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BARRETT, SUSAN E.; ApDI, HERVE; MURPHY, GREGORY L.; and GALLAGHER, JEANETTE MCCARTHY.
Theory-based Correlations and Their Role in Children’s Concepts. CHILD DEVELOPMENT, 1993,
64, 1595~1616. Recent accounts of conceptual development have emphasized the important role
intuitive theories play in concept formation; however, it is still not clear exactly how these
theories exert their influence. We present evidence that elementary school age children use
theories to link together specific features associated with individual concepts. The results of
our first experiment indicate that theory-based correlations play a prominent role in typicality
judgments and in decisions about category membership. In a second experiment, we demonstrate
that children’s theories play an important role in determining which attributes will be considered
most central to the concept. The results of these studies suggest that feature correlations can
serve to link children’s concepts with their intuitive theories of the world.

Young children have rich theories and  even basic level concepts are not “perceptu-

beliefs about the world, and these must have
some impact on the nature of their concepts.
But exactly how do these naive theories or
intuitive beliefs exert their influence? Tradi-
tional accounts of concept formation have for
the most part ignored this question. Instead,
the focus has been on structural accounts of
concept learning, often with an implicit as-
sumption that most, if not all, of the features
comprising a concept are immediately given
in the perceptual array. In recent years, how-
ever, a new framework for considering con-
ceptual development has begun to emerge
as investigators come to the realization that

ally transparent” but instead must be con-
structed with reference to a theory or cogni-
tive model (see Keil, 1989; Murphy &
Medin, 1985; and chapters in Neisser, 1987).

Although perceptual similarity surely
plays a role in decisions about category
membership, even toddlers can move be-
yond surface similarities in their classifica-
tion of objects (Mervis, 1987). Mervis’s son,
Ari, had an early vocabulary that included
labels for various waterfowl, such as “duck”
and “swan.” The offspring of these species
look fairly similar, and not surprisingly, Ari
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initially labeled all the young “ducks.” But
by 22 months of age, Ari assigned the appro-
priate names to the young birds based on his
knowledge of the parent bird. For example,
if he saw a young bird floating beside an
adult bird, he concluded that the two birds
were members of the same species. Thus, at
a relatively young age, Ari seemed to pos-
sess an intuitive theory that parents and off-
spring are members of the same species re-
gardless of their appearances, and this
theory played a dominant role in decisions
about category membership.

Keil’s (1986) studies provide further evi-
dence that theories affect classification. Keil
presented elementary school children with
objects that were transformed in appearance
from one ontological category to another.
For example, in one story, a porcupine was
changed to look like a cactus. When con-
fronted with these apparent ontological
changes, even kindergartners judged that
each item retained its original identity de-
spite considerable changes in appearance.
Keil argued that this belief is rooted in chil-
dren’s theories about natural kinds. Chil-
dren believe that natural kinds possess es-
sential properties that cannot be altered, and
this belief takes precedence over perceptual
information in decisions about category
membership.

Both Keil’s and Mervis’s work demon-
strate that children do not form categories
solely on the basis of perceptual informa-
tion. Instead, children interpret the informa-
tion given in the perceptual array with refer-
ence to the theories they hold about the
world. A second way in which theories
might influence concepts is by restricting
the kinds of inferences that can be drawn
on the basis of category membership. Even
preschoolers selectively generalize proper-
ties on the basis of category membership
rather than perceptual similarity (Carey,
1985; S. Gelman & Markman, 1986). For ex-
ample, after learning that a particular bird
feeds its young mashed up food, S. Gelman
and Markman found that children were will-
ing to credit a perceptually dissimilar bird
with the same feeding habit because both

animals belong to the bird category. The
same children recognized that other attri-
butes, such as weight, do not generalize
across category members. Apparently their
theories tell them that members of the same
species tend to share eating habits but not
weight.

Studies focusing on patterns of induc-
tion for natural kinds and artifacts have fur-
ther shown that elementary school children
reason differently about objects in these two
domains. When informed of a new property,
second graders are more likely to draw infer-
ences within natural kind categories than ar-
tifact categories (S. Gelman, 1988; S. Gel-
man & O’Reilly, 1988). For example, with
natural kinds, second graders expect a new
property to be true of other members of the
basic level category but are less willing to
make this inference with artifacts. In con-
trast, preschoolers are equally likely to gen-
eralize novel attributes across members of
natural kind categories and artifact catego-
ries. These results suggest that as children’s
theories become more elaborate, they begin
to recognize that living things and artifacts
differ in the richness of the inferences they
promote (S. Gelman & Weliman, 1991).

Changes in children’s theories can lead
to changes in how widely atiributes are gen-
eralized across members of a category. Carey
(1985) believes that 4-year-olds lack an inde-
pendent theory of biology; instead, their un-
derstanding of biological processes is rooted
in their intuitive psychology and centers
around what they know about people.! One
consequence of this is that they do not make
a clear distinction between essential biologi-
cal properties (e.g., eating) and nonessential
biological properties (e.g., having bones):
animals are credited with both kinds of prop-
erties based on how similar they are to peo-
ple. By age 10, however, children make this
distinction and attribute essential biological
functions to all animals. Carey argues that
this shift in attribution patterns reflects a
change in theories. Whereas preschoolers’
biological knowledge is embedded in a
human-centered theory of behavior, older
children possess an intuitive theory of bi-

! Carey believes that preschoolers lack a theory of biology, but given that preschoolers have
some conception of biological growth and inheritance, a number of investigators have argued
that preschoolers’ understanding of animals is embedded within an intuitive biological theory
(e.g., Inagaki & Hatano, 1987; Rosengren et al., 1991; Springer & Keil, 1991), rather than a social
theory of human behavior as Carey (1985) claims. Preschoolers’ biological theories, however, are
primitive at best, and children of preschool age seem unlikely to see the relevance of biological
principles in situations where biological functioning is not stressed (Vera & Keil, cited in Keil,

1989).



ology in which the body is likened to a
machine that functions to support life. Ac-
quiring this theory produces fundamental
changes in the child’s concepts of living
things and their properties.

One reason the theory-based approach
to conceptual development has been re-
ceived with such enthusiasm is that it offers
a new framework for considering whether
there are fundamental differences in the
concepts of the child and the adult. If chil-
dren and adults have different intuitive
theories, then we would expect these dif-
ferences to result in qualitatively differ-
ent concepts. Carey’s work on conceptual
change suggests that this is true. Using the
theory construct as a way to explain concep-
tual change, however, raises a number of dif-
ficult issues. Undoubtedly, the most central
of these is what constitutes a theory.

Drawing on work in the philosophy of
science, Wellman (1990) makes a distinction
between framework theories and specific
theories that may help psychologists clarify
what they mean by the term “theory” (see
also Barrett, Abdi, & Sniffen, 1992). Frame-
work theories are broader than specific theo-
ries; they define the ontology of the domain
and place limits on the kinds of information
and causal mechanisms that specific theories
can incorporate. As a result of these con-
straints, the specific theories within each do-
main are likely to have their own unique
flavor. For example, specific theories within
the child’s framework theory of mind are
likely to. incorporate information about an
actor’s intentions, whereas specific theories
within the physical domain would be lim-
ited to mechanistic explanations for be-
havior.

The contrast between framework and
specific theories may provide a useful start-
ing point for considering how theories in-
fluence concepts. Framework theories focus
the learner on the causally relevant proper-
ties that structure a domain (see Brown,
1990; R. Gelman, 1990), and consequently
bias feature selection and weighting during
concept acquisition. In some cases, these
causally relevant properties may embody
feature correlations. For example, correla-
tions between structural properties and
functional attributes are likely to be inti-
mately connected with the set of principles
that organize the domain. But it is also true
that many feature correlations are more spe-
cific in nature. Perceived correlations be-
tween education and income, dizziness and
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earaches, and rate of speech and intelli-
gence, to name a few (see Murphy & Medin,
1985; Pazzani, 1991, for other examples), do
not really typify the core causal principles
of a domain, but instead, seem to embody
the more specific theories that are formu-
lated within the constraints of the framework
theory.

