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CLUES TO MEANING: EXPLORING POTENTIAL EFFECTS OF PAIRED,
CONGRUENT CUES ON TODDLERS’ WORD LEARNING
Kathryn Wright Brady
Dr. Judith Goodman, Dissertation Supervisor
ABSTRACT
Although many researchers believe that toddlers use multiple cues to map words
to meanings, most empirical studies of word learning focus on toddlers’ use of single cue
types in isolation and on developmental trends in the use of those cues. Thus, little is
known about children’s ability to process and integrate multiple cues simultaneously. The
current study explored toddlers’ use of single cues and paired, congruent cues for
fastmapping and retention of fastmapped words. Forty-eight toddlers (12 each at ages 18,
24, 30, and 36 months) participated in six fastmapping trials to assess their ability to infer
the referents of novel nouns. Three of the trials provided single cues to word meaning and
the other three provided paired, congruent cues. We assessed children’s retention of the
words they had fastmapped correctly 24 hours later. All age groups except the 18-montholds used the single and the paired cues to map words to referents at significant levels.
The two older age groups showed significant retention of the word-referent associations.
We found no significant differences between the single or paired cue conditions for
fastmapping or for retention of items, suggesting that children are not integrating the two
cues. Children’s fastmapping ability improved with age, but recall remained static.
Children demonstrated better retention of the first three word-referent pairings than the
last three, indicating that a ceiling might exist on the number of words that can be
retained when they have been fastmapped in one intense session.
viii

CHAPTER 1

Introduction
Among the critical skills human beings acquire as they move through infancy and
early childhood is linguistic competence. The earliest and perhaps most striking sign of
young children’s developing language ability is their understanding and use of words.
Typically developing children learn the words of their language with an ease that belies
the enormity of the task, producing their first words at about 12 months of age and
accumulating up to 14,000 words by age six (Templin, 1957). In order to accomplish
this, they must segment a continuous speech stream into the sound units that comprise
words, pair each word with the specific concept it represents, and retain that pairing for
future retrieval. Given the number of words children hear, and the potentially endless
number of referents each word might have, the act of learning words is no small feat.
The last couple of decades have seen intense inquiry into mechanisms that might
underlie young children’s ability to so efficiently map words to meanings. Four general
mechanisms or principles that potentially drive word-to-concept mapping have emerged
from that work. These include Biases or Constraints that limit the number of possible
referents a child considers for a word (Clark, 1983; Markman, 1992; Woodward, 2000),
the ability to read Social-Pragmatic Cues (Bloom & Tinker, 2001; Akhtar & Tomasello,
2000) the ability to build on Linguistic Cues available in the input (Goodman,
McDonough & Brown, 1998; Naigles, 1990, 1996), and Attentional Mechanisms that
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lead children to form simple associations (Smith, 2000). As evidence supporting the role
of each of these mechanisms in word learning has grown, so has the debate regarding
which is of primary importance and which corresponding theory of word learning is thus
most viable.
Recently, however, a number of researchers have suggested the need to move
away from the conviction that one specific theoretical explanation must be chosen at the
expense of all others and, instead, to provide a more integrated account of word learning
(Echols & Marti, 2004; Hirsch-Pasek, Golinkoff, Hennon, & Maguire, 2004; Woodward,
2000). They argue that the question is not which theoretical explanation of word learning
is most parsimonious, but rather, “which components of which theories seem to govern
children's word learning at different points in the course of development” (Hirsh-Pasek et
al., p. 180). Word learning is, after all, a complex process, which takes place against the
backdrop of major social and cognitive changes in a young child. It seems unlikely that a
single principle or strategy guides children’s word learning across the course of
development.
In any given word-learning situation, children are potentially exposed to
overlapping cues to word meaning. An important element of an integrated theory of
word learning, then, is the proposition that children can take advantage of more than one
cue as they attempt to attach new words to their referents. It is not clear, however,
whether children can use all of the information that is available to them or if at some
points in development their access to word-learning cues might be limited to just one.
The goals of this dissertation are (1) to begin to explore children’s use of multiple cues to
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make inferences about the referent of a novel word and (2) to examine children’s ability
to retain word-referent associations they have made on the basis of single or multiple
cues. In addition, since it is likely that cue use changes with age, language ability, and
other child characteristics, we will explore the impact of these factors on toddler’s ability
to make inferences using single and paired word-learning cues and on their subsequent
ability to retain those referents.
While a number of researchers (e.g., Hollich, Hirsh-Pasek, & Golinkoff, 2000)
propose that children take advantage of multiple cues to learn words, research to date has
focused primarily on the weighting of different types of cues and how that weighting
changes with development. In these studies, researchers have typically presented young
children with two conflicting cues to word referents and examined which cue guided the
children’s word-meaning mapping. Little has been done to address whether redundant or
congruent cues facilitate young children’s ability to map words to objects and, if so,
whether the effect changes with age. Given that redundant cues to word meaning are
frequently available in a child’s natural word-learning environment, information about
whether children can (and do) take advantage of them would broaden our understanding
of early word learning.
It makes intuitive sense that two congruent cues to word meaning would lead to
more efficient and more accurate word-meaning mapping than would a single cue.
However, young children may face limitations in processing and/or retrieving
information. As a result, a child might not be able to access both cues and process them
in real time.
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In addition, while most of the focus on early word learning has been on the
fastmapping process, retention of newly formed word-referent mappings is also an
important part of the word learning process. It is possible that retention of word meanings
is influenced by the type of information involved in the initial mapping. Redundancy
might play a role in children’s ability to recall word-referent associations by
strengthening the initial encoding of information.
In summary, it is unclear whether children can use more than one word-learning
cue simultaneously, whether retention of word-meaning associations is influenced by
redundancy in the input, and whether developmental changes affect children’s ability to
use multiple cues. This study will begin to address these areas of inquiry.
Background and Significance
Mapping Words to Meanings
Most proposed mechanisms for early word learning attempt to address the wordconcept mapping problem that has come to be known as the Quinean conundrum. The
philosopher-logician Willard Quine (1960) illustrated one difficulty of word learning by
describing a situation in which a linguist in a foreign country hears a native speaker say
the word “gavagai” just as a rabbit hops by. How does the linguist ascertain the referent
of the word “gavagai”? Is it the rabbit, the rabbit’s ears, the color of the rabbit, the act of
hopping, etc? The field of referents for this new word is potentially limitless.
Some theorists suggest that the primary task of young word learners is to solve
this conundrum and that they do so by applying default assumptions that effectively limit
the number of potential referents a new word might have (Clark, 1983; Markman, 1992;
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Woodward, 2000). These default assumptions then, serve to constrain the problem space
and simplify word-to-world mappings. A number of biases have been proposed that
potentially allow children to form rapid word-concept associations. When children hear
an unfamiliar word, for example, they initially assume that it refers to a whole object
rather than to part of an object (the Whole-Object Assumption; Markman & Wachtel,
1988; Taylor & Gelman, 1988; Waxman & Markow, 1995). They also typically assume
that a new word applies to an entire class of objects rather than to one particular object
(the Taxonomic Assumption; Golinkoff, Mervis, & Hirsh-Pasek, 1994; Markman, 1989;
Markman & Hutchinson, 1984; Waxman, 1991, 1994). Children appear to assume that
an unfamiliar word refers to an object for which they have no label rather than to one that
already has a name (the Mutual Exclusivity Assumption, Liittschwager & Markman,
1994; Markman, 1991; Markman & Hutchinson, 1988; Markman & Wachtel or Contrast
Principle Clark, 1990, 1993, or Novel-Name-Nameless-Category Principle, Mervis &
Bertrand, 1994).
The mutual exclusivity assumption has been particularly widely studied. This bias
leads children, when faced with two potential referents for a new word, one of which is
familiar and one unfamiliar, to map the word to the unfamiliar object rather than the
familiar one. When shown a hinge and a banana, for example, and asked to find the blin,
young children typically attach the word blin to the hinge because it is the item for which
they have no name (Markman, 1991). Alternatively, when presented with a new word
and one familiar object for which they already have a label, children might reject the
label completely, assume it applies to part of the object rather than the whole, or restrict
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and/or correct their assumption about the meaning of their previous label (Merriman &
Bowman, 1989). Research to date suggests that the mutual exclusivity assumption begins
to function as a default bias at about 17 or 18 months of age (i.e., it does not guide word
learning in 14- and 16-month-olds) (Halberda, 2003; Mervis & Bertrand, 1994) and
continues to influence word learning into adulthood (Halberda, 2003; Au & Glusman,
1990).
Another group of theorists suggests that children avoid the Quinean conundrum
by following their conversation partners’ social cues (Baldwin, 1991; Bloom, 2000;
Akhtar & Tomasello, 2000). By engaging in joint attention with a speaker as he or she
uses a new word, a child is led fairly directly to the correct referent of that word. Akhtar
and Tomasello maintain that children’s objective in word learning “is not to establish the
abstract ‘meanings’ of the words themselves but . . . to understand what their social
partner wants to call their attention to” (p. 116). The mapping puzzle, then, according to
these theorists, is not so daunting as Quine suggested; children solve it through socialpragmatic knowledge.
One type of social cue available to children at a very early age is eye gaze.
Research suggests that children as young as six months of age respond to the joint
attention bids of their parents by matching their direction of gaze (Morales, Mundy, &
Rojas, 1998; Morales et al., 2000) and this ability expands over the first year and a half of
life (Morales et al., 2000). By 18-months-of age, toddlers are able to recruit this ability
for word learning purposes; they can use a speaker’s direction of gaze to map words to
meanings (Baldwin, 1991; 1993a; 1993b; Dunham, Dunham, & Curwin, 1993). In
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classic studies, Baldwin (1991; 1993a) demonstrated that toddlers could follow their
conversation partner’s eye gaze to determine which of two objects she was labeling. In
these studies, a child was presented with two objects. As a child looked at one object, the
experimenter looked at and excitedly named the other object. As the object was labeled,
children consistently checked the speaker’s face and followed the direction of her gaze to
identify the object of her attention. In later comprehension trials, the children
demonstrated that they had correctly mapped the new word to the object of their
conversation partner’s gaze rather than to the object they had initially focused on
themselves. Evidence also suggests that social cues might be required for children to
map words to objects. Baldwin et al. (1996) found that 18-month-olds successfully
learned a new name for a novel object when the speaker was beside them, and both
speaker and child were looking at the same object during naming. When the speaker was
at a distance from the child, and the object of the speaker’s focus was not ascertainable,
children did not map the word to the object. Not only do young children appear to recruit
this social cue for word-learning purposes, but their skill at following a speaker’s gaze
appears to affect language development. Individual differences in infants’ ability to
match an adult’s direction of gaze during the first year-and-a-half of life is significantly
correlated with vocabulary size (Morales et al., 1998; Morales et al., 2000).
Another type of cue available to children in word learning is linguistic in nature.
Once children have acquired some rudimentary knowledge of language, that knowledge
can help constrain the problem space in word learning. The linguistic context in which a
new word is placed can inform a child’s attempts to map sound to meaning. Both
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morpho-syntactic and semantic information constrain the possible meanings of an
unfamiliar word in an utterance and, thus, facilitate children’s ability to map the word to
its correct referent (Brown, 1957; Gelman & Taylor, 1984). Three- to five-year-old
children, for example, use syntactic cues in the form of the grammatical morphemes –ing,
some, and a to map the new word sib to an action (sibbing), a substance (some sib), or an
object (a sib) (Brown, 1957; see also Katz, Baker, & McNamara, 1974; Gelman &
Taylor, 1984; Littschwager & Markman, 1993). Twenty-four month olds can distinguish
between transitive and intransitive sentence frames (“The duck is gorping the bunny” vs.
“The duck and the bunny are gorping.”) and use the information in these frames to map a
new verb to a novel action (Naigles, 1990).
Children can also access information from semantic cues to infer word meanings.
Knowing that the object of the verb eat is typically something edible, for instance,
constrains the possible meanings of that object to food items. Children as young as 20
months of age use this type of semantic information to infer the meanings of novel nouns
(Brady & Goodman, 2007; Goodman, McDonough & Brown, 1998). In a series of
studies, toddlers who heard a sentence such as The boy pets the ferret inferred the
meaning of the word ferret at greater than chance levels and remembered it the following
day. These results suggest that even young children are able to exploit their existing
linguistic skills, specifically their knowledge of word meanings, to learn more words.
A final mechanism that has been proposed to account for early word learning is
simple association. Smith, Jones, and Landau (1996) suggest children rely on “dumb
attentional mechanisms” such as an object’s perceptual saliency to map words to
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concepts. According to this account, mapping is not an inductive process (and thus, the
Quinean conundrum is not relevant). Rather, it is simple and straightforward: the new
word a child hears is mapped to the most salient object in the environment through
“nonstrategic” attentional processes (Smith et al.; Smith, 1999, 2000). As children’s
vocabularies grow, (i.e., children form an increasing number of simple associations), the
children learn statistical regularities in object properties and the organization of
perceptual categories. Their attentional biases shift based on this information and
facilitate ever more efficient word-meaning mappings. Once children have a rudimentary
vocabulary, for example (approximately 50 words), they demonstrate a bias toward shape
when generalizing the meaning of a count noun to other exemplars (Smith et al., 2002).
As their vocabularies increase, Smith and colleagues suggest, children’s attentional biases
become ever more refined.
The four types of word-learning cues or strategies presented here represent some
of the more testable features of current theories of word learning. Evidence suggests that
each is potentially available to young children. Groups of researchers tend to maintain -fairly unyieldingly -- that the word-learning mechanism they have proposed and validated
through experimental studies is the principal strategy underlying children’s vocabulary
development. Still, Amanda Woodward (2000) suggests that children as young as one
year of age utilize both default assumptions and the behavior of their conversation partner
to learn words. She states that word learning, from the beginning, “is multiply
constrained. . . . Experiments are useful for clarifying the role of individual constraints on
word learning, but they do not always shed light on the ways in which multiple
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constraints converge in natural contexts” (p. 106). Similarly, while Akhtar and
Tomasello (2000), champion the social nature of word learning, they also acknowledge
that children use other mechanisms such as general attention skills, biases, and syntactic
context.
Still, few researchers have asked how children’s strategies may change over the
course of word learning. One group that has tested developmental change is Hollich,
Hirsh-Pasek, and Golinkoff. In their Emergentist Coalition Model for the Origins of
Word Learning (Hirsh-Pasek, Golinkoff, and Hollich, 2000; Hollich et al., 2000; HirshPasek, Golinkoff, Hennon, & Maguire, 2004), they suggest that children are sensitive to
multiple cues (specifically perceptual, social and linguistic cues) as they learn words and
that the weighting of these cues changes through development. These premises have
been tested in a series of studies examining toddlers’ fast-mapping abilities (Hollich et
al., 2000; Pruden, Hirsh-Pasek, Golinkoff, & Hennon, 2006). In these studies, they tested
children’s use of two cues (perceptual salience and the social cue of eye gaze) under
coincident and conflicting conditions. Children between the ages of 10 and 24 months
were presented with two novel objects, one of which was visually interesting (and thus
perceptually salient) and one of which was boring. The examiner labeled one of the
objects with a novel word and provided a social cue in the form of gaze to indicate which
item she intended to label. In the coincident condition, she looked at the interesting
object, and in the conflicting condition, she looked at the boring object. Children were
then tested (by measuring length of visual fixation time) to determine whether they had
used the speaker’s direction of gaze to correctly map the new word to its referent. Results
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suggest that 10-month-olds relied solely on perceptual cues, mapping the new word to the
most interesting object whether the experimenter had fixed her gaze on the interesting or
the boring one. Twelve-month-olds correctly mapped the new word to the object when
the cues were congruent, but made no mapping when they were discrepant. Nineteenand twenty-four-month-olds correctly mapped words to objects in both the congruent and
conflicting conditions, but the 19-month-olds’ performance was somewhat weaker than
that of the 24-month-olds, suggesting that they were still attracted to the more salient
object, despite their ability to “read” the experimenter’s social cues. Hollich et al.
suggest that these results indicate that the word learning process changes over time from
a relatively pure reliance on simple association (through perceptual cues) at ten months,
to attention to social cues (but inability to recruit them for word learning) at age 12
months, to reliance on social cues for word-concept mapping at 19 and 24 months.
These studies provide useful information about changes in children’s reliance on
perceptual and social cues as they move from novice to accomplished word learners and
give us insight into which of the two individual cue type carries greater weight. They do
not however, establish that children are attentive to and benefit from multiple or
redundant cues. The question remains, then, whether exposure to more than one cue
simultaneously (presumably a common occurrence in natural settings) is more facilitative
than a single cue.
Retention of Fastmapped Words
In the vast majority of work on early word learning, researchers have investigated
the ability of young children to map sounds to meanings. Very few studies have been
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conducted to examine children’s retention of those mappings following a time delay.
Remembering newly formed word-meaning associations, however, is a critical part of the
word learning process. No matter how effectively children infer word meanings, they
cannot learn a word unless they can also store its sound pattern and retrieve its meaning
when they hear it again.
Many studies that assess children’s recall of new word-object mappings do so
with little or no delay between fastmapping and the test of comprehension (Dollaghan,
1985; Golinkoff et al., 1992; Wilkinson & Mazzitelli, 2003; Wilkinson, Ross, &
Diamond, 2003). In these studies, children are typically presented with a mutual
exclusivity type task, in which they are expected to map a novel word to a novel object;
this task is followed by a test in which children are asked to select the referent of the justlearned word from a field of novel objects. While these studies have contributed to our
understanding of fastmapping in a variety of ways, they have not shed any light on
children’s memory for newly mapped words because the comprehension trials follow too
closely on the heels of the fastmapping trials.
A small number of studies assess young children’s memory for words after
significant delays. These studies have shown that one- and two-year-old children retain
the referents of novel words they have been explicitly taught through ostensive naming
following a 24-hour delay (Tomasello, Mannle, & Werdenschlag, 1988; Waxman &
Senghas, 1992; Woodward, Markman, & Fitzsimmons, 1994). There is some limited
evidence that young children also retain referents of words they have learned incidentally
(Carey, 1978; Carey & Bartlett, 1978; Markson & Bloom, 1997, Sénéchal & Cornell,
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1993). Markson and Bloom, for example, exposed 3- and 4-year-old children to a novel
word and tested their comprehension of that word either immediately after training, one
week later, or one month later. The children remembered the word-meaning association
after all three periods of delay. Sénéchal and Cornell found that 4- and 5-year old
children retained the meanings of words they had learned incidentally during book
reading up to a week following exposure to the words. Both of these studies, however,
included a form of teaching in the word-learning situation. In Markson and Bloom’s
study, while the examiner did not directly label the novel object (“That’s a koba.”), she
did label the object a child had been instructed to manipulate in various ways (“Let’s
measure the koba.” “Let’s use the koba to….” Etc.). Likewise, in the Sénéchal and
Cornell study, the experimenter did not explicitly label objects, but she did point to
illustrations of the target words as they were encountered in the text.
Goodman, McDonough and Brown (1998) provided a more stringent test of
children’s ability to retain word meanings following fast mapping. They assessed
toddlers’ memory for six words whose meanings they had inferred from semantic context
upon a single exposure to each word. Goodman et al. found that 24- and 30-month-olds
were able to remember the associations they had formed 24 hours previously.
In contrast to these studies, Horst & Samuelson (2008) found no retention of
fastmapped words by 24 month olds unless those words were ostensively taught. They
presented children with eight mutual exclusivity trials and assessed recall after a fiveminute delay. The children did not retain the word-object pairings they had inferred just
previously. In a separate experiment, children did not retain the meaning of a fastmapped
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word even when it was the only word presented (i.e., only one word-learning trial was
included in the study). Only when the experimenter handled and explicitly labeled the
target objects after children’s selections (“Look, this is a cheem”) did the children
demonstrate retention of word-object pairings. And then, children recalled only words
presented in the first half of the fastmapping trials.
Most of the studies described above assess retention of word-referent pairs
learned through exposure to one specific type of cue and/or through labeling, either
explicit or indirect. The current study will add to this body of knowledge by assessing
whether more information (i.e., paired cues) facilitates retention and whether different
types of cues facilitate retention differentially. We might expect to see differences in
retention because it is possible that some cues facilitate richer encoding than others. This
study is also one of the few to assess retention of word-referent mappings children have
inferred when those mappings have not been confirmed or reviewed by the examiner.
Individual Differences
Vocabulary size is extremely variable in young children (Fenson et al., 1993). It
seems logical that children’s fastmapping ability and their retention of fastmapped words
should play a role in children’s vocabulary development. We might expect children who
are very skilled at inferring the referents of new words and who retain that information to
have larger vocabularies – and to increase their lexicons more quickly – than children
who are less skilled and/or whose retention is poorer. Only a handful of studies has
actually examined the connection between fastmapping and language abilities, and the
results have been somewhat mixed. A number have found no correlation between the two
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(Gray, 2003, 2006; Hollich et al., 2000; Rice, Buhr, & Nemeth, 1990; Rice, Buhr, &
Oetting, 1992), while others have found significant associations (Alt, Plante, & Creusere,
2004; Brady & Goodman, 2007; Ellis-Weismer & Evans, 2002; Gray, 2004; Stokes &
Klee, 2008). Among the studies above in which associations were not revealed, all but
the Hollich et al. study assessed children with significant language delays, and variability
in vocabulary size was potentially limited. Hollich et al. suggest that the visual fixation
measure used in their testing (the Interactive Intermodal Preferential Looking Paradigm)
yields a measurement (difference in visual fixation time between a target and a distracter)
that should potentially not be expected to relate to vocabulary size. The question remains
open whether better fastmappers are better word learners and vice versa.
As indicated previously, a number of social factors (ability to engage in joint
attention, ability to follow eye gaze, etc.) have been found to be associated with general
language ability (Carpenter, Nagell, & Tomasello, 1998; Morales, Mundy, & Rojas,
1998; Morales et al., 2000). It seems likely that similar factors would also be associated
with fastmapping and with retention of fastmapped words, but this has not been tested.
The current study will expand on previous findings by examining potential
associations between children’s fastmapping (and recall) skills, language, and sociability.
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CHAPTER 2

