above) does not give the actual dimensions of
his potato plots nor details of the transformations made, a
situation similar to his was used in the presemt pre-test in
order to reveal any sequence or situational differences., No
actual model cows were introduced into the fields but they
were mentioned if' it were necessary to clarify the questions.
No questions were asked in terms of grass to eat because the
quantity of grass in each of two fields may be different even
though the areas of the two fields are the same. Apart from
avoiding this particular expression of the questions, the area
conservation questions were worded as Piaget's were.

In testing for weight couservation, Piaget's problems were
used with little change (see Piaget & Inhelder (1941) Chapt.2).
Both plasticine and cotton wool shapes were transformed and

questions asked as Piaget had.
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Finally in testing for volume conscrvation, Piacet's
problems vere again used (see Pia et Inhelder & Szeminska
(1960) Chapt, 1;) but an additional displacement volume
situation unlike Piapet's was included to clarify children's
understandinz, Piaget's interior and displacement volume
situztions wer: presented and were followed-up by a displace-
ment situation in which there was an actual transformstion of
material and a comparison object. Only unii cubes, and not
plasticine, were included in the displacement situntions
as no diff'erence had been f'ound using the difierent matcrials
i the prior iuvertigations. The wording of' the volume
conservation questions was like Piaget's,

(Dctailed description of the pre-testing procedure is given
in the chapter appendix,)

Each child was seen alone f'or approximately 30 minutes and
sat at a right angle to the experimenter at a table in a guiet
room of' the school, Throughout the pre-test the experimenter
pmede all the transiormetions in full view of the child. After
a child made a Jjud ment, the experimenter made only noncomnittal
remarks and in an unchallenging manner asied the child why he
thought what he did. A child's explanations of his judgments
were talen as evidence of conservation or nonconservation.

Each child's performance on the pre~test was recorded on a
standard f'orm and, as far as possible, the child's exact
comments were taken down.

The criterion f'or nonconservation of an attribute was
failure to recoghise equality in the attribute after material
was transformed in shape while also giving a clear indication of
which portion vias considered greater or less and why. If a
child maintained equality in an attribute for the first trans-
formation presented but gave no reason for conservation and
then zave nonconservation judgzments for the later transformations,
he was regarded a nonconserver, Care was taken to distinguish
purely perceptual judgments of equality from conceptual
judgments of conservation,

Reasons for conservation judgments taken as evidence of
genuine concepts of conservation included: the recognition that
'it was the same before', that 'it could be put back the same!,
that 'the other could be put the same! (i.e. reversibility-type
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reasons), and the recognition that 'it was the same absolute

number - 6, 12, or 10, matc:ial, amount, length, size, weizht,!

etc., that 'none had been added or talken away' (i.e. identity-

type reasons), and the recognition that 'it was more in one

direction but less in another' (i.e. compensation-type reasons).

0i" the one hundred and fifteen educationally subnormal

children pre-tested,fifteen were nonconservers of 6 attributes

(number, substance, length, weizht, area and volume), eighteen

nonconscrvers of 5 attributes (substance, length, weirht, area

and volume), three nonconscrvers of the 4 attributes (substance,

weirht, area and volume) and five nonconservers of the 4 atiributes

(length, weight, area and volume), one was a nonconserver of the

3 attributes (lenzth, area and volume) and sixteen nonconservers

of the 3 attributes (weight, area and volume), thirty-seven

were nonconscrvers of 2 attributes (area ¢ volume), two non-

conservers oi volume only and eleven nonconserve.s of area only,

and seven were conserveis of all 6 attributes (number, substance,

length, weight, area and volume).

All one hundred and fifteen
recogniscd the continuing equality in the distance situation.
The following table gives the number and the CA, IQ and

VA ranges of the children withthe different degrees of non=-

conscrvation,
- B
|

' Nonconservers:
|

'Vol Area Wt Len Subs No

Vol Area Wt Len Subs
‘Vol Area Wt -~ Subs
Vol Area Wt Len

Vol Area - Len

Vol Area Wt

Vol Area

Vol

- Area

Conservers:

Vol Area Wt Len Subs No

16
37
| 2
11

7

8. 6 16,
8. 4 16,
9. 3 .
1. 9 15.
5. 1 15,
9. & 15.
9. 5 16.
11. 3 13.
12, 8 15,
10. 5 16,

0

MA Ranmge

|

) \
50 79 |5.1 10. 6
55 79 |h4e 5 1l. 8|
47 77 lhek 8.5
55 72 |8. 0 9.0
61 61 !9.2 9,2
55 81 |6. 6 11. 9
57 77 |5. 4 12. 0
70 75 |7.5 9.7
57 77 |7.8 11. 5
55 87 |6.8 10. 6

As shown in the table, the lowest mental age found among
children who recognised conservation of all 6 attributes was 6. 8
(CA 10.5) and the highest mental age found among children who
failed to recognise conse:vation of all 6 attributes was 10, 6

(GA 13014-) 3
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The foregoing description of the fiudings in pre-testing

the children indicates the general pattern of the children's

recognition of consexvation, but does not distinguish differences

in the children's responses to different situations for the same

attribute,

unless they recogiised conservation in both pre-test situations

for the attribute, clarified the basic underlying sequence in

Recording the children as nonconservers of an attribute

the development of recognition of coanservation, but did not show

the influence of dif'ferences in the particulsr situation upon

such recognition.

The following table records these situational

differences within the ovcrall pattern of the children's responses.

‘jonconservers:

|

o I N

Vol Area it Len Subs o Nors all six in full ; 9

all but Flower No 4

| all but Beads No & Liquid Subs | 1

i all but Flower No & Plast.Subs : 1

Vol Area Wt Len Subs ! Ners all five in full 13

all but Liquid Subs 5

Vol Area Wt =~ Subs } Kers all four in full 1l

a1l but Liquid Subs 2

Vol Area Wt Len ' Hers all four in full 5
R | .

Vol Area - Len | Ners all three in full 1

Vol Area Wt | Nors all three in full 15

L all but Interior Vol 1

Vol Area . Ners both in full 30

| Area & Piaget Displ Vol only 5

| Area & Interior Vol only 1

J Area & both Displ Vol only 1

Vol Ners Interior Vol only 1

Piaget Displ Vol only 1

I . — [

Area Ners 12 & 20 Houses only { 9

g 12 & 20 Houses & Plots § 2

Looking a§2§e—test findings it was clear that, although there

were some individual variations and some differences in responses

to different situations, there was a sequence in the development
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oi recognition of coins: ivation in these ESK children. The
pre-test results support Piaget's emphasis on the sequential
development of conservation over and above age differences.
Despite the ranges in CA , I¢ and LA for the same levels of
nonconse:vetion, the pattern of recognition of conservation was
vaesically the same. To put it enother way, althourh there was
no simple relation between degree or conservation and age
(chronolosicel or mental) or IQ, there was a definite order

in which conservation of the different attributes was recognised.
This is in accord with Piaget's findin-s that the sequence of
development o1’ conservation concepts is unvarying but the |
ases at which the concepts develop may vary.

The sequence recognition of conservation of substance-before-
weisht-bef'ore-volume was again found, Twenty children recognised
concervation in all substance but in no weight and volume
situations. Ko children recognised conservation in the
weirht or volume situations who failed to recognise conservation
in substance situations. Thirty-one children recognised
conservation in all substance and all weicht but in no volume
situations, No children recognised conservation in the volume
situations but flailed to recognise conservation in both substance
and weight situations. One child, only, conserved in a volume
situation as well as in substance situations but not in any
weight situations.

In addition to verifiying the basic sequence conservation
oi substance-~before-~weight-before~volume, the pre-test revealed
an overall sequence recognition of conservation of distance-before-
number~before-substance & length-before-weight-before=-volume &
area, Although there were situational differences within
the more general sequence and fwrther investigation is necessary,
an overall pattern iu the development of recognition of
conservation of the seven attributes pre-tested was apparent.

Recognition of continuing equality in the distance situvation
appeared first. All one hundred and fifteen children appeared
to recognise conservation of distance, but, as will be argued
later, a perceptual judgment may be all that is made in the

distance situation, Conscrvation of number appeared second.
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Phirteen children recognised conscrvation in the number situations
but not in any substance, le:.gth, weight, area and volume
situations, Ko children recognised conservation in any of
these latter five atiribute situations who failed to recognise
number coaservation, “he place of length couservation in the
secuence 1s less easily defined, One child, only, recognised
conservation in the length situstions but not in the substance
situations; six children did the reverse and recognised substance
before length couservation, Sixteen children recognised length
conservation but not weilght couservation; only one child did
the reverse and recognised weight before length counservation.
Fifty-eight children recognised length couservation but not
area coiservation and forty-eight length but not volume con-
servation, No children recognised area or volume conscrvation
who failed to recognise length conservation. Thus, length
conservation can be said to precede weight, area, and volume
conservation but not substance consecrvation. Conse.vation
of substance was recognised before conscrvation of weight and
volume, as already reported; it was also recognised befare
conservation of area. Sixty-one children recognised substance
but not area couservation. No children recognised conservation
oif" area but not substance, Weight conservation gppeared fif'th
in the sequence, It was recognised before volume conservation,
as previously reported; and it was likewise recognised before area
conservation, Forty children recognised conservation in weight
but not area situations. No children recognised conservation of
area but not weight, Last in the sequence appeared area and
volume conservation, Two children recognised conservation in
volume but not in any area situations., No children recognised
conservation in area but not in any volume situations. Eleven
children failed to recognise area conservation only; two children
failed to recognise vclume conservation only. Thus, recogntion
of area conservation appeared to be the most difficult for the -
children,

The criterion used in arriving at the aforementioned

attribute sequence was total conservation and nonconservation
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for the attributes said to arise in sequence., In other words,
when couscrvation of one attribute was said to arise before
conservation of another, the children had recognised conservation
in all situstions for the particular attribute said to arise
first and failed to recognise counse 'vation in all cituations

for the particular atiribute said to arise later,

This overall sequence in the develonment of recognition
of' conservation was quite clear, but situat ional differences,
as also recorded, complicated the picture, Difrerences in the
material situation presented flor an attribute influenced the
children's recognition of concervation in the case of volume,
substance, number and area; and, in addition, differences in
the particular transrormations made influenced the recognition
of continuing equality in the case of length and area. ihere
children were said to'recognise conservation'they had given
reasons for their judgments; where they were said to 'recognise
continuing equality' they had not given any reasons. Thus,

a conceptuel recognition of conservation was dictinguished
from a perceptual recognition of equality. In the volume,
substance, number and area situations, more than perceptual
Jjudgments were made when children recognised and gave reasons
f'or conservation for all transformations in any one situation
though not in all the situations for the attribute being
considered., In the length and aree situstions, purely
perceptual judgments of equality were given when children
recognised equality for some but not other transformations in
any one situation and gave no reason for conservation,

In the rollowing cases differences in the material situation
gave rise to differences in recognition of conservation. A
number of children recognised conservation in interior or
displacement volume situations but not in all the volume
situations, some other children conserved for liquid or
solid substance but did not recognise conservation in both
material situations, still other children recognised conservation
of number in the flowers and jars or in the beads im beakers
situations but not in both situetions, and finally, a number
of other children recognised conservation of area in potato

plot on field situations but notin houses on field situations,
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In length and area situations, dit'f'erences in the
parvicular transformations gave rise to diff'erences in
recognition of continuing egquality. A number of children
recognised continuing equality of length for sticks after
they were staggered or put into Hueller Lyer arrowheads but
they failed to recognise equality of len/th for transformations
of strips of paper, some other children recognised continuing
equality of length only in the staggered sticks situation and
not in either the liueller Lyer or paper strips length situations,
a number of other children recognised continuing equality for
transformations of 2 and 4 but not 12 and 20 houses on fields
or for 2 but not 4, 12 and 20 houses on fields, still other
children recognised equality of plot and field areas for 2
but not 4 piece transformations of plots on fields, and
finally, some other children recognised equality for only the
plot area and not the field area when the £ piece transformations
were made and not at all when the 4 piece transformetions were
made,

The following paragraphs give details of the situational
differences found, ~first for recognition of co.servation and then
for recognition of continuing equality.

In the case of volume conservation, six children recognised
conservation in both the interior and second displacement volume
situations though not in the Piaget-type displacement situation,
two children recognised conservation in both displacement
situations but not in the interior volume situation, and two
other children recognised conservation in the interior but not
in either displacement volume situations, Thus, there was
no evidence of & necessary interior-before-displacement volume
conservation sequence; children were not usually found to
recognise conservation of interior before displacement volume.

Conservation in the liquid substance situation was quite
a few times recognised befare conservation in the solid
substance situation. Eight children conserved for liquid
substance transformations but not for solid substance trans-
formations. One child conserved for solid but not liquid

substance.,
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Conservation of number in the flowers and jars situation
was several times recognised before conscrvation in the beads
in beakers situation, Five children conserved ior flowers and
Jjars transformations but not for beads in beakers., One child
did the reverse,

Area conscrvation was cuite a few times recognised in the
plots on fields situation before it was recognised in the houses
on fields situation, Nine children recognised conservation of
plot and field areasbut failed to recognise conservation in
the houses on fields situation. No children recognised
conservation in the houses on fields before plots on fields
situations,

Equality without conscrvation of length was quite often

recognised. Nine children recognised equality of length in
the staggered sticks situation but failed to recognise equality
or conservation of length in the paper strips and Mueller Lyer
transformations, Four other children recognised equality of
length in both the staggered sticks and lNueller Lyer situation
but did not conserve for paper strip length. HNone of these
thirteen children gave any clear explanation for their
recognition of continuing equality and all failed to recognise
the equality in the later length sitwetion transformations,
The Mueller Lyer transforiation did not always have the effect
expected; reveral children insisted the sticks looked the same
length and made Some perceptual but no conceptual judgments of
ecuality of length.

Purely perceptual judgments of equality were also often
made in the area situations, Fifty-five children recognised
equality of area for transformations of 2 or 2 & 4 but not
12 & 20 houses on fields. Twenty-nine children recognised
equality of area for 2 but not 4 piece transformations of plots,
Of these twenty-nine, seventeen did not recognise equelity of the
fields, as opposed to plots, area for either the 2 or the L
piece transformations, Less than a quarter of these
eighty~four children gave any real explanation for the equality
judgments they made., The children normally gave no explanation;
they sometimes said "it Jjust looks that way" or that they

"just guessed"., Their comments were usually quite sensible

149,



but were not Justif'lcations f'or conservation; they said, for
exainple, "there's still a lotta grass in the midule" or "the
cows can move around more", A few children's conmuments
secmed to imply reversibility, i1'or example, one child said
"the houscs are just moved" but he failed to recosnise conser-
v.tion when more, i.e.l2 & 20, houses were moved. 0f the
chnildren who only failed to recognise conservation in the
houses on fields situstion, several appeared to recognise
the identity of' the houses or compensatory relations or the
possibility of reversibility in the 2 and/or 4 house transfor-
mations, but this did not result in a recognition of area
conservation in the 12 and 20 houses on field transforretions.
Thus, even though a number of children gave some explanation
for equality judgments when the lesser transformations were
mzde, they did not recognise conscrvation when the greater
transformations were made. In other words, all eighty-four
children failed to meet the criteria for area conservation
because they failed to recognise continuing equality for every
transformation, including the more extensive ones, and failed
to give clear reasons for conservation when, for some transfor-
mations, they made correct perceptuel julgments of equality.,
Two points about the children's responses in the area
situations remain to be mentioned. First, when children
made perceptual judgments of equality of area in the houses on
fields situation, they usually judged 2 and 4 house
ransformations similarly, i.e. most children recognised
equality of area for 4 if they did for 2 though not 12 and
20 houses on field transformations. Second, when children
made perceptual judgments of equality of area in the houses on
fields situation, they often but not elways also made perceptual
judgments of equality of area in the plots on fields situation,
In the distance situation, all the children recognised the
equality before and after the dividers were put between the
objects. This was perhaps facilitated by the experimenter's
pointing the direct path and citing the objects by name. The
children understood the distance in question and considered

object to object, not object to divider, going through, not over

150,



or around, the divider; several children, for example, said

it wos the "same far when you keep going through".  Perceptual
Judgments may be all that were necessary in the distance
situation; iany children said that "it looks as far still" or
"it's still a way™ or "apert" or "not together" or "it's as

out still",., Often children just emphatically stated the fact
that it was the "same going" or pointed and said that the objects
were "there and there"., Some ch:ldien explained that the objects
"haven't moved" or "haven't been put any nearer" or "can't go
or, even,®would havetioved if it weren't the same", A few
children suggested measuring to show the distance was the same,
The cnildren's explanations were unlike their explanations of
conservation in the other attribute situations; the usual
identity, reversibility, compensstion arguments would be less
zppropriate in the distance situation.

Altogzether, it was clear from the results of the pre-test
that understanding of conservation did not develop in an all
or none fashion, Children often recognised oconservation for
some but not other attributes, in some but not other situations,
and for some but not other transformations. After recognising
and giving reasons for conservetion in the earlier situvations,
chiliren failed to recognise conservation and the underlying
similarit;” of the later situations,

There are a few final points to be mentioned in relation to
the pre-test., It was founa possible to test the children for
conservation in the 14 situalions during one session of approxi-
mately 30 minutes; but this was about the maximum possible for
a single session. All the children were interested, co-operated
willingly, andunderstood the questions. The children's actual
explanations of their judgments revealed their understanding
of conservation or lack thereof; same of these explanations
are recorded below.

Examples of children's explenations for conservation

judgments:

For several situations:
It was the same in the first place (before etc,)
They were the same before
They started out (off, etc.) the same

They were level before
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I saw vou made it from the same
You can do the same to the other one
(Demonstrations of reversibility without verbalisation
of rcasons)
You haven't pulled (moved, taken, chopped, poured, out,
etc.) none off (away, out, etc.)
You haven't left any behind (out, etc.)
If it was different you would have touk some off
You icept (took, collected, tipved in, put in, etc.) it all
It a1l came out )
They lo.k different (less etc.) but they're the same amount
You can measure one after the other the same
You can put it back (together, etc.) and measure it's the same
For number particularly:
Tnere were two 6s in each before
%%ggg xgﬁeoge(gg fgfhogafb eigrgefore
You took one out of each and it will still be the same
There was one for each and they're still the same flowers
and jars
I coun'd 'em the same as you put ‘'‘em in
I coun'd them and there wasn't ancther put in
For substance particuwlarly:
The longness is the same as the roundness
It's the same heaviness (weight, etc.)
For length particularly:
It g¢oes together straight
You didn't change the‘ piece itself
It's the same amount - none is chopped off length
The sticks are the same length - it's the same sticks but
not all the rest (in Mueller Lyer situations)
You can put the pieces together and measure the same
You can measure that to that (pointing)
For area particularly:
You can put the cuts back the same
You can cut the other the same now
They're the same houses just put in a different way (just

put in different rows, etc.)
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It's the same amount of houses and space

'They're the .ame amount of me=zsurement (pointing)

It's the same lengzth there and there (pointing to two lengths
& two widths)

It's the same length and wide

The cow can still go round (move betwcen or in and around or
in and out etc.) the houses the same this and this way
(pointing lensth and breadth)

For weight particulearly:

'hey felt the same wei-ht beflore

It's the same size still and the same amount

One's more wider, othcr's more thicker

They'd weigh the same level if' you try

For volume particularly:

The layers were equal

There are the same rooms in it

There are the seme lots in each still

They are the same sguares

There are no more bricks

The water can't go up unless you put more blocks in

Examples of children's explanations fornonconsergation judgments:

For several situations:
They look more
You can tell by looking at 'em its more
They're not the same shape
It's vigger (aloter, higher, longer, ahead, morer, up more, etc.)
There's more on
There's more there because there's less there (pointing to
one and then .other)
For number and substance particularly:
There's more 'cause it's in a bigger bowl (glass etc.)
For length particulerly:
It's longer 'cause it's moved farther up
It's longer 'cause it's higner along
It's longer because it's more
One's long:r 'cause the other's shorter
For area particularly:

There's more 'cause there's space on top for potatoes
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You can fit more potatoes in because it's bigger
The plots aren't level any more
Thet plot's wider
Spread out houses take more cpsce
“here's littler (less, etc.) space 'cause there are houses
in the midale pow
There are a=-loter nouses crowded round so there's littler
prass space
The houses are speced out here so there's more space in
the other
There aren't houses there so there's more space (pointing
The houscs are closer together (squashed in the corner
etc.) so there's more space for the cow
Thne cow can run about more because the space isn't covered
with houses
That group measures less space
For volume particularly:
There's more room in it because it's longer
You can fit more in it ‘cauce it's bigger
It's built up more
It will make the water rise more ‘'cause it's bigger
It will be heavier so it will make thie water rise more
To conclude, analysing all the children's explanations and
not just those quoted above, the type of reason most frequently
given for conservation judgments was reversibility; identity-type
reasons were the next most frequently given; and compensation
explanations were rarely made., The most common explanation for
conservation judgments was that it vas the same before or that
it could go back the seme or even that the other could be put
the same. An almost equally frequent explanation was that it
was the same material, amount, length, weight, size, etc, or
that nothing had been taken away or added. An external
criterion such as absolute number, 6, 10, or 12, was often
mentioned, Rarely were compensatory relationships cited.
A few children indicated reversibility dbut did not
recognise conservation; for example, one nonconserver said

"there's more room in the longer one but it was the same room
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when you cterted" and enother seid "there's more space now -

it was level the csame before", Similrrly, a few children
recognised identity but not coaservation; lor example, one
cnild said "there's more room inside even so scme rooms"

and "the water will ~o down even so same anount", Likewise,

a few child:en noted compensatory rclations bput did not
recosnise congervation; ior example, one nonconscrver said
";here are more briciks along, but it's not as big up, but
there's more room inside".  Thus, recognition of prior ecuality
or saneness of material or compensating dimensions did not
necessitate conscrvetion, Such recognition, however, may

be an element in the gradual development of conservation and
nzy provide evidence ior consci'vation when full understanding
coes develop. Reversivility (particu%%fly when the possibility
of return to the original is suggested%/ identity (particularly
when the fact that nothing has been added or taken away is
mentioned), or compensation (particularly when exact
eguivelence is indiceted), when used as reasons in an argument
for the necessity of conservation provide clear evidence of
cenuine understanding of coaservation.

(i1)_Teaching,

Fifty-one children, who had failed to recognise conserva-
tion for twe or more attributes (nonconservers in all situa-
tions for those attributes), .ere divided into three groups
matched as ¢losely as possible for chronological age and IQ,
and matched exactly for degree of inmbial understanding of
conservation, Each group of seventeen children was given
one of three different treatments. A T1 teaching group was
given instruction. on conservation as a general principle, a
T2 teaching group was given instruction on the conservation
of area, and a control group was given reading practice.

In the T4 group, ten were boys, in the T2 group, twelve,
and in the control group nine, The following table gives
details of the matched groups of children.
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The T1 group of children were given instruction designed to
develop an understanding of conscrvation of quantity in a general
sense, that is, instruction designed to develop a broad concept

of conservation independent of particular attribute situations.

The aim was to teach conservation as a general principle which
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would be ap.lied in a wide ranre of atiribute situations. In
Investigations One, Two, and Three, conservation of particular
atirioutes, weight or volume, had been taught and such conser-
vation was i'ound to genceralise to one or two other attributes.
Generalisation of conservation was indeed the aim of these
prior experiments but the generalisation first sought was
generalisation of conservation to difierent situations
involving the one attribute taught. In the present experiment
ceneralisation to various attribute situations was sought.
The aim of the T1 teaching scheme was to teach conservation
itself and not of any particular attribute, by using a
variety of situations and without cetailed discussion of the
specific attributes conserved.

Although it may be unnecessary to discuss conservation
in six attribute situations with children who already recognise
conservation in -some of the situations, the use of the same
teaching scheme with every child in the T1 group in this
experiment provided tfor investigation of the influence of
different degrees of initial understanding, as well as for
answering the question whether it is possible to teach conser-
vation of cquantity in a general sense and using a brief
teaching scheme, Before being taught in an attribute situation,
each child was given a chance to solve the conservation problem
himself., This was done to reveal whether a child developed
recognition of conservation during the course of the teaching.

