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Children frequently apply a novel label to a novel object, a behavior known as the mutual
exclusivity bias (MEB). This study examined how MEB affects children’s retention for
word mappings. In Experiment 1, preschoolers (N = 39; Mage = 46.62 months) and
adults (N = 24; Mage = 21.63 years) completed an immediate word mapping task
and a delayed retention test. Both samples used MEB during referent selection, but
neither group displayed higher retention for words mapped via MEB than words mapped
via other referent selection strategies at test. Experiment 2 replicated Experiment 1
with preschoolers (N = 85; Mage = 47.78 months) and provided evidence against
the possibility that interference from multiple words contributed to children’s faster
forgetting of word mappings when using MEB. Experiment 3 presented children
(N = 30; Mage = 51.13 months) with an abbreviated version of the task, providing
evidence against the alternative hypothesis that cognitive load during learning caused
the forgetting observed in Experiments 1 and 2. Taken together, these experiments
suggest that MEB supports initial word mapping but may not provide an advantage for
long-term retention.
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INTRODUCTION
Developmental scientists have long been interested in identifying the mechanisms underlying
children’s ability to learn words in situations of referential ambiguity. This interest can be attributed
to the significant difficulty involved in determining the referent of a word: theoretically, at any
moment in time there is an infinite number of possible referents for a novel word in children’s
environment. Despite the difficulty of this task, children readily apply novel words to referents,
a behavior known as fast mapping (e.g., Carey and Bartlett, 1978; Mervis and Bertrand, 1994;
Mervis et al., 1994; Evey and Merriman, 1998; Horst and Samuelson, 2008; Gurteen et al., 2011;
Spiegel and Halberda, 2011; Vlach and Sandhofer, 2012). Thus, many researchers have focused
their investigations of children’s word learning on identifying the mechanisms that contribute
to fast mapping.
From this work, a variety of theoretical perspectives on the development of children’s fast
mapping have emerged. One proposal is that children use strategic constraints or principles to help

Frontiers in Psychology | www.frontiersin.org

1

September 2021 | Volume 12 | Article 686554

Bredemann and Vlach

MEB and Retention

a new word; thus, it could reduce the amount of information
that learners must attend to and encode during the referent
selection process. That is, by allowing learners to focus on one
association between a word and referent, MEB may allow for a
deeper encoding of that word mapping. Indeed, in theories of
human memory, encoding strength is one of the guiding factors
determining whether learners can retain and retrieve knowledge
across time (e.g., Soderstrom and Bjork, 2015).
By another hypothesis, MEB may not support long-term
retention of words to a greater degree than other referentselection strategies. Other referent selection strategies lead
to forgetting after learning, such as associative learning and
ostensive naming (e.g., McMurray et al., 2012; Vlach and
Sandhofer, 2012), and thus words mapped via MEB may follow
a similar pattern of forgetting. Moreover, MEB may be an inthe-moment phenomenon, useful for mapping words to objects
yet entirely impartial to the formation of long-term memory
for new words. For instance, learners often engage in less
cognitive effort during learning when word mapping is easy
(Vlach and Sandhofer, 2014). Although immediate performance
may be strong because of the ease of the task, long-term retrieval
of the information often suffers due to diminished cognitive
effort in encoding occurring during learning. Indeed, immediate
performance in a word learning task does not always equate to
performance over time (Vlach et al., 2012; Vlach and Sandhofer,
2014). Thus, although MEB reduces the difficulty of the task of
referent selection, the relative cognitive ease of using this bias may
result in weaker retrieval of word mappings in the future.
An alternative theoretical account of MEB suggests that this
behavior is guided by endogenous, novelty-seeking preferences,
rather than the application of rules (Horst et al., 2011a; Mather
and Plunkett, 2012; Dysart et al., 2016). If MEB is indeed a
result of novelty-seeking, this might lead to weak encoding of
word mappings. Research has shown that novelty-driven learning
does not necessarily result in strong long-term performance
(Kucker, 2013). For instance, one study in this line of work
(Horst and Samuelson, 2008) examined 24-month-old infants’
ability to retain words mapped via MEB after a 5-min delay. The
results showed that infants had no retention of words mapped via
MEB without the addition of memory supports (e.g., enhancing
the salience of novel words), and the authors suggested that
the novelty-seeking behavior of MEB did not produce a strong
enough representation to retain words across a delay.
Although a small number of experiments have looked at
how MEB affects young children’s word learning after a brief
delay (e.g., Horst and Samuelson, 2008; Bion et al., 2013), there
are limitations in using these data to answer our particular
research question. First, infants in these studies often show
little or no retention regardless of how they map labels (e.g.,
via MEB, ostensive naming, etc.) without receiving additional
memory supports. It could be that infants at 24 months do
not have strong enough long-term memory abilities to retain
a word mapped in one moment of referential ambiguity and
with no additional information, feedback, or support. Second,
these studies have not directly compared children’s use of MEB
with their use of another mapping strategy in moments of
referential ambiguity. Indeed, these studies use ostensive naming