In sum, there is a complex relation be-
tween the child’s theories and his or her con-
cepts. Children’s theories enable them to
move beyond surface properties in decisions
about category membership and also help
determine which properties can be ex-
tended to other category members. An in-
triguing proposal that emerges from these
findings is that the emergence of new frame-
work theories can lead to fundamental
changes in the child’s concepts. In addition,
subtle differences between the concepts of
the child and the adult might be a function
of age-related changes in specific theories.
In the present experiments, we explore how
both framework theories and specific theo-
ries affect children’s concepts, and, more
specifically, whether children take special
note of feature pairs that can be easily con-
nected through theory-based explanations.

Several influential accounts of concept
learning have recognized the importance of
feature correlations. For example, Rosch
(1978) pointed out that features tend to clus-
ter together in the environment, and that ba-
sic level concepts have evolved to take ad-
vantage of this correlational structure (see
Malt & Smith, 1984, for evidence supporting
this view). Rosch’s insight has given rise to
an important question: How is the correla-
tional structure of the environment repre-
sented in our concepts? One possibility sug-
gested by Rosch’s work is that a concept is
represented by its central tendency or proto-
type. Prototypes are often characterized as a
listing of the typical features associated with
a concept (see Smith & Medin, 1981), and,
in a limited sense, prototypes represent cor-
relations by listing features together. For ex-
ample, the prototypical features of a bird are
all correlated to some extent. Most things
with wings and feathers also fly and live in
nests. But prototypes by themselves do not
represent all that we know about feature cor-
relations. For example, all features listed in
the prototype are not equally correlated
(Malt & Smith, 1984). Possessing wings
seems to be more strongly correlated with
flying than with living in a nest, but this in-
formation is not conveyed in the feature list.
One way to remedy this situation would be
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to add information about the strength of each
feature correlation (Smith & Medin, 1981),
but this would quickly result in an explosion
of feature links, and the efficiency of the pro-
totype representation would be lost.

Another more fundamental problem
with this solution is that a simple probabilis-
tic linking between features does not seem
to capture the essence of feature correlations
(Murphy & Medin, 1985). Statistical proper-
ties do not predict which feature correlations
people will notice. Adults are not very good
at detecting arbitrary feature correlations in
a concept learning task even when the fea-
tures are perfectly correlated (Murphy &
Wisniewski, 1989). Instead, the extent to
which feature correlations are noticed seems
to be largely a function of prior expectations
that are likely to reflect an individual’s intu-
itive theories about the world (Alloy & Ta-
bachnik, 1984; Wright & Murphy, 1984). An
adequate account of feature correlations
must show how such explanations can be in-
corporated into the conceptual represen-
tation.

Theories can provide a means for link-
ing together the features within a concept
because most theories include informa-
tion about the interdependence or causal
connection between features (Murphy &
Medin, 1985). But these correlations need
not be explicitly stored within a theory—
instead, theories may provide a context for
generating specific explanations. Feature
correlations, then, might be linked together
through pre-existing or newly constructed
specific theories. Regardless of when they
were created, however, these explanations
may help unite the features of a concept. Itis
also worth pointing out that specific theories
need not always be self-generated. In many
situations, explanations for feature correla-
tions are introduced by parents and teachers
(Callanan & Oakes, 1989), and we expect
that when these explanations are consistent
with the child’s framework theories, they
also play a central role in shaping the child’s
concepts.

In the present set of experiments, we
explore whether children use their theories
to link together feature pairs and whether
these theory-based correlations are an inte-
gral part of the concept. We test these claims
using artificial concepts that contain features
that can be linked together through the
child’s intuitive theories. Our prediction is
that objects possessing theory-based cor-
relations will be considered among the

most representative examples of a particular
concept, whereas exemplars in which the
theory-based correlation is explicitly broken
will be judged poor examples of the concept.
This prediction is based on the view that
theory-based explanations will link together
specific feature pairs and become an integral
part of the concept. As past studies (e.g., An-
glin, 1977; Mervis, 1987) have demonstrated
that young children are often reluctant to ex-
tend category labels to less typical members
of the category, we also expected to find that
children are more willing to extend category
membership to exemplars that preserve
theory-based correlations.

Experiment 1

One of the issues the first experiment
addresses is whether feature pairs that can
be linked together through theory-based ex-
planations play a central role in defining
concepts. In this context, we will also con-
sider whether the extent to which children
have developed elaborate specific theories
in a domain may affect the likelihood that
they will notice theory-based correlations.
In past work, fundamental differences in the
concepts of the child and adult have gener-
ally been attributed to changes in the frame-
work theories that encompass the targeted
domain. For example, Carey (1985) has ar-
gued that children’s concepts of “living
thing,” “person,” and “animal” change over
time as these early concepts are encom-
passed by a newly differentiated biological
theory. However, major changes in frame-
work theories such as this one are probably
not frequent occurrences in development,
and when they do occur, they are likely to
be accompanied by fundamental changes in
how the child deals with a variety of prob-
lems. For example, in the “theory of mind”
literature, it has been argued that a shift
from a copy-based theory of knowledge to
a constructivist theory underlies the child’s
newfound success on false belief tasks,
appearance-reality problems, and level 2
perspective-taking tasks (see, e.g., Flavell,
Green, & Flavell, 1990; Gopnik & Astington,
1988; Wellman, 1990).

Clearly, fundamental changes in frame-
work theories play an important role in con-
ceptual change. Refinements in a framework
theory are likely to have less pervasive ef-
fects but may still be an important source of
developmental differences. When children
and adults subscribe to the same framework
theory, there may be differences in the kinds
of specific theories they generate. Children’s




theories might differ from adults’ in terms of
the number of variables they incorporate or
in the salience of specific attributes. Devel-
opmental differences in specific theories
may also reflect differences in the amount of
domain-specific knowledge children pos-
sess. Chi and her colleagues’ (Chi & Koeske,
1983; Gobbo & Chi, 1986) studies on child
dinosaur experts suggest that as children
learn more about dinosaurs, their knowledge
structures become more integrated and co-
hesive. One consequence of this is that chil-
dren begin to notice the different correla-
tions that exist among various attributes, for
example, that plant-eating dinosaurs tend to
have either armor or horns to protect them-
selves against predators. Presumably, the
same framework theory encompasses the di-
nosaur knowledge of the novice and expert,
and yet, only the expert is able to generate
specific explanations for these feature corre-
lations.

In our first experiment, we focused on
three interrelated issues. The first issue con-
cerns possible developmental differences in
the specific theories children possess about
the relation between the brain and cognitive
functioning. The second issue concerns
whether children spontaneously notice
theory-based correlations, even when these
features do not co-occur more frequently
than other attribute pairs. The third issue
concerns the relative importance of theory-
based correlations, that is, the extent to
which children see these features as central
to the concept.

Like their older counterparts, young el-
ementary school children associate the brain
with higher cognitive functions and believe
the brain plays an active role in manipulat-
ing information (see, e.g., Wellman, 1990).
These similarities between children’s and
adults’ conceptions of the brain suggest that
this knowledge is encompassed by the same
framework theory. However, even though
younger and older children appear to sub-
scribe to the same framework theory, there
are likely to be differences in the specific
theories they possess. In general, it seems
‘that younger children are less likely to focus
on physical aspects of the brain and the rela-
tion between physiological attributes and
cognitive functioning. Whereas older chil-
dren consider the brain an essential compo-
nent of the nervous system, younger chil-
dren simply associate the brain with specific
cognitive functions (Carey, 1985; Johnson &
Wellman, 1982). Young elementary school
children recognize that the brain is needed
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for remembering (Johnson & Wellman,
1982), but in contrast to older elementary
school children, they are not likely to con-
sider how the structure of the organ makes
it possible for it to accomplish this function
(Crider, 1981). Yussen and Kane’s (1985)
work on children’s conceptions of intelli-
gence also suggests that memory skills may
be more closely tied to intellectual capacity
and possibly “brain power” in the older
child. In sum, the available literature sug-
gests that elementary school children’s un-
derstanding of the relation between the
brain and cognitive processes is in a state
of flux and that older children may be more
inclined to posit a connection between phys-
ical aspects of the brain and cognitive func-
tioning. These differences can be conceptu-
alized at the level of specific theories. Once
children begin to focus more on the struc-
ture of specific organs, they may generate
specific theories that relate structure and
function, and these theories would result in
the relevant knowledge base becoming
more integrated and cohesive.