The T2 group of children were given instruction designed
to develop an understanding of area couservation. The aim
was to teach conservation in Piaget-type area situations so
that it would be generalised and recognised in unfamiliar as
well as familiar situations. No other attribute situations
were considered in teaching the T2 group. The same teaching
was given to every child in the T2 group regardless of his
initial understanding of conservation; none, of course, had
previously recognised area conservation., The T2 teaching
scheme was presented in order to find out if area conservation
can be developed using teaching briefer than that which

developed weight and volume conservation in the prior
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inve:tigjations, and whetner such a teaught concent of' conservation
will be generalised to other attribute siturtions,

Yhe control sroup children were riven no instruction on
coaservation but were seen by the exverimenter for the same length
of time as the children given instructioun on couwservation., The
controls read to the experimenter from their classroom booits and
ans.ered (uestions on their rcading. wils was done to ensure
tnet all the childien received the same amount of individual
attention aud .inew the experimenter equally well by the time
oi" the post-~iesting.-

five basic explanations for conscrvation and four types of
experiences were used iu teaching couservation to both T1 and 12
sroups in this investigation., In the writer's prior experiments
teaching counsurvation o educationally subnormal children, certain
explanations secmed most meaningful for the children. Iionconservers
had vound the 1ollowilg types of explanations convincing: it is
the same (meterial) all the time, nothing has been taken away or
added, it looks diiferent but really it is the same (material),
one is (more this way) but the other is (more that way), you can
put it back as it wz2s before. Certain teaching methods likewise
seemed most effective for such children; these included a combin-
ation of verbalisation with observation or manipulation or the
use of an external criterion. These explanations and methods were
selected as fundamental for both the T1 and T2 teaching schemes of
this experiment, Though the content and emphasis of the teaching
for the two groups of children were different, the types of explan-
ations and methods used were basically similar.

The following table outlines the basic form of the teaching

used for both T1 and TZ group children,

i
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lne above form of teachins, i,e. basic expanations and
methods, wag given to the 11 .'roup of children in six attribute
situations. Only six of the fourteen pre-test situations
were presented in teaching these T1 children; conservation
in the distance situation was not included because the
explanations and methods appropriate for all the other
attribute situations are not appropriate in the distance
situation and, in any case, here all the childiren had already
recoznised the equality. The above explanations and methods
were also used with the T2 group of children but in area
conscrvation situations only. In teaching these T2 children,
the houses on fields as well as potato plot transformations
were included,

The various explanations and methods were used in the
teaching for both T1 and T2 group children in order to develop
a fuller understanding of conservation and to provide for
individual differences in the children's learning. Several
explanations compose a case for conservation; no one reason:
provides final evidence in every attribute situation. The
gquestion of the basis for conservation is complex, but clearly,
reversibility does not necessitate conservation (e.g. volume
is not conserved though steam can be turned back to water),

nor does identity necessitate conservation (e.g. the length

of a rubber band changes though it is still the same rubber
band). Nor, indeed, does recognition of prior equality or
sameness of material guarantee recognition of conservation,
Likewise, compenszation may be recognised perceptually without
necessitating conservation, No one of these reasons appeared
to provide sufricient explanation for conservation. Furthermore,
in teaching educationally subnormal children it had often been
clear that some children did not grasp the significance of a
particular reason for conservation but found another particularly
convincing, Different explanations and methods helped
different children to a different extent. In additionm,
educationally subnormal children were rarely fully convinced

by just one explanation. A child might accept a reason for

conservation on a teacher's authority, but to develop any real
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understanding a fuller explanation is necessary, The aim of
the teaching in this investigation was to help all the children
to a.preciate the grounds 1or conservation judgments, to look
for evidence of coiservation, to develop relevant arguments
for conservation and not merely to give concservation Jjudgments
for a particular reason,

In teaching the ©1 group children, one material situation
out of each pre-test pair for an attribute wos used.  (All
attributecs except distance were included; distance was excluded
for reasons discussed earlier.) Two or three transformations
of the material were made in each situwstion. The particular
situations used with the T1 group were chosen so as to give more
varied experience and experience in clearly distinct attribute
situations. The bunching and spreading number situation was
used rather than the beads in beakers situation which would
have been to. gimilar to the liguid substance situation. The
licuid substance situation was presented rather than the
vlasticine substance situation because it was less like the
wei ht situaiion where plasticine was used. Plasticine was
used to teach conservation in the weisht situation because
relative weizht could be more clearly distinguished and
transTormations more easily made and reversed with plasticine
than with cotton wool., Sticks were used in the length
situation as they provided a material situation less like the
potato plots area situation. For area the potato plots situation
was chosen as more clearly a 2D area situation. Similarly,
the metal blocks displacement volume situation was used aa
it was more clearly a volume situation, and one in which volume
conservation could be easily recorded or measured. In the
number conservation situation, the T1 group children matched
and counted flowers and jars; a small as well as largér number
of objects was used. In the substance conservation situeation,
they did not use any form of measurement but just manipulated
reversibility as was done in every attribute situation, In the
length conservation situafion, they marked the sticks off on
a common longer stick. In the area conservation situation,
they again did not use any external criterion but did manipulate
reversibility. In the weight conservation situation also they
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did not use a2 measure but manipulated reversibility. Finelly,
in the volume couservation situations they marked off the
water level diszplacements in a common container,

When the T2 group children were given instruction, the
two area situations of the pre-test were used end three
transformations were made in each situation., The T2 group
in the area situations did all that the T1 group did for
area and in addition used an external criterion which the M
group did not use, The T2 group children covered the potato
plots and fields with transparent perspex grids end counted
the number of rectangles covering the dift'erent transformations,
In the houses area situation, included in teaching the Tz but
not 71 group children, no external criterion was used. The
houses viere not counted in the dif'ferent transformations because
conservation of the area of the fields as distinct from
conservation of number was sought.

Bach child, in both 71 and T2 teaching groups, was
instructed individuelly for one session of approximately
twenty minutes. Althou;h the teaching procedure was flexible
and was adapted to the individual child, it was kept within
the standard limits for each group and included the set
explanations end experiences. The five standard explanations
were elicited I'rom or given to every child; for the T1 group,
these explanations were made f'or two transformations in the
number, substance, length, and weight situations and for three
transformations in the area and volume situations, and for
the T2 group, for t ree trensformations in each of the two
area situations. The four standard experiences were also
ziven to every child; the children observed the same type of
demonstrations, manipulated reversibility, and used an external
criterion in comparing material before and after transformation,

Two or three transformations only were made for each material
so as to provide varied experience without exhausting the
children's attention., Care was taken not to indclude too many
transformations, material situations, explanations, or
experiences and to bring out the underlying general principle

of conservation in the different attribute situations. The
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transformations for the T1 group children i.acluded ten flowers
bunched and five spread, orange drini poured into a petri dish
znd four bealters, 1llcm sticxs stagrered and 20cm sticiks put
iuto llueller Lyer arrowheads, plot and fleld area transformations,
pancaite and ten .iece plasticine transformatious, and 6:6x1
and 4a3x3~in-four-parts metal block transformations. For the
T group, «0 and 4 and 12 house traasformations as well as
plot and field area transiormations we e presented. No
exceptions to conscrvation viere introduced ze tiis would
unnecassarily complicate the teaching for educationall
subnormal children. Inequality situations were not used

in teaching either; these situations were itept as a test for
ceneralisstion oi’ comservation in the post-testing,

The 71 group children still gave nonconservation answers
for the first transformations presented in attribute situations
in which they had railed to0 recognise conservation when pre-
testeds All of the T2 sroup children likewise gave nonconser—
vation answers for the first conscrvation problems presented
in teaching them area conservation., Thus, there had been no
change in the children's understanding of coaservation between
pre-test and teaching and, in addition, for the T1 group,
discussion of conservation in attribute situations where they
already recosnised coaservation did not lead to immediate
recognition of conservation in attribute situaticns where they
had not previously recognised conservation,

Understanding of consecrvation only developed gradually
during the course of the teaching. Individual differences
were noticeable and the influence of degree of prior under-
standing of conservation was sometimes apparent, but few
children generelised their developing concept of conservation
until conservation had been explained and experienced in
several situations. If a child did generalise to a later
situation or transformation he normally recognised conserva-
tion for some but not necessarily all of the later trans-
formations. In other words, it was clear that understanding
of conservation did not develop in an all or none manner,

The explanations for conservation most frequently accepted

and used by the children were first, that nothing had been taken
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aviey or adied (mentioned by twent: children), second, that
it was the same berore and could be made bacik the same again
(nentioned by thirteen children), and third, that it was the
same material (mentioned by five children), Compensating
relations were mentioned by three childien and one child
sussected measuring to prove the coutinuing eguality. OSeveial
children who were slow to put their reasons into words
demonstrated reversibilivy. liost children gave several
explanotions f'or Lheir consesrvation judgments and expre:ssed
their reasons in tueir own words. Ho children repeated
verbatim reasons used in the teachinge

By the end of the 91 or T2 teaching session, thirty out
of the thirty-four children ;iven instruction had developed
an undercstanding of conservation., Four children,who in the
pre=test failed to recoznise counservation in six attribute
situations (i.e. nonconservers of number as well as substance,
length, area, weight, and volume) did not develop under-
standing of cons-rvation during the course of the teaching.
‘these ifour who had shown no evidence of' a concept of consgar=
vation in any pre~tecst situation did not learn to recognise
conservation aftter being instructed according to the T1 or T2
teaching scheme, Both of these teaching schemes, however,
were briefer than prior teaching schemes effective in developing
understanding of conscrvation of weight and of volume in ESN
children.

(iii) Post-testing.

Both the T1 and T2 teaching groups were given the same post-
test one weck and then again two months after they had been
given instruction. Each child was tested alone for about 25
minutes., The standard post-test included 13 of the pre-test
situations plus 7 new material situations and 6 conservation
of inequality situations. Seven of the 13 pre-test situations
were those in which conservation had been taught to the T1 group,
while the other 6 were familiar only from the pre-testing and
had not been included in their teaching. Only two of the
pre-test situations had been used in teaching the T2 group.

In addition to the situations from the pre-test, new material
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situations were introduced for the types of situations in which
conssrvation had been taught, and likewise, conservation of
inequalily situations were included iustead of the straight,
not involving conscrvation, inequality situations of the pre-
test, One traasformation ouly was made for each situation
irom the pre=test as well as ior each new material and
inequalitvy situation, The actual wording of the posi-test
problems was similar to that of the pre-test. (Detailed
descriptioi of the post-testing procedure is given in the
chapter appendix).

The order of the situations in the post-test was similar
but not identical to that in the pre-test. That is, the
sequence of attributes - number, substance, length, area,
weight, volume - was similar, but for each attribute the
gituation in which conservation had been taught was presented
iirst and this meant reversing the pre-test orcer for the
nusber, area, and volume situations, In addition, the new
raterial situation for each attribute was presemted aftter the
situation in w.ich conscrvation had been taught and then the
pre-test situation in wiiich conservation had not been taught
f'ollowed by the conservation of inequality s.tuation.

For number, cubes, new material, were spread after the
flowers were bunched; an unprovoked correspondence situation
was included in adaition to the provoked correspondence
situation, Hext, the lz-beads-into-the-wide-container pre-
test situation was presented and then a conservation of
inequality situvation involving 12 and 6 beads in which the
6 were transferred into a tall thin container., For substance,
sand, new material, was transferred into a large flask after the
orange drink was poured into the low container. The plasticine-
into-sausage pre-test situvation was next presented and then a
conservation of inequality situation in which the larger of
two plasticine balls was cut into 7 pieces, For length, one
of two wires, new material, was transformed into an arc
efter the sticks were staggered. Next, the paper-strip-cut-
to-form~the-zigzag pre-test situation was presented and then

a conservation of inequality situation in which the longer of
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two strips was cut to form a right-angle, TFor area, two v.rtical

each
red felt-coatcd cardboard backrrounds/with a blue felt circle on

transformed into a diamond shape. <This was cone after the
norizontal 4 piece potato plot transiormation was made. 1he
zU=-houses-rearranged=-on-a~field pre-tecst sitwation was next
presented and then a conscrvation of inequality situation
involving 20 and 12 houses on fieclds in which the 12 were
spread farther apart. For weisht, one of a pair of meccano
lattices, new material, was collapsed after the ball of
plasticine was {lattened into a pancaze., Next, the cotton-
wool=rolled-out pre-test citation was presented anda then

a plasticine, and not cotton-wool, cons:rvztion of inequality
situaation in which the larger of two plasticine balls was cut
into 10 pieces. Finally, ior volume, equal volume difierentially
weishted plasticine balls, new material, .ere used after the
metal bloc:s, In the Piacet-type displacement situations,
the iransformation of a ball of plasticine so that part would
be in each coruner of tne dish wzs precented {or consideration
after the metal blocis spread along the bottom of' the dish
transformation. In the .econd type oi' displacement situations,
the actual transformation of one of the two vlasticine balls
into a zigzag was carried out «fter the metal blocks were

put into the 6xtxl tramnsformation, Iext, the interior volume
wooden-blocks~-into-the~12x3x1-building pre-test situation was
presented and then a conscrvation of inequality situation in
which the smaller of two building s was made 12x2x1. o
distance situations were included in the post-test because

all the children had recognised the continuing equality in
those situations in the pre-test and they had been deliberately
omitted from the teaching,

All 26 post-test situations were presented to all the
children given instruction whether or not they had recognised
congervation in some of the situations when pre-~tested, This
was ¢one in order to reveal any differences in the children's
responses after teaching due to their different degrees of

initial undcrstanding and to reveal any influence of the
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teac: il on the enildren's explanstion: of cons:i1vetion.
wenerelisction ol the tauht conecept oi concervation was
tested using all the new mrterial sitw.tions and inequality
~ituva lone ac well as untau it pre~test sitwitions i'or both
the T and 72 group chiildren, It wus nececsary to introduce
tucse veried situwations to test for peneralisation for the ™
croup children who hiaé been tawght couservation in 6 attribute
situations, Certain of these cituntions were not necessary
in testing the TZ group childien who had been taugiht conscrva-
tion in area situations only. But in orger that any difterences
resulting {'rom different teaching experiencrs mizht be revealed
both 91 and T2 sroups were post-tested in exactly the same way.

Four transformations were made to test conservation of each
of the 5 attributes: number, substance, length, area, and
weight; 6 were included for volume, One transformation in
each of 4 or 6 material situwstions for an attribute was
sufticient for the ascessiment of' a child's understanding.

In case of any ambiguity in a child's response, extra trans-
formations, of course, could have been included in any situation,
The influence of differences in the particular transformations
made had been recorded in the pre-test; the transformations

made for the post-=test situations were those least likely to
give rise to correct answers ior purely perceptual rather

than concervation coneeptusl reasons.

All transformations were made in full view of the children;
gestures were used to clarify the questions, No negative
options were given in the questioning, i.e. the questions were
not .orded 'same or different'., This might meke it more
likely that children would give conservation answers in the
equality situvations but it might likewise make it less likely
that children would recognise inequality and conservation in
the inequality situations. Non-committal remarks only were
made after the children's responses (e.g. 'I see').

The post-test results for the T1 and T2 teaching groups
were similar., Fifteen T1 and fifteen T2 group children
developed understanding of conservation. All except two

children in each teaching group learned to recognise conscrvation
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and did so in evoery situation of the post-test; the child:zen
wiro Geveloped understanding ,ave clear reasons for all their
conicervation judgrments, Only the children who had failed
{0 recognise conscrvation of number as well as all 5 other
attributes on the pre-test failed to develop understanding of
conservation after veing given either the T1 or T2 teaching
schene, In other words, thirty children, given one of the
two teaching schemes, made counscrvation judzgments throughout
the post-test. These children, despite differences in tieir
initial understandins of conservation, all gave couservation
judgments on all the familiar, unfamiliar, and inequality
tronsiormations of the post-test, Four children, also given
one of {he two teaching schemes, howevecr, developed no
understasding of conservation. Thece children remained
nonconse vers of all 6 attributes: number, substance, length,
area, weizht, =nd volume,

The fifteen T1 group children developed a generalised
understanding off counservation evidenced in the new material
and inequality as well as untaucht pre-test situations and
the fifteen T2 group children generalised their understanding
or' conservation from the area to other attribute situations
as well as to new materisl and inequality situations,
Children in both groups who started with different degrees
of initial understanding of conservation understood and
considered the different attributes in question and generalised
their taught concepts of conservation for appropriate reasons.
In the T2 group, the two childien who had beenmnconservers
of substance, length, area, weight and volume generalised
their taught concept of conservation of aree to the other
4 attributes, the child who had been a nonconserver of
length, area, weight and volume generalised her new under-
standing to 3 other atitributes, the three nonconservers of
area, weight and volume generalised to the 2 attributes not
taught, and the nine nonconservers of area and volume also
generalised their taught concept of conservation to the
untaught volume situations.

Although there were great individual differences in the
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children's explanations for their comscrvation judgments,

i.e. differences in fluency, clarity, perticular expression

of reasons etc., the recsons the children gave could be
identitf'ied as basically 'nothing has been added or talen

away' and 'same material' identity-type reasons, reversibility-
type reasons, and compencsation-type reasons. The reasons

given by the children were of course influenced by the teachins
vut the frequency with wunich the different types of reasons

were nentioned may indicate the relative eftrectiveness of the
aif'ferent explanations in the teaching., The fact that nothing
had been adced or taken awgy was given as a reason for conser-
vation by twenty-six children on both their first and second
post=teuts, (Phe fact that nothing had been taken away was
twelve times mentioned alone whereas the iact that nothing had
been added was only once mentioned alone). This 'quantitative!
form of identity reason was by far the most frequent reason
ziven by the children taught in this investigetion. The next
nost frequently mentioned reason was that of reversibility.
Eight children on the fiirst post-test and ten children on the
second gave this type of reason i'or conscrvation., Compensation
type reasons were given by two children on the first and five
children on the second post-test. The sameness of the material,
the 'gualitative' formm of identity reason, was mentioned as

2 reason for con:crvation by two children on the first post-test
and three on the second.

The reasons the children gave on the post-tests were similar
to those they had given during the teaching session. Twenty-
three children mentioned the same reason or reasons in
justif'ication of their conservation judgments in the post-~tests
as they had in the teaching; five children gave more reasons
on the post-tests and two gave fewer. The relative frequency
of the different types of reasons was similar,

The reasons the individusl children gave on the first
and second post-tests were likewise similar; each child's
identity or reversibility or compensation reasons were just
as clearly and fully explained on the second as on the first
post-test., The relative frequency of the different types of

reasons was similar and every child mentioned some of the same
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reasons on both post-tests, but seven children :;ave considerably
nore reasous on the second post-test and two children gave
fever,

liore than a verbal formula was learned. Although the
children's reasons could be des:ribed 2s ideuntity or revers-
ibility or compensation type recsons, the children's actual
explanations of their conscrvation judgnents weie expressed
in varied and oftten very f1ll terms appropriate to the particular
sit.ations and trznsformations. There were dif'ferences both
between different children's explanations and within any one
child's explanations. Some examples of the difTerent ways
children expressed reasons classifiable as identity,
reversibility or compensation type are recorded below.

Examples of 'quantitative' identity type reasons for conservation
of equality:

You haven't to k (moved, poured, sawed, cut, pulled etc)

none oif it.

There isn't any left behind (out, etc.).

You heven't taken no beads (plasticine, plot, grass,

blocis etc) avay.

If you took any blocks (plasticine) away the water wouldn't

rise the same 'cause there'd be less blocks (plasticine).

There isn't none added to it,

You haven't gained any.

You haven't put none (no pieces, no more etg) to it

(on it etc).

If you add more blocks (plasticine) on, the water will rise

over the top.

There's no more and no less to it.

If you added some or tock some off it would be different.
Examples of ‘'qualitative' identity type reasons far conservation
of' equality:

It's still the same flowers and jars (brown, squares etq).
Examples of reversibility type reasons for conservation of
equality:

It was the same equal when you started.

They were the same like that (pointing to comparison

object).

They were the same in there (pointing to original

containers).
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“here was one for each before.
I counted them thesame before.
It czme the same level before,
It's just unstrai-htened, it was the same, it's the same
alonge
It waes the same heavy when it wes rolled up too.
It puts back the sanme,
You can make it back (demonstrating reversibility to seme).
‘'hey move (tip etc) back the same,
It rolls into a ball acain.
It puts (folds, strairhtens etc) tosether the same lensth,
You can move the other the same,
If you do the same to the other it will look the same.
You can bunch (roll etg) the other like that (pointing
to transformed object).
Examples of compensation type reasons for couservation of equality:
That one's as longer as the othcr one's fatter (demonstrating
compensation relations).
The cow who goes round the outside gets the same equal as
the other cow inside,
In addition to the above reasons for conservation of equality,
many childzen also suggested an external criterion for empirical
evidence of conservation,
You can count they are the same,
You can stand them up and measure to show they're the same.
Straightening it out will show it's the same beside the other.
Put 'em in the water to show they make it rise the same
height,
The a_ propriateness of the children's different explanations of
conscrvation in the inequality situations is further evidence
of the extent of their understanding,
There's more in this one still - none is taken away from it.
There's less in the other one still - none is added to it.
You haven't took (moved etc) none off from the more one
(where morer etc).
You'd have to take some off (away etg) to make it same
as the little one,
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You haven't put none on (added none to etc) the one
littler vefore.
You'd need to add some to the lit.ler one to meke it
the same,
There's still more space here - you haven't took any
houses off the other one.
Youlve still only got 12 houses on it and more houses on
the other one-you haven't adcded back any houses to it
8o it's got more space still,
""hey were different (not the same etc) before.
There was more in that one before.
This one was less when you started,
The other didn't have as meny before so this still has more,
‘'here were 12 in one and 6 in the other before,
They weren't cut the same length at the start.
It weighed better before,
It was more and still is (demonstrating reversibility).
It wouldn't be the same if you made it back.
It puts back much more,
You'll see there's more in if you put it back in the other,
It's not the same because you can't put it back the same,
It won't roll back the same,
It pute straisht (together etg) still longer.
It roes back heaviest,
If you moved the top floor of the bigger one it still
wouldn't measure little same as the less one,
Clearly, the children had learned more than a mere rote response,
Even where a child kept to one type of reason for conservation,
the way that was expressed varied greatly (e.g. none are added
on, no more is poured in, nothing is cut off, you didn't take
none off, none of it is gone away, you didn't add anything
to the littler one, the bigger one hasn't had any taken from
it, etc.), Most of the children gave more than one type of
reason for conservation judgments and gave reasons most
appropriate for particular situations (e.g. identity type

reasons rather than revefsibility type reasons in the Piaget
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displacement situ~tions where no actual transformation is
reversible).
1The children's couservation judguents were not automatic,
They attended to the situation presented and recalled relevant
considerationsbut did not always immediately give conservation
ansvers, Several children hesitated in the houses on fields
area situation (e.g. Just a minute - yes = you haven't taken
any green space away, no - no - I lnow - it puts vack the same
so it must be the same amount of grass space now) and in the
plasticine displacement volume situstion as they distinguished
considerations of volume from weizht (e.ge no - yes - yes =~
they still make the water rise the same but they still weigh
difierent - they take up the same amount of room - you haven't
took none off).
The children's explanations, some of which are quoted
avove, reveal their genuine understanding of conservation.
The examples given so far.indicate the diversity in their
expression of identity, reversibility, and compensation type
reasons., An individual child's explanations when taken in
series for all the post-test situations provide ocompelling
evidence of the fullmess of the developed understanding of
conservation,
One child gave the following reasons for her oonservation
Jjudgments:
You haven't took none away, it's the same 12, the 6
are still less, it tips back the same, it was the same
before, it puts into a ball again, it puts back bigger
still, it puts together the same length, it folds
back together, it's still the same brown pieces, it
puts back the same, if the cow goes round the outside
he gets the same, you can move the other the same, if
you took some away it would be lighter, if you put it
in the water it will show how it rises the same, if
you tock some away the water would rise less, you took

some away so there's less room inside,
Another child gave the fallowing reasons:

It's the same flowers and Jjars, you can bunch the others
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the came, it's the same blocis, put in the other it
cores the same bai~ht, you took some away, when you
started it was the same, you haven't taken .ione,
you haven't added none, it was the same vefore, it's
unstraigzntened but it's the same as it puts straigsht
the same, it will come the same if you do the same
to the other, it puts straight longer, the grass is
in and around but its the same altogether, you can
do the same to both, it was the same when you started,
it puts back the same, it puts back more, it was more
when you started and you haven't taken none away,
it's the same ball, it's the same squares.

