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" There has been a debate going on during the past féw years over
the precise rq]e played by certain rules in\the acquisition of Piaget's
ubiquitous conservaiion concepts. Piaget, és is widely known, has 1opg
ﬁaintained that his two forms of reversibility, inversion and reciprocity,
are chiefly responsible for conservation. The second éf the two reversi-
biiities usually is.called "compensation" in the North Ameriéan litera-

ture, and I shall henceforth adopt this usage. Bruner, on the other

“hand, has proposed that the development of conservation is more’directly

dependent upon a prior grasp of the identity rule than it is upon a
pribr grasp of the reversibilities (cf. Bruner,t'lver, & Greenfield,
1966, Chapter 9).

Insofar as the historical origins of this disagreement are con-
cerned, Bruner fired the opening salvo in 1966 when he observed that
"On purely logical grounds, we believe [Piaget] has missed the heart
of conservation. Both inversion and compensation to be effective must
rest upon an appreciation of the original éuantities involved ... com-
pensation and inversion, it can be aygué& even more fﬂrcefu]]y, depend
on the maintenance of -some primitive identity ... Such identity can be
i]]dstrated by the case in'which one uses, say, a single quantity of

liquid, first contained in a standard beaker, then poured into another

_that is taller and thinner. The only 'simifarity' between the two is

achieved through maintenance of their identity [Bruner, bfver, &
Greenfield, 1966, p. 185]."

Bruner then presented two ﬁines of evidence to support these claims.
The first was an experiment conducted by Patrician Nair in which five-

year-olds' grasp of Tiquid quantity conservation was compared with their
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grasp of ]fﬁdfakﬁuantity identity. It:was observed that children in-
variabfy comprehend ideﬁtity before conservation. Unfortunately, logic
suggests that such data do not suffice to demonstrate that knowledge

of identity is intimateiy connected with the acquisition of conservation:
Children i;variably grasp concepts such as "up," "down," "over," and
"under" before they grasp conservation; and yet no one would suppose

that these'concepfs are somehow responsible for conservation. In addi-
tion to ihis logical problem, Nair's data obviously do not est&b]ish that
identity is more important than revarsibility because there is no con-
sideration of reversibility. Bruner's second 1ine of evidence was the
re§u1ts from Francoise Frank's perceptual écreeniné procedure for inducing
conservation in previously nonconserving subjects. In Frank's procedure,
the idgntity transformations which the child sees in the classic conser-
vation paradigm are carried out behind an opaque screen. Conservation
questions are posed in conjunction with the screened transformations.
After several such trials, classic liquid quantity pOSttESuS are adminis-_-
tered. Frank found this procedure to be a very effect1ve technique for
inducing conservation: Roughly one-third of a samp1e of 40 nonconservers
evidenced conservatioh on the posttests. Since identity training was

not compared with reversibility training in Frank's design, it follows.
that ﬁhe pretest- posttest improvements do not tell us anything about

the relative 1mportance of 1dent1ty and reversibility in conservation
acquisition. Worse, they do not even tell us' that identity training
induces conservation. Several investigators have attempted to replicate

Frank's experiment since Bruner's book appeared. No one, at least so
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far as I know, ‘has-been able to do so. At present, the most reasonable -
explanations of Frank's data are repeated testiﬁg effects (there were

no contrg] group; in the experiment) and Type I measyrement"erro; on tﬁe
posttests.. ‘
' Piaget answered Bruner's proposals and data about idéntfty in the

way he usually replies to his critics--obscurely. Instead o% attacking
the data, which ceré;inly do not prov; Bruner's thesis, Piaget decided

to proliferate constructs. He argued, in a review of Bruner's book
published in 1967,Ithat Bruner had failgd to distinguish between so-called
"empirical reversibility” and so-called "logical reversibility.". The ’
former is analogous to cyclic transformations in physical systems (e.g.,
thermal expansjon and thermal contraction), while the latter is analo-
gous to inverse operations in set theory and reciprocal operaticns in
ordinary arithmetic. Piaget argue& that Bruner's statements about
reversibility were principa]]yfconcerned with empirical revérsibi]ity

and, since Piagetian theory deals only with logical reversibility, these
statements perforce are not sound opjections to the theory. The "two
reversibilities” distinction, at the time when Piaget introduced-ip,

was completely rhetorical. In 1567, no data existed which showed either
that (a) there are distinct physical and logical reversibility rules in
children's thinking or that (b) physical and Togical reversibility are
differentially relevant to conservation. Moreover, a very recent study

by Gladstone and Palazzo (1974) failed to provide any evidence for the

" existence of two reversibilities which are differentially related to

conservation.