The first experiment explores how these
expected differences in the specific theories
of younger and older children might influ-
ence the nature of their concepts. In our ex-
periment, children were introduced to two
types of birds: One had a large and compli-
cated brain and an excellent memory,
whereas the other had a small and simple
brain and very limited memory abilities.
Given older children’s more sophisticated
understanding of the relation between phys-
iological structures and functional attributes,
we expected them to be more sensitive to
the connection between brain structure and
memory capacity.

Each of the bird categories that was
used in Experiment 1 was defined by four
features, and only two of these features were
theory-correlated, which means that these
features could be linked together through an
intuitive theory. The theory-correlated fea-
tures did not always co-occur in the familiar-
ization items—they co-occurred exactly as
often as the “theory-neutral” features did.
Thus the theory-correlated features were not
statistically correlated to a greater extent
than any other feature pair. Moreover, chil-
dren were not cued in any way as to the pres-
ence of these theory-based correlations. The
first experiment examines whether children
spontaneously notice such feature pairs.

The third question addressed in this
study concerned whether theory-correlated
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Fic. 1.—One of the familiarization exemplars used in the first experiment. The experimenter
described the five features associated with the bird while the child looked at the card. This bird was
introduced as a Loppet that has a small and simple brain, lives near the ocean, has a three-part heart,

head feathers that point down, and a pointed beak.

features are especially central to a concept.
Two experimental tasks were used to evalu-
ate this possibility, a classification task and
a typicality task. In both tasks, children were
presented with two types of test items. Half
of the test items preserved the theory-based
correlation by including both theory-
correlated features, whereas in the re-
maining items, the theory-based correlation
was broken: A theory-correlated feature
from one category was paired with the ac-
companying feature from the contrasting cat-
egory. For example, in one broken correla-
tion item, the feature “has a small and
simple brain” was paired with “can remem-
ber all the different places it has found
food.” We will call these two types of items
CORR and BCORR (correlated and broken
correlation), respectively. Both the CORR
and BCORR items contained the same num-
ber of typical and atypical features; the only
difference between them was whether the
theory-based correlation remained intact
or was broken. Thus, the typicality of the
items, as measured by their family resem-
blance (Rosch & Mervis, 1975), was identi-
cal for the preserved-correlation and broken-
correlation conditions.

Before detailing our predictions and
procedures, it may be helpful to explain
some of the factors that influenced our
choice of stimulus materials. The familiar-
ization and test items consisted of lists of

features. As Callanan’s (1985) work demon-
strates, parents frequently use verbal state-
ments to draw children’s attention to proper-
ties. In our study, we presented each feature
visually with an oral description. Each fea-
ture was depicted in a single picture, and
the five pictures associated with each exem-
plar were presented on a single stimulus
card (see Fig. 1). This procedure made it
possible for us to include information about
internal attributes that are not typically visi-
ble and also helped avoid a problem that
arises when all the features are represented
in a single picture. As Kemler (1981) has
pointed out, when exemplars are presented
as unitary figures composed of multiple fea-
tures, there is no guarantee that the features
the experimenter used in constructing the
stimuli are the same features subjects extract
from the figure. By presenting and labeling
each feature separately, we hoped to avoid
this problem.

In this first experiment, the structure of
children’s concepts was probed by compar-
ing their performance with different test
items. If children use their theories about
the world to link together the features of a
concept, then exemplars that violate these
theory-based correlations should prove
harder to classify and should be perceived
as less typical category members. If older
children are sensitive to the connection be-
tween brain structure and memory capacity,
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TABLE 1

THe CONSISTENT AND RANDOM FEATURES USED IN EXPERIMENT 1

BIRD CATEGORIES

Jassler

Loppet

Consistent features:
Feature 1.* Has a big and complicated
brain

Feature 2.* Can remember all the differ-
ent places it has found food

Feature 3. Has a two-part heart
Feature 4. Has a rounded beak

Random features for both categories:
Has head feathers that point down
Has straight tail feathers
Lives in the mountains

Has a small and simple brain

Can only remember the very
last place it found food

Has a three-part heart

Has a pointed beak

Has head feathers that point up
Has curly tail feathers
Lives near the ocean

2 Theory-based correlations.

but younger children are not, then only the
older children should differentiate between
the CORR items that preserve the theory-
based correlation and BCORR items in
which the theory-based correlation is
broken.

METHOD

Subjects

Twelve first graders (M = 6-10; range
6-4 to 7-5; four males and eight females) and
12 fourth graders (M = 9-11; range 9-7 to
10-4; nine males and three females) from a
middle-class suburban elementary school
participated.

Materials

Two contrasting bird categories, labeled
“jasslers” and “loppets,” were constructed.
Four different consistent features were asso-
ciated with each category. These features in-
cluded information about the bird’s brain,
the bird’s memory capacity, the bird’s heart,
and the shape of the bird’s beak. The exact
features used are given in Table 1; the first
pair of features (brain size and memory ca-
pacity) represents the theory-based correla-
tion. Features involving the feathers on the
bird’s head, its tail feathers, and its habitat
were also included and appeared equally of-
ten with both categories. (These are labeled
random features in the table.)

Familiarization items.—During the fa-
miliarization phase of the experiment, chil-
dren were introduced to 16 exemplars of
each category. Each exemplar contained a
mixture of consistent and random features.
Only three of the four consistent features

were present in any one item, making these
features sufficient but not individually nec-
essary for category membership. Each con-
sistent feature appeared equally often across
the familiarization items for the relevant cat-
egory. Hence, no special status was given to
the theory-correlated features in the famil-
iarization phase: The theory-correlated fea-
tures co-occurred exactly as often as the
“theory-neutral” features did. As a result,
each theory-correlated feature frequently
appeared without its complement during the
familiarization phase. To make the catego-
ries “fuzzier,” each familiarization exemplar
also contained two random features. These
random features appeared equally often
with both categories (e.g., “has straight tail
feathers” occurred with both jassler and lop-
pet exemplars). Thus, in learning the catego-
ries, the child needed to distinguish be-
tween the consistent and random features
and had to keep track of which consistent
features were associated with each concept.

Test items.—The test phase of the ex-
periment consisted of two parts, a classifica-
tion task and a typicality task. For the classi-
fication task, the focus was on whether the
presence of a theory-based correlation facili-
tates categorization. Children were pre-
sented with 16 new exemplars, half of which
contained the theory-based correlation
(CORR) and half of which explicitly broke
or violated the theory-based correlation. The
broken correlation (BCORR) items were cre-
ated by pairing a theory-correlated feature
from one category with a companion feature
from the contrasting category—for example,
by combining “has a small and simple
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TABLE 2

THE TEST ITEMS FOR THE CLASSIFICATION TASK IN EXPERIMENT 1

JASSLERS LoPPETS
ITEM F1 F2 F3 F4 ITEM F1 F2 F3 F4
High family resemblance
items:
(610 51 2 RN J ] J L L L J
CORR ....cccvviriiiiniiniinnn J J L 1] L J L
BCORR ...ccovvvrniecrnianen J L ] J J L L
BCORR ...t L J ] J L L L
Low family resemblance
items:
CORR ....covveriririininenes J J L ... L J
CORR ..ot J J cee L L ... J
BCORR ....oocovnvrriniennens J L J . J L ...
BCORR ....ccconvvriervnnnans L J I L ... L

Note.— Features that were characteristic of jasslers are labeled J in the table and features that were characteristic
of loppets are labeled L. Features 1 and 2 are theory-correlated. Only the consistent features are included in this

table.

brain” with “can remember all the different
places it has found food.” The test items for
the classification task are presented in Table
2. Note that with the CORR items, the
theory-based correlation remains intact, but
the theory-neutral features are split. In con-
trast, with the BCORR items, the correlation
between the theory-neutral features is pre-
served, whereas the correlation between the
theory-relevant features is broken. Thus the
crucial difference between the CORR and
BCORR items is whether the feature correla-
tion that is preserved is theory-relevant or
theory-neutral; family resemblance is held
constant across the two conditions. As the
table makes clear, children’s classification
decisions under two conditions of family re-
semblance were also examined: The high
family resemblance items contained three
features consistent with one category, one
feature from the contrasting category, and
one random feature, while the low family
resemblance items were composed of two
consistent features, one contrasting feature,
and two random features.

