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Abstract

There is widespread evidence that children display a mutual exclusivity response upon
encountering new words. Children displaying this behaviour will select a novel, name-
unknown object in response to a novel label, rather than a familiar, name-known object. The
mutual exclusivity response has been viewed as a means of fast-mapping vocabulary—
enabling the retention of new words with minimal and incidental exposure. Thus, it may play
an important role in driving early vocabulary growth. Yet, while the mutual exclusivity
response may initially guide the correct choice of a novel word’s referent, it does not
necessarily result in retention, for even brief durations. In this pre-registered meta-analysis
we examined the evidence for retention of novel noun mappings disambiguated through the
mutual exclusivity response. While a large effect size was observed for the mutual exclusivity
response, consistent with past research, there was a smaller effect for subsequent retention—
which was substantially attenuated by Bayesian publication bias correction. Our findings are
consistent with models of word learning in which referent selection is not governed by the

same processes underlying referent retention.
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Summary

« In this meta-analysis, we examined whether the mutual exclusivity response leads to

the retention of object labels.

e We observed a large effect size for referent selection (the mutual exclusivity

response), contrasting with a smaller effect size for referent retention.

o Age was a significant positive moderator of both referent selection and referent

retention.

o The referent retention effect size was considerably attenuated by publication bias

correction.

e Our findings are consistent with models of word learning where referent selection and

referent retention are distinct processes.
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1. Introduction

A key challenge for language development researchers is to understand how children build a
vocabulary. Decades of research have made progress towards understanding how children
solve the puzzle of correctly assigning words to referents (Quine, 1960). Models of lexical
disambiguation identify a range of social (Bloom, 2000), associative (Smith & Yu, 2008;
McMurray, Horst, Samuelson, 2012), and lexical (Golinkoff, Mervis, & Hirsk-Pasek, 1994)
cues available to children at different points in development and which may interact (e.g.,
Yurovsky & Frank, 2017). However, the correct identification of a referent is only evidence
of a child’s ability to use a word learning cue; the response is not necessarily evidence of a
new entry in the child’s lexicon. Contrary to earlier arguments that children can ‘fast map’
vocabulary (Markson & Bloom, 1997), the literature increasingly demonstrates the fragility
of children’s memory for novel word mappings (Horst & Samuelson, 2008; Vlach, 2019).
Here we focus on one word learning behaviour, commonly known as mutual exclusivity, to
review and systematically analyse the evidence that children can retain word mappings
formed on this basis. We do so through the use of a pre-registered meta-analysis, following
calls for the greater use of open science methods in developmental research (see Bergmann et
al., 2018; Davis-Kean & Ellis, 2019).

Mutual exclusivity is a means of disambiguating reference in the absence of ostensive
labelling. A child displaying the mutual exclusivity response will choose a novel, name-
unknown object as the referent of a novel label as opposed to a familiar, name-known object.
We use the term ‘mutual exclusivity response’ to distinguish the behaviour from its many
differing explanations. For example, the child rejects multiple labels for objects (Markman,
1989, 1990), the child seeks nameless objects as referents for novel labels (Mervis &
Bertrand, 1994; Golinkoff, Mervis, & Hirsh-Pasek, 1994), the child is biased towards novelty
(Mather & Plunkett, 2012; Horst, Samuelson, Kucker, & McMurray, 2011), or is engaged in
social-pragmatic reasoning (Grassman, Stracke, & Tomasello, 2009). Many studies have
demonstrated children’s use of mutual exclusivity in word learning (e.g., Golinkoff, Hirsh-
Pasek, Bailey, & Wegner, 1992; Wilkinson, Ross, & Diamond, 2003) with the onset of the
response occurring around 15 to 17 months of age (Halberda, 2003; Markman, Wasow, &
Hansen, 2003; though see Bion, Borovsky, & Fernald, 2013), with evidence of behaviour
related to mutual exclusivity as early as 10 months of age (Dewar & Zu, 2007; Mather &
Plunkett, 2010).
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The mutual exclusivity response was initially viewed as a means of ‘fast mapping’
vocabulary (Carey & Bartlett, 1978) — that new words can be learnt through minimal,
incidental exposure and retained long-term. If mutual exclusivity accelerates word learning
then it may drive the purported vocabulary spurt during the second year of life (e.g.,
Markman, Wasow, & Hansen, 2003). An alternative view is that the mutual exclusivity
response is an outcome of this period of vocabulary growth (see Mervis & Bertrand, 1994). A
recent meta-analysis of the mutual exclusivity response by Lewis et al. (2020) found a large
overall effect size, with both age and productive vocabulary as significant positive (though
highly intercorrelated) predictors. Lewis et al. further report two mutual exclusivity
experiments using a touchscreen object selection task with two- to four-year-olds. In the first
experiment, vocabulary size predicted accuracy of the mutual exclusivity response with the
addition of age producing no significant predictive improvement. In the second experiment,
systematically manipulating exposure to the familiar object-label mapping (through prior
training) resulted in improvements in the mutual exclusivity response. These combined
findings suggest that the robustness of the response develops across the preschool years,

driven by linguistic experience.

In principle, the mutual exclusivity response could enable word mapping through a
single exposure and in the absence of ostensive naming. However, only a subset of studies
investigating mutual exclusivity test for the subsequent retention of novel word mappings.
These studies include referent selection trials to test for the mutual exclusivity response and
retention trials to probe memory for the novel word mappings. During retention trials, novel
referents are presented together and labelled. Unlike children’s performance on referent
selection trials, successful responding at test cannot rely on the mutual exclusivity response.
Instead, correct responses require knowledge of the specific word-referent mappings (see
Schafer & Plunkett, 1998). Through the inclusion of retention trials, there is now conflicting
evidence that mutual exclusivity supports retention of novel word mappings. An object
selection study by Horst and Samuelson (2008) found that while two-year-olds were able to
apply mutual exclusivity during a referent selection task, they were unable to retain the novel
word-object mappings across a five minute interval. The children required supplementary
ostensive naming to succeed in the retention task. The mutual exclusivity response may also
developmentally lag behind unambiguous labelling in enabling vocabulary retention. In a
preferential looking task, Bion, Fernald, and Borovsky (2013) found that while 18-month-

olds were able to retain novel-word object mappings labelled ostensively (i.e., in the absence
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of distractor objects), only by 30 months of age were children able to retain the novel
mappings when disambiguated through mutual exclusivity. While other studies do provide
evidence of retention via mutual exclusivity, these studies also suggest retention is sensitive
to properties of the referent selection task, such as familiar distractor salience (Pomper &
Saffran, 2019), lexical strength (Kucker, McMurray, & Samuelson, 2020) and repetition
(Axelsson & Horst, 2014), and the variability of novel object exemplars (Twomey, Ranson,
& Horst, 2014). These findings call into question the role of mutual exclusivity in vocabulary
development.

How can children reliably select the correct referent of a new word, only to forget the
mapping minutes later? And what, therefore, underlies their vocabulary development? If
children are successful at initially identifying the referents of words, then the bottleneck may
lie with the encoding and retention of word mappings. One recent view is that referent
selection and associative memory are dissociable processes operating on different timescales.
Under McMurray, Horst, and Samuelson’s (2012) associative model of word learning,
referent selection is driven by competitive activation processes distinct from slower
associative learning processes occurring over developmental time. Importantly, the response
of selecting the correct referent may only lead to weak learning of the association. Thus,
further exposures to the word-object association are required. McMurray et al. argue that
mutual exclusivity has previously been conceptualised as a constraint on learning, for
example, that it is difficult to learn second labels for objects. However, in the face of
evidence that mutual exclusivity does not necessarily lead to retention of novel word
mappings, it is perhaps better understood as an ‘in the moment’ response during

communication (see also Kucker, McMurray, & Samuelson, 2015).

