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ABSTRACT—When language is correlated with regularities
in the world, does it enhance the learning of these regu-
larities? This question lies at the core of both notions of
linguistic bootstrapping in children and the Whorfian
hypothesis. Support for an affirmative answer is provided
in an artificial-noun-learning task in which 2-year-old
children were taught to distinguish categories of solid and
nonsolid things with and without supporting correlated
linguistic cues.

One common notion is that language serves a bootstrapping
function, helping children discover categories (e.g., Brown,
1956; Gleitman, Gleitman, Landau, & Wanner, 1988; Landau,
1994; Macnamara, 1994; Waxman & Markow, 1995). Lan-
guage’s effects could be universal and not dependent on the
specific language being learned, or they could depend on lin-
guistic devices particular to specific languages. In this article,
we identify one bootstrapping mechanism that could create
language-specific concepts. As Whorf (1956) proposed, lan-
guages differ in the way they correlate with regularities in the
world, and in so doing, they may causally influence what one
notices and learns, and thus the concepts one has.

The experiment we report here concerns how correlated lin-
guistic cues help children discover the regularities that char-
acterize early noun categories. One regularity is this: The
concrete nouns that children know divide (albeit imperfectly)
into two subgroups, solid things in shape-based categories and
nonsolid things in material-based categories (Samuelson &
Smith, 1999). Thus, among these nouns, solidity predicts cat-
egory structure. By age 3, children know this. When shown a
single novel exemplar and told its name, 3-year-olds system-
atically generalize that name to new instances on the basis of
shape for solids but on the basis of material for nonsolids (Imai
& Gentner, 1997; Samuelson & Smith, 1999; Soja, 1992; Soja,
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Carey, & Spelke, 1991; Subrahmanyam, Landau, & Gelman,
1999).

Younger children do not so consistently exploit these regu-
larities. Whereas the shape bias for solids is a robust phe-
nomenon even in 2-year-olds (Graham, Williams, & Huber,
1999; Landau, Smith, & Jones, 1988, 1998), the material bias
for nonsolids is much less reliable. In some studies, 2-year-olds
have been reported to extend names for nonsolids on the basis of
material (Soja, 1992; Soja et al., 1991), but in other studies, 2-
year-olds have either overgeneralized the shape bias for solids
to nonsolids (Samuelson, 2002; Samuelson & Smith, 1999) or
responded at chance levels (Imai & Gentner, 1997). Altogether,
the evidence suggests that children’s knowledge of the predic-
tive relation between solidity and category structure increases
between 2 and 3 years of age.

There is also a second regularity in the early English lexicon:
Count syntax correlates with solidity and shape-based catego-
ries, and mass syntax correlates with nonsolidity and material-
based categories (Samuelson & Smith, 1999). In English, then,
linguistic cues that are correlated with perceptual cues to so-
lidity also predict category structure. Children learning English
are sensitive to these correlations. Count syntax (e.g., “This is a
mel”) heightens attention to shape, whereas mass syntax (e.g.,
“This is some mel”) heightens attention to material (Dickinson,
1988; Gathercole, Cramer, Somerville, & Jansen, 1995; Soja,
1992).

The experimental question for this report is how the presence
of correlated linguistic cues to category structure influences
learning about perceptual cues. Research with adults shows
that clusters of correlated cues mutually reinforce each other,
leading to stronger individual links than if those links had not
been part of an intercorrelated cluster (e.g., Billman, 1996;
Billman & Knutson, 1996; Goldstone, 1998; Medin, Altom,
Edelson, & Freko, 1982; O’Reilly, 2001; see also Yoshida &
Smith, 2003). Figure 1 schematically illustrates the phenome-
non: The learned connection between a and b is stronger if
acquired in the context of ¢, which correlates with both @ and b,
than if acquired without that redundant correlation. Thus, if
children learn about perceptual cues to category structure in the
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Fig. 1. Schematic illustration of the interactive effects of redundantly
correlated cues. The correlations that exist before training (dashed lines)
are strengthened after training (solid lines). The thicker line indicates
greater expected strength.

context of a redundant linguistic contrast, the perceptual cues
may later be more potent even when the correlated linguistic
cues are absent.