A typicality task was included to assess
whether exemplars that preserve a theory-
based correlation are perceived as represen-
tative of a particular category. In this task,
children were presented with eight pairs of
items (see Table 3). Each pair consisted of
two exemplars from the same category, and
the child had to indicate which item was
more typical of the category. Each exemplar
contained three consistent features, one in-
consistent feature, and one random feature.

Thus family resemblance was held constant
across the pair. For one member of the pair,
the consistent features included the theory-
based correlation (CORR), and the other
member contained one theory-correlated
feature from each category, thereby breaking
the correlation (BCORR). A similar forced-
choice technique has been used by Malt and
Smith (1984) to demonstrate sensitivity to
feature correlations.

Procedure

At the beginning of the session, children
were told they would be learning about two
new kinds of birds and that they would see
pictures to help give them an idea of what
each bird was like. Each exemplar was de-
picted by five feature pictures placed in a
3-2 arrangement on a 5 X 8 index card. The
feature pictures were randomly assigned to
the five positions on their respective cards.
During the familiarization phase, children
were alternately shown an exemplar from
one category followed by an exemplar from
the contrasting category. The starting cate-
gory was counterbalanced across subjects.
For each exemplar, the features were
pointed out and then the child was told
which category the item belonged in. The
child then placed the card in the box desig-
nated for that category.

The familiarization phase of the experi-
ment was followed by the classification task.
Children were presented with a single ex-
emplar and asked which category they
thought it belonged in, for example, whether
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TABLE 3

THE TEST ITEMS FOR THE TYPICALITY TASK IN EXPERIMENT 1

CORR EXEMPLAR

BCORR EXEMPLAR

F1 F2 F3 F4 F1 F2 F3 F4
“Which is more like the Jasslers?”

J J J L vs. J L J J

J J J L VS, L J J J

J J L J vs. J L ] J

J ] L J vs. L J J J
“Which is more like the Loppets?”

L L L ) vs. L ) L L

L L L ] vSs. ] L L L

L L J L vs. L ] L L

L L ) L vs. I L L L

NoTe.—The characteristic features for the jasslers are labeled J and
the characteristic features for the loppets are labeled L. Only the consis-
tent features are listed in the table. Each exemplar consisted of four con-
sistent features and one random feature (not shown). Thirty-two unique
exemplars were created by varying the identity of the random features.

they would call it a “jassler” or a “loppet.”
After children completed the classification
task, they were presented with the typicality
task. Here, two exemplars were placed side
by side and the child was asked to point to
the one that seemed most like a given cate-
gory (e.g., “Which is more like the jass-
lers?”). The items within both the classifi-
cation and typicality tasks were presented in
a different random order for each subject.
Children were tested individually in an
empty classroom in a 25—30-min session.

RESULTS

The classification task measured the ac-
curacy of children’s judgments about cate-
gory membership. Recall that the test items
for the classification task consisted of either
two or three features that were typical of one
category and one feature that was typical of
the contrasting category (see Table 2). The
number of typical features determined the
correct answer for each item. The number
of correct responses was analyzed using an
ANOVA for a mixed factorial design; both
type of correlation (CORR vs. BCORR) and
family resemblance (high vs. low) were
within-subject factors and age (first graders
vs. fourth graders) was a between-subjects
factor. The age effect was significant, F(1,
22) = 8.58, p < .01; the fourth graders were
correct, on the average, on 69% (SD = 8.8)
of the items, whereas the first graders classi-
fied only 54% (SD = 17.0) of the items cor-
rectly. Only the fourth graders’ overall per-

formance was significantly above chance,
t(11) = 7.82, p < .001. As predicted, items
containing a theory-based correlation were
identified more accurately than items in
which the correlation was broken, F(1, 22)
= 40.93, p < .001. Children were correct,
on the average, on 75% (SD = 13.6) of the
CORR items but performed at chance with
the BCORR items (48% correct; SD = 18.5).
Contrary to our expectation, however, this
effect did not vary with the age of our sub-
jects, F(1, 22) = 0.14, and the family resem-
blance structure of the items did not have an
effect, F(1, 22) = 0.79.

Although the data provide strong sup-
port for our view that children are more
likely to extend category membership to
novel exemplars that preserve theory-based
correlations, an alternative explanation
needs to be ruled out. Ward and his col-
leagues (Ward, Becker, Hass, & Vela, 1991;
Ward, Vela, Perry, Lewis, Bauer, & Klint,
1989) have shown that under certain condi-
tions children tend to rely on single attribute
rules when learning ill-defined concepts. If
children based their decisions on either one
of the theory-correlated attributes, their
overall performance would be better with
the CORR items than the BCORR items
since they would be using an attribute pres-
ent in more of the CORR items. Looking at
the individual patterns of results, it is indeed
possible to find two first graders and three
fourth graders whose behavior is consistent
with this interpretation; all of their decisions
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were consistent with one of the single attri-
bute rules. Single attribute rules, however,
do not adequately account for the data from
the remaining subjects. When each child’s
decisions are evaluated in relation to the sin-
gle attribute rules encompassing the theory-
correlated features and the proportion of re-
sponses consistent with the optimal decision
rule for each subject are calculated, these
optimal single attribute rules account for
only an average of 62% (SD = 22.2) of chil-
dren’s decisions. To be sure that the five sin-
gle attribute responders were not causing
the significant type of correlation effect that
was observed, these children were elimi-
nated and an analysis was performed on the
data from the 19 remaining subjects. The
most important finding to emerge from this
second analysis was that the effect of type of
correlation remained significant, F(1, 17) =
30.99, p < .001. Thus, the difference be-
tween the CORR and BCORR items is not
simply due to some children’s having
adopted a single attribute rule. In this sec-
ond analysis, the age effect was no longer
significant, but because the three fourth
graders and two first graders that were
dropped from the analysis were using essen-
tially the same strategies, the lack of signifi-
cance can be attributed to a smaller sample
size. Once again, the family resemblance
manipulation did not have an effect.

The data from the typicality task were
analyzed using a similar approach. The re-
sponses from the five single attribute re-
sponders were eliminated from the data set.
Each of the remaining childrén’s responses
was coded as a series of 1’s and 0’s, 1 when
the CORR member of the pair was con-
sidered to be more typical, and 0 when
the BCORR member was chosen as more
typical. The data were analyzed using an
ANOVA for a mixed design, with type of cor-
relation and question (“more like the jass-
lers” vs. “more like the loppets™) as within-
subject factors and age as a between-subjects
factor. The type of correlation effect proved
significant, F(1, 17) = 4.70, p = .05; on aver-
age, children picked the CORR item as more
typical on 61% (SD = 4.8) of the trials. No
other main effects or interactions reached
significance.

Taken together, the results from these
two tasks suggest that children perceive
theory-based connections between feature
pairs, and that these features do not have to
be statistically correlated for this effect to
emerge. Our findings with the first graders
suggest that it is also not necessary that the

relevant theoretical domain be highly elabo-
rated. So whereas prior research (Crider,
1981) suggests that first graders tend not to
focus on the physical aspects of an organ
when they consider its functioning, if they
are presented with information about a sim-
ple relation between an increase in brain
size and memory capacity, they link together
these attributes.

DiscussioN

The results of the first experiment sug-
gest that children are sensitive to theory-
based correlations. Even though the theory-
correlated features did not co-occur with
greater frequency than any other feature
pair, children were better at classifying ex-
emplars that preserved the theory-based cor-
relation than they were at classifying exem-
plars that did not preserve this correlation.
Children also considered exemplars that
preserved the theory-based correlation to be
more typical of the category. Although the
first experiment provided critical support for
our view that children use their intuitive
theories to link together specific feature
pairs, the expected interaction between age
and type of correlation was not observed. We
had initially thought that fourth graders’
more sophisticated understanding of how
the structure of an internal organ is related
to its functioning would result in fourth
graders evidencing greater sensitivity to the
connection between brain structure and
memory abilities than first graders. How-
ever, in retrospect, we would suggest that a
simpler specific theory is sufficient for link-
ing these features. If, as Wellman (1990) ar-
gues, children conceive of the brain as a
storehouse for ideas and memories, then
they might think a larger brain affords more
storage space. Hence, the size information
alone may have been sufficient for connect-
ing memory capacity with brain type, and
information about brain complexity may
have seemed redundant or irrelevant. More-
over, even if the relation between brain size
and memory ability was not explicitly repre-
sented in younger children’s theories, it
seems likely that first graders could easily
explain it once they encounter it.

