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ABSTRACT

Children can acquire novel word meanings by using pragmatic cues. However, previous literature has frequently focused on in-the-
moment word-to-meaning mappings, not delayed retention of novel vocabulary. Here, we examine how children use pragmatics
as they learn and retain novel words. Thirty-three younger children (mean age: 5.0, range: 4.0-6.0, 21 girls; 85% White) and 33 older
children (mean age: 7.5, range: 6.1-9.2, 16 girls, 66% White) participated. During learning, the sound-meaning mapping was either
readily available (Direct Mapping condition) or required pragmatic inference (Inference condition). Children’s word retention
was tested immediately after learning and after 10-15 min of delay. Across both conditions, children performed similarly during
learning. There were no significant differences between conditions for either immediate recall or retention in younger children.
Importantly, retention (but not immediate recall) in older children demonstrated a significant advantage for the Inference over the
Direct Mapping condition. Word retention in the Inference condition was predicted by age and mediated by children’s ToM ability.
We conclude that children can successfully acquire and retain meanings via pragmatic inference; moreover, the effects of active
pragmatic computation on meaning retention grow with development. Such a developmental difference in meaning consolidation
is possibly mediated by children’s developing ToM skills.

(Gollek and Doherty 2016; Frank and Goodman 2014; for a review,
see Papafragou and Grigoroglou 2021).

1 | Introduction

1.1 | Word Learning and Pragmatic Inference

Pragmatic inferences are based on the communicative principles

Word learning is fundamentally a task of discovering meanings.
But sound-meaning mappings are not always readily available in
the context, and young learners must use a variety of linguistic
and extralinguistic cues to narrow the referential space for novel
words in their input (Fisher et al. 2010; Gleitman 1990; Halberda
2003, 2006; Naigles 1990). In so doing, learners often draw
pragmatic inferences as to the intended meaning of a new word

used by a speaker within a conversation. One such principle
relates to informativeness and posits that cooperative speakers
should strive to offer as much information as is relevant to a dia-
logue (Grice 1975). Consider a scene with two toy dinosaurs: both
dinosaurs have a shared feature—for example, a bandanna—and
one has an additional, unique feature—for example, a headband
(Frank and Goodman 2014). An experimenter points to the toy
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with the two features and says, “This is a dinosaur with a dax!”
Children as young as 3 understand that “dax” must refer to the
unique feature (the headband), presumably because they assume
that the speaker intended to supply enough information to secure
reference and choosing the shared feature (the bandanna) would
fail to fulfill the requirement to be informative. Notably, such
referential ambiguity cannot be resolved solely based on the
linguistic—Ilexical, syntactic, or semantic—information regard-
less of visual context, as both bandanna and headband can
be referential candidates for dax. Instead, abstract reasoning
about the speaker’s intentions (including the informativeness and
relevance of what was said) is a necessary level of linguistic
interpretation. Despite this and other evidence of early sensitivity
to informativeness (Stiller et al. 2015; Kampa and Papafragou
2020, 2023; Nadig and Sedivy 2002), children do not always apply
this principle to resolve meaning ambiguities in an adult-like way
before 6 years of age (Robinson and Whittaker 1985; Feeney et al.
2004; Katsos and Bishop 2011; Barner et al. 2011; Grigoroglou and
Papafragou 2019a, 2019b, among others).

1.2 | Pragmatic Inference and Memory for Word
Meanings

There has been extensive literature studying word learning in
children across a wide variety of scenarios. Much of this has
focused on in-the-moment meaning mappings or recall tested
directly after a meaning-mapping phase (Bion et al. 2013; Mark-
man and Wachtel 1988; Vlach and DeBrock 2017; Zosh et al. 2013).
However, because of methodological constraints, comparably less
work has used measures of delayed meaning retention. This can
pose a critical gap in the literature, as a successful initial mapping
does not always transition into long-term retention (Axelsson
et al. 2012; Horst and Samuelson 2008; Bredemann and Vlach
2021). Instead, long-term retention necessitates the engagement
of memory-supporting processes during and/or after learning,
with more numerous and powerful memory supports within a
given learning scenario resulting in better long-term retention
(Vlach and Sandhofer 2012). Substantive literature has sought to
fill this gap by exploring word learning in specific scenarios and
even relating it to possible underlying mechanisms such as visual
and auditory attention, visual recognition memory, visual cue use,
and saliency (Kucker and Samuelson 2012; Pino Escobar et al.
2023; Hartley et al. 2020; Vlach and DeBrock 2019). But little is
known about how the development of social cognitive skills inter-
act with vocabulary acquisition, specifically in its retention phase,
and the role that pragmatic computation may play within this.

Of the comparatively more limited studies that have investigated
word retention, we focus on those that have indicated that
pragmatic inference may play an important role. For example,
Zosh et al. (2013) studied 3-year-olds’ preference to map an
ambiguous novel word onto a novel object in a scene instead
of a known object with a familiar name, a pattern known as
mutual exclusivity. Importantly, children were more success-
ful in immediately retrieving words inferred through mutual
exclusivity than those acquired through direct instruction (or
direct mapping). These results open up clear avenues for further
research. First, since immediate retention occurred—as in many
such experiments—only a few minutes at most after the initial
mapping, it is currently unclear how stable the memories of these

Summary

* Children as young as 4 can reliably apply assumptions
about the choices and intent of others to resolve ambigui-
ties in speech.

* This process, supported by social cognition, may lead to
lasting memory of novel words in children 6 and up.