Method and Design
The current study had two main goals. We examined (1) whether toddlers could
more accurately infer and remember word-meaning associations when they were
provided with two congruent cues to word-meaning associations than when provided
with a single cue, and (2) whether developmental changes were evident in children’s use
of single vs. paired word-learning cues. It also had two secondary goals. We investigated
(1) whether six different cue types and combinations (bias, linguistic, social,
bias+linguistic, bias+social, social+linguistic) had equally facilitative effects on toddlers’
ability to map words to meanings and to retain those mappings, and (2) whether specific
child characteristics (i.e., language level and sociability) were associated with children’s
ability to take advantage of word learning cues.
Participants
Forty-eight monolingual English-speaking children -- twelve each at
approximately 18, 24, 30, and 36 months of age -- were included in the study.1
Participants’ demographic characteristics are summarized in Table 2-1. Data from 11
additional children (six 18-month-olds and five 24-month-olds) were excluded due to
Table 2-1.
1

These ages were selected to span a range of developmental language levels from rudimentary
lexicons and the beginnings of two-word combinations (around 18 months) to sizeable
vocabularies and sophisticated syntax (36 months). Eighteen-month-olds have a median
productive vocabulary of approximately 75 words with a range from about 14 to 330 (Fenson et
al., 1994). By 30 months, the median vocabulary size has grown to 555, with a range from
approximately 360 to 630 words.
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Table 2-1.
Characteristics of Study Participants
18 Months

24 Months

30 Months

36 Months

Age (in months)
M

18.3

24.0

30.1

36.2

SD

1.0

0.5

0.8

0.9

Range

16.8 - 19.6

23.1 – 25.1

29.9 – 31.3

34.7 – 37.5

Gender (n)
Male

6

7

6

8

Female

6

5

6

4

Only Child

8

7

6

4

First Born

--

3

2

4

Later Born

4

2

4

4

White

11

12

8

10

Black

1

--

--

--

Other Non-White

--

--

4

2

M

16.0

16.3

16.6

16.8

SD

1.9

1.8

1.7

1.8

12 – 18

13 - 18

13 - 18

12 – 18

MLU (in morphemes)

2.1

4.6

8.4

10.2

CDI*

60.0

59.7

51.7

39.3

VABS Comm*

78.2

80.3

87.1

81.3

VABS Soc*

80.2

79.3

83.6

80.0

Birth Order (n)

Ethnicity (n)

Mother’s Education
(in years)

Range
Language/Sociability
Measures

*percentile rank
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lack of successful completion of familiarity trials (n = 5), noncompliance on fastmapping
trials (n = 2), experimenter error (n = 3), or failure to complete the study (n = 1).
Children were recruited through local preschools, Parents as Teachers, birth
announcements, and advertisements in local media. Children were excluded from
participation in the study if parents reported a significant medical or genetic history (e.g.
Down Syndrome, Autism, etc.), speech and/or language delay, a vision or hearing
impairment not corrected to normal, or exposure to more than one language in the home.
Participants were given a small gift at the end of each session to thank them for their
participation.
Design
The study occurred in three phases: (1) a familiarization phase, in which children
learned the experimental task protocol, (2) a fastmapping phase, in which the children
were expected to map pseudowords to novel objects, and (3) a recall phase, in which
children were tested on their memory for the word-meaning mappings following a 24hour delay. The fastmapping and recall phases included two experimental conditions: the
single-cue condition and the paired-cue condition. All children participated in both
conditions. During the fastmapping phase of the study, children were presented with six
trials in which they were asked to infer the referents of novel nouns (i.e., to map each
noun to its referent). On three of the trials (the single-cue trials), the experimenter
provided children with single cues to word meaning (one bias, one linguistic, and one
social cue). On the other three trials (the paired-cue trials), children were asked to infer
word meanings based on two congruent cues that were presented simultaneously
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(bias+linguistic, bias+social, linguistic+social). During the recall phase of the study,
children were presented with six trials in which they were asked to recall the referents of
the target words that were presented in the previous phase.
Stimuli and Materials
Six two-syllable pseudowords were utilized as target nouns in the word learning
tasks (gimman, deevo, baffer, sylah, tepple, and merkel). These pseudowords were
designed to be English-like in their structure and phonotactics but as distinct as possible
from familiar words and from each other. Each of the words, for example, had a unique
onset and rime, as well as a unique second syllable onset. Visual stimuli consisted of 20
objects. Eleven of the objects were expected to be highly familiar to toddlers (car, ball,
shoe, book, bottle, dog, baby, cup, banana, phone, juice) based on CDI norms, indicating
their labels were understood by 80% or more of 16-month-old infants (Dale & Fenson,
1996). The remaining nine objects were expected to be unfamiliar. Of the nine unfamiliar
objects, three possessed clear category membership (i.e., a food item, a drink, an animate
being) and six did not (e.g., a plastic flapper from a toilet bowl assembly, a circuit
breaker, a pipe valve, etc.). An additional four objects were available as replacements in
the event that a child knew the name of a stimulus object. All of the objects were similar
in size and were painted in bright colors (blue, green, red, yellow, or orange). Stimulus
objects are pictured in Figure 2-1.
While every effort was made to ensure that no stimulus object or pseudoword
would be more interesting or memorable than any other, the possibility existed that
children would nonetheless find certain objects and/or words particularly appealing. In
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(a)

(b)

(c)
Figure 2-1. Study Stimuli (a) familiar objects, (b) novel objects, (c) replacement object
pool
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order to avert potential confounds created by preference, three lists, each with a different
combination of stimuli, were created for the fastmapping and recall tasks. On each list, a
target object, a distracter, and a pseudoword were grouped for each of the six
fastmapping trials (bias, linguistic, social, bias+linguistic, bias+social, social+linguistic).
Groupings were created pseudo-randomly with the following constraints: (1) each object
and pseudoword could appear only once in a list, (2) trials involving bias cues had to
contain one familiar and one unfamiliar object, and (3) trials involving linguistic cues had
to contain one categorizable object (food, drink, or animate being). In addition, each of
the three verbs that provided the semantic context in linguistic trials (eat, drink, kiss) was
paired with a different cue type (linguistic, bias+linguistic, or social+linguistic) on each
of the three lists. The lists also included pairings of distracter and target objects for the
recall trials. On each list, the target object on each recall trial was pseudo-randomly
paired with an object that had been a target on a different trial the previous day. In other
words, the two stimulus objects presented on each recall trial had both been targets on a
fastmapping trial; each of these objects appeared twice during the six trials, once as a
target and once as a distracter. This aspect of the study design was intended as a way to
control the level of familiarity of test objects and also as a way to tie recall performance
specifically to the type of cue that was used during fastmapping. Stimulus lists are
presented in Table 2-2.
Six fastmapping and six corresponding recall protocols were created from the
three stimulus lists by using each list twice and counterbalancing the order of
presentation of cue types across the three lists with a Latin Squares design. (Trials were
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Table 2-2.
Stimulus Groupings for Fastmapping and Recall Tasks
FASTMAPPING
Pseudoword

Target

Constraining

Distracter

RECALL
Distracter

Verb
LIST 1
Bias

gimman

outlet box

N/A

cup

drain

Social

merkel

flapper

N/A

pipe valve

creature

Linguistic

sylah

artichoke

eat

circuit bkr

flapper

Bias+Social

tepple

drain

N/A

baby

potion

Bias+Linguistic

baffer

creature

kiss

shoe

outlet box

Social+Linguistic

deevo

potion

drink

ext pipe

artichoke

Bias

baffer

flapper

N/A

baby

potion

Social

sylah

circuit bkr

N/A

ext pipe

artichoke

Linguistic

merkel

potion

drink

outlet box

pipe valve

Bias+Social

deevo

pipe valve

N/A

shoe

creature

Bias+Linguistic

gimman

artichoke

eat

cup

circuit bkr

Social+Linguistic

tepple

creature

kiss

drain

flapper

Bias

tepple

circuit bkr

N/A

shoe

potion

Social

baffer

outlet box

N/A

drain

circuit bkr

Linguistic

deevo

creature

kiss

pipe valve

outlet box

Bias+Social

gimman

ext pipe

N/A

cup

artichoke

Bias+Linguistic

sylah

potion

drink

baby

ext pipe

Social+Linguistic

merkel

artichoke

eat

flapper

creature

LIST 2

LIST 3
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presented in a different order on the recall protocol than on the corresponding
fastmapping protocol.) Placement of the target object (left or right) within each list was
counterbalanced across trials. A sample protocol is presented in Table 2-3. The complete
set of protocols is provided in Appendix A.
A handpuppet and a small chute were used to engage children in the object
selection task. The puppet was a 14-inch bear with moveable arms, legs, and mouth. The
chute, which was similar in concept to that used by Tomasello, Sriano, and Rochat (1999)
was created from five-inch diameter PVC pipe that was approximately 12 inches long.
The pipe was mounted on a board at about a 35-degree angle, and a lid was placed in the
opening. The end nearest the child was 8.5 inches above the table, and the chute sloped
downward toward the examiner, where the end of the pipe was 3 inches above the table.
A removable screen fit into a slot in the board and concealed items that were placed on
either side of the chute. The chute is pictured in Figure 2-2 below.