them reduce the size of the problem space in situations of
referential ambiguity (e.g., Markman, 1989; Golinkoff et al.,
1994; Mervis and Bertrand, 1994; Woodward, 2000; Mather and
Plunkett, 2009). By this account, children’s word mapping is
made easy because children possess and utilize the appropriate
rules to narrow the number of potential word-referent mappings.
One of the most extensively studied constraints is known as the
mutual exclusivity bias (MEB). MEB describes children’s and
adults’ tendency to assume that an object can have only one
linguistic label (e.g., Markman and Wachtel, 1988; Markman,
1989; Merriman et al., 1989; Mather and Plunkett, 2009). When
presented with a novel word and two objects, a known object and
a novel object, learners will reliably map the novel word to the
novel object because the known object is already associated with
a specific linguistic label.
Research on children’s use of MEB during word learning has
traditionally consisted of variations on a single paradigmatic
sequence. First, children are presented with a target novel object
along with one or more familiar objects (e.g., a ball). Next, the
experimenter presents children with a novel word, asking them to
identify the referent for the novel word from among the objects
in their visual field (e.g., “Which one is the wug?”). In this task,
children reliably select the novel object, indicating to researchers
that children use MEB to map the novel word to the novel
object. Research using this paradigm has revealed that MEB is
employed in the learning of nouns (e.g., Markman, 1989), verbs
(e.g., Merriman et al., 1993), and adjectives (e.g., Markman and
Wachtel, 1988); within multiple levels of categorical hierarchy
(e.g., Markman, 1989; Au and Glusman, 1990); and across
development, in infancy (e.g., Halberda, 2003; Mather and
Plunkett, 2009), early childhood (e.g., Markman, 1990; Merriman
et al., 1993) and adulthood (e.g., Markman and Wachtel, 1988;
Au and Glusman, 1990).
Although there have been many studies conducted on
children’s use of MEB, there is a striking limitation of the
MEB literature: assessments of word mapping are most often
administered at an immediate test, directly following the learning
event (e.g., Merriman et al., 1989; Au and Glusman, 1990; but
see Horst and Samuelson, 2008; Axelsson et al., 2018). That
is, these studies examine children’s mapping, but not retention,
of new words learned via MEB. In addition, because children’s
tendency to use MEB to map words to objects is so robustly
demonstrated in the literature, it has been assumed that it is
inherently supportive of children’s word learning. However, it
remains largely unclear whether and how MEB supports word
learning across time. This gap in our understanding of MEB
prompted our question: Does the use of MEB, in addition to
facilitating word mapping, also promote the long-term retention
of words? And, in particular, does it actually benefit children’s
retention to a greater degree than other word mapping strategies?
One hypothesis is that MEB promotes the retention and
retrieval of word mappings to a greater degree than other
strategies of resolving referential ambiguity, such as associative
learning (e.g., McMurray et al., 2012). For instance, MEB
may promote the long-term retention of newly learned words
because MEB supports the initial encoding of word mappings.
MEB constrains the number of possibilities of a referent for
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not mapped via MEB are retained. In Experiment 2, we
replicated the results of Experiment 1 in children and examined
whether interference was contributing to the results obtained
in Experiment 1. In Experiment 3, we presented children with
an abbreviated version of the task to examine whether general
cognitive load during learning was contributing to the results of
Experiments 1 and 2.

as a comparison condition, but ostensive naming typically does
not require resolving referential ambiguity.

Current Study
In the current work, we tested the above hypotheses by
investigating whether MEB provides an advantage for long-term
retention of word mappings. That is, we examined children’s
retention and forgetting of labels mapped via MEB relative to
their retention and forgetting of labels that were not mapped
using MEB in order to ascertain whether MEB benefits children’s
word learning above and beyond other word mapping strategies.
To isolate how MEB uniquely affects memory processes
during referent selection, a paradigm which induced learners’ use
of either MEB or another referent-selection strategy was needed.
This would provide a fairer comparison than pitting MEB against
an ostensive naming condition, as ostensive naming condition
would not require resolving ambiguity. Thus, the word-mapping
portion of the current study employed the classic MEB research
paradigm, but with a critical alteration: we provided learners with
two opportunities to map novel labels to a specific novel object.
We expected learners to use MEB to map a novel word to a
novel object at its first occurrence. At the second occurrence, we
expected that learners would be less likely to use MEB to map a
novel label to that object, as the object already has a label from the
first trial. Instead, we expected children to use another referentselection strategy, such as applying a novel label to a novel, but
familiar object (e.g., applying “wug” to a novel picture of a cat),
responding randomly, using phonological overlap between the
novel word and known words, visual preference of the images,
etc. That is, because the novel object and known object have
labels on the second mapping trial, MEB no longer provides a
strategy for word mapping and thus children must apply other
strategies. The strength of this protocol is that it resulted in a
number of learning trials in which learners used MEB as well
as a number of trials in which they likely used another referent
selection strategy. The limitation of this protocol is that we do
not know which of the many strategies children could use when
both objects have a label. However, in this way, we could directly
compare how MEB affects retention across a delay compared to
all other possible mapping strategies, and ascertain whether MEB
provides an advantage for word learning.
In addition, we consider development to be an important
factor in MEB use and retention of novel words, as it could be
that older learners with greater memory skills employ MEB in
different manners than younger learners (for a discussion, see
O’Connor and Riggs, 2019). Studies of referent selection and
long-term memory have typically included only very small age
ranges during infancy (e.g., Horst and Samuelson, 2008; Bion
et al., 2013). To address these limitations and answer our research
questions, we examined older children’s (i.e., preschoolers) and
adults’ retention of words learned via MEB.
In Experiment 1, we presented preschool-aged children and
adults with a typical MEB word-learning task, which included a
5-min retention period between the learning and testing phases.
A 5-min delay between learning and testing required participants
to access word-object pairings from long-term memory, affording
an analysis of how words mapped via MEB vs. words likely
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EXPERIMENT 1
Methods
Participants
Thirty-nine preschool-aged children (Mage = 46.62 months,
SD = 9.99, Range: 25–69 months; 21 girls) and 24 adults
(Mage = 21.63 years, SD = 6.34, Range: 18–45 years; 22 females)
participated in the experiment. Effect sizes were gathered from
previous studies on referent selection via MEB with children at
2 years of age, the youngest in this sample, which had consistently
large effect sizes (ds > 1.0; Horst and Samuelson, 2008; Casler,
2014). To be conservative in determining a sample size, we used
a smaller effect size in the large effect category: d = 0.90. A power
analysis for a two-tailed t-test, with α = 0.05, revealed that we
would need at least 21 participants to have 80% power to observe
an effect. Thus, we decided to collect data for 4 months or until we
reached 21 participants (if we did not reach this number within
the 4-month period).
Children at this point in development were chosen because
they are actively learning new words and have been studied
in prior studies of MEB (e.g., Markman, 1989; Merriman
et al., 1989), although not at a delayed test. Infants often
show little or no retention regardless of how they map labels
(e.g., via MEB, ostensive naming, etc., Horst and Samuelson,
2008), and thus we targeted children older than 24 months.
Children were recruited through a preschool database belonging
to a child development laboratory at University of Wisconsin–
Madison. Children were from primarily middle- to upper-SES
families. An additional 24 children participated but were not
included in the final sample due to fussiness, inability to follow
instructions to complete the experiment, or experimenter error.
After completing the study, children received a storybook for
their participation. Adult participants were recruited from a
subject pool of undergraduate students enrolled in introductory
psychology courses at University of Wisconsin–Madison. After
completing the study, adult participants received course credit
for their participation. Informed consent was obtained from
all participants.