In sum, given the discrepancies found between children’s referent selection and
retention abilities, it is crucial that we more precisely understand the effect of mutual
exclusivity on retention and how this may systematically vary with properties of the task and
participants. In turn, this will help us better understand the nature of early vocabulary
development and constrain models of word learning. The meta-analysis by Lewis et al.
(2020) examined the mutual exclusivity response but not subsequent retention. Therefore, we
will undertake a meta-analysis of word learning literature to measure the strength of retention
for word mappings disambiguated through mutual exclusivity. We focus on children aged

one to five years, using evidence from two commonly used methods in the literature: object
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selection and intermodal preferential looking tasks. In object selection studies, referent
selection and retention is measured through the child’s selection (through pointing or
touching) of an object as the referent of a label. In intermodal preferential looking (IPL)
studies, referent selection and retention is measured through a child’s preference to visually

fixate an object in response to a label.

This meta-analysis is pre-registered as a Stage 1 registered report following best
practices of open science. Given the uncertainty of the evidence for retention following the
display of the mutual exclusivity response, our primary goal is to evaluate across studies the
strength of evidence for retention of word mappings following the mutual exclusivity
response. Along with this primary goal, we consider a non-exhaustive set of potential
moderators of the retention effect. These variables were chosen for theoretical interest and
where variability across studies appears likely. However, as a pre-registered meta-analysis,
we cannot ascertain in advance how many studies will be available for moderator inclusion.
Consequently, as with any meta-analysis, statistical power to test these moderators will vary
and hence informativeness of any conclusions. Nevertheless, we consider this a good
candidate set of variables. Even where evidence is limited, the analysis will highlight where
further research is needed into the effect of these variables on retention following the mutual

exclusivity response.
1.1 Potential Moderators of the Retention Effect Size

1.1.1 Age. There are age related improvements in the robustness of the mutual exclusivity
response (Lewis et al., 2020) and retention of novel word mappings (Bion et al., 2013).
Therefore, we expect age to predict the retention of mappings formed through the mutual

exclusivity response.

1.1.2 Vocabulary. Like age, vocabulary is associated with improvements in the mutual
exclusivity response and subsequent retention (see Bion et al., 2013; Lewis et al., 2020).
Therefore, we also expect vocabulary to positively predict retention. However, the inclusion
of a vocabulary moderator may be constrained by limited availability of data (Lewis et al.,
2020, were only able to include 18% of total studies in their vocabulary moderator analysis).
We also note that the high intercorrelation of age and vocabulary measures (see Lewis et al.,

2020) means they need to be examined together.
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1.1.3 Number of Novel Label Presentations. If the mutual exclusivity response is not an
outcome of rapid word mapping, then increased opportunities to associate the novel label
with the novel object may facilitate retention (see McMurray et al., 2012). We expect that the
number of presentations of each novel label mapping (in the context of a mutual exclusivity

trial) will be a positive predictor of retention.

1.1.4 Mutual Exclusivity Effect Size. We expect to observe a similarly large mutual
exclusivity effect size to Lewis et al. (2020), given that our sample will mostly be a subset of
those included in their analysis, although our smaller sample will reduce statistical power. As
a moderator, greater attention to the target referent during mutual exclusivity trials could
provide greater opportunity to form a mapping that is retained (see Bion et al., 2013).
However, the presence of studies demonstrating a mutual exclusivity response without
subsequent retention (e.g., Horst and Samuelson, 2008) means it is unclear whether the size

of the mutual exclusivity effect will be predictive of retention.

1.1.5 Response Measure. The retention effect may be moderated by the response measure -
preferential looking or object selection. Gurteen et al. (2011) found evidence for retention of
ostensively labelled novel objects in 13- and 17-month-olds when measured by target looking
but not when measured by reaching to target. This finding suggests that the mutual
exclusivity retention effect may be stronger for preferential looking tasks than object

selection tasks.

1.1.6 Multilingualism. While the mutual exclusivity response appears weaker in multilingual
children (e.g., Byers-Heinlein & Werker, 2009; Houston-Price et al., 2010) there is currently
mixed evidence for weaker retention following the mutual exclusivity response in
multilingual children (Kalashnikova, Escudero, & Kidd, 2018; Weatherhead, Arredondo,
Néacar Garcia, & Werker, 2021). Therefore, it is unclear whether the number of languages

spoken will moderate the retention effect size.

1.1.7 Number of Novel Mappings. The number of novel mappings to learn varies across
mutual exclusivity studies of retention, from two mappings in Bion et al (2013) to eight
mappings in Gambi et al (2021). We expect that the number of novel mappings to learn will
impact the memory load of the word learning task, and therefore expect a negative

relationship with retention.
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1.1.8 Referent Selection Distractors. The number of familiar distractors per referent
selection trial varies across retention studies of mutual exclusivity. For example, referent
selection trials might pair a novel target with either one (Bion et al., 2013; Pomper & Saffran,
2019) or two (Twomey et al., 2014; Kucker et al., 2018) familiar distractors per trial. Horst et
al. (2010) found that increasing the number of familiar distractors in a mutual exclusivity task
was detrimental to retention. Although Horst et al. provided supplementary word-learning
cues beyond mutual exclusivity, their findings suggest that additional familiar distractors will
be negatively related to retention effect size.

1.1.9 Referent Retention Distractors. The number of novel objects presented during
individual retention trials may vary between methodologies. Intermodal preferential looking
studies typically present two previously labelled novel objects during retention trials, one
target and one distractor (see Schafer & Plunkett, 1998). Preferential looking studies of
mutual exclusivity similarly present one novel distractor per retention trial (e.g.,
Kalashnikova et al., 2018; Pomper & Saffran, 2019). However, object selection studies often
present more than one distractor within retention trials (e.g., Twomey et al., 2014; Kucker et
al., 2018). We expect increased processing demands with additional distractors and therefore

a negative predictive relationship with retention.

1.1.10 Retention Interval. Forgetting of newly learnt mappings is more likely with a delay
between referent selection and referent retention trials (see Vlach, 2019). Mutual exclusivity
studies typically test retention either immediately after the completion of referent selection
trials (e.g., Kalashnikova et al., 2018; Pomper & Saffran, 2019) or following a five-minute
interval (e.g., Horst & Samuelson, 2008; Gambi et al., 2021). We expect to observe a

negative predictive relationship between the retention duration and the retention effect size.
2. Method
2.1 Eligibility Criteria

Our focus is on noun learning studies using the IPL or object selection paradigm. For a study
to be included, the primary criterion was to have a condition in the study with the use of
mutual exclusivity in referent selection trials followed by a retention test. These referent
selection trials presented at least one familiar, name-known object and only one novel,
nameless object as possible referents of a novel object label. Only the use of mutual

exclusivity allowed disambiguation of the novel label. This required exclusion of studies with
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other means of identifying the novel referent, such as cues identifying the target (e.g., eye
gaze or pointing, movement or perceptual salience of target), statistical information (i.e., only
the target co-occurs with the novel label across trials) or a physical transformation which
excludes distractors (e.g., removal or reduced visibility of distractors). Studies were also
excluded if the child’s response was followed by ostensive labelling or highlighting of the
target, corrective feedback, or positive reinforcement of target selections. Retention trials
required at least two previously labelled novel objects presented together and labelled. The
novel object exemplars at test were identical to those presented during referent selection

trials.

We will focus on studies with children aged 1 — 5 years. We expect most studies will
test children under three years of age, but we wanted to include studies from pre-school
children (whose age threshold varies across countries) therefore used an upper age range of 5
years. Only typically developing children will be included to prevent influences of sensory,
cognitive, or physical impairment on word mapping and retention. This means exclusion of
children with visual or hearing impairments and children from atypically developing
populations (e.g., pre-term, language delay, autism spectrum disorder, specific language
impairment). We have also excluded late talkers if specifically included as a comparison
group. While we expect the majority of studies to use monolingual populations, we will

include studies with multilingual participants if they occur.
2.2 Selection Procedure

We restricted our search to studies published in English. Our initial search used EBSCO with
the following databases: Academic Search Premier; CINAHL Complete; Education Research
Complete; MEDLINE; APA PsycArticles; APA Psycinfo. The search criteria were:
TI((Word learning OR fast mapping OR Noun learning OR Mutual Exclusivity OR Referent
selection) AND (Retention OR Memory) NOT (verb OR adjective OR disorder OR
systematic review) OR AB(Word learning OR fast mapping OR Noun learning OR Mutual
Exclusivity OR Referent selection) AND (Retention OR Memory) NOT (verb OR adjective
OR disorder OR systematic review). This search yielded a total of 2161 records for screening.