Figure 2-2.
The Apparatus Used in Object Selection Trials
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Figure 2-3. Example of Fastmapping Trial Presentation (Protocol #1)
Focus of
Experimenter’s
Cue Type
Prompt
Gaze

Bias
(Mutual Exclusivity)

Sammy wants the
gimman.

Child
(Neutral)

Social
(Speaker’s Eye Gaze)

Sammy wants the
merkel.

Target Object

Social+Linguistic

Sammy drinks the
deevo.

Target Object

Linguistic
(Constraining Verb)

Sammy eats the
syluh.

Child
(Neutral)

Bias+Linguistic

Sammy kisses the
baffer.

Child
(Neutral)

Bias+Social

Sammy wants the
tepple.

Target Object
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Object Pair

A checklist was prepared to allow parents to indicate prior to the study, which, if
any, of the stimulus words and/or objects were familiar to their children. The checklist
included the familiar nouns (car, ball, shoe, book, bottle, dog, baby, cup, banana, phone,
juice) presented during training trials and the bias cue trials of the fastmapping task, as
well as the familiar verbs (eat, drink, kiss) presented in the linguistic cue trials.2 In
addition, the checklist included pictures of the novel objects used in the study; parents
were asked to indicate whether their child had a name for any of the objects, and, if so, to
provide the name.3
The MacArthur-Bates Communication Development Inventory (CDI; Fenson et
al., 1993) was completed by parents following the child’s initial visit as an assessment of
vocabulary size and general language ability. The Words and Sentences form was
administered to children between 18 and 30 months of age; the CDI-III was administered
to children over 30 months of age.

2

Checklist responses indicated that six children were unfamiliar with one of the familiar object
names on the list (i.e., bottle, juice or banana), one child was unfamiliar with two object names
(banana and car), and one child was unfamiliar with three (banana, car, and baby). On
familiarity trials when these objects were intended targets, the examiner replaced them with items
that the child knew the label for. Only one child was unfamiliar with a constraining verb (drink).
The unfamiliar verb was not replaced on the fastmapping trial due to the constraints imposed by
available stimulus objects.
3

Many parents attempted to guess how their children would conceptualize the novel objects (e.g.,
“He’ll probably think this a ball.” “She’ll call this a telescope.”) or indicated that their child had
a name for an object and supplied a category-level name (e.g., stuffed animal). In instances
where a child had a specific and plausible name for an object, that object was replaced with
another that the child could not identify (per parent report). The following replacements were
made: the drain was replaced with a scrubber on three trials, the artichoke was replaced with
pomegranate in four trials, and the creature was replaced with an anteater on two trials.
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Two subtests of the Survey Interview Form of the Vineland-II Adaptive Behavior
Scales (VABS-II; Sparrow, Cicchetti, and Balla, 2005), the Communication and
Socialization Domains, were administered to parents during a telephone interview to
assess children’s communication and socialization skills. The VABS-II is a normreferenced measure with good reliability and validity (VABS-II manual, 2005). This
measure has been used in previous studies investigating the relationship between
socialization and language delay (e.g., Paul, Looney, & Dahm, 1991; Irwin, Carter, &
Briggs-Gowan, 2002).
Procedure
Participants were tested individually in a child language laboratory equipped with
two video cameras connected to a video recorder. The recorder and camera operator were
concealed behind a panel. Testing was conducted over two 30- to 60-minute sessions
spaced approximately 24 hours apart. Parents remained in the room with the children
during testing.
Sessions 1 and 2 both began with a brief period of free play between the examiner
and the children in order to set the children at ease before beginning experimental tasks.
A variety of age-appropriate toys were provided. Following the period of free play, the
experimenter introduced the children to the puppet and demonstrated how objects could
be placed in the chute for the puppet to catch. Children were generally enthusiastic about
the game and eager to comply. Four familiarization trials were conducted in order to train
the children and assess their ability to perform the experimental task. Children were
seated in a chair or on a parent’s lap at a small table with the examiner facing them across
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the table.4 Parents were instructed to refrain from naming objects, repeating prompts, or
helping their children in any way, but they were allowed to encourage children to play the
game when appropriate. For each familiarization trial, children were given two familiar
objects (e.g., a ball and a book) to handle, one at a time. This gave them the opportunity
to explore objects before being asked to select one in the trial. When both objects had
been returned to the experimenter, she placed one on each side of the chute behind a
small screen. She told the child which object the puppet wanted (e.g., “Sammy wants the
ball. The ball.”), removed the screen to reveal the two objects, and asked the child to
place one in the chute for delivery to the puppet (e.g., “Sammy wants the ball. Put the
ball here for Sammy.”). If the child did not respond initially, the experimenter repeated
the prompt (“Put the ball in for Sammy.”). If the child placed the wrong item in the
chute, the experimenter demonstrated the task for the child (e.g., “What did Sammy want?
We have to give him what he wants. Sammy wants the ball. Look! I’ll put the ball in for
Sammy.”). Trials with incorrect responses were readministered one time. Children who
were unable to complete three of the four familiarization trials successfully, given one
additional opportunity for each incorrect trial, were excluded from the study (n = 3 at 18
months; n = 2 at 24 months). Eight children (n = 6 at 18 months; n = 1 at 24 months; n =
1 at 36 months) required readministration of one or two familiarity trials in order to reach
4

Eight 18-month-olds, one 24-month-old, two 30-month-olds, and one 36-month-old sat on a
parent’s lap for at least part of one session. During pilot testing we experimented with having
parents wear headphones or ear plugs. The toddlers found them very distracting, however, so we
simply advised the parents to provide no input. This is fairly standard procedure in reaching
studies (as opposed to looking paradigms) with small children (e.g., Horst & Samuelson, 2008;
Poulin-Dubois & Forbes, 2002; Tomasello, Striano, & Rochat, 1999). In this study, the objects
were very close together when presented for the test trials and were placed directly in front of the
child. Both objects were visible without a head turn. We had no reason to believe that parents
influenced their toddlers’ choices.
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criterion. Because of concern that children who required more training on familiarization
trials might have performed more poorly on experimental tasks simply because they were
not as good at the demands of the task, partial correlations were calculated between the
number of familiarity trials readministered and performance on the fastmapping task,
controlling for age. No significant relationship was found (r = -.07, df = 45, p = .64),
which suggests that the amount of training required to acquaint children with task
demands was not associated with subsequent performance on experimental trials.
In Session 1, following familiarization, the six fast-mapping trials were presented.
On each trial, children were given two objects to handle, as in the familiarization trials
described above. The objects were placed behind the screen, and, as the screen was lifted,
children were asked to find one object for the puppet (e.g., “Sammy wants the gimman.
The gimman. Sammy wants the gimman. Put the gimman in for Sammy.”) If a child did
not make an immediate choice, he/she was prompted to comply, but the cue was not
repeated (e.g., “What does Sammy want? Put it in for Sammy.”) On occasion, a child
labeled one of the novel objects (e.g., “That’s a frog. Is that a frog?”). In these cases, the
examiner acknowledged the child’s comment and indicated that the object was not
accurately labeled (e.g., “Hmm. I don’t think it’s a frog.”). In the single-cue condition,
children were presented with one trial each of three single cue types (bias, linguistic, and
social). In the paired-cue condition, children were presented with one trial of each of
three pairs of cues (bias+linguistic, bias+social, linguistic+social). The target-distracter
pairings, word-object pairings, and order of presentation of cues were counterbalanced
across children as described previously.
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In Session 2, following the play session and familiarization trials, children
participated in six noun recall trials. These trials assessed the children’s ability to
remember the word-object pairings they had formed the previous day. On each trial, two
objects that were labeled targets in the previous session were placed behind the screen.
The instructions for each recall trial were simply, “Sammy wants the XXX. Find the XXX.
Put the XXX here for Sammy.” The experimenter provided no verbal or visual cues to
word meaning. The target-distracter pairings, order of presentation of cues, and
placement of target objects (left or right) were counterbalanced across children as
described previously.
All sessions were videotaped. Two observers independently judged the accuracy
of administration of trials and recorded children’s responses. Judgment on most trials was
very straightforward, in that a child picked up one object and sent it down the chute. In
cases where choices were less obvious, the following criteria were used: (1) If a child
picked up one object and offered it directly to the puppet rather than placing it in the
chute, this object was scored as the child’s choice; (2) if a child picked up two objects,
the first item placed in the chute or offered to the puppet was scored as the child’s choice;
(3) if a child picked up two objects but did not place one in the chute or offer one to the
puppet, the first item the child picked up was scored as his/her choice; (4) if a child
picked up two objects simultaneously but did not place either item in the chute and did
not offer either object to the puppet, this was considered a “no response” and the trial was
scored as incorrect. Discrepancies in scoring were resolved by a third observer.
Reliability of scoring across all trials was 98%.
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CHAPTER 3

Results
Our analysis of the data focused on two primary questions: (1) Do toddlers more
accurately infer and remember word-meaning associations when provided with two
congruent cues to word-meaning associations than when provided with a single cue? and
(2) Are developmental changes evident in children’s use of single vs. paired wordlearning cues? In addition, we address two secondary questions: (1) Do different cue
types (bias, linguistic, social) and their combinations have equally facilitative effects on
toddlers’ ability to map words to meanings and to retain those mappings? and (2) Are
specific child characteristics (i.e., language level and sociability) associated with
children’s ability to use word-learning cues? We will address these research questions for
each of the two experimental tasks (i.e., fastmapping and recall) separately.
Before we present the results of our analyses, however, we will digress briefly in
order to discuss issues involved in statistical power. Behavioral science studies are
typically vastly underpowered (Rossi, 1990), primarily because sample sizes required to
attain adequate statistical power are so large that recruitment and testing is prohibitive in
terms of both time and money expended. Figure 3-1 presents power curves for four of the
statistical tests included in the current study. This study was designed to assess the
potential effects of paired, congruent cues on children’s ability to learn new words. Our
total sample size of 48 participants would allow us to detect moderate effects (including
interactions) in a mixed-model ANOVA with 80% power at an alpha value of 0.05,

30

Figure 3-1.
Power Curves for Four Statistical Tests (fromG*Power3 Computer Program,Erdfelder,
Faul, & Buchner, 2007)
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assuming a fairly high level of correlation between repeated factors. This sample
provides a good basis for exploring our main research questions. As we move to the
secondary questions in our study, however, statistical power declines, and, with it, our
ability to detect medium-sized, and in some cases, even large effects. To achieve 0.80
power for an independent samples t test, for example, 51 participants are required per
group – or 204 for the total study; for a binomial test, 69 participants are required per
group to achieve the same power level; and for a McNemar test, comparing proportions
in two independent samples, we need 527 participants for each comparison. Such large
sample sizes are beyond the scope of a study such as this. As a result, we have looked to
supplement null hypothesis testing with additional statistical and descriptive techniques.
One of these techniques involves the creation of a null-counternull effect size
interval (Rosenthal, Rosnow, & Rubin, 2000). A frequent interpretation of a null result in
hypothesis testing is that the effect associated with the test is zero. Rosenthal et al. argue
that this is not necessarily the case. Assume, for example, that the measured effect size, d,
in a sample is .25 and our test is non-significant. It is possible, as is frequently inferred,
that the true effect is actually zero and that our sample overestimated the effect in the
population. Rosenthal et al. maintain, however, that it is equally plausible that the effect
was underestimated in the sample and that the true effect is larger than .25. They suggest,
then that researchers calculate a counternull value of the effect size. “The counternull
value is the nonnull magnitude of effect size that is supported by exactly the same
amount of evidence as is the null value of the effect size. That is, if the counternull value
were taken as the null hypothesis, the resulting p value would be the same as the obtained
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p value for the actual null hypothesis” (Rosenthal, et. al.,, p. 13). In other words, a
statistical test provides just as much evidence that the true d in a study lies beyond the
sample d as it does that the true value of d is 0. The null-counternull interval, then is an
interval in which the obtained effect size in a study is considered to be the midpoint
between the null value of the effect and the counternull value. This is similar in concept
to a confidence interval but, as Rosenthal et al. explain, the null-counternull interval is
tied directly to the results of the statistical test. Thus, rather than providing a range of
estimates of the effect size that would be possible given a particular alpha value and our
sample statistics (the confidence interval), the null-counternull interval provides an upper
estimate of the effect size that is as consistent with the results of our test as is zero. Nullcounternull values are particularly useful in interpreting results when a statistical test is
significant but the effect size is small or, as will be the case for some of our findings,
when a statistical test is non-significant but the effect size is large. In the case of a
significant result with a small effect size, the null-counernull interval can provide
information about the importance – or lack of importance -- of the finding. In the case of
a non-significant result with a large effect size, the null-counternull interval can provide
information about a potentially important effect that might be missed if we simply rely on
the statistical test. In our presentation of study results, we will include discussions of the
null-counternull effect size intervals where appropriate as a way of describing potential
trends in data that might be overlooked if we examine only the results of statistical tests.
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Fastmapping
Fastmapping Task Performance
Based on previous research, we expected children to be able to use a variety of
cues to infer word meanings. Before examining potential differences in children’s use of
single and paired cues, we assessed whether the toddlers in our study were generally
successful at using the cues we provided to map novel words to their correct referents. To
do so, we conducted a series of one-sample t tests on children’s mean proportion of
correct responses on the fastmapping task. We examined performance at two different
levels: (1) collapsed across all six cue types, and (2) collapsed across the three single-cue
and then the three paired-cue trials.5 On each t test, we compared the success rate of
participants with a chance level of 0.5. Because we hypothesized that children would
map new words to objects at greater than chance levels, we calculated one-tailed
significance values for these t tests. An alpha level of .05 was used for all statistical tests.
Familywise error was controlled by applying Holm’s Sequential Bonferroni Correction to
the three tests within each age group. Effect sizes were calculated as Cohen’s d, the
standardized difference between two proportions. Results are presented in Figure 3-2 and
Table 3-1.