One boy included the following reasons for coiiservation:
You haven't took none away and you haven't added none,
you can put them pback in the same line, if you put a
bead in you'd have one over, its higher but the other's
rounder, you can tip it back to come the same level,
it's the same plasticine, you can make the other the
same way, it was the same at the start, it'll bend
bacik the same again, put them 2ll together and measure
it the same, it puts back bigger still, it's the same
metal squares and the same heaviness, it was the same
block at first and you haven't moved none off, you must
have to k some away from one and not from the other
before.

Another child mentioned the following:
There ~re 10 (or 12) in each like before, the taller
thinner one still has 6 and less, one's fatter but the
other's taller and the orange tips back the same, it’s
the'same heavier still, put it together and it measures
the same, it still measures smaller, it puts back the
same see (demonstrating reversibility), it's longer but
the other's fatter, its taller - the other's wider,
you can make it the same by taking houses off the other
field, you'll see it's the same if you weigh them on
a scale, it closes back the same, you can put both in

and measure each one the same, if you put any on the
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water would ¢o up, you haven't took any woter away,

you hnven't added or taken away any bricks,
Finelly, one child explained in the following ways:

You haven't added or tazen away any, they add up to

the same number, more was in one before, you haven't

drun: any to maxe it less, you haven't cut it in half -

if ;ou had it would have been half as much, you haven't
cut any off, I have to thin: that one out - all you've
done is make it look different - it still is the same

'cause you haven't added or took any away - you haven't

tock none off, you haven't toock the fourth piece away

to make more space ror grass, if you just glance it
looks different but if you have a good look you know
it's the same 'cause you haven't taken any parts away,
it's hisher but the other's longer, it's still more -
you must have took some away from one and not from

the other before.

Tne four children who had failed to recognise conservation
of number as well as substance, length, area, weight, and
volume on the pre-~test and who did not develop understanding
of couservation after beins given either the T1 or T2 group
teaching scheme gencrally made consistent though incorrect
Jjudgments on the post-tests. They attended to the different
problem: situations, understood and used appropriately terms
such as same, more etc., in making pcrceptual choices, gave
coherent and not totally irrelevant explanations for their
judgments which were more than just random guesses, but they
made no conservation judgments., They remained nonconservers
throughout both post-tests,

In certain post-test situations some of these children
recognised the continuing equality or inequality; where they
did, they gave no clear arguments justifying conservation
rather they merely described perceptual diff'erences. The
children sometimes re-counted for the same number after the
transformations in the number conservation situations. (They
sometimes also re-counted incorrectly). In the imequility
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situations for number, substance, length and weigrt, the
children sometimes recognised the continuing inecuality on

a purely perceptual basis; ithey rave no reasonsfor conscrva-
tion and failed to recognise couservation in all the ecuality
and other inequality situations afterwards, lone of the
four children recognised conscrvation in the area and volume
inequality situations; the area and volume inequality trans-
formations most ef'fectively revealed perceptual (as distinct
from couservation conceptual) judgments. In these two
inequality situations the real ineguality was strongly
contradicted by perceptual appearances and all four children
chose the field with 20 houses unspread as having more space
than the field with 12 houses spread out and then the

12x2x1 building as having more room inside than the 6x3x2
building.

Each of the four children seemed to have some particular
basis for his or her judgments., The children seemed to focus
on some aspect or aspects in making their choices, but what
it was, or they were, was not always clear. One child made
almost exactly the same perceptual choices on her second as
on her first post-test. For over half the transformations
on both post-tests she based her judgments of more on global
tcompactness' (e.g. she said it was more because it was
"bunched, rounder, squarer"). Another child less often
made the same choices on both post-tests; in 6 of the 26
transformations he chose a dif'ferent portion as greater in
the second post-test. It was not clear what he was basing
his judgments on; sometimes he gave clear explenations
(eegs "cause it looks alotter, 'cause it's longer like two
rooms, the water'll go down 'cause it’s not so much plasticine")
but often his explanations were unclear (e.g. "it looks
strange, the other's all right, 'cause it's like that").

A third child made almost exactly the same perceptual
choices on the two post-tests., She based her judgments of

more on an increase in any one dimension (e.g. she said there
was more in the wider, the taller, the longer, the straighter

etc. because "it's got more beads, plasticine, bricks etc").
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The fourth child less often made the same choices in both
post=tests; about half of his choices were the same. Where
his judgments were diff'erent he chose as more the one
'extended or spread' vertically or horizontally, where his
judgments were the same he had chosen the 'extended or spread!
portion before (e.g. he chose as greater ihe tube where the
beads were higher, the plcsticine sausage, the unbent uncut
strip, the wooden 12x3x1 and 12x2x1 buildines etc.), ione
of' the four children chose exclusively either the original
or the transformed portion,

The post-test results show thet educationally subnormal
children can be eftfectively taught conservation in a general
sengse and conscrvation of area so that it is generalised to
other attributes. This can be done using the quite brief
teaching schemes of this experiment regardless of the
children's initial degree of understanding of conservation,
except in the case of children who fail to recognise
conscrvation of number as well as substance, length, weight,
area and volume, Children who exhibit no understanding of
conservation in any of the 6 attribute situations may learn
irom fuller teaching than that given in this experiment,
(This possibility was studied in a subsequent investigetion,
Investigation Five),

There were no dif'ferences between the T1 and T2 group
children's developed understanding of conservation. Both
groups had been given similar explanations and experiences
of conservation but in a different number of situations)

T4 group children were taught using 6 attribute situations
and T2 group children using 2 area situations., Where
fewer situations were used more intensive teaching was
given; children taught conservation in area situations
only were given more experiences in those particular
situations than were the children given explanations and
experiences in more different attribute situations.

Thirty children developed a durable and generalised
understanding of conservation., When these children were

post-tested after two months as well as aftter one week they
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recornised and ave reasons ror conservation in all 26
post-test situwntions, only 2 of which hod been familiar
to the T2 sroup children :'rom their teaching and only 7

of wvi:ich hnd been familisr to the 71 group children from
their teac:rin:., \The four nonconscrvers of all 6 attributes
renained unchanged over the time). Tha@?%%irty children

who learnec to recognise conscrvation had developed
generalised understanding, and not just a specific learned
response, was evidenced in their responsesin the unfamiliar
gituations. Genuine understanding and extensive generalisa-
tion of conservation was revealed, particulsrly in the
inequality situations. The children did not give the same
resoonses to any aind every situation; they gave clear and
appropriate reasons for every Jjudgment they made,

On the repeat pre~test given to the control group
children when the experimental groups did their second post-
test, all seventeen countrols gave nonconse:vation judgments
still in every situation where they had when originally
pre=tested; the explanations they gave for their judgments
were similar to those they had originally given, No
control group children developed cons¢rvation of any new
attribute during the 2 months between the original and the
repeat pre-tests; there was no spontaneous development
altering any child's recognition or non-recognition of
consurvation of the 7 different ettributes. All seventeen
control group children gave almost exactly the same responses
in the original and repeat pre-test situations; individual
children gave reasons for conscrvation judgments and non-
conservation choices similazr to those they had given before,
In certain situations there were minor variations in some
cnildren's responses. In the houses-on~fields area
situations some nonconservers altered their perceptual
Jjudegments., Three children recognised the continuing equality
of space for the 2 or 2 & 4 but not 12 & 20 houses trans-
formations on the repeat but not on the original pre-test;
they gave no reasons for conservation and merely said "cause

it looks wide the same®, "it looks the same sbout" or
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"cause it looks the same", Three other children who had
oriinally recoynised the equalit;, of space tor 2 or 2 ¢: L4
but not 12 ¢ 20 houses transformations did not recognise
the equalit. on the repeat pre-test. In the plots~-on-fields
area situations, two ronconservers recosnised the continuing
ecaality of orown space when the 2 piece plot was transformed
put not when the . piece plot wes used; in neither situstion
was conservetion of green space recognised nor were any
reasons f'or conscrvetion given, When they recognised the
equelity of space for the 2 plece transformation in the
repeat pre-test where they had not done in the originel
pre~test, the children merely said "the brown looks the same -
the green doesn't" or "cause it looks straight"., In the
wooden blocks interior volume situation two nonconservers
chose a different portionhs greater and in the metal blocks
Piaget-type displacement volume situstion three other
nonconservers altered their choice of greater portion.
while there were these minor changes in some children's
perceptual judements or choices, the children's conservation
and noncons rvation judgments remained the same on the repeat
as on the original pre~tests., There were no changes in
the children's understanding of conservation of the different

attributes during the course of 2 months,
IIT DISCUSSION

The investigation answered several questions and raised
others, The pre~testing revealed a sequence in the development
of conservation of multiple attributes and also the influence
of particular situations or transformationson children's
conservation and nonconservation judgments. Why there should
be such a sequence and such situational differences are
cuestions to be considered later in the discussion., The
teaching and post-testing showed that the varied explanetions
and experiences given, though brief, are effective in
developing consecrvation in a general sense and conservation

of area so that it is generalised to other attributes.

Exactly which aspect of the teaching was the most effective
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was not deternined. Individuel children's degree of

initiel understending was f'ound in some cases to iniluence

the efiectiveness of the brief teaching given. ‘Whether

an unde:'stanuing of conservation can be developed in

educat onally subnormal children wiio trail to recognise
congservation in the number as well as the other attribute
situations of the pre~test remained to be further investigated.
This was done in Investigation Five.

The first question answered in this investigetion wes
that of a sequence in the development of understanding of
conservation. Understanding of conservation in the
substance situations was found to be evidenced before under—-
standing in the weight situations which was found before
undéerstanding in the volume situations, as had been found
in the writer's prior investigations with educationa'ly
subnormal children., Using the criterion of recognition
or nonrecognition in all the situations for any one attribute,
it can be said that twenty children in this investigation
(1ike seven in Invcstigation i'wo and two in Investigation
Three) recognised and gave reasons for conservation of
substance but not weight and volume; and thirty-one
children in this investigation (like eleven in Investigation
Two and ten in Investigation Three) recognised and gave
reasons for conservation of substance and weight but not
volume. It can also be sald, using the above criterion
which excludes children who evidence conservation in some
but not other situations for an attribute, that no child
in this investigation or in Investigation Three and only
one child in Investigation Two was an exception and recog-
nised conservation of an attribute later in the sequence
substance-weight-volume but not conservation of a prior
attribute. (See the table at the end of the chapter
appendix for the numbers when different criteria are used).
The sequence conservation of substance-~before-weight-before-
volume was clear; ithe results in pre-testing these educationally
subnormal children are in line with Piasget's general
findings on the sequential development of these conservation

concepts,
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A further sequence in the development of understanding
oi' cons rvation, couscvrvaztion of number-before-substance and
leiyth-before-wel; hi-before~volume and area, was revealed in this
investigetion, where children were pre-tested iu more than
the 3 attribute situations of the prior investigations,
This more extensive sequence needs further study. Under
the conditiors of the pre~testing in the present investigation,
equality in the distance situation was the earliest recognised,
conservation of number next, then conservation of substance
verhaps slightly before that of length, conservation of
weigsht after that, and then conservation of volume slishtly
bef'ore conservation of area. The dctails of this sequence
were less clear and material and transformational differencss
(to be discussed later) complicated the picture, but the
basic order, which was cuite clear, differed from that found
by Piaget. Piaget has found conservation of distance,
substance, len;:th, area, and interior volume to arise at
about the same time as each other and after conservation of
number but before conservation of weight, He has found
conscrvation of displacement volume to arise later than
congervation of all these other attributes, Not all other
investigators have {'ound couservation to arise in the order
discovered oy Piaret. Goldschmid (1967), for example,
reported a very different sequence: conservation of substance
(plasticine)-numb:r (bunched and spread and beads in beakers) -
continuous quantity (substance liquid in beakers) - two
dimensional space (area flat shapes) ~ discontinuous
cuantity (substance corn grains in beakers) - weight
(plasticine) - area (fields and barns) - length (sticks
staggered and in lMueller Lyer arrowheads) - three dimensional
space (volume blocks building) - distance (movement along
tracks and screens befween objects). The seguence found
in the present investigation differed from Goldschmid's
as well as from Piaget's., While all three invedigators
revealed the sequence substance-before-weight-before-volume
they diff'ered on the orde - in which conservation of the

other attributes was recognised.
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vwhat is important to recognise in relation to the
diff'erent findings is that the exact prescntation of the
problems, as well ns the problems themselves, and the
criteria used in clasgifying answers as conservation or
nonconscrvation influence the sequence found. In the
case of distance, for example, pointing the distance,
clarifying the cuestion, in presenting the distance
problem probably facilitated its solution in the present
investigation. The particuler problems used by Goldschmid
(1967), which included movement along 2 different tracks
and not only Piaget's distance probiem putting screens
between two objects, probably gave rise to the much later
recognition of distance conservation that he found. The
importance of situational difflerences in influencing the
sequence found can be afiirmed without going into the
detailed conditions r'or the number, length, area as well
as distance problems and the criteria for conservation/
nonconscrvation used in the different investigations,

Why there sho 14 be the distance-number-substance &
length-weight~-volume & area attribute sequence found in
the present investigation of the children's understending
oi' conservation is not a simple guestion., The particular
attribute considered, the language (the wording of the
question) as well as the physical situation (material and
transformation) together determine the dirficulty of the
conservation problem for the children.

In general, the complexity and familarity of the
subject matter of the conservation problems may be said to
explain the differences in difficulty. The fact that
conservation of one attribute is recognised before conser-
vation of another does not necessarily mean that conservation
of the former is integral to conservation of the latter;
it may just be a simpler problem. The sequence found is not
entirely logically interrelated, for example, conservation
of number is not necessary to conservation of length (in

fact the two can be in opposition in the same situation)
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nor is conservation of len;th or number necessary to conser—-
vation of weight etc. Indeed it might be argued that
conservetion of one ctiribute need not precede conservation

of another, rather certain gituations and cuestions may

be more di.Ticult than others; it misht even be possible

to so change the situations and questions that the sequence
of atiributes would be altereds The sequence, in port,
may be simply one of problems diffeering in complexity,
Familiarity as well as complexity is an important consider—
ation in explaining the general order of difiiculty; the
iniluence of experience, and probably of schooling, is
important. These children would be taurht to count before
they would be taught to measure length, before they would
be taught to use a balance in weighing, before (if at all)
they would be taught any arithmetic calculation of volume
or area. Such teaching in addition to everyday experiences
may influence the children's responses in the counscrvation
situations,

It is difiicult to determine in detail why the children
recognised invariance in relation to number before substance
and lengsth before weight before volume and area. (As
discussed elsewhere, distance does not fit into this .
conservation sequence), Considering first volume and area,
apparently the most difficult for the children, it might be
argued that the questions of room and space involve consider-
ation of multiple dimensions and likewise call upon inf'ormation
from more than a single sense. In addition the words room
and space are to a degree ambiguous and volume and area in
reality are less easily demonstrated as well as less simply
experienced than are the other attributes. Volume and area
are less easily measured than the other attributes; there
is no simple concrete criterion for sameness of volume or
area, Moreover, a question of sameness in relation to
room and space may rightly include consideration of shape;
shape, in practice, may affect the room and space available.

The children found the area houses situation the most
difiicult of all, perhaps because of the complexity of the
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transformations, the multiple movements of multiple pieces,
#nd perhaps because the word space may imply emptiness.

It was coufirumed th-t the object the children were consider-
ing (e.g. cow) was not be.ng imagined as larger tian the
space betwen the houses after these were scattered throuchout
the field, in which case the space free for it would, in
fact, have been less than before because parts of the space
would be physically inaccessible to the cow.

Volume concervation may be ezsier than area conservation
because three-dimensional considerations mey be more familier
to the childrenthan two-dimensional considerations; volume
corresponds with the physical structure of everyday objects
while area is more of an abstraction from objects and actions,
Children may have more experience filling and fitting in
containers than covering surfaces; and though the mathematical
calculation of area is simpler than that of volume, area as
an attribute may be more abstract than volume,

Conservation in the weight situations was more easily
recognised than conscrvation in the volume or area situations.
This may be because the attribute of weight is more directly
experienced in everyday life, is less abstract a consideration
than volume or area, and is more simply measured. The
weicht conservation questian is unambiguous and weight is
more easily abstracted from shape than room or space are.

Conservation in the length situations was recognised
more easily than conservation in the weight, volume and area
situations perhaps because length varies along a single
dimension, is directly visually experienced, is more simply
measured than weight, volume or area, and questions concerning
its conservation are neither ambiguous nor abstract,

Substance conservation, i.e. conservation of ‘amount!
not mass in the physicist's sense, was recognised early.

This may be because simply the global identity of the shares
need be considered; the concrete objects themselves, as
wholes, rather than abstract qualities or aspects of the
objects are in question. The question of 'amount! or 'fair
shares' is unambiguous, directly experienced and a familiar

consideration f'or the cnildren.
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Recornition of conservation in the number situntions
preceded thnt in the substance, lensth, weight, volume and
area situations perhaps because equalit - of discontinuous
anount is most easily verified. Counting provides a
sinple and much practiced external critcrion,

Tnus, varioas Ifoctors can be seen to interact to
influence the sequence or order of difiiculty found within
trhe range of conscervation taslks presented in this investigation,
The difierent degrees of difficulty of the conscrvation
problens, as evidenced in the children's gradually developing
recognition of conservation, may be a result of the inter-
action of many factors wi:ich include the following: the
complexity of the language and of the transformations, the
familiarity of the situations and of the attributes under
consideration, the relative abstractness/concreteness of
tne problem etc. No one factor is likely to be the all
important determinant and it would be difficuwlt to decide
the relative influence of, r'or example, language and the
physicel situation or complexity and familiarity.

The influence of particular situations or transformations
was the second question studied in this investigation,
Situational difierences were found to be important in area,
distance, length, volume, number and substance problems.

The findings on coanservation in area situations
difiered ifrom Piaget's, There was no evidence either of
the interior before complementary area conservation order
or of the houses before plots on fields conservation order
that Piaget found, In the present investigation it was found
that in the plots on fields area situations perceptual
judgments of equality were often made without an understanding
of conservation, but it was not found that conservation of
interior area was understood before conservation of
conplementary area, In other words, situational differences
were found to give rise to perceptual recognition of
equality in some interior area situations with no recognition

of conservetion of either interior or complementary area but

were not found to give rise to recognition of conservation
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of' interior before complementery area, as would have been
expected, Piaget had found children who recosnised and

anve ressons t'or conservation of interior but not comple-

mentary area as well as children who recognised ecuality

of interior =.ea but gave no reasons {or conservation and

did not recognise equality or conscrvation of complementary
area. The present investigation did not find any chrildren
et the former level but only at the latter; no separation

oi" understending of conscrvastion of interior area from
unde:'standing of complementary area was evidenced. (The
dif'ferent findings may be the result of differences in the
criteria for couservation as well as in the actual situations
presented).

The recognition of equality of area for slisht trans-
formations only, could be explained by the particulars of
the situation; perceptual judgment only was involved. The
possibility of perceptual judgment of equality in certain
area situations nmay explain the results in this investigeation
without necessitating a theory about understanding
conservation of interior as opposed to complementary area,

The findings in the present investigetion differed from
Piaget*s in another way. In the houses on fields area
situation children found it hardcr (not easier as Piaget
had found) to recognise conse vation than in the plots on
fields area situations, Quite a few children recognised
and gave reasons for conservation in every pre-test
situation except the houses on fields area situation. Piaget
has not found this to be the case, and in explanation of
the fact that he found couservation of area in the houses
on fields situation to be easier then conservation of
complementary area in the plots on fields situation, he
wrote that in the houses situation "there was only one
problem of conservation since the child was told right from
the start that one of the areas was invariant and the other
was complementary to it" whereas the plots situation is
harder "for two reasons: it involves two separate problems

of conservation, each dealing with separate areas, and the

185,



ciiild must 1ind out for hiwmseld that these complement one
another"  (Piaget, Inhelder, & Szeminska (1960) p.290).,
Piacet's explanation does not seem the necessary one; it

is not evident that the children must consider the
complementary relation before they can conscrve field area

in the plots on the fields situation, HMoreover, Piaget's
order of difficulty wes not f'ound in the present investigation;
both Goldsc mid (1967) ~nd the present writer have found the
reverse order.,

In the ccse of distance, when the conservation problem
was presented in suc a way that the children clearly
understood the distance in question, i.e. when the experimenter
speciiically named and pocinted the distance between the
objects, all the children recognised the continuing equality.
Perceptual judgments may be all that we:e necessary, for
example, one child, a nonconserver in all the other attribute
situations, explained "I see 'em there and there"., While
some children explained their Jjudgcments as Piaget's conservers
did (Piazet, Inhelder ¢: Szeminska (1960)) by mentioning the
fact that "they haven't moved", no explanations given in the
distance situations included the type of idemtity, reversibility
and compensetion reasons for conservation appropriate in all
the other attribute situations. The distance situation is
basically different from the other attribute situations and
the reasons required are different; thus, distance fits
less clearly into a sequence with the other attributes.

When Piaget found nonconservers of distance, he found
that "the vast majority tiink the interval is less", "nearly
all believe that the distance s...... is reduced by an amount
equal to the width of the screen". (Piaget, Inhelder &
Szeminska (1960) pp. 72 & 78). tThis finding suggests that
it mey be the pointing of the distance through the divider
in the present investigation which helps the children most.
However, the naming and pointing which counters faulty
consideration of the distance between object and divider, as
well as the pointing of the distance through the divider

winich counters faulty consideration of a detour over or
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around 1t in adcition to enphasisin: the i.aclusion of the
width of ile screen, may ve important. Children's comments
such ag "It's the same far - It's just half to that" (divider)
indicate the importance of their understanding the distance
in cuestion is object to object not to divide:. Likewise,
Piaget did find a f'ew children w0 velieved the distance
beceome rrcoter, and the »resent writer, in questioning
childre.. not included in this i.vestiration, has found that
when denonstration of the distance :roins: throush the
divider is omitted children sometimes say "It's arer roing
over' or "it's farther 'cause that (divider) stops ou'.
vhus, the particuler presentation oif' the distance problem
may s rve to clariflyy several -oints for the child,

Returning to the present investigation, no children
were Tound wiio conside -ecd "only a part of the whole with
wnich they began" as Piaget had found "stage I" children
Lo do. Piaret sussected "that the introduction of the
sereen puts an end to any distance relation between" the
objects for the "stase I" children; "the two intervals
senarated by the screen cannot be brought torether in a
single whole" by these noncouserve s (Piaret, Inhelder &
Szeminska (19¢0) p.72). No such children weepe found
in this investigation. No "staze ITA"™ noncouservers
were found either; such children Pia:et had found to deny
the coatinuing equality of distance when a screen was
introduced thourh, unlike the "stage I" children, they
considered the "overall distance . . . whatever the
intervening objects", Strictly distance conservation
problems and not distance symmetry problems were presented
in the present investigation and so there could be no
identification of Piaret's "stage II B" children as opposed
to the "stagze III" conservers.