To further populate our primary search results, we ran citation searches for the two
most cited papers known to us on mutual exclusivity and retention: Horst & Samuelson
(2008) and Bion et al. (2013). We used the Cited By search report from Web of Science as
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our main citation search. This was supplemented with the Cited By search results from
Google Scholar for greater coverage of grey literature including conference papers, theses,
and preprints compared to EBSCO and Web of Sciences searches (Walters, 2007). These
Web of Science and supplementary Google Scholar citation searches yielded a combined
total of 489 records.

2.3 Screening and Coding

Following removal of duplicates across database and citation searches, there were a total of
1671 records for abstract screening. Screening was facilitated through the Rayyan tool
(Ouzzani et al., 2016), with decisions made within Rayyan imported into an inclusion
worksheet accessible on the project OSF repository. Two members of the research team
independently screened all abstracts for initial inclusion, leading to the selection of 156
records. Following abstract screening, each full text article was surveyed by a research team
member to comprehensively determine eligibility based on our inclusion criteria. Sources
deemed not suitable are documented with a code to indicate the reason for exclusion. To
identify any other eligible unpublished or pre-publication data, we issued a call on the
Cognitive Development Society (CDS) listserv. We also contacted several authors who have
published mutual exclusivity retention data to ask for any unpublished data that may fit the
selection criteria (see OSF templates folder). This yielded a total of seven manuscripts and
datasets of which five were eligible. This led to a total of 87 studies/conditions eligible for
coding across 33 full-texts and datasets. A PRISMA diagram of the screening process is

shown in Figure 1.
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Figure 1

Meta analysis flow diagram (adapted from PRISMA; Moher et al., 2009)
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Where studies met the inclusion criteria but the data were not available to calculate effect size
(e.g., only reporting the difference score between pre- and post-naming), or where further
clarifications were needed, we emailed authors using the template on OSF (see OSF
templates folder). If we did not receive a response to our first email, we followed up two

weeks later, and allowed four weeks for a response from the first email.

A coding sheet is available on the OSF repository (OSF coding folder) which
describes the variables coded from each study, along with a coding key which provides an
explanation and examples of how data was coded. Studies were coded by two members of the
research team. Any disagreements were documented on the coding sheet and resolved by a

senior research team member through verbal discussion until a consensus was reached.
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For each experiment within a paper, every condition (or combination of conditions for
factorial designs) was coded separately, for example, different age groups, trial types or
prompts, and other manipulations. Coding includes bibliographic information about the paper
and the following moderator variables: mean age of child participants (in months), mean
production vocabulary measured with the Words and Sentences form of the MacArthur-Bates
Communicative Development Inventory (MCDI; Fenson et al., 1994, Fenson et al., 2007) or
a language adapted version, and participant population (monolingual, multilingual). We also
coded a variety of methodological variables that may influence the retention effect size and
observed heterogeneity, including task type (IPL or object selection), number of novel
mappings to learn, total number of novel label referent selection trials, number of referent
selection trials per novel mapping, number of novel label presentations per referent selection
trial, number of familiar objects per referent selection trial, duration of retention interval prior
to retention test, number of retention trials, and number of novel objects per retention trial.
For IPL studies we coded the duration of the pre- and post-naming windows for both referent
selection and referent retention trials. Our focus on novel label trials means that responses to
trials presenting familiar labels or no labels were not coded.

2.4 Dependent variable

For both the referent selection and retention task, we required a measure that is meaningfully
comparable across IPL and referent selection paradigms, but is also calculable from
information typically reported in such studies. Initial investigation of the literature showed
that there were a range of measures in use. Some studies use comparison with a chance level
of performance, whereas some studies using the IPL paradigm use the difference in looking
time before naming to looking times after naming. Because object selection procedures
typically only measure a response following naming, our choice of dependent measure was a
post-naming comparison to chance. For example, if the target object was presented alongside
two distractor objects, we compared post-naming performance with a .33 chance criterion.
For IPL studies, the dependent measure was the mean proportion of looking time compared
with chance, whereas for object selection studies the dependent measure was the proportion
of target object selections compared to chance. This choice of dependent measure means that
the evidence for the mutual exclusivity effect and retention of mappings reported here may
differ to that reported in an individual paper and not necessarily be consistent with the

papers’ conclusions (e.g., significant evidence for retention). However, this may have the
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advantage of reducing the influence of publication bias. While this dependent measure could
have led to the exclusion of IPL studies, a post-naming measure was codable for all but one

study otherwise meeting the inclusion criterial,
2.5 Calculation of effect size

Effect sizes are calculated based on a one sample t-test, with the null value the chance level
of performance in the task (e.g., 50% in choosing between two objects, 33% for three

objects).

Effect sizes were calculated from descriptive statistics in the text, using the reported
means and standard deviations, and converting from standard errors or confidence intervals
where necessary. This approach was applied even when effect sizes were directly provided.
When these statistics were unavailable, and where a t-test was reported comparing with
chance performance, we converted to a Cohen’s dz from the t value and df. In cases where
required data was not available in the text but was present in figures, we used the

WebPlotDigitizer (https://automeris.io/WebPlotDigitizer/) for calculation of means and

standard deviations from error bars showing interval estimates. In several cases effect sizes

were calculated from raw data available publicly or shared by the authors.

Effect sizes were initially calculated as Cohen’s d using metafor package in R
(Viechtbauer, 2010) and then converted to Hedges g for final reporting to allow an less biased
estimate taking into consideration sample size.Variance of d follows the calculation used in
metafor ((1/n) + (d"2 / (2n)). To assess the potential influence of outlier effect sizes, we
conducted sensitivity analyses on the effects with winsorising of values to three standard

deviations above or below that of the mean effect size for any values reaching that threshold.
2.6 Publication Bias Methodology

To provide a comprehensive analysis of publication bias, we combine qualitative and
guantitative approaches. We use contour-enhanced funnel plots to visually assess the
distribution of effects in the model referent selection and referent retention tasks,
complementing this with a robust Bayesian model-averaging (RoBMA\) approach for a
quantitative evaluation of publication bias (Maier et al., 2023). Using Bayesian model-

L For one IPL study we were unable to obtain post-naming data and therefore the effect size calculation was
based on proportional difference scores between the pre- and post-naming phases.
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averaging provided a Bayes factor, quantifying evidence for or against publication bias across
multiple models, rather than relying on inference from a single model (see also Hinne et al.,
2020). Because no single publication bias adjustment method performs satisfactorily across
all conditions, reporting and comparing multiple methods is recommended (Carter et al.,
2019). RoBMA allows for a principled combination (via Bayesian model-averaging) of
"naive" models, which assume no publication bias, and models that account for publication

bias.

RoBMA incorporates both selection and regression models to address publication bias
(Bartos et al., 2023). Selection models adjust meta-analytic estimates based on the relative
probability of studies with p-values within pre-specified intervals being published, assuming
that smaller p-values are more likely to be published. We employed a two-step model
assuming all significant findings (p < .05) are published and nonsignificant findings are
published 50% of the time. We also used a three-step model assuming all significant findings
are published, marginally significant findings (p > .05 & p < .10) are published 66% of the
time, and nonsignificant findings 33% of the time (Bartos et al., 2022). Regression models
adjust the mean effect based on the relationship between effect sizes and standard errors,
incorporating both PET (Precision Effect Test) and PEESE (Precision Effect Estimate with
Standard Error; Stanley & Doucouliagos, 2014). These methods operate on the assumption
that, in the absence of publication bias, there should be no relationship between effect sizes
and standard errors. However, with publication bias, studies with higher standard errors are

more likely to be published, leading to inflated effect size estimates.

We used the default priors in the ROBMA package, with a default effect prior of a
normal distribution with a mean of 0 and SD of 1. This was truncated at O as for both the
referent selection and retention tasks we did not have grounds to expect true negative effects.
For the heterogeneity parameter we used a modestly informed prior distribution
approximated by an inverse-gamma (1, 0.15), which is based on variability seen across a
larger number of psychological meta-analyses (van Erp, Verhagen, Grasman, &
Wagenmakers, 2017). For the selection models the prior was a cumulative sum of the
Dirichlet distribution, which ensured a monotonic reduction in the probability of production
as the p-value selection threshold increased. PET and PEESE used half-Cauchy distributions,

which ensured a positive correlation between effect sizes and standard errors. We only
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included models with random effects given our strong expectation of heterogeneity and

sampling across different populations.