5

For most of the analyses conducted in this study, we will follow the pattern of examining
overall group performance prior to investigating potential effects within each age group. This is
done for two reasons. First, by examining overall performance, we gain information about word
learning strategies employed by toddlers as a whole. This level of analysis allows us to observe
effects that appear to hold across these early years of word learning. A second and closely related
reason is that the greater statistical power afforded us by the larger group when we collapse
across ages increases the likelihood that we will detect effects where they exist. The lower power
yielded by the smaller groups provides somewhat less reliable results but still allows us to probe
for trends regarding developmental differences that might guide later investigations.
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Figure 3-2.
Children’s Fastmapping Performance (Combined, Single, & Paired Cues)
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Table 3-1.
Mean Proportion of Correct Choices on Fastmapping Trials (One-sample t-test)
Mean (SD)
t (df)
p (one-tailed) Effect Size
(Cohen’s d)
All Trials (6)
All Participants

.77 (.20)

9.28 (47)

.00

1.35

18 Months

.57 (.18)

1.33 (11)

.11

.39

24 Months

.75 (.19)

4.45 (11)

.00

1.32

30 Months

.89 (.13)

10.38 (11)

.00

3.00

36 Months

.86 (.12)

10.46 (11)

.00

3.00

All Participants

.74 (.26)

6.49 (47)

.00

.92

18 Months

.56 (.30)

.65 (11)

.26

.20

24 Months

.72 (.28)

2.77 (11)

.01

.79

30 Months

.92 (.15)

9.57 (11)

.00

2.80

36 Months

.78 (.16)

5.86 (11)

.00

1.75

All Participants

.79 (.26)

7.68 (47)

.00

1.12

18 Months

.58 (.32)

.90 (11)

.19

.25

24 Months

.78 (.26)

3.71 (11)

.00

1.08

30 Months

.86 (.17)

7.29 (11)

.00

2.12

36 Months

.94 (.13)

11.87 (11)

.00

3.39

Single-Cue Trials (3)

Paired-Cue Trials (3)
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As a group, toddlers selected the appropriate objects in word learning trials at
greater than chance levels whether we examined all trials combined, M = .77, t(47) =
9.28, p < .01 (one-tailed), d = 1.35, the three single-cue trials, M = .74, t(47) = 6.49, p <
.01 (one-tailed), d = .92, or the three paired-cue trials, M = .79 t(47) = 7.68, p < .01 (onetailed), d = 1.12.
These significant results and very large effect sizes6 suggest that children between
18 and 36 months of age take advantage of a variety of cues and cue combinations to
infer the meanings of novel nouns. We also examined fastmapping performance within
each of our four age groups. At 24, 30, and 36 months, children performed at greater than
chance levels on the fastmapping tasks across all six trials, as well as within single- and
paired-cue trials, with mean scores ranging from .72 to .94 and effect sizes (d) from .79 to
3.39 (see Table 3-1). Eighteen-month-olds, in contrast, failed to select the appropriate
objects at greater than chance levels on any of our measures -- the six combined trials, M
= .57, t(11) = 1.33, p = .11 (one-tailed), d = .39, the single-cue trials, M = .56, t(11) = .65,
p = .26 (one-tailed), d = .20, or the paired-cue trials, M = .58, t(11) = .90, p = .19, d = .25.
While 18-month-olds as a group failed to correctly infer novel word meanings at greater
than chance levels, some children in this age group did demonstrate potential
fastmapping skills. Five children chose the correct object on more than half of the six
6

We will follow Cohen’s (1988) general conventions for interpreting small, medium and large
effects and will apply them in the spirit in which he created them. That is, these labels allow ease
of interpretation but should not be regarded as inflexible since the size of an effect that is
potentially important varies from field to field and from study to study and should be interpreted
in terms of previous findings. In general, however, Cohen suggests the following guidelines for
the effect sizes utilized in this study: for d, .20 is small; .50 is medium, .80 is large; for ! 2, .01 is
small, .06 is medium, .14 is large; for r, .10 is small, .30 is medium, .50 is large, for g, .05 is
small, .15 is medium, and .25 is large.
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trials overall; seven children chose correctly on more than half of the three single-cue
trials, and nine children chose correctly on more than half of the three paired-cue trials. In
addition, the counternull value of d for combined trials (.78) serves as a reminder that our
non-significant test does not indicate that our effect size is zero; the evidence suggests
that a medium to large effect is equally likely. In summary, three of the four groups of
children in our study – all but the youngest age group -- demonstrated the ability to use
the cues we provided to map novel words to the objects they represented, given a variety
of cues; emerging fastmapping skills were observed in a number of 18-month-olds.
Gender Differences
We conducted preliminary analyses to determine whether our male and female
participants differed in their fastmapping performance. Independent samples t-tests
comparing boys’ and girls’ object choices revealed no difference in proportion of correct
choices across all fastmapping trials, mean difference = .06, t(44.98)7 = 1.49, p = .14, d =
.43, across single-cue trials, mean difference = .06, t(44.37) = .96, p = .34, d = .28, or
across paired cue trials, mean difference = .05, t(46) = .64, p = .53, d = .18. Therefore,
data were pooled across gender in all analyses.
Toddlers’ Use of Single and Paired Cues in Fastmapping
Having established that boys and girls both use the cue types tested for
fastmapping, we return to the first of our primary questions: Is there a difference in
fastmapping performance given single vs. paired cues to word meaning? In order to
examine potential differences in children’s use of single and paired cues, we conducted a

7

Degrees of freedom were corrected for unequal variances
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mixed analysis of variance (ANOVA) with cue condition (single, paired) as the withinsubjects factor and age (18, 24, 30 and 36 months) as the between-subjects factor. The
dependent variable was the mean proportion of correct responses on fastmapping trials.
(Proportions were arcsine transformed for all analyses, but means are presented
throughout the paper in untransformed proportions for ease of interpretation.8) An alpha
level of .05 was used for all statistical tests. Effect sizes were calculated as eta-squared
values (!2).
Between-group analyses revealed a significant main effect of age on fastmapping
task performance, F(3, 44) = 9.05, p < .01, !2 = .38. The eta-squared value associated
with this effect suggests that 38% of the between-subjects variance was accounted for by
age. Neither the effect of cue condition, F(1, 44) = 1.17, p = .29, !2 = .02, nor the ageby-cue condition interaction, F(3, 44) = 1.29, p = .29, !2 = .08, reached significance. This
suggests that providing children with paired rather than single cues did not significantly
affect fastmapping performance. Descriptive data are presented graphically in Figure 3-3.
Complete ANOVA results are provided in Table 3-2.
Developmental Changes in Fastmapping Performance
Our second question addressed whether use of single and paired cues changed
with development. Because we hypothesized that children’s fastmapping performance
would improve with age, we conducted three planned contrasts to compare the

8

The arcsine transformation is conventionally applied to proportions and percentages before
analyses are conducted in order to create a more normal distribution and to produce a scale that is
more linear in nature than that of raw proportions.
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Figure 3-3.
Children’s Fastmapping Performance on Single and Paired Cues
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Table 3-2
Mixed ANOVA for Fastmapping Trials
Source

SS

df

MS

F

p

Eta2

Between Subjects
Age (A)

1.81

3

.61

ErrorBS

2.94

44

.07

9.05**

.00

.38

Within Subjects
Cue Type (C)

.17

1

.17

1.17

.29

.02

AxC

.56

3

.19

1.29

.29

.08

5.35

44

.14

ErrorWS
**p < .01
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fastmapping performance of children in adjacent age groups (i.e., 18-month-olds with 24month-olds, 24-month-olds with 30-month-olds, 30-month-olds with 36-month-olds).
Since the effect of cue condition and the cue-condition by age interaction were nonsignificant, we collapsed fastmapping performance across single and paired cues. Planned
comparisons revealed significant differences in fastmapping performance between 18and 24-month-olds, t(22) = 2.60, p = .01, rcontrast = .49, and between 24- and 30-montholds, t(22) = 2.09, p < .05, rcontrast = .90, but not between 30- and 36-month-olds, t(22) =
.48, p = .60, rcontrast = .10. Thus, fastmapping performance increased significantly from 18
to 24 months and from 24 months to 30 months, but no significant increase in
performance was found between 30- and 36-month-olds.
We further explored these age differences in fastmapping performance by
conducting trend analyses in the form of polynomial contrasts on the fastmapping
performance of the four age groups. These analyses revealed significant linear and
quadratic trends (t(46) = 4.65, p = .00, rcontrast = .57, and t(46) = 2.17, p = .03, rcontrast =
.31, respectively). The significant linear trend suggests that mean scores on the
fastmapping task tended to increase with age; this trend, however, was qualified by a
significant quadratic trend, as fastmapping scores decreased from 30 to 36 months. In
summary, then, our analysis of the fastmapping data suggest that 24- to 36-month-old
toddlers fastmap at a greater than chance level even given multiple cue types, that they
map words to meanings equally well whether provided with a single cue or with paired,
congruent cues, and that fastmapping abilities generally increase between 18 and 30
months of age.
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Toddlers’ Use of Specific Cue Types and Combinations in Fastmapping
One of our secondary research questions concerns children’s use of the six
specific word-learning cues and combinations included in the study. (Descriptive data are
presented graphically in Figure 3-4.) To determine whether these different types of cues
differentially facilitated children’s ability to map words to meanings, we conducted a
series of Cochran’s Q tests on the fastmapping performance of children collapsed across
age as well as within each age group.9 The repeated factor in these analyses was cue type
(bias, social, linguistic, bias+social, bias+linguistic, social+linguistic). Results indicate
that children as a group performed equally well on each type of cue, Q(5) = 3.84, p = .57.
Further, no difference among the six cue types was found at 18 months, Q(5) = 1.56, p =
.91, at 24 months, Q(5) = 1.27, p = .94, or at 30 months, Q(5) = 2.78, p = .73. At 36
months, however, our analysis indicated that performance on at least one cue type
differed significantly from performance on other cue types, Q(5) = 11.30, p <.05. Visual
examination of the data suggests that 36-month-olds’ performance on social cues was
weaker than performance on other cue types. However, the size of our age groups limited
our power and, thus, our ability to reliably investigate statistical differences between
specific cue types within each age group.
Although Cochran’s Q tests indicated that children performed similarly on each
cue type, these tests did not assess whether they performed successfully. To determine

9

Cochran’s Q is a nonparametric test (an extension of the McNemar test) that examines change
in a dichotomous variable across a number of trials (i.e., it is a nonparametric alternative to
Repeated-Measures ANOVA). It is used here rather than FM-ANOVA because the dependent
variable (task performance) is dichotomous (right or wrong) rather than continuous. A significant
result of this test (p < .05) suggests that differences exist between at least two cue conditions.
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Figure 3-4.
Children’s Performance on Fastmapping Trials – Individual Cue Types

single
cues

44
paired
cues

whether this was the case, we conducted a series of 24 one-tailed binomial tests for
fastmapping trials. Each test compared the success rate of children on one specific
fastmapping trial (bias, linguistic, social, bias+linguistic, bias+social, or linguistic+social)
with a chance level of 0.5. Binomial tests were performed across ages and within each of
the four age groups. Because we predicted that children would perform at greater than
chance levels, we calculated one-tailed p values for these tests. Family-wise error was
controlled with the Holm’s Sequential Bonferroni Correction, which was applied to the
six tests within each age group.
As a group, the toddlers in our study used each of the six cue types and
combinations to fastmap at significantly greater than chance levels. 79% of children
were successful on the bias-cue trial, p < .01, g = .29, 71% on the social-cue trial, p < .01,
g = .21, 73% on the linguistic-cue trial, p < .01, g = .25, 77% on the bias+social trial, p <
.01, g = .27, 75% on the bias+linguistic trial, p < .01, g = .25, and 85% on the
social+linguistic trial, p < .01, g = .35. Overall, then, children demonstrated successful
use of each of our cue types and combinations.
As in the overall tests of fastmapping presented earlier, 18-month-olds failed to
demonstrate the ability to use any of the specific cues at a statistically significant level.
However, the moderate effect size on the social and social+linguistic cues (g = .15)
suggests the possibility that these cues are being used to some extent by the 18-montholds in our study (i.e., the statistical evidence supports an effect size of .30 equally as
well as an effect size of .00). The performance of our 24-month-olds was stronger than
that of the younger group. More than half of the children responded correctly on each of
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the trials. While the proportion of correct responses was significantly greater than chance
only on the social+linguistic trial (M = .92, p = .01, g = .42), tests of 24-month-olds’ use
of bias, linguistic, and bias+linguistic cues approached significance (p = .07 in each
case). Effect sizes associated with use of all cues were in the medium to large range (g =
.17 to g = .42) with counternull values from .34 to .84. The data suggest that we not
completely discount the ability of 24-month-olds to use each of the cue types presented.
By 30 months, the majority of children selected the correct referent of novel words on all
of the six trials (p < .05 on all trials). The performance of the 36-month-olds was similar
to that of the 30-month-olds with one important exception. The oldest children failed to
demonstrate consistent use of the social cue (M = .58, p = .77, g = .08). This result is
consistent with, and potentially accounts for, two findings discussed previously. The
polynomial contrasts indicated that the overall fastmapping performance of 36-montholds tended to be lower than that of 30-month-olds, creating a quadratic trend, and the
Cochran’s Q test demonstrated that 36-month-olds did not use all cue types with equal
facility. Complete results of binomial tests are presented in Table 3-3.
These descriptive data and significance tests suggest the possibility that children’s
use of some specific types of word-learning cues changes with age. In order to test the
possibility that performance on each of the fastmapping trial types increased with age, we
conducted six Mantel-Haenszel tests of trend (linear-by-linear) tests. Significant linear
trends were revealed between age and fastmapping performance for four of the six cues:
bias, !2MH = 8.02, p < .01 (one-tailed), linguistic, !2MH = 3.49, p = .03 (one-tailed),
bias+social, !2MH = 10.19, p = < .01 (one-tailed), and social+linguistic, !2MH =4.00, p =
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Table 3-3
Mean Proportion of Children Making Correct Choices on Each Fastmapping Trial (Binomial tests; chance = .50)
18 months

