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Perceptual Supports for One-to-One Correspondence
in the Conservation of Number

PATRICIA H. MILLER AND RICHARD F. WEST

University of Michigan

This study compared provoked and spontaneous one-to-one correspondence
along with two tasks having more perceptual support for correspondence. These
four levels of correspondence appeared in a conservation of number condition
and two conservation-related conditions (a partially static array or a static array).
There were two sets of stimuli (toy animals or corks) in each condition. In
opposition to Piaget's predictions, the four levels of correspondence did not
differ in difficulty for kindergarteners. There was a strong order effect (p < .001)
in the direction of increasing conservation over the eight trials. There was some
evidence that the standard conservation condition was easier than the other two
conditions. Implications for Piaget’s theory are discussed.

If each object in one group can be paired with an object in a second
group and there are no objects left over, the two groups have the same
number of objects. This concept, called one-to-one correspondence, is
basic to the development of conservation, according to Piaget (1952).
Eventually, children can maintain the correspondence despite changes in
physical arrangement. In spite of the importance Piaget attaches to cor-
respondence, very little is known about this concept. This is especially
surprising when one considers the sizable literature on other abilities
related to conservation, e.g., compensation, reversibility.

Piaget (1952) claims that the closer the one-to-one correspondence
between the elements of two sets, the more likely the child is to notice
and maintain the equivalence. Thus, he states that provoked correspond-
ence, e.g., sets of flowers and vases, eggs and egg cups, is easier than
spontaneous correspondence, e.g., identical chips which have no natural
relationship. However, he offers no evidence for this claim. The few
studies which have examined this claim are marred by methodological
problems. Dodwell (1960) found that provoked correspondence was easier
than spontaneous, but the testing was different for the two. In the pro-
voked task, eggs were bunched up and the children were asked whether
there were the same number of eggs and egg cups. In the spontaneous
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correspondence task, poker chips were spread out and the children were
asked, ‘““Which row has more pieces in it now?” The difficulty of the
spontaneous correspondence could easily be due to the question asked.
Hood (1962) found the same results, but the lack of description of
materials, questions, transformations, etc., makes it impossible to evaluate
this outcome. Rothenberg (1969) found no difference in performance on
the two kinds of correspondence tasks, but the materials for the pro-
voked correspondence (matched pairs of toys) may have been more dis-
tractible than the materials for the spontaneous correspondence (homo-
geneous styrofoam blocks). Clearly, if any conclusion is to be made
about the difficulty of the two tasks, it is necessary to equate the tasks on
all dimensions except the emphasis on correspondence.

The emphasis on correspondence which Piaget believes underlies
superior performance with provoked correspondence can be extended
even further. Spontaneous correspondence uses either arbitrary cor-
respondence, i.e., any object in one group can be paired with any
object in the other group; or spatial correspondence, i.e., the left-most
object in one line goes with the left-most object in the other line. In
provoked correspondence, the materials ‘‘suggest’’ togetherness. To in-
crease the salience of correspondence even more, there could be unique
pairs, e.g., two blue chips, two red chips. In this way the link between
specific pairs is emphasized. In a general study of perceptual supports
for correspondence, Miller, Heldmeyer, and Miller (1975) found that this
type of correspondence facilitated conservation slightly more than did the
spontaneous correspondence task. Although Whiteman and Peisach
(1970) did not find facilitation of conservation when there were unique
pairs, they did find facilitation when the unique pairs were joined by
guidelines. These guidelines create an even stronger perceptual link be-
tween corresponding pairs. Piaget and Morf (in Piaget & Inhelder, 1971)
found that guidelines were helpful when there were four pairs of objects
but were of little help when there were 12 pairs.

The present study examined these four correspondence tasks. The
purpose was to determine whether conservation tasks with varying
degrees of emphasis on correspondence actually cause different levels of
performance as Piaget suggests. As the saliency of correspondence is
increased, it should become easier to keep track of corresponding pairs
and maintain the correspondence over the transformation. The four
types of correspondence were presented with two different sets of ma-
terials as a test for generality. Unlike previous research, the tests for
the different types of correspondence were as similar as possible.