Our pre-registered plan specified an ensemble of eight models that allowed
adjustment for publication bias: PET and PEESE comprise two models, and selection models
comprise six weighting functions. Each of these eight models forms a pair - a model that
assumes no effect and a version assuming an effect (with its associated prior), leading to 16
models. However, during implementation, we deviated slightly from this plan. This deviation
from the pre-registered plan was made to align better with standard ROBMA practice, as the
inclusion of the no-bias-adjustment models serves as a baseline for comparison and is
important for properly computing the BFPB. While this represents a deviation from our pre-
registered plan, we believe it enhances the robustness of our analysis without fundamentally
altering its nature or introducing bias. This resulted in a total of 20 models submitted for
model weighting and averaging in ROBMA. Following typical conventions, we interpreted
BFPB > 3 as evidence for publication bias, BFPB < !5 as evidence against publication bias,

and values in between as inconclusive evidence.

At the time of the pre-registration, this approach had not been developed for
multilevel models and therefore does not model within-study dependencies. This limitation is
true for most other quantitative methods of bias detection, and we believe despite this
limitation it was the best method currently available (for comparison of performance with
other methods, see Bartos et al., 2023). This was particularly relevant in a case such as this,
where heterogeneity was expected to be high and sample sizes could be small (Maier et al.,
2023). Recently, however, the RoBMA approach has been adapted to account for more
complicated random effects structures, including hierarchical models (Bartos, 2025). Given
the issues with our originally planned random effects structure in the frequentist model

(described below), we chose to keep our original plan for a non-nested model.
3. Results

Analyses were conducted using the metafor package in R (Viechtbauer, 2010). We expected
relatively high heterogeneity, given the inclusion of two experimental procedures (IPL and
object selection) and various manipulations addressing different research questions.
Therefore, random effects models were used. Given the inclusion of individual effect sizes

where independence cannot be guaranteed, we used a multilevel model, including separate
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levels for papers, and participants nested within papers (following Lewis et al., 2020). Meta-
regression was conducted to examine the moderators described in the introduction. We set a
minimum threshold of four studies (Schwarzer et al., 2015), each contributing at least one
data point, for a moderator to be included in the final analysis. Our pre-registration stated that
this would be conditional on significant values of the I2 statistic. Upon reflection, we realised
that using significant values of the Q statistic would be more appropriate, as there is no
formal statistical test based on 12 values. This decision was further reinforced by issues in the
model specification that complicated the interpretation of 12. Consequently, we modified our
approach in the final analysis to rely on the significance of the Q statistic instead as our

primary test of presence of heterogeneity.
3.1 Overall Effects
3.1.1 Referent Retention

Our main referent retention analysis (N = 87), using the pre-registered nested model
to account for multiple effect sizes from the same paper, yielded an overall meta-analytic
effect of Hedges' g = 0.31 [0.21, 0.41], SE =0.053, Z =5.92, p <.001. The Q test suggested
significant heterogeneity (Q(86) = 251.58, p <.001), and the 12 statistic from our pre-

registered nested model was 84%.

The forest plot (Figure 2) visualises the distribution of effect sizes across studies,

illustrating the variation of effects observed in our analysis (see also Tables Al and A2).
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Figure 2

Forest plot for referent retention
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3.1.2 Referent Selection

While our primary focus is on referent retention trials, we also analysed referent
selection trials to facilitate comparison with Lewis et al. (2020). In their typically developing
sample, they included 44 papers contributing 101 effect sizes. Our datasets were largely
independent, with only two overlapping papers between our study and theirs. We ended up
with 84 effect sizes, due to the exclusion of studies that did not include retention measures.
Additionally, the final number of effects included was slightly lower than the referent

retention data because three studies allowed for the calculation of a referent retention effect

but not a referent selection effect.

Figure 3

Forest plot for referent selection
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We found an overall meta-analytic effect of g = 1.45[0.97, 1.93], p <.001 (see Figure
3). There was considerable and significant heterogeneity of effect sizes, Q = 1221.13, df = 83,
p <.001, 12 =97%. Our findings are comparable to the overall effect size of Lewis et al. for
typically-developing children d = 1.37 [1, 1.75], p < .001 for standard mutual exclusivity
trials. Similarly, they also observed considerable heterogeneity (Q = 823.09, p <.001).

3.2 Moderator Analyses
3.2.1 Language Population (Monolingual vs. Multilingual)

We first examined the referent retention effect sizes for the monolingual (N = 76) and
multilingual (N = 11) samples. The effect size for monolingual children, g = 0.31 [0.2, 0.42],
p <.001, was similar to the effect size for multilingual children, g = 0.35 [0.14, 0.69], p = .04.
A moderator analysis examining the effect of language population (monolingual vs.
multilingual) on referent retention effect size was not significant, < 0.01, Z=0.02, p = .98.
We then examined the referent selection effect size for the monolingual (N = 73) and
multilingual (N = 11) samples. The effect size for monolingual children, g = 1.39 [0.91, 1.87],
p <.001, was higher than the non-significant effect size for multilingual children, g = 0.97 [-
0.25, 2.19], p = .11. However, a moderator analysis examining the effect of language
population on the referent selection effect size was not significant (8 = 0.08, Z =0.35, p =
.72). Given the lack of a significant effect of language population on either the referent
retention or referent selection effect sizes, we combined the monolingual and multilingual

populations for further analyses.
3.2.2 Age and Vocabulary

As expected, the most common vocabulary measure across studies was the productive
vocabulary score on the Words and Sentences form of the MCDI (or a language adapted
version). However, this measure was available for only a subset of the coded effects, in
comparison to age as a moderator. We expected both age (N = 87) and vocabulary (N = 35)
to be positive predictors of referent retention. Because age and vocabulary are highly
intercorrelated (r = 0.95, df = 33, p <.001), we examined their effects in both separate and
combined analyses. When analysed separately, age was a significant moderator of referent
retention (B = 0.01, Z=2.97, p =.002), but vocabulary was not (B = 0.0003, Z=0.71,p =
48). In the combined analysis, neither age (f =-0.0384, Z = -0.68, p = .50) nor vocabulary (3
=0.0014, Z = 0.86, p = .39) were significant moderators.
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For comparison with Lewis et al. (2020), we ran the same age (N = 84) and
vocabulary (N = 35) moderator analyses for the referent selection effect sizes. When analysed
separately, age was a significant moderator of referent selection (B =0.03,Z=1.98,p =
0.047), but vocabulary was not (§ <0.01, Z=0.23, p = .82). In the combined analysis, neither
age (p=0.1164, Z = .86, p = 0.39) nor vocabulary (B =-0.0026, Z = -0.68, p = .50) were
significant moderators. Our finding that age is a reliable predictor of referent selection is
comparable with Lewis et al. (2020), albeit with a smaller effect. In contrast to our results,
Lewis et al. (2020) found that vocabulary was still a reliable predictor when analysed

separately from age.
3.2.3 Other Planned Moderators

A key question is whether or not the size of the referent selection effect is predictive of
referent retention. As discussed above, more consistent attention to or selection of the target
during mutual exclusivity trials may lead to better retention. Conversely, there is evidence of
the mutual exclusivity response in the absence of retention (e.g., Horst & Samuelson, 2008),
results captured by models of early word learning where referent selection and retention are
dissociable processes (McMurray et al., 2012). We examined whether referent selection
performance predicted referent retention. The analysis revealed no reliable relationship
between referent selection and retention effect sizes (B =0.01, Z = 0.44, p = 0.66), supporting
the hypothesis that referent selection and retention are dissociable processes. This finding
suggests that a child's ability to select novel referents in-the-moment does not necessarily
predict their ability to retain those word-referent mappings over time. The absence of a
reliable effect for this moderator (and others) is unlikely to be due to the prevalence of one
response measure over another. Effect sizes were distributed evenly between IPL (N = 43)
and object selection (N = 44) procedures (see Tables Al and A2), and the response measure

was not a significant moderator of referent retention ($ = 0.09, Z = 0.78, p = .43).