In this experiment, we tested this hypothesis by manipulating
the presence or absence of a redundant linguistic contrast
during learning about perceptual cues to category structure.
The participants were young children learning Japanese as their
first and only language. We chose child subjects because the
impact of correlated linguistic cues may be most potent—and
most consequential—as young learners form their initial cate-
gories. We chose Japanese-speaking children because the
Japanese language makes no syntactic distinction analogous to
the count-mass distinction in English and no syntactic dis-
tinction that correlates with categories of solid versus nonsolid
things (Imai & Gentner, 1997; Lucy, 1992). Finally, early-
learned Japanese nouns show the same regularities as those
evident among early-learned English nouns (Colunga & Smith,
in press); that is, solidity is correlated with categories organized
by shape, and nonsolidity is correlated with categories orga-
nized by material. Thus, in Japanese-speaking children, we
have an “experimental preparation” in which the perceptual
regularities are the same as in English-speaking children but to
which we can experimentally add or not add correlated lin-
guistic cues.

In the experiment, 2-year-old Japanese-speaking children
were taught novel names for solids in shape-based categories
and novel names for nonsolids in material-based categories.
This situation mimics children’s learning of specific lexical
categories, categories that by hypothesis are the bases for
children’s knowledge that solid things are named by shape and
nonsolid things are named by material. After training, we tested
for generalized knowledge in a transfer task using entirely novel
names labeling novel solid and nonsolid things.

METHOD

Participants

Thirty-six monolingual Japanese-speaking children (mean
age = 28.3 months) were tested in Niigata and in Osaka, Japan.
The children were randomly assigned to one of four conditions
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resulting from crossing the presence or absence of correlated
linguistic cues during training with the presence or absence of
correlated linguistic cues during testing.

Training
Children were taught four lexical categories through presenta-
tions of two exemplars for each category. Two of these lexical
categories referred to pairs of objects that matched only in
shape, and two referred to pairs of substances that matched only
in material. Samples of solid and nonsolid training sets are
shown in Figure 2. The four novel words were modo, torode,
tego, and narima. Training consisted of a 5-min play period with
each lexical category. During each 30-min session, the exper-
imenter simply named the instances in each training pair at
least 20 times. For children in the training condition with the
correlated linguistic cues, every time a training instance was
named, either hitotsu no (for solid exemplars) or sukoshi no (for
nonsolid exemplars) was used. For the remaining children,
those in the training condition without the correlated linguistic
cues, the solid and nonsolid training instances were named
using the same sentence frame. The Japanese sentence frames
used in training and their English glosses are given in Table 1.
The cues we used, hitotsu and sukoshi, are real Japanese
words, lexical items within a complex system of classifiers and
quantifiers. We chose these terms because they were syntacti-
cally appropriate but unlikely to be known by the children. Hi-
totsu signifies one discrete inanimate thing. Sukoshi means “a
small portion” and is used for continuous substances (e.g., a
portion of sand), for a small number of discrete entities (e.g., a few
coins), and as a degree modifier (e.g., slightly cold). Neither of
these terms nor any other classifier in Japanese is specific to solid

Solid

Nonsolid

23

Fig. 2. Samples of solid and nonsolid stimulus pairs used for the training
sessions.
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TABLE 1

The Japanese Sentence Frames Used in Training

Training with correlated linguistic cues

Solids: “Kore-wa hitotsu no ____ da yo.” (“Thisisa __.”)
this-Top one[Numerical Classifier] Gen is
Nonsolids: “Kore-wa sukoshi no da yo.” (“This is some _."”)
this-Top [Quantifier] Gen is

Training without correlated linguistic cues
Solids and  “Kore-wa da yo.” (“This is )
nonsolids: this-Top is

Note. Japanese has postpositional particles to mark syntactic and semantic
roles. The postpositional particles in these sentences are the topic marker
(-Top), wa, and the genitive case marker (-Gen), no.

or nonsolids (Uchida & Imai, 1999). Further, hitotsu and sukoshi
are terms not commonly used when talking about everyday ob-
jects and substances (Naka, 1999). Finally, previous research
indicates that Japanese-speaking children younger than 3 years
have little understanding of how even more common classifiers
relate to different kinds (Matsumoto, 1985, 1986; Yamamoto &
Keil, 2000; see also Naka, 1999; Uchida & Imai, 1999).

Each child participated in 10 training sessions distributed
over a maximum of 4 weeks, with all sessions at least 2 days
apart. The order of training pairs was randomly determined at
each session for each child.