A between-subject variable was three conditions which differed in the
degree to which the presentation of stimuli emphasized correspondence.
Condition 1 was the standard procedure for assessing conservation in
which two rows of objects of equal length were set up, the child was
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questioned about their equality, and then one row was spread out. In
Condition 2, when the two rows of equal numbers were set up, one of
the rows was already longer. It should be more difficult for the child to
attend to correspondence in this condition because he never sees
the corresponding pairs aligned with one object above the other. Thus,
fewer children were expected to express a belief that the rows have
equal numbers. Condition 3 was the same as Condition 2, except that
the child did not see the pairs set down; he was shown rows of objects
which were glued down. Even less conservation was expected here than
in Condition 2, because there was neither an initial alignment of each pair
(as in Condition 1), nor a setting out of objects pair by pair (as in Condi-
tions 1 and 2). In order to use correspondence in Condition 3, the child
himself must initiate a search for corresponding pairs, ignoring dif-
ferences in the lengths of the rows. Beilin (1969) found that it was more
difficult to conserve with a static presentation (like Condition 3) than with
the standard tests of conservation of area and number.

It should be noted that Conditions 2 and 3 are not conservation tasks
as defined by Piaget, i.e., they do not follow the necessary three steps
(A =B, B—B’, A ? B). However, they do require a judgment of equality
in the face of a misleading perceptual cue, i.e., different lengths. They
are more accurately described as conservation-related tasks in which
quantitative comparisons can be made. They served to test for the
generality of any effects of level of supports for correspondence found in
the conservation task of Condition 1.

METHOD
Subjects

The subjects were 72 kindergarten children (mean age = 5 years, 10
months) from a predominantly white, middle-class elementary school in
Ann Arbor, Michigan. The 35 males and 37 females were randomly
assigned to three experimental conditions. Four additional children were
rejected because they did not pass all three parts of the verbal pretest.

Design

Each subject received eight trials—four with small plastic animals and
four with corks. Within each stimulus set there were four levels of
emphasis on one-to-one correspondence. For half of the children the
four animal trials came first and for half the four cork trials were first.
Within each stimulus set there were four orders of the four types of trials
(levels of emphasis) so that each trial was in each of the four positions
an equal number of times. For a particular child, the order of the four
trials was the same for the animal set and the cork set. This design was
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followed in the three experimental conditions which differed in how the
experimenter presented the stimuli.

Materials

The materials were plastic animals (about 2.5 cm wide and 4 cm long),
paper box ‘‘cages’” (4 cm wide and 5 cm long), corks 2.5 cm in diameter
and 3 cm tall), bottles (2.5 cm in diameter and 6 cm tall), and red yarn.

The four types (levels) of trials were as follows, listed in order of de-
creasing emphasis on correspondence. The correspondence cues are in
parentheses.

A. Seven pairs of seven different animals or corks of seven different
colors, with yarn connecting each pair (spatial position, provoked rela-
tionship, appearance of objects, guidelines).

B. Seven pairs of seven different animals or corks of seven different
colors (spatial position, provoked relationship, appearance of objects).

C. Seven identical turtles paired with their identical cages or seven
uncolored corks with their bottles. This is a provoked correspondence
task (spatial position, provoked relationship).

D. Seven pairs of identical turtles or uncolored corks. This is a spon-
taneous correspondence task (spatial position).

Procedure

One male graduate student tested each child individually in a small room
at the school. The child was first given a pretest for the verbal terms which
would be used in the conservation trials. The experimenter placed two
groups of three chips in front of the child and asked, ‘‘Is there the same
number of chips in this group as in this group (experimenter points),
or does one group have more?’’ (Version 1). The procedure was then re-
peated with groups of two and four chips, except the question was
reversed— ‘‘Does one group have more, or is there the same number of
chips in this group as this group?’’ (Version 2).

