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OVERVIEW

Qur task was (o ¢xamine Piagetian concepts in
light of recent research and theery on cognitive de-
velopment. This breathtaking assignment was made
somewhat easier by the fact that elsewhere in the
Handbook there are discussions of the first (sen-
-sorimotor intelligence) and last {formal operations)
of Piaget’s proposed stages of development. This
allowed us to focus on Plaget’s two intermediary
stages of development, those of preoperational and
concrete-operational thought. But we sull had to
make choices. In the end, we tried to put together a
review that would reflect the impact of Piagetian
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theory as well as our own views on (he current status
of the theory. The result is a review that is eritical,
yet in agreement with some of the fundamental ten-
ets of the theory. Thus, we accept the position that
there is much to be leamed about cognitive develop-
ment by studying the acquisition of such concepts as
number, space, time, and causality. We alsohave no -
quarrel with the idea that cognition involves strue-
tures that assimilate and accommodate to the en-
vironment; indeed, we do not see how it couid be
ttherwise. However. we do question the notion of
there being broad stages of development, cach char-
acterized by qualitativety distinct structures. As we
will see, the experimental evidence available today
no longer supports the hypothesis of a major qualita-
tive shift from preoperational to concrete-opera.
tional thought. Instead, we argue for domain-specif-
it descripions of the nature as well as the
development of cognitive abilities.

Qur review of Piagetian concepits starts with mat-
ters of structure and ends with marters of funcnon. or
development proper. That is, we take up first the
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what and then the how of cognitive development.
We begin by examining some of Piaget's ideas about
the nature of preoperational and concrete-opera-
tional thought. We then review in some detail the
research that has been conducted in several cognitive
domains, including numerical and quantitative rea-
soning and classification. Ia the final section, we
examine Piaget’s ideas about the sources of cogni-
tive structures and the processes—assimilation, ac-
commodation. equilibration. and so on—that ac-
count for their development.

ASSESSMENT OF THE CHARACTERIZATION OF
CONCRETE OPERATIONS

When tested on the standard Piagetian tasks in
the standard way, preschool children typically err in
their responses. Thus, when asked whether a bou-
quet composed of six roscs and four tulips contains
more roses o more flowers, they quite invariably
answer more roscs. Similarly. when preseated with
two even rows of chips and asked, after watching the
experimenter spread one row, whether the two rows
still contain the same number of chips, preschoolers
typically respond thdt the longer row has more.

Noone seriously questions the reliability of these
(and other similar) observations, which have ail
been widely replicated. What is very much at issue,
however, is how preschoolers’ failure on the stan-
dard Piagetian tasks should be interpreted. The fact
that children less than 6 years of age typically fail
these tasks and that children 6 years of age and older
typically succeed on these tasks suggests that there
are important differences in their cognitive capaci-
ties. The question 1s. How should these differences
be characterized?

Piaget's account of the differences involved
granting the older child reversible structures, or op-
erations, while limiting the younger child to ime-
versible structures: hence the use of the terms opera-
tional and preoperationat to describe the cognitive
capacities of the older and the younger child respec-
tively. Piaget belicved that children's (at first con-
crete and later formal} operations are organized into
well-integrated sets, or structured wholes, and he
and his colleagues developed logicomathematical
models 10 characterize these wholes. (The reader
whao is not familiar with these models is referred 10
Flavell, 1963: Gruber and Vondche. 1977; and
Piaget. 1942, (957).

Evaluation of the theory of cancrete operations
has procceded along several lines. One has been to
asscss whether success on diffcrent Piagetian tasks
{c.g.. conscrvation, classification. scriation, per-

spective taking) is indeed related. Another has been
to expiore the preschool chiid’s aileged intellectual
incompetence relative to the older child. Stil! an-
other line of evaluation, closely related to the third,
has been todevise training studies that might bring to
the fore unsuspected competencies. In the next sec-
tions, we review some of the work that has been
done along each of these lines.

Ars There Structures d’Ensemble?

Do Muitiple Correlations Obtain?

Many studies have been conducted to compare
children’s ability to classify, seriate, conserve, mea-
sure, give predictions and expianations, assume an-
other's visusl or social perspective, and s0 on. Most
such studies have failed to show high intercorrela-
tions between the various abilities tested (e.g.,
Berzonsky, 1971; Dimitrovsky & Almy, {975; Jam-
ison, 1977, Tomlinson-Keasey, Eisert, Kahle,
Hardy-Brown, & Keasey, 1979: Tuddenham,
1971). Such findings are not really inconsistent with
Piagetian theory. Piaget never really claimed (1) that
all concrete-operational abilitics are based on, or are
derived from, a single underlying structure; or (2)
that all concrete-operational abilities emerge in a
strictly parallel, perfectly synchronous fashion
{Vyuk, 1981}. To the contrary, Piaget’s writings are
filled with theoretical claims conceming the order of
emergence within each developmental stage of dis-
tinct cognitive abilities, with the carlier abilities
viewed as precursors of. or as prerequisites for, the
later abilities. For exampie, Piaget {1952a) argued
that numerical reasoning is the product of the joint
development of the child’s classification and seria-
tion abilities. In addition, Piaget often noted in his
empirical writings that cognitive abilities, once ac-
quired, are not always applied uniformiy in all con-
texts. Instead, cognitive abilities are frequently ap-
plied in one context at a time, with considerabie
décalages between successive applications. Thus.
Piaget (1962) reported that children do not conserve
number befare the age of 6 or 7; mass, before the age
of 8; weight, before-the age of 10; and so on.

All of these theoreticat and empirical claims ob-
viously mitigate against the possibility of anyone
finding high correlations between children’s perfor-
mance on many or all of the concrete-operational
tasks. Contrary to what is sometimes held to be the
casc, investigators® repeated failure to find high cor-
relations across tasks does rof constitute definite ev-
idence against the notion of a concrete-operational
mentality in the (relatively diffuse) sense intended
by the theory. Still, such consistently ncgative re-
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sults do raise difficulties when it comes to the in-
terpretation of certain studies. Psychologists and ed-
ucators often attempt to relate children’s perfor-
mance on a given task to their level of cognitive
development (c.g., preoperational, concrete-opera-
tional) as assessed by any of the standard Piagetian
tasks. Were it the case that performance oa all stan-
dard Piagetian tasks was highly correlated, then, ob-
viously, any task would be as good as any otheras a
test of children's mastery of concretc-operational
thought. But as we just saw, that is far from the case.
For this reason, studies that report relationships be-
tween, say, children's ability to use metamemorial
strategies and children's ability to conserve (taken to
demonstrate their entry into the concrete-operational
stage) are difficult, if not impossible, to interpret
vis-d-vis Piagetian theory.