Stimuli and Apparatus
Participants were presented with 40 familiar objects, 40 novel
objects, and 40 novel linguistic labels during the experiment
(for examples, see Figure 1). The objects were presented on an
iPad or laptop using an electronic presentation application. The
novel linguistic labels and testing prompts were provided by
the experimenter.
Familiar objects were line drawings of objects that would
be known to the children (e.g., key and chair). These objects
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FIGURE 1 | Examples of stimuli used in the learning phase of Experiment 1. In Experiment 1, participants were presented with two novel labels in two consecutive
learning trials for the same target novel object, along with familiar objects as foils. This allowed participants a first opportunity to use MEB, and immediately following,
another situation of referential ambiguity when children were unlikely to use MEB.

Thus, each target novel object was presented with two distinct
novel words. The orientation of the familiar and novel objects
on the screen was counterbalanced across learning trials (e.g.,
the target novel object was not always on the left side of the
screen). Transitions between trials were controlled manually by
the experimenter, so that participants could take their time to
respond to the prompt. Participants received no feedback on
either the first or second learning trials as to whether their
responses were correct. Participants indicated their selection
by pointing at an object on the screen, and the experimenter
recorded participants’ answers on paper.

were cross-referenced with the MacArthur Communicative
Development Inventory of children’s productive vocabulary
(MCDI-III; Fenson et al., 1994) to ensure that even the youngest
children in the study would know and be able to produce the
linguistic labels for these objects. The novel objects were line
drawings generated in graphic-editing software. To minimize
differences in saliency across objects in order to prevent saliency
from affecting children’s responses, the novel objects were piloted
to a group of adult participants (N = 24) who rated each object
pair for similarity and complexity. These participants did not
participate in Experiment 1. Objects rated as significantly similar
or complex relative to other objects were not used in the study.
The novel linguistic labels were one- and two-syllable pseudowords that followed the phonotactic probabilities of English (e.g.,
“wug” and “dax”).

Retention phase: 5-min delay
This phase consisted of a 5-min delay period. During this delay,
children participated in a short, unrelated activity or game (e.g.,
putting stickers on paper), and adults were able to pass time freely
on an iPad or another mobile device.

Design and Procedure
The experiment consisted of three phases: a learning phase,
a retention phase, and a testing phase. In the learning phase,
participants were introduced to two novel labels for each
novel object. In the testing phase, participants’ memory for an
object was tested using one of the two labels presented during
the learning phase.

Testing phase: word-referent mapping memory task
Each of the 20 trials of the testing phase presented participants
with three objects (Figure 2). One object on the screen was a
target novel object that was presented in two consecutive trials in
the learning phase. The second object on the screen was a familiar
object which was presented in the learning phase alongside the
target object. The familiar object shown at test was shown on
either the first or second learning trial in which the specific target
novel object was presented (e.g., a key). Whether the familiar
object was one presented from the first learning trial (M1) or
the second learning trial (M2) for an object was counterbalanced
across the 20 test trials. The third object was a novel object that
had not been presented in any other part of the experiment,
to control for familiarity. The orientation of the three types of
objects was also counterbalanced across the 20 test trials (e.g.,
the target novel object was not always on the far left side of
the screen). Each novel object was tested once, in the same
order presented during the learning phase to ensure equivalent
retention intervals for each of the objects.
On each test trial, children were asked to select the referent
for one of the two novel words presented in the learning phase
assigned to the novel target object (e.g., “Which one is the dax?”).

Learning phase: referent selection learning trials
There were two learning trials for each of the 20 target novel
objects, for a total of 40 learning trials in the learning phase.
Each learning trial presented children with two objects: a familiar
object and a target novel object (Figure 1). Participants were
presented with a first learning trial (referred to as the “M1”
trial) containing a familiar object (e.g., a key) and a novel object.
Participants were asked by the experimenter to select the referent
for a novel word (e.g., “Which one is the wug?”). Immediately
following the first learning trial was a second learning trial
(referred to as the “M2” trial), again with one pair of objects,
this time comprised of a new familiar object (e.g., a sock) paired
with the same target novel object as was shown in the previous
trial. Participants were again asked to select the referent for a
novel word, one that differed from the word previously presented
with the specific novel object (e.g., “Which one is the dax?”).
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FIGURE 2 | Examples of stimuli used in the testing phases of Experiments 1 and 2. In both experiments, the testing phase followed the 5-min retention phase. On
each test trial, participants were asked to select the referent for one of the two novel words presented in the learning phase assigned to each target novel object.

learning phase, the use of MEB in applying novel labels to objects
was compared across the two types of trials: the first mapping
(M1) and second mapping (M2) trials for each novel object
(Figures 3, 4).
We first conducted a mixed-design, repeated-measures
ANOVA with age group (children and adults) as a betweensubjects factor and mapping trial type (M1 vs. M2) as a withinsubjects factor. This test revealed no effect of age group and
no interaction effects, but we found a main effect of mapping,
F(1,61) = 39.73, p < 0.001, ηp 2 = 0.394. In anticipation of an age
effect at the post-test, we conducted separate analyses of children’s
and adults’ mapping performance in the learning phase.
We started by examining children’s word mapping behavior
using a series of two-tailed t-tests (Figure 3). Children mapped
the first labels to target novel objects on a majority of the
M1 trials (Mproportion of novel object choices = 0.79, SD = 0.20).
Children’s performance was significantly different from chance,
t(38) = 9.01, p < 0.001, d = 1.44, suggesting that children
were using MEB to map words to objects in M1 trials.
In contrast, children’s mapping of the second label to the
target object in M2 trials (Mproportion of novel object choices = 0.58,
SD = 0.27) was not significantly different from chance, p > 0.05.
Critically, there was a significant difference in children’s
mapping between M1 and M2 labels, t(38) = 5.76, p < 0.001,
d = 0.923, suggesting that children were relying on MEB
when mapping the first novel words to objects, but not the
second novel words.

In 10 of the 20 test trials, children were asked to select the
referent for the first word presented for the target object in the
learning phase (M1), and in the other 10 test trials, children were
asked to select the referent for the second word (M2). That is,
children were tested on only one of the two mappings made for
each object presented in the learning phase. Children indicated
their selection by pointing to an object on the screen, and the
experimenter recorded children’s selections on paper.