Bias

24 months

p

gt

M

p

gt

M

p

gt

M

p

gt

.50

.50

.00

.75

.07

.25

1.00*

.00

.50

.92*

.01

.42

.58

.39

.08

.83*

.02

.33

1.00*

.00

.50

.83*

.02

.33

1.00*

.00

.50

.67

.19

.17

(.00, .50)
.67

.19

(.00, .34)
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Linguistic

.50

.50

.00

.50

.50

.00

.75

.07

.58

.39

.08

.67

.19

.67

.19

.17
(.00, .34)

t

.00

.25

.17

.75

.07

.25

.83*

.02

.00

.42
(.00, .84)

.33
(.00, .66)

.92*

.01

.42
(.00, .84)

.83*

.02

(.00, .50)
.92*

.42
(.00, .84)

(.00, .34)

(.00, .16)
Soc-Ling

.92*

(.00, .50)

(N/A)
Bias-Ling

.17

(.00, 1.00)

(.00, .34)

(N/A)
Bias-Soc

36 months

M

(N/A)
Social

30 months

.33
(.00, .66)

.83*

.02

.33
(.00, .66)

values in parenthesis represent the null and counternull values of the effect size
*denotes that the test is significant at a familywise error rate of p < .05 with Holms’ Sequential Bonferroni Correction. Critical p values in
ascending order are .0083, .0100, .0125, .0167, .0250, .0500

.02. These significant trends suggest that children become better at using most of our
word learning cues as they develop. No significant trend between age and fastmapping
performance was revealed for the remaining two cue types: social, !2MH = .00, p = .50
(one-tailed), and bias+linguistic, !2MH = 2.18, p = .07 (one-tailed), though the test of the
bias+linguistic cue approached significance.
Associations Between Fastmapping and Child Characteristics
While we have presented results in terms of group performance, considerable
variability exists among children – particularly at the younger ages -- in their
demonstrated ability to fastmap. It seems likely that children who are better at
fastmapping would have stronger language skills than children who are less successful
(and vice versa). It also seems probable, that children who are more sociable (e.g., better
able to read their partner’s intentions), would have better fastmapping skills. In order to
examine potential relationships between toddlers’ fastmapping performance and language
level and between fastmapping and sociability, we conducted partial correlations,
controlling for age, between CDI Vocabulary (CDI) percentile rank, MLU in morphemes
(calculated from CDI three longest sentences), VABS-II Communication Subtest (VABSC) percentile rank, VABS-II Sociability Subtest (VABS-S) percentile rank and
performance on the fastmapping task.10 Consistent with our other analyses, we performed
correlations across all six cues as well as on single and paired cues. Results are presented
in Table 3-4. In general, we found significant positive correlations between children’s
overall performance on the fastmapping task and our three language measures, with r
10

The parents of one 30-month-old child were not available to complete the VABS interview; as
a result, analyses involving VABS measures are based on 47 rather than 48 measures.
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values from .35 to .52. The correlations between single cue use and the three language
measures were also significant, with r values of .41, .43, and .42 for the CDI, MLU, and
VABS-C, respectively. Interestingly, however, no significant correlations were found
between paired cue performance and language measures (CDI, r = .09, p = .58; MLU, r =
.26, p = .08, VABS-C, r = .15, p = .33). No significant correlations were found between
our sociability measure, the VABS-II Sociability subtest, and fastmapping performance,
whether we examine combined, single, or paired cues.

Table 3-4
Partial Correlations Between Fastmapping Performance and Language/Sociability
Measures, Controlled for Age Group (n = 48; df = 43)
VABS
CDI Vocabulary
VABS Sociability
MLU
Communication
(PR)
Subscale (PR)
Subscale (PR)
r

p

r

p

r

p

r

p

All Cues

.35* .02

.52**

.00

.40** .01

.06

.68

Single Cues

.41* .01

.43**

.00

.42** .01

-.06

.68

Paired Cues

.09

.26

.08

.15

.16

.29

.58

.33

*p < .05,two-tailed
**p < .01, two-tailed

Recall
Recall Task Performance
We turn now to an examination of children’s retention of the word-object
mappings formed during the fastmapping task. Prior to investigating whether single and
paired cues were equally advantageous to children in terms of facilitating memory for
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word-meaning associations, we examined children’s general success at recalling the
referents of words presented the previous day. For fastmapping trials, children’s scores
were calculated as the proportion of correct choices out of all possible trials. This type of
calculation, however, was not the most appropriate way to measure retention of
previously inferred words in our study. On recall trials, remember, children were
presented with two objects, each of which had been a target in a fastmapping trial the
previous day. Children who incorrectly inferred the meaning of a word during a
fastmapping trial obviously selected the distracter rather than the target object; as a result,
the object they selected as the referent of the novel word was not available to them as a
choice on the corresponding recall trial. In other words, children who chose the incorrect
object on a fastmapping trial did not have an opportunity to demonstrate whether they
remembered that choice. To create a score that accurately reflected children’s recall, we
used conditional probabilities; we included in the calculation of recall scores only trials
that assessed retention of words the children had correctly fastmapped the previous day.
Figure 3-5A presents, for visual comparison, recall data based on conditional
probabilities and on all recall responses. In order to examine the validity of our
conditional probabilities, we compared children’s recall performance on word-object
pairs they had correctly fastmapped (M = .64, SD = .28) with recall performance on
word-object pairs they had not correctly fastmapped (M = .39, SD = .40). In other words,
we compared our conditional probabilities to an inverse conditional probability. Results
of a paired-sample t test revealed a statistically significant difference between these two
scores, t(35) = 2.54, p = .01 (one-tailed), d = .42, indicating that children were
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Figure 3-5
A. Proportion of Children Responding Correctly on Recall Trials When
Corresponding Fastmapping Trial was Correct (conditional probabilities) vs
Proportion of All Recall Trials Correct

B. Proportion of Children Responding Correctly on Recall Trials When Corresponding
Fastmapping Trial was Correct vs Incorrect.(Results are collapsed across age
groups.)
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considerably more likely to make the correct choice on a recall trial if they successfully
completed the corresponding fastmapping trial. Figure 3-5B presents this information
graphically, broken down by cue type.
As in our preliminary analysis of fastmapping performance, we calculated the
proportion of correct responses across combined recall trials (single + paired), across
single-cue trials, and across paired-cue trials. We then conducted one-sample t tests to
determine whether children made correct responses at above-chance levels. As in the
fastmapping analyses, family-wise error was controlled using the Holm’s Sequential
Bonferroni Correction, applied to the three tests within each age group. Results are
presented in Figure 3-6 and Table 3-5.
These tests suggest that, overall, children in the study retained the meanings of
our novel words at greater than chance levels across the combined recall trials, M = .64,
t(47) = 3.41, p < .01 (one-tailed), d = .50, the three single-cue trials, M = .65, t(45) =
3.07, p < .01 (one-tailed), d = .44, and the three paired-cue trials, M = .65, t(45) = 3.12, p
< .01 (one-tailed), d = .47. While these scores indicate that children tended to recall the
meanings of the words they had previously inferred, the scores are significantly lower
than the fastmapping scores (on overall trials, t(47) = 2.78, p = .01, d = .40), suggesting
that the recall task was more demanding than the fastmapping task.
When we examine overall task performance within each age group, only 30- and
36-month-olds performed at levels that were statistically greater than chance (30 months:
M = .70, t(11) = 3.16, p = .01 (one-tailed), d = .91; 36 months: M = .66, t(11) = 2.08, p <
.05, d = .62). On words that had been presented in single-cue trials on the fastmapping
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Figure 3-6
Children’s Recall Performance (Combined, Single, & Paired
Cues)
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Table 3-5.
Mean Proportion of Correct Choices on Recall Trials (Conditional Probabilities)
(One-sample t-test, Chance = .50)
Mean (SD)
t (df)
p (one-tailed) Effect Size
(Cohen’s d)
All Trials (6)
All Participants

.64 (.28)*

3.41 (47)

.00

.50

18 Months

.57 (.33)

.61 (11)

.24

.21

24 Months

.62 (.30)

1.36 (11)

.10

.40

30 Months

.70 (.22)*

3.16 (11)

.01

.91

36 Months

.66 (.26)*

2.08 (11)

.03

.62

All Participants

.65 (.34)*

3.07 (45)

.00

.44

18 Months

.65 (.42)

1.18 (10)

.13

.36

24 Months

.68 (.27)

2.21 (10)

.03

.67

30 Months

.63 (.30)

1.43 (11)

.09

.43

36 Months

.65 (.37)

1.42 (11)

.09

.41

.65 (.32)*

3.12 (45)

.00

.47

Single-Cue Trials (3)

Paired-Cue Trials (3)
All Participants
18 Months

.52 (.34)

.16 (9)

.44

.06

24 Months

.61 (.42)

.93 (11)

.19

.26

30 Months

.78 (.25)*

3.22 (11)

.00

1.12

36 Months

.67 (.25)*

2.35 (11)

.02

.68

*Test is significant at family-wise " of .05 with Holm’s Sequential Bonferroni Correction
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task, children in all age groups selected the correct object more than half of the time
(63% to 68%), but performance failed to reach significance in any of the four age groups.
On paired-cue trials, 30- and 36-month-olds again performed at greater than chance
levels, M = .78, t(11) = 3.22, p = .00 (one-tailed), d = 1.12 and M = .67, t(11) = 2.35, p =
.02 (one-tailed), d = .68, respectively, but 18- and 24-month-olds did not, t(9) = .16, p =
.44, d = .06, and t(11) = .93, p = .19, d = .26.
As a group, then, the toddlers in our study retained the word-object mappings
formed in during fastmapping, even after a 24-hour delay. The younger children (18- and
24-month-olds) did not demonstrate statistically significant recall, but the moderate effect
size associated with the single-cue performance of the 24-month-olds, combined with a
statistical test that approaches significance, suggests the possibility that an effect is
present that we do not have sufficient statistical power to detect.11
Gender Differences
Independent sample t-tests revealed no differences in recall task performance
between boys and girls across all trials, mean difference = .02, t(46) = .16, p = .88, d =
.05, across single-cue trials, mean difference = .00, t(44) = .01, p = 1.00, d = .00, or
across paired-cue trials, mean difference = .01, t(44) = .05, p = .96, d = .02. As a result,
recall data were pooled across gender in all analyses.
Toddlers’ Use of Single and Paired Cues in Recall
A mixed analysis of variance (ANOVA) with cue condition (single, paired) as the
within-subjects factor and age (18, 24, 30, 36 months) as the between-subjects factor

11

The power of this test to detect a medium effect with 11 participants is .46.
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revealed no significant effect of cue condition, F(1, 40) = .52, p = .48, #2 = .01, of age,
F(3, 40) = .19, p = .90, #2 = .01, or of the interaction between cue condition and age, F(3,
40) = 2.56, p = .07, #2 = .16. These results indicate that no significant difference existed
in children’s ability to recall word meanings whether those meanings had been inferred
on the basis of single cues or of paired cues. Further, children’s overall recall of wordmeaning associations formed previously did not change significantly from 18 to 36
months. Results are presented in Table 3-6.
Toddlers’ Use of Specific Cue Types and Combinations in Recall
To determine whether children successfully recalled word-object pairs that had
been introduced with each of the six cue types and combinations, we conducted a series
of binomial tests, as in the analysis of fastmapping. As a group, children recalled word
meanings they had inferred for all cue types except the bias cue at greater than chance
levels. Only 47% of children recalled the correct object on the bias trial, p = .44, g = .03. On all other cue types, 65% to 74% of children (g values between .15 and .24)
completed the trial correctly. On average, then, children were able to recall the meanings
of nouns when those meanings had been introduced through five different cue types. Data
are presented descriptively in Figure 3-7; results of analyses are in Table 3-7.
Binomial tests were also conducted on children’s performance within each age
group on the six individual recall trials. These results should be interpreted cautiously,
however, due to limited statistical power. Because recall scores were calculated using
conditional probabilities, any children who responded incorrectly on a specific
fastmapping trial were excluded from analyses on the corresponding recall trial. Thus, the
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Table 3-6.
Mixed ANOVA for Recall Trials (Conditional Probabilities)
Source

SS

df

MS

F

p

Partial
eta2

Between Subjects
Age (A)

.17

3

.06

ErrorBS

11.89

40

.30

.19

.90

.01

Within Subjects
Cue Type (C)

.10

1

.10

.52

.48

.01

AxC

1.41

3

.47

2.56

.07

.16

ErrorWS

7.32

40

.18

*p < .05. **p < .01.
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Figure 3-7.
Children’s Performance on Recall Trials – Individual Cue Types
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Table 3-7.
Mean Proportion of Children Making Correct Choices on Each Recall Trial (Conditional Probabilities)
18 months

Bias

24 months

n

gt

M

n

gt

M

n

gt

M

n

gt

.17

6

-.33

.44

9

-.06

.50

12

.00

.64

11

.14

.75

8

.25

(.00, -.12)
.88*

8

(.00, .50)
Linguistic

.83

6

.33

59

.33

6

-.17

.67

9

.57

7

.07

.75

8

.75

8

.25
(.00, .50)

t

11

.17

.25

.67

9

.17

.70

10

11

.05
(.00, .25)

.57

7

.20

.91*

11

.41

.70

10

10

.20

.50

12

10

.20
(.00, .40)

.00
(N/A)

.70

10

(.00, .40)
.70

.20
(.00, .40)

(.00, .82)
.70

.07
(.00, .14)

(.00, .40)

(.00, .34)
.55

.23

(.00, .28)

(.00, .46)

(.00, .50)

(.00, .14)
Soc-Ling

.73

(.00, .34)

(.00, -.34)
Bias-Ling

.33

(N/A)

(.00, .66)

(.00, .66)
Bias-Soc

36 months

M

(.00, -.66)
Social

30 months

.20
(.00, .40)

.75

12

.25
(.00, .50)

values in parenthesis represent the null and counternull values of the effect size
*denotes that the test is significant at a familywise error rate of p < .05 with Holms’ Sequential Bonferroni Correction. Critical p values in
ascending order are .0083, .0100, .0125, .0167, .0250, .0500.

use of conditional probabilities reduced our group size, particularly in the two younger
groups, where fastmapping accuracy was significantly lower than in the two older groups.
As a result, null hypothesis tests alone present a somewhat haphazard and potentially
misleading picture of children’s performance. In this case, it is more informative to
examine the data qualitatively and in terms of effect sizes in order to discern trends that
might warrant further study.
As the overall results suggest, performance on bias-cue trials was weak for each
age group, with effect sizes ranging from -.33 (which suggests a significant tendency not
to select the target item), to .14. Children’s performance on linguistic-cue trials was
relatively strong at each age, with effect sizes ranging from .17 to .33. These medium to
large effect sizes suggest that linguistic cues potentially facilitated recall across ages.
Effect sizes for all other cue types were relatively small.
The absence of a significant age effect in our repeated-measures ANOVA
suggested that overall recall scores did not differ significantly from age group to age
group. Another way to examine developmental trends is to determine if children use a
greater variety of cue types with greater success as they develop. Examination of effect
sizes corresponding to children’s use of individual cue types suggests the possibility of a
trend in the number of cue types children successfully use in recall. At 18 months, large,
positive effect sizes were associated with performance on three trials. At 24 months,
moderate to large effect sizes were found for performance on four trials, and at 30
months, performance on five trials was associated with moderate to large effect sizes. In
keeping with performance in other areas, the performance of 36-month-olds appeared
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somewhat weaker. Only on three trials was their performance associated with moderate
to large effects.
Associations Between Recall and Child Characteristics
As in the fastmapping analyses, we examined potential associations between
recall performance and language level and between recall and sociability by conducting
partial correlations, controlling for age, between CDI percentile rank, MLU in
morphemes, VABS-C percentile rank, VABS-S percentile rank and performance on the
recall task. Again, we performed correlations across all six cues as well as on single and
paired cues. Results are presented in Table 3-8. All correlations are both statistically
non-significant and small (r ranged from -.01 to .20), suggesting that there is no strong
relationship between recall and language abilities or recall and sociability.