-Piaget raised one otﬁer objection to Bruner's claims about
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reversibility, identity, and conservation. Inwthevseéond~of two add?esses
delivered at C]ark University during 1967, he proposed that Braners

1dent1ty concept is a str1ct1y qualitative notion. He c1a1med, more

particularly, that the identity concept consists simo]y of'understanding

that the transformed stimulus is somehow "the same" as it was before

transfprmation. In view of the fact‘that‘conservation obvioog]y.is a
quantftative notion, Piaget concluded t%at the proposed connnection
between identity and conservation is doubtfo]. Thielline of reasoning,
besides begin/e11iptica1, is blatantly unfair. Bruner clearly intended
that his notion of identity éﬁou1g be viewed as a quantitative concept.
Essentially, he accepted Elkind's definition of identity (cf. Bruner,
Olver, & Greenfield; 1966, Pp. 185-186). Anyone who wishes to confirm
the ‘quantitative nature of Elkind's definition has only ‘to check shis
classic paper (Elkind, 1967) or a recent review of the literature ‘which
his paper generated (Brainerd & Hooper, 1975). Despite the fact that
Piaget misconstrued Bruner's identity concept, I think it is empirically
and heuristically useful:-to distinguish the roles p]a}ed by two types
of identity rules--one qualitative and the other quentitative-—in con-
servation acquisition. ,
What does the literature tell us about the respective roles of‘ '
identity and reversibility rules in conservation acquisition? Not much

as it turns out. We know'a good deal about the'developmental relation-

ships between identity and reversibility, on the one hand, and conserva-
tion, on the other. Available data seem to show that conservation is
preceded in children's thinking by the inversion rule (e.g., Brainerd,

1972), the compensation rule (e.g., Brainerd, 1975; Curcio, Kattef,
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Lev{ne, & Robbins, 1972), the qualitative identity, rule (e.g., ﬁépa]ia
& Hooper, 197]),Aand the quantitative jdentity rule {e.g., Brainerd & .
Hooper, 1975). However, we know next to nothing abou%\;he functional
‘fonnections between these rules;and conservation acquisi}ﬁan. We know
the most about inversion. Many successful conservation training studies

.

have employed inversion as part of their training treatments and, con-

sequently, most reviewers of this literature have tended to conclude

that prior knowledge of inversion is probably essential for conservation

(cf. Beilin, 1971; Brainerd, 1973; Brainerd & Allen, 1971; Glaser &
Resnick, 1972). The data on the compensation rule are contradictory.
Curcio ef al. (1972) repofted that prior knowledge of compensation
greatly increased nonconservers' susceptibility to conservation ‘tr'ain*ing.~
However, I have not been able to replicate this finding in my labora- -~
tories (Brainerd, 1975):‘ The data on the two identity rules also are .
contradictory. » I mentioned earlier that investigators have not met with
conspicuous success in their attempts to replicate Frank's identity
training experiment. The only clearly successful identity training
experiment of which I am aware is a recent docfora] fhesis by B. 0. M.
Riksen (Hamel & Riksen, 1973). Riksen was able to produce conservation

in previously nénconserving subjects by teaching them a combined quali-

A

‘tative identity and quantitative identity verbal rule. Unfortunately,

Riksen's data do not tell us-whether qualitative identity alone, quanti-

tative identity alone, or some interaction of the two produced the observed

improvements.

In brief, existing data provide insufficient grounds for concluding

that prior knowiedge of compensation, qualitative identity, and quantitative
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identity are essential fof cons&rvation. Worse, they provide no informa-

tion about the relative importance of reversibility rules and identity

rules. This question, after all, is the c}ucial issue. The thrust of

‘ Brunér“s argument is that reversibility rules are less important vis-a-
vis conservation than identity }u1es--not that they are entirely jrre]e-
vant. Thus, what.we really need to_know is nofm;héther reversibility
rules and identity rules aré related to conservation in an absolute sense,
but, rather, whether one group of rules is more closely related than the
other.