Results and Discussion
In the following analyses, we examined whether participants: (a)
used MEB during the learning phase; and (b) had differential
retention of words mapped via MEB vs. words mapped via a lesser
degree of MEB or without using MEB (i.e., first vs. second word
mappings in the learning phase). Because past experiments have
demonstrated that MEB supports learners’ referent selection at
an immediate test, we hypothesized that MEB would facilitate the
process of accessing word mappings from long-term memory.

Performance in the Learning Phase
Participants’ performance during the learning phase was
measured as the proportion of target novel objects selected
across the 40 learning trials (chance performance was 0.50, as
novel objects were presented with one familiar object each).
We defined learners’ use of MEB during the learning phase as
the mapping of novel words to novel objects rather than to
familiar objects. In analyzing participants’ performance in the
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FIGURE 3 | Mean proportion of children’s target novel object choices in the learning phase (immediate mapping) and testing phase (retention after delay) for first and
second labels in Experiment 1. Error bars represent one standard error, * indicates significant difference in performance, p < 0.05.

FIGURE 4 | Mean proportion of adults’ target novel object choices in the learning phase (immediate mapping) and testing phase (retention after delay) for first and
second labels in Experiment 1. Error bars represent one standard error, * indicates significant difference in performance, p < 0.05.

We conducted the same analyses of adults’ performance
during the learning phase (Figure 4). We observed that adults,
like children, mapped the majority of novel words to target novel
objects during M1 trials (Mproportion of novel object choices = 0.86,
SD = 0.20). Adults also mapped the majority of novel
words to the target novel object during the M2 trials
(Mproportion of novel object choices = 0.67, SD = 0.39). Adults’
performance was significantly above chance of 0.5 in M1 trials,
t(23) = 9.04, p < 0.001, d = 1.85, and in M2 trials, t(23) = 2.12,
p = 0.045, d = 0.432, suggesting that adults used MEB to
disambiguate both labels. However, there was a significant
difference between the first and second mapping, t(23) = 3.44,
p = 0.002, d = 0.702, suggesting that adults used MEB to a lesser
degree on the second mapping.

test trials (chance performance was 0.33, as target novel objects
were presented with one familiar object and one distractor
novel object each). We first calculated participants’ retention
scores on test trials of each type (M1 vs. M2 trials). We then
conducted a one-way ANOVA with age group (children and
adults) as a between-subjects factor and total test performance
as the dependent variable. This test revealed a main effect
of age group, F(1,61) = 10.14, p = 0.002, ηp 2 = 0.143. We
further analyzed performance of children and adults for retention
of novel labels.
Contrary to our first hypothesis, at the 5-min delayed test
children did not have greater memory performance for the
words mapped via MEB relative to other strategies (Figure 3).
That is, retention of M1 labels [Mproportion remembered = 0.46,
SD = 0.16; comparison to chance at 0.33, t(38) = 4.97, p < 0.001,
d = 0.797] and retention of M2 labels [Mproportion remembered = 0.43,
SD = 0.17; comparison to chance at 0.33, t(38) = 3.64, p = 0.001,
d = 0.582] did not differ significantly, p > 0.10. Use of MEB,

Performance in the Testing Phase
Participants’ performance during the testing phase was measured
as the proportion of target novel objects selected across all 20

Frontiers in Psychology | www.frontiersin.org

6

September 2021 | Volume 12 | Article 686554

Bredemann and Vlach

MEB and Retention

deeply encode the association between the specific novel word
and its referent.
Alternatively, it could be that the results we observed were
driven by the effects of interference, due to the presentation
of two labels for the same object in immediate succession.
The protocol in the current study was structured to induce
the differential use of MEB across multiple novel labels for a
single object. However, the presentation of two novel labels in
immediate succession may have confounded the results that we
obtained. In other words, participants’ lower retention for first
labels could be due to weaker encoding of the first label caused
by interference from introduction of a second label so soon after
the first. It is therefore difficult to ascertain whether participants’
significant forgetting of words mapped via MEB was a direct
consequence of MEB use or whether this pattern of results was
a consequence of the experimental design.
We examined the potential effect of interference in
Experiment 2. We presented children with varying degrees
of interference between the moment of word mapping and the
delayed post-test. There were three experimental conditions: an
Immediate Interference condition, which served as a replication
of Experiment 1; a Delayed Interference condition, in which
the introduction of a second label was delayed in time across
the learning phase; and a No Interference condition, in which
children were only presented with one label for each novel
object. We predicted that, across the three conditions, there
would be no difference in children’s retention and forgetting
of labels mapped via MEB. Based on the results of Experiment
1, which demonstrated a large effect of differential forgetting
between M1 and M2 labels, it appears children’s memory for
labels mapped via MEB may be much more susceptible to decay.
Because children across all conditions of Experiment 2 were
presented with the first label for each object in the same way,
we expected children to use MEB to map the first label to the
novel object across all conditions in a similar manner as children
in Experiment 1.
If results of Experiment 2 demonstrated that performance in
the Delayed Interference and No Interference conditions was not
significantly better than in the Immediate Interference condition,
we could conclude that the difference in children’s forgetting seen
across the M1 and M2 labels in Experiment 1 was due to the
failure of MEB to support children’s learning of words, and not
due to the interference of multiple labels.

