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Abstract

This research concerns how children learn the distinction between substance names and
object names. Quine (1969) proposed that children learn the distinction through learning the
syntactic distinctions inherent in count/mass grammar. However, Soja et al. (1991) found
that English-speaking 2-ycar-olds, who did not seem to have acquired count/mass grammar,
distinguished objects from substances in a word extension task, suggesting a pre-linguistic
ontological distinction.

To test whether the distinction between object names and substance names is con-
ceptually or linguistically driven, we repeated Soja et al’s study with English- and
Japanese-speaking 2-, 2.5-, and 4-year-olds and adults. Japanese does not make a count-
mass grammatical distinction: all inanimate nouns are treated alike. Thus if young Japanese
children made the object-substance distinction in word meaning. this would support the
early ontology position over the linguistic influence position. We used three types of
standards: substances (e.g.. sand in an S-shape), simple objects (e.g.. a kidney-shaped piece
of paraffin) and complex objects (e.g.. a wood whisk). The subjects learned novel nouns in
ncutral syntax denoting each standard entity. They were then asked which of the two
alternatives - one matching in shape but not material and the other matching in material but
not shape - would also be named by the same label.

The results suggest the universal use of ontological knowledge in early word learning.
Children in both languages showed differentiation between (complex) objects and sub-
stances as early as 2 years of age. However, there were also early cross-linguistic
differences. American and Japanese children generalized the simple object instances and the
substance instances diffcrently. We speculate that children universally make a distinction
between individuals and non-individuals in word learning but that the nature of the
categories and the boundary between them is influenced by language. ©1997 Elsevier
Science B.V. All rights reserved.

* Corresponding author. E-mail: imai @sfc.keio.ac.jp.
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1. Introduction

Children are very efficient word learners. The rapidity with which they acquire
words makes it unlikely that they go through all logically possible meanings when
inferring the referent of a novel word (Quine, 1960). There have been many
attempts to characterize the set of constraints and learning biases that make this
rapid learning possible. For example. Markman's whole object constraint states
that children initiaily take words as applying to objects, not to parts or properties
of objects (Markman, 1990; Baldwin, 1989). Gentner’s natural partitions hypoth-
esis (Gentner, 1982) states that children initially learn object names rather than
names for relations of properties because object concepts are acquired pre-
linguistically. The principle of contrast (Clark, 1987) and the mutual exclusivity
assumption (Markman and Wachtel, 1988) capture children’s preference for
one-to-one mapping between words and concepts. The taxonomic constraint
(Markman and Hutchinson, 1984; Waxman and Kosowski, 1990) and the shape
bias (Gentner, 1978; Imai et al., 1994: Landau et al., 1988; Smith et al., 1992) deal
with the way children extend noun meanings to new referents given that a word
has been applied to an object.

Among the proposed theories of constraints, some sort of early orientation
towards object naming is most relevant to this research (e.g., Markman, 1989,
1990: cf. Gentner, 1982; Macnamara, 1982). Considerable empirical evidence has
supported this early focus on object naming (e.g., Au et al., 1994; Baldwin, 1989;
Baldwin and Markman, 1989:; Caselli et al., 1995; Dromi, 1987; Gentner, 1982;
Waxman and Markow, 1995). However, this early object-naming bias does not
explain the entire range of early word learning (Bloom, 1994ab; Carey, 1987:
Nelson et al.,, 1993). For example, how do children learn names for non-objects
such as color and material, especially given that young children interact with
various kind of substances (e.g., water, juice, milk, sand) in their daily activities
and know their names (cf. Au, 1994)?

The principles governing word meaning extension for substance names and
color names are fundamentally different from those governing the extension for
object names, reflecting the fundamental ontological difference between object
kinds and substance kinds. While objects have discrete reference, substances like
water have “scattered” reference and can refer cumulatively (Quine, 1960): e.g.,
any portion of water is also water, but the legs of a chair are not a chair). In
learning new words, then, how do young children come to project meanings of
words differentially for different kinds of entities in the world?

I.1. Quine’s conjecture: learning through language

Quine (1960, 1969) pointed out the inscrutable nature of the referent of word
meaning in the absence of a linguistic apparatus that fixes the referent. Quine
(1960) argued that determining the referent of a word from the physical context



M. Imai. D. Gentner | Cognition 62 (1997) 169-200 17

alone is togically impossible and, specifically, that children encounter problems in
learning the ontological difference between entities having discrete reference (i.e.,
objects) and those having *‘scattered’” or *“‘cumulative™ reference (i.e., substances
and attributes). He argued that learning of this semantic distinction between object
reference and substance reference comes about because of the grammatical
distinction between count noun and mass nouns.

1.2. A challenge to Quine: universal ontology as a guiding force in word
learning

Recently, the Quinean view was challenged by a group of developmental
psychologists. Soja et al. (1991) tested how 2-year-olds projected word meanings
when they saw solid objects and non-solid substances in a word learning task.
Children who had not yet shown evidence of awareness of the count/mass
subcategorization in a production test were taught a new word in a syntactic frame.
This frame was neutral as to the count/mass status of the noun (e.g., ““This is my
blicket™ but not *‘This is a blicket” or **This is some blicket’"). In one condition,
the word was given in the presence of a novel physical object (e.g., a pyramid
made of wood). The children were then shown two alternatives: one had the same
size and shape as the original object but was made out of a different material (e.g.,
a pyramid made out of sculpting material called Super Sculpy) and the other was
some pieces of the same substance as the named object (e.g., pieces of wood).
They were asked to choose which of the two alternatives was the blicket. When
they heard a novel label in the presence of a novel object, they chose another
object of the same shape rather than pieces of the same substance, suggesting that
they assumed the label to be an object name, not a substance name.

In the second condition, a word was given in the presence of a quantity of
non-solid substance (e.g., Nivea cream) arranged into a distinctive shape. Again,
they were shown two alternatives. In one alternative, a different kind of substance
(e.g., hair-setting gel) was configured in the same shape as the named substance; in
the other, the same substance was placed into multiple piles. Interestingly, in this
condition children did not extend the new label on the basis of identical shape as
they did when they saw novel objects. Rather, they tended to choose the
alternative which was the same substance, not the same shape.

Soja et al. (1991) concluded that children universally know the conceptual
distinction between objects and substances; they do not need to learn this
distinction through language learning as Quine had claimed. They further
concluded that children can use this conceptual distinction, which exists prior to
language acquisition, to constrain the possible meanings of new words. Thus
children will not use the whole object constraint when leaming the words for
non-object entities; rather, from the onset of language learning, they will project
meanings of novel words onto the material component when they see non-solid
substances.
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1.3. Evaluation of the universal ontology view: can findings from English-
speaking children alone stand as evidence?

To strengthen the claim that the children’s word extensions were based on early
knowledge of ontological distinctions rather than acquired from syntax, Soja et al.
(1991) measured the children’s productive command of count/mass syntax and
found no correlation between productive control and children’s performance on the
task. As a further test of whether these children were influenced by English syntax,
they conducted another word-extension study with children of the same age range,
using an informative syntactic frame that was consistent with the ontological status
of the new word’s referent (i.e., using count noun syntax in the object trials and
mass noun syntax in the substance trials). There was no difference in performance
on the task between the children who received this informative syntax and children
who received neutral syntax as described earlier.

These tests are certainly appropriate and they convincingly demonstrate that the
chiidren failed to command count/mass syntax. However, there are many levels of
knowing (Jacoby and Brooks. 1984; Roediger, 1990) and it is difficult (indeed,
impossible in principle) for any given test to rule out the possibility that the
children possessed some tacit knowledge of count/mass syntax. In particular, a
production task might not be sensitive enough to capture all that the 2-year-olds
knew about count/mass noun grammar. In fact, when Soja (1992) later reversed
the syntactic cues so that the count/mass syntax was incongruent with the
ontological type (i.e., mass noun syntax was used in the object trials and count
noun syntax was used in the substance trials), she found that performance was
affected by syntax even in the 2-year-old group. Further, Gordon (1988) found
some evidence for an early (around 1;11) distributional distinction in the use of
count nouns and mass nouns and argues that children possess some sensitivity to
the count/mass distinction before 2;0.

To escape the thorny question of exactly how much children know about
count/mass syntax at specific ages, an ideal test would involve children whose
language lacks the count/mass linguistic apparatus for distinguishing objects and
substances. This would specifically address the claim of a language-independent
universal semantic ontology distinction. In many classifier languages, the criteria
for this test are met. We now describe the way these languages subcategorize
entities in the world and the possible implications for noun meanings, basing our
analysis on Lucy's (1992) recent work on Yucatec Mayan.

1.4. Lucy’s analysis of Yucatec Mayan

Lucy (1992) has presented an insightful analysis of how classifiers in Yucatec
Mayan partition word meanings. In his analysis, Lucy proposes a continuum as to
how likely a lexical noun for a given entity is linguistically marked as individuated
(see also Allan, 1980). According to Lucy, the likelihood of individuation is
highest for animate beings, then concrete objects, and finally, substances. More
precisely, Lucy proposes a continuum in which [ + animate] nouns are most likely
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to be linguistically marked as individuated, [—animate, + discrete} nouns lie in
the middle on the continuum, and | —animate, — discrete] nouns are least likely to
be marked as individuated' (Fig. 1). In order to compare how English and Yucatec
Mayan partition: this continuum, Lucy considered two grammatical aspects:
possibility of pluralization (i.e.. whether a lexical noun can be pluralized) and
necessity for unitization (i.e., whether a unit of individuation (e.g., a classifier)
must be used along with the noun when counting).

As discussed earlier, the English language divides the continuum based on the
discreteness criterion. In English, nouns marked as [+ animate, + discrete]
(animate entities) or as [ —animate. + discrete] (concrete abjects) can be (and must
be when there is more than one individual) pluralized, whereas [—animate,
- discrete| (substances) cannot be pluralized, (e.g.. two chairs, *two waters). As
shown in Fig. 1, the division made with respect to whether a noun needs a unitizer
in counting agrees with the one made with respect to pluralization: only nouns that
cannot be pluralized need a unitizer (e.g., *two waters, two glasses of water;
*three clays, three chunks of clay). Thus on both criteria the English language
divides the object/substance continuum between [—animate, + discrete] and
[—animate, — discrete], that is, between animate/inanimate objects on the one
side and substances on the other. This pattern, according to Lucy, suggests that the
referents of | + discrete] nouns are linguistically treated as individuated whereas
those of [—discrete] nouns are not (see also Laycock, 1979; McCawley, 1975).