Test

Immediately after the completion of the last training session,
each child participated in the test phase, which had two con-
ditions, one in which the test questions contained correlated
linguistic cues and one in which the questions did not have
these cues. The Japanese phrases used in testing and their
English glosses are given in Table 2.

TABLE 2
The Japanese Sentence Frames Used in the Test Phase

Testing with correlated linguistic cues
da yo.” (“Thisisa __.”)
this-Top one[Numerical Classifier] Gen is

“Kore-wa hitotsu no

“Hitotsu no ___-wa doko kana?” (“Where isa ___?7)
one[Numerical Classifier] Gen ___-Top where Q
“Kore-wa sukoshi no da yo.” (“This is some ___.”)

this-Top [Quantifier] Gen is

“Sukoshi no __-wa doko kana?” (“Where is some ___?”)
[Quantifier] Gen ___-Top where Q

Testing without correlated linguistic cues

“Kore-wa da yo.” (“Thisis __.")
this-Top is

“___-wa doko kana?” (“Where is __?77)
__-Top where Q

Note. See Table 1 for an explanation of the postpositional particles wa and no.
Q = question marker.
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Fig. 3. Samples of the test sets. Each set included a solid or nonsolid
exemplar and a choice of three stimulus items that matched the exemplar
in shape, material, or color.

On each trial, the child was shown a novel entity (one not used
in training), told its name (a novel name not used in training),
and then asked to pick from three alternatives another entity
with the same name. The key question was whether the children
would generalize the name for a novel solid thing on the basis of
shape but generalize the name for a novel nonsolid thing on the
basis of material. Figure 3 shows two of the test sets. Each test
set included the exemplar that was named and three choice
objects, each of which matched the exemplar in shape, material,
or color. The solid sets were made of materials such as wood,
hardened clay, plastic, and metal, and the nonsolid sets were
made of materials such as foam, toothpaste, gel, and cream. In
total, there were six unique test sets, either solid or nonsolid.
Each was repeated three times, for a total of 18 randomly or-
dered test trials. The novel names used during testing were
kochi, taroma, soe, nochira, teto, and hamoku.

Control

Prior to the main experiment, we conducted a preliminary
control experiment. Eight 2-year-old monolingual Japanese-
speaking children were tested with the correlated linguistic
cues; that is, the novel name was embedded in a sentence frame
with hitotsu if the exemplar was solid and was embedded in a
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sentence frame with sukoshi if the exemplar was nonsolid.
There was no prior training. Children performed at chance,
generalizing by shape for solid items and by material for non-
solid items on 42% of the trials (chance = 33%), ¢(7) < 1.89,
p > .10; more specifically, they generalized the names for both
solids (78%) and nonsolids (68%) by shape, #(7) = 0.822,
p < .50. Thus, without training, 2-year-old Japanese-speaking
children overgeneralize the shape bias for solids to nonsolids.
Further, without training, the two correlated linguistic cues
(hitotsu, sukoshi) do not differentially cue attention to shape
and material.

RESULTS

Children’s responses on the test trials were scored as correct if
the children generalized names for solids on the basis of shape
and names for nonsolids on the basis of material. Children who
were trained with the correlated linguistic cues outperformed
those who were not so trained, both when the linguistic cues
were present at test (.81 vs. .52 correct), ¢(18) = 3.86,p < .001,
one-tailed, and when the linguistic cues were not present at
test (.64 vs. .48 correct), t(18) =1.96, p < .05, one-tailed,
d = 0.78. The second comparison is the crucial one: Learning a
correlation between perceptual cues and category structure in
the context of a redundant linguistic cue led to enhanced per-
formance even when the correlated linguistic cues were not
present at test.