therefore, did not provide an advantage for word learning after
a delay of just 5 min.
Indeed, a further examination of the forgetting (i.e., difference
scores) of labels across the two time points revealed that MEB use
did not provide an advantage for later retention, but it also may
have induced more rapid forgetting. First, we observed significant
differences across time between children’s mapping and retention
for both M1 labels [t(38) = 12.01, p < 0.001, d = 1.923] and for
M2 labels [t(23) = 4.30, p < 0.001, d = 0.689]. This indicates
that, although children’s performance at test was above chance,
forgetting occurred in both conditions, as was expected. However,
a within-subjects t-test on the difference scores across the two
time points for the M1 labels (Mproportion forgotten = 0.33, SD = 0.17)
and M2 labels (Mproportion forgotten = 0.14, SD = 0.21) revealed a
significant difference, t(38) = 4.71, p < 0.001, d = 0.755. We
also examined children’s forgetting (i.e., difference scores) of
M1 labels for trials in which children chose the novel object
during the learning phase. We compared the difference score
for these trials (Mdiffscore = 3.95, SD = 1.88) to 0 (no forgetting)
using a one-sample t-test; this revealed a significant difference,
t(38) = 13.14, p < 0.001, d = 2.103. Taken together, these results
suggest that children more rapidly forgot the words which they
had mapped using MEB.
Adults’ performance during the testing phase was analyzed
in the same manner as the children’s performance (Figure 4).
Contrary to our first hypothesis, at the 5-min delayed test adults
did not have greater memory performance for labels that were
more frequently mapped using MEB than labels that were more
infrequently mapped using MEB. That is, retention of M1 labels
[Mproportion remembered = 0.59, SD = 0.23; comparison to chance
at 0.33, t(23) = 5.35, p < 0.001, d = 1.09] and retention of
M2 labels [Mproportion remembered = 0.60, SD = 0.22; comparison
to chance at 0.33, t(23) = 5.92, p < 0.001, d = 1.21] did not
differ significantly, t(23) = −0.23, p > 0.10. We also examined
adults’ forgetting of labels across the two time points. A withinsubjects t-test on the difference scores across the two time
points for the M1 labels (Mproportion forgotten = 0.28, SD = 0.22)
and M2 labels (Mproportion forgotten = 0.07, SD = 0.32) revealed
a significant difference, t(23) = 3.70, p = 0.001, d = 0.755.
This finding suggests that adults more rapidly forgot the words
which they had mapped using MEB. Taken together, these results
suggest that MEB supports initial mappings of words to objects
in situations of referential ambiguity, but this linguistic constraint
may not support long-term language learning. That is, from
the preschool years to adulthood, using MEB in the moment
of learning did not result in stronger retention of word-object
associations across time.
There are two possible explanations for these findings. First,
it may be that the use of MEB is a weak form of encoding.
That is, it could be that MEB behavior is driven by a noveltyseeking preference that induces shallow encoding, as suggested
by alternative accounts of MEB (e.g., Horst et al., 2011b;
Mather and Plunkett, 2012; Dysart et al., 2016). Learners
presented with a novel word will quickly assume that the
word is likely to refer to a novel object; upon finding the
target novel object, however, the novelty-seeking has been
accomplished and learners disengage from the task, failing to
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Methods
Participants
Eighty-five preschool-aged children (Mage = 47.78 months,
SD = 9.23, Range: 27–75 months; 43 girls) participated in the
experiment. Effect sizes were gathered from previous studies
on referent selection via MEB with children at 2 years of
age, the youngest in this sample, which had consistently large
effect sizes f (ds > 1.0; Horst and Samuelson, 2008; Casler,
2014). To be conservative in determining a sample size, we
used a smaller effect size in the large effect category: d = 0.90.
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A power analysis for a two-tailed t-test, with α = 0.05, revealed
that we would need at least 21 participants in each of the
three conditions to have 80% power to observe an effect.
Thus, we decided to collect data for 4 months or until we
reached 21 participants in each between-subjects condition (if
we did not reach this number within the 4-month period).
These children had not participated in Experiment 1. Children
were recruited through a lab preschool database at University
of Wisconsin–Madison. An additional 45 children participated
but were not included in the final sample due to fussiness,
inability to follow instructions to complete the experiment,
or experimenter error (this is consistent with other studies
of mutual exclusivity with very young children, e.g., Bion
et al., 2013). All children received a storybook as a thank-you
for their participation. Informed consent was obtained from
all participants.

of the first label to long-term memory, due to the temporal gap
between presentations.
In the No Interference condition, children were presented
with a learning phase which consisted of target novel objects
that were only labeled once (Figure 5). That is, there were 40
novel objects and 40 novel labels; each word and object was
only presented on one learning trial. Thus, children in this
learning condition heard the same number of words and saw
the same number of trials as the children in Experiment 1 and
in the other two conditions of Experiment 2. This presentation
procedure eliminated any possible interference from a second
label by presenting children with only one label to accompany
each novel object.

Stimuli and Apparatus

Testing phase: word-referent mapping memory task

The same familiar and novel objects from Experiment 1 were
presented in the Immediate Interference and the Delayed
Interference conditions, and the No Interference condition
included these as well as 20 more familiar and novel objects
each. In all three conditions, the same novel linguistic labels
from Experiment 1 were used. The experiment was presented
on an iPad or laptop using a presentation application. Children’s
selections were recorded by the experimenter on paper.

Same as Experiment 1 (Figure 2).

Retention phase: 5-min delay
Same as Experiment 1.

Results and Discussion
Experiment 2 was designed to replicate Experiment 1 and
determine whether interference after learning led to faster
forgetting of words mapped via MEB. As in Experiment 1, we
examined whether children: (a) used MEB during the learning
phase; and (b) had differential retention of words mapped via
MEB vs. words mapped via a lesser degree of MEB or not using
MEB (i.e., first vs. second word mappings in the learning phase).

Design and Procedure
Children were presented with a word-mapping task consisting
of a learning phase, a retention phase, and a testing phase.
Children were randomly assigned to one of three betweensubjects conditions, which varied in the presentation of
the second label: an Immediate Interference condition;
a Delayed Interference condition; and a No Interference
condition. Random assignment resulted in the following
samples for each condition: Immediate Interference (N = 27;
Mage = 46.67 months; 16 girls); Delayed Interference
(N = 29; Mage = 49.48 months; 12 girls); and No Interference
(N = 29; Mage = 47.10 months; 15 girls).

Performance in the Learning Phase
Children’s performance during the learning phase across all three
conditions was measured as the proportion of target novel objects
selected across the 40 learning trials (chance performance was
0.50, as novel objects were presented with one familiar object
each). As in Experiment 1, we defined learners’ use of MEB as the
mapping of novel words to novel objects rather than to familiar
objects during the learning phase. In analyzing participants’
performance in the learning phase, their use of MEB in applying
novel labels to objects was compared across the two types of trials:
the first mapping (M1) and second mapping (M2) trials.
We started by examining children’s word mapping behavior
in the Immediate Interference condition, which served as a
replication condition for Experiment 1, using a series of twotailed t-tests (Figure 6). Results revealed that children mapped
the first labels to target novel objects on a majority of the M1
trials (Mproportion of novel object choices = 0.75, SD = 0.19). Children’s
performance was significantly different from chance, t(26) = 7.09,
p < 0.001, d = 1.36, suggesting that children were using MEB
to map words to objects in M1 trials. In contrast, children’s
mapping of the second label to the target object in M2 trials
(Mproportion of novel object choices = 0.49, SD = 0.28) did not differ
from chance, p > 0.10. As in Experiment 1, there was a significant
difference in children’s mapping between M1 and M2 labels,
t(26) = 5.55, p < 0.001, d = 1.067, suggesting that children were
relying on MEB when mapping the first novel words to objects,
but not the second novel words. This pattern of findings replicates
the behavior observed in Experiment 1.