The pretesting was followed by the eight conservation (or conservation-
like) trials. There were three conditions which varied in how the stimuli
were presented. Condition 1 followed the standard procedure for testing
for conservation of number. Seven pairs of objects were set out, pair by
pair, in two horizontal lines of 30 cm. After the child agreed that the
lines had the same number of objects, one line was spread out to 48 cm, and
the child was again questioned about their equality. The wording
of the questions was the same as in the pretest. Versions 1 and 2 alter-
nated from trial to trial. The longer line was nearer the child for one
half of the trials and equally often with each version of the conservation
question. Children were asked for explanations for their answers. Test
materials were removed from the child’s view between trials.
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Condition 2 was the same as Condition 1 except that when the pairs of
objects were set out, one line was longer than the other. In other words,
the child never saw the lines with identical lengths and never saw
them being spread out. Each trial began with the end state of the trials in
Condition 1 and the conservation question was asked. Condition 3 was
the same as Condition 2 except that the child did not see the individual
pairs set down; they were glued to cardboard.

Scoring

There were two types of criteria for conservation: a) a conservation
judgment (C), and b) a conservation judgment accompanied by an ade-
quate explanation (EC). A child was credited with a conservation judgment
if he believed that the lines had the same number (after the transforma-
tion, for Condition 1). Explanations considered to be adequate were:
same number (e.g., ‘‘They both have seven”), irrelevancy of the trans-
formation or appearance, one-to-one correspondence, no addition or sub-
traction of objects, reversibility, compensation, and previous equality.

RESULTS

Since there were no significant sex differences, analyses were done
with sexes combined.

An analysis of variance was performed separately on conservation
judgments (C) and conservation judgments accompanied by an adequate
explanation (EC). The analyses indicated a highly significant effect of
order, Trials 1-4 vs. Trials 5-8, F(1,69) = 20.06, p < .001 for C scores
and F(1,69) = 18.25, p <.001 for EC scores. The conditions effect
was significant for EC scores, F(2,69) = 3.91, p < .05, but not C scores.
The materials main effect and all interactions were nonsignificant. The
performance on each of the four types of trials was nearly the same;
on Trials A, B, C, and D the proportions of subjects conserving were .43,
.38, .40 and .40 with the C criterion and .29, .28, .28 and .29 with the
EC criterion. This similar performance on the four types of trials was
found in each condition.

Table 1 shows the strong order effect in more detail. There is a
gradual increase in conservation over the eight trials. The ordering
holds up for individual as well as group scores. In a perfectly scaled
performance there would be no nonconservation responses on any
trials following a conservation response. Of the 25 children who were
neither consistent nonconservers nor conservers, 17 had perfect scaling for
C scores and 21 for EC scores. All of the children with imperfect
scaling had only one or two trials out of order.

The significant conditions effect for EC scores reflects the fact that
there was more conservation in Condition 1 than Condition 2, Scheffé
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TABLE 1

PrROPORTION OF SUBJECTS WITH C AND EC RESPONSES ON EACH
TRriAL WITH CONDITIONS COMBINED

Trial number

Criteria for conservation 1 2 3 4 5 6 7 8
C 21 31 .35 .44 43 47 .49 .51
EC .18 .24 .25 .28 .29 .33 .35 .38

F =959, p<.05, or Condition 3, Scheffé F = 13.53, p <.01. The
mean number of EC responses in the three conditions was 3.7, 1.7, and
1.4. The superior performance in Condition 1 was expected, but it was
also expected that Condition 2 would be easier than Condition 3. The
significant difference for EC scores but not C scores is related to the
fact that 95% of the conservation responses were supported by adequate
explanations in Condition 1, while only 58 and 52% were in Conditions
2 and 3. This is not surprising because fewer types of explanations were
possible in Conditions 2 and 3 than Condition 1. In Conditions 2 and 3,
‘‘previous equality’’ explanations were not possible and reversibility and
addition-subtraction explanations were unlikely. In Condition 1, 57% of
the adequate explanations referred to the fact that nothing was added or
taken away and very few referred to counting (10%). In contrast, the
largest category was counting in Conditions 2 (49%), and 3 (61%).