Table 3-8
Partial Correlations Between Recall Performance (Conditional Probabilities) and
Language/Sociability Measures, Controlled for Age Group (df = 39)
CDI
Vocabulary
(PR)

VABS
Communication
Subscale (PR)

MLU

VABS Sociability
Subscale (PR)

r

p

r

p

r

p

All Cues

-.02

.92

-.01

.96

-.18

.25

.00

.99

Single Cues

-.02

.93

.09

.59

-.17

.28

-.05

.74

Paired Cues

-.06

.72

-.17

.30

-.17

.28

.20

.21
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Possible Limits on Retention of Newly Formed Word-Object Mappings
While children overall demonstrated some level of success on our recall task, it
was clearly challenging. Six novel words were presented in a limited period of time, and
children were not explicitly taught their meanings but rather were asked to infer them.
Twenty-four hours later, we assessed their recall of these words, without ever having
provided feedback as to whether their word-object mappings had been correct or not.
Children’s scores on the recall task were, perhaps not surprisingly, significantly lower
than their scores on the fastmapping task. Horst and Samuelson (2008) found that when
they presented 24-month-old children with eight fastmapping trials (i.e., eight novel
words to map to novel objects) and tested retention following a five-minute delay, the
children retained the meanings of only the first half of the words they had fastmapped,
and only when ostensive naming was added to the fastmapping task. In order to
investigate the possibility that the children in our study also demonstrated a cap on the
number of words they could commit to long-term memory in one word-learning session,
we divided recall trials into two blocks based on the order in which the words/objects had
been introduced in the fastmapping session. Children’s recall scores were significantly
different when we compared retention of the three words presented first in the
fastmapping session with retention of the final three words presented in the fastmapping
session, t(46) = 2.57, p = .01, d = .37. In order to determine whether this difference was
tied to children’s performance on the fastmapping task (i.e., whether they were more
accurate on the first three fastmapping trials than on the last three), we also compared
performance on the first half of the fastmapping trials with performance on the second
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half. No significant difference was found between fastmapping scores on the first vs.
second block of trials, t(47) = .15, p= .88, d = .02. This suggests that the observed
difference in recall scores is not a result of children’s performance on the fastmapping
task -- they appear to have mapped the last three words as successfully as the first three -but that they did not retain the final three words as well as the first three. Because recall
trials were presented in a different order than the fastmapping trials for each child, and
the order of recall cues was counterbalanced among children, neither fatigue nor fading
attention should have played a role in the difference we see between first and second
blocks of recall cues. In fact, if we compare performance on the first three recall trials
administered to each child with performance on the last three recall trials, we find no
significant difference, t(46) = 2.57, p = .27, d = .16. These comparisons suggest that
children are able to maintain attention throughout the six fastmapping and recall trials,
but that they retained words presented in the first half of the fastmapping session more
consistently than those presented in the second half.
The previous analyses revealed differences in recall performance based on order
of presentation of fastmapping trials, but they did not provide information about the
accuracy of children’s performance in each block. In order to examine whether order
affected the children’s success, we conducted one-sample t tests of children’s
fastmapping and recall scores separately on the first and second blocks of trials described
above. All scores were compared to a chance level of .50, and, as in previous analyses,
tests were one-tailed. Familywise error was controlled across the six trials using the
Holm’s Sequential Bonferroni Correction. As expected, based on previous results,
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children performed at significantly greater than chance levels on the first and second
blocks of the fastmapping trials, M = .76, t(47) = 6.52, p = .00, d = .96, and M = .78,
t(47) = 9.15, p = .00, d = 1.33, respectively. On the first and second blocks of recall trials
presented, children also performed significantly better than chance, M = .61, t(47) = 2.07,
p = .04, d = .31, and M = .69, t(46) = 3.84, p = .00, d = .56, respectively. This is also
consistent with our finding of children’s overall success on the recall task. However,
when we examined performance on the recall trials blocked by order of presentation
during fastmapping, we found that children retained the first three words that were
introduced during the fastmapping session, M = .73, t(46) = 5.10, p = .00, d = .74, but
they did not demonstrate retention of the last three words introduced during the
fastmapping session, M = .58, t(47) = 1.64, p = .11, d = .23.
These results are consistent with our finding that children’s retention of words
introduced in the first half of the fastmapping session differed from their retention of
words introduced in the second half, and suggest, further, that words introduced later
were not retained. They indicate the order effect is independent of the order of
presentation of the recall trials themselves; in addition, since the order of presentation of
cue types was counterbalanced across trials, the effect cannot result from the placement
(first vs second half) of any specific type of cue. These results support the findings of
Horst and Samuelson and suggests the possibility that there is a ceiling on the number of
words that can be retained when they have been fastmapped over a short, intensive
period.
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CHAPTER 4

Discussion
The goals of this study were to explore potential effects of paired, congruent
word-learning cues on toddlers’ ability to form and retain word-meaning associations, to
examine toddlers’ use of a variety of word-learning cues, and to assess developmental
changes in word-learning strategies. We provided 18- to 36-month-old children with
single and paired cues to the meanings of novel nouns, asked them to infer the words’
referents, and then assessed their retention of word meaning following a 24-hour delay.
Study results have informed our understanding of toddlers’ ability to use redundant cues
to word meaning and have also provided information about developmental trends in
fastmapping and recall, about children’s use of specific word learning cues, and about
associations between word learning (fastmapping and recall), general language ability,
and sociability. We will address each of these areas in turn.
Single vs. Paired Cues
No differences in fastmapping performance were revealed between the single-cue
condition and the paired-cue condition. Single and paired cues appeared to facilitate
children’s inferences about word meaning equally well. Similarly, recall of words
fastmapped through single cues did not differ from recall of words fastmapped through
paired cues. This is surprising on several levels. The paired cues provide clearly
redundant information about word meaning in that they point to the same logical referent
of a new word. This redundancy could serve to confirm or consolidate a child’s initial
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assumptions about a word’s referent, potentially improving both fastmapping and recall.
In addition, since each of the two cues in our paired-cue condition provides somewhat
different information (e.g., the linguistic cue calls attention to the function of the referent
while the social cue does not) and requires children to draw on a different strategy or
principle, we might expect the level of word-referent encoding to be somewhat richer in
the paired-cue condition than in the single-cue condition. If it is, this might result in
greater recall in the paired-cue condition. This was not the case. Finally, the design of our
study might have provided children – particularly those whose fastmapping skills were
limited -- with a paired-cue advantage. Taking the social cue as an example, children who
could successfully recruit eye-gaze for the purpose of word learning had three
opportunities to use this ability in the six experimental trials – one in the single-cue
condition (social cue) and two in the paired-cue condition (bias+social and
social+linguistic). Even if children could not use the other two types of cues we provided
(bias and linguistic), their performance on paired-cue trials would have been better than
their performance on single-cue trials had they consistently used the one cue available to
them. If we examine the results of task performance, however, that advantage does not
appear to be present.
How do we account for the children’s failure to benefit from paired cues? One
potential explanation is that they were not attentive to or were not able to process two
cues simultaneously and integrate them. It is possible that children attended only to the
cue that they found most salient or that they had found through experience to be most
reliable in the service of word learning.
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Another possible explanation is that the lack of a paired-cue advantage is an
artifact of the study design. It is possible that the inclusion of three cues and three cue
combinations confounded our results. Not only were children exposed to a variety of
cues, they were also presented with each cue type or combination only once and were
required to shift from cue to cue relatively quickly. It is possible that this level of task
complexity masked performance differences between single and paired cues.
Finally, while the discussion to this point has focused on the children’s failure to
benefit from paired cues, an equally valid interpretation of these findings is that children
are remarkably good at making use of a very limited amount of information. The fact that
the children’s fastmapping and recall performance were equally good in the single- and
paired-cue conditions potentially reflects more on their capabilities than on their deficits.
The children in this study were provided with very little information on which to base
their inferences about word meaning – the direction of gaze, the novelty of an object, the
semantic constraints imposed by a verb. Despite this, all but the youngest children
mapped words to meanings and retained those mappings at significant levels, suggesting
that they utilized sometimes subtle cues with great efficiency in the service of word
learning.
Developmental Trends in Fastmapping
Because we found no significant effect of cue condition and no cue condition-byage interaction, we examined developmental changes in children’s general performance
on fastmapping and recall rather than on single and paired cues separately. As a whole,
toddlers used the cues we provided to map new words to meanings at greater than chance
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levels, whether we averaged across trials or examined each cue type individually.
Twenty-four- and 30-month-olds performed fairly consistently across trials and
demonstrated the ability to use all cue types successfully. Our youngest and oldest
participants, however, performed somewhat less well. Eighteen-month-olds failed to use
any of the six cue types at greater than chance levels. Thirty-six-month olds demonstrated
successful fastmapping overall but performed at chance on the social-cue trial. A
significant developmental trend was found in overall fastmapping ability, with
performance increasing linearly from 18 to 24 to 30 months of age and then declining
slightly from 30 to 36 months.
With the exception of 36-month-performance, which we will return to below, this
trend in which fastmapping ability increases through toddlerhood is consistent with
patterns revealed in previous studies of fastmapping in toddlers (e.g., Mervis & Bertrand,
1994; Hollich et al., 2000). The current study is unique, however, in revealing this trend
over a wide range of ages and a variety of cue types when children are required to switch
rapidly among different word learning strategies.
We further examined the upward trend in overall fastmapping performance by
looking at developmental differences in the use of each of our six cue types. A linear
increase was observed for all but the social and the bias+linguistic cues, suggesting that
children systematically improved in their use of most of our cues and combinations. The
trend in the use of the bias cue (and perhaps by expansion, in the bias+social cue) is
consistent with some previous findings (Brady, 2005; Halberda, 2003; Mervis &
Bertrand, 1994) and contrasts with Markman’s (1991) early argument that such cues are
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available to toddlers very early in development and help drive the naming explosion that
typically occurs between 16 and 19 months of age (Goldfield & Reznick, 1990; Nelson,
1973). The use of this particular word-learning strategy appears to require experience,
and children appear to become more skilled in its use as they develop. In contrast,
children’s ability to use social cues appeared to increase through 30 months and then to
decline beyond that, suggesting the possibility that as some cues increase in strength,
others fade.
While the pattern of results presented thus far seems logical and consistent with
previous research, two aspects of our fastmapping findings merit further discussion. The
first is the chance-level performance of our 18-month-olds on all types of fastmapping
cues. One obvious concern about this finding is that the impulsivity of children this age,
combined with a study procedure that required them to pick an object up when directed to
do so, might have played a role in their performance in our study. In fact, 18-month-olds
appeared less aware of the game-like nature of the experimental task and less eager
overall to comply immediately with task demands. They were more likely than older
children, for example, to be reluctant to give up stimulus objects they were handling
during familiarization trials, and they were also more likely to request and attempt to take
items of their choosing. These concerns are reflected in the number of 18-month-olds
who were excluded from the study (6 out of 18). However, recall that all children
included in the study “passed” the familiarization trials, indicating that they were able to
focus adequately on the task and to respond appropriately. Despite the fact that
fastmapping performance was non-significant within this age group, 42% of 18-month-
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olds correctly mapped more than half of the words presented, and the calculated nullcounternull effect size interval (.00, .78) suggests that some limited fastmapping
potentially took place. Overall, our findings were not out of line with those of other
studies which suggest that children in this age group are just beginning to take advantage
of cues such as eye gaze (Baldwin, 1991, 1993; Hollich et al., 2000) and mutual
exclusivity (Halberda, 2003; Mervis & Bertrand, 1994). In fact, some researchers (e.g.,
Hollich et al.; Halberda; Mervis & Bertrand) have suggested that the onset of mature
word-learning strategies (i.e., strategies that move beyond simple association and the
mapping of words to the most salient objects in the environment) begins at around 17 to
18 months of age. Studies described in the introduction (Hollich et al.; Pruden et. al,
2006), have indicated that children progress in their ability to use the speaker’s eye gaze
in the service of word learning. When an experimenter used eye gaze to convey that she
was labeling the more boring of two objects (a situation in which a salience cue
conflicted with a social cue), 10- and 12-month-olds failed to fastmap, and 19- to 20month-olds demonstrated limited fastmapping. Only 24- and 25-month-olds overrode
object salience and utilized eye gaze to map the word to its referent. The performance of
the 18-month-olds in our study appears consistent with these findings.
The second fastmapping finding that merits further discussion is the somewhat
puzzling drop in performance observed from 30 to 36 months. While 36-month-olds did
not perform at statistically lower levels than 30-month-olds, the change in direction in
overall fastmapping scores (i.e., increasing from 18 to 30 months, and decreasing from 30
to 36) was significant. Our 36-month-olds did not differ significantly from the 30-month-
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olds in terms of language or sociability level, (MLU: t(21) = -1.53, p = .14; CDI: t(22) =
1.15, p = .26; VABS-C: t(21) = 1.07, p = .30; VABS-S: t(21) = .88, p = .39), so this drop
does not appear to be related to characteristics of children within our groups. Rather,this
performance drop appears to have been driven by the failure of the oldest children in the
study to use the social (eye gaze) cue. Approximately half of 36-month-olds responded
incorrectly on the social-cue trial. As Figure 4-1 below illustrates, the quadratic trend in
fastmapping cues is attenuated if we remove the social-cue trial from analyses. Mean task
performance on the five other cue types increases across all age groups. Thus, the decline
in performance appears to be related not to overall fastmapping ability but rather to the
use of one specific cue.