Learning phase: referent selection learning trials
In the Immediate Interference condition, the same word-learning
paradigm from Experiment 1 was used to examine whether the
results of the first experiment replicated (Figure 5). The second
label for the target object was presented immediately following
the first label for the target object.
In the Delayed Interference condition, the degree of
interference was manipulated by altering the presentation timing
of the second labeling event (Figure 5). The introduction of
the second label for each novel object was delayed until the
second half of the learning phase. That is, one learning trial for
each novel object and its first label was presented in immediate
succession, until all target novel objects had been shown (M1
trials). Then, when all objects had been presented once with a first
label, the presentation cycled through each object once more, in
order, and presented children with a second label for each target
novel object (M2 trials). This presentation procedure reduced the
likelihood of the second label interfering with children’s encoding
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FIGURE 5 | Examples of stimuli used in the learning phases of Experiment 2. In the three conditions of Experiment 2, protocol of Experiment 1 was replicated
(Immediate Interference), the second mapping event for each object occurred after a delay (Delayed Interference), or no second mapping event occurred (No
Interference), to examine the potential role of interference in children’s retention of word mappings.

FIGURE 6 | Mean proportion of children’s target novel object choices in the learning phase (immediate mapping) and testing phase (retention after delay) for first and
second labels in the Immediate Interference condition in Experiment 2. Error bars represent one standard error, * indicates significant difference in performance,
p < 0.05, + indicates marginally significant difference, p = 0.09.
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one-to-one basis (i.e., all trials were treated as M1 trials). Children
in this condition mapped the novel labels to target novel objects
on a majority of trials (Mproportion of novel object choices = 0.83,
SD = 0.19). Children’s performance was significantly
different from chance, t(28) = 9.60, p < 0.001, d = 1.78,
suggesting that children were using MEB to map words to
objects in M1 trials.

We conducted the same analyses with the children in
the Delayed Interference condition (Figure 7). Results
revealed that these children also mapped the majority of
novel words to the target novel objects during M1 trials
(Mproportion of novel object choices = 0.85, SD = 0.18). Similarly,
during M2 trials, children mapped the majority of novel words
to the target novel object (Mproportion of novel object choices = 0.77,
SD = 0.33). Children’s performance was significantly above
chance of 0.5 in M1 trials, t(28) = 10.99, p < 0.001, d = 2.04,
and in M2 trials, t(28) = 4.32, p < 0.001, d = 0.80, suggesting
that children used MEB for both labels. However, there was a
marginally significant difference between the first and second
mapping, t(28) = 2.00, p = 0.056, d = 0.371, suggesting that
children used MEB to a lesser degree on the second mapping.
Finally, we examined how children performed in the
learning phase in the No Interference condition (Figure 8).
Because no second labels were presented in this condition, we
examined children’s mapping of novel labels to novel objects on a

Performance in the Testing Phase
Children’s performance during the testing phase was measured
as the proportion of target novel objects selected across all 20
test trials (chance performance was 0.33, as target novel objects
were presented with one familiar object and one distractor novel
object each). We first calculated children’s retention scores on test
trials of each type (M1 vs. M2 trials), and then further analyzed
children’s retention performance for each label.
As in Experiment 1, children did not have greater memory
performance for the words mapped via MEB after a delayed

FIGURE 7 | Mean proportion of children’s target novel object choices in the learning phase (immediate mapping) and testing phase (retention after delay) for first and
second labels the Delayed Interference condition in Experiment 2. Error bars represent one standard error, * indicates significant difference in performance, p < 0.05,
+ indicates marginally significant difference in performance, p = 0.06.

FIGURE 8 | Mean proportion of children’s target novel object choices in the learning phase (immediate mapping) and testing phase (retention after delay) for labels in
the No Interference condition in Experiment 2. Error bars represent one standard error, * indicates significant difference in performance, p < 0.05.
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test. A series of t-tests revealed that children in both learning
conditions involving multiple labels – Immediate Interference
(Figure 6) and Delayed Interference (Figure 7) – did not
have better retention for first-label mappings than secondlabel mappings, ps > 0.10. That is, no significant differences
were observed between retention rates of the two label
types, M1 and M2.
Further examination of the forgetting (i.e., difference scores)
of labels across time in each condition revealed differences
across conditions in children’s forgetting of M1 and M2 labels.
In the Immediate Interference condition, as in Experiment
1, we observed a significant difference across time between
children’s mapping and retention for M1 labels [t(26) = 8.47,
p < 0.001, d = 1.631]; we observed a marginal difference in
performance across time for M2 labels [t(26) = 1.97, p = 0.059,
d = 0.379] (Figure 6). This indicates that, although children’s
performance at test was above chance, forgetting occurred in
both conditions, as was expected. Furthermore, in the Immediate
Interference condition we also replicated the results of the
forgetting analysis from Experiment 1: a within-subjects t-test
on the difference scores across the two time points for the
M1 labels (Mproportion forgotten = 0.31, SD = 0.19) and M2 labels
(Mproportion forgotten = 0.08 SD = 0.21) revealed a significant
difference, t(38) = 4.53, p < 0.001, d = 0.871. This finding suggests
that children more rapidly forgot the words which they had
mapped using MEB.
We performed these same forgetting analyses on children’s
performance in the Delayed Interference condition and found
children’s forgetting across time to be similar to the other two
samples of children (Figure 7). That is, we observed a significant
difference across time between children’s mapping and retention
for M1 labels [t(28) = 7.95, p < 0.001, d = 1.477]; we also
observed a significant difference in performance across time for
M2 labels [t(28) = 3.67, p = 0.001, d = 0.682]. However, we did
not find a significant difference between the difference scores
across the two learning conditions, p > 0.10. This indicates
that, whether children were presented with the second label
immediately after the first, or whether they were presented with