Additional planned moderator analyses were also not significant. Repetition of novel
labels during referent selection was expected to support retention while a greater number of
novel mappings to learn was expected to impede retention. However, neither the number of
novel label presentations (4 = 0.03, Z = 1.3, p = .193), nor the number of novel mappings
were reliable moderators (5 = -0.04, Z = -1.522, p = .13), although the effects were in the
predicted direction. Similarly, neither the number of distractors during referent selection trials
(#=-0.13, Z =-1.24, p = .21), nor during referent retention trials (5 = 0.06, Z = .73, p = .46),
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were significant negative predictors of retention. Finally, the duration of the retention interval
was not negatively predictive of retention (5 = -0.0002, Z =-1.79, p = .074). Here use a log
transform due to the large range of values with a small constant of .01 added due to the
presence of zero values. The effect sizes were mainly derived from studies testing retention
either immediately (N = 48) or after a five minute delay (N = 30). There were only a few
effect sizes from studies with longer retention intervals of 30 minutes (N = 1), four hours (N =

2), and one day (N = 6). Table 1 provides descriptive statistics for key variables.



MUTUAL EXCLUSIVITY & RETENTION

Table 1

Descriptive Statistics for Key Variables in Referent Selection and Retention Studies

Variable

Sample size (RR task)

Sample size (RS task)

Age (months)

Productive vocabulary size (MCDI-WS)

Number of novel mappings

Number of retention trials per novel mapping

Number of familiar distractors in selection task

Number of selection trials per familiar
distractor

Total number of objects in retention task

Retention interval (minutes)

3.2.4 Exploratory Moderators

Mean

21.7

28.3

31.2

261.7

3.4

2.6

1.4

1.4

1.6

106.9

Median

20.0

20.0

29.3

270.7

3.0

2.0

1.0

1.0

1.0

0.0

SD

26.7

27.5

10.8

139.0

1.9

1.8

0.5

1.4

0.7

366.7

Min  Max
40 209.0
40 220.0

16.3  66.1

28.0 4720
1.0 8.0
1.0 6.0
1.0 2.0
0.0 6.0
1.0 3.0
0.0 1440.0

We explored a few moderators not listed in the pre-registration. Our measure of novel label

23

presentations (see previous section) is a combination of both the number of referent selection
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trials for a given label and the number of label presentations within the trial. We examined
whether simply the number of trials per novel label predicted retention, but found no
significant effect (f = 0.04, Z = 1.37, p = .17). We also examined the effect of labelling the
familiar distractors (i.e., distractors during novel label trials) during other referent selection
trials. We expected that naming of the distractor objects would support the mutual exclusivity
response and formation of mappings. However, neither the number of familiar distractor label
presentations (# = 0.02, Z = 1.04, p = .3), nor the number of trials per familiar distractor label
(#=10.03,2=0.82, p =.41), was a significant moderator of retention.

3.3 Outlier Sensitivity

For referent retention, no outliers were detected using a =3 SD criterion, while outliers were
found in the selection task. To assess their impact, we conducted a sensitivity analysis by
winsorising effect sizes to +3 SD, adjusting three extreme values (M = 6.9, max = 8.3), likely
inflated by ceiling effects and limited variability. The winsorised model yielded an effect size
of 1.42 (SE = 0.24, 95% CI [0.96, 1.88], z = 6.03, p < .001), closely matching the original
estimate of 1.45. Heterogeneity slightly decreased (12 = 78.23% — 74.59%), though it

remained significant (Q(83) = 389.83 — 347.56, both ps <.001). These results suggest the

extreme values had some influence but did not alter the significance of the effect. For further
analyses described below, we included these data values in our models, and chose not to

remove them on theoretical grounds.
3.4 Publication Bias
3.4.1 Funnel Plots and Egger’s Test

To qualitatively address publication bias and visualise the distribution of effects, we provide
funnel plots in Figure 4. For both referent retention (Top, Panels A-B) and selection (Bottom,
Panels C-D), we present contour-enhanced funnel plots centred on a null effect size (Panels
A, C) alongside simple funnel plots with 90% confidence intervals centred on the observed
meta-analytic effects (Panels B, D). The retention effects appear more symmetrical when
centred on the meta-analytic effect, while the selection data show substantial skew,
potentially indicating publication bias. The plots also reveal small-study effects, particularly
in the selection data, where smaller studies (higher standard errors) tend to report larger

effects.
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Figure 4

Funnel plots of referent retention and selection.
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Note. Panels A and B (top) show funnel plots for referent retention, while panels C and D

(bottom) show funnel plots for Referent Selection. Panels A and C show contour-enhanced

funnel plots with shading representing confidence interval regions (white: p > .10, grey: .05 <

p <.10, dark grey: p <.05) around a null effect (g = 0). Panels B and D show unshaded

funnel plots with a single 90% confidence interval around the observed meta-analytic effect

size.

As it is common to use Egger’s test to test asymmetry in funnel plots, we carried out

additional exploratory analysis with this method. For referent retention, the test yielded a

significant positive slope (# = 2.05, SE = 0.7433, z = 2.76, p < .001), indicating a positive
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relationship between effect sizes and their standard errors. For referent selection, the test also
revealed a significant positive slope, but with a larger magnitude (8 = 6.90, SE =0.785, z =
8.8, p <.001).

3.4.2 Bayesian Publication Bias Analysis

3.4.2.1 Referent Retention

A robust Bayesian meta-analysis showed strong evidence of publication bias (BF,b =
91.33). The model-averaged effect size was close to zero, g = 0.03 [0.00, 0.24], with evidence
against an effect (BFi0 = 0.273). Heterogeneity was strongly supported (BF,, — o),

consistent with the frequentist analysis. Figure 5 plots posterior estimates (Cohen’s

g) alongside the prior.
Figure 5

Prior and Posterior Distributions of Effect Size (1) for Referent Retention (A) and Referent

Selection (B) from Robust Bayesian Meta-Analysis models

A) Retention B) Selection

Correction
= Selection PEESE
= Selection PET+PEESE

o0 e Effect Size e & o8 Effect Size B
Note. The plot shows the posterior distribution of effect size (Cohen's g) from RoBMA
models. The x-axis represents effect size, and the y-axis shows density. The posterior reflects
updated beliefs after incorporating study data. Correction methods are indicated: red for PET
and PEESE, blue for PEESE in RoOBMA models.
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Most of the bias signal arose from PET (posterior probability = 0.79) and PEESE
(0.20); selection models contributed little. Given the strong evidence of publication bias,
particularly from PET, the model-averaged estimate should be interpreted with caution. The
true effect, if it exists, is likely smaller than the uncorrected frequentist estimate.

3.4.2.2 Referent Selection

For referent selection, the meta-analysis offered weak evidence for an effect (BFio = 1.82),

with g = 0.31 [0.00, 0.89]. Heterogeneity was again strongly supported (BF, — o).
Evidence for publication bias was also substantial (BF,b = 77.25), with both PET
and PEESE contributing (PET posterior probability = 0.48; PEESE = 0.51).

3.4.3 Analysis of Lewis et al. (2020)

Our sample may be biased towards significant referent selection effects, as mutual exclusivity
is often a prerequisite for reporting retention data. To investigate, we reanalysed Lewis et
al.’s data, focusing on typically developing children. This subset increased sample size (n =
101), enhancing statistical power for detecting and correcting publication bias. Additionally,
as their original analyses did not account for publication bias, our approach provides further

insight into the mutual exclusivity effect.

We replicated their mutual exclusivity trials, initially finding d = 1.37 [1.00, 1.75].
Switching to Hedges’ g for small sample bias correction and consistency with our analysis,
we obtained g = 1.29 [0.99, 1.59]. Using a non-nested model with paper as a random effect

(yielding similar results to a nested specification), we then applied our RoBMA model.