Are Sequences as Predicted?

The studies we discussed in‘the previous section
tested for the synchronous emergence of different
abilities during the concrete-operational period.
Other studies have tested whether the order in which
abilitics develop within that period is as predicted by
Piagetian theory. Several investigators have focused
on the development of numerical reasoning in the
child. As mentioned earlier, Piaget (1952a) main-
tained that the concept of number develops from the
coordination of classification and seriation sinuc-
tures. According to Piaget (1952a), the construction
of number

consists in the equating of differences, i.¢.. in
writing in a single operation the class and the
symmetrical relationship. The clements in ques-
tion are then both equivalent to one another, thus
participating of the class, and different from one
another by their position in the enumeration, thus
participating of the asymmetrical relationship.
(p. 95}

Piagetian theory generally assumes that success
on standard number-conservation tasks indexes a
true understanding of number and that success on
standard class-inclusion tasks indexes a true under-
standing of classification. If Piaget's (1952a) ac-
count of the development of the concept of number
was correct, one should not find children who pass
standard number-conservation tasks well before
they pass standard class-inclusion tasks. As Brain-
erd (1978a) recently pointed out, however, exactly
the oppostie sequence obtains. The vast majonty of
children conserve number by age 6 or 7; but it is not
until age 9 or 10 that they truly understand the princi-

ple of class inclusion (se¢ also Markman, (978,
Winer, 1980). Such facts clcarly call into question
the claim that numerical reasoning is the product of
the joint development of ctassification and scriation
abilities. Additional evidence against this claim
comes from a study by Hamet (1974).

Hamel {1974) analyzed Piaget's (1952a) account
of number and concluded that it predicts a sironp
relationship between: (1) numbcr conservation: {2)
provoked comrespondence; (3} spontancous, that is,
unprovoked correspondence: (4) seriation: (5) car-
dination-ordination; and {6) class inclusion. The
correiations between the various number tests were
significant and quite high (.50 to .80). Likewise,
comelations between the mattiple-classification
tasks and the various number subtasks were also
significant, ranging from .45 0 .66. However,
there were no significant relationships between the
class-inclusion task and any of the other tasks. Dod-
well (1962) reported similar results.

There are other studies that fail 1o obscrve some
of the between-task predictions derived from the the-
ory (c.g.. Brainerd, 1978a; Kofsky, 1966; Little,
1972). There are even studics that fail to observe the
same scquence of development across children—
whether or not the sequence is predicted by the theo-
ry. Forexample. in a longitudinal study, Tomlinson-
Keasey, et al. (1979) found that |3 of 38 subjects
passed a class-inclusion rask before they conscrved
amount. |2 passed it after. und 3 passed it at the
same time.

What should we make of investigators' falure 1o
confirm the between-tasks sequences predicted by
the theory? Should we take it 1o suggest that Piaget
was wrong in claiming that the concrete-operational
stage is characterized by the coordinated emergence
of superficiatly disparute but structurally related
cognitive abilities? Mot necessarily. 1t could be ar-
gued Lhat to du so would be (o confuse the issuc of
whether or not specific abilities develop in the order
predicted by Piagetian theory with the more gencral
issue of whether or not abilitics from different cogni-
tive domains develop in a well-integrated, coordi-
nated fashion. Piagetian theory could be rightin sup-
porting the general issue and still be wrong in any of
its specific predictions. Piaget's (1952a) account of
the development of the child's understanding of
number could be wrong—and as we will sce, Piaget
(1975a, 1977) himself later abandoned his earfier
account—but the general hypothesis that develop-
ment in other domains contributes to the emergence
of the child’s concept of number could szill be right.

There obviously is no rebuttal to this argument.
As the saying goes, the proof is in the pudding. What
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Piagetian theory must provide is a satisfactory ac-
count of numerical (or causal. or spatial, or logical,
etc.) development that posits real, nontrivial interac-
tions between domains. To the extent that such an
account can be provided, then to the same extent wiil
the notion of a stage of concrete operations be rein-
forced. (As we will sce below, hawever, the trend in
recent years has been to move away from stage-like,
across-the-cognitive-board accounts of develop-
ment. More and more, investigators appear to focus
on the possibility of parallel, domain-specific lines
of development.}

Test of the Logicomathematical Model

Itis sometimes argued that the reason why inves-
tigators have failed to find high comrelations between
various concrete-operational abilities or have failed
to confirm the order in which their abilities develop
has to do with the way in which abilities are mea-

sured {sce Flavell, 1972; Jamison & Dansky, 1979,
Tuddenham, (971), Differcat investigators use dif-
ferent tasks. Further. it is not always clear whether
the tasks used provide a good test of the abilities
under study. In sddition. there are statistical night-
mares. How does one estimate measurement error?
Is it constant across tasks? And what if one finds
only one child whose performance contradicts the
expected pattern—should the theory be rejected?

One way to get around some of these difficulties
is to work directly from the logicomathematical
mode] of concrete operations Piaget and his collab-
orators proposed. Osherson (1974), for instance,
used Grize's (1963) axiomatization of these opera-
tions. The choice of this axiomatization was based in
large part on Piaget's (1967} endorsement of it. Fur-
ther, Grize's axioms are casily interpreted into state-
ments about classes and relations.

To start, Osherson (1974) derived a sct of the-
orems that followed from Grize's {1963) axioms. He
then translated a subset of the theorems into a set of
length-inclusion and class-inclusion tasks designed
to embody the derived theorems and. thus, provide a
test of children’s ability to use them. Finally, he
made predictions about the patterns of successes and
failures that should obtain. That is, he specified
which tasks children should pass or fail. given that
thcy had passed or failed certain other tasks, The
predictions were based on the analysis of which and
how many axioms a particular theorem was derived
from. To illustrate, assume Theorems 1 and 2 were
derived from Axioms | and 2, respectively and The-
orem 7 was derived from Axioms ! and 2, The child
who passed the task designed to test for Theorem 7
shouid likewise have passed the tasks designed to
test Theorems | and 2 by themselves,

Osherson (1974) found that despite an overall
comparable success rate on the length-inclusion and
class-inclusion tasks, the patterns of errors made in
the two sets of tasks were not comparable. These
findings suggest that the logicomathematical struc-
tures proposed by Piaget and his collaborators are
nat appropriate for modeling performance in these
two task domains. Indeed, one might take these re-
sults to call into question the idea that the same struc-
tures underlie children’s ability to solve leagth-in-
clusion and class-inclusion problems.