* These findings reveal an increasingly important role of
social cognition in building children’s vocabulary as they
enter school-age years.

words are. Work such as Carey and Bartlett (1978) do indicate
that words mapped in a situation involving mutual exclusivity
can be remembered longer term; however, it lacks a contest to
determine the relative effect that word learning has via this route.
This is further supported by work such as Pino Escobar et al.
(2023), which found better learning, immediate retention, and
delayed retention for words mapped via mutual exclusivity and
from eBook reading (which included characters often engaged
in social situations) than those learned statistically via cross-
situational word learning. However, none of these works sought
to explore the role of pragmatic inference directly or how social
cognitive skills and use may interact with this.

Studies such as Zosh et al. (2013) raise (but do not resolve)
two possibilities for the role of inferential computations in
word retention. A first possibility is that inferences facilitate
word retention via active learning and encoding. We know that
words learned in scenarios where children can manipulate order
and pacing have an advantage in long-term memory retention
compared to passively learned words (Ruggeri et al. 2019). In
Zosh et al. (2013), the need for more active cognitive control to
compare the novel word to a known competitor in the inference
condition may have engaged active learning. However, evidence
from the study does not uniquely lead to this interpretation
because children were also asked to point to the target object in
the inference condition, potentially boosting the robustness of the
new word, while no action was called for in the more passive
instruction condition.

A second, non-disjoint possibility is that making inferences
through mutual exclusivity might involve heavier engagement of
Theory of Mind (ToM), the ability to reason about others’ minds
(Baron-Cohen et al. 1985, 1997; Wellman et al. 2001). ToM might
be associated with richer and deeper semantic processing during
encoding (Li and Jeong 2020). If reasoning about the speaker’s
mental state and knowledge is part and parcel of mutual exclu-
sivity (see, e.g., Diesendruck and Markson 2001; cf. Grice 1975;
Sperber and Wilson 1986), then ToM would support pragmatic
inferences leading to the correct word-referent assignment and,
thereafter, to long-term knowledge of the newly-heard word. This
may be further supported by Pino Escobar et al. (2023)’s findings,
as the advantage of mutual exclusivity and eBook reading may
stem in part from the pragmatic and social aspects of these—
in the latter case, the eBook often included characters engaged
in social situations and interactions when the novel words were
raised. This possibility is consistent with work beyond the narrow
case of mutual exclusivity (as a type of pragmatic inference)
pointing to close links between various pragmatic phenomena

20f16

Developmental Science, 2025



and ToM abilities in both adults and children (Fairchild and
Papafragou 2021; Gollek and Doherty 2016; Matthews et al. 2018;
Brosseau-Liard et al. 2015; Sabbagh and Baldwin 2001). For
instance, Fairchild and Papafragou (2021) showed that individ-
ual adults’ ToM differences uniquely predicted their pragmatic
reasoning, with stronger ToM skills predicting better assess-
ments of scalar implicatures and indirect requests. Furthermore,
this possibility is supported by neuroimaging evidence of ToM
involvement in pragmatic inference, as brain regions associated
with ToM, such as right Temporo-Parietal Junction (rTPJ) and
medial prefrontal cortex (mPFC) (e.g., Saxe and Kanwisher 2003),
are activated during the processing of pragmatic phenomena
(e.g., Bambini et al. 2011; Ba¥nakova et al. 2014; Hornick and
Shetreet 2022). However, a possible role of ToM in the retention
advantage of newly-acquired words is challenged by proposals
contesting the involvement of ToM both in the specific case of
mutual exclusivity (Srinivasan et al. 2019; de Marchena et al. 2011;
Preissler and Carey 2005) and in other pragmatic phenomena
(Geurts et al. 2019; Andrés-Roqueta and Katsos 2017). In these
proposals, the involvement of ToM is neither consistent nor
necessary during pragmatic computations. For instance, what
might appear to be effects of speaker meaning when taking into
account informativeness might instead arise from a comparison
of what the speaker has said to other possible lexical alternatives
without considering the speaker’s intention or mental state in any
significant sense. In support of this possibility, autistic individuals
succeed with mutual exclusivity despite having difficulties com-
puting others’ beliefs in independent ToM tasks (Preissler and
Carey 2005; de Marchena et al. 2011). Furthermore, as seen in
work such as Hartley et al. (2020), a mere presence of a low-level
social cue that may involve ToM reasoning (such as a head-turn
or eye gaze for referential disambiguation) does not always result
in better retention than a non-social cue. However, it should
be noted that such low-level cues develop and quickly become
automatic early in infancy, and thus, social facilitatory effects may
be limited as one develops (Cetingelik et al., 2021). At present,
then, the role of ToM for inferential computations during word
learning requires more experimental attention.

1.3 | Current Study

Here, we aim to address the role of pragmatics and ToM in how
children learn novel word meanings. We take “learning” to extend
beyond immediate mappings and view it through the lens of
a multi-stage encoding and consolidation process that extends
to longer-term retention. We contrast two learning contexts: a
context that provides a direct mapping between a novel label and
the target novel object, and a context in which abstract pragmatic
principles such as informativeness are required in order to infer
the label-object link. In a prior version of this paradigm with
adults (Trice et al. 2023), novel words learned through pragmatic
inference were better retained than those learned through direct
mappings; furthermore, retention in the inferential cases was
associated with individuals’ ToM scores. In the current paper,
we seek to determine (a) whether children can use pragmatics
to infer word meanings, and if so, whether there is a retention
advantage for pragmatically inferred words and (b) if and how
this advantage is intertwined with the development of ToM skills.
We compare a younger (4-6-year-old) and an older (7-9-year-
old) child group. This age split was implemented because, as

mentioned, informativeness-based inferences may not become
reliable across the board until the age of six (Robinson and
Whittaker 1985; Feeney et al. 2004; Katsos and Bishop 2011; Barner
et al. 2011; Grigoroglou and Papafragou 2019a, 2019b, among
others). Moreover, ToM skills are developing in sophistication
across this age range on both a behavioral and neurological level
(Gweon et al. 2012; Richardson et al. 2018, Wellman and Liu 2004).