All the children studied in the present investigation
recognised the equality in all the distance situatiorms presented.
Piaget theorised that children who recognised and gave reasons
for the continuing equality in the distance situations have

a concept of inveriant linear distances wiich "implies the
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recognition of’ space ag a countainer, no longer as split into
coutents or filied space, and absence ot couteut, or empty
space’, "Distances" Plaget wrote "are symmetrical iatervals
wi:ich are extracted from groupings of asymmetrical relations
of order of position and change of position (change of order
or scrial position). This step becomes possiblc when these
operational groupings have been accomplished at a gualitative
level™ (Piaget, Inhelder, & Szeminsxka (1960) p.85). 1In
the present iuvestigation there was no evidence that such
understanding was involved viien children recognised the
continuing equality. That all the chiildren recognised the
eguality in this investigation misnt be explained simply

by the fact that they cousidered, correctly, the distance

in guestion perhaps maidin: poreceptual judzments only.

In the case of length, situetional difierences again
were important. Children recognised equality of length
more easily in some situations than in others; the order
of increasing difiiculty was: staggered sticks beflore
liueller Lyer sticks before paper strips equality. The
difficulty in any particular situstion was not due to mis-
understanding of lhe question; pointing the length undcr
consideration, e.g. up and down the papcr strips, ensured
thot the children understood the length in question and
that it wes not always a straight path between the extremities,

Perceptual Jjudgments of equality were possible in the
stagzered sticks and even in the Mueller Lyer sticks
transformations, for example, some ci:ildren said "they don't
lovk a different length" and some insisted "they look the
seame" and not just that they knew they were the same length,
The Mueller Lyer transformation did not entirely elminate
the possibility of correct judgments for purely perceptual
reasons. This may have been because wooden sticks were
used in the black cardboard arrowheads thereby diminishing
the efi'ectiveness of the illusion.

The Mueller Lyer illustion was used in the present
investigation in order to study the influence of starting
and stopping points on children's judgments in the length
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situationg, ag well as in au atienpt to counter purely
percepitucl judrments ol equalityr. In the iueller Lyer
tranclornotion tie ecxtre.:ities of the sticks colncided
after as well as belore the transiormation, whereas in
the staggcred sticics transiornmstion the extremities did
not coincide aftorwards. Whether noncons: vers based
tneir judgients on starting and stopoing points and/or on
the :eneral poerceptual efiect wos not entirely clear, but
since cnildren were found who iwrere nonconservers in the
livelier Lye:i sticas as well as stag ered sticks transior-
mation, more then just starting and ctopwping points were
sniown to iniluence nonconservation Jjudgments,

Ia the prescnt iuvestigation, no sharp distinction
was made betwern situstions that tap pre~operational ways
of thinking (e.gs tie cons.rvation situations) and those
that tap 2 perceptual illusion (e.gs. the lueller Lyer
situations), thoush it has been suggested that Piaget might
regard the processes involved ac difif'erent irn kind and in
the course of developuent (see Elkind & r¥lavell (1969)
PDe 4hb=447). No such absolute distinction between
perception and thought was considered appropriate and
Piapget himself (Piaget, Inhelder .: Szeminska (1960)) has
introduced perceptual illusions. in studying conscrvation
of length (e.g. sticks Maranged ina T™ . « « " &
familizr perceptual illusion"),

In the main, the findings in the length situations of
the present iunvestigation supported Piaget's. Length
conservation was seen to arise after number conssrvation,
and at approximately the same time as substance conservation,
and before weight and volume conservation; the place of
length in the attribute sequence was as Piaget had found.
Likewise, the length conservation problem was found to be
"more complicated when it concerns the overall length of
a series which may be cut and subdivided in a variety of
ways" (Piaget, Inhelder, & Szeminska (1960) p.115); as

Piaget had noted, situational differences were important

and oonservation was harder to recognise in the paper strips
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lensth situation, liore than "end points", or starting
and stopping points, were found to iniluence nonconscrvation
Judgments; it a.eared, as Pla:et had iound in relation to
the strips of paper length problems, that "a variety of
factors tend to bring about noncouservation of' length"
(Piazet, Inhelder, & Szeminska (1960) p.106).  Lastly,
altiioush the present investigation did not reveal all the
"intermediate responses" or "transitory steps"™ in the
development of length couservation that Piaget had found
(Piaget, Inhelder . Szeminsxa (1960) pp,100~101), a
furtrer cetailed investigation of length conservation by
itself might well disclose levels of understanding in ES.,
children similar to those that Pia;et descrived.

In the case of volume, which had been studied in
Investigations 'wo and Three, situational diff'erences were
again shown to be important, Conservation of volume
appeared to be more easily recognised in some situations
then in others but there was no evidence of e necessary
interior-before~displacement volume counscrvation sequence
such 2s Pilaget had described; the findings in the present
investigation supported those in the writer's prior
investigations which showed that conscrvetion is not
necessarily recognised f'or interior before displacement
volume. Difi'erent displacement volume situations gave
rise to dirfferences in recognition of conservation. The
dift'erence in difriculty between the two displacement
volume situations may be a result of the fact that in one
situation the objects are in water and the question of
displacement emphasised whereas in the other situation
transformations are actually carried out, comparison
objects are present, and the question of conservation
emphasised.

More than purely perceptual judgments were made when
the continuing equality was recognised in some but not
other volume situations; reasons for conservation were given
though conservation was not recognised in all the volume

situvations,.
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The same was true in the case of number and in the
case of substance; situational differeances were important
and some children recosnised and gave reasons for conservation
in one but not both mrterinl situations for each of these two
attributes. o further transformational diff'erences were
Tound for numb:r or substance conservation, for example,
bunching or spreading the flowers near or far from the
jars did not pive rise to differences in the children's
Judsments thoush Piaget (1952) had discovered such differences.

No situational differences were found in the case of
weisht, This was perhaps because the transformations of
the diffe;ent miterials were more similar for the weight
conservation situations than for any of tne other attribute
situations.

Thus, althourh the findings of the present investigation
in some attiribute situ~tions were very similar to Piaget's
those in other attribute situations were less so. Situational
dirferences were found to be of great importance, In ares,
distance, and length situations children were found who made
perceptual Jjudgments of equality ifor certain transformations
and in area, volume, number and substance situations children
were found who recognised and geve reasons for conscrvation
in some but not other material situations. Differences in
the extent of the transformations gave rise to dirferences
in perceptual recognition of equality and difierences in
the materiel situations gave rise to differences in conceptual
recognition of conservation, Such situational dif'f'erences
may explain the diff'erences found in children's judgments
in area and volume situations without introducing distine-
tions vetween understanding of interior and complementary
area or interior and displacement volume. However,
situational differences are not the whole explanation of
the diff'erences in the children's judgments and differences
in judgments within ihe different attribute situations can
not be explained in exactly the same way; purely perceptual
Judgments of equality were sometimes made in area situations

but not in volume situations so there is no exact parallel

191.



between interior/complementary area and interior/displacement
volume i'indin;s althouch both cen be explained in terms of
situntional «ifi'erences and in ooth cases coi.servation was
sonetimes recosnised for some but not other materials,

Finally, it was again clear irom testing the same

nildren in dizterent cituations that understanding of
conscrvation did not develop in an all-or-none manner,
Conservation was sometimes recognised for one but not another
attribute or for one vut not another mnterial or for one but
ot another iransformation,

The third question answered in the present investigation
was whether conservation in a ~eneral sense and consexvation
o1 area can be taught to educationally subnormal children,
Both were found to be possible; a generalised understanding
of conservation was developed ecually efiectively using the
two dif'f'erent teaching schemes. The brief but varied
explanations and experiences given in the teaching schemes
were efrective in developing understanding of conservation
in thirty of the thirty-four children given instruction.

No single aspect of ilhe teac:ing was isolated as being
the most important or escential, but certain aspects were
observed to be partigularly helpful or convincing for the
children. The use of an external criterion in demonstrating .
conservation was one such efiective method. An external
measure was introduced where simple and appropriate to
provide clear evidence for conservation. Counting in the
number situation countered purely percentual misjudgments,
marking off equality of lengths while the sticks were in
transformation provided a simple measure of conservation,
counting rectangles on a grid covering areas of different
shapes and marking off levels of displacement likewise
provided relatively simple criteria which did not require
mathemrtical multiplication. The efiective use of a measure,
or external criterion, in the teaching did not require
children's prior understanding of conservation in the
attribute situation nor of units of measurement or unit

iteration; all that was required was comparison with a standard
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or identical actions to reveal the equality. Such use of
an external criterion, a very simple form of neasurenent,
was apuropriate for teaching nonconscervers, It provided
evideuce ror cougorvation ot a perceptual level and it
clarified tne distinction betwee  appezrance and reality
for the cunzldren, Hdueationally subnormal children who
reconiscd councervetion 'nnturally', often, to prove
their conscrvation judgmencs, counted sponianeously or
susgested using a ruler or scale and, thoush they did not
sussest using a grid  or messuring displacement, they
easily recogniscd their import (e.ge saw the relation
to the rise of the wzter in a swimning bath when children
cet in etc.). “hese chiilld:en i'oundé an external criterion
viry helpful in the couservation situations and so, it
was found, did the nonconservers winen given instruction,
The effective use of an external criterion in develop-
ing understanding of conscrvation does not run counter to

Pia-et's cmphasis throughout The Child's Conception of

Geometry on the fact that conservation is prerequisite

for measurement (e.c. Piaret, Inhelder & Szeminska (1960)

pp. 64=6C, 85, 90, 122-3, 128, 296-301, 384~5, 397). By
MGasurement, Piaget states, "we mean unit iteration"
(Ibid.p.397); no such unit interation was required in using
an external criterion in the present investigation.

Whether "consecrvation antecedes measurement or is the

outcome of measurement® (Ibid. p.68) is not a problem in

the present investigation. The use of an external critcrion
was found, in this investigation as in Investigations One,
Two and Three, to help develop recognition of conservation

as part of a whole case for conservation presented to the
children; understanding of conservation may have been partly
developed before any measure was introduced. Likewise,

it may be that any conservation invelved in the measuring was
simpler and understood before the consc:vation problems
which involved perceptual contradiction; conservation does
not develop in an all or none manner so sufficient understanding

for a simple form of measuring msy have developed before
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cons-rvation in the particular situation was recognised,
‘“hus the use of an exterual criterion to cevelop conscrvation
18 lorically appropriate as well as efiective in practice,

One other perticularly efrective aspect of {the teaciing
appeared to ve the explanation that nothing hsd been added
or ta.Len away. This 'quantitative' identity type reason
was the one most frecuently used by the children tausht in
the present iuvestigation; trey found it both convincing
and easy to apnly in new situetions, But it was not the
reason most frequently used by chiléren taught in the prior
investigations; in Investirations One, Two and Three the
'quelitative' form of ideuntity reason, identity of material,
was most often mentioned to justify couservation judgments.

What seemed clear in the present iavestigation, as in the
prior investigations, was that there was no single efiective
and essential ingredient of {the teaching schemes; what
appeared to be most important to the eff'ectiveness of both
teaching schemes was the variety of explanations and methods.
Different children have diiferent needs and all will develop
a fuller understanding through being given varied rather
ihan restricted explanations and exporiences, The purpose
of the teaching schemes was to develop a generalised under-
standing of conservation in a range of situations and not
to define minimal elements in the development of conservation;
the aim was to help the children to attend to the relevant
factors, the cues for constancy, in different conservation
situstions and to resist being perceptually misled.

The varied explanations and experiences given in both
teaching schemes developed recognition of a general principle
of conservation, recognition of the reelity underlying
appearences, in increasingly diff'icult situations. The
understanding of conservation developed was both generalised
and durable, The children recognised and gave clear reasons
for conservation in situations where they had not before, in
new material situations, and in inequality situations, and

this understanding of conservation was lasting, as evidenced
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when the children were tested two months after the teaching,
1he explanations given on the post-tests by the 'taughtt
conservers were as full as, or fuller than, those iven
on the pre~test oy the 'natural'! coaservers. ‘'he only
difierence was in the frecuency of identity and reversibility
rezsons; 'taught' conservers gave identity more than
reversibility reasons, 'natural' couservers did the reverse.
ro atiempt was made to test the children's resistance to
countersugzestion; all of the 'taught' conservers gave
clear reasons ior vheir judgments and Smedslund (1966)
has Tound 97 - 10Us of children who give reasons for
counservation resist countersurgestion. It seemed quite
unnecessary, as well as unfair, i'or the experimenter to
attenpt to 'extinguish' conservation responses in these
educationally subnormal children,

Whether the teaching helped these children to apply
a prior partial understanding of conscrvation to new
situastions or developed a new understanding is not a
question asxed in this investigation; in terms of their
behaviour, the children can be said to have learned to
recognise and give reasons for conservation where they did
not do so before. That the understanding of conservation
developed by che teaching may be the result of activation
of an existing structure rather than creation of a new
structure does not lessen its practical importance,
loreover, as long as conservation of an attribute is not
regarded as a discrete concept, i.e. as long as the
continuity of development of understanding is recognised,
the problem whether an existing structure is activated by
the teaching rather than a new one created need not arise,
What can be said is that children in the present experiment
were helped to generate an appreciation of invariance for
a range of attribute situations, and that both the T1 and T2
teaching schemes were equally efiective in developing such
understanding, and that this understanding did not develop
spontaneously in the control group children over the two

month period.
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The last cuection studied in the present investigation
was that of the influence of degree of initial understanding
of congurvetion, Children who exhibited no initial
understanding of conscrvation, i.e. who failed even 1o
recornise conscrvation in the number situations of {the pre-
test, did not learn from the teaching given; but children
wiio had different degrrees of initisl underctanding of
cons-rvation veyond conservation of number learned and
learned equally well, As long as children recognised
conservation of number, no iurther degree of initial
understainding of conservation anpeared to aftect their
recgponse to the teaching,

Conservation of number thus appeared to be necessary
before cnildren could learn from the brief teaching schemes
used in this expeiiment, but this needs further investization,
It micht be more accurate to say that children need to have
reached a level of understanding indicated LY recognition
of conscrvation in the number situations of the pre-test in
order to bpenefit from the teaching given. It may not be
conservation of number that is essential but rather the
understandings prerequisite for this. The teaching
siven to both the T1 and T2 groups built upon prior under-
standing and assumed certain basic awarenesses and abilities,
For example, it necessitated, among other things, an awareness
of the eft'ect of addition or subtraction of material. Ho
attenpt was made to develop such preliminary awareness
although understanding of the argument that because nothing
had been added or taken away the quantity must be the same
depended upon this awareness.

The nonconservers of number studied in the present
experiment were able to make aupropriate comparisons,
discriminate . similarities and diftferences, correctly count
out Objects, and understand the terms of the conservation
problems but tney did not appreciate the significance of the
argument that since nothing had been added or taken away
the quantity must be the same., ‘hether they falled to

understand the effect of addition/subtraction and its relation
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to samenes: or wvhether they falled to understand the
ifeeeeassesthen rrcasoning in the argument f'or conscrvation
or wnether it was the combinotion that was too difficult

for them was not clear, In any case, probably more than
just failure to understand the efiect of addition/subtraction
in relation to sameness and/or failure to understand the
logic of the argument led to their tailuwre to learn from the
teacning schemes; they had also been given other explznaotions
and expceriences w..ich had not ceveloped uncerstanding of
conservation,

These total nonconservers did not develop understanding
0i' counscrvation when the brief teaciing schemes of this
experiment were used, but such chiildren might have learned
1ron diizverent fuller teaching, Even nonconservers of
number might have learned if the teaching had been more lilke
that given in Investigations One and “wo where the teaching
concentrated in much greater detail on conservetion of one
attribute, weisnt or volume,

When in Investiigation Three the teaching wis system—
atically reduced, children with less initial understanding
of conscivation were found to learn less well and sometimes
not to develop undevstanding of conservation at all, In
other words, in Investigation Three as in the present
investigation, the efifectiveness of the teaching appeared
to be influenced by an interaction between degree of initial
understanding and fullness of the teaching schene, No
close comparison, however, betwcen the results of the two
experiments is possible beccuse conservation in the number
situations was not tested in the prior exp:riment,

In the present investigation it was not clear exactly
why the f'our total nonconservers failed to develop
conscrvation, The brief teaching schemes were effective in
developing understanding of conservation in all but these
four children. Further investigation might reveal why
nonconservers of numbecr did not develop understanding of
conservation from the teaching given and whether using

different teaching schemes such understanding can be developed
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in educationally subnormal children at this level of
understaiding, Detailed exploration of total nonconscrvers!
unierstanding and éifticulties in uncerstanding micht
reveal more clearly wnot their level of understauding actually
is, i.e. what they do as well as do not undierstand, and on
the basis of tlelr responses more appropriate teaching
mizht be given. In Investipation rFive, concentration on
understanding in simple number situations was found to
fielp three out o:i° the four tolal nonconservers to develop
understanding ol conservation.

Finally considering the investigation as a whole, it
can be said to have answered the broad guestions of sequence
in the natural development of conscrvation and influence of
situational difierences on recognition of conservation, as
well as questions on the possibility of ceveloping conser—
vation in a general sense and conscrvation of zrea so that
it is generalised. Further detailed investigstion of
children's unde 'standing of conscrvation in number and perhaps
one or two other attribute situations might answer questions
not fully answered in this investigation. The role of
initial understanding needed to ve further clarified;
whether educationally subnormal children who 4o not recognise
conscrvation even in number situations can be successfully
tauzht conscrvation remained to be answered and was

answered in Investigation Five.
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IV AZPElDIX

Pre-testing Procedure for Invectication Four,

1a.

lb.

1c.

2a.,

Lock at these two glasces with beads in them (two
identical 10uml beakers each containing six beads of
2cm diameter)

Is there the same number of beads in each glass?

If you have this glass and I have that glass (pointing)
have we as many beads as each other?

(After rccognition of equality or making equal)

If I do this to mine (pour onec beaker of beads into
ta . ler, thinner containcr)

I

Do we still have as many beads as each other?

there still the same number of beads?

6]

Why do you think so?

(Repeat procedure using two sets of twelve similar beads
but substituting wide for tall thin container)

Look at these jars each with a flower in it (ten identical
jars with ten identical plastic flowers)

Is there the same number of flowers as jars?

Are there as many flowers as Jjars?

(After recognition of equality or making equal)

If I do this (remove flowers from jars and put them in
a bunch near the jars)

Is there still the same number of flowers as jars?

Are there still as many flowers as jars?

Wny do you think so?

(Put flowers back into jars and repeat questions
removing; flowers and spreading them out far from the jars)
Look at these jars and flowers (ten identical jars,
eirht containing one flower each, two empty)

Is there the same number of flowers as Jjars?

Are there as many flowers as Jjars?

Here are two glasses of orange (two identical 100ml
beakers & full of orange squash)

If you have this glass and I have that glass (pointing)

have we equal amounts to drini, fair shares?
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2b.

2¢C,

3a.

Is there the same amount of oran e in each glass?
(After recognition of equality or making equal)

If I do this to mine (pour one drink into low

contaiuer)

Do we still have equal amo.nts to drinit, fair shares?

Is there still the same amount of orange? |

VWhy do you thinik so?

(Repour drinks into origsinal beakers and repeat
questions pouring one drini into four 25ml beakers)

Here are two balls of plasticine (two identical

balls approximetely /4cm in diameter)

If you have this ball and I have that ball (pointing)
have we equal amo.nts of plasticine, fair shares?

Is there the same amount of plasticine in each ball?
(After recognition of equality or making equal)

If I do this to mine (roll one ball into sausage
approximately 9cm long)

Do we still have ecgual amounts of plasticine, fair
shares?

Is there still the same amount of plasticine?

Why do you think so?

(Remake two balls and repeat questions cutting one
plasticine ball into seven pieces)

Here are two glasses of orange (one 100ml beaker % full,
other 100ml beaker £ full)

Do we have equal amounts to drink, fair shares?

Is there the same amount of orange in each glass?
Look at these two sticks (two identical 10cm sticks
laid parallel with ends coinciding, approximately Z2.5cm
apart)

Are the sticks the same length as each other?

Is it as long from here to here (pointing) as from
here to here (pointing)?

{After recognition of equality or making equal)

If I do this (move both sticks so that top stick is 7cm
farther to the right but sticks are still parallel)

Are the sticks still the same length as each other?
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3ba

Is it still as long from here to here (pointing) as
from here to nere (pointing)?
Jhy do you tniniz so?
(Substitute two identical 20cm sticizs and repeat
cuestions movirn: the sticlkes into liueller Lyer arrowheads)
Look at these strips of paper (two identical 30cm x 1cm
wiite paper strips)
Are the strips the same lensth as each other?
Is it as long from here to here (pointinz) as from here
to here (pointing)?
(after recosmbion of equelity or making equal)
If I do this (cut one strip in helf and form into
90° angle)
Are the strips here to here and nere to here (tracing
over both 30cm lengths) still the same length as each
other?
Is it still as long frow here to here (pointing) as
trom here to here (pointing)?
Why do vou think so0?
(Return to oririnal situation with two fresh uncut
strips and repeat questions cutting one strip into
four uncqual pieces and forming them into a zig-zag)
Look at these two sticks (two unequal sticks, one 20cm,
the other 10cm, laid parallel approximately 1" apart)
Are the sticks the same length as each other?
Is it as long from here to here (pointing) as from
here to here (pointing)?
Here are two tees (two identical plastic trees
approximately 5cm high placed 50cm apart)
Are the trees near together or far apart?
Is it near or far going from here to here (pointing)?
(After recoznition of nearness or farness)
If I do this (put 7.5cm high cardboard screen with
window half way between the two trees)
Are the trees still as far apart (or near together)
(pointing)?
Is it still as far (or near) going from here to here
(pointing)?
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Why do you thinic so?
(Remove screen and repeat questions putting 7.5cm hich,

Z.5cn thicic wooden screen half way between the two trees)

-t

4Lb. Here are itwo trees (two identical plastic trees
approximately Scm hizh placed Scm apart)
Are the trees near togethcr or far apart?
Is it near or far going from here to here (pointing)?
If I do this (move trees further apart or nearer together)
Are the trees still as near together (or far gart)?
Is it still as near (or far) going from here to here
(pointing)?

S5a. Look at these two green fields with houses on them
(two identical sheets of green perspex approximately
20cm x 30cm each with two identicel houses approximately
2 x 1 x 2cm, similarly positioned)
Is there as much space for grass here as here (pointing
to two fields)?
Is there the same amount of green space here as here
(pointing as above)?
(After recozition of equality or making equal)
If I do this (move one pair of houses farther apart)
Is there stil. as much space for grass here as here?
Is there still the same amount of green space?
Why do you think so?
(Repeat procedure using four then twelve then twenty
houses in each field)

5b. Look at these two green fields with potato plots in them
two icentical sheets of green perspex approximately
20cm x 30cm, each with a 12cm square of brown cardboard
on it, one piece pre-cut into 2 rectangles)
Is there as much space for potatoes here as here, the
same amount of brown space (pointing to two plots)?
Is there as much space for grass here as here, the same
amount of green space (pointing to two fields)?
(After recognition of equality or making equal)
If I do this (re-arrange cut square to form elongated

rectangle)
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Is there still as much space f'or potatoes nere as here,
the sawme enount of brown space ?
Is there still as much space for grass here as here,
the canme amount of green space?
Viny do you thinic so?
(Repeat procedure substituting lZem square pre-cut iiuto
L rectensles and then re-arranged to form ::J;;ilshape)
(l.epeat gbove procedure but substititing one creen
serspex field pre-cut into 3 rectangles to be transformed
in the following ways: —r-1—and Eg%il and substituting
two ideitical end uncut 9cm square pieces of bLrown
cardboard)

5c. Look at these two green fields with houses on them (two
identical sheets of sreen pcrspex approximately 20cm x
30cm each but with two houses on one and twenty houses
on the other)
Is there as much space for grass here as here (pointing
to two fields)?
Is there the same amount of green space here as here
(pointing as above)?

fa. ould you hold these two balls of plasticine (two

. identicel bells approximately 4cm in diameter)

Do they weigh the same as each other?
Are they equal in weipht?
(After recognition of equality or making equal)
If I do this to this one (flatten one ball into pancake
approximately 6.5cm in diameter)
Does it still weigh the same?
Are they still equal in weight?
Why do you think so?
(Remake two balls and repeat questions cutting one
slasticine ball into ten pieces)

6b. Would you hold these two pieces of cotton-wool (two
identical pieces)
Do they weish the same as each other?
Are they equal in weight?
(After recognition of equality or making equal)
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Ta.

