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Why Children Learn Color and Size Words So Differently:
Evidence From Adults' Learning of Artificial Terms

Catherine M. Sandhofer and Linda B. Smith
Indiana University

An adult simulation study examined why children's learning of color and size terms follow different
developmental patterns, one in which word comprehension precedes success in nonlinguistic matching
tasks versus one in which matching precedes word comprehension. In 4 experiments, adults learned
artificial labels for values on novel dimensions. Training mimicked that characteristic for children
learning either color words or size words. The results suggest that the learning trajectories arise from the
different frames in which different dimensions are trained: Using a comparison (size-like) training
regimen helps learners pick out the relevant dimension, and using a categorization (color-like) training
regimen helps the learner correctly comprehend and produce dimension terms. The results indicate that
the training regimen, not the meanings of the terms or the specific dimensions, determines the pattern of
learning.

The idea that the language we hear determines the thoughts we
have is both profound and, in its usual form, highly contentious.
Are there conceptual distinctions without corresponding linguistic
distinctions? Are human concepts universal? In this article, we
consider a much less contentious but perhaps equally profound
idea—that the language we hear subtly influences the thoughts we
have. Specifically, different ways of talking about concepts may
engage distinct learning processes that in turn lead to different
learning. In this way, language may help to shape both processes
and the outcome of learning. This idea is consistent with findings
from studies of adult category learning that suggest that how
information is structured ultimately determines what is learned
(Lamberts, 1994; Posner & Keele, 1968; Ross, 1997; Schyns,
Goldstone, & Thibault, 1998; Schyns & Rodet, 1997; Tversky,
1977; Waldmann & Holyoak, 1992; Ward & Becker, 1992;
Wattenmaker, Dewey, Murphy, & Medin, 1986; Yamauchi &
Markman, 1998). We propose that these findings about the role of
task structure in adult learning are related to the role of language
in cognitive development. That is, cognitive development may be
influenced by the task structures that emerge in different linguistic
environments.

Our starting point is recent evidence, indicating that children
learn color and size terms in very different ways (Sandhofer &
Smith, 1999). We asked the following: Why are the developmental
patterns different in the two cases? Our results suggest that the
cause is neither specific to the developmentally young nor to these
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particular dimensions. Instead, the different developmental pat-
terns seem to arise from the different ways we talk about colors
and sizes.

Learning Dimensional Adjectives

Dimensional adjectives are the class of words that refer to the
perceptible properties of individual objects—words like little,
blue, wet, and soft. As a class, dimensional adjectives are learned
slowly and errorfully by young children (Carey, 1982; Gasser &
Smith, 1998; Nelson, 1973; L. B. Smith & Sera, 1992).

Children's slow acquisition of color words has been a puzzle for
some time. Early in development, children seem almost incapable
of learning color terms. For instance, in one study Rice (1980)
reported that children required an average of 1,080 trials to learn
the three color terms "red," "green," and "yellow" (see also An-
drick & Tager-Flusberg, 1986). Children's early difficulties with
color words seem so profound, that Charles Darwin actually spec-
ulated that children are initially color blind (Darwin, 1877). Other
work has shown that children in the early stages of learning often
use individual color words such as "red" or "blue" but without
apparently mapping them to the appropriate color categories. That
is, although young children answer the question "What color is it?"
with a color term, the color terms they provide seem to be ran-
domly chosen and unrelated to the property in question (Back-
scheider & Shatz, 1993; Bartlett, 1978; Cruse, 1977; Istomina,
1963; Landau & Gleitman, 1985; Sandhofer & Smith, 1999). This
could mean that children first understand that color words refer to
color without knowing how color words map to specific color
categories (Carey, 1982). Alternatively, at this early stage, children
might only know that words such as "red" or "blue" are appropri-
ate answers to "What color is this?" without knowing why. This
second idea—that children answer questions about color with
color words because of mere linguistic associations and not con-
ceptual knowledge—is supported by the fact that children who are
blind from birth and thus have no direct experience of colors also
answer these questions in the very same way (see Landau &
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Gleitman, 1985; see also Shepard & Cooper, 1992, for evidence
for this idea in a blind child). In sum, the developmental progress
in learning color words seems to move from learning about words
to learning about the properties to which those words refer. Indeed
Soja (1994) suggested that early in color-word learning, children
do not realize that colors are nameable properties.

Children also acquire size terms slowly, but the pattern is very
different from that in the case of color. "Big" and "little" are
among the first dimension terms used productively, and at a global
level they are used correctly from quite early. Specifically, chil-
dren use "big" to talk about big things and "little" to talk about
little things, and in some experimental studies children as young
as 2 years have performed perfectly in tasks that assess compre-
hension of the size terms "big" and "little" (Carey, 1982). How-
ever, by other measures, size words are not fully understood until
around 5 years of age. Even in the late preschool years, children
seem to treat size words as category terms instead of relative terms,
and the understanding of size terms as comparisons along a con-
tinuum is late (Clark, 1970; L. B. Smith & Sera, 1992). The
tendency to use these terms categorically also is evident in chil-
dren's resistance to shifting standards. Once an object is labeled
big, for example, children have difficulty acknowledging that it is
smaller than some other objects even when the size difference is
considerable (Gitterman & Johnston, 1983; Sera & Smith, 1987).
Thus, in the case of size terms, children seem to first realize that
sizes are nameable properties and then slowly work out the intri-
cacies of how these terms are used relationally.

The Phenomenon

In this article, we focused on a specific difference between size-
and color-word learning, reported by Sandhofer and Smith (1999).
In a 6-month longitudinal study, Sandhofer and Smith followed
children's acquisition of color and size terms, using three mea-

sures: (a) correct responding in a comprehension test, (b) linguistic
associations between questions like "What color/size is it?" and
specific property terms, and (c) matching by the dimension in a
nonlinguistic task. The results of the study suggest that there is a
typical order of success on the three measures. However, the
characteristic order for color acquisition is different than the char-
acteristic order for size acquisition. Figure 1 shows the mean age
at which children succeeded in each of the three component
measures for color and size.

In learning color words, children appear to first learn associa-
tions among color words. That is, they can answer the question
"What color is this?" with a color term (albeit not necessarily a
correct term). Next, children appear to succeed in comprehension
tasks that ask them to pick out objects of specific named colors, for
example, "Show me the red one." Finally, and often a long time
into this already protracted developmental course, children suc-
cessfully match objects (that differ on other properties) by color in
nonlinguistic tasks. This seems paradoxical in that it suggests that
selective attention to color, as evidenced by success on the match-
ing trials, is not a prerequisite for learning color names, but rather
it developmentally follows the learning of color names.

In contrast, most children first succeeded on the size task that
required matching objects. That is, before they knew size words
well, children selectively attended to size in a nonlinguistic task
and matched objects that differed in other ways by size. Shortly
after, children reliably picked the bigger of two objects when asked
to select the "big" one and the smaller of two objects when asked
to select the "little" one. It is only very late in the acquisition
process that children make linguistic associations between the
word "size" and specific size words by answering with a size term
when the experimenter pointed to one object and asked (in an
analogous way to the most common question children are asked
about color), "What size is this?"

24
color size

Figure 1. Mean age of acquisition in the three measures of color and size knowledge (data are from Sandhofer
& Smith, 1999). assoc. = association.
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The present study specifically seeks to explain the contrast
between performance on the word-comprehension task and the
nonlinguistic matching task. The literature on children's acquisi-
tion of dimensional terms is replete with comparisons of children's
performances in language comprehension tasks and nonlinguistic
matching tasks. The theoretical questions behind these compari-
sons concern the independence or interactions between language
learning and perceptual development. Is children's learning of
dimension terms simply a matter of mapping words to already
available percepts or does language learning help construct dimen-
sional knowledge? Findings that children can match by a dimen-
sion in a nonlinguistic task prior to being able to label that
dimension or its properties have been interpreted as evidence that
children possess a conceptual representation of the dimension, but
they have difficulties mapping words to this representation (Mark-
man, 1989; Soja, 1994; Waxman & Gelman, 1986). In contrast,
findings that children can label a dimension or its properties prior
to being able to match by that dimension have been interpreted as
evidence that children are unable to selectively attend to the
dimension without verbal mediation (Kendler & Kendler, 1961) or
even that the process of learning the dimension labels constructs
the dimensional concepts (L. B. Smith, Gasser, & Sandhofer,
1997). By these interpretations, the different developmental tra-
jectories that characterize color and size learning—words before
matching or matching before words—implicate very different
roles for language. In the case of color, word learning seems to
drive abstraction of the dimension; in the case of size, words seem
to map onto an existing conceptual structure. The results we
present from the adult simulation studies challenge these
interpretations.

Possible Sources of Difference:
Language and Task Structure

There are many differences between color and size that could
lead to the different learning trajectories: (a) differences in the
meanings of the terms (e.g., color terms refer to categories [i.e., a
red object is red in all contexts], whereas size terms refer to
relations [i.e., a big object is big in some comparison contexts and
little in others]; Clark, 1970; Gleitman & Wanner, 1988; Martin,
1969; Vendler, 1968); (b) differences in the ways the dimensions
are perceived by the sensory system (Adams, 1989; Brown &
Teller, 1989; Heider, 1971; Slater & Johnson, 1998); (c) differ-
ences in the numbers of common color and size terms (Park,
Tsukagoshi, & Landau, 1985); and (d) differences in the way the
dimensions are commonly talked about (taught) by caregivers. In
this article, we concentrated on this last difference, on the effect of
the different ways that color and size are commonly presented in
speech to children.