Experiment 2

In the second experiment, we again
looked for evidence that children’s concepts
vary with their theories, but this time we
manipulated the framework theories that
children would be likely to draw on when
learning novel concepts. We believed that



the results would be especially powerful if
we could show that the same set of features
is represented differently depending on
whether or not the feature pair embodies a
theory-based correlation.

Experiment 2 tested this possibility by
focusing on two domains that children know
a great deal about: animals and artifacts. A
wide range of studies has shown that infants
and preschoolers distinguish between ani-
mate and inanimate objects on the basis of
appearance and activity (R. Gelman, 1990;
R. Gelman, Spelke, & Meck, 1983; Golin-
koff, Harding, Carlson-Luden, & Sexton,
1984; Jones, Smith, & Landau, 1991) and
that they recognize that only animals are ca-
pable of self-generated movement (Massey
& R. Gelman, 1988). Moreover, even pre-
schoolers expect animals and artifacts to
have different internal structures (R. Gel-
man, 1990; S. Gelman & O’Reilly, 1988), and
they recognize that people can make arti-
facts but not animals or other natural kinds
(S. Gelman, 1988; S. Gelman & Kremer,
1991; Keil, 1989), Preschoolers also realize
that people can impart certain properties to
artifacts, for example, by painting a can blue,
but that the color of an animal depends on
something the mother contributes (Springer
& Keil, 1991).

Although preschoolers recognize that
biological and nonbiological kinds are fun-
damentally distinct, the theories that encom-
pass these domains are not highly devel-
oped. For example, although preschoolers
understand that animals, but not artifacts,
can become larger with time (Rosengren,
S. Gelman, Kalish, & McCormick, 1991), they
fail to recognize that changes in surface char-
acteristics have different effects on the iden-
tity of animals and artifacts (Keil, 1989). Sec-
ond graders, however, are sensitive to these
differences, and this tendency is even more
pronounced in fourth graders.

In the second experiment, groups of
third graders were presented with either two
artifact or two animal categories. All the cat-
egories were defined by lists of properties
that could be sensibly applied to either tools
or animals (e.g., “found in the desert™). Half
of the children were told that they were
learning about animals, whereas the re-
maining children were told the items were
tools. Both groups of children were pre-
sented with exactly the same stimuli
throughout the experiment; the only differ-
ence was the domain children were told was
relevant. For children who were told the
items were animals, the relevant theory-
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based correlation involved the animal’s hab-
itat and a property that would be adaptive in
this environment. For example, one animal
lived in the desert and could hold a lot of
water, whereas the other lived in the moun-
tains and was covered with thick wool.
When the items were introduced as tools, a
different pair of features was theory-
relevant. The tool that was found in the
mountains could crush rocks, whereas the
tool that was found in the desert could cut
cactus plants. For the tools, information
about the item’s water capacity or covering
was considered to be theory-neutral, and for
the animals, the neutral information in-
cluded whether it could crush rocks or cut
cactus plants.

In this experiment, each category was
defined by five consistent features, and only
features that could be sensibly applied to
both animals and tools were included. One
consequence of this is that the five consis-
tent features used to define the categories in
the second experiment did not cohere as
well as the features associated with the bird
categories in Experiment 1 and so were ex-
pected to be more difficult to learn. The fea-
tures that were used in Experiment 2 were
pretested to ensure that young elementary
school children would be sensitive to the
relevant theory-based correlations. The de-
tails of this procedure are described below.
In the experimental task, children were pre-
sented with a wide range of items so that we
could evaluate a number of decision rules
children might use when classifying novel
exemplars. Most of the test items pit a deci-
sion based on the theory-correlated features
for the animal category against a decision
based on the theory-correlated features for
the tool category. Recall that in the first ex-
periment, five children adopted single attri-
bute decision rules. In the present experi-
ment, we included a larger set of test items
so that we could more thoroughly test
whether individual children adopted this
strategy. To test the relative importance of
the theory-based features we also included
a subset of test items that pitted the theory-
based correlation against three consistent,
but theory-neutral, features from the con-
trasting category.

METHOD

Subjects

Twenty-four third graders (M = 8-8;
range 8-0 to 9-8; 16 males and 8 females)
from a middle-class suburban elementary
school participated in the main experiment.
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TABLE 4

NUMBERS OF CHILDREN SELECTING EACH FEATURE IN THE PRETEST

ASSOCIATED FEATURE

LOCATION Wool Water Rocks Cactus Undecided
Animals:
Mountains ... 11 4 5 1 3
Desert coeennneeinnniicnninennn 0 18 0 3 3
Tools:
Mountains .....ccccveeennenns 0 7 10 1 6
0 7 2 13 2

Materials

Pretest.—Twenty-four undergraduates
and 24 third graders who did not take part
in the main experiment helped pretest possi-
ble stimuli. The purpose of the pretest was
to find a cluster of three features such that
one pair of features would embody a theory-
based correlation when the items were intro-
duced as animals and a different pair would
be theory-relevant when the items were de-
scribed as tools. An additional constraint was
that all three features needed to be plausible
attributes for both animals and tools. Sets of
possible feature pairs were generated that
appeared to meet these constraints, and
these served as the stimuli for the initial pre-
test with undergraduates. The items that
were judged as most promising based on the
undergraduate data were then pretested
with the third graders. The pretest questions
were presented in a multiple choice format
and administered in a group setting. Each
question introduced the item as either an an-
imal or machine,? and one property of the
item was described. Subjects were then pre-
sented with four additional attributes and
asked to select the one they thought was
most likely to be true of the item; they could
also indicate that none of the answers
seemed appropriate. Sample items are pre-
sented in the Appendix, and the first item
includes the features we based the experi-
mental stimuli on. The pretest data for the
features we used in the main experiment are
presented in Table 4. When an object was
introduced as an animal, children associated
different properties with animals found in

the mountains and in the desert, x2(4) =
2591, p < .001. With the machines, chil-
dren’s judgments also depended on where
the machine was found, x24) = 17.62, p <
.05.3 More important, for both the animals
and tools, the most frequent response within
each condition was the property that pre-
served the hypothesized theory-based corre-
lation.

Familiarization items.—Each category
was defined by a set of five features that
were uniquely associated with it during the
familiarization phase. The categories were
ill-defined, meaning that no single feature
was necessary and sufficient for category
membership. The categories were labeled
“numsters” and “zibbots,” and the features
associated with each category are presented
in Table 5. When the items were introduced
as animals, features 1 and 2 were theory-
correlated: Animals living in the mountains
would benefit from a wool coat, and it would
be advantageous for animals living in the
desert to be able to store a lot of water. When
the items were introduced as tools, features
1 and 3 were theory-correlated. A tool that
cuts cactus plants would be especially useful
in the desert, and a tool for crushing rocks
would be more useful in the mountains.
During the familiarization phase, children
were presented with five examples of num-
sters and five examples of zibbots. Four of
the five consistent features were present in
each exemplar, and each feature appeared
four times in the familiarization phase. Once
again, it is important to note that the theory-

2 These items were labeled “machines” in the pretest, but we switched to the more common

term “tools” in the main experiment.

3 Given the relatively small expected frequencies in some cells, it could be argued that a
Fisher’s exact test is more appropriate than a chi-square (see Kendall & Stuart, 1979). In our
case, when the data are examined using Fisher’s exact test, the estimated probability values are
very close to the values given by the standard chi-square analysis.
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TABLE 5

THE FIvE CONSISTENT FEATURES USED IN EXPERIMENT 2

Numster

Zibbot

Feature 1. Is found in the mountains
Feature 2. Has thick wool
Feature 3. Can crush rocks

Feature 4. Is long and straight like an arrow

Feature 5. Catches snakes

Is found in the desert
Can store a lot of water
Can cut cactus plants
Is round like a plate
Catches spiders

correlated features co-occurred exactly as of-
ten as the theory-neutral features did. To
keep the design more manageable and make
the categories easier to learn, random fea-
tures were not used in this experiment.

Test items.—All children completed a
classification test consisting of 22 items.
These test items were designed to make it
possible to determine if children’s decisions
depended on whether the stimuli were ani-
mals or tools and whether children consid-
ered the relevant theory-based correlation to
be an important part of the concept. In this
experiment, a wide range of items was used
so that we could more clearly distinguish be-

tween children who were sensitive to the
theory-based correlation and children who
were relying on either a single attribute rule
or simply counting the number of features
present in the concept. The items that were
used in the classification test are presented
in Table 6. Within this table, items are
grouped together based on how many fea-
tures were present in the test items.