Animate Inanimate Inanimate
Entities discrete non-discrete
humans animais objects stuff
Plural No plural
(obligatory) I I o plura
English | I
No unitizer ge““'zcrry
Plural I No plural
Yucatec (optional)
M -
ayan Unitizer necessary
Plural
ay (optional) I No plural
Unitizer necessary

Fig. 1. Division of the pre-individuation continuum in English, Yucatec Mayan and Japanese.

' Lucy notes that the category [ + animate] may be further subdivided. A related proposal is Croft’s
(Croft, 1990, pp. 112-113) Animacy Hierarchy: Human | Nonh A ! Inanimate Object |
Substance.
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In contrast, Yucatec Mayan divides the continuum at the point between animate
and inanimate entities. Animate nouns can be pluralized, but inanimate nouns do
not generally take plurals, regardless of whether they are | + discrete] or
[ —discrete]. Further, all inanimate Yucatec nouns need classifiers when quantified
(see Fig. 1). The role of classifiers in the noun phrase during quantification is
somewhat analogous to the role of unitizing modifiers in the quantification of mass
nouns in English. Just as English nouns such as water and clay cannot be directly
modified by numerals and need unitizers to be quantified (e.g., four cups of water),
so Yucatec Mayan and other numeral classifier languages need classifiers for
counting purposes. (See also Quine, 1969, for a similar discussion using a
Japanese example.) Thus, Lucy suggests that wall inanimate nouns in Yucatec
Mayan - whether their referents are objects or substances — are treated as
“masses’’ that must be unitized for individuation.

Does this structural difference between English and Yucatec Mayan have
psychological consequences? Lucy argues that the answer is yes, particularly
where the contrast between the two languages is maximal: that is, for nouns
referring to concrete objects, whose lexical status is [—animate, + discrete]. As
Lucy states,

certain specific regularities arise from the denotation pattern specific to a
particular language and these will lead to selective attention to a different
aspect of entities of this type. The unit pre-supposed by English lexical
nouns of this type is usually the form or shape of an object. Yucatec nouns,
lacking such a specification of unit, simply refer to the substance or material
composition of an object. - - - Use of the English lexical items routinely
draws attention to the shape of a referent insofar as its form is the basis for
incorporating it under some lexical label. Use of the Yucatec lexical items,
by contrast, routinely draws attention to the material composition of a
referent insofar as its substance is the basis for incorporating it under some
lexical label. Thus, in cases where English lexical structure routinely draws
attention to shape, Yucatec lexical structure routinely draws attention to
material. If these linguistic patterns translate into general sensitivity to these
properties of referents, then English speakers should attend relatively more
10 the shape of objects and Yucatec speakers should attend relatively more to
the material composition of objects in other cognitive activities - with
objects of the appropriate type. (Lucy, 1992, p. 89, emphasis in original)

Lucy conducted a non-linguistic cognitive task that provided support for this
conjecture. He showed Yucatec-Mayan adults and American adults a standard
stimulus (e.g., a sheet of paper). He then showed two alternatives, one of which
was the same shape as the standard (e.g., a sheet of plastic) and the other of which
was a different kind of object made up of the same material as the standard (e.g., a
book). He asked which of the two alternatives was more similar to the standard.
He found that Mayan adults showed a reliable bias toward material alternatives
and American adults a reliable bias towards shape alternatives. These results
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suggest that language may influence whether people use shape or material
composition in judging the similarity of objects.

For our purposes, the most important point is that classifier languages like
Yucatec Mayan provide an ideal test of the two views discussed above. According
to the universal ontology view, young children should show sensitivity to
ontological distinctions between object kinds and substance kinds in projecting
noun meanings universally across different lunguages. It should make no
difference whether their language syntactically differentiates discrete objects from
non-discrete substances (as in English) or one that does not (as in classifier
languages).

1.5. An empirical test

To evaluate Soja et al.’s view that universal appreciation of ontology guides
early word, we extended Soja et al.’s (1991) study cross-linguistically, comparing
monolingual native speakers of English and monolingual native speakers of
Japanese. Like Yucatec Mayan, Japanese is a classifier language. Every noun,
whether animate or inanimate, requires a unitizer (i.e., a classifier) with a numeral
regardless of whether the referent is a discrete objects or a non-discrete substance;
and nouns referring (o inanimate entities, whether discrete or not, do not allow
pluralization. Thus it appears that Lucy’s analysis of Yucatec Mayan also applies
to Japanese (Fig. 1). Thus Japanese provides an example of a classifier language in
lacking the count/mass distinction, that can be contrasted with English in order to
assess whether ontological knowledge indeed guides early lexical acquisition
before learning linguistic categories of individuals and non-individuals. A par-
ticular advantage in using Japanese speakers for our purpose is that the Japanese
and Amcrican cultures are roughly comparable in terms of non-linguistic ex-
perience, including both experience with objects in the world and educational
practices. Thus, if a difference is found between native speakers of English living
in the United States and native speakers of Japanese living in Japan, we can be
more confident in attributing this difference to the structure of language than we
can when the cultures of two language groups are markedly different, as would be
the case for English versus Yucatec Mayan.

Although our primary interest is in early lexical acquisition, we also extended
the study to older subjects in order to examine the possibility of differential effects
of grammar across time. For example, it could be that early word leaming is
driven by a universal pre-linguistic ontology but that linguistic influences emerge
later. In this case word learning in Japanese and English-speaking children would
initially be very similar, but noun meantng projection patterns would later diverge
as the speakers of the two languages became sensitive to the specific patterns of
their native language.

In replicating Soja et al.’s research with Japanese children, we made a
modification in the design since we wished to examine whether there is an gradient
effect in projecting word meanings onto objects or substances. Gathercole (1985)
has suggested that, in learning the English count/mass grammar, children may rely
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heavily on distributional properties (e.g., whether a given noun dominantly appears
in the count or the mass noun syntactic frame): but she also suggests that children
may use semantic mapping in the case of prototypical instances. (Of course, what
counts as a prototypical object or substance is a non-trivial issue. but we set it
aside for now.) Applying this idea here, it is possible that speakers of both
languages will show sensitivity to the referent entity’s ontological type in
projecting noun meaanings  as long as the named entity is a prototypical or
canonical object or substance but that spcakers of the two languages may show
different patterns (reflecting the different distributional patterns) when the entity's
status as an object or substance is not so clear (cf. Bowerman, 1993).

To address this issue, we combined Soja et al.’s (1991) Experiments 1 and 2
into a single experiment. In Experiment |, Soja et al. used complex-shaped
factory-made artifacts for the object trials (e.g., a T-shaped plumbing fixture). In
Experiment 2. in contrast, the objects were simple-shaped, solid and bounded
entities made out of a solid substance (e.g., orange wax formed into a kidney
shape). The artifacts used in Experiment | tended to have an complex shape with
distinct parts, and an associated function by which the shape was largely
determined. In contrast, the objects used in Experiment 2 had a simple shape with
no distinctive parts and no obvious function. It is possible that these differences
might affect the early projection of word meanings. We therefore compared the
two types of objects within subjects to investigate whether these differences
matter. In the substance trials, we configured non-solid substances such as Nivea
cream into complex Gestalt forms as was done in Soja et al.’s Experiment 2. In
this way, as pointed out by Soja et al., we can be more sure of whether children
are responding on the basis of mere perccptual saliency or on the basis of their
ontological knowledge’

Another modification we made in this experiment was to the number of portions
presented in the marerial alternative in each set. In the object trials in Soja et al.’s
two experiments, the material alternatives always consisted of multiple portions/
pieces of the standard entity. In this case. we cannot tell whether the subject used
the number difference or the shape similarity as the basis for selecting the shape
alternative: the shape alternative always had the same number as the standard and
the material alternative always appeared in a different number of portions than the
standard. Since both factors, number and shape, are important for the ontological
object/substance distinction, we wished to separate these two factors. We thus
presented the subjects a single portion of the standard entity (configured differently
from the standard) as the material alternative in half the sets (i.e., 6 out of 12 sets)
within each entity type.

Each subject received three trial types: complex object trials, simple object trials

? However, because of this manipulation, the typicality of the “*substance™ instances were somewhat
compromised, since it is rather unusual for substances to appear in a distinctive, interesting shape. To
equate the prototypicality of “substances™ to that of the complex objects and the simple objects, we
would have had to include substances in a simple pile in addition to the substances in a complex shape.
However, this would have required a prohibitive number of triafs.
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and substance trials. The subjects were given a novel label for the standard entity
and then asked which of the two alternatives could be referred to with that label.
Reflecting the nature of the Japanese language, there was no syntactic cue that
could suggest the entity’s ontological status. The subjects were monolingual
English speakers and Japanese speakers of four age groups: early 2-year-olds, late
2-year-olds, 4-year-olds. and adults.

The predictions are as follows. If the distinction between objects and substances
is innate or very early, as suggested by the universal ontology view, then the
youngest children will look quite similar across the two language groups. They
will base their word meaning extensions on the nature of the entities. Words for
both complex and simple objects will be extended to other solid. bounded objects
that have the same shape. Words for non-solid materials will be extended on the
basis of same substance. Any cross-linguistic differences will appear later, after
language has had the opportunity to add its influence to this system of initial
constraints.

In contrast, if the distinction between count terms and mass terms must be
learned from language, then there should be language-specific word meaning
extensions from very early on. Thus, the Quinean linguistic influence view predicts
that young children will differ sharply across the two language groups. As in Soja
et al.’s results, American children will extend both complex and simple objects on
the basis of like shape, and non-rigid materials on the basis of like substance
(reflecting the linguistic distinction in English). However, Japanese children will
make no distinction between objects and substances, reflecting the lack of the
object/substance distinction in their language. They will either respond randomly
or - if Lucy's speculation that classifier languages invite a focus on substance is
correct — they will show a general material bias.

EXPERIMENT 1a: ADULT RATINGS OF SHAPE COMPLEXITY AND
MEANINGFULNESS

2. Method

Twenty American adult subjects who did not participate in the main experiment
(Experiment 1b) rated the complexity of the shapes of the standards using a | (low
complexity) to 7 (high complexity) scale. For our purpose, the following two
constraints needed to be met: (1) the objects used in the complex object trials had
to have more complex shapes than those used in the simple object trials and (2)
the shapes of the objects in the simple object trials needed to be simpler (or at least
no more complex) than the sha'pes into which the substances were configured in
the substance trials. The same subjects also rated the degree to which the shape
was meaningful to the entity’s function on a 1 (low) to 7 (high) scale.