Different frames for talking about color and size are pervasive in
the input to children (Sandhofer, 2001). Table 1 summarizes these
differences in the ways colors and sizes are talked about. Color
words are taught by presenting a single object and asking "What
color is this?" This type of input emphasizes color words as
category labels. It also teaches children that questions about color
demand an answer from a circumscribed set. Notice that these
queries essentially constitute a production task based on a single
object. In contrast, size words are taught by presenting multiple
objects and asking for example, "Where's the big one?" This type

Table 1
Three Differences in Task Structure and Meaning
in Color and Size Learning

Dimension

Color Size

Categorical
Production
Single object

Relational
Comprehension
Comparison among multiple objects

of input encourages children to compare items in a set and select
the one that best fits the provided label. We suspect that no one
ever points to a single object and asks the child (as they do in the
case of color) "What size is this?" Instead, parental queries about
size constitute a comprehension task that emphasizes comparisons
among multiple objects.

Could these differences in the ways colors and sizes are talked
about and taught to young children create the different develop-
mental trajectories? They are certainly consistent with the early
acquisition of linguistic associations between the question "What
color is this?" and the set of color words, relative to that between
the question "What size is this?" and the set of size words. Could
these differences also lead to color-word knowledge that precedes
attention to similarities and differences in color but attention to
similarities and differences in size that precede size-word
learning?

In the reported experiments, we sought to disentangle the po-
tentially independent contributions of task structure (i.e., type of
training and number of objects referred to) and meaning (i.e.,
categorical vs. relational). If either the structure of the learning
task or the meanings of the terms are critical—not the develop-
mental level of the learner and not the particular sensory and
perceptual dimension—then we should be able to experimentally
create the two different learning trajectories in adults, by teaching
them in different ways: color-like meanings in a color-like pro-
duction task or size-like meanings in a size-like comprehension
task.

Current Experimental Issues

The present experiments were designed to test the hypothesis
that different task structures are instrumental in creating either a
learning pattern in which selective attention to the dimension
precedes lexical learning or a learning pattern in which lexical
learning precedes selective attention to the dimension. To test this
idea, we conducted a human simulation experiment, using college
undergraduates as the experimental population (see Gillette,
Gleitman, Gleitman, & Lederer, 1999, for a discussion of using
humans as a simulation device). We chose adults as our experi-
mental population to eliminate the possibility that the learning
trajectories observed in children were because of maturational or
conceptual limitations (Bornstein, 1985).

We also addressed the possibility that the developmental pat-
terns are dimension specific, that is, the learning trajectory chil-
dren commonly exhibit when learning color words is a product of
learning about color stimuli and the learning trajectory children
exhibit when learning about size is a product of learning about size
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stimuli. We did so by presenting participants with novel stimuli. In
the first two experiments, we presented participants with the same
novel dimensions in two different training conditions: one that
simulates the production task structure and categorical meaning of
color terms and one that simulates the comprehension task struc-
ture and relational meanings of size terms.

In each experiment, the adult participants were taught six novel
adjectives that refer to categories or relations on two dimensions.
Participants learned about two dimensions simultaneously because
children commonly learn multiple sets of dimensional terms at the
same time in their natural environments. For example, given a
picture of a big yellow duck and a small green car, children may
be asked "What color is that?", "Where's the little one?", and
"Which one is soft?" all within a brief period of time. Children
must learn to switch attention between relevant features to cor-
rectly learn the words, and thus we asked adults to solve this same
learning problem.

In Study 1, participants learned novel words that refer to values
on the integral dimensions of brightness and saturation. Integral
dimensions are those that are difficult even for adults to perceive
independently (Garner, 1974). Such dimensions arguably provide
a better analogue to children's learning about color and size,
because children generally cannot selectively attend to one dimen-
sion (L. B. Smith, 1989). In Study 2, the same procedure was used
except that participants were taught names that referred to catego-
ries and relations on the separable dimensions of brightness and
angle degree. Because these dimensions can be perceived inde-
pendently, they should be separable for adults. In Studies 3 and 4,
we examined the relative contributions of categorical versus rela-
tional meaning and production versus comprehension task
structure.

Study 1

In Study 1, half of the participants were presented with a
learning task designed to be analogous to color learning: On each
trial, dimension terms with categorical meaning were taught in a
production task in which participant attention was focused on one
object. We called this training Condition C (for color). The other
half were presented with a learning task designed to be analogous
to size learning: Dimensional terms with relational meanings were
taught in a comprehension task in which participants had to com-
pare objects to make a choice. We called this training Condition S
(for size). In both cases, participants learned words that map to
values or relations on the integral dimensions of brightness (value)
and saturation (chroma). Figure 2 illustrates the training procedure
used in the two conditions. In Condition C, a linguistic context
analogous to that used when children are taught colors ("What
color is that?") was used to train the novel dimensions. On each
trial, three stimulus items were presented, and the experimenter
pointed to one and asked for example "What chroma is this?" The
participant's task was to provide the experimental name (e.g.,
"dax") and feedback was provided. Moreover, each of the to-be-
learned words refer to categories of fixed values on one dimension.

The training procedure in Condition S was different and de-
signed to be analogous to children's experiences in learning size
words. Thus, in Condition S, the linguistic context commonly
presented in learning size words ("Where's the big one?") was
used. On each trial, three stimulus items were presented, and the
experimenter asked for example "Where's the dax one?" More-
over, in Condition S the to-be-learned words referred to the direc-
tion of difference on one dimension. That is, the same saturation
value was not always "the rif one," because rif referred to the least
saturated value of those presented.

Stimulus Array Question Correct Response

•a
o
U

What value is it? "melgy"

What chroma is it? "rif

"0

O
o

Where's the melgy one? point to middle card

Where's the rif one? point to middle card

Figure 2. Illustration of the two training conditions used in Studies 1, 2, 3, and 4. C = color; S = size.
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Thus, in Experiment 1 Just as in children's experiences learning

color and size words, there were many training differences. Con-

dition C used a linguistic cue ("What chroma/value is it?") to

signal the relevant dimension; the task is a production task; and the

terms map to categories. Condition S, in contrast, used only the six

property terms themselves, no label that signals the dimension; the

task is a comprehension task; and the terms refer to relations

among the levels presented on the queried dimension. Thus, the

results of this experiment cannot tell us which of these factors

matter, but they addressed what we see as the prior question: If we

teach adults dimensional terms in a color-like way, does their

progress in learning mimic the developmental trend in learning

color words? If we teach adults dimensional terms in a size-like

way, does their progress in learning mimic the developmental

trend in learning size words? More specifically, does Condition C

result in the late acquisition of matching objects on the trained

dimension, whereas Condition S results in the early acquisition of

matching objects on the trained dimension?

Method

Participants

Twenty-eight native English-speaking undergraduates from Indiana Uni-
versity participated in this experiment in partial fulfillment of introductory
psychology course requirements. In each condition, half of the participants
were female and half were male. Each participated in four 1-hr sessions.

Materials and Design

One-by-one-inch squares of Munsell 10R hue paper and 1 x 2-in.
pentagons of Munsell 10B hue paper were pasted in the center of 3 X 5-in.
index cards. For both Munsell hues, the values (brightness) presented to
participants consisted of all available values between 3 and 8 and the

chromas (saturation) consisted of all available chromas between 1 and 10.
The stimuli thus formed a 2 x 6 x 6 matrix, with each hue combined with
every available brightness level and every available saturation level.

In both conditions, the participants were required to learn words that
referred to categories or relations among brightnesses and saturations.
However, to make the selective attention task more difficult and more like
that encountered by children, variation on two additional irrelevant dimen-
sions, hue and shape, was added. Specifically, the chromas and values were
realized as red (10R) squares or blue (10B) pentagons.

In Condition C, the three categories on each dimension were defined by
fixed levels. For value (brightness), they were low brightness (values 3 and
4), medium brightness (values 5 and 6), and high brightness (values 7 and
8). For chroma (saturation), they were low saturation (chromas 1 and 2),
medium saturation (chromas 4 and 6), and high saturation (chromas 8 and
10). The particular verbal tokens assigned as the label for each category
(dax, wug, melgy, zup, slee, rif) were randomly assigned. In Condition C,
participants were presented with three stimulus cards on each trial, but only
one was pointed to and participants were asked to label the one card to
which the experimenter pointed. Figure 3 (left panel) specifies the mapping
of labels to stimulus categories in Condition C. Note, nine unique catego-
ries are defined by the conjunction of two category labels, one referring to
the attributes on one dimension and the other referring to attributes on the
other dimension. However, each value-chroma combination spans eight
unique combinations of hue, saturation, and brightness values; for example,
the combination "rif/wug" encompasses the eight hue-value-chroma com-
binations of (in Munsell notation) 1 OR 3,1; 10R 3,2; 1 OR 4,1; 10R 4,2;
10B 3,1; 10B 3,2; 10B 4,1; and 10B 4,2.