Although correspondence explanations were not frequent, there was
some evidence that the more perceptual supports for correspondence,
the more frequently correspondence was offered as an adequate ex-
planation. The percentage of correspondence explanations on Trials A, B,
C, and D was 29, 22, 7, and 7%, respectively.

DISCUSSION

The results do not support Piaget’s claim that provoked correspondence
leads to more conservation than spontaneous correspondence does. It
does not seem to be true that increasing the link between correspond-
ing elements increases conservation. The superior performance with
provoked correspondence in previous studies (Dodwell, 1960; Hood,
1962) was probably due to the methodological problems mentioned
earlier.

The equivalent performance on all four levels of correspondence on
both sets of materials in three conditions raises the question of whether
correspondence is even an important basis for conservation. One could
also point to the low percentage of correspondence explanations even
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on the trials with strong perceptual support for correspondence. (Verbal
explanations, of course, may not be good indicators of how the child ar-
rived at the conservation answer.) The three conditions, which varied in
their emphasis on correspondence, differed only when conservation
responses with explanations were the criterion for conservation. Thus,
the present study raises doubts about the role of correspondence in
the development of conservation. Similarly, in recent years, doubts have
been raised about other abilities which Piaget claims underlie the develop-
ment of conservation, e.g., compensation (Gelman & Weinberg, 1972) and
reversibility (Wallach, 1969).

However, certain aspects of the data suggest that further examina-
tion of the correspondence notion might be fruitful. Although the levels
of perceptual support for correspondence did not affect conservation,
there was a strong order effect (p < .001). There was a large increase
in conservation from the first to last trial. Thus, the effect of the supports
may have been cumulative rather than specific to each trial. Repeated
exposure to correspondence cues could have made the children notice
that there ware pairs with no ‘‘leftovers.”” This could lead the children
to question their reliance on length and to begin pairing the corresponding
objects or counting. Nearly all of the children who switched to con-
servation continued to conserve for the rest of the session.

The order effect does not seem to be due to a response bias introduced
by having several trials with similar questions and procedures. There
was not simply an increasing tendency to say ‘‘same’’; the order effect
held up even when adequate explanations were required. It would be
difficult to argue that these explanations arose from a response bias. More-
over, the experimenter gave no feedback as to the correctness of the
response and was careful not to react differently to nonconservation
and conservation answers.

There is another reason for examining the correspondence notion
further. The results might seem to contradict the findings of Miller,
Heldmeyer, and Miller (1975), Piaget and Morf (cited in Piaget & In-
helder, 1971), and Whiteman and Peisach (1970) which indicate that per-
ceptual supports for correspondence do facilitate conservation. However,
a closer examination of these studies suggests that the number of objects
may be a crucial factor. The supports for correspondence are effective
only when they operate within a small number of objects. Piaget and Morf
found facilitation with rows of four objects but not 12 objects. Miller,
Heldmeyer, and Miller and Whiteman and Peisach obtained their facili-
tation with rows of four and five, respectively. The present study used a
larger number of objects (seven) and found no facilitation. Thus, the four
levels of support in the present study might have an effect under
certain other conditions, i.e., a smaller number of objects.

Further research might examine why a brief experience with the tasks
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in the present study led some children to conservation performance but
not others. All of the children who appeared to be nonconservers at
the beginning of the session were not equally close to the achievement of
conservation performance. Only some of the children were close enough
to conservation performance to take advantage of the experience. In fact,
using a slightly older population which would be closer to developing
conservation might produce an effect of the perceptual supports. There is
a need for a precise description of developmental levels within the
period of nonconservation.
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