What type of'study would be required to evaluate the relative
importance of reversibility rules and identitj rules? A training’éiperi-
ment of sbme sort seems to be the host Togical appiroach. Developmental: \
studies are subject to tQé functional Jihitafﬁojé‘&}§cu§sed earlier.
Correlational studies, in which f%e amount of statistical covariation
between each of éhe rules and conservatign is estimated for large samples
of subjects, suffers from the problem that a rule-conservation correla-
tion does not necessarily imply causatioﬁ, and, even if it did, we would
not know,énything about the direction of the cause-effect relation. The
specific type of'experiment that seems most approbriate may be described
as consisting of five general steps. First, we wouid‘administe; revérsi-l
bility rule testé, identity rule tests, and conservation tests to a large
sample of children. Second, on the basis of pérformancé on these tests,
we would select a subsample of children who show some variation on the
rule tests but who show no evidence of conservation. Tﬁird, we-would '
divide the subsample into experimental and control conditions, and train

the subjécts in the former group to acquire conservation. The training
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treatment should satisfy two general criteria: It should be a manipula-

yiqh that a]reédy is known to induce conservation, and it shou[ﬁ be

' in?ormatjona]]y neutral with respect to the identity and reversibility

rules (i.e., it should not make use of either rule to train conserva-

tion). Fourth, after the training trials have been completed, we would
readminister the conservation tests. Fifth, if the experimental subjects'

conservation.performance is significantly better than the-controls',

~ we should correlate the experimental subjects" pretraining rule perform-

—~

ance with both their training trials performanceé and. their posttraining
conservation test performance. Each of these correlations provide an
estimate of the extent to which conservation-acquisﬁtiop depends on prior
knowledge of a given rule. oo \v T- .
I should now like to report the finding; of a recgpt]y‘comp1eted
experiment which conforms to %he scheme just outlined. We began with
a sample of 150 chi]dren“betweeh the ages of four and one-half and six.
The children were administered tests of inversion, reciprocity, qua}f-
tative identity, and quantitative identity. They also were ‘administered

tests of liquid quantity conservation, length conservation, and weight.

conservation. After the rule tests and the conservation tests.had been

administered, 75 children were selected who showed absolutely no evidence

of qonservation but yho showed considerable variability on the four rule
tests. Fi%ty of these children were assigned to an experimental condi-
tion, ahd the remaining‘zs served as controls. The fifty children in
the experimental condition were trained to acquiré liquid quantity cqn-’
servation via an elementary feedback proc?dure. Classic liquid quantity

tests were administered during the training trials, and appropriate
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questions were oosed by the experimenter., The subject was corrected \4
whenewer he or she made an erroneous judgment, and;the'subject was given

a (candy) reward whenever he or she made a correct judgment. The control
subJects rece1ved the same liquid quantity prob]ems during the training
trials, but feedhack was omitted. One week after a given subject had .

received the training tria]s, he or she was readnnn1stered the 11qu1d

quant1ty, length, and we1ght conservat1on tests. The posttest perform-

A

'ance of the exper1menta1 and control cond1t1ons then were compared-

e

On each of the conservat1on posttests, the performance of the PR

’tra1ned‘sub3ects was far superior to their controls. The'contr01s stt]l, {

showed no ev1dence of conservation on the posttests. In contrast, v1r;'
tua]]y a]] “of the subjects in the training cond1t1on showed. some ev1denqe .
of conservat1on on the posttests Moreover, rough]y 40% of the trained
subJects ev1dence perfect conservat1on on the 11qu1d quantity, length 1
and weight areas. Thus we may reasonab]y conchude two things about ‘
the training treatment. First, it induced -a durable concept:_ The.post-
tests were adm1n1stered several days after training; so whatever the
subject 1earned' it was not a momentary response set Second, the
treatnent produced a genera] concept rather than a specific quant1ty
response set: The subjects received no training. in either~the.3ength

or weight areas, yet their performance in these areas was far superior

to the controﬂs'. Since the training man1pu]at1on clearly was effective,

we may now consider the main quest1on, viz. the extent to wh1ch prior

knowledge of identity and revers1b1]1ty determ1nes conservation acqu1s1-

tion. 2 .
L i
° Insert TabTe 1 about here -
""""""""" ittt \
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{a) the experimental