Aside from replicating Soja et al.'s experiments, we wished to vary the
canonicality /typicality of objects within the object trials. In the real world, the
shape of an object usually is closely related to its function. (This is especially true
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for artifacts.) We thus thought that meaningfulness of shape to the object’s function
might suggest how typical/good an instance of the object kind a given entity was.
Since we wished to have canonical objects in the complex object trials and less
canonical ones in the simple object trials, we wanted to have the entities for the
complex object trials rated higher than those in the simple object trials by the
“*meaningfulness of shape” criterion. Since substances by definition should not
have constant shapes, the entities in the substance trials were expected to be rated
lower than those in the complex object or the simple object trials on this criterion.

3. Results '

The results suggested that the materials met the requirements of our design. On
the complexity-of-shape criterion, complex objects received the highest ratings
(M =541, SD =0.74), followed by substances (M = 3.85; SD = 1.04), and then
simple objects (M = 3.31; SD = 1.04). The difference in means between complex
objects and substances was significant, (20) =4.14, p <0.0l, but the difference
between substances and simple objects was not, p > 0.05. On the meaningfulness-
of-shape-to-function criterion, as we expected, the complex objects were rated as
having the most meaningful shape (M = 6.24, SD = 0.71), followed by the simple
objects (M = 2.23, SD = 0.81), with substances rated as having the least meaning-
ful shape (M = 1.76; SD = 0.81). Both differences were significant, 1(20) = 14.48,
p <0.001 for complex versus simple objects, and 1(20) =2.02, p <0.05, one-
tailed, for simple objects versus substances.

EXPERIMENT 1b: CHILDREN’S EXTENSIONS OF NOVEL WORDS

4. Method
4.1. Subjects

The subjects were monolingual Japanese-speaking and English-speaking chil-
dren and adults. Children of both language groups were from middle class
families. A total of 43 Japanese children, living in the greater Tokyo area,
participated. There were 14 early 2-year-olds (mean age: 2;1, ranging from ;10 to
2:5), 15 late 2-year-olds (mean age: 2;8, ranging from 2.7 to 3:2), and 14
4-year-olds (mean age: 4;2, ranging from 3;9 to 4;7). There were three other early
2-year-olds and two other late 2-year-olds who did not complete the experiment.
There were 18 adult subjects who were undergraduate or graduate students at
Ritsumeikan University in Kyoto.

The American children, a total of 42, were from the greater Chicago area. There
were |4 early 2-year-olds (mean age: 2;l1, ranging from 2;1 to 2;5), 14 late
2-year-olds (mean age: 2;8; ranging from 26 to 3;0), and 14 4-year-olds (mean
age: 4.2, ranging from 3;10 to 4;6). There were two other early 2-year-olds and
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two other late 2-year-olds who did not complcte the experiment. There were 18
adult subjects, all of whom were undergraduate students at Northwestern Universi-
ty. The gender of the subjects was approximately balanced in each age group in
each language group.

All subjects (of all age groups from both language groups) were tested
individually in a quiet room, either in a private home or pre-school. or in a
laboratory at Northwestern University or Ritsumeikan University.

4.2. Materials

The materials are given in Table | (see also Fig. 2 for sample materials). There
were three trial types: complex object trials, simple object trials and substance
trials. The complex object trials utilized factory-made artifacts having complex
shapes and specific functions (e.g.. a lemon squeezer). The simple object trials
utilized solid. simple-shaped entities made out of a solid substance (e.g., a
kidney-shaped piece of wax). The substance trials utilized non-solid substances
such as sand configured into complex forms (e.g., sand in an elongated S shape).
There were four trials within each trial type: two trials in which the material
alternative consisted of multiple portions of the standard entity; and two trials in
which the material alternative consisted of a single portion of the standard entity
configured into a different shape. The shape alternative always consisted of an
entity that had the same shape as the standard entity but was made out of a
different material than the standard.

Table 1

Materials used for the studies

Siandard Shape alternative Material altemmative
Complex object

1 clear plastic clip metal clip a clear plastic piece
2 ivory plastic T copper T an ivory plastic picce
3 porcelain lemon juicer wood lemon juicer porcelain pieces

4 wood whisk black plastic whisk wood pieces

Simple object

| cork pyramid white plastic pyramid a chunk of cork

2 dylite UFO wood UFO a dylite piece

3 red Super Sculpy half egg pieces gray Styrofoam half egg red Super Sculpy pieces
4 orange wax kidney purple plaster kidney orange wax pieces
Substance

| lumpy Nivea (reverse C) Dippity-Do (Reverse C) a Nivea pile

2 Crazy Foam (Gamma) clay (Gamma) a pile of Crazy Foam
3 sawdust (Omega) leather(tiny pieces, Omega) two piles of sawdust
4 decoration sand (S-shape) glass pieces (S-shape) three piles of sand
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Complex Object Substance

Porcelain Lemon Juicer

Nivea

4

Oe
&
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Kidney-Shaped Wax

Kidney-Shaped Plaster Wax Pieces

Fig. 2. Sample material sets.

Nivea Piles
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4.3. Procedure

There were four item sets for each trial type. Thus each child received a total of
12 trials (see Table 1)} In each trial, the subject was presented with a triad of a
standard and two alternatives — a shape alternative and a material alternative —
and was asked to choose the one that best matched the standard. A nonsense label
(e.g.. blicker) was given to the standard. The instructions were given to the
Japanese subjects by a native speaker of Japanese and to the American subjects by
two native speakers of English. In the instructions for the American subjects,
words were given in a neutral syntactic frame using “‘the” or “this”’; for example,
“Look at this dax.”” They were then asked to “‘point to the tray that also has the
dax on it.”" The phrase used for the Japanese subjects reflected the inherently
ambiguous nature of their language in terms of the object/substance distinction’
(see footnote for the actual text). The adult subjects (both Japanese and American)
were told to assume that the novel words were words in a language they did not
know, since they were likely to know the names for the materials. The order of
presentation of the 12 trials was counterbalanced across subjects.

Prior to testing, each child received two warm-up trials to make sure that he/she
could select one of the alternatives. In one of the trials, the experimenter showed
the child two familiar objects (a spoon and a cup) and said ‘*Can you point to the
spoon?” In the other trial, two familiar substances (strawberry jam and Play-doh)
were used in the same way.

5. Results

The two language groups both showed ontologically-differentiated word mean-
ing projections across different types of entities from the 2-year-olds through

' To be able to compare our data with Soja et al.'s (1991), we tried to replicate the materials used in
their two experiments as much as possible. However, for some stimufus sets, we had to replace their
original materials with other materials, so that all the materials were unfamiliar to both American and
Japanese children. For example, in the Substance trial, the Orzo/Coffee pair (rice-shaped pasta) used by
Soja et al. was replaced with decorative sand used for Bonsai trees and tiny glass beads (also for Bonsai
decoration) because we thought Jap children might think Orzo was rice, a substance which is
highly familiar to them.

“ The text of the instruction in Japanese:

* Kono osara-o mite. Kore-wa dax to iimasu®*,
this tray-Acc look. This-Top is named

Dewa, kondowa kochirano osara-o mite.
Now, this time on this side tray-Acc foqk

Dochirano osara ni dax ga notte- imasuka?"
which tray LOC Nom is-placed-on

® This is a common, natural way to introduce a new word in Japanese. The noun is neutral in terms of
the count/mass status.
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Fig. 3. Proportion of shape responses on (a) complex object trials, (b) simple object trials, and (c)
substance trials.

adults. However, how speakers of each language differentiated the three entity
types was not the same across the two languages. Fig. 3 shows the proportion of
shape responses in each age group within each language population for the
complex object, the simple object, and the substance trials, respectively’ Children
in both language groups, from the earliest age tested, made a strong distinction
between complex objects and substances. Subjects of all ages uniformly treated
complex objects as objects, extending them on the basis of common shape. The
two language groups were also similar in that both made many fewer shape-based
projections in the substance-trials than in the complex object trials.

However, at the same time, the word meaning projection patterns were largely
different across the two language groups in the simple object trials and the
substance trials, and this cross-linguistic difference was observed from the
youngest age groups on. Overall, American subjects made a higher proportion of
shape responses than Japanese subjects in both the simple object and substance
trials. In the simple object trials, from the youngest age on, American subjects
treated simple objects like complex objects, extending their names on the basis of
shape. In contrast, Japanese children showed no clear preference on the simple
object trials. Their extension patterns were random, as though they found simple
objects intermediate between the object-reference case (complex objects) and the
substance-reference case (substances). In the substance trials, while Japanese
subjects (except for the youngest group) consistently projected novel words based

* Since there were only two alternatives (shape and material), the proportion of material responding
is simply t minus the proportion of shape responding.
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on material identity, American subjects (except for the youngest group) failed to
show such distinct preference for material-based extension.

With this overview in mind, we now turn to the analyses that support these
findings. To examine the overall pattern, a 2 (Language) X 4 (Age) X 2 (Gender) X
3 (Entity Type) mixed ANOVA (with entity type as a within-subjects factor and all
other factors between subjects) was conducted using the frequency of shape
responses as the dependent variable. Since there were no main effects or
interactions involving gender, this factor was dropped from further analyses. We
also conducted a separate 2 (Language) X 4 (Age) X 3 (Entity Type) X 2 (Number
of Portions) mixed ANOVA to see whether subjects’ performance was affected by
the number of portions in the material alternative (i.e., whether the marerial
alternative contained the same number or a different number from the standard
entity)” Because there was no main effect nor any interactions involving the
number-of-portions variable, it was dropped from further analysis as well. This
lack of a number-of-portions effect is inconsistent with Soja et al."s (1991) and
Carey’s (1994) claim. They argued that what children use in assigning a given
instance’s to the class of individuals or non-individuals is an abstract concept of
number and not mere perceptual attributes such as shape. Although the number-of-
portions effect was not a central focus of this research, we will come back to it in
the Discussion. At any rate, we thus report the results from a 2 (Language) X 4
(Age) X 3 (Entity Type) mixed ANOVA model below.

There was a significant main effect of language, indicating that American
subjects made more shape responses than Japanese subjects, F(1, 115) = 33.04,
p <.001. There was no main effect of age, F(3, 115) = 0.43. However, there was
a significant Language X Age interaction, F (3, 115)=2.92, p <.05. We will
return to this finding below.