At this point, however, one might point out that
Osherson's findings need no longer be taken into
account as there have been changes in the formal
theory of concrete-operational thought, as well as
further developments in the cfforts to axiomatize the
theory (Piaget, 1977; Wermus, 1971). In addition,
one could argue (as before) that even if Piagetian
theory, in spite of its recent revisions, still fails to
provide an adequate formal description for the log-
icomathematical structures undertying concrete op-
erations, one need not conclude that no such strue-
tures exist: perhaps one has not yet succeeded in
finding their proper characterization.

Whether or not the revised Piagetian model
serves as a better model has yet to be determined.
But as Sheppard (1978) pointed out, it is not clear
that the more recent axiomatizations are ait that dif-
ferent from the original ones.

Are Within-Domain Relations as Predicted?

[nvestigators’ repeated failure to verify the de-
velopmental sequences described by Piagetian theo-
ry has led many authors to doubt the claim that
cognitive abilities emerge in a coordinated, orderly
fashion across domains. Perhaps for this reason,
some authors have sought to test the developmental
sequences predicted by the theory within domains
rather than across domains. (f one interprets Piage-
tian theory 10 mean that performance within each
domatin is based on operations that are organized into
a well-integrated, reversible structure, then one
might expect to find relatively high correiations be-
tween tasks testing abilities assumed to be derived
from that same structure. However, attempts to ver-
ify this particular hypothesis have not faired well.

Consider, for instance, the work of Hooper, Si-
ple, Goidman, and Swinton (1979) and Kofsky
(1966), who tested [nheider and Piaget's (1964) de-
scription of the development of classification abili-
ties. Kofsky (1966) found that although she could
discern a rank order of difficulty for her different
classification tasks, only 27% of her subjects fit this
pattern. Hooper and his collcagues (1979) later rep-
licated Kofsky's overall developmental sequence.
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Same of their findings also led them to doube that
this sequence represented the development of only
one common classificatory structure. For instance,
Hooperet al. found that the ability to multiply class-
es a3 assessed in a cross—class matrix task does not
predict the ability to solve class-inclusion problems.
Indeed, they, like many others (¢.g.. Brainerd,
19782; Dimitrovsky & Almy. 1975; Dodwell, 1962;
Hamel, 1974; Kofsky, 1966; Tuddenham, 1971;
Winer, 1980) found that class-inclusion tasks are
much more difficult—and are accordingly solved
much Iater—than are other concrete-operational
tasks. They concluded that some four separate fac-
tors contribute to the development of classificatory
abilities.

Studies that examined the development of order-
ing abilities have yiclded comparable results (Di-
mitrovsky & Almy, 1975; Tuddenham, 1971). Tud-
denham reported a .28 {nonsignificant) corrclation
between the ability to seriate and solve a transitive
inference wsk. Dimitrovsky and Almy compared
children's ability to seriate and reorder, that is, place
back in order stimuli that are mixed up before them.
Of the 408 children tested, 134 passed the seriation
task: in contrast, only 41 passed the reordering task.

Attempts to confirm Piaget's (1952a. 1975a,
1977) prediction that the ability to compensate pre-
cedes or co-occurs with the ability to conserve have
also been unsuccessful. According to Piaget, the
child who truly understands that the amount of liquid
in a glass is conserved when it is poured into a con-
tainer of different dimensions also understands the
principle of compensation: *‘conservation . . . in-
volves quantities that are not perceptive, but have 1o
be constructed by compensation between two differ-
ent dimensions'® (Piaget, 19674, p. $33). [n his first
presentation of this position Piaget (1952a) pre-
dicted that ail children who conserved liquid would
reveal an understanding of compensation. This
meant that a child could pass a compensation task
and fail a conservation task but not the reverse. In a
subsequent presentation of the argument, Piaget
considered the kinds of predictions children at dif-
ferent stages in the development of conservation
should make before the transformation phase of both
the conservation and compensation tasks (e.g.. In-
helder, Bovet, Sinclair, & Smock, 1966; Piaget &
Inhelder, 1974). At an initial stage, the noncon-
server should predict that there will be conservation
after the transformation and that the water level in
the new beaker will not change. At the second stage,
the nonconserver should predict that there will not be
conservation and the water level will change. Final-
ly. the true conserver should predict that the water
level will change and that conservation will obtain in

the face of this perceptual change. [n either version
of the conservation account, one should not obscrve
a child who passes the conservation task and, nev-
ertheless, fails the compensation task. Piaget and
Inhelder (1963) reported that all but 5% of childrea
who conserved were able o anticipate the level of
water that would be reached if the contents of a
standard beaker were poured into a beaker of differ-
ent dimensions. Although details of the dats are not
presented, Piaget (1952a) noted that almast all chil-
dren who conserved passed a compensation test that
required children to pour as much water into an emp-
ty beaker as there was in a standard beaker of differ-
eat dimensions. Piaget and Inhelder (1971) also re-
ported a study of the ability to pass conservation and
compensation tasks in support of their account of
conservation. However, there are now many studies
that do not support their account.

Acker (1968) found children who conserved but
failed the anticipation task used by Piaget and Inhel-
der (1963}, Lee (1971) found that when chiidren
were required 1o pass both tests of conservation and
compensation in order to be judged Uue conservers,
the proportion of conservers fell from £1 of 15 to 6 of
15. Geiman and Weinberg (1972) reported that 17%
of théir subjects who conserved failed to compen-
sate, that is, failed 1o match the water level of the
standard when pouring the *"same amount’® inwo a
beaker of different dimeasions.