In Condition S, three relations were defined on each dimension: lowest
level present, the medium level present, and highest level present. Figure 3
(right panel) specifies the mapping of labels to stimulus relations in
Condition S. Three words referred to these relations on the value dimension
and three referred to relations on the chroma dimension. For example, of
the three cards simultaneously presented, the card with the lowest bright-
ness was labeled "wug," the card with the medium brightness was labeled
"dax," the card with the highest brightness was labeled "melgy." However,

Categorical Meaning
(Condition C)

Relational Meaning
(Condition S)

Value
3 or 4 = "wug" 5 or 6 = "dax" 7 or 8 = "melgy"

«J ^

I
o

'_C

I I

o

\

"S

=0.

II
o

S
00

Value = wug
Chroma = rif

Value = wug
Chroma = slee

Value = wug
Chroma = zup

Value = dax
Chroma = rif

Value = dax
Chroma = slee

Value = dax
Chroma = zup

Value = melgy
Chroma = rif

Value = melgy
Chroma = slee

Value = melgy
Chroma = zup

o

O

Value
lowest = "wug" medium = "dax" highest = "melgy"

C-.

1!
t*

_0

~<u
JU

I!

•3
O)

"h.
3
N

II
t/5
0)

•S)
Ic

Value = wug
Chroma = rif

Value = wug
Chroma = slee

Value = wug
Chroma = zup

Value = dax
Chroma = rif

Value = dax
Chroma = slee

Value = dax
Chroma = zup

Value = melgy
Chroma = rif

Value = melgy
Chroma = slee

Value = melgy
Chroma = zup

Figure 3. The mappings of labels to stimulus categories in Study 1. C = color; S = size.



WHY CHILDREN LEARN COLOR AND SIZE DIFFERENTLY 605

the specific brightness that was low, medium, or high varied across trials.
Analogously, the card with the lowest saturation was labeled "rif," the card
with the medium saturation was labeled "slee," and the card with the
highest saturation was labeled "zup." However, the specific saturations that
were low, medium, or high varied across trials. During training, the three
cards that were presented on every trial were arranged so that each
available value and chroma were presented equally often as the lowest,
medium, and highest of the three cards. However, in some instances certain
cards could not be presented in all three relational positions across trials.
For example, values of 10 (the highest available brightness) were never
presented as the low or medium brightness of the three cards. Participants
were presented with three cards simultaneously and asked to select one as
the correct answer.

In both conditions, participants were presented with 63 training trials at
each session—seven trials from each of the nine possible value-chroma
label combinations (wug-rif, wug-slee, wug-zup, dax-rif, dax-slee, dax-
zup, melgy-rif, melgy-slee, melgy-zup). In both conditions nine cards, one
randomly chosen from each of the value-chroma label combinations of
Condition C were reserved for the testing portions of the experiment, and
participants were not trained to name these nine unique combinations of
value, chroma hue, and shape. In instances where a value-chroma com-
bination was not available from Munsell (e.g., the combination of value 8
and chroma 10 in 1 OR hue was not available), a randomly selected stimulus
from that value-chroma label combination was used twice. This occurred
in six cases: three in the 10R hue and three in the 10B hue. The order of
the test trials was randomly determined.

Procedure

Participants were trained and then tested once each day for 4 consecutive
days. Each participant was tested individually by an experimenter. Partic-
ipants were told that we were interested in learning how well they could
learn new words when they were taught to learn words by hearing multiple
examples named, as a toddler learns words. At every session, participants
completed a training session followed by a testing session. Table 2 shows
the sequence of events over the course of the experiment. In addition,
participants completed a nonverbal matching pretest at the beginning of the
first session.

Table 2
Sequence of Procedures in Experiments 1-4

Session no. and test

1
Pretest
Training Session 1
Production
Comprehension
Matching

2
Training Session 2
Production
Comprehension
Matching

3
Training Session 3
Production
Comprehension
Matching

4
Training Session 4
Production
Comprehension
Matching

No. of trials

4
63
4
4
4

63
4
4
4

63
4
4
4

63
4
4
4

Training

During each trial of Condition C, three cards were placed in front of the
participant. The center card was pointed to by the experimenter and the
participant was asked either "What value is this?" or "What chroma is
this?" If the participant answered correctly the experimenter responded
"You're right. That value is wug." If the participant answered incorrectly
the experimenter responded "No. That value is wug."

During each trial of Condition S, three cards were placed in front of the
participant and the participant was asked to, for example, "Show me the
wug one." If the participant selected the correct card the experimenter
responded "You're right. That's the wug one." If the participant selected
the incorrect card the experimenter responded "No. This is the wug one,"
and pointed to the correct card.

Testing

One issue in designing this study is how to test and properly compare the
performance of the two groups given that they were trained in very
different ways, one group with production training and one group with
comprehension training. One possibility is to compare the two groups'
knowledge of specific words by comparing performance in a task of the
type they were trained with, such that the participants trained with com-
prehension training would be given a comprehension word test and the
participants trained with production training would be given a production
word test. This seems inappropriate because the two types of tests them-
selves are not comparable and might yield different performance levels
despite similar underlying knowledge. Accordingly, our solution was to
compare performance on the same type of test for both groups. We chose
to use a comprehension test because we reasoned that participants trained
with both comprehension training and production training would be able to
demonstrate word knowledge in a comprehension format, whereas partic-
ipants in a comprehension-training group would experience difficulty with
a production test. However, given the possibility that participants trained
with a production-training regimen would only perform well on the pro-
duction test, we also included this test, and to ensure equal testing for both
groups, we included a production test both for participants in Condition C
and Condition S. Given both groups' greater success on the comprehension
test rather than the production test, we do not analyze the results of the
production test in any great detail.

Table 2 shows the sequence in which each test was presented at each
session. During each session of the four sessions of the experiment,
participants completed a dimension production test, followed by a dimen-
sion comprehension test, and finally a nonverbal matching test. Participants
were not given feedback during the testing sessions.

Production test. Participants completed four production test trials. The
production test was identical to the training trials in Condition C. Three
cards were placed in front of the participant. The center card was pointed
to by the experimenter, and the participant was asked either "What value
is this?" or "What chroma is this?" The production test trials were identical
for both Condition C and Condition S; however, the way in which the
correct answer was determined was dependent on the training condition—
categorically scored for Condition C and relationally scored for Condition
S. Whether an answer was correct or incorrect was used for scoring
purposes only—participants were not given feedback on the test. The
adjectives selected to be queried in a session and the stimuli presented were
randomly determined for each session. Two of the stimuli were untrained,
that is, they had not been presented in training, and two were training
stimuli, that is, they had been presented in training.

Comprehension test. Participants completed four comprehension test
trials. The comprehension test was identical to the Condition S training
trials. Three cards were placed in front of the participant, and the partici-
pant was asked to, for example, "Show me the wug one." The compre-
hension test trials were identical for both Condition C and Condition S. The
adjectives queried in a session and stimuli presented were randomly
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determined. Participants were not provided with feedback on the test. Two
of the stimuli were untrained, that is, they had not been presented in
training, and two were training stimuli, that is, they had been presented in
training.

Nonverbal matching test. The logic behind the nonverbal matching
task was to present participants with a task that would require them to
selectively attend to the relevant dimension but would not require dimen-
sional language. In the matching trials the experimenter first laid out one
row of three stimuli cards before the participant. The cards varied in shape,
hue, brightness, and saturation. The experimenter then laid out a second
row of three stimuli cards that also varied in shape, hue, brightness, and
saturation and indicated that the center card in the first row matched the
center card in the second row. Table 3 shows one example of the matching
test for the two conditions. For the participants in Condition C, the two
exemplars matched by being either the identical value or the identical
chroma. For participants in Condition S the two exemplars matched by
being, for example, both the darkest in their respective sets of three. The
participant was then given three choice cards and asked to find the one that
matched these two center exemplars in the same way. In Condition C, one
of the choice cards matched the exemplars by having either the identical
value or identical chroma. In Condition S, one of the choice cards matched
the exemplars by being, for example, also the darkest of the three choice
cards. At each test session, participants completed four of these matching
test trials. Two of the stimuli were untrained, that is, they had not been
presented in training, and two were training stimuli, that is, they had been
presented in training.

Pretest. The pretest given at the beginning of the first session was
identical to the nonverbal matching test.

Results

Pretest

The pretest results showed that participants in the two training
conditions could not match brightnesses and saturations prior to
training. More specifically, when presented with two exemplars
that matched in brightness or saturation, participants in Condition
C were, prior to training, unable to select a third object of the same
value, choosing the matching object on average 43% of the time,
which did not differ from chance. Similarly, when presented with
two relationally specified examples (e.g., each the lightest in their
respective sets of three), participants in Condition S were unable to
select the target value that stood in the same relation within its set,
choosing the relational match 36% of the time, which also did not
differ from chance. These chance level performances in the match-
ing pretest tell us that the categorical and relational matches on
these two dimensions are not immediately obvious to participants.

Training

Before turning to the main question, we examined participants'
choices during the training trials. The mean proportion correct for
the four training trials is listed in the Appendix. We asked how
well participants learned the property terms in the two training
conditions by examining the proportions of correct responses. A 2
(training condition) X 2 (dimension: value-chroma) X 4 (session)
analysis of variance (ANOVA) yielded a main effect of dimension,
F(l, 26) = 20.03, p < .01, a main effect of session, F(3,
24) = 23.539, p < .01, but no main effect of condition. The
ANOVA also yielded a significant interaction of Session X Di-
mension, F(3, 24) = 6.778, p < .01. Overall, as illustrated in
Figure 4, participants tended to learn values before chromas but
learned the dimension words approximately equally well in both
conditions.