The analysis provided overwhelming evidence of publication bias (BF,b > 1.6 x 10%), far
exceeding that of our referent selection analysis. The PET model dominated (posterior
probability = 0.95), while PEESE contributed minimally (0.04), highlighting PET's strong
influence on model-averaged estimates. Unlike our referent selection analysis, the Lewis et
al. reanalysis found strong evidence against a meaningful effect (BFio = 0.053), with an effect
size near zero (g = 0.005 [0.000, 0.047]).

3.4.4 Exploratory Analyses of Publication Bias Attenuation

All these analyses consistently showed substantial heterogeneity and publication bias, with

particularly striking corrections in the Lewis et al. reanalysis, where a large initial effect was
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reduced to near zero. To understand this attenuation and examine robustness under different
methods, we conducted additional exploratory analyses, noting no single approach is

conclusive (Carter et al., 2019).

We first applied trim and fill (Duval & Tweedie, 2000), a commonly used but
sometimes anti-conservative technique (Carter et al., 2019). For retention, it identified 13
missing studies, lowering the effect to g = 0.24 [0.15, 0.32], p <.001. In contrast, it estimated
no missing studies for selection or the Lewis et al. reanalysis, both of which retained strong,
significant effects (g = 1.17 [0.91, 1.43] and g = 1.20 [0.98, 1.42], respectively, both p <
.001). These results suggest a more modest effect for retention but substantial effects for

selection and for Lewis et al.

Next, to clarify the impact of PET and PEESE in RoOBMA, we re-ran analyses
excluding PET, which can underestimate true effects, particularly under high heterogeneity
(Stanley, 2017; Stanley & Doucouliagos, 2014), and where a non-null effect is likely. The
revised models yielded: for retention, g = 0.10 [0.00, 0.33], BFio = 1.72 (weak evidence); for
selection, g = 0.49 [0.00, 0.97], BF1» = 16.71 (strong evidence); for Lewis et al., g = 0.45
[0.24, 0.67], BF 10 = 796.44 (decisive evidence). Publication bias remained robust across all
datasets (BF,b =25.21, 53.3, and 1.35 x 10°, respectively). These corrections generally
reduced effect sizes to about one-third of the uncorrected estimates, with only the Lewis et al.

dataset showing a precise nonzero effect.
3.5 Power Analysis

We conducted a power analysis to assess the statistical power of the studies included in our
meta-analysis for referent retention and referent selection. Figure 6 shows the sunset plot for
our observed meta-analytic effect sizes, along with more conservative estimates of 66% and

33% of the observed effect size.
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Figure 6

Sunset Plots for Referent Retention (Top) and Referent Selection (Bottom) at Different Effect

Sizes
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Note. The plots show the statistical power of studies at different sample sizes for: original effects (left),
66% attenuation (middle) and 33% attenuation (right). Darkened contours represent p-values between .01

and .05. The x-axis represents the effect size, while the y-axis represents the standard error.

Table 2 presents the power analysis results for various effect sizes, This table shows the
effect sizes, the corresponding power at the median sample size (N = 20), and the required

sample size for achieving 80% power.
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Table 2

Power Across Different Effect Sizes

Effect Size Power at Median N N for 80% Power
0.1 0.06 1571
0.2 0.09 394
0.3 0.15 176
0.4 0.23 100
0.5 0.34 64
0.6 0.46 45
0.7 0.58 34
0.8 0.69 26

Note. Median N = 20.

As can be seen in the table and accompanying figure, the power of the studies
included in our meta-analysis of retention data is generally low to very low, particularly for
smaller effect sizes. At the median sample size of 20 participants, the power for the most
optimistic observed effect size of 0.31 is only 15%, which is far below the conventional
threshold of 80%. To achieve 80% power for detecting an effect size of 0.31, a sample size of

164 would be required. In contrast, due to the much larger effect size in the referent selection
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meta-analysis (which had the same median sample size), the power to detect an effect at the
estimated effect size at the median sample size was much higher, but would still be low with

more conservative estimates of the effect size.
4. Discussion

The present meta-analysis investigated the retention of word mappings formed
through mutual exclusivity in young children. Frequentist analyses indicated a small to
medium sized overall retention effect, suggesting that children may retain word—object
associations established via mutual exclusivity to some extent. In contrast, our pre-registered
Bayesian analyses provided some evidence against a true retention effect and suggested
considerable attenuation, highlighting the potential influence of publication bias in this
literature. However, our pre-registered approach to publication bias may have been overly
conservative, especially given the high heterogeneity seen in our data. Further exploratory
analysis offers some reconciliation with our frequentist analysis, as we discuss below. By
comparison, referent selection demonstrated a larger and more reliable effect size despite also
showing evidence of publication bias, aligning with prior research that shows a sizable and
reliable effect of mutual exclusivity in referent selection tasks (Lewis et al., 2020).

The discrepancy between the larger effect size for referent selection and the smaller
effect size for referent retention has implications for the processes underlying word learning.
Our findings suggest that while mutual exclusivity is an effective strategy for disambiguating
novel words, it may not inherently support the retention of these novel mappings. Neither
classic accounts of mutual exclusivity which cast it as a constraint on learning (e.g.,
Markman, 1989, 1990; Mervis & Bertrand, 1994) nor accounts involving social-pragmatic
inference (e.g., Diesendruck & Markson, 2001; Frank et al., 2009) consider longer-term
learning outcomes. Instead, our results are consistent with models of word learning proposing
a dissociation between referent selection and associative memory processes (McMurray et al.,
2012). We also note an interesting parallel in the adult word learning literature. While there
have been suggestions that mutual exclusivity may promote the addition of new word
mappings to the lexicon in adults (Coutanche & Thompson-Schill, 2014), more recent
converging evidence does not support this view (Gurunandan et al., 2023; Lindsay et al.,
2025; O’Connor et al., 2019).
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4.1 Moderators and developmental effects

In exploring potential moderators of the retention effect, we identified age as a
significant predictor when analysed separately from vocabulary size, indicating
developmental improvements in children's ability to retain word mappings formed through
mutual exclusivity. Older children showed greater retention of these mappings than younger
children, suggesting that as children develop, they become more proficient not only at
selecting the correct referent but also at encoding and retaining novel word—object
associations (Bion et al., 2013). When age was analysed alongside vocabulary size, which
was highly correlated with age, it was no longer a significant predictor. This finding implies
that vocabulary size may mediate the relationship between age and retention ability. It is
possible that children with larger vocabularies have more developed learning mechanisms
that facilitate the formation and retention of new word mappings (e.g., Ha et al., 2020;
Werker et al., 2002). Inconsistent vocabulary measures across studies, however, limited this

moderator analysis to only a subset of studies.

We further investigated task-specific moderators, such as the number of mappings and
the retention interval, but found null results in each case. These null findings should be
interpreted cautiously due to the low statistical power in our analyses, stemming from the
small number of high-powered studies in our sample. This limitation likely contributed to the
large unexplained variance often observed in meta-analyses of developmental phenomena
(Bergmann & Cristia, 2016; Tsui et al., 2019). Data availability posed another significant
challenge for some moderators. For instance, most studies tested retention either immediately
or after short delays (e.g., five minutes), with few examining longer intervals, restricting our
ability to generalise findings to long-term retention of word mappings. Future research
examining retention over extended periods would provide valuable insights into the durability
of word mappings formed through mutual exclusivity. The lack of clear evidence for
moderator effects, except for age, impedes our ability to refine models of word learning and

limits our understanding of the factors influencing mutual exclusivity in retention tasks.
4.2 Publication Bias

The meta-analysis initially suggested a moderate effect size (r = 0.3) for mutual
exclusivity retention, but this estimate shrank considerably when accounting for publication

bias. Our analyses revealed strong evidence of publication bias across different detection
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methods, despite our efforts to include unpublished data and grey literature. This bias may
stem from retention being a secondary outcome in many studies, where selective reporting
biases can be more pronounced (loannidis et al., 1998), in this case where retention would
only be reported when it was significant. The potential for greater bias in secondary outcomes
highlights the importance of transparent reporting through pre-registration (Havron et al.,
2020; Bergmann et al., 2018; Davis-Kean & Ellis, 2019). We also found substantial evidence
for publication bias in our selection data. Our analysis extends the work of Lewis et al. (2020)
who did not consider publication bias in their initial analyses, revealing exceptionally strong

evidence for bias within their original dataset.