The key predictions concern whether children showed differential projection
patterns for different entity types and how language and age influenced these
patterns. First, there was a significant main effect of entity type, indicating that the
proportion of shape responses differed across different types of entity, F(2,
230) = 141.26, p <.00!. More importantly, there was also a significant Entity
Type X Language interaction, F(2, 230) = 7.71, p = .001, indicating that the way
people projected noun meanings in the presence of the three types of entities
differed across the two language populations. There was also a significant Entity
Type X Age interaction, indicating a developmental change in projection patterns
F(6, 230) = 2.65, p <0.02. The three-way Entity Type X Language X Age inter-
action did not quite reach significance, F(6, 230) = 1.91, p = .08.

We now wish to look at the Entity Type X Language interaction more closely to
ascertain how the three entity types differed across language. We decomposed the
effect of entity type into two single-degree-of-freedom planned contrasts, one

* We did not include this last factor in the previous analysis because including too many variables in
one model will produce unreliable higher-order interactions due to the small number of cases in each
cell.
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contrasting complex objects versus simple objects, the other contrasting simple
objects versus substances. Looking at the first contrast, (complex objects vs,
simple objects), there was a main effect, F(1, 115) =76.46, p <.0l. This means
that across the two language groups. the proportion of shape responses was higher
in the complex object trials than in the simple object trials. More importantly,
however, there was a significant interaction between this contrast and language,
F(l. 115) =16.93. p <.01, confirming that the difference in the proportion of
shape responses was greater among Japanese subjects (86.5% vs. 48.5%, averaged
across the four age groups) than among American subjects (90.5% vs. 76.8%). To
examine whether this complexity differential holds, within each language, the
same contrast analysis was performed separately for English and Japanese
subjects. These analyses revealed a significant difference between the two entity
types not only among Japanese subjects but also among American subjects, F(1,
56)=13.75. p<.0l, and F(l, 59)=69.06, p <.0l. Thus, the likelihood with
which people construe bounded solids as pre-individuated objects was graded with
respect to complexity of shape, but this graded effect was larger in Japanese
speakers than in English speakers.

The planned contrast between simple objects and substances showed only a
main effect for the contrast, F(1. 115)=71.27, p <.0l; the interaction with
language was not significant, p >.1; that is, that both language groups made more
shape responses in the simple object trials than in the substance trials even though
American subjects were more shape-oriented overall (76.8% simple objects vs.
46.2% substance across the four age groups) than Japanese subjects (48.5% vs.
21.0%).

The next question is whether the children’s response patterns change with age,
and whether language influences this development. To unfold the Entity Type X
Age interaction, we carried out three different univariate ANOVAs, one for each

enlity type.

5.1. Complex object trials

A 2 (Language) X 4 (Age) ANOVA showed no main effects of either language
or age, F(1, 115) = 1.35, and F(3, 115) = 1.36, respectively, p > .1 in both cases.
The Language X Age interaction was also non-significant, F(3, 115) =151, p>
.2. This unequivocal orientation towards shape given complex object trials is
evidence for a universal tendency to take complex bounded solids as pre-
individuated entities.

5.2. Simple object trials

There was a marked cross-linguistic difference on the simple object trials. A 2
(Language) X 4 (Age) ANOVA revealed a significant main effect of language,
reflecting the fact that American subjects gave more shape responses than
Japanese subjects, F(1, 115) =27.73, p <.001. Neither the effect of age nor the



M. Imai. D. Genmer | Cognition 62 (1997) 169-200 185

Language X Age interaction was significant, F(3, 115)=247, p> .05 and F(3,
115) = .80. respectively.

5.3, Substance trials

As noted ahove, both language groups gave significantly fewer shape responses
on the substance trials than on the object trials. However. the results also showed
marked cross-linguistic differences. A 2 (Language) X 4 (Age) ANOVA for the
substance trials showed a significant main effect for language. reflecting the fact
that the Japanese subjects made fewer shape responses overall than did the
American subjects, F(1, 115) = 18.30, p < .0l. There was no main effect of age.
F(3, 155) = .84. However, there was a Language X Age interaction, F(3, 115) =
404, p<.01. Two univariste ANOVAs were conducted separately for each
language group to unfold this interaction. These analyses revealed a significant
effect of age for the Japanese subjects. F(3, 59)=17.34, p<.0l, but no
significant cffect for the Amcrican subjects, F < 1. That is, the material preference
for substance trials increased with age in Japanese subjects.

5.4. Tests against chance level

We also examined whether the proportion of shape-based projection for each
entity type in each age and language group is different from chance level. These
tests provide us with a different way to look at the data. that is, whether the
response pattern for a given group for a given entity type should be characterized
as a shape preference, a material preference, or no preference. All tests against
chance probability were done by t-tests.

In the complex object trials, shape responses were made at significantly
above-chance levels, p < .01 for all ages in both language groups. The proportion
of shape-based projections for this entity type ranged from 79% to 97%. That is,
all subjects regardless of age and language treated complex objects as pre-
individuated entities.

In the simple object trials, American and Japanese subjects showed largely
different response patterns. From the youngest age on, American subjects showed
a shape preference for simple objects (ranging from 68% to 91% shape responses.
all above chance). In sharp contrast, Japanese children between 2 and 4 years of
age performed at chance (ranging from 50% to 57% shape responses), and
Japanese adults showed a significant material preference (36% shape responses,
1(13) =222, p <.05). These results suggest very early effects of language. From
the age of 2 onwards, American subjects construed both simple and complex
bounded solids as pre-individuated entitics; in contrast, Japanese children were
neutral as to the ontological class of simple objects. Further. a possible entrain-
ment effect is suggested by the fact that the Japanese material preference for
simple objects increased with age.

The substance trials also showed marked language differences. Although
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American subjects made fewer shape responses on the substance trials (ranging
from 34% to 54%) than they did on the object trials, they did not show a reliable
material preference on the substance trials, They performed at chance. The only
exception was that American 2-year-olds showed a significant material preference;
their level of shape responding on substance trials (34%) was significantly below
chance, (13) = —2.22, p <.05. (However, there was no age main effect in the
substance ANOVA for American subjects. Without a reliable difference between
the American 2-year-olds and the older groups. it is not clear whether we should
take the significant material bias in the youngest American children as unequivocal
evidence that they construcd the entities as non-individuated substances.) In
contrast, all Japanese groups except the youngest group showed an above-chance
material preference on substance trials. (The range was 9% to 9% shape
responses, or 81% to 91% muaterial responses.) Only Japanese 2-year-olds showed
no consistent preference between shape and material selections (55% material
responses). Tukey HSD tests revealed that the Japanese 2-year-olds made a
significantly higher proportion of shape responses than any of the older groups, all
ps <.02.

The above patterns suggest that Japanese subjects except for the youngest group
construed the substance standards (i.e., non-solid substances configured into
complex shapes) as non-individuated substances. Further, this construal
strengthened over time. In contrast, American subjects, except for the youngest
group, were neutral in their assignment of these configured substances into the two
categories.

3.5. Subject analysis

To examine whether these group averages are consistent with individual
subjects’ patterns, a subject analysis was conducted. We classified each subject’s
response preference in each trial type as shape preference, material preference, or
no preference. The subject 's pattern was scored as shape preference (or material
preference) when he/she made a shape (or material) choice three or four times out
of the four trials for the trial type. The pattern was scored as no preference when
the child made two shape and two material choices. Table 2 shows the proportion
of the number of subjects in each preference type for the three trial types within
each age and language group. Binomial tests were conducted to see whether the
number of subjects in each cell differed from the probability expected by chance.
The chance probabilities for shape preference and material preference were both
31 (5/16), and that for no preference was .36 (6/16).

” We computed the chance level for each class by first calculating the probability for each of the
possible response patterns, and then adding the probabilities of the resp that fall into each of the
three classes. For example. for a subject to be classified as having shape preference for a given entity
type. he/she needs to make shape selections three times (probability =4/16) or four times
(probability = 1/16) out of four trials. Thus the probability of a given subject falling into the shape
preference class is 5/16. The same probability holds for the material-preference class. The probability
of a no-preference pattern - that is, of selecting the shape alternative twice and the material alternative
twice - is 6/16.
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Table 2
Proportion and number of subjects (in parentheses) classifiered as shape preference, materiat
preference, or no-preference for cach entity type within each age and language group

Complex objects Simple objects Substances

American  Japanese American  Japanese American  Japanese
2-year-olds
A:in=14 ST 09In* 0.79%I1)* 057 (8)* 029 (4) 0.14 (2) 021 (3
Jn=14 M" 021 (3) 0.07(1)" 0.29 (4) 0.36 (5) 0.57 (8) 0.36 (5)

N° 000 (0)  0.14(2) 0.14 (2) 0.36 (5) 0.29 (4) 0.43 (6)

20/2-year-olds S 093(13)* 093 (14)* 064 (9)*  0.27 (4) 043 (6) 007 (1)
A:n=14 M 007" 007(H"  007(1H)" 0335 021 (3  067(10)*
N

Ln=1§ 0.00 (1) 000 ()" 0.29 (4) 0.40 (6) 036 (5) 027 (4)

4-year-olds S 1.00(14)* 086 (12)* 093(13)* 043 (6) 0.29 (4)  0.00 (0)"
A:n=14 M 0000 0071  007(1)" 043 (6) 0.36 (5) 1.00 (14)*
5in=14 N 000(0) ©007(H" 000(0) 014(2) 036 (5)  0.00(0)"
Adufts S 094(17)* 08%(16)* 061 (11 017(D) 044 (8) 006 (1)°
An=18 M 000(0)" 000  0.11(2) 0.61 (11)* 044 (8)  0.89(16)*
Jn=18 N  006(1)" 0112)" 0285 0.22 (4) 0.11(2) 006 ("

*Shape preference subjects — selected shape choice 3 or 4 times.
"Material preference subjects — selected shape choice 0 or 1 time.
“No-preference ~ selected shape (and thus material) 2 times.
*Significantly higher than the base probability at p < .05 (two-tailed).
“Significantly lower than the base probability at p <.05 (two-tailed).

The results of the subjects analysis converged with the results of the prior
analyses. Again there was uniformity on the complex object trials: the number of
subjects who showed a shape preference highly exceeded the number expected by
chance (p < .05, two-tailed) in all age groups in both languages (91.7% of all
American subjects, and 86.9% of all Japanese subjects, averaged across all ages).
And again, the two language groups differed on the simple object trials and on the
substance trials. In the simple object trials, the number of American subjects
showing a shape preference exceeded the chance level in all age groups (68%,
averaged across all ages): in contrast, Japanese children were evenly distributed
across the three preference classes (32.6% shape-preference, 30.2% no-preference,
and 37.2% material-preference, averaged across 2- to 4-year-olds); among
Japanese adults, a majority fell into the material-preference class (61%, above
chance).