In Condition C, participants also had the opportunity to learn
associations between the names for the dimensions—value and
chroma—and the property terms. The evidence suggests they did
so readily. Just as young children rapidly learn to answer the
question "What color is it?" with a color word (even when they
cannot map names to colors) adults also rapidly learned to answer
the question "What chroma is it?" with one of the chroma terms
and the question "What value is it?" with one of the value terms
(even though they often selected the wrong term early in training).
Indeed, during the first training session, adults answered chroma
questions by supplying chroma property labels and answered value
questions by providing value property labels on 82% of training
trials. By the end of Session 1, participants in Condition C knew
which three of the six terms were chroma terms and which were
value terms.

Testing

We first report performance on the tests at the end of learning.
Because participants in Condition S had never been exposed to the
words value and chroma in the production question "What value/
chroma is this?", participants in Condition S performed consider-
ably worse on the production test than participants in Condition C
(16% correct vs. 61% correct). We do not consider the production
test results any further.

Table 4 shows the proportions correct on the comprehension and
matching trials of the fourth and final test for both Condition C and
Condition S. A 2 (condition) X 2 (test type—comprehension-
matching) ANOVA of performance revealed no main effects but a

Table 3
Example of Matching Trials

Exemplars

Condition

Color
Value
Chroma

Size
Value
Chroma

Exemplar 1

7
8

Lightest
Most saturated

Exemplar 2

7
1

Lightest
Least saturated

Correct

7
4

Lightest
Midsaturated

Choice cards

Incorrect

3
8

Darkest
Most saturated

Incorrect

5
1

Midbrightness
Least saturated
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Figure 4. Mean proportion of correct value and chroma responses during the training trials for Condition Color
(C) and Condition Size (S) in Study 1.

significant interaction between test type and condition, F(\,
26) = 19.48, p < .01. Thus, although participants in Condition S
were trained by using the exact same procedure as the compre-
hension trials and participants in Condition C were trained by
using a different procedure than the comprehension trials, it was
the participants in Condition C who performed best on the com-
prehension testing trials, whereas participants in Condition S per-
formed best on the matching test trials. Color-like training yields
word comprehension before matching, whereas size-like training
yields matching before word comprehension. This replicates in
artificial adult learning what Sandhofer and Smith (1999) observed
in the natural course of English-speaking children's learning of
color and size words.

We next analyzed adult test performance in the same way that
Sandhofer and Smith (1999) analyzed children's performance in
their 6-month longitudinal study, by calculating the session of

Table 4
Mean Proportion Correct for Session 4 Tests in Studies 1-4

Condition C:
Experiment and test Production training

Study 1
Comprehension
Matching

Study 2
Comprehension
Matching

Study 3
Comprehension
Matching

Study 4
Comprehension
Matching

.68

.41

.91

.75

.71

.43

.66

.45

Condition S:
Comprehension training

.52

.70

.47

.61

.41

.66

.51

.66

Note. C = color; S = size.

"acquisition." We defined the session of acquisition as the session
in which participants responded correctly on 75% of trials with no
requirement that participants maintain that level in subsequent
sessions. When participants did not exceed 75% performance on
any of the four sessions, we conservatively credited them with
achieving 75% performance on a projected fifth session. The
session of acquisition was calculated separately for two tasks:
comprehension and matching. Figure 5 shows the mean session of
acquisition for the comprehension and matching trials in the two
training conditions. An ANOVA conducted on the session of
acquisition for test type (comprehension or matching), and training
condition revealed a significant interaction between test type and
training condition, F(\, 26) = 27.30, p < .01, but no main effects.
Thus, as indicated in Figure 5, the acquisition pattern of the
comprehension and matching tests suggest that when trained in
Condition C participants first learned individual words and then
learned to match by the dimension; however, in Condition S
participants first learned to match the dimensions and then were
able to map words onto specific properties. Note that it is not the
case that participants were merely delayed in learning words or
abstracting dimensions in one condition but the pattern of re-
sponses is reversed for both the comprehension and matching tests
in the two conditions. A production-training condition that empha-
sizes learning words that refer to categories is easier than (and does
not promote as well) matching objects by categorical properties,
but a comprehension-training condition that emphasizes learning
words that refer to relations is harder than (but promotes) relation-
ally matching objects. Thus, the learning trajectories for partici-
pants in Condition C resemble the trajectories of children learning
color words, and the learning trajectories for participants in Con-
dition S resemble children learning size words.

Although seldom occurring, some participants occasionally
backtracked, that is met the criteria for acquisition at Session 3 but
then did not meet criteria at Session 4, when acquiring the dimen-
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1-

Condition C Condition S

Figure 5. Mean session of acquisition in the comprehension and matching trials in Study 1. C = color; S =
size.

sion words. Thus we also analyzed the participants' pattern of
responses in terms of the overall correct responses. An ANOVA
conducted on the test scores for test type (comprehension or
matching) and training condition revealed a main effect of condi-
tion, F(\, 14) = 13.54, p < .01. The ANOVA also revealed a
significant interaction between test type and training condition,
F(l, 110) = 9.62, p < .01, but no main effect of test type. These
results suggest participants in Condition C not only learned the
dimension words before they learned to match by the dimensions,
they were also more often correct in comprehending the words
than in matching by the dimensions; and, participants in Condition
S not only learned to abstract the dimension words before they
learned the dimension words, they were also more often correct in
matching the dimensions than in comprehending the dimension
words.

Discussion

The question addressed in the first experiment was whether we
could create the learning trajectories children commonly exhibit
when learning color words by training adults to name categorically
arranged values, using a category labeling procedure (Condition
C), and the learning trajectories children commonly exhibit when
learning size words by training participants to name relationally
dependent property terms, using a stimulus selection procedure
(Condition S). We succeeded in producing both sets of patterns.
These results suggest that the different task demands involved in
learning about dimension words, such as those for color and size,
and/or the categorical-relational meaning of the dimensions are
somehow responsible for creating the different developmental
patterns. However, it is unclear from these results whether the
training procedures, the categorical or relational nature of what is
to be learned, or the interaction of the two is responsible for these
learning trajectories. Studies 3 and 4 address these issues. How-

ever, before turning to these issues, in Study 2 we replicated
Study 1 with a different combination of dimensions. We asked
whether we can create the same learning trajectories when partic-
ipants are trained with perceptually different stimuli. Thus, we
asked whether the learning trajectories observed in Study 1 were
due to the training procedures or the semantic and perceptual
properties of the to-be-learned stimuli.

Study 2

In Study 2, we replicated the design and procedures of
Study 1 but trained participants on the separable dimensions of
brightness and angle degree. In this way, we addressed the issue
of whether the particular perceptual dimensions to which words
are mapped play a role in determining the learning trajectories.
We selected the separable (by Garner's, 1974, criteria) dimen-
sions of brightness and angle degree because the combination of
these two dimensions presents participants with very different
perceptual information than the integral combination of bright-
ness and saturation used in Study 1. If the learning trajectories
in Study 2 show the same patterns of acquisition as in Study 1,
learning the dimension names before abstracting the dimension
in the color-simulation condition and abstracting the dimension
before learning the dimension names in the size-simulation
condition, then the pattern of acquisition would suggest that the
task structure and/or the categorical versus relational meanings
of the terms strongly influence the course of learning. However,
if the learning trajectories present a different pattern of acqui-
sition than seen in Study 1, then it would suggest that the
sensory and perceptual properties of specific dimensions, such
as the relative ease of selective attention prior to training,
matter in producing the different acquisition patterns.
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Method

Participants

Twenty-eight native English-speaking undergraduates from Indiana Uni-
versity participated in this experiment in partial fulfillment of introductory
psychology course requirements. In each condition, half of the participants
were female and half were male. Each participated in four 1-hr sessions.

Materials and Design

Stimuli consisted of 1 X 1-in. squares of Coloraid gray paper pasted on
a 3 x 5-in. index card with a red smiling face stamped in the lower right
comer or of 1 x 2-in. pentagons of Coloraid gray paper pasted on a 3 x
5-in. index card with a blue frowning face stamped in the lower right
corner. For both the Coloraid squares and the pentagons, the brightness of
the gray shapes presented to participants ranged from 1 to 6 (Coloraid
notation). Additionally, an angle was constructed with two thin strips of
green paper and affixed to the top of each shape. The angles were either
25°, 55°, 85°, 115°, 145°, or 175°. The stimuli thus formed a 2 X 6 X 6
matrix, with each shape-face combined with every available brightness
level and every angle degree. Figure 6 shows one combination of attributes.

In both conditions, the participants were required to leam words that
referred to categories of or relations among brightnesses and angle degrees.
In Condition C, these dimensions were referred to as value and chroma, as
in Experiment 1. The shapes and the smiling or frowning faces were added
as in Experiment 1, to make the selective attention task more difficult and
more like that encountered by children. Variation on shape and face were
irrelevant to the learning task.