We expect that during mapping via pragmatic inference, learners
must construct an internal model of the speaker and the other
alternatives they could have used, determine their intent based
on the limited input given, and use that intent to select the
correct referent—all of which require greater internal compu-
tation and judgement than direct mapping—and hence greater
control over and engagement with their cognitive processes.
Thus, we hypothesize that active encoding would emerge under
these conditions, leading to stronger memory encoding of the
word-object representations computed via pragmatic inference.
As these mechanisms require ToM, we predict that maturing
ToM skills might underlie an increase in memory advantage for
inferred over directly mapped words independent of a general
increase in vocabulary retention across conditions with age.
Finally, we hypothesize that younger children will show less of
an advantage for word learning that requires pragmatic inference
as opposed to direct mapping compared to older children. Note
that if both a pragmatic inference advantage and a relation
to ToM are seen, this experiment cannot fully differentiate a
mechanistic account where stronger memory encoding is related
to emerging advantages of active encoding via mentalizing from
another account containing a specific interrelation of ToM use
and memory. As such, both will be discussed as relevant.

2 | Experiment

2.1 | Participants

Families were recruited via study posts at ChildrenHelping-
Science.com and the Language Research Registry at the Univer-
sity of Delaware. All children (4.0-9.2) were native speakers of
English with no extensive exposure (defined as more than 10
h of exposure per week) to other languages before the age of
5. All parents/guardians gave informed consent, and children
assent, prior to inclusion. Children were split into two groups:
younger children (4.0-6.0 years old) and older children (6.1-9.2
years old, Table 1). As discussed previously, this split is based on
prior research suggesting that informativeness-based inferences
may not be reliable until the age of 6 (see Sections 1.1 and 1.3). A
stopping rule of 1 year of data collection with equal-sized groups
of at least 30 was implemented to align well with prior adult work
in this paradigm (Trice et al. 2023). Based on prior work, this
would ensure a power of, at minimum, 75% for our between-group
comparisons and 80% for our across-group individual difference
analysis. No participants were excluded. The two groups were
similar in terms of gender and race.

2.2 | Stimuli and Procedure

The experiment was administered via Zoom. Children performed
the tasks in their home environment. The procedure was divided
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TABLE 1 | Participant demographics by age group.
Younger children (n = 33, 21 girls, 85%
Variable White) Older children (n = 33, 16 girls, 66% White) P
Mean SD Range Mean SD Range
Age (years) 5.0 0.6 4.0-6.0 7.5 0.9 6.1-9.2 <0.01
ToM accuracy 0.57 0.21 0.15-0.96 0.81 0.15 0.39-1.00 <0.01
Flanker score (ms) 756.43 1386.31 —558.70 to 4943.39 412.52 1272.80 —663.10 to 6669.63 0.31
Control question accuracy 0.87 0.19 0.33-1.00 0.94 0.16 0.33-1.00 0.06

Note: The Flanker Score was calculated via reaction time differences between the incongruent and congruent trials. Control question accuracy is based on the score
for the selected control questions in the ToM task. The gender ratio did not differ significantly between groups (p = 1). The Flanker score showed a significant
congruency effect within each group (1-tailed t-test: pojger = 0.04, Pygunger = 0.002).

Abbreviations: ms, milliseconds; SD, standard deviation.

into the following ordered phases: a word learning task (6 min), a
ToM task (15 min), a word retention task (1 min), and an executive
function (EF) task (Flanker, 4 min). The word learning task,
word retention task, and Flanker task were hosted on the Gorilla
Experimental Builder (Anwyl-Irvine et al. 2020). The ToM task
was administered using PowerPoint.

2.21 | Word Learning Task

Our task featured two word learning conditions, Inference and
Direct Mapping, in a within-subject design (Figure 1). Children
were introduced to a cartoon girl, Mary, who would show
them her favorite toys. Word learning began with two practice
trials to ensure task comprehension. Here, children were briefly
introduced to a dinosaur and an alien toy holding known objects
(e.g., pencil and guitar in Figure 1A.1). One practice trial mirrored
the setup of the Inference condition, where the mini-objects were
used to disambiguate the identical figures, and the other mirrored
the setup of the Direct Mapping condition, where the figures
were used to disambiguate the referred mini-objects (Figure 1).
Feedback was given.

Next, children began the learning trials, which featured four
novel words per condition, with two trials per word. This number
was chosen to ensure the task demand was reasonable for our
youngest participants while still retaining the possibility of cap-
turing within-participant variability. The novel words and novel
objects were unique to each condition. Additionally, four filler
trials with known object features were included in each condition
as attention checks and to reinforce the practice trials; these
mirrored the practice trial for each condition. The two conditions
were manipulated in a counterbalanced blocked design—one
block per condition—for a total of eight novel words (Figure 1).
No feedback was given.

In the Inference condition, successful sound-meaning mappings
required pragmatic inference. The visual stimuli contained two
identical cartoon figures both holding a shared object (e.g., a
rainbow toy in Figure 1A.2), with one of the figures also holding
a unique object (e.g., a pink c-shaped object in Figure 1A.2).
Here, Mary would say, for instance, “Look! I like this dinosaur;
it is holding a mel!”. The participant would then be asked which
toy Mary liked. Children could not semantically resolve the

ambiguity, as the novel word could refer to either target or
competitor. To identify the correct dinosaur, the listener had
to assume that the speaker had offered an appropriate amount
of information in using the novel word to allow pragmatic
disambiguation between the two dinosaurs. Thus, “mel” should
be the unique novel object—the pink c-shaped object—and the
participant should select the figure holding that object. Children’s
success in choosing the right referent was used as a measure of
in-the-moment mapping for the Inference condition.