More recently, Acredelo and Acredelo (1979)
tested the extended version of Piaget's account of the
relationship between the abilities to conserve, com-
pensate, and anticipule conservalion or Compensa-
tion. They reported that 37.5% of their sample re-
vealed success and failure pattemns aot predicted by
Piagetian theory. These disconfirming patterns were
expected with their alternative identity theory of
conservation however. This altermative theory al-
lows children to conserve even if they fail to com-
pensate. Such children are viewed as being in an
carly stage of conservation; they focus on the ab-
sence of an addition/subtraction operation or the ir-
relevance of displacement transformations and pay
little attention to the perceptual conflict that obtains
after the rransformation. Children then go on to leam
that compensation is a consequence of conservation.
This fits with Gelman and Weinberg's (1972) obser-
vation that the understanding of the compensation
principle, as manifested in verbal statements. con-
tinues to develop well after the age at which the
child's ability to conserve liquid may be taken for
granted. Further, it removes the puzzle of how a
child could understand compensation without pre-
supposing an equivalence relation—as Piaget would

~ have them do.
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In sum, even when we assess the Piagetian ac-
count within a single domain (c.g.. classification,
seciation, conservation), the results do not lend sup-
port (o the theory. The idea that concretc-operational
thought is not dependent on one or even severaf
structures d'ensemble is probably related to the twum
away from Piaget's stage theory (e.g.. Brainerd,
1978a, 1978b: Feldman, 1980: Fischer, |980: Fla-
veil, 1982: Sicgler, 1981; but see aiso Davison,
King, Kitchener, & Parker. 1980). Evidence that
preoperational thought may not be preoperational
makes it cven harder to maimtain the stage account.

Is Preoperational Thought Really
Preoperstionsl?

To say of achild that he is preoperational is to say
mare than that he has no concrete operations. Pre-
operational thought is not defined (or explained)
solely in terms of what it lacks: it is also said to
possess several dominant characteristics. According
to Piagetian theory, the preoperational child is cgo-
centric or (to use the more recent tabel) centered. His
reasoning processes are perception baund: he is casi-
ly distracted by the perceptual or spatial properties of
objects and., for this reason, often fails to detect more
abstract, invariant relations among objects. {n addi-
tion, the preoperationat child is usually unable to0
coordinate information about states and trans-
formations.

Are preschoolers truly preoperational? A host of
recent investigations have raised questions about the
validity of this characterization. In general. these
studics show that under certain conditions. cven
young preschoolers behave in a noncgocentric man-
ner, ignore misleading perceptual cues, integrate in-
formation about states and transformations, and so
on.

Consider the claim that preschoolers are cgo-
centric, In the perspective-taking rask designed by
Piaget and Inheider (1956), children are shown a
model of three mountains. A doil is placed at various
pasitions around the mode! and children are asked to
indicate how the mountains look to the doll from
cach of the positions. Chiidren lcss than 6 years of
age tend to choose a picture or small replica that
depicts their own view rather than the doll's view.
According to Piaget and Inhelder (1956), the young
child is **rooted to his own viewpoint in the nar-
rowest and most restricted fashion, so that he cannot
imagine any perspective but his own'' {p. 242). Sim-
ilarty, when asked to describe the workings of a
water tap or to repeat to another child a story he has
been told. the young child does termibly. This is be-

Cause "'he feels no desire to influence his listener nor
to tell him anything; not unlike a cerain type of
drawing room conversation where everyone tatks
about himseif and no one listens*’ (Piaget, 1959, p.
32).

Do young children really belicve that an observer
standing in a different location than theirs sees the
same thing they see? Recent work by Masangkay,
McCluskey, Mclntyre, Sims-Knight. Vaughn, and
Flavell (1974) and by Lempers, Flavell, and Flaveil
(1977) indicates that the answer to this question is
negative. In the study by Masangkay et al., a card
with different pictures on each side was heid ver-
ticatly in front of children who were asked: **What
do you see?* and “*What do / see?* All of the 3-
year-olds and half of the 2-year-olds tested re-
sponded comrectly. In the study by Lempers et ai.,
children I to 3 years of age were given hollow cubes
with a photograph of a familiar object glued to the
bottom of the inside. Children’s task was to show the
photograph inside the cube (© an observer sitting
across from them. Lempers etal. found that virtually
all children 2 years and alder turned the cube open-
ing away from themselves 1o face the observer.
These results indicate that the young child is not so
€gocentric as 1o belicve others see whatever he sees.
What then could be the source of the young child’s
difficulty on Piaget and Inhelder’s (1956) mountain
task?

Flavell (1974) distinguished between the child’s
identification of whar object another sees and the
more complex concept of how the object is seen, The
findings of Masangkay et al. (1974), Lempers eral.
(1977). and others (e.g., Coie, Constanzo, & Far-
nill, 1973) indicate that the rudimentary ability to
determine what another person sces is present by age
2. The ability to recognize how an object or a scene
ppears to another person develops much mare
slowly. Borke (1975) showed that the age at which
children  demonstrate nonegocentric  perspective-
taking ability is heavily influenced by such task vari-
ables as the nature of the test displays and the type of
response required. Borke's (1975) procedure was
the same as that of Piaget and Inhelder (1956}, with
twa important exceptions. First, two of the three
displays Borke used were scenes containing familiar
toy objects. Display | consisted of a small lake with
a toy sailboat, a2 model of a house, and a miniature
horse and cow. Display 2 contained different group-
ings of miniature people and animals in natural set-
tings {e.g.. a dog and doghouse). Display 3 was a
replica of Piaget and Inhelder's (1956) three moun-
tains. Sccond, Borke asked her subjects to indicate
the doll’s perspective by rotating duplicates of the
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displays. On Dispiays | and 2, Borke found that 3-
and 4-year-old children comrectly assessed the dolt’s
perspective for all three positions tested between
79% and 93% of the time. [n contrast, on Piaget and
[nheider's display. 3-year-olds gave 42% and 4-
year-olds 67% correct responses for the three pasi-
tions. Borke concluded that her results *‘raise con-
siderable doubt about the validity of Piaget’s conclu-
sion that young children are primarily egocentric and
incapable of taking the viewpoint of another person.
When presented with tasks that are age appropriate,
even very young subjects demonstrate perceptual
perspective-taking ability”” (p. 243). Additional
suppornt for Borke's conclusion comes from a recent
study by Flavell, Flavell, Green, and Wilcox
(1981). Flavell and his coileagues found that pre-
schoolers understand that objects with different
sides {¢.g.. a house) look different from different
perspectives, whereas objects with identical sides
(e.2.. a ball) look the same from all perspectives.

Taken together, the resuits of Borke (1975) und
Flavell et al. {1981) clearly indicate that children as
young as 3 ycars of age (1) are aware that an indi-
vidual looking at a display (e.g.. a house) from
position other than their own will have a ditferent
view of the display; and (2) ure able to compute how
the display looks to this individual uader cenain op-
timal conditions. With time, children become more
and more proficient at identifying how a display ap-
pears 10 another individual, It should be noted that
this ability continues to develop well into the school
years. Huaenlocher and Presson (1973, 1978), for
example, found that school-aged children do better
on perspective-taking tasks if they are allowed (o
walk around the covered display before giving their
response.