In Condition C, the three categories on each dimension were defined by
fixed levels. For brightness, they were low brightness (levels 5 and 6),
medium brightness (levels 3 and 4), and high brightness (levels 1 and 2).
For angle degree, they were small angles (25° and 55°), medium angles
(85° and 115°), and large angles (145° and 175°). The particular verbal
tokens assigned as the label for each category (dax, wug, melgy, zup, slee,
rif) were randomly assigned. In Condition C, participants were presented
with three stimulus cards on each trial, but only one was pointed to, and
participants were asked to label the one card to which the experimenter
pointed. Figure 7 (left) specifies the mapping of labels to stimulus cate-
gories in Condition C. Note, nine unique categories are defined by the
conjunction of category labels. However, each value-chroma combination
spans eight unique combinations of face-shape, angle degree, and bright-
ness values. For example, the combination rif-wug encompasses the eight

face-angle degree-brightness combinations of Smile/25°/l, Smile/25°/2,
Smile/5571, Smile/5572, Frown/2571, Frown/2572, Frown/5571, and
Frown/5572.

In Condition S, three relations were defined on each dimension: lowest
level present, medium level present, and highest level present. Figure 7
(right) specifies the mapping of labels to stimulus relations in Condition S.
Three words referred to these relations on the brightness dimension and
three referred to relations on the angle-degree dimension. For example, of
the three cards simultaneously presented, the card with the lowest bright-
ness was labeled "wug," the card with the medium brightness was labeled
"dax," and the card with the highest brightness was labeled "melgy."
However, the specific brightness that was low, medium, or high varied
across trials. Analogously, the card with the lowest angle degree was
labeled "rif," the card with the medium angle degree was labeled "slee,"
and the card with the highest angle degree was labeled "zup." However, the
specific angles that were low, medium, or high varied across trials. During
training, the three cards that were presented on every trial were arranged so
that each available brightness and angle degree were presented equally
often as the lowest, medium, and highest of the three cards. However, in
some instances certain cards could not be presented in all three relational
positions across trials. For example, values of 1 (the highest available
brightness) were never presented as the low or medium brightness of the
three cards. Participants were presented with three cards simultaneously
and asked to select one as the correct answer.

In both conditions, participants were presented with 63 training trials at
each session—seven trials from each of the nine possible brightness-angle
degree label combinations (wug-rif, wug-slee, wug-zup, dax-rif, dax-
slee, dax-zup, melgy-rif, melgy-slee, melgy-zup). In both conditions, nine
cards, one randomly chosen from each of the brightness-angle degree label
combinations of Condition C, were reserved for the testing portions of the
experiment, and participants were not trained to name these nine stimuli.
The order of the test trials was randomly determined.

Procedure

The procedure was identical to Study 1.

Results

Pretest

When presented with two exemplars that matched in brightness
or angle degree, participants in Condition C were, prior to training,

Figure 6. Example of stimuli presented in Study 2.
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Categorical Meaning
(Condition C)

Value/Brightness
1 or 2 = "wug" 3 or 4 = "dax" 5 or 6 = "melgy"
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Figure 7. The mappings of labels to stimulus categories in Study 2. C = color; S = size.

able to select a third object that contained the same value, choosing
the matching object on average, 54% of the time, a pattern that
differed reliably from chance (chance = 33%), f(13) = 2.38, p <
.05. However, when presented with two relationally specified
examples (e.g., the lightest in their respective sets of three), par-
ticipants in Condition S were unable to select the choice object that
stood for the same relation within its set, choosing the relational
match 26% of the time, a pattern that did not differ reliably from
chance. This pattern of results tells us that without language
training, the categorical matches are more obvious to participants
than the relational matches.

Training

We asked how well participants learned the property terms in
the two training conditions by examining the proportions of correct
responses. A 2 (training condition) X 2 (dimension: brightness-
angle degree) X 4 (session) ANOVA yielded a main effect of
dimension, F( 1, 26) = 8.08, p < .01, and a main effect of session,
F(3, 24) = 6.30, p < .01, but no main effect of condition. The
ANOVA also yielded significant interactions of Session X Con-
dition, F(3, 24) = 11.20, p < .01, and Session X Dimension X
Condition, F(3, 24) = 14.86, p < .01. Participants tended to learn
about brightness before angle degrees, and they learned the dimen-
sion terms as a whole faster in Condition C than in Condition S.
Overall, participants' patterns of responses in learning the dimen-
sion terms were similar in the two conditions, and to that of
Experiment 1. The mean proportion correct for the four training
trials is listed in the Appendix.

In Condition C, participants again had the opportunity to learn
associations between the names for the dimensions—value (bright-
ness) and chroma (angle degree)—and the property terms. The

evidence suggests they did so readily. Just as young children
rapidly learn to answer the question "What color is it?" with a
color word (even when they cannot map names to colors), adults
also rapidly learned to answer the question "What chroma is it?"
with one of the terms for angle degree and the question "What
value is it?" with one of the terms for brightness (even though they
often selected the wrong term early in training). Indeed, during the
first training session, adults answered chroma questions by sup-
plying chroma property labels and answered value questions by
providing value property labels on 75% of training trials. By the
end of Session 1, participants in Condition C knew which three of
the six terms were chroma terms and which were value terms.

Testing

We next report performance on the tests at the end of learning.
Because participants in Condition S had never been exposed to the
words value or chroma in the production question "What value/
chroma is this?", participants in Condition S performed consider-
ably worse on the production test than participants in Condition C
(14% correct vs. 91% correct). Again, we do not consider the
results in the production task further.

Table 4 shows the proportions correct on the fourth comprehen-
sion and matching tests for both Condition C and Condition S.
Participants' responses in the comprehension and matching tasks
were analyzed by a 2 (condition) x 2 (test type: comprehension-
matching) ANOVA. This analysis revealed a main effect of con-
dition, F(l, 26) = 13.65, p < .01, no main effect of test type, and
a significant interaction between test type and condition, F(l,
26) = 4.28, p < .05. Thus, overall participants had an easier time
learning the terms and matching when the terms referred to cate-
gories rather than relations. However, a post hoc analysis con-
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firmed that with these separable dimensions, just as with the
integral dimensions of Experiment 1, participants in Condition C
found learning the category labels easier than matching by cate-
gories, whereas participants in Condition S found matching by
relations easier than mastering the relational terms, Tukey's hon-
estly significant difference, p < .05.

As in Experiment 1, we defined the session of acquisition as the
session in which participants responded correctly on 75% of trials
with no requirement that participants maintain that level in subse-
quent sessions. When participants did not exceed 75% perfor-
mance on any of the four trials, we conservatively credited them
with achieving 75% performance on a projected fifth session. The
session of acquisition was calculated separately for two tasks:
comprehension and matching. Figure 7 shows the mean session of
acquisition for the comprehension and matching trials in the two
training conditions.

An ANOVA conducted on the session of acquisition for test
type (comprehension or matching) and training condition revealed
a main effect of training condition, F(l, 26) = 15.25, p < .05, and
a significant interaction between test type and training condition,
F(l, 26) = 6.88, p < .05, but no main effect of test type. Thus, as
indicated in Figure 8, the acquisition pattern of the comprehension
and matching tests suggests that when trained in Condition C
participants first learned individual words and then learned to
abstract the dimension and were able to learn both earlier than
participants in Condition S; however, in Condition S participants
first learned to abstract the dimension and then were able to map
words onto specific properties but learned more slowly and with
more difficulty than participants in Condition C. However, on
these measures and with separable stimuli, the learning trajectories
for participants in Condition C resembled the trajectories of chil-
dren learning color words, and the learning trajectories for partic-
ipants in Condition S resembled children learning size words.

Although occurring seldomly, some participants occasionally
backtracked (e.g., met criteria at Session 3 then did not meet
criteria at Session 4) when acquiring the dimension words. Thus,
we also analyzed the participants' pattern of responses in terms of
the overall correct responses. An ANOVA conducted on the test
scores for test type (comprehension or matching) and training
condition revealed a main effect of training condition, F(l,
110) = 26.11, p < .01, and a significant interaction between test
type and training condition, F(l, 110) = 3.99, p < .05, but no main
effect of test type. Thus, these results suggest participants in
Condition C not only learned the dimension words before they
learned to abstract the dimensions but they were also more often
correct in comprehending the words than in abstracting the dimen-
sions; and, participants in Condition S not only learned to abstract
the dimension words before they learned the dimension words, but
they were also more often correct in abstracting the dimensions
than in comprehending the dimension words.

Discussion

The question addressed in the second experiment was whether
in a novel dimension learning experiment with separable stimuli,
could we replicate the learning trajectories seen in Study 1 and
commonly exhibited by children learning about colors and sizes?
We found that the learning trajectories were replicated in both
Condition C and Condition S. This finding suggests that the way
information is presented in a learning task and/or the categorical or
relational nature of what is to be learned robustly influences how
learning progresses.