The first set of items all contain five fea-
tures. Each item includes three features
from one category and two features from the
other. Information about whether the stimu-
lus is a CORR or BCORR item is also in-
cluded in this table. Note that for the five-

TABLE 6

TEsT ITEMS FOR THE CLASSIFICATION TASK FOR EXPERIMENT 2

ITEM TYPE
ITEM No. Fl F2 F3 F4 F5 Animal Tool
Five-feature items:
N N Z Z Z CORR BCORR
Z Z N N N CORR BCORR
N Z N Z Z BCORR CORR
Z N VA N N BCORR CORR
N N Z 4 - CORR BCORR
N N Z N Z CORR BCORR
Z Z N N - CORR BCORR
Z Z N Ce. N CORR BCORR
N Z N Z .- BCORR CORR
N Z N cen Z BCORR CORR
VA N VA N . BCORR CORR
Z N Z e N BCORR CORR
N N .. Z Zz CORR .
VA Z N N N CORR i
N v N Z Z v CORR
Z Z N N CORR
N N Z CORR BCORR
Z Z N CORR BCORR
N Z N BCORR CORR
VA N Z BCORR CORR
N Z yA BCORR BCORR
VA N N BCORR BCORR
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feature stimuli, every item that preserves the
theory-based correlation for one domain
breaks the correlation for the other. So, for
example, Item 1 would be a CORR item for
children in the animal condition and a
BCORR item for children in the tool condi-
tion. Another aspect of the design to note is
that within each CORR item, the theory-
correlated features are the only two features
that are typical of that category; the three
theory-neutral features are all associated
with the contrasting category. The five-
feature CORR items, then, pit the theory-
based correlation against the number of typi-
cal features.

The next group of items is the four-
feature items. Each exemplar in this group
contains two features associated with the
numsters and two features associated with
the zibbots. For Items 5 through 12, an ex-
emplar that is a CORR item for children in
the animal group would be a BCORR item
for children in the tool group and vice versa.
Items 13-16 preserve the theory-based cor-
relation for one domain without violating the
theory-based correlation for the other do-
main. This occurs because only one of the
theory-relevant features for the contrasting
domain is present in each item. The CORR
items were included so we could evaluate
whether children based their classification
decisions on the theory-correlated features.
The corresponding BCORR items were in-
cluded in the larger set of items that were
used to test whether children were relying
on a single attribute rule.

The last group of items is the three-
feature items. Although we have noted in
the table whether each exemplar represents
a CORR or BCORR item for the category,
because the same decision would be made
regardless of whether children relied on the
two theory-correlated features or the two
consistent features, these items cannot be
used to evaluate the relative importance of
the theory-based correlation. These items
were designed to test whether children are
basing their decisions on a single attribute
rather than the co-occurrence of the theory-
relevant features.

Procedure

The experimental task was modified so
it could be administered in a group setting,
at the request of the school. Although sub-
jects in group settings are probably not as
attentive and motivated as in individual test-
ing situations, we considered the possible
consequences of this in our analysis. At the

beginning of the group session, children si-
lently read a short story about a boy named
Danny who was watching as either animals
or tools were sorted into two trucks: one for
the numsters and one for the zibbots. To
help new workers learn what these catego-
ries were like, Danny was asked to write in
his notebook four things he knew about each
item as it was loaded in the truck. For half
of the class, the items were described as ani-
mals, and for the remaining children, the
items were described as tools.

Each child was given a copy of Danny’s
notebook. The notebook contained the 10 fa-
miliarization items; each item was presented
on a separate page. The word “NUMSTER”
or “ZIBBOT” was alternately printed at the
top of each page, and below this word, four
consistent features were listed in a random
order. The notebooks for the children in the
animal and tool conditions were identical.
The experimenter read aloud each page of
the notebook as the children followed along
in their individual copies. Illustrations were
not included in the notebooks as we did not
want to influence children’s conceptions of
the objects as animals or tools.

Immediately following the familiariza-
tion period, children completed the classifi-
cation task. Each child was given a packet
consisting of 22 randomly ordered test items.
For each item, children followed along as
the experimenter read the attributes associ-
ated with each test item and then responded
to the question “What is it?” by underlining
either the word “numster” or “zibbot.” Chil-
dren were tested in a group session lasting
approximately 30 min.

REsuLTS

Children seemed to have more difficulty
with this task than with the task in Experi-
ment 1. The children in this experiment
were only briefly familiarized with the two
contrasting categories, and familiarization
took place in a group setting in which some
children may have been less likely to pay
attention. In addition, the tool and animal
categories in the present experiment were
less coherent than the bird categories in Ex-
periment 1, and children were not presented
with pictures of any of the objects in the
present experiment. As a result, we antici-
pated that children would be likely to have
more problems with the experimental proce-
dures than did the children in Experiment
1. Thus, the first question we asked was
whether children were able to give princi-
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Fic. 2.—The two-dimensional scaling solutions for the children in the animal and tool conditions
of Experiment 2. The two-dimensional solution accounts for 56% of the variance in the animal condition
and 63% of the variance in the tool condition. The “consistent” subjects in each condition are desig-

nated by asterisks.

pled responses in this situation. If the task
was indeed too difficult, we expected to find
a great deal of variability both within and
between subjects. In our first analysis, we
focused on the extent to which children
within a condition gave similar patterns of
responses. To assess this, two intersubject
agreement matrices were derived, one for
the animal condition and one for the tool
condition. For each matrix, intersubject
agreement was computed based on the num-
ber of times each pair of subjects gave the
same answer for a given test item. Separate
multidimensional scaling solutions were
computed for children in the animal and tool
conditions.* As can be seen in Figure 2,
there were individual differences in re-
sponse patterns. In the animal condition,
five subjects were tightly clustered, whereas
the seven remaining subjects were scattered
throughout the space. In the tool condition,
a similar pattern emerged; six subjects clus-
tered together and six subjects were scat-
tered. These results suggested that it would
be helpful to focus on individual patterns of
responding.

Our next analysis focused on the re-
sponse patterns that encompassed the
largest number of children in each condi-
tion. More specifically, we focused on those
five children in the animal condition and six
children in the tool condition who agreed on
their decisions (i.e., the “consistent” sub-
jects). Recall that in designing our test items,
we selected stimuli that would allow us to
evaluate the relative importance of the
theory-based correlations. We first per-
formed a simple ANOVA to test whether
children’s responses varied as a function of
the test items and domain. Planned contrasts
were used to assess the relative importance
of the theory-correlated features. For these
analyses, children’s classification decisions
were coded as a series of 0’s and 1’s (0 if
they labeled the item a numster and 1 if they
labeled it a zibbot). A two-way ANOVA was
performed with domain (animal vs. tool) as
a between-subjects variable and stimuli (the
29 test items) as a within-subject variable.’
There was a significant main effect for stim-
uli, F(21, 189) = 10.97, p < .001, meaning
that different test items were assigned to the

4 Both multidimensional scaling (Torgerson, 1952) and additive tree representations (Abdi,
1990; Sattath & Tversky, 1977) were used because these approaches sometimes yield different
results (see Abdi, Barthelemy, & Luong, 1984), although in this case the results were similar.

5 Hsu and Feldt (1969) and Lunney (1970) have investigated the appropriateness of the
analysis of variance for random samples from binomial distributions (see Edwards, 1985). Using
Monte Carlo simulations, these authors found that when the degrees of freedom are greater than
20, an analysis of variance can be used with a dichotomous variable. Although these conclusions
were based on balanced designs, the slight difference in the number of subjects in the animal
and tool conditions should not pose problems.
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TABLE 7

CLASSIFICATION DECISIONS FOR THE CRITICAL ITEMS IN EXPERIMENT 2

Theory-Correlation

Family Resemblance % of Subjects

Condition and Item No. Prediction Prediction® Responding “Zibbot™
Five-feature items:
Animal:
Numster Zibbot 20
Zibbot Numster 100
Numster Zibbot 17
Zibbot Numster 83
Four-feature items:
Animal:

Numster 40
Numster 0
Numster 20
Zibbot 60
Zibbot 100
Zibbot 80
Numster 17
Numster 0
Numster 17

) B O OO Zibbot 83

12 e eeeens Zibbot 83

16 et Zibbot 100

* The family resemblance model does not offer any predictions for the four-feature items because each exemplar
consisted of two features that were associated with the numsters and two features that were associated with the

zibbots.

two categories. There was no effect for do-
main, which indicates that both groups as-
signed the same proportion of test items to
the two categories. The critical domain X
stimuli interaction proved to be significant,
F(21, 189) = 2.21, p < .001. Thus, as pre-
dicted, subjects in the animal and tool condi-
tions differed in which test items they as-
signed to the two categories.