In the Direct Mapping condition, the novel word could be identi-
fied relatively straightforwardly from a sentence in combination
with the scene, with little or no ambiguity. The visual stimuli for
the Direct Mapping condition contained two different cartoon
figures holding a shared novel object (e.g., an orange y-shaped
object in Figure 1A.3). Here, Mary would say, for instance, “Look!
I like this bink! It is on the alien!”. In this case, the mapping
between the novel word bink and the Y-shaped novel object was
readily available for listeners.

Our design of the Inference condition was inspired by Frank and
Goodman (2014) but differed from that study in two ways. First,
we used completely novel objects to avoid any possible confounds
from existing knowledge of object names, which might prevent
children from assigning new labels. Additionally, having abstract
novel objects for both the target and competitor allows us to
circumvent the need to examine whether the presence of known
competitors would lead to faster integration of a novel referent
into the memory system (as found in Coutanche and Thompson-
Schill 2014), thus contributing to our retention rates. Second, our
design removed the pointing feature indicating the figure being
discussed, a strong pragmatic visual cue helping narrow down the
intended referent of the novel label.

At the end of each learning block, children’s word retention was
tested in a four-alternative-forced-choice task. Children saw four
novel objects on the display and heard the question “Which one
is a [novel-word]?”. In each case, all three competitors came from
the same condition as the target object (Figure 1A.4).

Children’s word retention was tested again approximately 15 min
after the end of the learning trials, after words have begun to move
into long-term retention (Radvansky et al. 2022), in the same four-
alternative-forced choice task. The order of the eight novel words
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FIGURE 1 | Experimental procedure and stimulus examples. The figure demonstrates example practice, word learning (direct mapping/inferential),

and immediate recall trials, as well as an example of the ToM and Executive Functioning (Flanker) task visual stimuli. Task order was as shown. Text in

quotations would be spoken aloud.

was randomized, and competitors for each trial were randomly
selected across the two conditions with at least one competitor
from the given target’s condition (Figure 1).

To increase image saliency within the task’s visual setting, all
the pictures were edited to achieve brighter colors and higher
saturation. Auditory stimuli were recorded in a quiet room by
two female native speakers of English, one acting as the narrator
and the other as Mary. Sound files were edited to remove any
background noise, and identical intensity levels were set at 70 dB
across all sentences. All sound edits were performed in Praat
(Boersma and Weenink 2018).

2.2.2 | Individual Differences Tasks

2.2.2.1 | ToM Task. Between immediate recall and retention
tests, children completed a ToM task modified from the picture
booklet task in Richardson et al. (2018) (Original: https://osf.io/
G5ZPV/). In this task, children listened to stories and answered

questions after each story. For instance, as in Figure 1B, children
were told that the illustrated girl had just entered the classroom
and said, “I want that snack.” They had to identify the box
of raisins the girl wanted and how they knew she wanted
those; this tested their use of social-cognitive cues such as eye-
gaze and perspective-taking. As this task was highly verbal,
control questions that required referential disambiguation but no
ToM reasoning—relying solely on language comprehension and
recall—were selected to examine children’s baseline comprehen-
sion skills. Due to the time constraints of this online experiment,
we shortened this task to eleven interactive stories and presented
the stimuli on PowerPoint for remote administration. The 11
stories were specifically selected to ensure that they reflected
skills developing across our age range—for instance, simpler false
belief judgements should be emerging and improving across the
age range of our younger children, while moral judgement based
on false belief should still be in development for much of our older
age range (Cushman et al. 2013; Wellman et al. 2001). We also
included the stories that probed children’s ability to understand
others’ preferences that differed from their own as a proxy for
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ToM, as these skills are a precursor for false belief (Wellman and
Liu 2004). This allowed us to have a more holistic view of ToM
compared to other assessments. Finally, we ensured that each
selected story could be modified for remote administration, as the
original versions had children directly interacting with physical
characters and scenery.

Children answered a total of 26 ToM questions and 4 generic
comprehension questions, along with several unscored questions
used to set up and transition within stories. The proportion of
children’s correct responses to the ToM questions was computed
and used as our main ToM measure. Of the comprehension
questions, three questions required participants to select between
two referents and were thus selected as our control questions.
Since only three questions were chosen, non-parametric tests
were used for between-group comparisons.!

The children’s behavior was double-scored by two trained
research assistants based on the Zoom recordings. In cases where
these scores differed on any given question, a third coder (the
first author) would watch the video and determine the final score
for that trial. Descriptive statistics of the scores for both the ToM
questions and the control questions are available in Table 1.

2.2.2.2 | Executive Functioning (Control) Task. The
experiment ended with an assessment of children’s EF skills,
specifically inhibitory control, via a Flanker Task. This task
provided a control measure, as resolving referential ambiguity
has been linked to EF (e.g., Qi et al. 2020; Woodard et al. 2016).
In addition, ToM and EF are often correlated in the context of
pragmatic processing, and EF can be involved in the ToM task
itself (Apperly 2012; Carlson and Moses 2001; Fairchild and
Papafragou 2021; Baillargeon et al. 2010; Scott et al. 2012; Setoh
et al. 2016). We included this task to test whether any age effects
in word learning could be uniquely explained by ToM.