However, it is important to note that the type of stimuli pre-
sented did have an effect on participants' learning as evidenced by
the main effect between the two training conditions. That is,
although the type of stimuli to be learned did not affect the

I I Comprehension
•̂H _

Matching

Condition C Condition S

Figure 8. Mean session of acquisition in the comprehension and matching trials in Study 2. C = color; S =
size.
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learning trajectories for the two training conditions, it did affect the
overall time it took participants to acquire the tasks in the two
groups: The participants who learned separable stimuli as catego-
ries were faster than the participants who learned separable cate-
gories as relations. Moreover, in Condition C, participants in
Study 2 learned to name the separable dimensions of brightness
and angle degree faster than participants in Study 1, who learned
the integral dimensions of brightness and saturation, r(26) = 2.32,
p < .05. Surprisingly, however, participants in Condition S in
Study 2 learned to name separable dimensions slower than partic-
ipants in Condition S in Study 1, learning integral dimensions,
/(26) = 2.13, p < .05. It is possible that the ease with which these
particular dimensions could be attended to selectively hurt partic-
ipants' ability to learn the relational meanings. That is, because
participants could readily see the stimuli as disjunctive categories
(the two that look like this are the "rif' ones) they may not have
learned enough about the dimension to compare between
instances.

A second question from the results of this experiment is why did
participants in Condition C quickly learn to label the properties but
were not immediately able to match by those properties in the
nonverbal matching task? This result seems especially surprising,
given that the properties were separable. One explanation is that
although the dimensions were perceptually available to the partic-
ipants, they still had not learned the role of words in guiding
selective attention at the time of their initial success in the labeling
task. Participants could succeed in the labeling task by learning a
whole set of properties that are associated with a specific word. For
example, instead of learning that "wug" describes a dark shape,
participants may have initially learned that "wug" can be a card
with either a smiling face or a frowning face on it that has a dark
shape, and sometimes that shape is square.

Study 3

In Studies 1 and 2, we presented participants with training tasks
designed to mimic the meaning and task structure characteristic of
learning color words (i.e., categories queried in a production task)
and size words (i.e., relations queried in a comprehension task).
Although Experiments 1 and 2 replicated the learning trajectories
children commonly present when learning colors and sizes, these
studies do not disambiguate between the roles of the task structure
and meaning. In Experiments 3 and 4, we examined how partici-
pants' learning trajectories are affected by both the method of
training—production or comprehension—and what is to be
learned—the relational or categorical meanings.

Figure 9 shows the contributions of Studies 3 and 4. In Study 3,
we asked, what effect does training have in and of itself when
participants are required to learn novel dimensions that describe
fixed level categories? Half of the participants were asked a
color-like production question (e.g., "What color is this?") and
learned dimensional adjectives defined by categorically arranged
values. We refer to this condition as production training. The other
half of participants were asked a size-like comprehension question
(e.g., "Which one is big?") and learned dimensional terms defined
by categorically arranged values. We refer to this condition as
comprehension training. In Study 4, we taught participants with
relationally defined terms and trained them with either a color-like
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Figure 9. The training procedures and dimension meanings tested in
Studies 3 and 4. Exp. = Experiment.

question (production training) or a size-like question (comprehen-
sion training).

Method

Participants

Twenty-eight native English-speaking undergraduates from Indiana Uni-
versity participated in this experiment in partial fulfillment of introductory
psychology course requirements. In each condition, half of the participants
were female and half were male. Each participated in four 1-hr sessions.

Materials and Design

The materials were identical to those of Study 1 with two changes. First,
we replaced the dimension label "value" with the novel term "velux" and
replaced "chroma" with the novel term "stomin" to ensure that participants
had no familiarity with the terms prior to participation in the training
sessions. Second, in both conditions, participants were required to learn
dimensions defined by fixed levels of brightness and saturation (equivalent
to Condition C in Study 1). Thus, participants learned the very same
dimension-term meanings, categorical meanings as in Condition C in
Experiments 1 and 2. All that varies between the two conditions is the type
of training condition: production or comprehension.

Procedure

Training. The training regimen was identical to that of Study 1. Par-
ticipants were randomly assigned to one of two training conditions: pro-
duction training or comprehension training.

The production-training procedures were identical to the training proce-
dures used in Condition C of Study 1. During each trial, three cards were
placed in front of the participant. The center card was pointed to by the
experimenter, and the participant was asked either "What velux is this?" or
"What stomin is this?" If the participant answered correctly, then the
experimenter responded "You're right. That velux is wug." If the partici-
pant answered incorrectly, then the experimenter responded "No. That
velux is wug."

The comprehension-training procedures were identical to the training
procedures used in Condition S of Study 1. During each trial of training,
three cards were placed in front of (he participant, and the participant was
asked to, for example, "Show me the wug one." If the participant selected
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the correct card, then the experimenter responded "You're right. That's the
wug one." If the participant selected the incorrect card, then the experi-
menter responded "No. This is the wug one," and pointed to the correct
card.

Testing. The testing procedures were identical to those used in Study 1
with one important change. Recall that in Study I the nonverbal matching
task and pretest required participants to choose a relational choice when
participants were trained to name relationally dependent categories and a
categorical choice when participants were trained to name categories that
describe fixed values. In this study, each trial of the nonverbal matching
task allowed participants to select a choice that matched relationally, a
choice that matched categorically, or a foil that did not match on any
dimensions. This gave us the opportunity to observe whether participants
preferred one kind of match regardless of training.

Results

Pretest

The pretest results again showed that participants in the two
training conditions could not match brightnesses and saturations
prior to training. More specifically, when presented with two exem-
plars that matched by both having the same fixed value of brightness
or saturation and by representing the same relation of brightness or
saturation in their respective sets of three, participants in the
production-training condition were, prior to training, unable to select
a third object that contained the same value, choosing the categori-
cally matching object on average 32% of the time and the relational
match 25% of the time, neither of which differed from chance.
Similarly, participants in the comprehension-training condition were,
prior to training, unable to select a third object that contained the same
value, choosing the categorically matching object on average 36% of
the time, which did not differ from chance, and the relational match
26% of the time, which did not differ from chance.

Training

We next asked what participants learned during the training
sessions. The mean proportion correct for the four training trials is
listed in the Appendix. A 2 (training condition) X 2 (dimension:
brightness-saturation) X 4 (session) ANOVA yielded a main
effect of dimension, F(l, 26) = 8.45, p < .01, and a main ef-
fect of session, F(3, 24) = 53.94, p < .01. The ANOVA also
yielded a significant interaction of Session X Condition, F(3,
24) = 16.855, p < .01. Overall, participants tended to learn the
brightness categories before the saturation categories and learned
faster in the production-training condition than in the
comprehension-training condition.

However, in the production-training condition, participants had
the opportunity to learn associations between the names for the
dimensions—velux and stomin—and the property terms. The ev-
idence suggests they did so readily. Just as young children rapidly
learn to answer the question "What color is it?" with a color word
(even when they cannot map names to colors) adults also rapidly
learned to answer the question "What stomin is it?" with one of the
"stomin" terms and the question "What velux is it?" with one of
the "velux" terms (even though they often selected the wrong term
early in training). Indeed, during the first training session, adults
answered stomin questions by supplying stomin property labels
and answered velux questions by providing velux property labels
on 69% of training trials. By the end of Session 1, participants in

the production-training condition knew which three of the six
terms were stomin terms and which were velux terms.

Testing

We first examined participants' responses on the matching trials
and asked whether participants were more likely to choose cate-
gorical or relational matches at each session. In both conditions,
participants' selections of relational matches never exceeded that
expected by chance at any session. We therefore counted only
categorical matches as correct responses in the matching trials.

We first report performance on the tests at the end of learning.
Because participants in the comprehension-training condition had
never been exposed to the words value and chroma in the produc-
tion question, "What value/chroma is this?" participants in this
condition performed considerably worse on the production test
than participants in the production-training condition (11% correct
vs. 70% correct). We did not consider these production test results
any further. Table 4 shows the proportions correct on the compre-
hension and matching trials of the fourth test for both the
production-training and comprehension-training conditions. We
conducted a 2 (condition) X 2 (test type: comprehension-
matching) ANOVA. This analysis revealed no main effects, but a
significant interaction between test type and condition, F(l,
26) = 19.21, p < .01. Thus, participants in the production-training
condition found learning the category labels easier than matching
by categories, whereas participants in the comprehension-training
condition found matching by categories easier than mastering the
category labels. This difference holds despite the fact that partic-
ipants in the two conditions had to learn the same meanings.

As in Experiments 1 and 2, we defined the session of acquisition
as the session in which participants responded correctly on 75% of
trials with no requirement that participants maintain that level in
subsequent sessions. When participants did not exceed 75% per-
formance on any of the four trials, we conservatively credited them
with achieving 75% performance on a projected fifth session. The
session of acquisition was calculated separately for two tasks:
comprehension and matching. Figure 10 shows the mean session
of acquisition for the comprehension and matching trials in the two
training conditions. An ANOVA conducted on the session of
acquisition for test type (comprehension or matching) and training
condition revealed a significant interaction between test type and
training condition, F(l, 26) = 5.60, p < .05, but no main effects.
Thus, as indicated in Figure 10, the acquisition pattern of the
comprehension and matching tests suggest that in the production-
training condition participants again first learned individual words
and then learned to match by the dimension; however, in the
comprehension-training condition participants first learned to
match the dimension and then were able to map words onto
specific properties. This is so despite the fact that the terms in both
conditions mapped to the same meaning. The clear implication
from these results is that the training—production versus compre-
hension—not the meaning of the to-be-learned terms determines
the developmental pattern in the comprehension and matching
tasks.