7be

If I do this (roll out one piece)

Does it still weigh the same?

Are the pieces still ecual in wei ht?

VWhy do you think so?

(Reform two identical pieces and repeat questions
compressing one piece)

Would you hold t{hese two balls of plasticine (one

two times as large and heavy as the other)

Do tney weizh the same as each other?

Are they equal in weight?

Look at these two buildings (two 6 x 3 x 2 lecm
wooden-unit-cube buildings)

Have they the same room in them as each other?

If you lived in t!.is one and I lived in that one, would
we have equally much room inside our building to live in%?
(After recognition of equality or meiing equal)

If I do this to mine (msie 12 x 3 x 1 building ot of
one 6 x 3 x 2 building)

Does my building still have the same room in it?

Do our buildings still have egually much room inside
them?

Why do you think so?

(Remake two buildings 6 x 3 x 2 and repeat questions
making one building 36 x 1 x 1)

Lok at these metal blocks (4 x 3 x 3 1cm metal unit
cubes) and dish of water

I'1l marx where the water comes to

Watch what happens to the water level (pointing) when

I put the blocks in the water (demonstrating)

If these blocks were spread along the bottom of the dish
Would the water level still be the same as now, come to
the same place?

Fould these blocks still take up the same amount of room
in the water?

Why do you think so?

(Repeat for if the blocks were part in each corner of
the dish)
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7c. Look et these two lots of metal blocks (two Lhx3x53
1cm metal-unit-cube constructions)
would they meke the water level rise the same, rise
equally far?
Would they take up the same amount of room in the wateor?
(After recogntion of equality or meking equal)
If I do this (malke one lot of blocks 6 x 6 x 1)
Would they still meke the water level rise the same,
rise equally far?
iould they still teke up the same amount of room in
the water?
Why do you think so?
(Remake two lots 4 x 3 x 3 and repeat questions
separating one lot into four overlapping pieces)

7d. Look at these two buildings (one 6 x 3 x 2 and one
6 x % x 1 1cm wooden-unit—-cube bui;dings)'
Have they the same room in them as each other?
If you livcd in this one and I lived in that one, would

we have equally much room inside our buildings to live in?

Post-testing Procedure for Investigation Four.

1a. HRepeat pre-test 1b bunching flowers only

1b. itepeat pre-test 1b but substituting two rows of 12
l.8cm wooden cubes of assorted colours and spreading
one row only

1c. Repeat pre~-test 1a using 12 beads and the wide container
transformation only

1d. Repeat pre-test 1a but substituting unequally filled
beakers, one with 6 the other with 12 beads, and using
the tall thin container transformetion only.

2a. Repeat pre-test 2a pouring orange drink into low
container only

2b. Repeat pre-test 2a but substituting sand and pouring
it into a large flask only

2c. Repeat pre-test 2b rolling ball into sausage only

2d. Repeat pre-test 2b but substituting unequal amounts of
plasticine, one ball twice as large as the other, and

cutting the larger only into 7 pieces
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Repeat pre-test 3a stasgerise licm sticits only

Feneat nre=tect 3a but substituting wires 1&cm long and
transformin~ one into an arc only

sepeat pre=test 3b cutting one strip to torm the zirszag
only

Reneat pro=test 3b but substitubiug unecually lons paner
strips, one twice as lon as the other, and cutting the
longser only to ;ozﬂxyco angzle

Repeet pre-test bo using the four piece potato plot
trensiormation ouly

iepeat pre~test Hb but substitutiing two red felt-coated
cerdboard rrounds 38 x 3lcm, one pre-cut to be trans-
formed into a discmoid shape end eacn with one blue felt
bem diameter circle on it, aind preseatinge tie transform-
ation veirtically onl;y

Repeat pre-test H5a using 20 houses only

Repeat pre-test Ha but substituting an unecual number
of houses on the two fields, 12 houses on one and 20
houses on the other, and moving the 12 houses only
farther apart

Repeat pre-test ta flatteuning ball into pancake only
Repeat pre-test 6a but substituting meccano lattices
and collapsing one only

Repeat pre-test ©b rolling out one piece of cotton only
Repeat pre-test 6a but substituting unequal pieces of
placticine, one piece six times as large as the other,
and cutting the larger only into 10 pieces

Repeat pre~test 7b for spread elong bottom of dish only
Repeat pre-test 7b but substituting egual volume differ-
entially weighted (and recognised as such) balls of
plasticine f'or part in each corner of dish only

Repeat pre-test 7¢ maling 6 x 6 x 1 transdbrmation only
Repeat pre-test 7c but substituting equal volume
differentially weighted (agein recognised as such) balls
of plasticine and transforming one into an overlapping
zigzag only

Repeat pre~test 75 maxing 12 x 3 x 1 transformation
only
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Repeat pre=test Ya but substitoting unequel woode:n~
unit-cube buildings, one 6 x 3  Zem the other

6 x 2 oxw Zen, and mexing the smaller 12 x 2 x 1 only.
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Comparison o1 ¥Findings on the Sequence Substance-ieisht-Volume

Invest. 2 Invest. 3 EInvest. 4 | “otay

. | A |

‘ \ i
| Crs subs, lers wt .- vol 7( 8) 2( L) - 20(29) 29(41)!
CCrs subs & wk, lers vol  11(11) . 10(18) | 31(31) 52(60)
. Exceptions 1(3) | o(2) ! o(1) ; 1( 6)

| |

urac<ceted numbers zre those found when children who evidenced

]

conservation in come but not other situations for an attribute are

included,
Unbraciceted numbers include only children who recognised or failed to
recosnise conservacion in gll the situations for any one attribute

and not those who evidenced conservation in some but not other

situations for an atiribute.
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CIZAPTER 6
DHE DuVIELOP WD OF UiDs STADING OF 1UL3B:ER COHSSRVATION
I T RCDUCTIMGN

The aim of Investigation ¥ive was to explore, and
atteupt to develop, educationally subnormal children's
understanding of number and conservation. Children vho
had exbibited no understonding of coasc:vation in numoer,
substance, length, area, weight and volume situations and

wno nad not developed any such understanding after heing

given teaching eft'ective for thirty other children were here
pore closely studied and given fuller instruction. Tuis
was done in orde ' to find out whether educationally subnormal
chitdren who do not recoriise conservation even in number
situations can be successfully taught conscrvation and to
obtain a clearer picture of now such undéerstanding may develop.
In Investigation Four all but four of the thirty-four
children given brief teaching liad developed understanding of
conservation, All except these four chiidren had, when
pre-tested, recognised conse vation in number situations
tiouwzh not in all other attrivute situations, It appeared
possible, therefore, that initial understanding of numbcer
conservation was important to the efiectiveness of the teaching,
The present investigation was uesigned to find out whether
children without the degree of understanding indicated by
cons:rvation of number can be given a generalised understanding
of’ conservation, Where brief teaching of conservation alone
was given in the prior iavestigation, very full teaching of
more than just conservation was given in the present investigation,
Careful record was kept of each child's responses in the varied
problem situations so that the development of understanding in
individual children could be studied in greater detail.

ITI PROCEDURE AND RESULTS

Six children, Gail aged 12. 3 IQ 56, Robert 1l..4 IQ 50,
John 11.0 IQ 51, Paulette 13.¢ IQ 67, Kevin 13.10 IQ 63 and
Paul 13.11 IQ 79, were tested for conscrvation of number,

All were found to be nonconservers still, Four of the children,
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wail, Rowert, Paulette and Kevin, not successfully teuzht in
t:e prior investizetion and mcotched for CA and Iy - Gail and
Robert (control John) snd Paulette and Kevin (control Paul),
wvere -iven fuller teaching. All six childven were then tested
i'or conserv: tion of numbcer, substance, and weizht one weeiz and
asain two weeis af'ter the four were tausnt,

The materials used were: Pro-test-l.0em dicmeter beads,
10uml bealke:rs, ;lass tube 10cm long c.5cm diameter, cl:ar
plasgtic box 1. x ¢ x 2 cms, 2=D egss and eggeups, Yeaching -
l.,8cm diameter oveads, 50ml beakers, sl=sc tube 1Oem long
2.cm dinmeter, dot distribution cerds, sweets, pennies, 2-D
erss »nd eg cups, counters, drauchts, L.6cm cubes, classif'ication
cards, 10uml beakers, 25rl beakers, lem cubes, slass tube lbcm
lons z.5cm diameter, ;slass jar 7em hich 6bem diameter, clear
plactic box lixdxdcus, rubber bands, water, opacue box
11x7xCem, translucent box of similar measurements, petri disnh,
Suisenaire rods, L shaped irame, cardboard dolls and stic.s,
'Leso' cubes, Post-test - 1l.8cm diameter beads, 10Cml bealers,
~lass tube lUcﬁ long z,5cm diameter, clear plastic box
1l.xox2cms, nuts, 50ml beakers, petri dishes, glass tube 6ecm long
l.5cm diameter, 2-=D eggs and eggcups, toy houses, water,
plastieine, knife, rice, plastic bags.

Pre-and post-test situations and questions weire carefully
presented so as not to bias children's responses; the procedure
wos standard but Tlexible. Care wes taken that children under—
stood questions aos they were intended. Bef'ore being questioned
on conservetion in any situation children were asked to create
equality for the ctiribute under consideration., The conserva=-
tion question was then asiked in four different ways: "What about
now" with no mention of sameness or diff'erence, then a question
including the word "same" separated from a guestion including
the word "different" as a check for consistency, and finally a
rewording of the sameness cuestion for clarification,
Explanation of reasons for judgments made were sought and more
than one transformation was made in every attribute situation,

(Detailed descriptions of the test situations and questions are

civen in the chapter appendix),
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All the ciilldren were seen alone in a quiet room of the
school, Llie experinenter mece all transiyormations in full
view oi' e childien wio sat beside her. Aftcr children
nede judonents in the test situstions tihe experimenter made
only non-com:ittal remarks and encouraged them to explain why
they thousht whet they did. These explanations were taken
as eviaence of couws.ivaoion or noncouse:vation and the
ciiildren's performance was recorded.

The tcaching meshiod used to develop the children's
underctanding of couscrvation was both extensive and intensive
in that a wide variety of »roblem situctions, experiences,
materials and explanations were presented within a single
teachin; session of approximsotely 90 minutes. The aim was
to Lelp children who had not responded to prior teaching of
cons:rvation by presentins this time a rance of problems which
nicht be expected to be basic to an understanding of conserva=-
tiomn. Cons rvation was treated as a complex of sub-problems
and the teacening councentrated on t: ese various sub-stages
as individual problems in their own rizht. The teaching was
designed to direct the children's attention o what was ceutral
to conservation and to prevent their being distracted by
irrelevant aspects of the situations, The variety of
experiences and explanations was assembled to enable the
children to structure their own learning; the children were
expected to have difTerent sources of difiiculty and to
develop appreciation of comservation in dirferent ways.

(i) Pre-testing.

The pre-test included number cons:rvation problems only,
because the prior investigation had shown without exception
that number couscrvation is recognised before conservation of
other attributes. Children who failed to recognise conserva-
tion in number situations could be expected to do the seme in
substance and weight and other attribute situations.

Piaget's beads-into-different-containers and egg-and-
eggcup-provoked-correspondence conscrvation situations were

presented (Pisget (1952) Chapts. 2 and 3). Eight and then 12

beads were transferred, the smaller number into a tall thin tube
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and then the lnrger number into a low wide dish; tnesn 7 and 11
errgs viere bunched near to and spread f'er from their eggeups.
Juestio.s of "number" specifically and not "amo.nt" were asited.

Bech cn'ld wias seen alone ror approximately 5 minutes,

All six children tested were found to be nonconseérvers of
numoer still - 7 months after they were origsinally tested.

Tie criterion for nonconservation of number was failure to
recosnise eguality in number in every pre-test situatian

at'ter material was transformed in appearance while also

civins a clear isdication wiich portion was considered rreater
or less and why,

(ii) “eaching,

The four children, two girls and two boys, :or whom the

brief teaching of the prior investigation had been ineffective
were given iuller difterent teaching, teaching which was
desirned to develop a bnsic zeneral understanding of number
as well as, 2nd as a basis for, understanding of conservation.
Detailed considerationof various simple number problems and
not just conservation itself was included in the teaching
wii_ch explored and then atiempted to develop each child's
understanding. Each child was given a chance to solve
compsrison, correspondence, creation of equality/inequality,
addition/subtraction, conservation, and seriation problems
before being instructed in those problem situations and a
close record was kept of the development of his understanding,
of how each child reacted to every step of the teaching.
The teaching vuilt upon what the child did understand and was
adapted to his individual needs though it was kept within
standerd limits., (See the chapter appendix)., Bach child
was seen alone and participated willingly and attentively for
80 to 90 minutes in a single teaching session. In each case
the variety of the materials and problems held the child's
interest, Katural rest periods were given.

The standard teaching procedure included 6 basic types
of problems. First, comparison problems were presented.
These involved similar and different numbers of beads in
similar and different shaped containers, dot distributions with

similar and different numbers and extremities, and similar
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numpers of blociis in di ferent combinations. Boch ehild wes
asized i there vjere the "same nuwmb-, as neny", or a "dit'rerent
n mber" and “which (portion) wos more, w:ich less", how he
coudd "find out", whether "counting would help", etc. he
distinction between '"more in numbcr"™ cnd "longer, ri her", etec.
was made clear, Second, onre to one correspondence problems
were presented, Juestions were acsked about the number of
sweets and pennies in an exchange situstion. After 'buying!
sweets one =t & time or a penuy each and with the sweets
spread out and the pennies in a pile, the child was asked if
there were the "same number, as meny" or if there were "more
pennieg or more sweets" and why hc thousht what he did. The
procedure vas repeated and the situstion explained., Then the
cnild was asized to "put out the same number, just as many as
tnerc are here" esss as egrcups (vprovoked corre5pondence),
counters in a row and draushts in a pile (unprovoked
rorizontel and vertical correspondence). Hext the child
counted vo 1'ind out how many blocks were presented and to
select the required number (cardinal number to object corres-
pondence). And finally, the child classified pictured
shapes by number, that is, he grouped together cards with the
same number of objects drawn on them, Third, problems of
creating ccguality and ineguality were presented. Each child
was asgked to "put the same number, just as many in each (portion),
make fair shares" in similar and then in dif't'erent shaped
containers using a pile of unit cubes. Then he was asked

to make one share greater than the other by specified numbers,
first using containers and a pile of unit cubes, and then
using no containers and working from unequally distributed
unit cubes. Fourth, addition/subiraction problems were
presented. One counter was subtracted from one of two
recognised-zs-equal rows and then one was added to one of two
other recognised-as-equal rows. The child was asked after
each subtraction or addition if there were the "same number,
as many" or a "different number" and “which (was) more and
which less" and why he thought what he did. The fact that
taking some away mekes the number less and adding some makes

it more wes emphasised as a basis for the recognition that
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anlecs some are addec or taken awayr the number rcenains the same,
e arocedure woe repeabtew with draw hits in two uiles. iitl,
couzexvellon oroblens were prescated. Toent ity ané chen
eqguivalence situsiions were .sed; that is, one portion only

was preccent and translformed ror une first cons. rvetion questions
and then one of two equal portions wes transformed and couserva-
tion cuections acked. At {irst no comprrison portion was
precent to distract the child's attention irom the identity of
vie maierials transformed. A single comtainer of beads was
siuply moved as a whole from vertical fto horisoantal zud vice

v . rsa, then beads were trausicrred i'rom one container to
auotner, nert o slugle row of bleocks wes bunched and spread

and vnen cov ored, tiien a rubb: i band was stretened and finally
watelr weeg poured ilrom one comtailner to another., Conscrvation

in ecuivalence situations wvas theinr introduced. Epgs and

e cups matched one to one were buuched and spread, one of

Gl

1

two 1cceog.ised=as~egual pilec of draughts was rearranged, one
of two recoguised-as-equal=-or-unecvual portions of beads were
tronsierred to dificrent siiaped containers, one of a pair of
rubser banas was stretched and finally, one of two equal
vortions of water was poured into a difierent shaped conteiner,
After tronsforiizations each child was asked "what about now",
is there the "same number, as many" or the "same amount, iair
chares", "how many without counting". Each child was also
csked whetner it was a different number or amount and if so
which porition was more and which les: and why he thought so.
vwnen a child gave aonconssrvation answers he was asked
searching guestions in order to clarify the problem, ior
exarnple: "do you mean now there is a bigger number, and not
just that it looks more", "if you counted would you count more",
"wes it the same number (or amount) before, was it more (or
less) before", “does it really get to ve more, (or less), how",
"do the beads (or bloc:s, draughts etc.) change in number,

what happens" etc.  Both child and exp. rimentcr counted before
and aftcr transformations end reversed transformetions. Four
of the 5 basic explanations for conscrvation and the 4 types
of experiences given in teaching conservation in Investigetion

Four were included in the prcsent teaching procedure. The
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explanations piven in the present luvestigetion included
tne iact that 1t is the saime material all the time, and thot
notiin . has been texen away or acced, thot it loolis diiferent

out rcally is tie seme amount, and that it can be put back
as 1t was pel'ore. Theseerplanztions were made while the
cinild obs:rved or mwaniuudated a variety of materiel trans-
formntions. “'ne combinslion of verbelisstion of reasons
f'or consc*vetion and counting {an external crit: on) with
active expsrience of transformrtions in a variety of
situntions was desirned to .elp the child to a . reciate the
crounds f'or conccrvation Jjudgments and to look f'or evidence
of co..cervetion, By usiing a variety of explanations and
methods it was hoped to develop uncerctanding in each child.
Sixth, se:iation problems were presented, E:ch child was
asked to orde: objects by size, first in a single series and
then in m=tched ceries., Aftcr ordering objects 'qualitatively!
the child was asked to "build a stair" with unit bloclzs and
to enswer cuegtions relating cardinal and ordinal numbers,

Thus, in teccning the four children, standard voried
experiences and explanations were given for 6 basic types of
problems. The control group children vere not siven any
special treatment; they knew the expserimenter well and the
prior investigation had indicated that individual attention
without specif'ic conservation teaching did not result in
inecreased understanding of conservation problems,

A detailed record was kept of each child's responses in
the problem situations and a clearer picture of the development
of understanding emerged from a study of these individual
caces.

Tne first child, Gail, 12 years old and in Class 2, was
reported by her teacher to be the very poorest in all number
work. She was unable to do any addition or subtraction without
counters and was totally confused by numerical problems. She
reacted to most problem situstions with fear and she clearly
did not velieve she could cope with them,

1 At the beginning of the teaching session, Gail hesitantly
but correctly made comparison judzments for equal and unequal
numbers of beads in both similar and dissimilar shaped

containers e.ge [:]' [:I and [:I She took the beads out

215.



Ial

to count t em, Yor the dot distributions, however, Geil nade
iucorrect thouw i consistent vurely perceptuval judsnents; she
Juded lon er rows vo oe reater in number, e.5. " R

and ',and rows with the sane extremities

to ve coual in NWnoLr'y Cele

I " DJden the experimenter
su rested thet she count the dots to 1'ind out the numb: r in each
rovi, Gail did so correctly but recmained confused until the
exp: rinenter clarified the distinctioi between numbe: and lengtil,
hie experinmenter asiked Gail to "point to the row which has |
more (in) number of dots" and then, separately, to "point to the
row which is longer".,  After This procedure was repected
ceveral times for diiferent dot distributions, Geil was able
to make correct number comparison judgments for all the dot
distributions. She c¢= efully distinguished "more (in) number®
fram "lonser" ete. For dirferent arranzerents of the same
mumbers of ploc s, e.g.g'gcc ggg and 32%; Zaacxauﬂ )
Gall made correct ecuality . udgments,
2 In the one to one exchange (correspondence) situation,
ail wag completely coufused by questions about the number of
sweets ~nd pennies, She said she did not mow if it was the
came nunmber, and, consistently, she said she did not know if
there were more sweets or more pennies. After repeating the
exchange of one cweet for oine venny, Gail said there was a
aif'ferent number ot' each but she was not sure wnich was more,
At this point the experimenter directed Gail's attention to
the fact thet one penny wes given for each sweet so that two
peninies 'bourht! two sweets, three 'bousht' three and so on
up to 10 'buying' 10. The exchange was repeated slowly several
times and ef'ter each sweet was 'bought' the experimenter asked
Gail il there were the same number of sweets as pennies in
each collection, In this way Gail began to recognise equality
at each step of the exchange and ultimetely f'or the completed
exchanre elthough she could not explain why the numbers must
be equal,

By this sta:'e of the teaching Gail was becoming more
confident. She correctly matched one eszz to each eggeup and

then one to one counters in rows and draugints in piles; she

did this perceptually and did not count. When the experimenter

216.



ased her to count and to select specified numberrof blociks
ail was able Lo do so correctly ior 6, 11, 12 and 20 blocks.
Shie was also able to Go the simple classii'ication problenms
presented,

3 Gail approached the creation of equality and inequality
problews by putiing one unit cube in one shore eacn time she
put oze in the other; she did not count the .nit cubes and
was not able to create portions unegual by numbers more than
one, In creating equality, Gail was not deterred dby the
when in dissinilar

S50 P —— EEI; when questioned,

shc was couafident she had shared the cubes equally. She was

diiierent appearance of ecual portio

coitteiners, c.

able to creacte these ecualities using all of' a given number

of' cubes, but she was not able to create inequalities by
specii’led numbers, except by one which she did by giving one
{0 each portion and then one extra to the first portion.

mven with help Geil was unable to make portions unequal by

2, 2,0r 7. hen the experimenter created the inequality,
Gail counted and recognised that there were difie.~ent numbers
in each portion but she was confused about how many more were
in one portion than in the other and she did not learn to
create the inequalities hersclf, Gail could not appreciate
that by addiag 2 or 5 or 7 to equal portions the resulting
portions were unequal by those numbers. It was clear here
that Gail's bi;sest problem was not overreliance on perceptual
appearances but was a peneral inability to cope with even simple
numerical problems. The expecrimenter moved on to the next
problem when she thought that Gall would not benefit from
coutinued teaching iu the present problem situation.

L Gail recognised that the numbers were dif'i'erent when a
counter or drsusht was taken away or adred to one of two
previously equal rows or piles. She recognised which portion
pecame more and which less and in each case she explained why,
e.g. "you put another on", "you took one away", Thus,
immediately before she was presented with conservation problems
and the argument for equality that unless something is added
or taken away the number remains the same, Gail was actively

recognising the efiect of addition and subtraction,
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5 In the identlity c .uservation siturtions, Gail recognised
tne coitiauiie eccvellty in number of boads ond blocizs but
she ;[ave no ycagous i'or co..sovvation, Ater each traasforma-
tion oi thie sii: le portion prcsent, Gail said the number was
the ecne but cave no exnlanation why thiis was so. Gail simply
snid "I can tell, I don't .mow how", or "it just lools the
e o Mit looks like that way". Wren ~glted wr-t would
tmze 1t e different nwsber, Gail sugs ested tawing gelock awvay
and at thils point the experimentcr introduced the explonotion
i'or couascrvation thet notnings ied been taien away or added.
7ail did not recouonise coagurvetion of amount for either
tite rubber vand wiien stretched or the wter when poured. The
exp-rimnenter thereiore encourased Gail Lo melc and reverse

ed <he

c+

an
the transformations horseli, Wiile Gall nanipula
mrterials the experimenter explained that it was the same
rubber band or wat-r all the time and so it could be put back
juet es it was bef'ore. The emphasis on the identity of the
meterial in the identit;r or sin;le portion conservation
siturtions particularly helped Gail; this was evidenced by
the fact that, after carrving out several transformations

and reversals of the materials, she began to recognise and
explain the continuing equality of amount in terms of the
sameness of the material,

In the eguivalence conservation situations, Geil did not
alt Tirst recognise the coatinuing equality. She said the
spread portions were more in number until she counted before
and after transforrmat’ons and manipulated reversibility.