The Flanker task used was adapted from the built-in materials
available in the Gorilla task inventory (Rueda et al. 2004;
Massonnié et al. 2019). This task used cartoon fish in place
of the more traditional arrows to make it more engaging and
child friendly. In this task, participants were presented with
five fish, either looking all toward the same direction (left or
right; congruent trials) or with the center one looking in the
opposite direction (incongruent trials) and were instructed to
press the button that matched the direction that the fish in
the middle was facing, thereby inhibiting the direction of the
surrounding fish. Children were first introduced to the task and
familiarized with the procedure and buttons to press, with the
instructions being read aloud. This was followed by four practice
trials—two congruent, two incongruent—with feedback given
to ensure that the child understood what key to press. Twenty-
four trials were presented in randomized order, evenly divided
between congruent and incongruent trials. Each trial would be
preceded by a fixation cross that was presented in the middle
of the screen for one at three different duration times: 400,
800, or 1200 ms. Each duration occurred eight times, four per
trial type. We used the difference between participants’ average
reaction times for incongruent and congruent trials as a measure
of their performance. Flanker reaction times less than 150 ms
were dropped from analysis, as it takes more than 200 ms to plan
an action after visual processing (Krigolson et al. 2015). These

represented 2.4% of the data. Descriptive statistics of the Flanker
scores can be seen in Table 1.

2.3 | Analysis Approach and Models

2.3.1 | Data Processing

Data were compiled for analyses into two different formats.
The first was trial-by-trial binomial accuracy data for analyses
on word learning outcomes (1 for correct and 0 for incorrect):
initial mapping, immediate recall, and retention. The second was
subject-level aggregated data for each learning outcome, ToM,
and EF. For a handful of participants whose data were not cor-
rectly preserved for some sections on Gorilla, hand-scored from
our recorded videos for accuracy on a trial-by-trial basis and saved
as an Excel file. A separate Excel file was made for the ToM task
containing the relevant scores. All subsequent data processing
and organization were done within R (R Core Team 2021).

For our analyses on word learning, an additional column marking
whether a given word was initially learned was appended. This
was determined based on the initial mapping accuracy across its
two learning trials. If both trials were answered correctly, the item
would be marked with a 1 for learned. Otherwise, the item would
be marked with a 0 for not learned. We chose this stricter cutoff
to limit the potential impact of guessing rather than learning in
our evaluation.

For our analyses on individual differences, accuracy was com-
puted across trials for each session for each condition for each
subject, along with each child’s age, ToM task scores, and the
RT difference scores between the congruent and incongruent
Flanker trials. Gender was included as demographic information,
but because it did not interact with other factors within our
models, it was dropped from our final analysis outputs.

As video recordings were available in the majority of the
participants who had compatible hardware devices, a decision
was made post hoc to analyze the webcam eye tracking data
(sampled at 30 Hz) during learning to investigate the online
processing of pragmatic cues. In total, 21 older children and 24
younger children contributed data for this analysis. Data were
collected, coded, and processed by the same trained individuals
in the same way. Because of the post-hoc nature of this analysis,
the comparison between older and younger children in the
temporal course of pragmatic computation should be taken as
simply suggestive evidence for developmental changes in online
pragmatic processing.

2.3.2 | Data Analysis

2.3.21 | Analysis of Word Learning Outcomes. To
examine children’s performance during initial mapping,
immediate recall, and retention, we constructed separate
generalized binomial linear mixed models (glmer) for analysis
of each learning outcome using the Ime4 package of R (Baayen
2008; Baayen et al. 2008).

For initial mapping, older and younger participants were com-
bined into a single data frame for analysis. In order to determine
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if mapping accuracy differed by age and whether an age effect
was particularly salient in the Inference condition, we focused
on the main effect of age group and the interaction between age
group and condition on initial mapping accuracy. As our two
conditions differed so strongly in what was asked (i.e., resolving
a complex pragmatic inference in the Inference condition vs.
simply selecting the novel object held by the named character in
the Direct Mapping condition), the main effect of condition was
deemed largely a byproduct of the model and, thus, theoretically
unimportant. By-subject random intercepts and random slopes
for condition and by-item random intercepts were used.

For immediate recall and retention, we assume fair compari-
son between the Inference and the Direct Mapping conditions
as the four-alternative-forced-choice task was identical across
conditions. Three models were constructed for each of the two
learning outcomes. First, we tested the main effect of condition
(Direct Mapping vs. Inference) with initial learning success
(0 vs. 1) as a covariate on the trial-by-trial accuracy for each
age group. By-subject random intercepts and random slopes
for condition and by-item random intercepts were used. Then,
we combined older and younger participants into a single data
frame for analysis of the continuous age effect. We tested the
main effects of age and condition, as well as the interaction
between the two, along with the main effect of initial learning
success on children’s immediate recall or retention accuracy. In
addition to the random slopes and intercepts of the separate
group models, by-item random intercepts were used. Across all
the generalized binomial linear mixed models, contrast coding of
—0.5 versus 0.5 was established for each main effect in order to
use the mean across the different levels for the given effect as the
baseline. In each of the above analyses, the mean and confidence
intervals for our groups by conditions were also calculated and
compared to chance for the given timepoint to check if each
performed above, at, or below chance. Results can be found in
Section 2.5.1.1

A supplementary analysis examining change from immediate
recall to retention was completed using the same setup of the
three models for immediate learning and retention described
above but with both testing phases included and phase as a main
effect and interaction. The results can be found in Supporting
Table Al.