In the substance trials, all Japanese groups except for the 2-year-olds showed a
significantly above-chance number of material preference subjects (35.7% for the
2-year-olds; 85% for the rest, averaged across the three ages). Among Americans,
only the 2-year-olds showed above-chance rmaterial preference (57%); none of
other age groups fell into any of the three classes at the above-chance level (39.1%
in the shape-preference class, 34.8% in the material-preference class, and 26.1%
in the no-preference class, averaged across the three ages). This last result again
underscores the greater material bias found in Japanese.
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6. Discussion

Qur results demonstrate a striking pattern of cross-linguistic similarities and
diffcrences. First, there is evidence lor the universal use of ontological knowledge
in individuation indcpendent of language. That pre-linguistic ontological distinc-
tions influenced patterns of individuation in word extension can be seen in the fact
that children in both languages extended complex objects according to shape and
distinguished between complex objects and substances in their projections. Both
the American and the Japanese children gave many fewer shape extensions for
non-solid substances than for complex objects. That the Japanese 2-year-olds
showed this pattern is particularly strong evidence for Soja et al.'s early ontology
argument, and against the strong form of Quine’s conjecture, since Japanese has
no linguistic apparatus for marking the two ontological categories.

However, our results also indicate strong carly effects of language. Despite the
cross-linguistic similarity with regard 10 complex objects and substances, a marked
cross-linguistic difference was observed for simple objects. English speakers from
2 years onward projected nouns according to common shape for simple objects as
well as complex objects. They used an object-naming rule for any solid, bounded
entity, conforming in effect to the whole-object constraint. In contrast, Japanese
children - whose language provides no guidance as to whether simple objects
should be seen as objects or as substances ~ responded at chance levels.

Our finding of early influence of linguistic categories on children’s projection of
word meanings accords with other reports of very early effects of tanguage (e.g.,
Choi and Bowerman. 1991; Slobin, 1987). For example, Choi and Bowerman
found that English-speaking and Korean-speaking children, whose languages
partition the domain of physical attachment and separation events differently,
begin to acquire their very different semantic patterns by 2 or 3 years of age. Qur
results indicate that even something as basic as the scope of early object-naming is
influenced by the language learned.

The American subjects’ stronger orientation toward shape was also shown in the
substance trials. Although, like Soja et al.’s 2-year-olds, the youngest American
subjects showed a reliable material bias in these trials, this material bias was not
nearly as strong as the shape bias for the complex and simple objects. In fact,
within the American group. there was no main effect of age on this trial. From the
late 2-year-old period onward, older groups showed a random response pattern
between the two alternatives. This pattern was somewhat different from that found
in Soja et al.’s study. Soja et al. found that the older (American) 2-year-olds
showed a stronger material bias than the younger 2-year-olds. We do not have a
clear explanation for the discrepancy between their results and ours. Perhaps the
shapes of the substances in our study were more salient and interesting than those
in their study, and thus were more suggestive for individuation.

The lack of a strong material bias among English-speaking subjects when
non-solid substances were presented in a distinct shape was also found by
Subrahmanyam et al. (under review). Subrahmanyam .et al. presented English-
speaking American 3- and 5-year-olds with either of the two types of standard
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entity. One type, the “‘object” standard, had an angular shape and was made out of
a solid material (e.g., caulk). The other one, the ‘‘substance’ standard, had a curvy
U-shape and was made out of non-solid material (e.g., glue). Depending on the
condition, the children heard a novel label associated with the standard stimulus
either as a count noun or a mass noun. They were then shown a series of
alternatives that varied systematically from the standard in shape and/or material
and asked whether each of the alternative stimuli could be labeled with the same
name as the standard. When 3-year-old American children saw the ‘‘object”
standard, thcy extended the label to the entities of the same shape regardless of the
syntactic context. When they saw the ‘‘substance’ standard, in contrast, they did
not show a distinct bias for material (or shape) even when the label was given in
mass-noun syntax.

However, in sharp contrast to American subjects (both in our and Sub-
rahmanyam et al.’s studies), Japanese subjects in our study across ail ages but the
youngest group consistently showed a strong material bias on these trials. Unlike
American subjects, Japanese subjects were not affected by the fact that non-solid
substances were presented in a distinct shape.

In sum, our evidence suggests that children may universally possess an
ontological distinction between individuated objects and non-individuated
substances” and that this distinction informs their word leaming. However. the
structure of their language influences where and how this division is made. We will
consider implications of this position below. First, however, we wish to consider
some possible alternate accounts of the findings.

6.1. Can the English shape preference be explained as a lexical effect?

American subjects gave more shape responses than did Japanese for both the
simple objects and the substances. The combination of solidity plus even a simple
shape was enough to lead English speakers, but not Japanese speakers, to construe
the entity as an individuable object and extend its name on the basis of shape.
Even for the non-solid substances in complex shapes (which the Japanese speakers
unequivocally construed as substances) English speakers were split between
extending by shape (the object construal) and extending by material (the substance
construal), again suggesting a greater focus on shape. Such a cross-linguistic
difference is consistent with the possibility that languages require their speakers to
pay attention to different dimensions. English and Japanese may lead their
speakers to take on slightly different construals for pre-individuated entities versus
non-individuals, or to differ in where they place the boundary between the two

\]

" These results could also suggest that complex objects may be pre-linguistically conceptually
privileged, so that words for them are interpreted as object-reference terms and leamed very early
across languages (Gentner. 1982; Gentner and Boroditsky, in press). However, with our data, we cannot
exclude the possibility that substance names (for typical substances) are as easily learned as object
names because our substance instances are not comparable with the complex object instances with
respect to typicality. as we mentioned earlier (see footnote 2).
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classes. For example, English count/mass syntax requires speakers to make a
dichotomous decision as to whether something should be coded by a count noun or
a mass noun. Thus, it could be argued that the structure of English leads to its
speakers’ paying ‘‘habitual attention to shape’.

However, there is another possible explanation. It is also possible that when
English speakers saw a substance in a discrete shape, they interpreted the novel
noun as a count noun describing a particular unit/form of substances, something
like puddle or pile Such an interpretation is very unlikely in Japanese, where
words like puddle and pile that provide units for quantification are classifiers, not
nouns. (Thus a noun phrase like *‘kono dakkusu (this dax)” would not be taken to
mean a counting unit like pile, puddle, or chunk.) If English subjects on the simple
object and substance trials were taking the name to mean something like
*puddle’, this could explain their frequent failure to choose on the basis of
material (after all, “‘puddie” could involve common shape as well as common
material).

Fortunately, our results provide an indirect check of this account. On the
“puddle’” lexical account, we should see strong effects of numerosity. The child
should be more likely to extend blicker (or ‘‘puddle’’) to the material alternative
when it is a single piece of the original substance than when it is three pieces of
the original substance. Soja et al. (Soja et al., 1991, 1992; also Carey, 1994)
suggested that such a numerosity effect may have occurred in their studies:
children showed higher performance on the object trials in Soja et al.’s (1991)
task, in which such numerosity cues were present, than in Soja’s (Soja, 1987)
study in which the material alternatives were always single objects. However, we
did not replicate this finding. To examine this issue directly (although this was not
our central interest), we designed the stimulus materials so that within each entity
class, the material alternative consisted of a single portion of the standard entity in
half of the trials and multiple portions for the other half of the trials. We found no
evidence that subjects (either children or adults, Japanese or American) made use
of the number of portions in the material altemative as a basis for noun meaning
projections. Of course, caution is warranted in drawing conclusions from these null
results, and more work on numerosity in individuation is clearly called for.'"
However, as it stands, our results are most consistent with the possibility that the
structure of English leads its speakers to attend to shape, as well as other cues, in
individuating referents.

Turning to the Japanese speakers, we found many more material selections than
among English speakers in the simple object and substance trials, consistent with

* Imai (1995) in fact found that, for both 4-year-olds and adults, English-speakers’ pattern of novel
noun extension given a neutral syntactic frame (e.g., this dax) was almost identical to the pattern given
a count noun syntactic frame (¢.g., @ dax). This suggests that, when the count/mass syntactic status is
ambiguous or neutral. English speakers may be biased to interpret a novel noun as a count noun
(provided this interprelation is plausible for the referent).

"" Also, in our stuly the contrast between single and multiple portions was confounded with
particular stimuli rather than counterbalanced across sets (e.g., the material aiternative in the cork-
pyramid set was always presented with a single piece of cork).
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Lucy’s prediction that the structure of classifier languages should lead speakers to
pay habitual attention to the material component of entities. Further, Japanese
subjects showed a shift towards an increasing focus on material across develop-
ment (at least on the substance trials), as would be predicted under a linguistic
entrainment account.’’

6.2. Can Japanese subjects’ performance be explained by classifier
distribution?

Japanese children made a distinction between complex objects and substances
despite having no count/mass distinction in their grammar. We have suggested that
this is evidence for a universal early conceptual distinction between object kinds
and substance kinds. However, there is another possibility. Although Japanese
speakers are unlikely to experience lexical effects of the *‘puddie” kind, as
discussed above, there is another possible explanation:'” the performance of the
Japanese subjects may have simply reflected a distributional tendency for certain
classifiers to be associated with objects and others to be associated with
substances. If this were the case, Japanese subjects could have responded
differentially to complex objects versus simple objects and substances simply
because different types of classifiers are associated with these classes.

There is some reason to doubt that a classifier distribution explains our Japanese
subjects’ behavior. In modern Japanese, the ontological cut between object and
substance is only vaguely distinguished at the lexical level. There exist some
classifiers that are typically associated with objects, but even these ‘‘object
classifiers” can sometimes be used for substances and vice versa. For example,
typical shape classifiers such as hon (one-dimensional extension), mai (two-
dimensional extension) and ko (three-dimensional extension) are usually associated
with objects, but are often used for solid or semi-solid substances such as butter
and clay. Likewise, classifiers providing a measuring unit such as hai (a bow!l of)
and yama (a heap of; literally, 'mountain’) are often used for collections of
individuated objects such as apples, potatoes, oranges.” etc. This lack of a clear
object/substance distinction in the distribution of classifiers in Japanese contrasts
with a strict division in classifiers for other important ontological cuts, namely,
sentient/animate/inanimate. For example, the classifier for humans, nin, cannot be
used for any other animals or for inanimate entities. Classifiers for animals such as

"' However, here too caution is warranted. We cannot know whether Japanese speakers are being led
to pay more attention 10 material, or whether they are simply not being entrained to attend to shape
(since Japanese does not force speakers to habitually determine entities® status as to pre-individuation).
On this account, their developmental increase in attention to material on the substance trials would
simply reflect increasing perceptual/conceptual experience.