At this stare the experimenter repested the identity and
reversibility explanations for conservation. Eventually by

predicting, before transformation, that the number would stey
the same Gail began to recognise that the number did not change,

that there continued to be "enough - one each", She thus
developed 2 recognition of equality which she mainteined in the
face of perceptuel changes with actual transformations. Gail
recosnised conservation when one of two piles of draushts was
rearranced; she explained "I can tell by the same draughts

are on", When one set of 12 beads was transferred to a

different container Gail again recognised conscrvation and said
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"hey ot the some aumber before”.,  In the inequality
coingervation situw tion Gail recornised the continuing
inevuelity but che was unable to explein why; the exp: rimeuter
therefore elped her 1To descrive the siluetion, transformation
etc, until sihe suwiested "it is more like before it was",
wien one of the pnir of rubber vands weas stretched Gall
recocnised coicervation and explsined "it's the same one",
e experimenter asain emphasised the distinctlon between
the actual amount of material and its apvecrance, Finelly,
#211 recognised conscrvation of liguid amount and said "I
can tell it's the same witer, I can tell by the water",

#ail thus gredually developed undorstanding of cousrsrvation,
She appeared to be helped mozt by the emphasis on the identity
ol the mate ial particul~rly in the identity couscrvation
situat ions but it was the variety of' experienccs and explan=-
atlons thnat provided ine necessary basis for her understanding
of numbrr and its conservation.
6 With guidance Gail was able to create a single series
of up to 10 (Cuisenaire rods and insert rods into an incomplete
series., Again with guidance she created a series of dolls
and correspoading sticks. Geil had no understanding of
ordinal numbers, could not relate cordinal and ordinal
numbers, but the experimenter did nov attempt to develop such
understanding &t this stage as Gail had already been working
for 90 minutes,

A second child, Paulette, 13 years old and in Class 4,
was reported by her teacher as being "hopeless, the very
worst"™ on arithmetic. She could only do the simplest addition
and subtraction and could not solve even the simplest numerical
problems, ‘Vren faced with such problems  she became silly,she
turned her face.away and giggled. She ifrequently expressed
her great dislike of arithmetic.
1 At the start of the teaching session, Paulette made
correct comparison judgments for beads in similar containers;
she counted correctly the equal and unequal portions. But
when the beads were in dissimilar shaped containers she did
not make correct Jjudgments in either the equality or inequality

situations, though her responses were consistent. Paulette
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said there were nore pneads in the tall thin tube both when

{he numbers were equal, 6 and 6, and when there were i fact
fewer in the tube, 6 wnile there were & in the other coutainer,
Sie made these Jjudgments perceptually and did not count the
beads. Vhen the experimenter suggested she count the beads

in each container, Pauletie did so but became confused and
insisted theie were more in the tube even on recountiis. The

experimenter did not intervene at this point. ihen Paulette

compared the number of dots in difierent rows she agein made in-

correct thourh consistent judgments. Like Geil, Paulette
based her Judgments entirely upon the extremities of the rows
and Judred longzit rows 1o pe sreater in number and rows of

tiie same length to be equal in number, Paulette did not
count the dots in the difrerent distributions and was entirely
coaf'ident that ner purely perceptual judgments were correct,
Lven after the expcrimentcr encouraged ner to count the dots,
and not rely on perceptual appearances, Paulette insisted

tli»t the longzer rows vere more in number., At this point the

xperimenter had Paulette concentrate on the . e e e e e e s
distribution and emphasised the distinction between number and
length, Aiter repeated explanation Paulette learned to
separate "more (in) number" from "lonzer". Paulette began

to recognise "this row has more by number of dots" but "the
otiner row is longer" and then that “the other row isblonger
but it has the same number of dots as this row™ and finally
that "the rows are the same long but that one has more by
numher of dots"  She thus ultimately understood and correctly
asplied the distinction between numbcr and length. Then for
the different arrangements of the same numbers of blocks,
Paulette, like Gail, made correct equality judgments.

2 Althourh Paulette had made more mistakes in the comparison
situations than Gail and had very reluctantly accepted the
need for counting, .she was less confused by the one to one
exchanze (correspondence) situation than Gail had been,
Paulette counted the sweets and pennies after the first
exchange as she did not immediately recognise that the number
must be the sane. She had to count after repeated exchanges

until the experimenter pointed out the one for one, two for
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two cte. up to 1C for 10 correspondence.  After each sweet
was 'bo. Lt', the experinentc: as’zed Paulette "have you the
cane uumber of sweets (penties) as I have pennies (sweets)"
until Pardette, lie Gril, bessn to recornise equaliiy
without coonting;: at each step of the exchnnge nné finally
ior thne conpleted exchenre. Pauletie, zrain like Gall,
could not explein yiy tone aumvers nust be ecual dut she
conlidently nrintained thet none of either sweets or pennies
could be 'leit over',

Paulette correctly mote ed er:s and egcups, counters
in rows and drau. ts in piles; she crcatec these one to one
corresvoncences perceptuslly ond did ot count. Like Geil,
Paulette did not count in the provoked and unprovoxed
corresnondence situations but she did count correctly up to
20 en acked 2nd 2lso selected required numbers of blocits
ror the experimenter., Pauletlie likewise correctly classified
tne drawn sheapes by number,
3 next, Paulette created equal numbers in simile:r and
dissimiler containers; she did this by counting € unit cubes
into one container and then 6 into the other, or 10 into one
and 10 into the other, In creating tlese ecualities, however,
Paulctte vas viry worried Ly the diirerent appearance of

ecual portions when in dissimilar conteiners end even when

piled difterently in sinilar containers e.g.E;;;: g’j 3 Paulette

was not at all sure the numbers were the same even thoush she
had counted the unit cubes into each container, She said
"they look difverent" and recounted one portion and then the
other in every case. When checking her creation of equal
numbers in dissimilar containers, Paulette became very

confused and aftter she had recounted several times and was still
not swre that she had shared the cubes equally, the experimenter
encouragced her to rely on counting and not be distracted by
percevtual differences. The necess&ry distinction vetween
appearance and reality was made. Pauletie came to realise

the need to avoid purely perceptual judgments and began to
depend on counting. The resolution of conflict in these
creating of equality problem situations noticeably affected

Paclette's attitude and understanding; she became more
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onen~ninded and apprecisted the value or cowitin: aad not
relyiig: solely on p re. tlOie Her Dbi_cst problem nad
ocen L over=relinice on poreentunl appesrances.

Paulette was not z.le, Lovever, o creonte sortions unecual
sy opecilied numbers, Althou It she had become able to create
e ualities not only usiiuy: oll of & :iven anumbor of cubes oub
clso by countin:: oul gpecif'ic numbers, she could not create
nortions uneaual oy specilic nwrbers, not even by one. inen
asized to "put one more in thiis clas: than iz that one," Paulette
counted 10 invo each container and then took one from {he {irst
coitbainer and nut it in Lhe olh.r sayinc "unow you've one more',
She tnus creatcd unegunl portions cut not portions unegual by
vne speciiied number, Pauletce was 2lso wnable to mnk

vortions unecusl by z, 5, and 7 wie

=]

asked to do so, either
in containers or in shares, She had no idea how to deal with
tualc nroblem, Like Gail, Paulette counted and recognised the
inecualities when the experimenter created tnem but she wasg
not clear how many more were in one portion than in the other
and she could not cieate those particular inecualities
nerseli, Because Paulette had already been woriing for
aporoxzimctely an hour and vecause the experimenter relt that
Pauletie would benerit more from teachinz in the conservation
and additioiy/subtraction situntions than trom any further
teachine in the creation of inequelity situation., the
rperimenter moved on to the next »roblems,

4 Paulette, like Geil, recornised the effect of addition
and subtraction ; she said that the numbers were dif'ferent
because one counter (or draucht) was "taken out" or "put on'",
Paulette recognised that taikking one away meant there was less
and adding one meant there was more; upon this understanding
the experimenter, in the immediately following situetions,
built the argument for conservation that because nothing had
veen taken away or added the number (or amount) must be the
same,

5 In the identity conservation situations, Paulette recognised
the continuing equality ofter every transformstion of the
single portions present  but at first she gave no reasons for

conservation. For the container of beads moved verticel to
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horizontal and vice verse, raulette said the number wag the
garie but ave no clecr explanation why this was so. o
support Paulette s judzments the emperimenter introduced the
explenation that nothins nhad been taken away or added.
Paulette e precicted this explanation tf'or coi:s-rvation and
wvhen beads were vransierred to 2 diiferent container, she
reco; .ised conscrvation and explained "you put them all

in there", YWhen a2 single collection of blocks was bunched,
spread or covered, Poulette a;ain recognised the continuing
equality of numbcr but jave no reason tor conservation until
the experimenter re-emphasised that nothing had been added

or takxen away. Similarly, Pauletie recognised the
continuing ecuality of emount when a rubber band was stretched
and when water was poured but a2t first gave no reasons for
conservation, After she manipulated and reversed the
transformations herseli while the experimenter explained

thet it was the same matcrial all the time and so it could

be put back just as it had been before, Paulette began to give
reesons for conservation of amount, e.g, "you just pulled it,
it will put back," "the water will tip back".

The n»resence of a single portion only, in the identity
conservation situations, directed Paulet!s attention to the
identity of the matcrisl transformed, eliminated the
perceptual distraction of a comparison object and facilitated
her recognition of conservation,

In the equivalence conservation situations, Paulette
recoznised 1he continuing equality of eggs and eggcups but
when asied why the number was still the same she merely
described the transformation "they were spaced", and gave no
real explanation of conservation. Paulette recognised
the continuing equality in this horizontal provoked corres-
pondence situation but she did not do so in the following
vertical unprovoked situation, until the experimenter reminded
her that all the draughts were still there, none had been
taken away or added. The emperimenter asked Paulette to
count the draughts in the different portions 5efbre and after
she (Paulette) manipulated and reversed the transformations
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and then to nredict belore transformation tThat the number would
stay the sarme., Pauletie thus developed recosnition of' conser-
vation of nunber; she explained "its the same number, they
counted the came before".  When beads were transferred to
dirverent containers, Paulette reco nised conservation if'or
poth ecu=l =2nd unegual numbers; she said "you tipped all

of 'eix in there"™ and “you tiosved all of the more in", In

the next situation, however, Pauletie did not immediately
recosnise couscrvotion of amount when one of a pair of rubber
bzids was stretched. But as soon as the expsrimenter drew
Ler atteuntion to the distinction between appearances and the
actual eamount of material, Paulette nsain recognised and

cave reasons for conscrvation, "you just pulled it, it [oes
baci". Finally, when one portion of water was poured into

a divierent shaped containcr, Paulctte recognised cotigcrva=-
tion and expleined "you tipped it all in',

Thus Paulette, like Gail, devcloped understanding of
couservation gradually. Both children needed the variety
of' expecriences and explanations given in the teaching,
though their understanding developed in guite diftferent
WaYyS. Paulette was helped most by the emphasis on the
reality underlying perceptual appearances where Geil had
been helped most by the emphasis on the identity of the
material. In both cases the single portion conservation
situations facilitated tneir underitanding.

6 In the seriation problem situstions, Paulette had the
same difiiculty as Gail., With help Paulette, like Gail,
created 2 single series, inserted missing rods into a series,
and created corresponding series. Again like Gail,

Paulette had no understanding of ordinal numbers, e.,g. she
pointed to the 10th step and cal..ed it the 2nd, Again the
experimenter did not attempt to develop such understandings
Paulette had veen woriking for 80 minutes.,

The third child, Kevin, 13 years old and in Class 5,
was reported to be peinfully slow but able to do simple
2ddition and subtraction, He was not able, however, to do

simple numerical problems; such problems merely confused him,
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Kevin was particulsrly distractavble and misred the point in
pany situstions throwshy inettention. In tecching nim,
therefore, the expirimenter uced verloas supplenentaxy
netnoés off holcing his attention so that he would follow
throur: trhe sinmple lo icel arguments. For exzanple, the
expnerimenter escowrnged him to tall oul whatever came into
his mind welween eacn step ol the tecching procedure so that
e would aporoac the next step undistractea. Uie teacning
civen to eveur child iag of course vesisned to capture attention
throwsh the variet:” of matericls and problem situations, the
active purticipation, manipalotion and vervalisstioa, etc.,
but with Hevii extra efvorts were made in order Lo ov-rcome
his lack of concentration,

1 Fevii, al the begilnnins of the tcacning session, when
assured there was no hurry, slowly correctly counted beads

iu similar and dissimilar containers {o maite compnrison
Judgments; ne correctly reco;.ised the equzl and unequal
nubers of beads. Sirdlerly, Kevin careful’y counted dots
and made correct comparison judgments for all the distribu-
tions. He did the same for diff'erent arrangements of the
same numbers of blocis. Kevin relied entirely upon counting
end ;ave consistent correct answers in all the comparison
situations; he was very slow but accurate,

2 In the one to one exchange situstion, Kevin did not at
1irst recoonise that the number of sweets and pennies must

be the same. He said he did not inow if the number were the
same and, consistently, he did not know if there were more

of one than of the other. But Kevin lknew to count after the
exchenge to find out if there were the same number. Xevin
had o recount after repested exchanges; he could not otherwise
reco;nise the equality of number, The exporimenter, therefore,
teught ¥evin, as she had taught both Gail and Paulette, thet
one penny was given for one sweet, 2 for 2, ete., until 10
were given Tor 10, The exchange was repeated very slowly
wany times until Kevin without counting recognised at every
stage that there were the same number of sweets 'bought! as

pennies 'paid'e Kevin, like Gail and Paulette, developed
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understanc ., - rodunlly bul, acain like them, could not
explsin w y the numbers mutt be egual.

ilevin cstabliched one to one coryespondences by counting
end not jugt Ly porcepturl matching, In the provoled
correeponstence gituntion, ne correctly counted the ¢ egscups
and next U erss vor them; he then correctly matched 20 egis
to egcocupe and checied vy countiing. In the unprovoked
corrosioncence situstions, Hevin correctly matched and then
counted counters in rows, but he did nolt correctly match
dreu hts in piles; e corrected these crrors, however, by
courting and addin;: the neccssary drau nts., next Xevin
correctly counted and celected speciiied numbers of bloc':s
ap to 20 and also did the simple clascification problens,
3 Xevin cresoted equal and unccual portions of unit oubes;
he crezated equal numbers in similer and disimilaer shaped
containers and unequal numbers in containers and in shares.
He did this by countiing out one complete portion and then
the otner. In creeting portions equal in number, Kevin
relicd entirely on counting and he was not worried by the
difi'erent appecrance of equal portions vhen in dissimilar
containcrs. Althoush Kevin had to recount frequently to
creave egualities, when he had done so he remained co:fident
ne had made fair shares. In creating portions unequal by
specified numbers, Kevin had great diff'iculty. lHe was able
to create portions unequal by one by counting 2 cubes into one
container and then 2 into the other, recounting, and then
adding a third cube, He was not confident however that the
portions were unequal by one until he recounted again. When
it came to creating portions unequal by 5, Kevin started by
putting cubes into each container but lost count and became
confused bef'ore creating a difference of 5., He attempted to
create the inequality several times but could not until he just
counted 5 cubes into one container and left the other empty.
Only in a similar way could Kevin create shares unequal by 2
and 7. The experimenter accepted this solution to the

creation of inequality problems.

L Although Kevin was in this sense able to create portions
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unequal by specli’ied numbers where Gail and Paulette were not,
ilevin aid not understand the addaition and subtraction situstions
as well as they had. Aicer a co nter or drau~ht was teken
away or addec to one of two reco/nised-as-equal rows or piles,
Xevin had to count to tell whether the numbers vwere the same
or dirferent and which portion h~d more anc wnich less.
Kevin did not immediotely recognise that taw.ing awzy a counter
or drau ht meant there were less in that row or pile nor thnt
adding one meant there vere more. When the experimenter
spelled out the fact that adding or taking away a counter or
drau=ht nskes the number different and thrt adding makes it
more end tazin~ away mekes it less, Kevin recognised that
tiiere was no need to reco'nt. On repetition of the addition/
subtraction problems, Kevin recognised the eftect of adding
and subtracting counters and drauchts, and he explained that
the numbers were difterent because "you took one out" or
"sut one in® snd "you put one more on" or "took one away".
He no longer needed to recount before recognising that the
numbers were different and which portion was more and wnich less,
Although Kevin hed in practice previously added draughts
to establish unprovoked vertical correspondence, added an
wtra unit cube to create unequal portions, etc., in the
addition/subtraction problems he did not exhibit sound
unde.'standing of' the processes until the effectsof addition
and subtraction were made explicit. Kevin had counted
after every addition/subtraction transformation and had treated
the transformed situation in isolation, Just as he treated
new comparison situations, When the experimenter emphasised
the processes of addition and subtraction end linked the
present situstion to the past one, Kevin became free from
his need to recouwit, In the addition/subtraction problems,
Kevin had appeared to lack the reversibility important for
conservation, that is Kevin had given no sign of considering
the previous situation, until his attention was drawn to the
processes and their effectson the original portions, Before
moving on to the conservation problems, the experimenter
made sure that Kevin understood the eff'ect of addition and

subtraction as such understanding is a basis for the
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conse votion undcerstancing tiat unless something is added
or talon away the nuwaber remains the same, Likewige the
exnerinenter node suie thrt Kevin sttended to and retained
avareness of situations as they vereboefore transformetion as
2 basis vor recornising reversivility and conservation,
5 Hevin at first recounted in the identity couservation
siturtions; he could not otherwise recosuise the eruality,
“he experinenter theref'ore nointed out in each number conser-
vation situstion thsat nothings had ueen taien away or added
~nd she encourarced Kevin to malre and reverse ihe transformations
himeelt's The experimenter also explnined that it was the sane
beads or bloc:s all the time and co trhey could be put bock
Just ae before, Tren she acgiced llevin to predict before trans-
vor:etion wheticr the number would remain the same, TFinally
Kevin recognised the coatlnuing equalit:r of number without
countin:, Xevin rave no reasons for coiscrvation but he
reco;nised the continuing equality of the single portion
in the rubber band and water transformation situations as
well as in the number conservation situstions. When aszized
winy he tiousht the amount the same, he simply described the
transiormation, "you pulled it," or "you poured it", etc.

The presence of a single portion only and the emphasis
on the identity of the material did not seem to have the
facilitating efivect for Kevin that it had for both Gail and
Paulette, Kevin did not initislly recognise the continuing
equality in the identity conservation situations any more
than he had in equivalence conservation situations.

After Kevin had developed recognition of continuing
ecuality and understood without needing to recount that
there was no change in number or amount in the identity
conservation situations, he recosnised this in the equivalence
cong-rvation situations as well. Kevin recognised immediately
that there was the same number or amount after evcry trans—
formation in the equivalence situations. For the continuing
equality of number after bunching and spreading in the
provoked correspondence situation, Kevin gave no explanation;
he simply seid "it's just the same number®, The experimenter

then repeated the identity and reversibility explanations for
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conservation and csked Kevin to deonstrote vhe reversivnility,
Yhe cxmerimenter did not asiz Hevin Lo count noxr ¢id she
cumphesise vhe distinction tetween apne~rance and reality in
tnie wey because Tevin had veen overdenendent unon this

eternal criverion ri:ht from the berdnning and had only

vedoolly cdven up recounting unnecossarily.

<

ilevin rocornisced and [ave roeasous for conscrvstion in all

the subsecuent ecuivalence situntions; he ysave an increasing

sumoer of L xplannstions for hiis judgments., In the unprovoked

corresnpondeuce situation , Hevin explained "it was Just the
- s B ! CR ~
same number bei'ore you put them (pointing) down", The

experimenter added thet he could put the drauchts back the
came way ond ngized him to do so. Kevin next recornised
conscrvation of equel numbers ol veads and explained "there
~ere 12 before in there and in therc (pointing), ihey
countcd tihe same before, and you cen do this (demonstrates
rcversibility)". Likewise Kevin recornised couscrvation

of ineguality and explained "there wasn't the same number

1
still 13 there (pointing)", For conservetion of amount
after one of a pair of rubber bands was stretched Kevin gave
the explanztion "it puts back, they were the same before",
Finelly, when woter was poured into a difierent shaped
container, Kevin recosnised conservation and explained "you
made the same amount of water in there as in there (pointing)

and you just poured it there (pointing), the water was the

rst, they counted different bef'orc, there are still uore -

same in there before, you can put it back in - see (demonstrates

reversibility)".

Kevin thus developed understanding of conservation, In
the identity conservation gituetions, he slowly began to
recognise the continuing equality without needing to recount,
The active manipulating and reversing of the transformations
ith no comparison obJject present directed Kevin's attention

to the processes involved and to the fact that nothing was

added or tallen away from the original., The task of predicting

equality did not allow recounting., Above all, the slow
repeition of the varied explanations and experiences helped

Kevin; like Geil and Paulette, Kevin developed understanding
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craduelly vhroush belns procented with a veriety of' reasons,
transiormations. and neterials,

In the ecuivalence situetions, evin recognised the
co.tinuin: equelity and beran to explein conservation in
tomas of reverelbility; he Justvified his Jjudgments both
of continuing ecuzlity and inecuality vy eiting the fact
thot the nupbor or amount wae the same or diiTerent before
and that the transfofmntion could be reversed. dhere Gail
and Pauvlette nad explained couscivation in terms of
identity, Kevin gave reversibility reasons. Kevin's
understauding developed in a very dilferent way from Gail's
and {rom Paulette's; iie slowly became free from his need to
recount and recornised the constancy of number. Unlike
Gail and Paulette, Kevin had origically relied on counting
and not on pcrceptual appearances, but despite this he did
not recoguise coagervation until he was taught in the
present investigation.

6 Kevin was able to creete a single series of up to 10
Culsenaire rods and to insert rods into an incomplete series,
but he could not create corresponding series of dolls and
sticlks without help, Unlike Geil and Paulette, Xevin did
understand ordinal numbers and the relation of cardinal and
ordinal numbers up to 1Q/10th.

'"he teaching session ended after Kevin had been working
for &0 minutes.

The fourth child, Robert, 11 years old and in Class 1,
was particularly handicapped; he had a severe squint and
noticeable hand tremor, both of which made performance in the
teaching situations more difficult for him. Great care
had to ve taken that Robert could see and understand the
problems presented and that he and the experimenter understood
one another., This was sometimes diffiicult. Robert's
teacher reported that he had no number ability of any kind;
he could count but could not do any addition or subtraction,
not even with counters.