2.3.2.2 | Analysis of Individual Differences in Word
Learning. We also examined whether word learning, partic-
ularly when pragmatic inferences are involved, is uniquely
related to ToM development. We first examined the normal-
ity of our dependent variables using quantile-quantile plots
(Supporting Figure Al). If the data fell largely within the
acceptable prediction interval surrounding the reference line,
Pearson correlations would be used where appropriate; if not,
Kendall correlations would be used. Additionally, because of
the proportional nature of our dependent variables, which
is especially clear for immediate recall, where each condi-
tion has only five possible accuracy values because only four
novel words were learned per condition, both multiple linear
regression models (Im) and generalized quasibinomial probit
linear regression models (glm) were considered. Model selec-
tion was based on the root mean square errors of model
fit.

A separate model was constructed for each learning outcome
and for each condition. Children’s performance in answering
the ToM questions, control questions, Flanker task, and age
served as the predictors for word learning. Additionally, for each
learning outcome, the learning measure in prior sessions would
be included as a covariate. Thus, a given immediate recall model
would have learning accuracy as a predictor, and a given retention
model would have both learning and immediate recall accuracy
as predictors. Both general and generalized linear models for each
case differed only in internal setup by the latter, including our
quasibinomial family and probit link specifications. Root mean
square errors (rmse) were used to compare each model to its
competitor (Supporting Table A2).

For any significant predictors in the final models of selection,
partial correlations (pcor.test) would then be run between the
dependent variable of the model and the significant predictor
while controlling the other key individual difference measures.
If any of these came out to be no longer significant, a mediation
analysis would then be run to see if the relationship was mediated
by the controller (R Core Team 2021; Revelle 2023). The results of
these analyses can be found in Section 2.5.2.

2.3.23 | Analysis of Eye-Tracking Data. Eye gaze was seg-
mented during learning beginning 0.2 s before and ending 1.8 s
after the onset of the final word in each condition and hand-coded
frame-by-frame for fixation to target, to competitor, away, or un-
codable eye-gaze. Any time points marked as un-codable for a
given participant and trial were dropped from further analysis
(9.5% of the data). Codable fixation data were divided into time
bins with 8 observations per bin to allow the computation of the
proportion of target/competitor fixations.

An analysis of the full time-window was used to determine
whether looks-to-the-target and looks-to-the-competitor signif-
icantly differed for each group and, more critically, if this
differed between groups. Online eye-tracking studies have shown
comparable results in capturing group-level fixation patterns as
their in-lab counterparts (Ovans et al. 2023; Kandel and Snedeker
2024). This was done using generalized binomial linear mixed
models (glmer) in R, with one combined model and an additional
model for each group. We tested the main effects of looks-to-
object versus competitor and group, as well as the interaction
between the two, for the combined model and just looks-to-object
versus competitor for each individual model. By-subject random
intercepts and random slopes for looking location and by-item
random intercepts were used. Contrast coding of —0.5 versus 0.5
was once again used.

To capture the coarse timeline of referential disambiguation, a
divergence-point analysis was used to determine where propor-
tion of looks-to-the-target diverged from proportion of looks-
to-the-competitor and whether the timing of divergence points
significantly differed between groups for the inference condition.
We applied a moving window width of 33 ms to capture the
full timescale. As each participant had 8 items per condition,
this allowed for approximately 64 observations per bin for a
given participant. This analysis was done via the R eye-tracking
analysis package stats. VWP (Ito and Knoeferle 2022). Here, 1000
iterations of bootstrapping were calculated. In each case, the log
of the fixation proportion for the given time bin per participant
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FIGURE 2 | Accuracy-by-condition for older versus younger children for immediate recall and retention. Points represent mean accuracy. Error

bars represent within-subject standard error. The horizontal dashed line at 0.25 represents chance.

per trial was calculated for the target and competitor, and a ¢-
test was performed to see if this differed significantly at a given
timepoint for a given group. The divergence point was determined
to occur at the earliest point where ten consecutive time bins
were significantly different. The ten consecutive time bins ensure
independent observations between the first bin and the final
bin. Confidence intervals of 95% for the mean divergence point
for each group were calculated. To determine if the divergence
points significantly differed between groups, the data were pooled
and randomly assigned labels in another 1000 iterations of our
bootstrapping to form a null distribution. The p value was
calculated based on the proportion of occurrences in this null
distribution that were larger than the differences in divergence
points from our true data.

2.4 | Transparency and Openness

All data, preprocessing and analysis code, stimuli, and research
materials are publicly available at https://osf.io/j5e9p/?view_
only=b71{338bdb644c1da6c72137831a8778. Analysis packages can
be found in Section 2.3. The study design and analyses were not
pre-registered.

2.5 | Results
2.5.1 | Analysis of Word Learning by Group
2.5.1.1 | Behavioral Accuracy Analysis. First, we examined

children’s performance during the initial sound-meaning map-
ping. Both age groups performed significantly above chance
across both the Direct Mapping and Inference conditions
(chance: 0.50; Direct Mapping: younger children: 0.95 [Clys, =
0.03]; older children: 0.98 [Clys, = 0.03]; Inference: younger
children: 0.70 [Clys, = 0.05]; older children: 0.65 [Clys, = 0.06]).

Critically, there were no significant differences between the two
age groups, nor an interaction between condition and age (group:
estimate = 0.44; z = 1.00; p = 0.30; condition*group: estimate =
1.24,z=1.31, p = 0.19). As such, children’s ability to initially map
the word to the correct referent, regardless of pragmatic demands,
was not significantly different between the two age groups.