'’ We thank Terry Au for pointing out this possibility.

""Note that, in English, when we unitize oranges and potatoes with boxes or baskets, the
individuality of the objects is still marked by the use of a plural marker (.g.. a basketful of oranges
rather than *a basketful of orange). In Japanese. however, the individuality of oranges cannot be
detected in mikan hito-yama (literally, orange one heap).
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hiki (for small animals), rou (for big animals), and wa (for birds and rabbits) are
never used for inanimates: likewise, classifiers for inanimates are never used for
animals, except for dead bodies of animals.

6.3. Experiment Ic: A check for differential classifier distribution?

To test this claim that the object-substance distinction is not sharply marked by
distinct classifiers in Japanese, we conducted a production test with Japanese
adults.

Twelve Japanese college students who had not participated in the rating study
(Experiment 1a) or the main study (Experiment 1b) served as subjects. We showed
them all 12 standards — four complex objects, four simple objects, and four
substances — and the 12 material alternatives (single or multiple pieces/piles of the
standard entities) one at a time and asked them which classifier or classifiers they
would use in counting the given entity. This test was done individually and the
presentation order was counterbalanced across subjects.

If the Japanese subjects’ response patterns are to be explained in terms of
distributional correlations between classifiers and entity types, then Japanese
native speakers should use different types of classifiers for the three entity types.
However, this was not what we observed in the aduits’ production pattern. Most
notable was that ko and hon were used not only for the complex object standards
but also for the simple object standards. For the complex objects, all 12 subjects
used ko for the clip and the T-joint, and hon and/or ko for the lemon juicer and
the whisk. Likewise, 10 out of 12 subjects used ko for all the simple object
standards. For the material alternatives (the chunks/broken pieces of the complex
and simple object standards), subjects tended to give both kake or hen (both mean
“‘piece””) and ko. This argues against the possibility that Japanese subjects
responded differently to the complex objects than to the substances (or the simple
objects) because of a distinctive distribution of classifier types.

Further evidence against a distributional explanation is that the Japanese adults
often used ko and hon for the substance standards, although not as often as for the
complex and simple object standards (the range was from 5/12 to 8/12 subjects
across the four items).'* Subjects also used mai, the classifier for two dimensional
objects, for these items. Overall, these findings argue against a purely dis-
tributional explanation for the semantic distinctions made by Japanese subjects.
This is especially true for the distinction between complex objects and simple
objects, for which the distributional cues are weak or non-existent. Thus the
distributional account does not appear sufficient. The evidence suggests that the
Japanese children’s distinction between complex and simple objects is acquired
independent of language.

'* Subjects sometimes had difficulty producing an appropriate classifier for the substance standards,
because most unitizers for non-solid stuff arc containers. such as a glass, cup. bottle, or tube; there are
no conventional classifiers dedicated 1o shuapes of non-solid substances.
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6.4. Early object numing

Some theorists have proposed a privileged role for object-naming in early
acquisition (Gentner, 1982; Gentner and Boroditsky, in press; Golinkoff et al.,
1995; Macnamara, 1982; Markman, 1989; Waxman, 1991; see also Au et al,,
1994; Woodward, 1992). Our results provide partial support for this position: both
Japanese and American children of all ages uniformly projected complex objects
according to shape, despite their finguistic differences. However, the fact that this
shape-responding was graded according to complexity of object (strikingly so
among Japanese subjects) requires a further specification of the early object
advantage. Gentner’s (1982) natural-partitions hypothesis asserts that object names
are learned earlier than relational terms because objects are highly perceptually
cohesive and stable over time, and thus more easily individuated and parsed out
from the perceptual context than other kinds of referents.”’ Our results suggest
adding the assumption of graded individuability: for example. that complex objects
are more readily individuated (and thus mapped onto language) than simple
objects. -

6.5. Early object concepts

We might ask how our results fit with research on infants’ attainment of the
object concept, and in particular with the evidence that pre-linguistic infants
possess fundamental knowledge of objects (e.g., Baillargeon and DeVos, 1991;
Mehler and Fox, 1985; Spelke, 1985, 1990) as well as an appreciation of a fairly
abstract notion of individuation (e.g., Carey, 1994; Huntley-Fenner, 1995; Spelke,
1990; Wynn, 1990). In particular, infants have been found to track the identity of
objects and are apparently able to individuate and keep track of even simple
objects such as spheres (e.g., Huntley-Fenner, 1995; Spelke, 1990; Wynn, 1990).
Even the most pessimistic accounts (e.g., Xu and Carey, 1996) would grant a
notion of individuation to infants past 12 month of age.

One may think that our finding that the Japanese children failed to show a clear
object interpretation for the simple objects is in conflict with these resuits.
However, it is not necessarily so. Our study focused on slightly different aspects of
ontological knowledge than the above-mentioned studies. Specifically, the studies
done by Spelke. Baillargeon, and other researchers have primarily focused on
infants’ understanding of the essential properties and behaviors of objects, while
our research dealt with children’s classification behavior. We asked, given a series
of perceptual stimuli, which perceptual dimension(s) children varying in language

'* An important corollary contributdr to the early object advantage is that relational terms (c.g..
adjectives, verbs and prepositions) are more cross-linguistically variable in meanings than object-
reference terms because they are relatively 4 mined by percep experience. Because
relational ings are linguistically shaped, leamning their meanings requires some entrée into the
language. In contrast, the infant can learn some object reference terms by simply attaching words to
pre-existing object concepts. This assumption, too, may be more correct for complex, perceptually
coherent objects than for simple objects. '
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and age use as a basis for assignment to the two ontological classes. It has been
pointed out that determining the extension of a category may not be equivalent to
understanding properties that comprise its intension (Armstrong et al., 1983;
Gelman et al., 1986; Imai, 1996). In our case, the Japanese children may well have
understood that important properties of *‘objects’ (e.g., that objects maintain their
boundaries as they move, and that one object cannot pass through the space
occupied by another) can be applied to a solid lump of wax or clay. Yet they may
have had difficulty determining whether these ‘‘object properties’” should be
weighed more heavily than ‘‘substance properties’” (e.g., being made out of
homogeneous material; being divisible into pieces without change in function-
ality). Likewise, American children may wel] have understood that a complex-
shaped portion of sand would not move coherently. Yet they may have had
difficulty determining whether this entity should belong to the class of individuals
or that of non-individuals, because complex shape points to the *individual”
interpretation.

6.6. Does universal ontology go beyond physical entities?

Our cross-linguistic results are consistent with the claim of a universal
ontological distinction between individuals and non-individuals. Our next question
is whether this distinction should be seen as a concrete division between objects
and substances, or whether it involves an abstract division between individuated
and non-individuated classes. It has been demonstrated that English speakers
impose the individual/non-individual distinction beyond physical entities (Bloom,
1994a,b; Bloom and Kelemen, 1995: Wisniewski et al., 1996). As pointed out by
Bloom (1994a, 1994b), English requires its speakers to be explicit about
individuality not only in labeling physical entities but also in labeling abstract
concepts, events, superordinate categories and so forth (see also Wisniewski et al.,
1996). Perhaps it is an abstract distinction between individuals and non-individuals
that is universal.

For example, Bloom (1994a) reported that English speakers projected the
individual/non-individual distinction when asked to describe sounds. People
preferred a plural count noun to label a sound described as occurring over discrete
intervals, consistent with their construing the sound as number of distinct,
temporally bounded and separable individuals. In contrast, people preferred a mass
noun to label a sound described as occurring over a long, continuous period of
time, consistent with a construal of the sound as a temporally unbounded,
unindividuated entity. Bloom (1994a, 1994b) took this as evidence for the idea that
a non-physical, abstract notion of individuality is present in universal ontology.
This is an interesting claim, but it should be tested by asking whether speakers of a
language that does not mark individuality indeed impose this conceptual distinc-
tion on abstract concepts. For example, idea is a count noun and thought is a mass
noun in English. Accordingly, English speakers may construe an idea as an
individual but thought as indivisible mass. These two words are both translated to
the noun ‘‘kangae’ in Japanese. Now, do Japanese speakers (consciously or
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unconsciously) think of the meaning of this word in terms of individuality? Or do
Japanese people divide superordinate concepts into two types according to whether
the category is divisible into individual members or indivisible and draw different
kinds of inference as English speakers do (Wisniewski et al., 1996)? We see this is
an extremely important question that yet needs to be empirically tested.

6.7. Language and thought

We turn now to the perennially fascinating (and perennially undecidable)
Whorfian question of whether linguistic categories affect our thought. Our results
run against the extreme version of the Whorfian hypothesis, as well as of Quine’s
conjecture. With or without linguistic appatatus to mark the object/substance
distinction, even 2-year-old children distinguish between two ontological classes ~
the class of pre-individuated entities and that of non-individuated matter ~ and use
this knowledge for word leaming. Even where we did find large cross-linguistic
differences, it couid be argued that they are irrelevant to the Whorfian hypothesis,
since they merely show that grammar influences word meaning, not that it also
determines non-linguistic categories.

Recently, however, the issue of whether language learning singles out some
aspects of the non-linguistic world as more important than others has returned to
the research foreground (e.g., Bowerman, 1985, 1993; Byrnes and Gelman, 1991;
Choi and Bowerman, 1991; Gentner and Rattermann, [991; Slobin, 1987). More
specifically, recent theorizing has explored subtler versions of the linguistic
influence hypothesis (as did Whorf, 1956, himself). For example, Slobin (1987)
suggests that language may influence categorization during *‘thinking for speak-
ing”’. Hunt and Agnoli (1991) reviewed evidence that different languages impose
different cognitive burdens on their speakers. They argue that language may
influence thought by making certain habitual aspects extremely fluent (either at the
structural level or at the lexical level). They argue that linguistic influences may
obtain even when the speakers of two different languages can eventually arrive at
the same meaning for a given text: *linguistic reasoning often occurs concurrently
with non-linguistic reasoning and ... the complexity of linguistic analysis will
affect concurrent non-linguistic thought” (Hunt and Agnoli, 1991, p. 384; see
Lakoff, 1987, for a simiiar view).