the second label after a delay, their rates of forgetting across
time did not differ.
Finally, we examined differences between the forgetting scores
for M1 labels in the Immediate Interference and Delayed
Interference conditions relative to the No Interference condition
(Figure 9). By including the No Interference condition in
Experiment 2, we were able to compare forgetting rates across
all conditions, in order to rule out the possibility that the
interference from a second label was the mechanism for children’s
significant forgetting of labels mapped via MEB. Children in the
No Interference condition also exhibited significant forgetting
between word mapping and testing, t(28) = 9.90, p < 0.001,
d = 1.838 (Figure 8). Importantly, the forgetting rates across
all conditions for M1 labels did not differ significantly by
independent samples t-tests, ps > 0.10. That is, children’s
forgetting of labels mapped most often via MEB was not due to
the immediate or delayed interference of a second label. This
pattern of results remains even after we examined only the test
trials which corresponded to learning trials in which children
had successfully mapped the label to the novel object, p > 0.10.
Taken together, these results replicate Experiment 1 and provide
evidence against interference as the primary cause of forgetting of
words mapped via MEB. The implications of these findings will
be discussed in greater detail in the section “General Discussion.”
In Experiment 3, we examined another alternative explanation
for the results observed in Experiments 1 and 2: cognitive load
during learning. The learning phase of Experiments 1 and 2
required children to map 40 novel labels to objects. This large
amount of new information may have taxed their cognitive
resources (e.g., working memory capacity, inhibition of proactive
interference from other newly learned words, decision-making
on what non-MEB strategy to use on the M2 trials, etc.) and led
to forgetting MEB mapped words between learning and post-test.
Thus, in Experiment 3 we reduced the cognitive demands of the
learning phase; children were presented with only four MEB trials
during learning. If children demonstrated forgetting between
learning and the post-test, as was observed in Experiments 1
and 2, this would provide evidence against general cognitive load

FIGURE 9 | Mean proportion of children’s forgetting of novel labels from learning phase to testing phase, by condition. Error bars represent one standard error.
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(a) used MEB during the learning phase; and (b) retained
words mapped via MEB.

as an explanation for the findings in this work. If we observed
equivalent performance during learning and the post-test, this
would suggest that the cognitive demands of the experimental
design were causing the forgetting.

Performance in the Learning Phase
Children’s performance during the learning phase was measured
as the proportion of target novel objects selected across the
four learning trials (chance performance was 0.50, as novel
objects were presented with one familiar object each). As in
Experiments 1 and 2, we defined learners’ use of MEB as
the mapping of novel words to novel objects rather than to
familiar objects during the learning phase. Results revealed that
children mapped the labels to target novel objects on a majority
of the trials (Mproportion of novel object choices = 0.967, SD = 0.13).
Children’s performance was significantly different from chance,
t(29) = 20.15, p < 0.001, d = 3.68, suggesting that children were
using MEB to map words to objects.

EXPERIMENT 3
Methods
Participants
Thirty preschool-aged children (Mage = 51.13 months,
SD = 11.82, Range: 25–82 months; 13 girls) participated in
the experiment. Effect sizes were gathered from previous studies
on referent selection via MEB with children at 2 years of age,
the youngest in this sample, which had consistently large effect
sizes (ds > 1.0; Horst and Samuelson, 2008; Casler, 2014). To
be conservative in determining a sample size, we used a smaller
effect size in the large effect category: d = 0.90. A power analysis
for a two-tailed t-test, with α = 0.05, revealed that we would
need at least 21 participants to have 80% power to observe an
effect. Thus, we decided to collect data for 3 months or until
we reached 21 participants. These children had not participated
in Experiment 1 or 2. Children were recruited through a lab
preschool database at University of Wisconsin–Madison. An
additional three children participated but were not included
in the final sample due to fussiness. All children received a
storybook as a thank-you for their participation. Informed
consent was obtained from all participants.

Performance in the Testing Phase
Children’s performance during the testing phase was measured
as the proportion of target novel objects selected across all
four test trials (chance performance was 0.33, as target novel
objects were presented with one familiar object and one distractor
novel object each). Results revealed that children mapped
the labels to target novel objects on a majority of the trials
(Mproportion of novel object choices = 0.78, SD = 0.27). Children’s
performance was significantly different from chance, t(29) = 8.85,
p < 0.001, d = 1.62. We also examined children’s forgetting
(i.e., difference scores) of labels between the learning and testing
phase (M = 0.19, SD = 0.27); a paired samples t-test comparing
the two time points revealed that children exhibited significant
forgetting between word mapping and testing, t(20) = 3.92,
p = 0.001, d = 0.71. This effect size in forgetting was similar to
what was observed in Experiments 1 and 2 (medium-large to
larger effect sizes). The results of three ANOVAs, with difference
score as the outcome variable and condition (Experiment 3
vs. one of the conditions in Experiment 2) as a fixed factor
and age as a covariate, revealed no main effects condition,
ps > 0.05. That is, there were no significant differences between
the difference score in this experiment and the three difference
scores in Experiment 2 (Figure 9); children forgot MEB mapped
words at equivalent rates across the experiments. Indeed, these
results provide evidence against the hypothesis that the cognitive
demands of the learning phase of Experiments 1 and 2 was the
primary cause of rapid forgetting of words mapped via MEB.
Implications of these findings are outlined in the section “General
Discussion” below.

Stimuli and Apparatus
This experiment used familiar and novel objects from
Experiment 1. The experiment was presented on an iPad or
laptop using a presentation application. Children’s selections
were recorded by the experimenter on paper.

Design and Procedure
Children were presented an abbreviated version of the No
Interference condition of Experiment 2.

Learning phase: referent selection learning trials
Children were presented with a learning phase which consisted of
target novel objects that were only labeled once (Figure 5). There
were four novel objects and four novel labels; each word and
object was only presented on one learning trial. That is, children
were presented four learning trials like the trials presented in the
No Interference condition of Experiment 2.

Retention phase: 5-min delay
Same as Experiments 1 and 2.

GENERAL DISCUSSION

Testing phase: word-referent mapping memory task
Same as Experiments 1 and 2, with the exception that there were
only four testing trials, one for each word in the learning phase.