Next, we examined children’s immediate recall performance
within and between groups. Both age groups performed sig-
nificantly above chance across both the Direct Mapping and
Inference conditions (chance = 0.25; Figure 2 left). For the
Inference condition, younger children had a mean of 0.43 (Cl,s,
= 0.09) and older children a mean of 0.55 (Cl, = 0.08). For
the Direct Mapping condition, younger children had a mean
of 0.38 (Clys,, = 0.08) and older children a mean of 0.57 (Clygy,
= 0.08). There was no significant effect of condition for either
age group (Younger: z = —1.03, p = 0.30; Older: z = —0.45, p =
0.65). There was a significant effect of initial learning success on
immediate recall in the younger children and a similar marginal
effect in the older children (Younger: z=2.13, p = 0.03; Older: z =
1.71, p = 0.09). Comparing the two groups, we found the older
children remembered more words than the younger children
during immediate recall across both conditions (z = 2.67, p =
0.008). There was no significant interaction between condition
and age group (z = 0.33, p = 0.74). Further model parameters can
be found in Table 2.

Finally, we examined children’s retention performance within
and between groups. Both age groups performed significantly
above chance across both the Direct Mapping and Inference
conditions (chance = 0.25; Figure 2 Right). For the Inference
condition, younger children had a mean of 0.35 (Clys, = 0.08)
and older children a mean of 0.52 (Clys, = 0.09). For the Direct
Mapping condition, younger children had a mean of 0.41 (Clyg,
= 0.09) and older children a mean of 0.42 (Clys, = 0.09). Only
the older group showed a significant condition effect (z = —2.39,
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TABLE 2 | Model parameters for younger vs. older children for immediate recall and retention.

Effects Immediate recall Retention
Estimate SE 4 Estimate SE k4
Younger children
Intercept —0.66 0.23 —2.86 ** -0.79 0.27 —2.95 **
Condition (inference vs. direct mapping) —-0.47 0.46 -1.03 0.32 0.39 0.83
Previously learned 0.89 0.42 213 % 0.52 0.47 1.38
Older children
Intercept 0.16 0.26 0.61 —-0.35 0.18 —1.99 *
Condition (inference vs. direct mapping) -0.22 0.49 —0.45 -0.84 0.35 —2.39*
Previously learned 0.79 0.46 171 0.92 0.38 2.44 %

*p < 0.1, ¥*p < 0.05, ***p < 0.01, **** p < 0.001.

p = 0.02), where inferred words were better retained than the
directly mapped words, but no significant difference emerged
between conditions for younger children (z = 0.83, p = 0.41).
Interestingly, the initial mapping accuracy was only a significant
factor for retention for older children (z = 2.44, p = 0.01) but not
for younger children (z = 1.38, p = 0.17) across conditions. Our
combined model yielded a marginal effect of age group (z = 1.75,
p=0.08) and critically a significant interaction between condition
and age group (z = 2.05, p = 0.04). Further model parameters can
be found in Table 2 below.

Our supplementary analysis revealed a significant interaction of
testing phase, condition, and age group (z = —2.06, p = 0.04),
driven primarily by the significant effect of testing phase in older
but not younger children (older: z = —2.22, p = 0.03. younger:
z = 1.62, p = 0.11. See Supporting Table Al). Thus, the younger
children recalled fewer words overall but had stable memory for
those words, while older children had better initial retention but
were only able to sustain this advantage for pragmatically inferred
words, with those directly mapped words falling to the rates of
their younger counterparts.

2.5.1.2 | Exploratory Eye-Tracking Analysis. To better
understand the advantage seen for pragmatic inference during
retention, we turned back to immediate mappings to examine
the time course of eye-gaze in the window ranging from —200 ms
before to 1800 ms after the onset of the novel word—the final,
disambiguating word in the sentence.

This step allowed us to refine our interpretation of the behavioral
outcomes bearing on whether children can use pragmatics to
infer word meanings by looking at the relative ease or difficulty
of inference resolution for each age group. For instance, if the two
groups showed similar rates of pragmatic inference resolution (as
is what occurred), we were interested in whether the time course
data would also be similar, indicating comparable processing
speed in integrating and selecting the referent, or different, such
that one group would have greater difficulty in processing and
integrating pragmatic cues. As such, the aim we were seeking to
better refine with this analysis was not specifically retention but
whether children can use pragmatics to infer word meanings and
how this may differ between age groups.

Looking at the full analysis window, we found that for both
groups, there were significantly more looks to the target than
competitor (ps < 0.001), but there was a significant interaction
between group and looks-toward-target versus competitor, such
that the older children fixated on the target for a greater duration
of the time (Mean,qe; = 64%, Meany,peer = 59%, § = —0.21, SE =
0.08, z = —2.52, p = 0.01). This indicates that younger children,
despite similar behavioral outcomes, may have shown less robust
target fixation than their older counterparts. However, this does
not tell us if this occurs because of earlier inference resolution as
opposed to lower fixation on the target after differentiation.

Our divergent point analysis found that, while both older and
younger children diverged in their looks to the target and
competitor prior to the onset of the word, older children did so
significantly sooner than their younger counterparts (younger
children: Mean = —92.09 ms Cl,, = 74.91 ms); older children:
—188.88 ms, Clys, = 120.87 ms; p = 0.003; Figure 3). Note that,
as a saccade triggered by the novel word onset—0 ms on our
timescale—would not be detected until 300 ms after word onset
on average, this prediction is made, in both cases, well in advance.
Thus, both older and younger children were able to determine
and apply informativity to select the referent before the final word
was said. However, older children were able to confidently make
this computation more rapidly than their younger counterparts.
This greater ease, however small, may in turn support deeper
encoding and better retention for word meaning.

An important point to note is that, while the divergence point
for the older children was calculated to fall at 188.88 ms, this
was less than one bin in, indicating that, in most cases, looks to
the target and competitor were significantly different from each
other, beginning with the very first bin. As such, it is likely that,
as the visual data pattern reflects, the divergence occurred well
before the selected window. This is in contrast to the younger
children, who continued to diverge at the window’s onset.