Figure 4-1
Mean Fastmapping Performance Across Five Cues (Omitting the Social Cue)

71

The question arises, then, why the 36-month-olds in our study failed to use the
social cue of eye gaze. Children’s recruitment of eye gaze for the purpose of word
learning has been studied primarily in children 24 months of age and younger. Those
studies, as indicated above, suggest that 18- or 19-month-olds can map words to objects
based on eye gaze (Baldwin, 1991; 1993; Hollich et al., 2000), and that use of eye gaze in
fastmapping increases from 19 to 24 months of age (Hollich et al.). In one study that did
look at older preschoolers’ use of eye gaze, Nurmsoo and Bloom (2008) found that 3- to
4-year-old children (but not 2-year-olds) overrode the eye gaze cue in fastmapping when
it conflicted with verbal information. In this study, two novel objects were placed on the
table, one in sight of the examiner and one hidden from the examiner’s view. Both
objects were visible to the child. In one condition, the examiner looked at the object in
sight and said, “Oh, there’s the [novel label]. Can I have the [novel label]?” In this
condition both the younger group (age 2) and the older group (age 3 to 4) selected the
object that was the focus of the examiner’s gaze. In a second condition, the examiner
again looked at the object in sight, but this time said, “Oh, where’s the [novel label]? Can
I have the [novel label]? The younger children adhered to the eye gaze cue in both
conditions. The older children, however, ignored eye gaze in the second condition and
selected the object that was out of sight. The implication of this finding is that older
children, who presumably have more experience with word learning, are more flexible
than younger children in their use of gaze to infer referents of novel words. Other sources
of information (in this case, the lexical information) can outweigh eye gaze for these
older children; in other words, by ages 3 and 4, children appear to no longer rigidly
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follow gaze, possibly because experience has shown that other sources of information can
be more informative. One possible explanation, then, for the poor performance of 36month-olds in our study is that older children no longer consider eye gaze to be a reliable
fastmapping cue. Researchers (Baldwin, 1993; Hollich et al., 2000) have demonstrated
that a word-learning strategy that depends on associating a novel word with the most
salient object in a child’s immediate environment is powerful in infants and young
toddlers but fades as children begin to use eye gaze. It seems probable that eye gaze also
gives way to more cognitively demanding and more productive cues as children develop.
Following eye gaze is potentially a very useful strategy for mapping concrete nouns to
referents, for instance, but as a sole strategy for inferring the meanings of abstract nouns
or verbs or even adjectives, it would seem much less efficient. Interestingly, in our study,
36-month-olds failed to use eye gaze even in the absence of an additional cue to word
meaning. This finding merits further investigation.
Developmental Trends in Recall
As a group, toddlers recalled the words they had previously fastmapped at
significantly greater than chance levels. This is quite an impressive feat given the
difficulty of the task. Children inferred word meanings based on six different cue types.
They were given a single trial with each word, their inferences about word meaning were
never confirmed, and 24 hours passed before their memory for the word meanings was
tested; nonetheless, they remembered a statistically significant proportion of the word
meanings they had formed. In addition, they retained information about word-referent
associations that had been formed on the basis of every cue type except the constraint
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cue. Within age groups, only 30- and 36-month-olds demonstrated significant retention.
Twenty-four-month-olds recalled 62% of the words they had fastmapped (nullcounternull interval for d: .00, .80), suggesting the possibility that they retained words to
some extent. The youngest toddlers in the study demonstrated chance performance on
retention, and the small effect size accompanying this test (null-counternull interval for d:
.00, .42) suggests that they retained few of the words they fastmapped. Despite these
apparent differences in success rates, the difference in performance from one age group
to the next was not large enough or consistent enough to be statistically significant.
While we are unable to draw definite conclusions about the performance of
children within each age group, our overall results fit nicely with previous findings. They
are consistent with those of previous studies in terms of affirming toddlers’ ability to
recall words after fairly minimal exposure (Brady & Goodman, 2008; Carey, 1978; Carey
& Bartlett, 1978; Goodman et al.,1998; Markson & Bloom, 1997; Mervis & Bertrand,
1994) and have expanded on those findings by suggesting that they do so across a variety
of cues and even when their mappings have not been confirmed. In addition, the fact that
children in our study did not recall word-referent pairs formed on the basis of our bias
(mutual exclusivity) cue is consist with Horst and Samuelson’s (2008) finding that 24month-olds failed to retain word-object mappings when those mappings were created on
the basis of mutual exclusivity cues in the absence of ostensive naming. Horst and
Samuelson suggest that the presence of the familiar item in each fastmapping trial
“creates competition, hinders encoding of the name-object mapping, and thereby works
against retention” (p. 151). They suggest that the retention noted when the examiner
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handled the target object and named it resulted from the increased salience, which
reduced competition from the familiar (distracter) object. This proposal remains to be
tested.
Also of interest in these results is the discrepancy in recall performance among
the various types of cues. This suggests the possibility that word-meaning pairs are
encoded differently when they are formed on the basis of different types of cues. A rich
body of literature exists debating the levels of lexical processing representation (for a
brief summary, see Caramazza, 1997), but little has been done to address this question in
terms of lexical acquisition in very young children. It is possible that the
semantic/syntactic information inherent in the use of linguistic cues and/or the social
information inherent in the use of eye gaze creates richer encoding than does the mutual
exclusivity cue, which relies to a great extent on the logical process, “not this, but this”
(Halberda, 2003).
Limits on Recall
In light of a recent finding by Horst and Samuelson (2008) that children retained
only the first four of eight words presented in fastmapping trials, we also investigated
whether the number of words presented in our fastmapping task and the order in which
they were presented affected children’s recall. Children retained the meanings of the first
three words presented during the fastmapping session significantly better than the last
three words. This effect was independent of simple order of presentation of trials and
seems to suggest an upper limit on the number of words children retain in one intense
session. Interestingly, this hypothetical “limit” is consistent with the number of words
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children appear to learn per day in this age range (Fenson, et. al, 1994; Ingram, 2008).12
This observed limit might be a result of processing limitations (i.e., limited memory
capacity), or competition/interference from other objects presented in the study,
particularly at later time points. It is also conceivable that children retained traces of all of
the words in the study, but that increasingly little information was encoded for each
successive word introduced. Studies of partial word learning (i.e., evaluating the types of
information children retain about word-meaning pairings formed through the use of
different cues) would be informative.
Associations Between Task Performance and Child Characteristics
All of our language measures -- which served as assessments of children’s
vocabulary, syntactic abilities, and overall communication skill -- were significantly
correlated with overall fastmapping performance. No association was found between
language measures and recall performance.
These results, then, suggest a link between children’s ability to fastmap and their
language ability. They do not, however, provide information about the direction of this
association – whether better fastmapping leads to stronger (or earlier) language abilities,
or whether stronger language abilities lead to more efficient fastmapping. While the
results of previous studies examining the language-fastmapping relationship have
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Estimates of vocabulary size in children are imprecise and variable, in part because of effects
of different methodologies utilized in calculating them. Estimates obtained from Fenson, et al.
data and from Ingram’s reanalysis of data collected by Margaret Nice suggest that toddlers from
18 to 36 months learn between one and three words per day. That is, even post-burst, the number
of words learned per day seems to be considerably less than the nine or so words (based on
Templin, 1957, in which a very rough calculation was used) that has been popular in the
literature.
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produced mixed results, our finding adds evidence that some level of association is
present. Stokes and Klee (2008) examined the predictive value of a number of factors
(demographic, cognitive, behavioral, and psycholinguistic) on vocabulary development in
24- to 30-month-olds. While they found a significant relation between fastmapping and
language measures, fastmapping contributed no unique variance to language beyond that
accounted for by age, gender, and performance on a non-word repetition task. The
overlap between non-word repetition performance and fastmapping suggests the
possibility that fastmapping is mediated or moderated by other factors such as
phonological short-term memory. It should be noted, however, that the fastmapping task
presented by Stokes and Klee involved ostensive labeling (e.g., “This is a modi”) and a
request for repetition (e.g., “Can you say modi?”). While we typically think of
fastmapping as a process through which children quickly encode some (and potentially
minimal) information about the phonology and semantics of a word, the structure of this
task might have shifted the balance toward a more phonological than semantic task.
Horst and Samuelson (2008) remind us that fastmapping and word learning are
not the same thing, despite the fact that they are frequently inappropriately conflated in
the literature. It is important to keep fastmapping in perspective as one small piece of the
word-learning puzzle and, as it is assessed in the lab, potentially a fairly artificial piece.
Since different studies have assessed fastmapping in different ways, and perhaps tapped
different underlying abilities in children, it is not surprising that they have produced
different findings concerning a relation between fastmapping and language ability. It is
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important to continue to explore the nature of fastmapping and the processes and abilities
that potentially underlie it.
Finally, the absence of a significant relation between retention and language
measures merits brief discussion. It is, of course, impossible for a child to develop a
lexicon without storing the sound patterns and the associated semantic information of the
words he/she is exposed to. The fact that we find no association between language and
our recall task potentially says more about our task than it does about the memorylanguage link. Clearly, the fact that the children in our study performed very similarly on
the recall task means that there is insufficient variability for any association to exist. But
why did they perform so similarly? One possible explanation for our finding is that words
are so poorly encoded after one brief exposure that the task placed an artificial ceiling on
recall (i.e., processing six trials in a limited time was potentially so difficult that little
encoding took place, resulting in very little variability in performance across subjects.).
Alternatively, it might be the case that recall is less variable and changes less with
development than does fastmapping, and that fastmapping skill (or the cognitive abilities
underlying it) rather than long-term memory is responsible for variation in lexical
acquisition. These results suggest the need for future studies examining the role of
processing abilities such as memory capacity, processing speed, short-term memory, etc.
on fastmapping and retention and also the nature of partial word learning.
We also found no association between our sociability measure (the VABS-II
Sociability subtest) and fastmapping or recall. While it seems likely that children with
higher socialization skills (e.g., the ability to engage in joint attention, to follow eye gaze,
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to infer the intents of others, etc.) would be better word learners (and there is evidence
that these abilities contribute to language development (Morales, Mundy, & Rojas, 1998;
Morales et al., 2000), it is conceivable, as discussed above, that fastmapping and recall of
fastmapped words are only peripherally related to elements of language acquisition that
are potentially driven by socialization skills. Alternatively, we could speculate that our
measure of socialization, which was a very global measure assessing interpersonal
relations, coping skills and play skills, did not tap into the skills that were most related to
language learning.
Conclusions and Future Directions
The learning of words is clearly a complex process and one that evolves as a child
develops. The nature of research into this process focuses, of necessity, on small pieces
of the system. In empirical studies, we examine one piece of one potential strategy,
typically at one or two points in development. One of the unfortunate consequences of
this approach is that it is all too easy to forget that the small discoveries we make, and the
theories that we devise on the basis of those discoveries, are in fact pieces rather than the
whole. In so doing, we risk, as a field, playing out the classic Indian tale of the blind men
exploring the elephant, each maintaining that his conception of the creature is correct and
whole and based on empirical truth. This is particularly problematic when the system we
are attempting to describe is not only complex but also undergoes remarkable change
through development.
One model of word learning that attempts to integrate a number of pieces in an
effort to describe and explain the processes underlying the word-learning trajectory is the
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Emergentist Coalition Model for the Origins of Word Learning (Hollich, Hirsh-Pasek,
and Golinkoff, 2000). Hollich et al. have described a model of word learning in which
children’s experience and their attention to distributional information in the language
environment help shape their understanding and use of word learning cues. They
maintain that multiple sources of information are available to children from the outset to
guide their word-to-world mapping but that children’s ability to access this information
evolves with time as a function of both maturation and learning. As children gain access
to more sources of information, their strategies mature.
From the multiple cues surrounding them in word learning contexts, children
gradually cull more sophisticated heuristics for word learning. They implicitly test
their current theories, shift the weights of the cues, and subsequently alter their
word learning principles. Early versions of the principles are refined in ways that
make word learning faster and more precise (Hollich et al., 2000, p. 26).
Hollich and colleagues’ work to date (which has been described in Chapter 1) has
provided some initial empirical support for this model. Their studies suggest that between
12 and 24 months, children’s fastmapping strategy evolves from a strong reliance on
perceptual salience to a more mature strategy that involves overriding perceptual salience
and mapping a new word to the object of a conversation partner’s gaze. These studies
represent a first step in testing the tenets of this theory.
The current study extends their work by investigating a greater variety of cues,
examining which take precedence, and suggesting that information processing constraints
may limit both integration of multiple cues and recall of words. In looking at conflicting
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vs. congruent cues (and not comparing them with single-cue use), the Emergentist
Coalition Model cannot really begin to entertain the idea of how children integrate
multiple cues; it is still a one-cue-at-a-time model even if the cue under consideration
depends on maturation and experience. Finally, we have investigated the cue use of older
children. Previous research has included children only through 24 months of age. Since
word learning potentially accelerates and changes in character from 24 to 36 months, this
upward extension of the age range is critical to a full description of word learning
behavior. Overall, our findings are compatible with the overall framework of the
Emergentist Coalition Model.
The Emergentist Coalition Model lays the groundwork for a fully integrated
account of early word learning. In so doing, it takes us a step forward in our
understanding of the developmental process of word learning. At this stage, however, it
focuses primarily on fastmapping. A full model of word learning must move beyond
fastmapping and also account for children’s ability to retain the words they fastmap. It
must begin to explain the process through which children move from that initial mapping
to a fully formed representation of the word. In other words, it must explain not only how
children map words, but also how they come to know them. In order to do this, we must
begin to investigate the cognitive processes underlying retention and to examine partial
word learning in toddlers. We have made a step in this direction by demonstrating that
very young toddlers retain traces of word-referent pairings formed on the basis of one
brief exposure.
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Appendix A. Experimental Protocols
Fastmapping SET 1
1. Sammy wants the bottle. The bottle. Sammy wants the bottle. Put the bottle in for
Sammy.
bottle

banana

2. Sammy wants the car. The car. Sammy wants the car. Put the car in for Sammy.
phone

car

3. Sammy wants the book. The book. Sammy wants the book. Put the book in for
Sammy.
book

ball

4. Sammy wants the dog. The dog. Sammy wants the dog. Put the dog in for Sammy.
juice

dog

5. Sammy wants the gimman. The gimman. Sammy wants the gimman. Put the gimman in
for Sammy. [C]
outlet box

cup

6. Sammy wants the merkel. The merkel. Sammy wants the merkel. Put the merkel in for
Sammy. [LOOK AT FLAPPER] [S]
flapper