Similar nonegocentric results have been vbtained
in other types of perspective tasks. Markman
(1973a) found that preschoolers correctly predicted
that 2-year-olds would fail on a2 memory task but
would achieve some degree of success on 4 motonic
task. Shatz and Gelman (1973) reported that 4-year-
olds used shorter and simpler utterances when taik-
ing (o a 2-year-old than whea talking to peers or
adulis. Speech to the 2-year-olds typically involved
remarks aimed at obtaining and maintaining the
child's attention as well as show-and-tell talk. In
marked contrast, adult-directed speech usually in-
volved comments about the child's own thoughts
and'requests for information, classification, or sup-
port. Speech (o the adults also included hedges,
which are commonly assumed to mark the speaker's
recognition that the listener is better informed,
older, and so on (Gelman & Shatz, 1978). Maratsos

(1973) reported that 3- and 4-year-olds pointed to
indicawe the positions of toys to 4 sighted adult.
When the same adult covered her eyes. however,
children tricd—aus best as they could—o describe
the toys’ respective positions. Likewise, Marvin,
Greenberg, and Mossicr (1976) reported that chii-
dren as young as 4 recognized that a person who did
not see an cvent did not know this event: Knowledge
of the event could be shared only by those who had
witnessed it. These are hardly the sorts of things one
would expect fundamentatly egocentric thinkers to
be able to do (for further evidence see Donaldson,
1978; Shatz, 1978; Shatz, vol. lil. chap. 13).

In all faimess 1o Piaget, we shouid point out that
our criticism of the characterization of the young
child as egocentric is addressed more to interpreters
and fullowers of Piaget than to Piaget himself. In our
survey of the Genevan literature since 1965, we nev-
er encountered the (erm egocentric. As Vyuk (1981)
noted, Piaget switched 10 the term centered in his
later writings tu avuid the surplus mwaning of the
term egocentric.

What evidence s there thut the preuperational
child 1s cemiered. in the sense Piaget intended? One
version of the centration hypothesis holds that the
preoperational child's falure to conserve number or
quanttity is duc. in part. 10 4 prociivity to center on
one dimension (e.g., length in the case of number
conscrvation, height in the case of liguid conscrva-
tion) and ignore the other dimension (e.g., density in
the case of number conservation, width in the case of
liquid conservution). However, Anderson and
Cuneo (1978} provide compelling evidence against
this version of the centration hypothesis. In one
study, children S yeurs of ape und older were shown
rectangular cookics that varied systematically in
width and in haight. Their task was (o rate how hap-
py 4 child would be to be given the different cookies
to cat. During pretesting, children were taught how
to us¢ the rating scale. This scale consisted of a long
rod with @ happy fuce uat one end and a sad face at the
other. The children's task during the test was to point
to the place on the rod that reflected their judgment
of how happy or sad a child would be if he ate a
cookic of a given size. Analyses of the ratings
yielded significant effects of both width and
height—even for preschool subjects. In a subse-
quent study, Cuneo (1980) obtained similar results
with” 3- and 4-year-old children. Analyses of the
children’s ratings indicated that they were using a
height + width rule 10 evaluate the area of the test
cookies. As before, there was no evidence of center-
ing on one dimension.

What of the characterization. of the preopers-
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tional child as perception bound? An early conserva-
tion training study by Bruner et al. (1966) appearcd
to lend support to this characterization. Children
were shown two identical beakers fitled with water
and were asked whether or not they contained the
same amount. Next, children were shown a third,
empty beaker of different dimensions. This new
beaker was placed behind a screen, and the contents
of one of the onginal beakers was poured into it.
Children were then asked whether the screened and
the unscreened beakers contained the same amount
of water. It was found that childrcn were less likely
to give up their initial judgment of equivalence with
the sereen present.

A conservation study by Markman {1979) makes
it difficult to accept the Bruner et al. position that
children’s failure to conserve reflects the perception
bound quality of their thought processes. Markman
asked 4- and S-year-olds to participate in one of two
versions of the number conservation task. The only
difference between the (wo versions was the terms
used to label the displays. In one version—he stan-
dard Piagetian version—class terms (¢.g., trees, soi-
diers, birds) were used. In the other version, coliec-
tion terms (e.g., forest, army, flock) were used.
Children in the class condition did poorly. [n con-
trast, children in the collection condition averaged
3.2 comrect judgments out of 4 and were able to
provide explanations for their judgments. Because
both versions of the task involved the exact same
displays. one cannot explain the class subjects’
failure to conserve on the ground that preschoolers
are pecception bound. Subjects in both experimental
conditions obviously had equzl opportunity to be-
come distracted by the perceptual appearance of the
posttransformation dispiays. The fact that the collec-
tion children did not raises doubt about the validity
of the characterization of the preoperational child as
fundamentally perception bound.

Additional evidence that preschoolers are not al-
ways perception bound comes from studies that ex-
amined their ability to distinguish between ap-
pearance and reatity. Fein (1979), for instance,
found that by age 3 children have no difficulty dis-
tinguishing the pretend activities involved in play
from other activitics. Flavell, Flavell, and Green (in
press) reported that even 3-year-olds have some abil-
ity to distinguish between real and apparent object
properties. In one experiment. children were shown
a white paper that looked pink when placed behind a
piece of pink plastic. More than half of the 3-year-
olds tested correctly differentiated between the ap-
pearance (pink) and the reality (white) of the paper.
In a similar vein, Gelman, Spelke & Meck (in press)

ROCHEL GELMAN AND RENEE BAILLARGEON

found that 3-year-olds recognize that a doli and a
person are more alike perceptuaily than are a doll
and a rock. But they also understand—as evidenced
by spontancous comments 10 this effect—that a doll
can only **pertend"” walk, sit, eat, and so on.

Work by Gelman, Bullock, and Meck (1930}
raises questions about yet another characterization
of preschool thought. which is that preschoolers
have scrious difficulty relating states (in Piaget's
terms, figurative knowledge) and transformations
(operative knowledge). The experiment was based
on Premack’s (1976) finding that chimpanzees are
able 10 select the appropriate instrument (¢.g., a scis-
sors) to relate two different states of an object (c.g.,
a whole apple and a cut apple). In the Gelman et ai.
study, 3- and 4-year-olds were asked 1o select one of
three choice-cards to fill in the missing element in
three-item picture sequences. Test sequences had
cither the first, second, or third position empty. Each
compieted sequence consisted of an object (c.g., a
cup), an instrument (¢.g., a hammer), and the same
object transformed by the application of the instru-
ment (c.g., a broken cup). Haif the sequences de-
picted familiar events (¢.g.. cutting a picee of fruit),
half depicted unusuat events (e.g., sewing the rwo
halves of a banana together or drawing on a piece of
fruit). Performance in both age groups was nearly
perfect, indicating that the children could reason
about the relationship between object states before
and after the application of various mstruments.