Again we also analyzed the participants' pattern of responses in
terms of the overall correct responses. An ANOVA conducted on
the test scores for test type (comprehension or matching) and
training condition revealed a significant interaction between test
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Figure 10. Mean session of acquisition in the comprehension and matching trials in Study 3.

type and training condition, F(\, 110) = 6.96, p < .01, but no main
effects. Thus, participants in the production-training condition not
only learned the dimension words before they learned to match by
the dimensions, but they were also more often correct in compre-
hending the words than in matching the dimensions; and partici-
pants in the comprehension-training condition not only learned to
match the dimensions before they learned the dimension words,
but they were also more often correct in matching the dimensions
than in comprehending the dimension words.

Discussion

The results strongly suggest that it is the training procedure not
the meanings that determine the learning pattern. In the next
experiment, we sought further confirmation of this idea. Again, we
contrasted production training in which the learner's attention is
focused on one object and the learner must produce a name for the
queried property versus comprehension training in which partici-
pants are presented with a property term and must select between
alternatives. However, in Experiment 4, the meanings in both
conditions are relational. If the training procedure—production
versus comprehension—is all that matters, then we should repli-
cate the patterns of Experiments 1, 2, and 3. Word comprehension
should precede matching, given production training, but success in
matching should precede word comprehension, given comprehen-
sion training.

Study 4

Method

Participants

Twenty-eight native English-speaking undergraduates from Indiana Uni-
versity participated in this experiment in partial fulfillment of introductory

psychology course requirements. In each condition, half of the participants
were female and half were male. Each participated in four 1-hr sessions.

Materials and Design

The materials were identical to those of Study 3 with one change. In both
conditions, participants were required to learn dimensions defined by
relationally dependent meanings of brightness and saturation (equivalent to
Condition S in Study 1). Thus, participants learned the very same
dimension-term meanings, relational meaning as in Condition S. All that
varies between the two conditions is the type of training condition, which
we refer to as the production-training and comprehension-training
conditions.

Procedure

The procedure was identical to that in Study 3.

Results

Pretest

The pretest results again showed that participants in the two
training conditions could not match brightnesses and saturations
prior to training. Participants in the production-training condition
were, prior to training, unable to select a third object that contained
the same value, choosing the categorically matching object on
average 32% of the time and the relational match 30% of the time,
neither of which differed from chance. Similarly, participants in
the comprehension-training condition were, prior to training, un-
able to select a third object that contained the same value, choosing
the categorically matching object on average 39% of the time,
which did not differ from chance, and the relational match 34% of
the time, neither of which differed from chance.
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Training

We next asked what participants learned during the training
sessions. The mean proportion correct for the four training trials is
listed in the Appendix. A 2 (training condition) X 2 (dimension:
brightness-saturation) X 4 (session) ANOVA yielded a main
effect of dimension, F(l, 26) = 10.50, p < .01, and a main effect
of session, F(3, 24) = 13.02, p < .01, but no main effect of
condition. The ANOVA also yielded an interaction of Dimen-
sion X Session, F(3, 24) = 6.55, p < .01. Again participants
tended to learn brightness terms before saturation terms.

Again in the production-training condition, participants had the
opportunity to learn associations between the names for the di-
mensions—velux and stomin—and the property terms. Again, the
evidence indicates they did so. During the first training session,
adults answered stomin questions by supplying stomin property
labels and answered velux questions by providing velux property
labels on 72% of training trials. By the end of Session 1, partici-
pants in the production-training condition knew which three of the
six terms were stomin terms and which were velux terms.

Testing

We first examined participants' responses on the matching trials
and asked whether participants were more inclined to choose
categorical or relational matches at each session. In both condi-
tions, participants' selections of categorical matches never ex-
ceeded that expected by chance at any session. We therefore only
scored relational matches as correct responses in the matching
trials.

Participants in the comprehension-training condition had never
been exposed to the words velux and stomin during training, and
thus they performed poorly on all production tests (8% correct),

whereas participants in the comprehension-training condition per-
formed well (59% correct).

Table 4 shows the critical results: the proportions correct on the
comprehension and matching trials on the fourth and final test. We
conducted a 2 (condition) X 2 (test type: comprehension-
matching) ANOVA. This analysis revealed no main effects, but it
did reveal a significant interaction between test type and condition,
F(\, 26) = 18.18, p < .01. Again, participants in the production-
training condition found that learning the category labels was
easier than matching by categories, whereas participants in the
comprehension-training condition found that matching was easier
than mastering the labels. This pattern is identical to that of
Experiment 3: Production training fosters learning the words be-
fore being able to match objects on the property, and comprehen-
sion training fosters learning to match before learning the words,
even given relational meanings.

We defined the session of acquisition as in the earlier experi-
ments. Figure 11 shows the patterns of acquisition. An ANOVA
conducted on the session of acquisition for test type (comprehen-
sion or matching) and training condition revealed a significant
interaction between test type and training condition, F(\,
26) = 29.80, p < .01, but revealed no main effects. Again,
production training led to success in the word-comprehension task
prior to success in the matching task, but comprehension training
led to the opposite pattern, and this was so despite that the
meanings to be learned and the match deemed correct were rela-
tional in both cases.

This same pattern emerged in the analysis of overall correct
responses. An ANOVA conducted on the test scores for test type
(comprehension or matching) and training condition revealed a
significant interaction between test type and training condition,
F(l, 110) = 27.62, p < .01, but revealed no main effects. Thus,
participants in the production-training condition not only learned

0
Production Training Comprehension Training

Figure I I . Mean session of acquisition in the comprehension and matching trials in Study 4.
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the dimension words before they learned to match by the dimen-
sions, but they were also more often correct in comprehending the
words than in matching the dimensions. In addition, participants in
the comprehension-training condition not only learned to match
the dimensions before they learned the dimension words, but they
were also more often correct in matching the dimensions than in
comprehending the dimension words.

General Discussion

The results of these studies strongly suggest that the structure of
the training task is a potent force on whether word learning
precedes attention to dimensional similarities and differences in a
nonlinguistic matching task or whether attention to dimensional
similarities and differences precedes word knowledge. The devel-
opmental relation between children's performances in these two
kinds of tasks has been a focus of research interest because the
ordering seems relevant to the issue of whether dimensional con-
cepts precede word learning or whether they are constructed
through word learning. The finding that children can succeed in
nonlinguistic matching tasks but fail in word-comprehension tasks
has been interpreted as indicating available concepts but lack of
word knowledge. In contrast, the finding that children succeed in
nonlinguistic matching tasks only at the same time or after acqui-
sition of the words has been interpreted as consistent with the idea
that learning dimension words creates dimensional concepts. The
present results raise complex questions about these standard inter-
pretations, in that they suggest that the training regimen, not the
underlying meanings to be learned, determines the relative pri-
macy of success in the nonlinguistic and linguistic tasks.

We pursued the implications of the present results in three steps.
We considered first what the word comprehension and matching
tasks are measuring. We considered second what it is that the
training tasks are teaching that lead to earlier versus later attention
to dimensional similarities and nonsimilarities in the nonlinguistic
matching tasks. Finally, we returned to the developmental issues
with which we began: why children's learning of color and size
words exhibit such different developmental patterns and what this
learning means for the nature of dimensional word learning and
developmental process more generally.

not, in principle, need to know the labels for the specific properties
they are matching nor for the dimensions.

However, the present results make clear that experiences in
learning dimension words drive performance changes in this non-
linguistic matching task as well as in the word-comprehension
task. Over the course of training, participants trained with both the
word-comprehension and word-production formats become better
able to make the matches in the nonlinguistic task. At one level,
this is not the least bit surprising. Goldstone (1994), among others
(Kruschke, 1992; Nosofsky, 1986; Logan, Lively, & Pisoni, 1991;
Lane, 1965), has shown that learning category labels increases
attention to and discrimination among the dimensions relevant for
categorization. In the same way, then, having to attend to the
properties and dimensions in the word-learning tasks of the present
experiments increases attention to those same properties and di-
mensions in the nonlinguistic task.

What is surprising is that success in the matching task precedes
word knowledge by one training regimen and follows it by an-
other. In general, a finding that participants succeed in one task
before another could mean only that one task is a more sensitive
measure of the same learning or more generally easier. But this is
not (at least not simply) the case here. The very same tasks differ
in their order of acquisition for different sets of learners.

One reason that the order of success in the matching and
word-comprehension tasks could be different under the two train-
ing regimens is that the matching task is solved very differently
and is not the same task for the two groups of learners. One way
that one might solve the matching task is illustrated in Figure 12.
The participant looks at the two exemplar objects and perceives the
matching property and searches for another object that matches in
the same way. The task solved in this way is a perceptual com-
parison task. A second way that one might solve the task is also
illustrated in Figure 12. The participant might look at one of the
objects in the exemplar pair and note that it can be labeled by the
property term "melgy" and then look at the second object in the
exemplar pair and note that it can also be labeled by the property
term "melgy." This participant might then search for another
object from the choice set that can also be called "melgy." Solved
in this way, the matching task is a lexical categorization task.

The possibility that participants, given production training,

Matching and Word Comprehension

Our reasoning in comparing adults' performances in the word-
comprehension and nonlinguistic matching tasks is the same as in
our and others' developmental studies of these same issues. Are
learners attending to the relevant properties and relations for
learning the words? The implicit assumption behind this question
and the comparison of performance in nonlinguistic and linguistic
tasks is that they measure somewhat separate kinds of knowl-
edge—knowledge about perceptual properties and relations versus
knowledge about the words that refer to those properties and
relations. At a surface level, this reasoning still seems right. In the
nonlinguistic matching task, participants are presented with a pair
of objects that differ in many ways and are alike in only one way.
The participant's task is to find another object that matches in the
same way. Success in this task would seem to require a perceptual
analysis of similarities and differences into dimensional kinds and
attention to specific similarities and differences. Participants do

Perceptual Comparison

Same Color Which one is the same color as those?