The goal of these experiments was to determine whether
MEB promotes retention of words to a greater degree than
another strategy of fast-mapping (e.g., words mapped via random
selection without use of MEB, or some other unspecified
strategy). In Experiment 1, children and adults relied on MEB
to map novel words to objects in the learning phase, but only
when words and objects were completely novel (M1 trials). That

Results and Discussion
Experiment 3 was designed to determine whether the cognitive
load of learning many new words led to faster forgetting of
words mapped via MEB. Thus, we examined whether children:

Frontiers in Psychology | www.frontiersin.org

12

September 2021 | Volume 12 | Article 686554

Bredemann and Vlach

MEB and Retention

of multiple novel labels did not hinder children’s retention,
encoding could be negatively affected by competitors at the time
of encoding. If children’s search for a novel object upon hearing
a novel label engages encoding for the familiar objects as well as
the novel object (i.e., visual search to determine which object is
most novel), the competition may inhibit encoding of the target
and promote encoding of irrelevant objects and features. Horst
and Samuelson (2008) found that decreasing children’s attention
to distractor objects by increasing the salience of the target
object reduced competition and facilitated infants’ retention for
new words; they concluded that the role of competition during
referent selection was influential for long-term retention.
Alternatively, it is also a possibility that children’s more
significant forgetting of words mapped via MEB is related to
the amount of cognitive effort that children put (or rather,
do not put) into initial word mapping. That is, if MEB is
the result of quickly applying a rule (Markman, 1989), this
short-cut may lead children to invest less cognitive effort into
encoding, resulting in diminished long-term retention. For
instance, Vlach et al. (2012) presented children with a word
learning task in which encoding and retrieving new words was
either easy (simultaneous presentation condition) or difficult
(spaced presentation condition). At the immediate test, children
had higher performance in the easy condition. However, at
a 15-min delayed post-test, children in the easy condition
rapidly forgot words, and children in the difficult condition had
the strongest retention of words. Thus, more cognitive effort
during word learning led to greater long-term performance.
Indeed, these findings are reflective of a larger body of literature
on human memory; desirable difficulties theory suggests that
struggling to retrieve information during learning often leads to
stronger performance and long-term retention (e.g., Bjork, 1994;
Kornell et al., 2009; Pyc and Rawson, 2010; Bjork and Bjork, 2011;
Vlach et al., 2012).
The current work also rules out potential explanations for
previous research showing relations between children’s referent
selection abilities and retention of new words. For instance, Bion
et al. (2013) employed a looking-while-listening paradigm with
infants at 18, 24, and 30 months of age in order to examine
children’s disambiguation performance using MEB as well as
their immediate retention of novel words. They observed a
significant correlation between young children’s performance in
disambiguation instances and their performance in retention
trials at an immediate test. One possible explanation for these
findings is that being quick to determine a referent (such
as applying MEB) is what drives both referent selection and
retention abilities across development. However, the current
work, which investigated causal mechanisms of forgetting via
MEB rather than mere correlational relations, suggests that being
quick to select a referent could actually be detrimental to longterm word learning. Consequently, the relations observed in
previous research (Bion et al., 2013) are likely to be due to
mechanisms other than MEB, such as alternative word learning
strategies or techniques.
Could children’s MEB use, under different circumstances,
result in higher retention? This is an important question to
pursue in future research. It may be that making the fast-mapping

is, when children were presented with a second label for a novel
object, they did not exhibit use of MEB over use of any other
strategy in particular. In the testing phase, children and adults
did not have improved retention for labels that were mapped via
MEB (M1 labels) than for words mapped via another strategy (M2
labels); rather, there was no significant difference in retention of
the two types of labels after the 5-min delay. Indeed, children and
adults experienced more rapid forgetting across time for labels
mapped via MEB. In Experiment 2, we replicated the results of
Experiment 1 and varied levels of interference from a second
label to rule out the possibility that interference was driving
forgetting. In Experiment 3, we reduced the cognitive demands of
the task, but still observed forgetting of words mapped via MEB.
Taken together, these results suggest that the use of MEB during
word mapping provides no benefit for later retention of novel
words, compared to other, unspecified strategies that children
and adults might be using to map words to objects in moments
of referential ambiguity.
This work provides several theoretical contributions to the
literature on children’s word learning; we highlight a few here.
First, this work demonstrates that MEB does not yield stronger
retention for word mappings after a delay. Although there are a
small number of studies with young children that have examined
MEB after the moment of learning (e.g., Horst and Samuelson,
2008; Axelsson et al., 2018), most of these studies demonstrate
no retention after a brief delay (i.e., chance performance)
without additional memory supports. In contrast, this work
demonstrates that, even in situations when children are indeed
able to retain information at the delayed test, use of MEB does
not promote long-term retention of words relative to other
alternative, unspecified disambiguation strategies.
Second, this work begins to isolate the mechanisms underlying
children’s retention of disambiguated words across time. In
particular, Experiment 2 provides evidence against interference
as being a key mechanism that drives the faster forgetting of
words mapped via MEB. Although interference is thought to be a
mechanism that disrupts encoding (Bjork, 2003), thus resulting in
weaker memory for new information, these studies demonstrate
that children’s forgetting of new words across time must be the
result of some other cognitive mechanism at work during word
learning. Moreover, Experiment 3 provides evidence against
general cognitive demands of this experimental task as a potential
mechanism underlying the forgetting of words mapped via MEB.

Why Does MEB Not Result in a
Long-Term Memory Advantage?
There are several possible mechanisms that may contribute
to children’s forgetting of words mapped via MEB. First,
children’s tendency to use MEB has previously been attributed to
endogenous, novelty-seeking behaviors (e.g., Horst et al., 2011a;
Mather and Plunkett, 2012; Dysart et al., 2016). If children’s use of
MEB is driven by a novelty-seeking preference, then MEB would
not facilitate strong encoding of words; rather, the process of
encoding would be negatively affected by this constraint. Word
learning via novelty seeking could be detrimental to encoding for
a number of reasons. It could be that, although the interference
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process slower, as well as creating an environment that engages
children in more cognitive effort during encoding, can improve
the degree to which MEB promotes long-term word learning.
For instance, research has shown that providing children with
more cues during fast mapping can improve the degree to which
they remember words (Vlach and Sandhofer, 2012). This could
be because the cues slow down encoding, require more cognitive
effort to process during learning, and serve as retrieval supports
across timescales.
In summary, the current studies highlight the need to
bridge research on referent selection with children’s longterm memory for words, an area of work that has been
under-studied for decades (Vlach, 2019). Much of this recent
work, including the current experiments, has demonstrated
that immediate performance in a word learning task does
not always equate to performance over time (Vlach et al.,
2012; Vlach and Sandhofer, 2014). Critically, the current work
suggests that we should be careful to assume that the rules
children might apply during referent selection are beneficial
for long-term word learning. Indeed, these strategies may be
quick tools for encoding, but could come at the cost of longterm learning.
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