In a second experiment, Gelman <t al. (1980)
showed 3. and 4-year-olds picture sequences in
which the deleted item was always the instrument.
The children's task was to relate the two object states
first from one direction (c.g.. whole apple, cut ap-
ple) and then from the opposite direction (e.g., cut
apple, whole apple). As in the first experiment, per-
formance in both age groups was very good, indicat-
ing that children could represent reciprocal transfor-
mations. Gelman and her colleagues concluded that
although preschoolers may not afways be able to
represent the same object states with reference o
reciprocal transformations (e.g., pretransformation
and posttransformation displays in a clay-conscrva-
tion task), there are clearly cases where they can do
0.

[n this section, we have reviewed a number of
studies that indicate preschool children are not fun-
damentally egocentric, centered. or perception
bound. The general implication of these studies is
that the mentality of the preschool child is
qualitatively more similar to that of the older chiid
than Piagetian theory leads one to suspect. This is
not to deny. obviously, the cognitive limitations of
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served as the truc dependent variable. All age groups
implicitly integratcd time and velocity valucs witha
muttiplicative rule. This is reveated by significant
interaction effects in an analysis of variance between
time and velocity. How did such young children do
this? Wilkening's eye-movement data show that the
children (as well as the older subjects) followed the
imaginary movement of an animat along the bridge.
When the dog stopped barking, they poinicd 10 the
position their cyes had reached. Because they ad-
justed the rate of their cye movements as a function
of animal, the fact that the time X velocity interac-
tions were significant is cxplained.

Wilkening points out that the ability to intcgrate
distance and velocity to judge time requires the use
of a division rule, likewise the ability to judge ve-
locity as a function of distance and time, Further-
more, the definition of the unit is more complex, a5
are the information processing demands of tasks that
require these integrations. The youngest group did
not succeed on distance, that is, the velocity task,
where success is defined in terms of the use of a
division rule. Whether these velocity tasks require
an explicit understanding of the relevant units of
measurement remains a question for further re-
search. What is clear now is that even young chil-
dren can, under some conditions, make correct judg-
ments of relative amaeunts of continuous quantities.
Sdiil, there is much room for development.

Classification

In an earlier section (Assessment of the Charac-
terization of Concrete Operations), we discussed the
role classification structures play in Piaget's (1952a)
theory of the development of numerical reasoning,
In this section, we focus on lahelder and Piaget’s
(1964) theary of the deveiopment of classification
skills, and on the implications this theory has for
concept acquisition.*

Concepts have traditionally been characterized in
terms of classes and class-inclusion hierarchies.
Like classes, concepts are said to have both an inten-
sional and an extensional component, The intension,
or definition. of a concept specifics the criterion ele-
ments must satisfy to be regarded as members of the
concept. The extension of a concept consists of all
the elements that are appropriately described as
members of that concept. (The reader is referred to
Schwartz, 1977, for a review of a philosophical
work that proposes an alternative approach to con-
cepts, and to Smith & Medin, 1981, for a review of
psychological research conducted within this
approach.)

To Vygotsky (1962), lnhelder and Piaget (1964),
and Olver and Homsby (1966)—ull of whom shared
the traditional view of concepts as classes—the
study of children’s classifications was of special in-
terest for two reasons. First, it was thought that anal-
yses of the structure of children's classifications
would shed light on the structure of their concepts
and, more gencrally, would show how this stnucture
successively approximates the logical class structure
of adults’ concepts. Second, it was hoped that an
examination of the basis of children's classifications
wouid reveal something of the content—whether
concrete of abstract—of their concepts. Because the
young child was viewed as locked in a concrete,
immediate reality (e.g.. Piaget, 1970; Bruneretal_,
1966), it was predicted {c.g., Olver and Homsby,
1966) that young children would establish equiv-
alences on the basis of perceptual similarities,
whereas older children wouid make use of more ab-
suact critena.

Buckground

Structural Properties of Children's Group-
ings. According o Inhelder and Piaget (i964).
classification begins when the child groups together
two objects that look alike in some way. The child™s
ability to discaver similanitics between objects is nor
regarded as sufficicnt, however to warrant the con-
clusion that the child can classify. True classifica-
tion is said (0 involve the active construction of clus-
sificatory systems.

Inheider and Piaget ( 1964) begun their investiga-
tion of classification skills with a detailed examina-
tion of children’s productions in {rec-sorting tasks.
They found three main phases in the developmeat of
free classification. In the first phase (2 to 54 years),
graphic coflections, three types of grouping were
obtained: alignments. collective objects, and com-
plexes. All three types are based on configurational
variables rather than simitarity. The child becomes
distracted by the spatial awrangement of the objects,
of by the descriptive propertics of the whole, and
builds without regard for similanty. The geometric
design objects form or the representative, situational
content they evoke (c.g., a train, a cake, a castle)
sway the child’s attention away from the perceived
likeness and differences of the objects themselves.
In the second phase (5% to 7 years), nongraphic
collections, the child is no longer misled by consid-
crations of pattems: objects are assigned (0 groups
on the basis of similarity alone. [nhelder and Piaget
list four types of nongraphic collections. Atthe least
advanced lcvel, a number of small groups are
formed. ¢ach bascd on a differen eriterion. Further,
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only some of the abjects that constitute the array are
assigned to groups. The second type of nongraphic
collections again involves various smail groups
based on a multiplicity of criteria. Atthis level, how-
ever, there is no unclassified remainder: all of the
objects in the array are classified. At the next level,
fluctuations of criterion are eliminated. Objects are
now assigned to groups on the basis of 2 single,
stable criterion without any remainder and without
overfap. At the fourth and most advanced level,
groups formed on the basis of one criterion are sub-
divided according to 2 second, stable criterion.
Children are, thus, able, by the end of the non-
graphic collections phase, to form stable. hon-
overlapping collections and to divide these into sub-
collections. Can children, at this point, be said to be
able to classify? Inkelder and Piaget argue that, al-
though these children's classifications may be so
differentiated and hierarchized as 10 closely resem-
ble class-inclusion hierarchies, they are siill pre-
operational. According to Inhelder and Piaget, “‘the
true criteria by which we can distinguish such pre-
operations from true classification are the ability of
the subject to appreciate the relations “all’ and
‘some,” and his power to reason correctly that A < B
(i.e., that the subclass is smaller than the class in
which it is included]** (Inhelder & Piaget, 1964, p.
54). That is, the preoperational child is still unable to
grasp fully the logical relation of inclusion, When
shown 12 roses and 6 tulips, forexample, and asked,
**Are there more flowers or more roses?," the pre-
operational child typically answers, **more roses_ ™
He is capable of adding subclasscs to form a larger
class (flowers = roses + tulips), but he is unable to
simultancously perform the inverse transformation
(roses = flowers — tulips). As a result, he is unable
to make a quantitative comparison of the class and its
targer subclass. For such a comparison requires that
the child separate the class into its subclasses to iso-
late the larger subelass, while at the same time main-
taining the integrity or identity of the clags, the other
term in the comparison. In other words, the child
mustbe:bletoanenduonccmthepmandlothe
whale, and that is precisely what the preoperational
child cannot do. As soon as the subclasses are iso-
lated. the child loses sight of the whole, Asa result,
he compares the two subciasses rather than the class
and the larger subclass. It is only when both opera-
tions (addition and division of classes) are present
and fully coordinated that the child hecomes capabic
of contemplating af once the class and the subclass
and of comparing the two. At this point (the third and
last phase of development of classificatory abiiities),
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the child's groups are no longer simply juxtaposed
but constitute well-articulased, logical, class-inclu-
sion hicrarchies.