Table 3 provides a more complete accounting of the chil-
dren’s performance. As is evident, children in all conditions
extended the names for solids on the basis of shape. In con-
trast, performance with nonsolids depended on the training
condition. A 2 (with or without correlated linguistic cues at
training) X 2 (with or without correlated linguistic cues at test)

% 2 (solidity) mixed-design analysis of variance of correct
choices revealed a main effect of training condition, F(1,

34) =16.203, p < .001, R? = 41; a main effect of solidity,

TABLE 3

F(1, 34) = 55.62, p < .001, R? = 704; and a reliable inter-
action between solidity and training condition, F(1, 34) =
7.28, p < .02, R>=.079. The main effect of presence of
correlated linguistic cues at test was marginally reliable, F(1,
34) = 3.68, p < .07. The interaction between training condi-
tion and test condition, F(1, 34) = 1.467, p = .23 was not
significant, nor was the interaction among solidity, training
condition, and test condition, F(1, 34) = 2.41, p = .3. Post hoc
comparisons (Tukey’s HSD, o= .05) again confirmed the
critical role of training with the linguistic cues: Children who
were trained with redundant linguistic cues extended names
for nonsolids on the basis of material more than children who
did not receive those cues during training, both when the cues
were present at test (.77 vs. .28) and, more crucially, when they
were absent (.46 vs. .24). Further, only children trained with
correlated linguistic cues showed material-based extensions
for nonsolids at levels reliably greater than chance (.33),
t(7) = 6.25, p < .01 (cues present at test) and i(7) = 3.16,
p < .01 (cues absent at test).

In contrast to the children in the preliminary control study,
children in all training conditions treated solids and nonsolids
differently. This indicates that in all conditions, children learned
something from the training. Although correlated linguistic cues
may bolster learning about perceptual correlations, they do not
appear necessary to that learning. Still, the presence of correlated
linguistic cues during training bolstered children’s learning of the
predictive link between nonsolidity and category structure, and
this was evident even when those linguistic cues are not present
at test.

DISCUSSION

One remarkable fact about early lexical learning is how good
children are at it, seeming to learn a whole category from hearing
a single thing named. Children do this by exploiting cues to
category structure—by learning, for example, that solidity pre-

Proportions of Choices of Each Type of Test Object for Solid and Nonsolid Exemplars

Training with correlated
linguistic cues

Training without correlated
linguistic cues

Exemplar and

test object linguistic cues

Test with correlated  Test without correlated Test with correlated Test without correlated
linguistic cues

linguistic cues linguistic cues

Solid exemplar

Shape match .85 .82 .81 .72

Color match .07 14 .09 13

Material match .08 .03 14 12
Nonsolid exemplar

Shape match .08 25 27 .32

Color match 15 .29 43 .28

Material match A7 .46 .28 .24
Note. The data for ‘‘correct responses’” are in boldface.
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dicts shape-based categories, and nonsolidity predicts material-
based categories. The present results document a strong role for
language in this learning. The addition of redundantly correlated
linguistic cues reinforces children’s learning of the links between
perceptual cues and category structure. This effect was predicted
by studies and models of adult category learning. In implicit
learning tasks, adding a redundant correlation increases the
strength of other associations (e.g., Billman & Knutson, 1996).
The present results add to this finding by showing that redundant
linguistic cues bolster learning about perceptual cues and by
demonstrating that such overlapping correlations do real devel-
opmental work, helping children discover and exploit regulari-
ties in the learning environment.

Thus, the mechanism behind at least one form of linguistic
bootstrapping appears to be the same as that behind the
learning of any arbitrary set of associations. In the present ex-
periment, however, the correlated linguistic cues were not truly
arbitrary, but rather were real words with potentially relevant
meanings for Japanese-speaking adults, although probably not
for the young children who participated in the experiment.
Rather, for them, the words may have gained meaning through
their associations in the training task. Crucially, the experiment
shows that by teaching associations between words and per-
ceptual properties, one will change not only what is known
about the words, but also what is known about the correlations
among the perceptual properties. This is intriguing because
languages offer many kinds of devices that redundantly corre-
late with regularities in the world, and in these ways may
broadly influence what is learned about those regularities.

Languages also differ in the redundant correlations they add
to the learning environment. If language serves as a bootstrap to
category learning, then different languages provide different
bootstraps. This does not mean that differences between lan-
guages will always lead to dramatic differences in conceptual
outcomes. Even without special training, Japanese-speaking
children do acquire a solidity-nonsolidity distinction (Imai &
Gentner, 1997). This fact shows that redundant linguistic cues
are not necessary to learn about perceptual regularities. Still,
languages selectively add redundancies to the regularities in
the world, and as we have shown here, those redundancies
strengthen learning about the regularities with which they are
correlated, and they do so in a way that persists even when the
correlated linguistic cues are removed. Thus, it seems that
Whorf’s original idea about how language shapes categories
might be right after all. At the very least, a mechanism that
could produce such an effect exists.
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