pipe valve

7. Sammy DRINKS the deevo. The deevo. Sammy DRINKS the deevo. Put the deevo in for
Sammy.
[LOOK AT POTION] [SL]
ext pipe

potion

8. Sammy EATS the sye-luh. The sye-luh. Sammy EATS the sye-luh. Put the sye-luh in for
Sammy. [L]
circuit breaker

artichoke

9. Sammy KISSES the baffer. The baffer. Sammy KISSES the baffer. Put the baffer in for
Sammy. [CL]
creature

shoe

10. Sammy wants the tepple. The tepple. Sammy wants the tepple. Put the tepple in for
Sammy. [LOOK AT DRAIN] [CS]
baby
Order 1: C, S, SL, L, CL, CS
List A

drain
! = item correctly administered

93

Recall SET 1
1. Sammy wants the ball. Find the ball. Put the ball here for Sammy.
dog

ball

2. Sammy wants the banana. Find the banana. Put the banana here for Sammy.
banana

car

3. Sammy wants the juice. Find the juice. Put the juice here for Sammy.
book

juice

4. Sammy wants the phone. Find the phone. Put the phone here for Sammy.
phone

bottle

5. Sammy wants the tepple. Find the tepple. Put the tepple here for Sammy.
drain

potion

6. Sammy wants the baffer. Find the baffer. Put the baffer here for Sammy.
outlet box

creature

7. Sammy wants the sye-luh. Find the sye-luh. Put the sye-luh here for Sammy.
artichoke

flapper

8. Sammy wants the deevo. Find the deevo. Put the deevo here for Sammy.
potion

artichoke

9. Sammy wants the merkel. Find the merkel. Put the merkel here for Sammy.
creature

flapper

10. Sammy wants the gimman. Find the gimman. Put the gimman here for Sammy.
drain

outlet box

Order 4: CS, CL, L, SL, S, C
List A
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Fastmapping SET 2
!
1. Sammy wants the bottle. The bottle. Sammy wants the bottle. Put the bottle in
for Sammy.
bottle

banana

2. Sammy wants the car. The car. Sammy wants the car. Put the car in for
Sammy.
phone

car

3. Sammy wants the book. The book. Sammy wants the book. Put the book in for
Sammy.
book

ball

4. Sammy wants the dog. The dog. Sammy wants the dog. Put the dog in for
Sammy.
juice

dog

5. Sammy wants the sye-luh. The sye-luh. Sammy wants the sye-luh. Put the syeluh in for Sammy. [LOOK AT CIRCUIT BREAKER] [S]
circuit breaker

extension pipe

6. Sammy DRINKS the merkel. The merkel. Sammy DRINKS the merkel. Put the
merkel in for Sammy. [L]
outlet box

potion

7. Sammy wants the baffer. The baffer. Sammy wants the baffer. Put the baffer in
for Sammy. [C]
flapper

baby

8. Sammy wants the deevo. The deevo. Sammy wants the deevo. Put the deevo in for
Sammy. [LOOK AT PIPE VALVE] [CS]
shoe

pipe valve

9. Sammy KISSES the tepple. The tepple. Sammy KISSES the tepple. Put the
tepple in for Sammy.
[LOOK AT CREATURE] [SL]
drain

creature

10. Sammy EATS the gimman. The gimman. Sammy EATS the gimman. Put the
gimman in for Sammy. [CL]
artichoke
Order 2: S, L, C, CS, SL, CL
List B

cup
! = item correctly administered
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!

Recall SET 2
1. Sammy wants the ball. Find the ball. Put the ball here for Sammy.
dog

ball

2. Sammy wants the banana. Find the banana. Put the banana here for Sammy.
banana

car

3. Sammy wants the juice. Find the juice. Put the juice here for Sammy.
book

juice

4. Sammy wants the phone. Find the phone. Put the phone here for Sammy.
phone

bottle

5. Sammy wants the gimman. Find the gimman. Put the gimman here for Sammy. [CL]
circuit breaker

artichoke

6. Sammy wants the tepple. Find the tepple. Put the tepple here for Sammy. [SL]
creature

flapper

7. Sammy wants the deevo. Find the deevo. Put the deevo here for Sammy. [CS]
pipe valve

creature

8. Sammy wants the baffer. Find the baffer. Put the baffer here for Sammy. [C]
potion

flapper

9. Sammy wants the merkel. Find the merkel. Put the merkel here for Sammy. [L]
potion

pipe valve

10. Sammy wants the sye-luh. Find the sye-luh. Put the sye-luh here for Sammy. [S]
artichoke

circuit breaker

Order 5: CL, SL, CS, C, L, S
List B
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Fastmapping SET 3
!
1. Sammy wants the bottle. The bottle. Sammy wants the bottle. Put the bottle in for
Sammy.
bottle

banana

2. Sammy wants the car. The car. Sammy wants the car. Put the car in for Sammy.
phone

car

3. Sammy wants the book. The book. Sammy wants the book. Put the book in for
Sammy.
book

ball

4. Sammy wants the dog. The dog. Sammy wants the dog. Put the dog in for Sammy.
juice

dog

5. Sammy KISSES the deevo. The deevo. Sammy KISSES the deevo. Put the deevo in for
Sammy. [L]
pipe valve

creature

6. Sammy wants the gimman. The gimman. Sammy wants the gimman. Put the gimman in
for Sammy. [LOOK AT PIPE] [CS]
cup

extension pipe

7. Sammy wants the baffer. The baffer. Sammy wants the baffer. Put the baffer in for
Sammy. [LOOK AT OUTLET BOX] [S]
outlet box

drain

8. Sammy DRINKS the sye-luh. The sye-luh. Sammy DRINKS the sye-luh. Put the sye-luh
in for Sammy. [CL]
potion

baby

9. Sammy wants the tepple. The tepple. Sammy wants the tepple. Put the tepple in for
Sammy. [C]
circuit breaker

shoe

10. Sammy EATS the merkel. The merkel. Sammy EATS the merkel. Put the merkel in for
Sammy.
[LOOK AT ARTICHOKE] [SL]
flapper
Order 3: L, CS, S, CL, C, SL
List C

artichoke
! = item correctly administered
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!

Recall SET 3
1. Sammy wants the ball. Find the ball. Put the ball here for Sammy.
dog

ball

2. Sammy wants the banana. Find the banana. Put the banana here for Sammy.
banana

car

3. Sammy wants the juice. Find the juice. Put the juice here for Sammy.
book

juice

4. Sammy wants the phone. Find the phone. Put the phone here for Sammy.
phone

bottle

5. Sammy wants the merkel. Find the merkel. Put the merkel here for Sammy. SL
artichoke

creature

6. Sammy wants the tepple. Find the tepple. Put the tepple here for Sammy. C
potion

circuit breaker

7. Sammy wants the sye-luh. Find the sye-luh. Put the sye-luh here for Sammy. CL
extension pipe

potion

8. Sammy wants the baffer. Find the baffer. Put the baffer here for Sammy. S
circuit breaker

outlet box

9. Sammy wants the gimman. Find the gimman. Put the gimman here for Sammy. CS
extension pipe

artichoke

10. Sammy wants the deevo. Find the deevo. Put the deevo here for Sammy. L
creature

outlet box

Order 6: SL, C, CL, S, CS, L
List C
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Fastmapping SET 4
!
1. Sammy wants the bottle. The bottle. Sammy wants the bottle. Put the bottle in for
Sammy.
bottle

banana

2. Sammy wants the car. The car. Sammy wants the car. Put the car in for Sammy.
phone

car

3. Sammy wants the book. The book. Sammy wants the book. Put the book in for
Sammy.
book

ball

4. Sammy wants the dog. The dog. Sammy wants the dog. Put the dog in for Sammy.
juice

dog

5. Sammy wants the tepple. The tepple. Sammy wants the tepple. Put the tepple in for
Sammy. [LOOK AT DRAIN] [CS]
drain

baby

6. Sammy KISSES the baffer. The baffer. Sammy KISSES the baffer. Put the baffer in for
Sammy. [CL]
shoe

creature

7. Sammy EATS the sye-luh. The sye-luh. Sammy EATS the sye-luh. Put the sye-luh in for
Sammy. [L]
artichoke

circuit breaker

8. Sammy DRINKS the deevo. The deevo. Sammy DRINKS the deevo. Put the deevo in for
Sammy.
[LOOK AT POTION] [SL]
potion

extension pipe

9. Sammy wants the merkel. The merkel. Sammy wants the merkel. Put the merkel in for
Sammy. [LOOK AT FLAPPER] [S]
pipe valve

flapper

10. Sammy wants the gimman. The gimman. Sammy wants the gimman. Put the gimman
in for Sammy. [C]
cup
Order 4: CS, CL, L, SL, S, C
List A

outlet box
! = item correctly administered
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!

Recall SET 4
1. Sammy wants the ball. Find the ball. Put the ball here for Sammy.
dog

ball

2. Sammy wants the banana. Find the banana. Put the banana here for Sammy.
banana

car

3. Sammy wants the juice. Find the juice. Put the juice here for Sammy.
book

juice

4. Sammy wants the phone. Find the phone. Put the phone here for Sammy.
phone

bottle

5. Sammy wants the merkel. Find the merkel. Put the merkel here for Sammy.
creature

flapper

6. Sammy wants the sye-luh. Find the sye-luh. Put the sye-luh here for Sammy.
flapper

artichoke

7. Sammy wants the gimman. Find the gimman. Put the gimman here for Sammy.
outlet box

drain

8. Sammy wants the tepple. Find the tepple. Put the tepple here for Sammy.
drain

potion

9. Sammy wants the deevo. Find the deevo. Put the deevo here for Sammy.
artichoke

potion

10. Sammy wants the baffer. Find the baffer. Put the baffer here for Sammy.
creature

outlet box

Order 2: S, L, C, CS, SL, CL
List A
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Fastmapping SET 5
!
1. Sammy wants the bottle. The bottle. Sammy wants the bottle. Put the bottle in for
Sammy.
bottle

banana

2. Sammy wants the car. The car. Sammy wants the car. Put the car in for Sammy.
phone

car

3. Sammy wants the book. The book. Sammy wants the book. Put the book in for
Sammy.
book

ball

4. Sammy wants the dog. The dog. Sammy wants the dog. Put the dog in for Sammy.
juice

dog

5. Sammy EATS the gimman. The gimman. Sammy EATS the gimman. Put the gimman in
for Sammy. [CL]
cup

artichoke

6. Sammy KISSES the tepple. The tepple. Sammy KISSES the tepple. Put the tepple in for
Sammy.
[LOOK AT CREATURE] [SL]
creature

drain

7. Sammy wants the deevo. The deevo. Sammy wants the deevo. Put the deevo in for
Sammy. [LOOK AT PIPE VALVE] [CS]
pipe valve

shoe

8. Sammy wants the baffer. The baffer. Sammy wants the baffer. Put the baffer in for
Sammy. [C]
baby

flapper

9. Sammy DRINKS the merkel. The merkel. Sammy DRINKS the merkel. Put the merkel
in for Sammy. [L]
potion

outlet box

10. Sammy wants the sye-luh. The sye-luh. Sammy wants the sye-luh. Put the sye-luh in
for Sammy. [LOOK AT CIRCUIT BREAKER] [S]
extension pipe
Order 5: CL, SL, CS, C, L, S
List B

circuit breaker
! = item correctly administered
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!

Recall SET 5
1. Sammy wants the ball. Find the ball. Put the ball here for Sammy.
dog

ball

2. Sammy wants the banana. Find the banana. Put the banana here for Sammy.
banana

car

3. Sammy wants the juice. Find the juice. Put the juice here for Sammy.
book

juice

4. Sammy wants the phone. Find the phone. Put the phone here for Sammy.
phone

bottle

5. Sammy wants the baffer. Find the baffer. Put the baffer here for Sammy.
flapper

potion

6. Sammy wants the sye-luh. Find the sye-luh. Put the sye-luh here for Sammy.
circuit breaker

artichoke

7. Sammy wants the tepple. Find the tepple. Put the tepple here for Sammy.
flapper

creature

8. Sammy wants the merkel. Find the merkel. Put the merkel here for Sammy.
pipe valve

potion

9. Sammy wants the gimman. Find the gimman. Put the gimman here for Sammy.
artichoke

circuit breaker

10. Sammy wants the deevo. Find the deevo. Put the deevo here for Sammy.
creature

pipe valve

Order 1: C, S, SL, L, CL, CS
List B
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Fastmapping SET 6
!
1. Sammy wants the bottle. The bottle. Sammy wants the bottle. Put the bottle in for
Sammy.
bottle

banana

2. Sammy wants the car. The car. Sammy wants the car. Put the car in for Sammy.
phone

car

3. Sammy wants the book. The book. Sammy wants the book. Put the book in for
Sammy.
book

ball

4. Sammy wants the dog. The dog. Sammy wants the dog. Put the dog in for Sammy.
juice

dog

5. Sammy EATS the merkel. The merkel. Sammy EATS the merkel. Put the merkel in for
Sammy.
[LOOK AT ARTICHOKE] [SL]
artichoke

flapper

6. Sammy wants the tepple. The tepple. Sammy wants the tepple. Put the tepple in for
Sammy. [C]
shoe

circuit breaker

7. Sammy DRINKS the sye-luh. The sye-luh. Sammy DRINKS the sye-luh. Put the sye-luh
in for Sammy. [CL]
baby

potion

8. Sammy wants the baffer. The baffer. Sammy wants the baffer. Put the baffer in for
Sammy. [LOOK AT OUTLET BOX] [S]
drain

outlet box

9. Sammy wants the gimman. The gimman. Sammy wants the gimman. Put the gimman in
for Sammy. [LOOK AT EXTENSION PIPE] [CS]
extension pipe

cup

10. Sammy KISSES the deevo. The deevo. Sammy KISSES the deevo. Put the deevo in for
Sammy. [L]
creature
Order 6: SL, C, CL, S, CS, L
List C

pipe valve
! = item correctly administered
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!

Recall SET 6
1. Sammy wants the ball. Find the ball. Put the ball here for Sammy.
dog

ball

2. Sammy wants the banana. Find the banana. Put the banana here for Sammy.
banana

car

3. Sammy wants the juice. Find the juice. Put the juice here for Sammy.
book

juice

4. Sammy wants the phone. Find the phone. Put the phone here for Sammy.
phone

bottle

5. Sammy wants the deevo. Find the deevo. Put the deevo here for Sammy. L
outlet box

creature

6. Sammy wants the gimman. Find the gimman. Put the gimman here for Sammy. CS
artichoke

extension pipe

7. Sammy wants the baffer. Find the baffer. Put the baffer here for Sammy. S
outlet box

circuit breaker

8. Sammy wants the sye-luh. Find the sye-luh. Put the sye-luh here for Sammy. CL
potion

extension pipe

9. Sammy wants the tepple. Find the tepple. Put the tepple here for Sammy. C
circuit breaker

potion

10. Sammy wants the merkel. Find the merkel. Put the merkel here for Sammy. SL
creature

artichoke

Order 3: L, CS, S, CL, C, SL
List C
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