Using somewhat different procedures, Vygotsky
(1962) and Bruner ¢t ai. {1966) have also studied the
development of classification abilities. Although
there are many differences in the types of classifica-
tory responses reported across the three programs of
research, there sre also striking similarities. In par-
ticular, 2l three studies suggest chat young children
80 through an initis stage in which they are caught
by relationships among the elements themselves — -
whether spatial arranpements, thematic relations, or
iiosyncratic resemblances. Further, all three stud-
ies indicate that children po through an intermediary
stage in which groups are formed on the basis of
similarity alone, hut the criterion for grouping fluc-
tuates. During the Jast stages, children progressively
leam to group objects into stable, exhaustive classes
and to organize the classcs thus formed into fogical
hierarchies.

Basis of Childrem’s Growpisgs. Olver and
Hornsby (1966} maintained that children's classifi-
cations exhibit semantic as well as symtactic proper-
ﬁumdthatboduenofmiamdergodeveiop—
mental change. The symtax of classification is
defined as the formal structure of the class or group-
ing formed. The semantics of classification arc the
fcatumofobjemorevmdﬁldmmtoesublish
cquivalences,

Working with the theory of cognitive develop-
ment of Bruner et al, {1966}, Olver and Homsby
proposed that in the carly stage, when the child's
made of representation of the world is essentially
ikonic, children would group objects solely on the
basis of percepruat propesties. Older children,
whaose mode of representation is symbolic, were ex-
pected to use more abstract criteria. In particular, it
was assumed that what uses objocts have and what
functions they serve constitrte 2 more abstract no-
lion and require more **going beyond the informa- .
tion given™" than what objects look like, According-
ly, it was predicted that younger children would
form concepts based on perceptual anributes where-
as older children would form concepts based on
functional attributes.

Olver and Hornsby (19656) report the results of
two experiments, one by each author. In Olver’s
study (sce also Bruner & Olver, 1963) children aged
6 ta 9 were presented with & series of concrete
nouns and were asked haw each new item was sim-
lar to, and different from, the items previously intro-
duced. For example, the words banana and peach
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would be presented, and, then, the word potato
would be added 1o the list. At this point, the child
would be asked, '‘How is potato different from ba-
nana and peach?”” and **How are banana and peach
and potato all alike?"* This procedure was continued
until a list of nine items had been prescated (e.g.,
banana, peach, potato, meat, milk, water, air,
germs, and stones). Homsby's procedure was closer
ta that of Inhelder and Piaget (1964). Children of 610
11 years were shown an armay of 42 drawings repre-
senting familiar objects (e.g., doll, garage, bec,
pumpkin, sailboat, etc.). The children's task was
simply to select a group of pictures. Their grouping
completed, children were asked how the pictures
they had chosen were alike. The pictures were then
returned to their original position in the array, and
children were asked to form another group. The en-
tire procedure was repeated [0 times.

In both Qlver's and Homsby’s tasks it was found
that 6-ycar-olds based more of their groupings an
perceptual attributes (color, size, shape, position in
space) than did older children. In Qlver's verbal
task, the use of functional attributes increased stead-
ily from 49% at age 6 to 73% at age 19. Conversely,
the use of perceprual artributes decreased steadily
from roughly 25% to 10%. In Homsby's picturc
task, there was agin a steady dectine in perceptually
based equivalence from 47% at age 6 1o 20% at age
11, In contrast, the usc of functional and nominal
attributes increased from 30% and 6% respectively
to 48% and 32% respectively. Comparing these two
scis of findings, Olver and Homsby noted that the
same pattem of development obtained whether
words or pictures were presented and whether items
were presented in random or predetermined order.
They described this pattern in the following 1erms:

Equivalence for the six-year-old reflects a busis
in imagery, both in what he uses as a basis for

*  grouping and in how he forms his groups. . . .
With the development of symbolic representa-
tion, the child is freed from dependence upon
moment-to-moment variation in perceptual viv-
idness and is able to keep the basis of equivalence
invariant. (1966, p. 84)

We are not convinced that Olver and Homsby's
dat} suppont the notion of a stage-by-stage progres-
sion from a perceptuaily based to a functionatly
based equivalence. Atno age were children's group-
ings based solety on perceptual properties. To the
contrary, cven Olver and Homsby's younger chil-
dren produced a sizable percentage of functional re-

sponses. (Indeed, the largest category of responses
produced by the é-year-olds in Olver's study was
functional (49%)], not perceptual [25%].) What
these results suggest to us is that if there does exist a
difference between younger and older children with
respect to the basis they select for classifying ob-
jects, it is one of degree and not of kind. Younger
children may use perceptual criteria somewhat more
frequently than do older children; but they cleary do
not use perceptual criteria ta the exclusion of all
others. What specific criterion is selected as basis for
¢quivalence in any given situation appears 10 reflect
less a particular mode of representing reality than the
interplay of a large number of factors, These include
the mode of presentation (verbat versus visual) of the
stimuli; the readiness with which the stimuli present-
ed can be subsumed under a single, conventional
label (both factors seem to have influenced subjects’
performance in Olver and Hornsby's studies); the
child’s style of conceptualization (e.g., Kagan,
Moss, & Sigel. 1963) or arganizational preference
(Smiley & Brown, 1979); and 50 on. Support for this
interpretation comes from a swdy by Miller (1973).