In a1l there were four measures of learning:

subjects' performance on the training trials. {(i.e., the ratio of ?hits“k

’

performance ‘on the ope-week
Tiquid quantity posttest; (c) the expérimental subJects

to "misses"); Yb) the experimental subjects'

performance on
the one-week length posttest; (d) the exper1menta1 subJects performance

Of,these the f1rst measure undoubtedly

Jy 1ndependent of memory .

on the one-week weight posttest.

is the most sensitive since it is re]at1ve

The experimental subjects pretest performance on each of the four rule

.measures was torrelated w1th ‘their performance on EuCh of the four ]earn““ '

ing variables. fhe resulting coeff1c1ents appear, in. Tab]e Too L ”

. The empirical picture which emergé7 from Tahﬁl 1 is' Clear and uncom-

plicated.. In so far as the present ex er1menta1 subJects were concern d .

&

prior know]edge' of Piaget'gi”nversion»

P

rule turned out to be an exce]]ent’

predictor of conservatfon Jearning. On three of the four ]earn1ng

measures,_the corre]at1on between rule knowledge and “the jmeasure accounted

for roughly 25% of the observed variatioh. On the remaining measure,

length, the correlation with prior knowledge of inversion was‘sjgnifi-

cant, but it accounted for only a modest 6% of the var1at1on Perform-

ance on the rema1n1ng three rule tests did not appear to be very strongly

re]ated to conservation: learning. THere are a total of 12 correlations

between the' rema1n1ng three ru]es and the learning measures in Table 1.

Only one of.them is s1gn1f1cant--at the .05 level. This ig about what‘

one would expect by chance alone.

“Assuming, for the sake of argument, that. the findings in Tabﬁe 1
e - :

can be replicated, sohe fairly obvious oonc]usions:follow

In the f1rst
place, the data do not provide c]ear support for e1ther Bruner's or
Lo
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) Piaget's respective;positions., Although neither Bruner's nor Piaget's
analyses of tonseﬁvation appears to be entiwe]y correct, the data indicate
tha't Piaget's ahalysisbis nearer té theitruth thanlBruner's: Reciprocity -
did not predict susceptibility to conservation training, but inversion

R *c]ear]y did. . In contrast knowledge of e1ther or both identity rules <.

e S | d1d not seem to increase a subJecth chances of prof1tt1ng from conser- H

vat1on 1nstruct1on '

In c]osing, I should. 1ike to mention one other finding from this

VN e

.

z': .. exper1nent that is pertinent to the Bruner-P1aget debate The Bruner
' passage that I quoted at the beg1nning of th1s paper a]]eges, in add1t1on'
" to the claim that conservat1on depends on 1dent1ty, that P1aget s two
reversibilities depend on: 1dent1ty =~ This suggests that performance on
one “or both of the two identitv tests should predict performante on the
.revers1b111ty tests However, when the appropr1ate corre]at1ons were
computed, it was observed that the stat1st1ca] relationships between
o knowledge of 1dent1ty ;u1es and know]edge of revers1b1]1ty rules were
>~ about zero. Thus, the 1dent1ty rules not only failed to pred1ct cone’
ser atlgnf they also failed to. predict revers1b111oy This f1nd1ng can-
not be exp\aTHEd\as a resu]t of 10wwke11ab111ty The test-retest relia-
" bilities of all the wule measures -employed in this exper1ment are high

(.70 to .80). o
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Table 1

Cﬁyrelations Between ‘Pretest Rule Performance and the

Four Learning Var{ables

Rule Variable

Learning .
Variable 4 Qualitative  Quantitative
Inversion Reciprocity Identity Identity
Training trials = .50%  24* . o - .2
Liquid posttest . 45%* .19 ~ -.03 .06
Length posttest 24* -.08 .08 .09
Weight posttest L46%* 1 .16 .13
p < .05
p < .001
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