Our pre-registered use of Robust Bayesian Meta-Analysis (RoBMA\) led to substantial
attenuation of effect sizes in both retention and selection tasks, with retention estimates
reduced to zero. Applying the same methodology to the larger Lewis et al. (2020) dataset for
referent selection similarly reduced their large uncorrected effect to around zero. However,
all publication bias attenuation methods struggle with high heterogeneity and small sample
sizes (Carter et al., 2019), which characterise both the mutual exclusivity retention and
selection literature. In our case, the attenuation is largely attributed to the dominant effects of
the PET method within ROBMA, which provided the best fit but is known to be overly
conservative, especially with high heterogeneity (Stanley, 2017). Importantly, the PET
method may overcorrect when a true non-zero effect exists, thereby increasing the risk of
false negatives. (Stanley, 2017).

Given these methodological challenges, we compared our pre-registered approach
with multiple methods to assess the robustness of our conclusions. We used PEESE on its
own, which has been recommended as a more accurate estimate when a true effect is likely
present (Stanley, 2017). This approach differs from our pre-registered RoBMA method,
which included both PET and PEESE. Our exploratory analyses using PEESE suggest an
effect size of around 0.1 for retention tasks, which, while much smaller than initial estimates,
still provided evidence for an effect, albeit only weak evidence. We maintain that the
evidence, though attenuated by publication bias correction, supports the existence of a real,
albeit small, effect in retention tasks. This is especially true for older children, given that age

emerged as a significant positive moderator in our analyses.
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4.3 Considerations for Developmental Research

Meta-analyses in psychology, particularly in fields like infant development, often struggle to
fully account for heterogeneity across studies (Bergmann & Cristia, 2016; Tsui et al., 2019).
Differences in methodologies, sample populations, and definitions of key variables
complicate the generalisation of findings (Oakes, 2017). Our meta-analysis encountered
significant heterogeneity arising from variations in task designs and participant
characteristics. Small sample sizes further reduce the reliability of effect size estimates,
producing wide confidence intervals and lowering the precision of meta-analytic results
(Button et al., 2013). Our power analysis indicated that, with a median sample size of 20
participants, the power to detect the uncorrected retention effect is only 15%, which is well
below the recommended 80% (Oakes, 2017). For more conservative corrected effect size
estimates, this power would be even lower. This very low power increases the risk of Type Il
errors and may contribute to the non-significant findings for many of the moderators. Low-
powered studies also contribute to greater variability in effect size estimates, exacerbating the
heterogeneity observed across studies and further complicating the interpretation of our meta-
analytic findings.

Our findings point to several critical improvements. High-powered studies with larger
sample sizes are essential to more accurately estimate meta-analytic effects and detect
potential moderators (Button et al., 2013). Greater attention to measurement precision could
enhance the reliability and interpretability of individual studies (see Lindsay and Mather,
2022), thereby improving the quality of data available for meta-analyses. Pre-registration and
open science practices provide important safeguards against bias and help establish the
robustness of research findings (Nosek et al., 2018). Collaborative research initiatives, such
as the ManyBabies projects, offer a practical approach to addressing individual study
limitations (Frank et al., 2017). These large-scale collaborations promote methodological
standardisation, and significantly increase sample sizes, enhancing statistical power and
generalisability (Bergmann et al., 2018; Byers-Heinlein et al., 2020). Addressing
methodological limitations, such as standardising measures and accounting for ceiling effects,
will further improve research quality (Frank et al., 2017). These improvements will

collectively strengthen the robustness and reliability of research in this field.
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4.4 Conclusions

Our findings highlight some avenues for future research. If retention effects are small relative
to disambiguation effects, then high-powered studies are of particular importance for
understanding the memory processes involved in early word learning. Furthermore, our
survey of mutual exclusivity retention studies revealed that they predominantly focus on brief
retention intervals. More investigation of longer-term retention would provide greater insight
into the durability of word mappings (see e.g., Axelsson et al., 2025). While we have
focussed on mutual exclusivity in our meta-analysis, these points are relevant to the study of
other word learning cues. Future methodological improvements will be crucial for
understanding the contribution of mutual exclusivity to vocabulary development and the

learning of word mappings more generally.
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Data Availability Statement

The project materials that support this study are openly available in the Open Science

Framework at https://osf.io/uwb69. This includes the coding sheet and coding key, scripts for

data analysis, email templates for contacting authors, the Stage 1 report serving as a pre-

registration, and a document detailing changes from the pre-registration.
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Table 1

Variable

Sample size (RR task)

Sample size (RS task)

Age (months)

Productive vocabulary size (MCDI-WS)

Number of novel mappings

Number of retention trials per novel mapping

Number of familiar distractors in selection task

Number of selection trials per familiar
distractor

Total number of objects in retention task

Retention interval (minutes)

Mean

21.7

28.3

31.2

261.7

3.4

2.6

1.4

1.4

1.6

106.9

Median

20.0

20.0

29.3

270.7

3.0

2.0

1.0

1.0

1.0

0.0

SD

26.7

27.5

10.8

139.0

1.9

1.8

0.5

1.4

0.7

366.7

Min  Max
40 209.0
40 220.0

16.3  66.1

28.0 4720
1.0 8.0
1.0 6.0
1.0 2.0
0.0 6.0
1.0 3.0
0.0 1440.0

48
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Table 2

Effect Size Power at Median N N for 80% Power

0.1 0.06 1571
0.2 0.09 394
0.3 0.15 176
0.4 0.23 100
0.5 0.34 64
0.6 0.46 45
0.7 0.58 34

0.8 0.69 26
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Table A1

Appendix

Summary of Studies Using Intermodal Preferential Looking (IPL) Paradigm

Study

Bion et al. (2013)

Bion et al. (2013)

Bion et al. (2013)

Borovsky (2020)

Borovsky (2020)

Horn et al. (2021)

Horn et al. (2021)

Huang et al. (2022)

Huang et al. (2022)

Huang et al. (2022)

Condition

18-Month-Olds

24-Month-Olds

30-Month-Olds

High Density
Condition

Low Density
Condition

30-Month-Olds

36-Month-Olds

Lme Working

Lme At Home

Mme Working

22

25

20

65

65

25

25

11

20

Age

18.8

24.9

30.8

24.8

24.8

30.1

36.4

24.5

24.5

24.5

gRR

-0.05

0.06

0.45

0.03

-0.27

0.3

0.77

0.34

-0.52

0.25

gRS

0.13

1.07

1.17

-0.38

-0.48

0.98

1.72

-0.01

0.36

0.25

SERR

0.21

0.2

0.23

0.12

0.13

0.2

0.23

0.36

0.32

0.23

50

SE RS

0.21

0.25

0.29

0.13

0.13

0.24

0.31

0.35

0.31

0.23
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Huang et al. (2022)

Huang et al. (2022)

Huang et al. (2022)

Kalashnikova et al. (2018)

Kalashnikova et al. (2018)

Kalashnikova et al. (2018)

Kalashnikova et al. (2018)

Mather & Plunkett (2011)

Mather & Plunkett (2011)

Morin-Lessard (2019)

Morin-Lessard (2019)

Mme At Home

Hme Working

Hme At Home

Expt 1 Monolingual

Expt 1 Bilingual

Expt 2 Monolingual

Expt 2 Bilingual

Familiar Phonological
Neighbour (Label =
Pok)

No Familiar
Phonological
Neighbour (Label =
Meb)

Monolingual, Fluent
Condition, Block 1

Monolingual, Fluent
Condition, Block 2

17

16

33

25

18

13

21

21

16

16

24.5

24.5

24.5

18.3

18.3

24.5

24.5

16.3

16.3

32.3

32.3

0.45

0.68

0.17

0.77

0.52

0.82

0.47

-0.16

0.44

0.98

0.77

0.69

0.32

0.18

0.52

0.34

0.46

0.88

-0.23

-0.03

1.04

0.88

0.25

0.28

05

0.2

0.21

0.27

0.29

0.22

0.23

0.3

0.28

51

0.27

0.26

05

0.19

0.21

0.25

0.31

0.21

0.2

0.31

0.29
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Morin-Lessard (2019)