A series of planned contrasts was per-
formed to determine the nature of these dif-
ferences. The first analysis focused on the
five-feature items. Recall that these items
were included because they make it possi-
ble to evaluate whether subjects rely on
theory-correlated features when the corre-
lated pair of features predicts membership
in one category and the three remaining fea-
tures are typical of the contrasting category.
The predictions outlined in Table 6 are pre-
sented again in Table 7 along with the classi-
fication decisions made by the consistent
subjects, expressed in terms of the percent-
age of subjects who considered that item to
be a zibbot. For children in the animal con-
dition, Items 1 and 2 were considered criti-

cal because the theory-correlated features
predicted membership in one category
whereas the family resemblance structure of
the items predicted membership in the other
category. For children in the tool category,
Items 3 and 4 were considered critical for
the same reasons. As can be seen in Table 7,
children based their decisions on the theory-
correlated features. The contrast analy-
sis confirmed what is readily apparent; chil-
dren in the animal and tool conditions relied
on the theory-correlated features when clas-
sifying these items, F(1, 189) = 23.36, p <
.001. (For this analysis, positive weights
were assigned to items where a numster re-
sponse was expected based on the theory-
correlated features, and negative weights
were assigned to items where a zibbot re-
sponse was expected.) Additional contrasts
revealed that there was no overall effect for
domain, nor was there an interaction be-
tween the domain and the extent to which
children relied on the theory-correlated fea-
tures.

A second set of contrast analyses was
performed on the four-feature items. For



children in the animal condition, six items
were considered critical because they pre-
served the theory-correlation, and a different
set of six items were considered critical for
children in the tool condition for the same
reason. These predictions and the data from
the consistent subjects are presented in
Table 7. The contrast analysis comparing
numster and zibbot responses confirmed
what is readily apparent; children used the
theory-correlated features to classify the
items, F(1, 21) = 61.83, p < .001. Additional
analyses revealed that there was no overall
effect of domain or interaction between do-
main and fit. Thus, the results of the contrast
analyses suggest that for children in both the
tool and animal conditions, the dominant re-
sponse pattern was consistent with our pre-
diction that children would rely heavily on
the theory-correlated features when classify-
ing new items.

Our next task was to determine whether
the judgments of any.of the remaining chil-
dren conformed to an identifiable response
pattern. First we identified five possible de-
cision rules. Three of these were single attri-
bute decision rules, each of which focused
on a single theory-relevant feature (i.e., Fea-
ture 1, 2, or 3). In addition to evaluating
these three single attribute decision rules,
we also looked at how well children’s pre-
dictions fit a decision rule based on the two
theory-relevant features (i.e., a CORR deci-
sion rule) and whether they were consistent
with a simple family resemblance decision
rule. For each of these five decision rules,
we computed the proportion of judgments
on the relevant items that were consistent
with the rule. For the single attribute rule
associated with Feature 1, all 22 items were
relevant, and for the single attribute rule as-
sociated with Feature 2 and the single attri-
bute rule associated with Feature 3, 20 items
were relevant. (As Table 6 makes clear,
Items 15 and 16 could not be used to evalu-
ate Feature 2 responses and Items 13 and 14
were not relevant for Feature 3 responses.)
Ten items were used to evaluate the CORR
decision rule for each condition; the rele-
vant items are labeled CORR items in Table
6. Ten items were also used to evaluate the
family resemblance decision rule; all the
five feature and three feature items in Table
6 were relevant for this comparison.

First consider the data from the animal
condition. The decisions of the five consis-
tent subjects conformed to the CORR deci-
sion rule. More specifically, 86% (SD = 5.5)
of their judgments were consistent with this

Barrett et al. - 1611

rule. In contrast, the best-fitting single attri-
bute rule for each individual subject ac-
counts for an average of only 73% (SD =
6.4) of the judgments. Moreover, for each of
these five subjects the CORR decision rule
accounted for a higher percentage of their
judgments. Clearly, then, these five children
were not single attribute responders. Of the
remaining children, however, two may have
been single attribute responders; for both of
these children, the optimal decision rule
was a single attribute rule (86% of one

child’s responses were based on Feature 1

and 75% of the other child’s responses were
based on Feature 2). One child appeared to
have mixed up the category labels; after the
labels are interchanged, 100% of his judg-
ments fit the CORR rule and 95% fit a single
attribute rule. The data from the remaining
four subjects were not on the surface consis-
tent with any of these rules.

Next consider the data from the tool con-
dition. For the six consistent subjects, the
degrees of fit to the CORR and Feature 1
decision rules were strikingly similar, 85%
(SD = 15.2) and 88% (SD = 10.7) agree-
ment, respectively. A seventh child showed
more variability in his responses than the
consistent subjects, but the CORR decision
rule provided the best fit to his data; 70% of
his judgments fit this rule but for him the
next best fit was provided by the Feature 2
rule (60%). Of the remaining five children,
two relied on either the CORR features or
Feature 1 but mixed up the category labels;
for both of these children, if the labels are
reversed, all of their judgments are consis-
tent with the CORR rule, and the fit to Fea-
ture 1 is 95% for one child and 88% for the
other. The responses of the remaining three
children did not correspond to any of the
decision rules.

DiscussION

Experiment 2 provided additional sup-
port for our view that children’s theories in-
fluence the nature of their concepts. In this
study, two groups of children were familiar-
ized with the same sets of features, but the
way in which they structured this informa-
tion depended on whether these items were
introduced as animate or inanimate objects.
Children who were told the objects were an-
imals posited a link between the animal’s
habitat and a property that would be adap-
tive in this environment. These findings
complement S. Gelman’s (1988) work; chil-
dren expect the properties of natural kinds
to be highly correlated, and they draw on
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their intuitive theories to help them discover
the relevant connections. The strong domain
effects that emerged in our study suggest
that the specific theories children use are
constrained by the framework theory that
encompasses the domain.

Although the data from the animal con-
dition fit nicely with our predictions, theory-
based correlations proved less central in the
tool condition, and we were not able to rule
out the possibility that children based their
decisions entirely on where the tool was
found. However, even if this were the case,
it is still important to keep in mind that re-
gardless of whether children in the tool con-
dition used a single attribute rule or based
their decisions on the two theory-correlated
features, it is clear that their judgments
about the test items differed from those
made by children in the animal condition,
even though both groups had been pre-
sented with the same stimuli in the familiar-
ization phase. Clearly children’s expecta-
tions about the features likely to be relevant
for tools influenced what they learned about
the tool categories.

It should be noted that our experiments
did not take advantage of the structure-
function relations which are likely to be the
best candidates for theory-based correlations
in this domain. Even young children appear
sensitive to correlations between the struc-
ture of an artifact and its function. For exam-
ple, before extending category membership
to new tools and instruments, they consider
whether the structure of the objects makes
it possible for them to serve the relevant
function (Kemler-Nelson et al., 1991). Pre-
schoolers also tend to focus on those attri-
butes or parts that are likely to have func-
tional significance for particular types of
artifacts (see Ward, 1990; Ward et al., 1989).

With our stimuli, there was no single
functional attribute that distinguished be-
tween our two categories. In fact, a single
exemplar typically had more than one func-
tion associated with it. Moreover, we did not
provide structural information to support
these functional attributes. If we had pro-
vided such information, it is likely that chil-
dren would have focused on a theory-based
correlation involving the structure of the tool
and its function.

General Discussion

Concept learning involves more than
simply keeping a running tally of which fea-
tures are associated with which concept. In-

stead, both children and adults selectively
process information based on the kinds of
concepts they are learning. The data we
have presented suggest that children’s theo-
ries play an important role in determining
which attributes will be selected and how
this information will be structured. More
specifically, we have shown that children fo-
cus on feature correlations that fit with their
intuitive theories.