1 At the start of the teaching session, Robert made
correct and consistent comparison judgments for equal and

unecual numbers of beads in similar shaped containers.
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He took the beads out of' eaci: coutairer in turn, counted
then peinstaicingly into the experimenter's hands, and then
put them bact into the contziners. He recornised where
there wac the same uumber, and where there was a dirferent
mwnocr he correctly pointed out which containcr had more.
when the beads viere in dissimilar shaped containers,
hovever, Robert did not maite correct Jjudsments of either
ecuality or inecualitr; when the numbers were equel he
counted thct the numbers were the same but still said that
there were more beads in vhe tube and when in fact there
were icwer beads in the t.ibe he said that there were more.
Rovert correctly counted the beads in each containcr uvut
became confuscd when apearances stroapgly contradicted reality.
when the expoerimenter found that Robert was unable to
see to count and compare the dot distributions except with
tremendous eriort, she returned to the beads in different
shaped containers to attempt to develop recognition of the
distinction between avpearance and realily. The experimenter
had Robert concentrate on the situation and
repeatedly emphasised that one portion was more in number
thourh in the other container the beads came up hicher,
Despite repeated explanations, counting, and questioning
similar to that which had helped both Gail and Paulette in
the dot distribution situations, Robert did not come to
aporeciate the distinction between number and apparent amount.
Robert did not recognise that one portion was more by number
of beads while the other came higher in the container; he did
not learn to separate wctual number {rom apparent size,
Lior did Robert begin to understand and recognise the same
number of beads were in diff'erent containers when they were
stacked differently., He remained confused by the problems.
The experimenter made every efitort to discover and resolve
Robert's dif'ficulty but could not develop his understanding.
Robert understood the wording of all the questions, as was
evident in his responses in the beads in similar containers
situations. (The experimenter avoided using the word "less"
as Robert did not always use the word appropriately himself).
Robert was clearly able to attend to 2 portions linked by
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cuantity considerations and to sive lozicelly consistent
cnsves to separete cusctions on sameness and diiierence,
avilities azain evident i the beads in similar coxtainers
gitustion . “ven in the beads in dissimilar coutainers
civuation, Robert responded consistently thoush incorrectly;
wlien lle coid the numbers were disierent he cited which
portion e thousht more snd iusisted they were not the same,
Thousn he contradicted himself oy sarying: the number was
difverent imiedictely aiter countiiy; the same number, Robert
conslstently chose the portion iu he tube as more in number
end ;nve a rcasonable explanation ror hic choice; “"there are
nore beads - they are higher', Countings did not help Robert
to recopnice the equality of number in dissimilar coantainers;
he did not bring it to bear in making his judsments and he
gove no sign of beins aware of any contradiction in his
responses, Because Robert was making no progress and was
losing interest in the problem, the experimentcr moved on
to the next comparison situation.

ror the diiierent arrangements ol the same numbers of
blociis, Robert counted carefully and recognised the eiuality
of' number,
2 In the one to one exchange problem, Robert said there
were more sweets than pennies and wien agked why he thought
the number different he said because the sweets were "rounder',
The experimentar attiempted to direct Robert's ettention to
the number not size nor distribution of the sweets and
repeated the exchange slowly emphasising that one penny was
given f'or one sweet, 2 for 2, ete. up to 10 for 10, but Robert
still did not thinik the number of sweets and pennies the same,
Consisteutly but incorrectly, Robert said the number was
¢ifferent, not the same, and that there were more sweets.
As in the Dbeads in dissimilar containers situation, Robert
persisted in basing his Jjudgments on some aspect other than
number; number simply did not become his over-riding consider-
ation, In the exchange situation, Robert seemed to base his
Judgments on the global quantity or size of sweets versus
pennies and could not be brought to distinguish number from

overall amount or perceived size, or at least he did not
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attend to number alone when more thian 3 swoets and pennics
vere involved., Robert did not learn to recornise eruvalily
ot ecch step of' Uie exchonge and never did i'or the completed
exchang e, altl owh nhe wos iven the teachin: efiective for
+ail, Pruletie nnd ilevin. Rubert recornised the equality’
o the exchznie of un to 3 sweets and vennies but for no
nore. Agein when the experimencer felt that continued
teaciiins in the same situntion would be fruitless, she
introduced the next problem situation.

Robert corrcctly metehed egss to egocups, counters to
counters in rows, and drau~hts to drauzits in piles. He
did thie perceptually and very slowly and nhe did not count.
when the experimentsr asked Liim to counl and to select
speciiied numbers of bloc:is, Robert did so correctly for
the numbers up to 20, He also did the simple clascification
problems correctly, but only with the greatest ef'fort because
of nis difiic.lty in seeing the drawn shapes.
3 ext, Robert crcated equal numbers in sinilar containers
oy countinz 6 (or 10) unit cubes iiuto one container and then
a corresponding 6 (or 10) into the other, He was not, however,
able to create egual numbers in dissimiler shaped containers,
The experimenter nelped and encouraged Robert to count and
rely on counting and not worry about the fact that "they
look different" when he had counted that "they really are
the same number". Here again she tried to help him
understand the distinction bpetween actual number and percevtual
a pearances by, f'or example, supporting his correct counting
and suggesting he depend on what he so exactly counted out,
as ne only need consider the number in trying to make the fair
shares. But Robert did not come to rely on counting; he
continued to base his Jjudgments on general appearance., When
he attempted to create equal numbers in different containers,
Robert counted 6 (or 10) into the first container and then
counted a diff'erent number into the other container until he
was satisfied by looking at them that they were fair shares.
When asked if there were the same number in each, he

confidently said there were,
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Robcrt was not able to create poriions unegual by
specified numb:rs., Jnen 2sized to give one or 2 or 5 or 7
more univ cubes to one portion than to the othrr, Robert
startcd to count tne cubes into a sinsle portion, continued
covntin: i'or a short time, dealt only with this first portion,
stopped and lo.ked up blanily. Rob:1t hnd no idee how to
proceed with The problem, so the experimenter tried to help
aim by dermounstrating how to create portions unegual vy the
specif'ied numbers (eezs by creatins ecugl numbers and then
adding one o~ 2 or © or 7 to one portion).  Robert
recoynised the inequalities created both in the similar
containers and in shares; he counted ezch portion and
correctly chose which portion had more, but he did not
recorise how nany more were in one portion than in the
other, ior did Robert create the inequelities himself
vwhen asied again to try to do so; he behaved exactly as he
n~d the ¢irst time he tried. The experimenter moved on to
the next problem when she felt Robert would not benefit from
further teaching in the present situation.

L In the addbion/subtraction situstions, Robert recognised
that the portions viere no longer equal after one counter

or drau;ht had been taken away or added. He said the numbers
were dirf'erent when one coumter was subtracted but he said

he did not know which row had more, When one counter was
added, Robert incorrectly said the row with one less had
more., The experimenter pointed out that adding a counter
mace more in the row and asked Robert to count the number

of counters before and after one was added. Robert did
this correctly. The experimenter then repeated the addition
transformation but before asicing Robert waich row had more,
she asxed him wiich row had had another counter added.

Robert correctly said which row had had the counter adaed

and when as.iied, also said it had more. This process

was repeated 2 more times and Robert responded correctly.
Theii the intermediate question, which row had had a counter
added, was omitted and Robert continued to recognise which
row had more. When one draught was added to or taken away

from one of two recognised-as-equal piles, Robert correctly
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recoynised whieh pile ad nmore as well s that there wrs
a2 diiterent numbei 1n each. Thus Robert began to

reco nise the eifect of sddition and of subtraction, but
vhen the exporimenter asied him to try to exnlaln why he
thou.ht what he did he could not do so. 2opert did not

a

express vie Tact thint adding one pekes more, thouch

)

the
wperimenter had repeatedly explained thet this was the
cace. lior, pxredictably, did Robert explzin thel talzing
one away moizes less., Ghe cxperimenter did ot include the
azslonztion that subkracting one mnles less because
guertions could be clcarly put in toerms of more as well

as same and diifi'erent. I the experimenter had planned

to develop Robert's understanding: oi the word "less" she
woula have tried to do this at a preliminary stage

before invroa.cing the word in relation to transfoirmations,
iec. che would have iirst introduced "less" in a static
conparison situation,
5 Robert developed in understanding the effect of
addition and subtraction and the experimenter tried to
build upon tiils in teaciing couservation. I the icewntity
conservation situations, Robert did not recognise that the
rumber of' beads was the same aiter their container was
moved trom vertical to horizontal and vice versa., lHe said
the nurmber was difierent but he was hesitant, and when he
wias asked, hie could not say which way he thought there

vere more veads. The experimentcr theref'ore asked Robert
if any beads had veen added or taken away and he recognised
that they had nots. The experimenter repeated that none had
been aded or talkzen away Jjust as Robert hed said and
explained carefully that it was the same 5 (or 3) beads.
wWnen the transformations were again repeated Robert

reco nised the continuing equality; he conflicently said

the number was the same but he did not explain why he
thoysht so,

When a single portion of beads was transferred to a

diif'erent shaped container, Robert did not recognise the

continuing equalityvin number, The experimenter asked
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and nelped Robert to make and reverse the transformations

-

himgeli and whale he ma. ipulsted the rmaterials, the experi-
menter explained thnt it vwns the same beaus all the tine
~nel go vhey could be put back just as they were before,

Dhiis procedure was repected several vimes, Robert, hLowever,
persisted in sa in~ tiiere were more when the beaus weire il
the sccond coutainer "eause tiey roll round".  iual iy,
wien Roo.rt veran to lose interest in the present meterials,
Ll experimenter moved o to the wsext mnt cial transiormatlion.

Rovert a,ais did not ieco;nise coas..vation of number

qien blocis were bunched or spread. He chose the more
extended porcion as ;reat:r in number in both cases. when
he wus cuestioned and encouraged to say exactly what ne
meant and why he thousht what he did, Robert soid the
wamber iteelf weas bigger, and that the blocits would count
more, znd thnt it ot more "cause it ot bigger”. Even
wi:en he counted pefore and aftcr he moved the blocis, Robert
continued to sey the number was different; he did not
recosnise the signii'icance of iiis counting, “When, however,
che bloc.cs were merely covered by an opaque or translucent
box, Robert said the number would continue the same,.

Robert did not recognise conservation of amount ior
either the rubber band when stretched or the water when
poured, He said {he rubber band was "morer" when it was
stretchcd and the water was "morer" before it was poured.
‘With the experimenter's help, Robert made and reversed the
transformations several times himself but again after
repeated explanations of identity and reversibility, Robert

till did not recognise conservation.

In the egquivalence conservation situations, Rovert
coutinued to give nonconscrvation answers despite all the
explanations and experiences the experimenter had previously
found efiective in developing understanding of conservation,
Robert consistently made incorrect judgmenis and was
resistant to all attempts to get him even to predict
continuing equality., When asked "do you mean now there
is a bigger number" Robert said yes. He sometimes said

it would count more and he sometimes said he did not know,
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e was counfused by the ouestion "was it the same number
(or amount) berore" and ;ave no clerr answe.s.  But

wmen acized now it ets to be more, he co:fidently said

it ets elotter, bigrer" etc. Despite the veriety of
eperiences and explenstions ;iven during 80 minutes of
teachiiny, oobert remained a nonconserver still.

0 In the seriation problem situations, Robert wns able
to crente a single series of up to 10 Cuisenaire rods and
1o Znuort rods into an incomplete series, but he could not
crente corresponding series of dolls and sticks even with
helop. Hor did Robert understand ordinal numbers and the
relstion of cardiual and ordinel numbers up to 1Q/10th.

Rovert's teaching session ended aftcr he had been
worizing: ior 90 minutes.

By ithe end ofi their 80 or 90 minute teaching session,
tiiree of the four previous nonconscrvers of number had
developed understanding of concervation; one child still
had not developed such understanding.

(iii) Post-testing.

The post-test included problems on conservation of
numb-r, substance and weight., The number conscrvation
situations were familiar from the pre-testing and the
teaciing but new meterials and unequel portions were
introduced. The first substance conservation situation
was familizr from the teaching but again unequal portions
were introduced a2nd the second substance conservation
situztion had not been included in either the pre-testing
or teaching of the present investigation., Nor had either
of the weight conservation situations been included in the
pre-testing or teaching. Thus, generalisation of understand-
ing of conservation was tested by using new materials,
inequality situations and different attribute problems,

For number conservation, after the beads had been
transferred as in the pre-test, equal and unequal portions
of nuts, new material, were transferred to different shaped
containers, containers unlike those used for the beads,
Then, zfter the eggs and eggcups in provoked correspondence
had been bunched end spread, equal and unequal portions of
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toy houses, new meterial in unprovo.ed correspondence,
were rerrouped,

For substance coiscrvation (see Pinset (1952) Chapt.i,
¢nd Pieget ¢ Inhelder (1941) Chapt.1), ~ftor one of two
equal portions of water had been poured into diiferent
shaned containers, unecual portions of water were so poured,
and then equal and unequal portions of plasticiue, new
miterisl, were rolled or cut into cuart rs.

Finelly, for weirht conservation (sce Piaget & Inhelder
(1441) Chapt.2), equal ~nd unequal portions of rice were
transferred to different containers, containers unlilke
those used in the number and substance situations, and then
ecunl and unecual portions of plasticiune were flatieuned or
cut into thirds,

The standard post-test was civen one weck and again two
wecks after the children had been -iven instruction. Both
ihe instructed ond the control group children were given the
same test, IEach child was seen alone i'or about 20 minutes.
The criterion i'or undevstanding couns rvation was recognition
of continuing ecuality aftcr transformations in shape
accompanied by explanations of conservation in terms of
identity or reversibility or exact compensation,

When post-tested, three of the four children given
instruction recognised and gave reasons for conservation in
all of the number, substance and weight situations. The
fourth child, Robert, still did not recognise conservation
in any of the post~test situations, The control group
children likewise did not recopnise conservation in any
situation,

+ail, Paulette and Kevin had developed a generalised
understanding of conservation; this was evidenced in their
recognition and explanation of counservation of weipht as
well as substance and number in unfamiliar and inequality
situations ag well as in familiar situations. Their
understanding of couservation was not limited to the number
or particular substance conservation situations in which
they haod been taught., lior was their recognition of

conservation merely an automatic response; they recognised
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incquelity and its comscrvation. ey had clerrly learned
nore thon o verbal formula. Gail usuelly explained conser-
vetion in tocrms of the identity of the materianl, Paulette
;uve a form off the nothing hvs been taien away explanetion
ond Kevin pointed out the possibility of reversibility; all
chree chidldren mentioned more than a single reason for
conservation, The reasons the individual children gave
on both post-tzsts were similer to those they had given
dwrins their teaching session,

There were noticeable individual dii'f'erences in the
three children's approaches to the cous:rvation problems
as well as in their explenations of' their conservation
Judsments. Fail watched carefu’ 'y thet it was the same
beads or nuts or er; s and cups or houses or water or
plasticine or rice, and she explained that it was the same
motorial before and again that it was the some material all
the time. Gail reco:nised conservation in all the
situations and said, ifor example, "they ot the same number
(beods, nubs, woter, plasticiue, rice) before", "it's the
sal s (houses, plasticine, one, rice)", "I can tell it's
the same wwter, I can tell by the water", "it's still more
lilze bef'ore", "more plasticine still weighs more".

Paulette paid close zttention to see that the
experimenter zept all that she had at the start and then
confidently pointed out that nothing was taken awgy and it
was the same before. Like Gail, Paulette recognised
conservation in all the situations. She said, for example,
"you turned (tipped) ell of 'em (the beads, nuts, water) in
there", "you kept all of it", "I saw they were the same
before", "I looked at the othcr one and knew they both
weirh the same before (in the bag)"™, "it counted more before",
"you tipped all of the more in".

Xevin relied on the fact that the portions were made
the same before and could be put back the same, He also
mentioned compensatory relationships but he did not express
these clearly. Kevin, like both Geil and Paulette,

recognised conservation in 211 the situations. He said,
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{or euwnuiple, "ihere were © ir therc and in there beiore,”

"Lhere vwoo the same number at firet", "tloy counted tlhe

Y [ Y 1
" ou can move (pui) 'em back", "ouls back,

sause before",
EY vee SA o Y caryatt Hormyn R o water in tner By
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er, the othir'ec a wider jor, so
it's the same", "one's bigrer and the other's birger and
they vwere the same before", "the rice weii hs ihe saune,
the bowl and bag welsh diterent", "there ~re ctill more,
stilt 9".

Robert, unlike Geail, Paulette, and Hevin, nede in=-
correct (thowh consistent) judgments throuchout the post-
tegt; he sald the portions were diiierent, that they vere
not the same, end he chose one as ;rcater in each case,
Robert attended to the difft'erent atiribute situ~tions,
uncderstood znd used appropristely the terms of' the questlions,
end zave coherent and aot totally irrelevant explanations
vor his Jjudguments which were more than mere guesses; but
he made no couservation judgments.

Robert crcated or chose equal portions to begin with,
but he failed to recognise the cortinuing evuality of
numb: v, substance, and weight after one of the portions
was transformed in shape. He said, for example, "the
tubes's zot more cause it's long", "“the ¢lasc has more,
it looks more", "wmore in that row, it's spreaded", "my
zlass has moie to drinlk, it looits bigger", "more in your
dishes, ‘cause more", "that's more plasticine cause it's
long", "wore in those bits 'cause it got more", "the bag
of rice weizhs more ‘cause it's alot", "the ball weighs
more ‘cause it's round", After the inequality transforma-
tions, Robert's choices directly contradicted the actual
situation; he sald the lesser portion was gireater.

Robert usually but not always made the same choices on
both post-tests; except where petri dishes and plastic
bags were used he chose the same portions as greater on
both tests. Robert did not choose exclusively either the
original or the transformed portion as greater; he centered

on some aspect or aspects of t e particular transformations
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in melking his cnoices, but if there was a common
perceptial pasis for his choices, it was not clear to
vhe experimeunter,

he control ;roup cnildren lilicwise nade no conscrvae-
tion jud;ments, Like Robcrt, they understood the problems
2s the experimenter intended uvhem and they made cousistent

vut incorrect judgnents,
IIT DISCUSSION

This investigation showed that a peneralised under-
staxding of conservation can be ceveloped in eduecationally
subnormal children who are initizlly without the degree
oi understanding indiczted by conservation of number,

“he investigation likewise provided a clearer picture of
the development of incividual underctanding of' concervation.

Three of four children who had been total nonconservers
at the start of their teachin; session jlearned to recosnice
conservation and could explain their reasons when they
did so. These children learned what to look for and
cttended to the relevant aspects of the gitusations; they
mrde the necessary distinctions and related thinss which
they had not related before,

The three children were aware they had learned
something; they approached the problem situations with a
new confidence. Gail's attitude to new problems became
positive; she tried withoul iear., Paulette admitted
that just looking at the present situation was not enough;
she recognigsed there were other considerations. And Kevin
recosnised that he did not need to recount; he thousht
back to the original situstion. In other words, the
children developed in more than understanding of counserva-
tion, It was hoped that they would carry over these
nore efflective attitudes and approaches to guite different
problem situations,

There were noticeable individual differences in the
children's developument of understanding and these will be
considered lster in the discussion, but certain aspects of

the teaching were particularly eff'ective for all three
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ciiildren who learned. The prriicul-rly eivective
aspects included the following: concentration on number
in a variety of situations, separation of appearance and
reality (especially in the compirison and crcation of
equality situ:tions), and the related clarification of
the distinction between more in number and lon- r
(especially in the dot distribution comp-rison situetion),
jwrtaposition of addition/subtraction and conservation
transformations, and presentation of identity co::servation
situstions bef'ore ea :ivalence conservation situstions.

"he children's active nanipwlation of more than reversi-~
pility was important; for cxample, their attempts to
create ecual numbers in diiferent shaped containers very
etT’ectively developed their apprecistion of the need to
rely on countine, a familiar and simple external criterion,
rather than on perceptual appecrances. Guided observa-
tions and explenations of identity ('oualitative' and
‘cuantitative') and of reversibiliiy in a variety of
situations praded in degree of difficulty enabled the
enildrven to explain as well as to recognise couservation,
Steady encouragement as well as patient correction and
repeated explanation developed their couridence that they
could understand the problems,

The ch ldren found same problems especially diff'icult
and others quite easy. Rclative difticulty, of course, was
influenced by the stae in the teaching and the presentation
of the problem, but the children found creatin:; inecualities,
relating cardinal and ordinal number, recognising ecuality
in the exchance situation, and comparing the dot distri-
putions especizlly difficult whereas they found counting,
meking 1 to 1 correspondences, recognising conservation
of a sinle portion covered by a box, and comparing
numbers in similar containers quite easy.

Certain aspects of the teaching contributed lititle
to the children's understanding of coiiservation and
probably could have been omitted; the seriation problem

gituations, in particular, were not necessary. Likewise
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the order in which the teactin~ situstions were presented
probrobly covld have been diiierent; the echange situ-tion,

i'cr exauple, covld nave vecn piesented l-otexr, n

o

lovertisotion, hovever, was an exploratory one and the
ein wes not to 1solate esserntisle nor to find any one

"t pe

scoucnce of stens tfor tencehdn:. The purpose was o

vest
aevelop ©he under:tandinz off the least vesporicive non-
coilservers by providing for their different .eeds. ‘The
tesching: method uscd was not necessarily the best wey to
devélop a rencralised underste:ding of conservation in
thece children but it was an efiective way.

The amo'nt of teachin~ ¢iven in the difierent
situations wes adapted to the individuel children's
needs. Dif:event children's understanding improved
most in diffeient situations end ifor diiferert reasons.
4all was helped to ove ‘come her :e.ersl confusion and iear
in number couscrvation gituaiions throush having her
attention directed to the identity of tne material after
Giverse transformstions and through beins encouraged in
ner small successes in sinpler problem situntions, The
clarificntion of the relevant considerations especially
in the identity cors rvation situetions and also the
juxtaposition of addition/subsraction problems and
conservation problems were particularly efiective in
developing Gail's understanding of co:servation, Paulette
was irelped most by the distinction made between 'more in
number' and 'longer' in the comparison of rows of dots
siturtion and by the need to separate appearance and
reality in the creation of equality in unequal containers
situation. She had been les: renerally confused by
number situstions than Geil (e.g. in the exchange situation)
but she had relied more strongly on perceptual appearances.
The emphasis on the fact that nothing had been taken away,
especially in the identity coaservation situations,
helped Paulette give up her complete reliance on present
avpearances., Kevin, in contrast to Paulette and also

unlike Geil, did not base any of his judgments on perceptuel

appearance alone; he counted and then recounted after
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any traasformation, He did not recognise continuiasg
equalit;y without recountiangr uwntil he was [iven teaching
emvhasislay reversibilityy and drawing his attexntion to
the siunif'icance oi' addition/subtraction. Kevin was
porticdorly nelped by naving his attention directed to
vhie priovr situzstions and to the actual traznsforma ions
i the couservation problem situstions =na also by the
explicit teachin:; -iven in the 3duitioq/subtraction
vroblem situatioins,

Thus, Gail, Paulette and kevin had diiferent needs
and developed understanding of' concervation in difi'erent
ways. (See the chapter appendix for the details of the
individual children's responses to teaching). The
three children difiered in their origsinal abilities (ceze
Hevin was more able than Gail and Paulette in the creation
oir inequality situation but Gail and Paulette were more
zble thon Kevin in the addition/subtraction situation) and
they developed understaiding for diifcrent reasons (e.ge
ail ntiended to the identity of the moterial, Paulette to
the fact that notlhing h d been talten away =nd Kevin to
reversibility).

Robert did not develop understanding of conservation,
It was not clear why he mzde so lit.le progresg during the
teaching session. The only apnreciable improvement was
in his understanding or ihe effect of addition/subtraction.
Bven with extensive teachin; he made no progress in the
comparison, exchange, creation of equality and inequality,
end conscrvation situntions, The only continuing equality
that Robert recognised was in the identity conservation
situations when tubes of beads viere moved horizontal or
vertical or when blociks were covered, In these cases the
beads or blocks were not themselves transferred or
transformed, only containers were moved, and though Robert
recognised the number was the same, he gzave no reasons for
conservation. Further study misht reveal the source/sources
of Robert's difficulty, for example what his criteria are
in making his judgments, exactly what effect his perceptual

and motor handicaps have on his development of understanding,
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etec. and this misht enable more efirective teacninge
rurther teaching mi-ht introduce l roer clearer dot
digtrivutions or use blociis to replicate the tezcning
sitaction wileh, Zor Gail and Paulctte, was so eitective
in clorifying the distinction between more in number and
lonzer. Lixewise, materisl changes in ot..er problem
siturtions misht clarify Robert's understandins, sior
exaxple, chocolate penunies oi .he some size as the othe
neanies mi ht be used to direct his attention to numoor
by elininetineg some irvelevant diilerences in the
excnange siturtion. Various other chenges co 1d be
mnode and further experiences included to cxplore and
clarify Robert's uwncerctanding.

The three cnildren's development or understandinz of
conscrvation was graduel. Recognition of continuing
eouality without explenction of conse:vation developed
before understasding of conservation for expressed
reasons of identity or reversibility., There was no
sucden radicel change in the children's approaches to
consecvation problems, They amended their prior approaches,
for erample, Paulette still wotched but she watched that
nothing was loul rather than thot the shape was the sane,
and Kevin still relied on counting but he remembered
a prior count and did not recount. The understanding of
conservation that the children developed, howev:r, was a
new understanding, as far as any understanding is ever
'new'; the teaching could not be said to merely activnte
existing understanding of conservation as the children
had exhibited no prior understanding of conservation.