In this light, the cross-linguistic difference we found in the simple objects and
substance trials can be seen as support for this moderate version of the Whorfian
hypothesis. Japanese speakers and English speakers appeared to use different
criteria in determining the class membership for a given instance, suggesting that
they have a different representation for, or at least a different boundary between,
individuals and non-individuals. This is not to suggest that the notion of individual
is incommensurably different across the speakers of the two languages. We assume
that it largely (perhaps mostly) overlaps, and that speakers of both languages know
that solid, bounded entities move cohesively in space, do not pass through one
another, and so on. However, we suggest that the results of our word-extension
task are relevant to the issue of what the speakers of the language consider
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“another entity of like kind”, Indeed, the word-extension task may well be the
most reliable task for eliciting the young child’s sense of categorial relatedness
(Markman, 1989; Waxman and Kosowski, 1990). Pre-school children, whose
spontaneous groupings often reflect thematic relations, nonetheless show categori-
cal classification when asked to extend a novel noun meaning'® (e.g., Baidwin,
1992 Imai et al., 1994: Imai, 1995; Markman and Hutchinson, 1984; Waxman and
Kosowski, 1990). Thus, our finding that English-speaking subjects attended
relatively more to shape and the Japanese speakers to material in the word-
extension task is consistent with the claim that linguistic structure affects the
weighting of dimensions and the way in which speakers classify entities into
different categories.

However, a more direct test for Whorfian effects — and in particular of Lucy’s
specific predictions — would be a non-linguistic similarity triads task like Lucy’s.
Lucy tested his claim that classifier languages entrain their speakers into thinking
about materials by giving English and Mayan speakers a triads similarity task, as
discussed above. He found, as predicted, that English speakers were more likely to
choose the shape alternative, and Mayans the material alternative. Imai (1995)
carried out such a test, using the same triads as in the present study. She asked
Japanese and English children and aduits which of the alternatives the standard
was most similar to (without invoking any novel word meanings). The results were
intriguing. Adults in both language groups showed the same response patterns in
the similarity classification task as in the word-extension task, with American
subjects weighting shape and Japanese weighting material. However, children in
the similarity task showed patterns quite different from the adult response patterns,
In particular, American 4-year-olds failed to show any appreciation of ontological
classes; their responses were random for all three types of entities (see Sub-
rahmanyam et al., under review, for a similar finding). Children were more similar
to adults in the novel word-extension task than in the no-word triads task, as would
be expected if non-linguistic classification follows developmentally after classifica-
tion for word learning. (See Smith and Sera, 1992, for a consistent result with
dimensional adjectives in English.)

These results suggest the following speculation as to the development of
language-specific biases. Children begin learning word meanings building on their
pre-linguistic ontological knowledge about individuation. Language learning leads
children to pay attention to those aspects of the world that are habitually used in
their own language, and this influencc begins very early. Finally, children’s

'* Note, however, that the actual categories formed by young children are not always equivalent to
the adult’s taxonomic categories. When category membership is separated from perceptual similarity,
young children often rely on shape similarity as a basis for novel noun extension and thus the output
category sometimes contains members that are shape-similar but are not actual members of the target
taxonomic category (Baldwin, 1992; Imai et al., 1994; Golinkoff et al., 1995). Perhaps this is because
children use shape as an indicator for detecting “‘like kind” when they have only scanty content
knowledge about the target category. In any case, where perceptual similarity does not conflict with
taxonomic/ontological category membership, children have been reported to show more taxonomically
sensitive performance.
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sensitivity to linguistically-relevant aspects of the world may come to extend
beyond the context of language use.

7. Summary

We conclude that the projection of word meanings is determined by an interplay
of cognitive and language-specific factors. Children universally distinguish two
important ontological classes in the realm of physical entities — the classes of
objects and substances — and apply this knowledge in word learning, in line with
Soja et al.’s arguments; but the linguistic structure of their native language may
influence how particular perceptual dimensions are weighed in determining the
class membership for instances that are located in the middle ground of the
individuation continuum (such as our simple object and substance instances). Our
evidence is consistent both with Slobin’s (Slobin, 1985) claim of a set of core
meanings that figures cross-linguistically in early language and with Bowerman's
(1985) claim that there are specific linguistic influences on children’s semantic
categories from the outset. The challenge as we see it is now to discover which
kinds of categories are likely to be most influenced by language, and how this
influence manifests itself developmentally.

Acknowledgments

This research was supported by Ministry of Education grant-in-aid for Scientific
Research, by NSF grant BNS-87-20301, and by Keio University and Northwestern
University. We are indebted to Tomoko Fujitani, Tatsuya Ishibashi, Yuwako
Kikuchi, Kazuko Takagi, and especially to Aiko Imai for help in data collection in
Japan. We thank Elvira Kaszuba and Cindy Harpenau for assistance in data
collection in the United States. We thank the teachers, children and parents at
Central Evanston Child Care and School for Little Children for their participation.
Finally, we are grateful to Richard Beckwith, John Lucy, Ed Wisniewski, Phillip
Wolff and Nobuko Uchida for discussions of the research ideas and to Terry Au
and two anonymous reviewers for thoughtful suggestions on an earlier draft of the
paper. Parts of this research have been presented at the 29th meeting of the
Chicago Linguistic Society, April. 1993 (see Imai and Gentner, 1993) and at the
26th annual Stanford Child Language Research Forum, April, 1994.

References

Allan, K. (1980). Nouns and countability. Language, 56. 541-567.
Armstrong, S.L., Gleitman, L., & Gleitman. H. (1983). What some concepts might not be. Cognition,
13, 263-308.



198 M. Imai, D. Gentner | Cogunition 62 (1997) 169-200

Au, T.K. (1994). Developing an intuitive understanding of sub e kinds. Cognitive Psvcholagy, 27,
Ti-111.

Au, T.K., Dapretto, M., & Song. Y. (1994). Input vs. constraints: Early word acquisition in Korean and
English. Journal of Memory and Language, 33, 567-582.

Baillargeon, R., & DeVos, J. (1991). Object permanence in young infants: Further evidence. Child
Development, 62, 1227-1246.

Baldwin, D.A. (1989). Priorities in children's expectations about object label reference: Form over
color. Child Development, 60, 1289-1306.

Baldwin, D.A. (1992). Clarifying the role of shape in children’s taxonomic assumption. Journal of
Experimental Child Psychology. 54, 392-416.

Baldwin, D.A., & Markman, E. M. (1989). Establishing word—object relations: A first step. Child
Development, 60, 381-398.

Bloom, P. (1994a). Semantic competence as an explanation for some transitions in language
development. In Y. Levy (Ed.). Other children, other languages: Theoretical issues in language
development. Hillsdale, NJ: Erlbaum.

Bloom, P. (1994b). Possible names: The role of syntax—semantics mappings in the acquisition of
nominals. Lingua, 92, 297-329.

Bloom, P, & Kelemen, D. (1995). Syntactic cues in the acquisition of collective nouns. Cognition. 56,
1-30.

Bowerman, M. (1985). What shapes children’s grammars? In D.I. Slobin (Ed.), The crosslinguistic
study of language acquisition (Vol. 2). Hilisdale, NJ: Erlbaum,

Bowerman, M. (1993). Typological perspectives on language acquisition: Do crosslinguistic patterns
predict development? Proceedings of the Twenty-fifth Annual Child Language Research Forum.
Cambridge, UK: Cambridge University Press,

Bymes, J.P., & Gelman, S.A. (1991). Perspectives on though and language: Traditional and
contemporary views. In §.A. Gelman and J.P. Bymes (Eds.), Perspectives on language and thought:
Interrelations in develoy . Cambridge, UK: Cambridge University Press.

Carey, S. (1987). Lexical development: The Rockefeller years. In William Hirst (Ed.), The making of
cognitive science. Cambridge, UK: Cambridge University Press.

Carey, S. (1994). Does learning a language require the child to reconceptualize the world? Lingua, 92,
143~167.

Caselli, M.C., Bates, E., Casadio, P, Fenson, J., Fenson, L., Sanderl, L, & Weir, J. (1995). A
cross-linguistic study of early lexical development. Cognitive Development, 10, 159-199.

Choi, S., & Bowerman, M. (1991). Learning to express motion events in English and Korean: The
influence of language-specific lexicalization patterns. Cognition, 42, 83-121.

Clark, EV. (1987). The principie of contrast: A constraint on language acquisition. In B. MacWhinney
(Ed)), Mechanisms of language acquisition: The 20th annual Carnegie symposium on cognition.
Hillsdale, NJ: Erlbaum.

Croft, W. (1990). Typalogv and universals. Cambridge, UK: Cambridge University Press.

Dromi, E. (1987). Early lexical developmeni. Cambridge, UK: Cambridge University Press.

Gathercole, V. (1985). **He has too much hard questions’’: The acquisition of the linguistic mass—-count
distinction in much and many. Journal of Child Language, 12, 195-415.

Gelman, S.A., Collman, P. and Maccaoby. E. (1986). Inferring propestics from categories versus
inferring categories from properties: The case for gender. Child Developmeni, 57, 396404,

Gentner, D. (1978). What looks like a jiggy hut acts like a zimbo? A study of early word meaning using
artificial objects. Papers and Reports on Child Language Development, 15, 1-6.

Gentner, D. (1982). Why nouns are learned before verbs: Linguistic relativity versus natural
partitioning. In S.A. Kuczaj (Ed.), Langnage development: Vol. 2. Language, thought, and culture
(pp. 301-334). Hillsdale, NJ: Erlbaum.

Gentner, D. and Boroditsky, L. (in press). Individuation, relational relativity, and early word-learning.
In M. Bowerman & S. Levinson (Eds.) Language acquisiton and conceptual development.
Cambridge, UK: Cambridge University Press.

Gentner, D., & Rattermann, M. J. (1991). Language and the career of similarity. In S.A. Gelman & J.P.
Bymes (Eds.), Perspectives on language and though lati in develap . Cambridge,
UK: Cambridge University Press.

'}
interr




M. Imai, D. Gentner | Cognition 62 (1997) 169-200 199

Golinkoff, R., Shuff-Bailey, M. Olguin, R., & Ruan, W. (1995). Young children extend novel words at
the basic level: Evidence for the principle of citegorical scope. Developmental Psychology, 31,
494-507.

Gordon, P. (1988). Count/mass category acquisition: Distributional distinctions in children’s speech.
Journal of Child Language, 15, 109-128.