Several researchers have suggested that
children tend to focus on some subset of at-
tributes that are either especially relevant
for the task at hand (Brown, 1990; Kemler
Nelson et al., 1991; Macario, Shipley, & Bill-
man, 1990) or that have proven useful for
learning similar concepts in the past (Jones
et al.,, 1991; Ward et al., 1991). These ac-
counts suggest that different attributes may
be relevant in different domains. For exam-
ple, Macario et al. posit that children may
focus on color when learning about different
types of fruit, which may prove a useful strat-
egy until the child encounters such anoma-
lies as Granny Smith apples. Jones et al.
have further shown that these biases differ
for animate and inanimate objects. Pre-
schoolers attributed animacy to objects that
possess eyes, and they attend more to the
texture of these objects than they do to the
same objects without eyes. Jones et al. be-
lieve this reflects children’s sensitivity to
general “co-relations” that exist between
properties, here, the presence of eyes and
the importance of texture variations. But
given that eyes signal animacy, their find-
ings might also be interpreted as suggesting
domain-specific influences on how the fea-
ture space is sampled (Keil, 1987).

The correlations we focused on in our
studies involved relations among specific at-
tributes. Although past research has consid-
ered whether children are sensitive to multi-
ple attributes (e.g., Ward et al., 1989), these
studies have generally not considered why
children posit links between some attributes
and not others. In the present experiments,
we looked more directly at whether theory-
correlated features have any special status in
children’s concepts. In the first experiment,
we focused on the connection between
physical aspects of the brain and cognitive
functioning as past work suggested that ele-
mentary school children are likely to possess
specific theories relating these attributes.
Despite the fact that these theory-correlated
features were no more likely to co-occur
than other feature pairs during the familiar-
ization phase, children were more likely to




extend category membership to exemplars
that preserved the theory-based correlation
while rejecting exemplars that broke the
theory-based correlation. Items preserving
the theory-based correlation were also
judged to be more representative of the cate-
gory. In the second experiment, we exposed
two groups of children to exactly the same
stimuli, but we told one group that they
would be learning about animals, and the
other that they would be learning about
tools. Consistent with our prediction, chil-
dren were sensitive to those theory-based
correlations that fit with the framework the-
ory we had activated; children included the
theory-correlated items in the category but
excluded items that broke this correlation.
In both experiments, children chose to link
together feature pairs because their theories
suggested a connection between these attri-
butes; children were not bothered by and
probably did not notice that all possible fea-
ture pairs co-occurred equally often in the
familiarization phase. Thus, a statistical cor-
relation between attributes is not critical for
linking attribute pairs, but a causal link or
theoretical basis for the connection may be
necessary. The work on illusory correlations
(e.g., Chapman & Chapman, 1967, 1969;
Crocker, 1981; Wright & Murphy, 1984) sug-
gests that theory-based correlations remain
important even when the relation is contra-
dicted by the statistical evidence.

Our findings are not easily explained by
traditional models of concept learning. In
particular, most simple prototype theories
posit abstraction processes that are insensi-
tive to people’s naive theories of the world.
The influential theory of Rosch and Mervis
(1975), for example, suggests that people
process a concept’s features independently,
keeping a count of how often each feature
occurs with a category. The related models
of Homa, Rhoads, and Chambliss (1979) and
Posner and Keele (1970), which use a who-
listic prototype representation (rather than
a featural representation—see Smith &
Medin, 1981), also fail to predict these ef-
fects. In these models, a prototype is formed
by a global similarity judgment of the cate-
gory members—no influence of world
knowledge is mentioned, and it is hard to
see how it could be incorporated. Finally,
“exemplar” theories of coficepts (Brooks,
1978, 1987; Kossan, 1981; Medin & Schaffer,
1978) have a similar problem. These theo-
ries propose that concepts are represented
merely as remembered exemplars, rather
than as a more abstract representation. Al-
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though exemplars may indeed be important,
they do not include the world knowledge
necessary to detect theory-based correla-
tions. Furthermore, in our experiments, the
features that the children perceived as corre-
lated were not actually correlated in the fa-
miliarization exemplars, which suggests that
the children did not represent the categories
only as exemplars.

In short, major theories of concept learn-
ing do not include the information necessary
to explain how subjects represent correla-
tions. (Murphy & Medin, 1985, discuss this
problem further.) However, we do not wish
to suggest that these theories are completely
wrong or misguided. Most likely, a complete
theory of concept learning will have to in-
clude both a prototype-extraction device,
perhaps one that learns correlation rules in
the absence of external feedback (see Bill-
man & Heit, 1988), and processes that draw
on an individual’s intuitive theories about
the world. Thus, our experiments argue for
the insufficiency of traditional accounts,
rather than their invalidity (see Murphy,
1992, in press). For example, if one con-
ceives of concepts as lists of features (see
Smith & Medin, 1981), our results suggest
that knowledge outside the feature list in-
fluences which features will be selected and
how this list will be structured. Our under-
standing of how this occurs might be ad-
vanced by considering the different ways in
which framework theories and specific theo-
ries might affect this process. Framework
theories, undoubtedly, place some general
constraints on this process; they suggest
which classes of features should be afforded
special status within a domain and also limit
the kinds of mechanisms that can be used
to explain feature correlations. Many of the
explanations for why features are likely to
co-occur, however, are probably better con-
ceptualized as specific theories. They seem
more restrictive in nature and more mallea-
ble than framework theories.

Our findings are also relevant for re-
searchers in semantic and conceptual devel-
opment who are attempting to specify the
constraints that guide the child in acquiring
new concepts. We believe that children’s
theories constrain their concepts by helping

them rule out impossible feature combina-

tions. In making this claim, we should point
out that we are using a weak version of the
term “constraint.”” Children’s theories seem
to bias feature selection and storage, but it
does not appear that theories completely



1614 Child Development

rule out contradictory feature correlations
(e.g., a winged bird that is unable to fly).

Imagine for a moment a child who is
faced with the task of learning about an ob-
ject that embodies a contradictory feature
correlation. In the laboratory, the child is
likely to consider the object nonsensical and
may simply attempt to memorize lists of fea-
tures. Under these conditions, adults can
learn to distinguish categories consisting of
contradictory features, though not as well as
more reasonable categories (Murphy & Wis-
niewski, 1989). However, we have found in
unpublished experiments that elementary
school children simply do not learn contra-
dictory feature lists when taught using the
procedures outlined in the first experiment.
One tempting conclusion to make from this
difference is that children may be more de-
pendent on their world knowledge in learn-
ing new concepts than adults are. However,
even if this were true, it could be due, in
part, to children’s memory limitations
(which make it difficult to memorize arbi-
trary features) or other cognitive differences.
Clearly, more explicit comparisons between
adult and child concept learning are called
for (see, e.g., Kemler Nelson, 1984). But
what happens when the child is confronted
with a real object that embodies a feature
correlation that contradicts his or her current
theories? Confronted with this apparent con-
tradiction, the child may deny or ignore the
feature correlation. Or alternatively, the
child may be motivated to seek out new in-
formation to explain this correlation, and this
may lead the child to modify or qualify his
or her present theories. An important ques-
tion for future research concerns the rela-
tionship between seemingly contradictory
feature correlations and conceptual change.

In exploring the importance of theory-
based correlations, we have found that such
correlations are a central part of concepts
even in newly emerging theoretical do-
mains. This suggests that theory-based cor-
relations may serve a similar function
throughout development. What may change,
however, is the relative importance of spe-
cific feature correlations. It would be inter-
esting to explore this question in domains
such as human reproduction or religion,
where children are likely to have strongly
held, but unique, theories. It may be that the
concepts within these domains change as
the encompassing theories change (Carey,
1985, discusses this possibility). If this is
true, an important question would be
whether it is possible to specify this restruc-

turing of individual concepts by tracing
changes in which features are considered to
be theory-correlated.

Appendix

This animal is found in the mountains. Do you
think it is more likely to:

a. be able to crush rocks

b. be able to cut cactus plants

¢. be covered with thick wool

d. be able to store lots of water

e. none of these answers seems right

This machine needs a lot of nuts. Do you think it
is more likely to:

be helpful for making ice pops

. be helpful for making peanut butter

stay inside all winter

. get wet and sweaty on the outside

. none of these answers seems right

o0 T
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