Miiler (1973) gave 6-year-olds and cotlcge stu-
dents eight oddity problems. Each problem involved
a set of four objects (c.g., zn orange, a plum, a
banana, and a ball), and subjects were asked to re-
move “‘the thing that docsn’t belong.” The same
question was repeated twice. and subjects were en-
couraged to take out a different object each time.
The sets of four objects were constructed in such a
way that removal of one object left a perceptual sub-
set(¢.g., an orange, a plum, and a ball) and remaval
of a different object left an abstract subset {e.g..an
orange, a banana, and a plum). In general, the 6-
year-olds had little difficulty forming both types of
subsets, [ndeed. in two of three problems where reli-
abie differences were ubtained betwesn the 6-year-
olds and college students, the significant result was
due to the children's inability 10 generate a percep-
tual subset. Bath children and adults tended to form
abstract subsets on their first correct trial. Taken
together, these results suggest that: (1) 6-year-okis
can form categories on the basis of both concrete and
abstract criteria and (2) 6-year-olds do not neces-
sarily differ from college students with respect 10 the
kind of criterion they prefer to use,

A variable that may have contributed (o the §-
year-olds’ superior performance, in Miller's (1973)
task, is the use of modeling. Miller took children
through two training problems prior to testing and
showed them how two different solutions (one per-
ceptual, ane more abstract) could be provided for
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each, There is littie doubt that such careful coaching
must have laft children in no uncenainty as to the
nature of the task or the types of responses that wers
expected from them (Nash & Gelman, cited in Gel-
man & Gallistel, 1978:; Smiley & Brown, 1979).

Classification and Basic Categories

The work of Inhelder and Piaget (1964) gave rise
to much cxperimental interest in the development of
the structure of children’s free classifications. By
and large, the evidence collected supported Inhelder
and Piaget’s claim that young children are unable to
sort objects into classes {sce Flavell, 1970, for a
review of the free-ciassification research published
prior to 1969). However. recent work by Rosch,
Mervis, Gay. Boyes-Bracm. and Johason (1976)
and Sugarman (1979) indicatces that cven very young
children can, and do, sort objects taxonomicaily
when presented with appropriate sets of stimuli.

Rosch and her colleagues (1976) noted that the
stimuli used in classification experiments were typ-
ically stimuli (e.g.. a table, a dresser, a bed) that
could be grouped taxonamically only at the superor-
dinate level {e.2.. fumiture). They pointed out that
taxonomics of concrete objects include a level of
categorization {e¢.g., chairs. apples. shirts) that is
less abstract than the superordinate level; categories
formed at this levet are referred to as basic catego-
ries. In a number of cxperiments, Rosch and her
colleagues found basic categories to be the most in.
clusive categories whose members (1) possess sig-
nificant numbers of attributes in common. (2) are
used by means of similar motor movements. and (3)
posscss similar shapes.

Rosch and her collcagues (i976) predicted that
basic-level categories would be the first to develop.
Rosch et al. reasoned tha if young children encode
the world by means of sensorimotor schemes (e.g.,
Piaget. 1970) or images (e.g.. Bruner et al., 1966),
then basic objects should be leamed casily. In one
cxperiment, Xindergantners and first-. third-, and
fifth-graders were assigned 1o one of two sorting
conditions (basic or superordinate). Stirmulus mate-
rials were color photographs of clothing {shoes,
socks, shirts, pants), fumniture {tables, chairs, beds,
dressers), vehicles (cars, trains, motorcycles, air-
planes), and people's faces (men, women. young
girls, infants). Subjects in the superordinate condi-
tion were given one picture each of the four different
objects in each of the four superordinate categories.
Subjects in the basic condition received four differ-
ent pictures of 2 basic object in cach of the four
superordinate categories. The results were straight-
forward. As in previous studies. only half the kin-

dergarten and first-grade subjects could sort abjects
at the superordinate level. In contrast, there were no
developmental differences in the ability to sort
basic-level objects—basic-level sorts were virtually
perfect at all age levels. In a second experiment, 3-
and 4-year-olds as well as kindergartners and first-,
third-, and fifth-graders were given oddity problems
with either basic-level or superordinate relations.
Again, basic sorts were virtually perfect at all age
levels. For the Y-ycar-oids, the percentage correct
was 99%,; for all older age groups, it was 100%. As
cxpected, the 3-year-olds performed poetdy (55%
comect) on triads that could only be sorted at the
superordinate fevel, It is interesting to note, howev-
er, that the 4.year-olds' performance was almost
perfect, with 96% correct.

Recent findings indicate that even 1 'A- to 3-year-
old children may be capable of consistent sorting at
the basic level {¢.g., Nelson, 1973; Ricciuti, 1965;
Ross, 1980; Stodt, [961: Sugarman, 1979). In Sug-
arman’s (1979) study, children between (2 and 36
months of age were given six grouping tasks. Mate-
rials in each task were eight small objects eveniy
divided into two classes. for example, four doils and
four rings. Each task invoived (1) a phase of spon-
taneous manipulation and (2) a phase during which
children were given several grouping-elicitation
probes, Two types of classificatory activity were
cxamined: (1) the order in which objects were ma-
nipulated (sequentiai classification) and (2) the ar-
rangement of objects in space (spatial classifica-
tion). Spontaneous and eticited performance usually
coincided. In general, the results suggested a shift in
children’s classifications from a sequential, stim-
ulus-bound organization of singie classes to an antic-
ipatory representation and coordination of the two
¢lasses in' the amray. The (2-month-olds showed a
reliable tendency to manipulate identical objects
successively: they repeatedly selected items from
one of the two classes, generatly that with greater
tactile-kinesthetic salience. Their amangement of
objects in space, however, was haphazard. Com-
plete spatial groupings of single classes (e.g.. ail the
dolls or all the rings) did not appear until 18 months
of age. By 24 months, sequential selection of similar
objects extended to both classes and objects within a
basic category were spatially grouped. Finally,
whereas atl but one of the younger children who
grouped two classes at 2y point in the experiment
arranged the objects one class at a time, more than
half the 30- and 36-month-olds shifted between
classes as they sorted. These children clearly could
attend to both classes at once. Whether they con-
tructed onc-to-one comrespondences between dis-
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