Lexical Categorization

melgy melgy Which one is melgy?

Figure 12. Two potential ways to solve the nonlinguistic matching task.
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solved the supposedly nonlinguistic task through lexical categori-
zation is consistent with the fact that they learned the words before
they successfully matched objects and also with the overt labeling
behavior of some participants in the matching task. That is, some
participants who had received production training overtly labeled
the objects with the experimental terms in the matching task, and
they explicitly sought a choice object that could also be so labeled.
Presumably, what some participants in the production-training
conditions did overtly, others did covertly. Intriguingly, no partic-
ipants in the comprehension-training conditions were observed to
overtly solve the matching task in this way. Thus, for some
learners, the word-comprehension and matching tasks may have
both measured word knowledge. And for different learners—those
receiving production training versus comprehension training—the
nonlinguistic task may have measured different underlying
knowledge.

All in all, these results suggest caution in making inferences
about nonlinguistic versus linguistic competencies. The results
suggest that the words one is learning—and the way they are
taught—influence performances in nonlinguistic tasks. This con-
clusion has precedence in the developmental literature. In their
cross-linguistic studies of English and Korean spatial and motion
terms, Choi and Bowerman (1991) and Bowerman (1996) found
evidence of language-specific influence from the earliest stages of
learning, long before the child had complete command of the
linguistic terms.

Comprehension and Production Training

What are the two training regimens teaching that leads to the
different patterns of learning—patterns that seem completely de-
termined by the training and not by the specific dimensions nor by
the categorical versus relational meanings of the terms? The key
difference may be one of a training regimen that focuses attention
on a single object and the associated word versus one which
focuses attention on similarities and differences between objects in
the process of linking them to words.

In the production-training task, participants' goal on each trial is
to find the word that labels one designated object. Selective atten-
tion to a specific property of that object may help in this mapping,
and thus it is to be expected that participants will learn to selec-
tively attend to the labeled properties. However, given that selec-
tive attention is trained through the linking of an object to a word,
selective attention itself may be limited to and only operate
through lexical categorization. Thus, learners may only know that
two things match by knowing that they are "melgy."

In contrast, under the comprehension-training procedure, the
participants' attention is necessarily focused on several objects and
the similarities and differences among them because the learner
has to find the one object of those to which the word refers.
Selective attention to specific properties and to dimensions will
thus be encouraged both by the comparison of the choice objects
and by the linking of the chosen object to the label. Because
selective attention to similarities and differences among objects is
on each trial, prior to the mapping of the selected object to the
word, it may emerge both prior to and independently of processes
of lexical categorization.

Put simply, we are suggesting that participants narrowly learn
what they are taught. In the production-training procedure, the

links between an object and a label are emphasized, and partici-
pants primarily learn to link objects to labels and only secondarily
to selectively attend to dimensional similarities. In the
comprehension-training procedure, the similarities and differences
between objects are emphasized, and thus participants primarily
learn to selectively attend to the similarities between objects and
secondarily to map objects to labels.

The idea that training regimens that promote categorization
versus comparison yield different kinds of learning has precedence
in both the developmental and adult literatures (Centner & Mark-
man, 1994; Centner & Namy, 2000; Medin, Goldstone, & Centner,
1993; Spalding & Ross, 1995; Waxman & Klibanoff, 2000.) The
developmental studies, in particular, have suggested that opportu-
nities to compare two perceptually present objects enhance chil-
dren's learning about dimensions. For example, Kotovsky and
Centner (1996) reported that preschool children who compared
pictures during training were better able to notice cross-
dimensional correspondences based on the same relations than
were control children who did not receive comparison training.
Analogously, in a microgenetic training study, Namy, Smith, and
Gershkoff-Stowe (1997) compared the classificatory development
of 18-month olds who were trained in a task in which they
compared instances of two simultaneously presented categories
versus that of children who were trained by interacting with
instances of each category separately. The children who had the
opportunity to compare instances of each category advanced to a
higher level of exhaustive classification as a result of their expe-
riences than did the children trained separately on the two catego-
ries. Similarly, Yamauchi and Markman (2000) showed that mak-
ing comparisons during learning can ease adults' ability to find a
correct abstract description of stimulus dimensions when the ab-
stract feature values differ in their specific instantiations. And,
Bowdle and Centner (1997) showed that adults' analogical prob-
lem solving was enhanced by explicit comparison of examples
rather than by separate experiences with them.

Comprehension tasks contain within their structure comparison
training, and thus like comparison more generally, they may en-
hance learners' discovery of relations. This is a new insight into
the difference between comprehension and production tasks. Com-
prehension and production tasks are usually discussed solely under
the rubric of recognition versus recall with the idea being that they
involve the same processes but that comprehension is easier than
production. The present results and the other research on compar-
ison versus categorization suggest a deeper distinction: The two
tasks engage and thus teach different processes with different
outcomes.

Color and Size Learning and Developmental Process

There is a large literature on adult category learning that dem-
onstrates—in different ways than those shown here—how the
structure of the learning task affects what is ultimately learned. For
example, (a) the number, range, and variability of instances influ-
ence whether and what kinds of category prototypes are formed
(J. D. Smith & Minda, 1998; Posner & Keele, 1968); (b) the way
features are grouped together and whether they are presented in a
correlated manner influences what participants learn about them
(Tversky, 1977; Wattenmaker et al., 1986); and (c) the order with
which the same categorization tasks are taught influences what is
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learned from each task (Schyns et al., 1998; Schyns & Rodet,
1997). In addition, a growing literature documents how category
learning depends on the goals of the learner and the nature of the
training tasks. The learner's goals affect how stimulus objects are
perceived and thus what is learned (e.g., Lamberts, 1994; Ward &
Becker, 1992), the learner's view of the task as prediction versus
categorization affects the nature of the categories formed (Wald-
mann & Holyoak, 1992; Yamauchi & Markman, 1998), and par-
ticipants use of a category alters feature weightings from previous
learning (Ross, 1997). All these experimental studies are like the
present one in showing that the structure of the learning task is
itself a major force on what is learned.

This literature, however, is generally considered as separate
from questions about developmental process and developmental
mechanism, that is, as not germane to questions of the processes
that turn the cognitive abilities of 1-year-olds into 2-year-olds and
those of 2-year-olds into those of 5-year-olds. The present results
suggest, however, that these findings about the role of task struc-
ture in adult category learning may well be relevant to understand-
ing cognitive development. That is, the character of cognitive
development may depend intimately on the learning tasks in which
children find themselves, and it may depend just as intimately on
those tasks and their structure as they do on the maturational levels
of children or the meanings and concepts to be learned.

The present results strongly suggest that this is the case for size
and color-word learning. Previous research with children showed
that when they learn color words, children mastered the words
before they successfully compared objects by color in nonlinguis-
tic tasks. However, previous research also showed that when
learning size terms, children successfully attended to the similar-
ities and differences in size before they mastered the words. We
simulated these patterns in adults by mimicking the training reg-
imens that seemed characteristic of color learning on the one hand
and characteristic of size learning on the other. Also, we found that
which pattern emerged—mastery of the words before success in
the matching or success in the match task before mastery of the
words—depended only on the training regimen and not on the
meanings to be learned. The clear implication is that what makes
the developmental pattern in children's learning of size terms and
what makes the developmental pattern in children's learning of
color terms is the way they are taught. Although the present results
only imply this and do not conclusively show it, the empirical
prediction that follows is clear: If we were to teach children color
words by using comprehension training that promoted comparison,
then we should find a pattern like that typically characteristic for
learning size terms, and if we teach children size terms by using
production training that promoted categorization, then we should
find a pattern typically characteristic for learning color terms.

In conclusion, the results present a new way to think about the
role of language in the development of thought. The way language
is used and taught differentially engages processes of categoriza-
tion and comparison and, thus, the stages through which learning
progresses and perhaps its ultimate endpoint. Thus, understanding
how the learning task determines what is learned should lead in the
long term to a deeper understanding of similarities and differences
in the developmental patterns of different concepts, different in-
dividuals, and perhaps different groups of people.
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Appendix

Mean Proportion Correct in the Four Training Sessions and Two Training
Conditions for Studies 1-4

Experiment and session

Note. C = color; S = size.

Condition C:
Production training

Value Chroma

Condition S:
Comprehension training

Value Chroma

Study 1
1
2
3
4

Study 2
1
2
3
4

Study 3
1
2
3
4

Study 4
1
2
3
4

.33

.50

.58

.69

.28

.48

.66

.75

.67

.65

.27

.50

.30

.48

.58

.64

.30

.37

.40

.50

.27

.54

.74

.80

.50

.51

.26

.26

.28

.38

.46

.51

.42

.56

.61

.68

.38

.46

.51

.55

.48

.46

.42

.41

.42

.53

.58

.61

.35

.41

.42

.48

.43

.49

.54

.64

.46

.44

.33

.37

.39

.37

.41

.42
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