Morin-Lessard (2019)

Morin-Lessard (2019)

Morin-Lessard (2019)

Morin-Lessard (2019)

Morin-Lessard (2019)

Pomper & Saffran (2019)

Pomper & Saffran (2019)

Pomper (2020)

Reuter et al. (2019)

Monolingual,
Disfluent Condition,
Block 1

Monolingual,
Disfluent Condition,
Block 2

Bilingual, Fluent
Condition, Block 1

Bilingual, Fluent
Condition, Block 2

Bilingual, Disfluent
Condition, Block 1

Bilingual, Disfluent
Condition, Block 2

High Salience
Condition

Low Salience
Condition

Study 1, Me Cue

Constrained
Condition, 3-Year-
Olds

16

15

16

13

16

11

36

36

51

16

32.3

32.3

324

32.4

324

324

40

40

39.7

40

1.29

1.36

1.06

0.5

0.72

0.89

0.09

0.33

0.25

-0.02

0.66

0.88

0.34

0.45

0.79

0.39

1.24

242

0.07

0.34

0.36

0.31

0.29

0.28

0.36

0.17

0.17

0.14

0.25

52

0.28

0.3

0.26

0.29

0.29

0.31

0.22

0.33

0.14

0.25
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Reuter et al. (2019)

Reuter et al. (2019)

Reuter et al. (2019)

Reuter et al. (2019)

Reuter et al. (2019)

Twomey et al. (2018)

Twomey et al. (2018)

Weatherhead et al. (2021)

Weatherhead et al. (2021)

Weatherhead et al. (2021)

Weatherhead et al. (2021)

Constrained
Condition, 4-Year-
Olds

Constrained
Condition, 5-Year-
Olds

Unconstrained
Condition, 3-Year-
Olds

Unconstrained
Condition, 4-Year-
Olds

Unconstrained
Condition, 5-Year-
Olds

Constant Colour

Variable Colour

Expt 1 Monolinguals

Expt 1 Bilinguals

Expt 2 Monolinguals

Expt 2 Bilinguals

20

18

15

18

18

14

16

24

24

24

24

54.2

65.6

40

54.2

65.6

22.8

22.8

24.1

241

241

24

0.03

-0.06

0.01

0.14

0.16

-0.01

0.16

0.03

0.04

0.07

0.08

0.64

0.17

0.53

0.23

1.36

0.08

0.08

0.09

0.08

0.09

0.22

0.24

0.26

0.24

0.24

0.27

0.25

0.2

0.2

0.2

0.2

53

0.25

0.23

0.27

0.23

0.31

0.27

0.25

0.2

0.2

0.2

0.2
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Weatherhead et al. (2021) Expt 3 Bilinguals 24 24 0.02 0.08 0.2

Note. 'g RR"and 'g RS' represent the Hedge’s g effect sizes for Referent Retention and
Referent Selection tasks, respectively, 'SE' denotes the standard error of the effect size

estimate.

54

0.2
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Table A2

Summary of Studies Using Object Selection Paradigm

Study

Axelsson et al. (2018)

Axelsson et al. (2018)

Axelsson et al. (2018)

Axelsson et al. (2018)

Axelsson et al. (2018)

Axelsson et al. (2018)

Axelsson, Horst (2014)

Axelsson, Horst (2014)

Bleijlevens & Behne (2024)

Carter & Hartley (2021)

Condition

Nap Group,
Immediate Test

Nap Group, 4 Hr Test

Nap Group, Next
Day Test

Wake Group,
Immediate Test

Wake Group, 4 Hr
Test

Wake Group, Next
Day Test

Novel Repeat Comp,
Known Repeat Comp

Novel Repeat
Competitors, Known
Competitors Not
Repeat

Photograph

20

20

20

20

20

12

12

33

20

Age

29.3

29.3

29.3

29.3

29.3

29.3

36.4

36.4

32.9

415

gRR

0.66

0.84

0.43

0.61

-0.29

0.89

0.89

0.45

-0.01

gRS

1.74

1.74

1.74

1.82

1.82

1.82

1.52

1.72

2.4

6.45

SERR

0.25

0.26

0.23

0.24

0.22

0.23

0.34

0.34

0.18

0.22

SERS

0.36

0.36

0.36

0.36

0.36

0.36

0.42

0.46

0.32

1.04
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Carter & Hartley (2021)

Cheung et al. (2022)

Esterline (2020)

Esterline (2020)

Esterline (2020)

Esterline (2020)

Kucker (2023a)

Gambi et al. (2021)

Gambi et al. (2021)

Gambi et al. (2021)

Gambi et al. (2021)

Hilton (2016)

Hilton (2016)

Cartoon

Typically Developing
3-Year-Olds (T2)

Nap Condition, Ee
First

Nap Condition, Fm
First

Wakefulness
Condition, Ee First

Wakefulness
Condition, Fm First

Expt 6, High
Constraint

Expt 6, Low
Constraint

Expt 7, Implausible
distractor

Expt 7, Plausible
distractor

Less-Shy Children

Shy Children

20

36

10

10

10

10

37

80

80

86

86

11

12

41.5

38

30.2

30.2

30.2

30.2

28.2

38

38

38

38

29.2

29.2

112

0.05

-0.34

0.62

-0.03

0.72

0.36

0.72

0.64

0.48

0.44

0.12

0.58

6.34

0.41

0.21

0.21

0.17

0.17

1.8

115

1.86

1.18

1.45

1.43

0.29

0.17

0.33

0.35

0.32

0.35

0.17

0.13

0.12

0.11

0.11

0.3

0.31

1.03

0.17

0.32

0.32

0.32

0.32

0.26

0.14

0.18

0.14

0.15

0.41

0.35

56
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Horst & Samuelson (2008)

Horst (2007)

Kucker (2023b)

Kucker (2023c)

Kucker & Samuelson (2012)

Kucker & Seidler (2023)

Kucker & Seidler (2023)

Kucker et al. (2018)

Kucker et al. (2018)

Kucker et al. (2020)

Kucker et al. (2020)

Kucker et al. (2020)

Kucker et al. (2020)

Kucker et al. (2024)

Referent Selection
And Retention Task

Neutral Condition
Only

NI Age Match

NI Vocab Match

Expt 1

Expt 2

Expt 1, Strongly
Known

Expt 1, Weakly
Known

Expt 2, Strongly
Known

Expt 2, Weakly
Known

18-Month-Olds

16

12

209

22

11

26

15

29

26

42

42

40

37

31

24.7

24.5

27.8

30

24.4

25.8

25.4

18.8

18.5

22.9

22.9

21.6

21.6

18.9

0.11

-0.05

0.34

0.78

0.39

0.22

-0.01

0.16

0.05

0.3

0.02

0.19

0.19

15

0.77

4.17

3.99

1.57

3.43

3.76

1.57

1.78

7.9

1.85

2.53

1.32

3.1

0.25

0.29

0.07

0.22

0.34

0.2

0.26

0.19

0.2

0.15

0.16

0.16

0.17

0.18

0.36

0.33

0.21

0.64

0.33

0.51

0.73

0.26

0.31

0.88

0.25

0.32

0.22

0.42
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Kucker et al. (2024)

Pino Escobar (2021)

Pino Escobar (2021)

Rocha-Hidalgo et al. (2021)

Rocha-Hidalgo et al. (2021)

Sia & Mayor (2022)

Sia & Mayor (2022)

24-Month-Olds

Immediate Retention

Delayed Retention

Monolingual

Bilingual

Four-Year-Olds

Five-Year-Olds

26

15

15

81

44

11

26

24.6

54

54

25.4

25.7

54.5

66.1

0.52

1.04

13

0.06

0.03

0.53

2.05

0.25

0.44

1.84

2.79

0.21

0.32

0.35

0.11

0.15

0.32

0.26

0.35

0.26

0.26

0.11

0.16

0.49

0.4

58

Note. 'g RR' and 'g RS' represent the Hedge’s g effect sizes for Referent Retention and Referent Selection tasks,

respectively, 'SE' denotes the standard error of the effect size estimate.