Hunt, E., & Agnoli, F. (1991). The Whorfian hypothesis: A cognitive psychology perspective.
Psychological Review, 98, 377-389.

Huntley-Fenner, G. (1995). Physical reasoning in infancy.: The representation of nonsolid substance.
Paper presented at the Society of Child Development R h Meeting, Indianapolis.

Imai, M. (1995). Development of a bias toward language-specific categorization. Paper presented at
Biannual Meeting for the International Cognitive Linguistic Association, Albuquerque, NM.

Imai, M. (1996). The asymmetry in the taxonomic assumption: Word learning vs. property induction.
In E. Clark (Ed), Proceedings of the 27th Annual Child Language Research Forum. Cambridge,
UK: Cambridge University Press.

fmai. M., & Gentner, D. (1993). Linguistic relativity vs. universal ontology: Cross-linguistic studies of
the object/substance distinction. Proceedings of the 29th Chicago Linguistic Society. Chicago, IL:
Chicago Linguistic Society.

Imai, M., Gentner, D., & Uchida, N. (1994). Children’s theories of word meaning: The role of shape
similarity in early acquisition. Cognitive Development, 9, 45~75.

Jacoby, L.L., & Brooks, L.R. (1984). Nonanalytical cognition: Memory, perception and concept
learning. In The psychology of learning and motivation (Vol. 18, pp. 1-43). New York: Academic
Press.

Lakoff. G. (1987). Women, fire, and dangerous things. Chicago: University of Chicago Press.

Landau, B., Smith, L.B., & Jones, S.S. (1988). The importance of shape in early lexical learning.
Cognitive Development, 3, 299-321.

Laycock, H. (1979). Theories of matier. In F.J. Pelietier (Ed)). Mass terms: Some philosophical
problems. Dordrecht: Reidel.

Lucy, J.A. (1992). Grammatical categories and cognition: A case study of the linguistic relativity
hypothesis. Cambridge, UK: Cambridge University Press.

Macnamara, J. (1982). Names for things: A study of human learning. Cambridge, MA: MIT Press.

Markman, E.M. (1989). Categorization and naming in children: Problems of induction. Cambridge,
MA: MIT Press.

Markman, E.M. (1990). Constraints children place on word meanings. Cognitive Science. 14, ST-TT.

Markman, EM., & Hutchinson, J.E. (1984). Children’s sensitivity to constraints on word meaning:
Taxonomic versus thematic relations. Cognitive Psvchology, 16, 1-27.

Markman, EM., & Wachtel, G.F. (1988). Children’s use of mutual exclusivity to constrain the
meanings of words. Cognitive Psychology, 20, 121-157.

McCawley, J. (1975). Lexicography and the count-mass distinction. Berkeley Linguistic Society:
Proceedings, 1, 314~321.

Mehler, J., & Fox, R. (1985). Neonate cognition: Beyond the bhlooming and bu:zing confusion.
Hiitsdale. NJ: Erlbaum.

Nelson, K, Hampson, J., & Shaw, L.K. (1993). Nouns in early lexicons: Evidence, explanations and
implications. Journal of Child Language, 20, 61-84.

Quine, WV. (1960). Word and object. Cambridge. MA: MIT Press.

Quine, WV. (1969). Ontological relativity and other essays. New York: Columbia University Press.

Roediger, H.L., 111 (1990). Implicit memory: Retention without remembering. American Psvchologist.
45, 1043-1056.

Slobin, D. (1985). Cross-linguistic evidence for the language-making capacity. In D.1. Slobin (Ed.). The
cross-linguistic study of language acquisition: Vol. 2. Theoretical issues. Hilisdale, NJ: Eribaum.

Slobin, D. (1987). Thinking for speaking. Proceedings of the [3th Berkeley Linguistic Society,
435-445.

Smith, LB.. & Sera, M.D. (1992). A developmental analysis of the polar structure of dimensions.
Cognitive Psychology, 24(1), 99-142.




200 M. Imai, D. Genner | Cognition 62 (1997} 169-200

Smith, L.B., Jones, S., & Landau, 8. (1992). Count nouns. adjectives, and perceptual properties in
children’s novel word interpretations, Developmental Psychology, 28, 273-286.

Soja. N.N. (1987). Omological constraints on 2-vear-olds” induction of word meanings. Unpublished
doctorat dissertation, MIT.

Soju, N.N. (1992). Inferences about the meanings of nouns: The relationship between perception and
syntax. Cognitive Development, 7, 29-45,

Soja. NN, Carey. S., & Spelke, E. (1991). Ontological categories guide young children’s inductions of
word meaning: Object terms and substance terms. Cognition, 38 179-211.

Soja. N.N.. Carey, S.. & Spelke. E. (1992). Discussion: Perception. ontology, and word meaning.
Cognition, 45, 101-107.

Spelke, E.S. (1985). Perception of unity, persistence, and identity: Thoughts on infants’ conception of
objects, In ). Mehler & R. Fox (Eds.), Neonate cognition: Bevond the blooming buzzing confusion.
Hillsdale, NJ: Erlbaum.

Spelke. E.S. (1990). Principles of object perception. Cognitive Science, 14, 29-56.

Subrahmanyam, K., Gelman. R.. & Landau, B. (under review). Shape, material and syntax: Inicracting
forces in the acquisition of count and mass nouns.

Waxman, S.R. (1991). Convergences hetween semantic and conceptual organization in the preschool
years. In S.A. Gelman & J.P. Byrnes (Eds.), Perspectives on language and thought: Intervelations in
development. Cambridge. UK: Cambridge University Press.

Waxman, S.R.. & Kosowski, T. (1990). Nouns mark category relations: Toddlers’ and Preschoolers
word-learning biases. Child Development, 61, 1461-1473.

Waxman, S.R.. & Markow, D.B. (1995). Words as invitations to form categories: Evidence from 12- to
13-month-old infants. Cognitive Psychology, 29. 257-302.

Whorf, B. (1956). Language. thought and reality: Selected writings of Renjamin Lee Whorf (J.B.
Carroll, Ed.). Cambridge, MA: MIT Press.

Wisniewski, E.. Imai, M., & Casey, L. (1996). On the equivalence of superordinate concepts.
Cognition, 60. 269-298.

Woodward, A. (1992). The effect of labeling on children’s attention to objects. Praceedings of the
Twenty-fourth Annual Child Language Research Forum, 35-47. Cambridge, UK: Cambridge
University Press.

Wynn, K. (1990). Children’s understanding of counting. Cognition. 36, 155-193.

Xu, F. & Carey, S. (1996). Infants’ metaphysics: The case of numerical identity. Cognitive
Psvchology, 30, 111-153



COGNITION

International Journal of Cognitive Science

Alms and Scope

Cognitton is an international journal p hing th ical and experimental papers on the study of mind. It covers a wide variety of
subjects conceming all the different aspecu of cognition, ranging from biological and expenmcnul studles lo fonml analysis. Contributions
from the fields of psychology, ling neuroscience, th s, ethology and p phy can find a place in this
journal, provided that they have some beanng on the functioning of the mind. In addition, the journal serves as a forum for discussion of

social and political aspects of cognitive science.

Contributions

— Theoretical and experimental papers on the study of the mind

— Short experimental reports, notes and discussions on current trends in scientific, social or ethical matters (contributions must be written
in English, not exceeding 1,000 words, including tables and graphs)

~ Book Reviews ~ The Jounal welcomes book reviews of just-published books or of books that should again be brought to the attention
of the readers. (Books in English offered for review should be sent to Dr Mehler.)

~ Letters to the editor

Submissions

Contributions should be submitted to either Jacques Mehler, Laboratoire de Scicnces Cognitives et Psycholinguistique. 54, Boulevard
Raspail, 75006 Paris, France ~ e-mail: cognitio@lscp.ehess.fr, fax: +331 45449835 - or Cognition c/o John Tagler, Elsevier Science Inc.,
655 Avenue of the Americas, New York, NY 10010, USA.

Each submission should include one original and three copies of the original manuscript together with a full postal address and fax
number of the corresponding author. Upon full acceptance of the article for publication, authors will be sent instructions for the preparation
of the final version of the manuscript.

Information for Authors

Papers will be selected on the basis of their scientific quality. A paper's theoretical relevance to cognition, overall soundness of argument,
and degree of empirical motivation, especially from converging sources, are more important than its adherence to specific methodological
principles. The paper should present new and previously unpublished material, should be suited to the character of the Journal, and should
describe work done and methods used in a clear and explicit manner (aliowing reproduction of the methods by others). No specific length is
prescribed for contributions, but authors must confine th jves to the mini equired by the subject matter, and the same applies to
tables and footnotes. All typescripts should be written in English.

Papers will be accepted or rejected on the advice of at least two reviewers. A third reviewer will be consuited whenever a basic
disagreement occurs.

Submission of an article is understood to imply that the article is original and unpublished and is not being considered for publication
elsewhere, Upon acceptance of an article by the journal, the author(s) will be asked to transfer the copyright of the article to the publisher.
This transfer will ensure the widest possible di ination of infor

Format and style of manuscripts should conform to the conventions specified in the Publication Manual of the American Psychological
Association (1200 Seventeenth Street, N.W., Washingion, DC 20036. 1983 Revision).

IHlustrations (figures) must be supplied in professional-quality finished form, ready for reproduction. Original artwork is preferred to glossy
prints, and photographs should be avoided if possible. Pages 94~105 of the Publication Manual give detailed instructions on the proper
preparation of the drawings, including information on letter gizing and reduction factors. flustrations of an insufficient quality may be
redrawn by the publisher at the author’s expense.

Offprints. Of each article 50 offprints will be supplied free of charge to the authors. Extra offprints can be ordered from the publisher when
returning the corrected proofs at prices shown on the offprint order form that accompanies the proofs.

Proofs. All questions arising after p of the ipt, especially those relating to proofs, should be directed to
Elsevier Editorial Services, Mayficld House, 256 Banbury Road, Oxford OX2 7DH, UK, tel. (+44}(0) 1865 314900. fax
(+44)(0) 1865 314990.

Abstracting Organizations

Articles in this j ! will be indexed and ab d in Biological Abstracts/BIOSIS PREVIEWS, Child Development Abstracts and
Bibliography, Computer Abstracts, Current Contents: Social & Behavioral Sciences, EIC Intelligence, Linguistic Inquiry, Psychological
Abstracts/PsycINFO, Social Sciences Citation Index, Sociological Abstracts.



mailto:cognitio@lscp.cheJs.fr