To conclude, the investigation siowed that given
fuller teaching, some children who do not initially
recognise number conscrvation and who may not develop
such understanding after being given brief teaching, can
be helped to develop a ;eneralised understanding of con-
servation, Such ghildren were successfully taught using
a general eclectic method; a veriety of problem situations,
experiences, materials and explanations provided for the
children's different needs end the  gradually developed

understanding,
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IV APPLIDIX

Pre-testing Procedure {'or Investiration Ilive.

1a. Put the same number of veads iu ench ¢lass, O in here
and & in there (2 identical 10uml benliers and le beads
of Z2cm diameter)
Is there the same number of beads in each r;lass?
I you have this rlass and I have that glass (pointing)
hrnve we as uany beads as each other?
(After recognition of equality)
I I do this to mine (pour one beaker of beads into
taller, thinner container)
VWhat about now?
Is there still the same number of beads?
Do we have az diff'erent number?
Do we still have as many bveads as each other?
Why do you tl:inic so?
(Repeat procedure using two sets of 12 similar beads
but substituting low wide for tall tnin container)
1b, Put out the same number of egss as cups, maie I'ows
of 7 in each (7 2D cardboard eg;s and cups)
Is there the same number of eggs as cups?
Are there as nany eggs as cups?
(After recognition of equality)
If I do this (bunch eggs near the cups)
Wnhat about now?
Is there still the same number of eggs as cups?
Is there a different number?
Are tnere still as many eggs as cups?
Why do you think so?
(Put eggs back into cups and repeat questions for 11

egus and cups spreading the egss out far from the cups)

Post=testing Procedure for Investisation Five,

1a. Repeat pre-test 1
Repeat pre-test 1 substituting nuts in 2 50ml beakers -
equal portions of 15, one portion transferred into a
petri dish,unequal portions of 8 and 9, 8 transferred

into a teller thinner container
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1b.

3a.

Repeat pre-test 2

nepeat pre-test 2 suhstituting toy Louses—

eyuzl portions or 12, one portion regrouped une ual
portions of 7 and o, 7 spread

Put the same amount of water in each ;lasc, nalze fair
sheres to drink (2 identical S0ml beazers)

If you have this ¢less and I have thot less (pointiug)
have we cn equal amount to driniz, fair shores?

Is there the seme amount of wetcr in each :lass?

(After recosnition off equality)

I I do this to mine (pour one drin: into petri dish)
q/mat about now?

Do we gtill have an equal amount to dring, foir shores?
Do we have dirierent amounts?

Is there still the same anount of water?

Wiy do you think so?

(Repour drinits into orizinsl beakers and repeat questions
pouring one drinic into two petri dishes)

Repeat procedure using unegual portions

llake balls with the same amount of plasticine each,
equal amo nts (2 strips of plasticine)

If you have this ball and I have that ball (pointing)
have we equal amounts of plasticine, f'air siiares?

Is there the same amount of plesticine in each ball?
(After recosnition of equality)

If I do this to mine (roll one ball into snake)

What about now?

Do we still have equal amonts of plasticine, fair shares?
Do we have dif'ferent amounts?

Is there still the same amount of plasticine?

vihy do you think so?

(Remaize two balls and repeat cuestions cutting one
plasticine ball into quarters)

Repeat procedure using unequal portions

Choose two bags with rice which weigh the same, which
are equal in weight (3 plastic bags of rice - 2 weighing
approximately J1b each, 1 weighing approximately 20zs)
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De

Would yo hold thece two bass (two identicel bags of rice)
Do they weizn tire seme ag eachh other?

Are they ecual in vweirht? equally heavy?

(After recornition of ecuality)

I I do this (pour one bas; of rice into bowl)

dnat about now?

Doesg the rice still weigh the sane?

Does the rice wei/h dif.crent?

Is your rice still ecual in weight to rine? ecually heavy?
W1y do you think s0?

(Repour rice into original bags and repeat < uestions
pouriny one bag of rice into two jars)

Repeat procedure using uneguel portions

Choose two balls of plasticine which weigh the same,
which are equal in weirsht (3 balls of plasticine - 2 half
the weiht of 1 larpe ball)

would you hold these two balls of plasticine (two
identical balls)

Do they vieish the same as eac other?

Are they equal in weirht? equally heavy?

(After recognition of equality)

If I do this to one (flatten one ball into pancalce)

yinat about now?

Does it still weigh the same?

Does it weigh difi'erent?

Are they still equal in weisht? eqnally heavy?

Wny do you think so?

(Remake two balls and repeat questions cutting one
plasticine ball into three pieces)

Repeat procedure using unequal portions
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‘eachin;. Procedure and ics

ts for Investigation Five.

v correct

X incorrect

x— v corrected after teaching

with reasons

without reasons

1 Compsrison:

"sane number/as many, diiferent number/which more/
which less,how 1'ind out/would counting prove"

2 similar containers

2 difterent containers

2 similar extreneties

2 different extremeties

2 diff'erent distributions
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beads
beads
beads
beads
dots
dots
dots
dots

L+2 3+3 blocks
4+l 7+1 blocks

X—>v
x»Y
x> 7

=

Xy v
w7
=V

X =2/

H
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2 Corvespondence-exchange:

"sarle nurbery as anny, moreven.ies/more swects,
vyt

sweoelts for pen.ies 10 10
provoxed:

‘put out same number e: s as there are e '~cups,
put so juct as many"

e, ;8 &hG eg cups S

unprovoiced:

"put sanme number counters out as I have,
nake rov of as many as my row"

counters 7 horizontal

15

"maize plle with same number draughts
as in this pile, make pile of as
many draughts as these"

draushts 8 vertical
12
cardination:

"oount and tell me the number of blocks
here, Tind out how many there are"

blocks 11
20
"-ive me --- blocics"
blocks
12
classification:

"put cards with same number obJjects
on them together, put cards together
that go together®

shapes 38

78
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v 4

. 4 v

|

4 v

i

. ¢ ¢
¢ 7

da

x>/
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3 <Creation of equality:

“pug%g%c same numbeor in ewch glass,
.encs ..
~iVe an wkily/Teir shares, shrre equally"

similar containers & unit cubes 6 6 4
10 10 ’
different containers ¢ unit cubes 6 6 v
10 10 v

lnequality:

"put =-- more in this glass than in that one,
ive yourself ~-- more than you give me"

containers and unit cubes 1 v
5 x
sharcs of unit cubes 2 x
7 x
L. Addition subtraction:
"same number/as many, different number,
which more, which less, why think so,
same unless +/=-, does taking some away
meke it more or less, does adding some
make it more or less"
2 rows counters 7 sub 1 from 1 v
9 add 1 to 1 4
2 piles draughts 9 add 1 to 1 4
7 sub 1 from 1 /
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5 Conservation:

"wliot about now, 8w number/as many, different
number, which moie, which less, why, fazir
chares, how many without counting"

identity:
beads vertical to horizontel 5 VR VER  xaYwR e
beads horizontal to vertical 8 VHR (iR /R XY
beads jar to box 6 JNR YR xafNR X
12 v NR v x-lnk‘i x
blocks bunched 7 YRR VAR aadek x
blocks spread 10 YRR YNM x»lrk; x
blocizs covered 8 VR YNR x>INR| SRR
15 VR YNR ok YRR
rubber brnd stretched xo/R YR INR | X
licuid poured x>k VMR (N x
equivalence:
ez s and e_scups egys bunched 7 x>/mh YNR T YNk | X
e; s spread 10 x>NR YNR /NR | X
drauchts 12 white 6+6 } VRoxa/h VR x
7 black L3 R :x-»/A; v & X
beads in containers eg 12 & 12 move = VR e vk | X
uneg 12 & 13 move vk ; YR VR X
rubber bands one stretched ' vR jEx-snlg N7} %
ligquid one poured | i VA | /R X
t
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6 Seriction - single:

"put sticis in order, biggest first,
then one a bit littler, then litiler and
littler to littlest®

Uulsenaire rods from disarray L
10

"put these extra sticks where they belong
in order biggest to littlest"

Cuisenaire rods to insert

equivalence:

"rive big dolls big sticks and lit:ile
dolls little sticks, biggest stick
for biggest doll bit littler for bit
lituler till littlest for littlest"

Sticks for dolls from order 4
reverse 10
disarrays 4

relation cardinsl/ordinal:

"build a stair like this one, how many blocks
make ~--~ step, what next step, how many
blocks for it, what call highest step"

Lego stair L L4th
5 5th
10 10th
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CHAPIER 7
COL.CLUSION
In this concluding chapter, answers to the six central
guestions with which the research was concerned will be
discussed. Various subsidiary questions wirich arosc in the
divierent luvestications have been dealt with in the earlier
cnapters and will not be further discussed here.

Question 1: Can unde.standing of conservation be

developed in educationally subnormal children by instruction?

The answer is yes. In the five investipgations, cnildren
whose Iys ranged between 42 and 77 and who were a-ed between
& and 16 weire successfully tausht conscrvation of quantity.
There was evidence that these children developed a genuine
ungerstanding ol couservation and had not merely learned a
rote or stereotyped verbal response, For example, the
children made negative as well as positive judgments; in the
inequality situations they asserted the portions were not
the same and pointed out which portion countinued to be greater,
A Judegment of sameness was not autamntic. Further evidence
of the genuineness of the children's understanding was the
variety of’ their explanations i{'or coinservation. Individual
children exvressed their reasons in various different ways
and often zave more than one type of explanation; likewise
different cnildren expressed their reasons differently and a
wide variety of explanations was given, These explanations
were not unlike those of the children who had developed
conse:vation snontaneously. The expcrimenter's questions were
worded diff'erently for different attributes so no simple verbal
cue was given; care was taten to avoid bias in the presentation
of the problems, Thus it was evident that the children given
instruction on conse.vation had learned with understanding.

The question whether understanding, which is developed
as a result of teaching, is 'evoked' or 'created de novo!
has been raised by various writers, e.g.,Inhelder, Bovet,
Sinclair & Smock (1966), Kohlberg (1968), Beilin in Elkind
& ¥lavell (1969), Gelman (1969). In ascing whether
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conscvation is 'elicited' ratier t an developed as a
‘new strategy', these writers are mai:ing a distinction between
vhie actarlization of existin.: structiires and the formantion of
new operationral structures. The distincivion however seems
unnei piil end artiivieinl, It secems unhelpiul because the
same distinetion can be mede with regard to the égggﬁggggggl
development of understanding of conservation; understanding
developed in the course of cveryday life is as likely to be
an exteansion orf some prior understanding rather than a new
creation, It seems artificisl because uncergstanding of
co.ascrvation develops gradually rather than as an all-or-none
conceptual entity. If conscrvation, like other understanding,
ariseg from various prior understandings, it may be both new
and related to existin; structures. Finally, unless the
distinction is based on some specif'ied behavioural diff'ererices,
it is of 1little use in interpretins the results of studies
attempting to teach conservation, If it were shown that a
prior recognition of cons.ivation, say conscrvation of number,
was nececsary before teachins of conser-vation were effective
then there would be some evidence justifving a distinction,
Investigation ¥ive, however, iundicates thot such conservetion
is not a prerequisite, but this will be discussed fully later.
Whether conservation is deemed ‘evoked' or 'created Ge novo!
in the five investigations, the ciiildren evidenced a new
appreciation of conscrvation after tcing given instruction,
The investigations thus showed th:t there is no need to
await the 'spontaneous' development oi' conservation in ESii
children, but tiis does not mean it is necessarily .ossible
to successfully iteach all children repardiless of their age
and condition. There is likely to be same lower limit of
necessary ability, but this remains to be defined,

guestion 2: By what means can understanding of conservation

be developed in ESi children? One way that this can be doue

is by givingz children a large amount of varied relevant
experiences and explenations in concrete situations. This
general answer will be enlarged upon, but three preliminary

points need to be made. (1) The investigations showed how
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uncerstanding ol consirvation may be developed, now childien
may be nelned to develop uncerstandilng:y thin is & seprratve icsue
irom now co..s votion nececsarily or enerally develops.

(2) Lizewise, he investizrtions chowed who’ sort of teaching
reviou Le elrective for many LS. children, vi-ich it a dii'ferent
cuestion trom why, or if'or what reason or reasons, individual
ciildren learn. (3) The investigations rcvealed what tupe

ol exprrience is importont, but did uot isolate any esseirtial

i credient or minimum condition,

The teaching procedures we.e based on close study of LS.
ciildren's performances on conscrvotion problems as well as
on analysis of what is iavolved in ine co..s.rva.ion tasks
thenselves, The most important Teature of the teaching
proc:dures used in the diiferent investigations was the
variety of experiences and .xplanations. This provided for
children's difi'erent needs and fecilitated the development
of broad understanding. Yuite a full case for conservation
woes presented and children gradually developed understanding.
liultiple embodiments of the same reneral priuciple developed
z broad understanding and not just recognition of conservation
in parcvicular situations.

The various ex.lanations for couscrvation, the ilentity
oi the mat:.rial, that nothing had been sdied or teizen away,
the possibility of reversibility, that it was the same before,
and the exactly compencoting relationships, emphasised the
reality underlying appe:rances. The children began to
~cco:cnise the continuing equalily despite immediate
anpecrances and became aware of the inadecuacy of purely
perceptual judgments, They learned to select what was
relevant for conscrvetion and vere not mislead vy changes in
apezrance only. They developed undcrestending by observing
and nanipulating revcersible transformations and by usiag
external criteria or measures for equality while the

experimenter explained the various reasons for conservation
and encoura;ed their correct Jjudgments and explanations,

A number of writers have discussed at length the possible
sources of conservation, see for example Piaget (1952), Piaget,

Inhelder ¢ Szeminska (1960), Bruner et al (1966), Piaget (1968),
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Sipel . = Hooper (19¢&), #lsind - Fl-vell (1969), Helford
(1376). In the present investipstions, no one experience
or explcaation was i'ound to nold the ey to conservation
vor all children, Undersinndin: of couservation was not
sound to develop in an all-or=-none manner, either
snontaaeously or during the course of teaching, and
dirverent children appeared to learn ior difierent reasons,
oere vwias no evidence of a single source orf couservation.

wucstion 3: Is the understanding of counservation

develoned ieneralised ond durable? The answer is yes.

After instruction children reconised and rave reasons for
conservation in new material, ineouslity, and different
attribute situstions and they continued to molte co:scrvation
Judements up to eisht months later.

In Invectizations One, Two, Four and Five children
~eneralised conservation to a wide ran:¢ oi situations,

50 also did children in Investigetion Ti.ree who, in a
croup, were siven teaching similor to that in Investigation
Two, When teacnhing procedures were systematically reduced
nowever, in Investigation Thrce, children developed
correspondingly less generalised understanding of cornsgrr—
vation,

Conservation wns peneralised to attributes usually
recognised as invariant ezrlier than the attribute tausht,
The understanding of conservation of volume developed was
generalised to weisht and substance situations and thet
of area to volume, weipght, length, and substance situations.
Conservation also appeared to be generalised to attributes
later in the usual sequence., The developed understanding
of conservation of number was generalised to substance
and weirht situations and that of weight to volume
situationse.

Thus the understanding of conservation developed in
the different investigations was found to be generalised
widely. Exploratory questioning of children taught volume
conservation indicated that they were also able to create
equal volume buildin s on diffeerent bases, and children

taught number conservation learned to create equal numbers
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inweninl contalners., The ability to create equalities
winich aliver in appearance is a criterion ror couservation
which Plazet has emphasised, see I'or example Piaget (196?),
and is oike which could have been included in testins ESKiV
cilldren's understauding. However, tests for creation
of equality like tests for transitivity tap understandings
difr'erent from conservation and ior practical purposes

mey be omitted when children clearly recognise and give
recsons ror coaservation in a wide variety of problem
situations,

A cuestion that nceds to be considered is why the
understanding of’ conscrvation developed by instruction is
gencralised to all the other attribute situstions on the
post-tests when, as the pre-tests show, the unde standing
of couservation developed spontaneously is evidenced in
sone attribute situations vefore it is in others. Why is
conservotion so widely generalised after teaching when it
develops sequentially otherwise? This is a diftf'icult
cuestion and it is not fully answered in the present
research, Certain points however can be noted. During
the course of the teaching understanding of conservation
did not develop in an all-or-none manner anymore than it
does ordinarily. It was only sradually extended to
include more complex attribute situations, though after
full teaching there appeared to be an all-or-none recognition
of conse:vation., A possible explanation for the widely
ceneralised understanding of conservation evidenced after
the single teaching sessions is the unusuelly concentrated
ascembly of problem situations and explanations of
various reasons for conservation which would not normally
be expcrienced in the course of development.,

Finally, the understanding of conservetion developed
was found to be lasting as well as generalised. All
the children who developed conservation retained their
broad understanding over 2 or 3 post-tests 2 weeks to
8 months later.

Question 4: Is there a uniform sequence in the

'spontaneous' development of conservation in ESN children?
The answer 1s yes. Investigations Two, Three and Four
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conlirmed tne substuince-velore-~weirht-vefore-volume
conscrvation sequence Iound by Piagcet o Inhelder (1941)

in normal chiildren and by Innelder (1943) in the nmentally
retarded, Investigavion Four revealed a further sequence
in tiie development of understanding: conservation of
aumber~-beflore~-substance ~ len-th-before-wei -ht=beil'ors=volure
¢arca. This more extensive sequence difiered rrom those
Tound by other invectigators. Plaget found that conserva=
tion of numbcr develops at about 6 to 7 years of aze,
substance, length, and area at avout 7 to 8, wei:ht at

about 9 to 10, and volume at about 11 to 12, ther
investigators found cifferent orders in the development

of’ conservation, see f'or example Goldschmid (1967) and
roselman (1970) who citcs several othor investigations.

“he porticulars of the problem situations and questions
precsented by the diiferent investijctors very probably
deterained the diif'erent orde:xs in which couservation was
rcecosnised in the extensive range of =ttribute situations.
The sequence conseirvation of substance-before-weight-before-
volume, however, was found repeatedly.

Why there should be this substance-before~weisht-before-
volume sequence is not easy to answer. Some possidle
explanations for the sequence found in Investigation Four
were discussed there and need not be repeated here except
in general terms in relation to conservation of substance,
weisnt, ond volume, Conservation of the enrlier
atiributes may not be integral to co servation of the later;
conscrvation of an attribute later in the sequence can be
successfully tausht to children who lack conscrvation of
attributes earlier in the sequence, thoush conservation
of' the earlier atiributcs usually also develops. Relative
complexity and familiarity oi" the problem situations and
questions may explain the order of development of under-
stau@}ng of conservation, Children are likely to consider
global quantity, substance, before its more abstract
aspects, weight and volume., Questions about overall ‘amountt,

substance, are relatively simple and familiar; questions
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avout "ol nit!'! are less so but el ht Lo still cuite

direculy czporlienced. Jescions about volume ore nore
cozplete Wre te wms 'room' and 'cpace' are ambiguous end

ary suggest thnt (iape is relevent; volume is nob easily

] o]

messurcd o cenonsvrited and it is probably a less
tarilisze considuiation for crildren,

aegtion 5 In what ways ic a child's recopnition

o: conservation or coutinuln: ccualit — inlluenced by the

N
e

parviculers oi the gituastlion facing iim?  The particular

pregentation of cong:oarvation vroblems was found to
indlucnce chiléren's recosnition in two main ways: (1) when
divierent materiels vere used conceptual recognition of
concervolion was sometimes cvidenced in one but not awother

nurberr, substance, area or volwse situation and(2) when

widterens tronsi

3

ormctions worce made priccptual recognition

oi' continuln: cquality was likewlise evidenced in some but

not other lensth or area situations,

The influence of situctional differences was evident
in Investigations Two, Three and Four; Investigations Two
and Yhree revealed the importance of tasiz specifics in the
cace oi volume conscrvation particulnrly, and Investigation
Four revealed their influence in the case of ares particularly.
In the cace of volume, while there was no evidence of a
necescary interior-bvefore~displacement volume counservation
sequence, different displacement volume situations gove
rise to differences in conceptual recognition of cons:rva=-
tilon. These have been discussed in Investipations iwo,
Pi:ree and Four and need not be taken up again here. In
the case of orea, differences in the problem situations
pave rise to perceptual recognition of continuing eguality
in some but not other situations as well as to differences
in conceptual recognition of conservation, but there was
no evidence of a necessary interior-before-complementary
area concervation order, These findings too have been
discussed ~t length in Investigation Four and need not be
talken up here.

In addition to revealinc the influence of task

specifics on children's responses in volume and area
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conservation situstions, the investisetions disclosed
diiierences in conceptual recornition o couservation

of number and substance due to differences in the
parvic.ln~r siturtions presented, Conservation of number
was comeviiies recoguiscd in correspondence situstions
before it was in beads in couataiuccrs situations and
coiservation of substasnce in liquid bei'ore solid substance
situat lons,.

Investigation Four rcvealed that perceptual recosnition
oi continuing eauslityr maj be possible 1u some length as
in area situctions. “'his too has veen discussed previously,
Closer st:dy of the ef:'ect ol task specifics on respoises
in len,th coi:s rvation situctions ni:ht clarify the
fisaisgs in Investigation Four. Further study misht also
clarify {he finding in the distance conservation situation
of' Investization Four, There, all the children tested
recornised the continuing equality;s of the distance between
the objects. In the case of weight, situsfional dif'ferences
did not ive rise to any diri'erences in recognition of
concervation or continuing equality,

Finally, the rfinding that task specifics have an
important influence on chlldren's responses in conservation
situations emphasises the importance of describing and
considering in detail actual transformations made and
naterials used in attribute situations and also exact
criteria for couceptual and perceptusal judgments.

guestion 6: How is a child's response to teaching

influenced by his initial level of understanding?

Investisations Three, Four 2 Five indicated thet the

teaching procedure and the child's initial level of
understanding interact in determining whether and how far
understanding of conservation develops. When in Investigation
Three teaching procedures were systemotically reduced,
children who had less initial understanding developed

less in understanding conservation, In Investigation Four,
four children who initially failed to recognise conservation

of number as well as five other attributes did not develop

261.



widersta:din: of conscrvation with tle teaching siven,.

()

In Invectigation Five, however, siven fuller difterent

tecc.iny tiaree ol these four children Gid develop a
sentra ised anc durable undersvanding of co:ervation.
Thue, a child's response to teachin: was found to be
Zpfluenced by an interaction between his initial level
of underscandiiy «.d the ful ness of tne instruction
paven to hiim.

Inhelder ¢ Sinclair, in iussen et al (1969), report
Genevan learnins exporiments and the rindiang that the
efi'ectiveness of teachin; varies significantly with the
initial developueintal level of the child., They found
thot the lower the child's initial level the more any
prosress tends to ve limited to a particular problem or
1icld, In the present rescarch tiis was only found to
be true when reduced teaching procedures were used; iven
fuller tcachin: children with the lower levels of initial
uncerstending also developed the widely generai.ised
understanding of conscervation. On the basis of their
experimental results, Inhelder (: Sinclair drew the
"tentative" conclusion that conservation of number is a
prercguicite of success in learning experiments. Investigation
Five of' the present research provided evidence contrary to
this conclusion, Three children who did not initially
recosnise conscrvetion of number were successfully taught
conservation, The question of prerequisite understanding,
however, needs further study. Conservation of number
perhaps is not a minimum essential, but undoubtedly there
is some minimel degree of understanding or ability that
is necessory bef'ore couservation can be successfully taucht
and this minimum remains to be specified.

In addition to answering the six central questions,
the research has implications tor the educetion of mentally
retarded children and for understanding mental growth in
general, The investigations have shown means of
remedying as well as diagnosing lack of understanding of

conservation in ESii children, As nonconservation is
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prevalent acons L310 schoolchildren of all w2es and as such
chlldren are less liwely than norrmal ¢ iléren to'spontaneous*y'
develop unGerstanding: of conservation, it can reasonably

he ar-ued th~t special inctruction on conservation is
important to meet thece chiliren's everydey nceds. The
i.vestiretions nave also reveeled sometiiing of' the ways

in wiich wental development in sencral may occur as well

s some conditions for the developrnent of wnderstandiag

o1 congservotion in prriicudar,
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