2.5.2 | Analysis of Individual Differences in Word
Learning

Next, we examined the impact of our individual difference
measures, in particular ToM and age, on word learning. As shown
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in Table 1, older children outperformed younger ones on each
measure. In subsequent analyses, we treated age as a continuous
variable and combined datasets across the older and younger
groups. Among the three individual difference measures, only
ToM was significantly associated with age (ToM: Pearson’s R
= 0.63, t = 6.43, df = 62, p = 0.00; Flanker: Pearson’s R =
—0.17, t = —-1.36, df = 60, p = 0.18; Control Question: Pearson’s
R = 0.23, t = 1.87, df = 62, p = 0.07). Thus, the ToM score
improved with age, validating our choice in measure, while the
Flanker task and children’s accuracy in answering the control
questions remained relatively stable across the age range in our
sample.

We reported linear regression models for each session—learning,
immediate recall, and retention—in each of our two conditions.
‘We found that, unsurprisingly, individuals in the Inference condi-
tion that reached higher initial mapping accuracy were also better
at retrieving and retaining words (Immediate Recall: ¢t = 2.86, p
= 0.01; Retention: t = 4.92, p = 0.00). This was less so in Direct
Mapping, as only retention accuracy was marginally predicted
by initial mapping accuracy (¢t = 1.75, p = 0.09). Of our four
key individual difference measures, only age significantly and
uniquely contributed to the individual variance of pragmatically
inferred words (t = 2.12, p = 0.04, Figure 3). In contrast, age was
not a significant predictor of retention for directly mapped words,
indicating that this shift was very much specific to inference
retention as opposed to a reflection of age on general vocabulary

retention (t = —0.54, p = 0.65, Figure 4). No other variables served
as significant predictors for any condition in any session. This
included ToM for initial mapping in the Inference condition,
suggesting that ToM skills, even though necessary for resolving
the pragmatic inference, did not explain individual differences in
initial mapping success (t = 0.16, p = 0.88). Full parameters for the
regression models for the Inference condition and for the Direct
Mapping condition are available in Supporting Tables A3 and A4,
respectively.

Following up on the significant association between age and
retention score for the inferred words, three subsequent partial
Pearson’s correlational analyses were conducted between age
and retention score, each controlling for one of the remaining
three key covariables (ToM accuracy, Control question accuracy,
and Flanker score). Of these three analyses, only the inclusion
of ToM accuracy reduced the strength of the relation between
age and retention (r = 0.20, ¢t = 1.66, p = 0.10). Age remained
as a significant predictor when control question accuracy (r =
0.34, p = 0.01) or Flanker scores were partialled out (r = 0.35,
p = 0.01). Therefore, we further examined the mediation effect
of ToM in the relationship between age and word retention in
the Inference condition. We found that ToM mediated the effect
of age on Inference condition retention (F(2, 63) = 3.96, p =
0.01), explaining 11% of the variance, while the direct effect of
age after removing the effect of ToM was no longer significant
(Figure 5).
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3 | Discussion
3.1 | Pragmatic Inference in Word Learning and
Memory

The main goal of this work was to determine whether young
children can rely on informativeness-based pragmatic inferences
to acquire word meanings, and if so, whether they might
remember pragmatically inferred words better compared to more
directly acquired ones. We found that both 4-6- and 6-9-year-old
children are capable of using pragmatic inferences for in-the-
moment referential disambiguation of novel words (replicating
and extending prior results; Frank and Goodman 2014). Crucially,

the ability to do so does not improve with age. This indicates
that younger children can reliably apply assumptions of infor-
mativeness in pragmatic reasoning and lowers prior estimates
of the age at which this reliability emerges, which stands in
contrast to much of the literature (Robinson and Whittaker 1985;
Feeney et al. 2004). We believe that children’s success is due to
the nature of the task: instead of relying on overt judgements
of informativeness, it involves referential disambiguation: the
referent cannot be correctly determined unless a violation of the
informativeness maxim is deemed unacceptable (see also Stiller
et al. 2015; Kampa and Papafragou 2020, 2023). Our eye-tracking
data further confirmed that children below six draw on informa-
tiveness just as their older peers: both groups are able to apply

11 of 16



assumptions of informativeness significantly before encountering
the final word. However, the divergence point between target
and competitor comes slightly later in younger children and
may indicate a greater degree of hesitancy or effort in using
informativity in their pragmatic reasoning. In conjunction with
our full window analysis, which shows greater looks-to-target
over competitor for older children, we can conclude that, while
younger children can reliably apply assumptions of informativity,
there are developmental differences in the underlying processing.
Such differences may contribute to the lower rate of application of
informativity in other studies. It should be noted that other work
has found children may become faster at integrating information
and making predictions across development (Hartshorne et al.
2015). As such, future work should tease apart whether this
divergence is specific to the development of pragmatic inference
resolution or more representative of inference resolution across
linguistic contexts.

For meaning retention, we found that words learned under both
the Inference and Direct Mapping conditions can be retained
longer term in both age groups. This indicates that pragmatic
inference scenarios (alongside direct mapping) may serve as
opportunities for vocabulary growth in the natural environment
for both older and younger children. Additionally, we observed
robust age effects in both immediate attainment and retention:
older children remembered more words than younger children,
consistent with the slow developmental course of declarative
memory (Ofen et al. 2007).

Most importantly, we found that the age advantage in word reten-
tion was particularly evident for the Inference condition. Four-to-
6-year-olds did not show a retention advantage of pragmatically
inferred word meanings compared to those learned in a less
complex scenario. In contrast, 6-9-year-olds retained more words
in the Inference condition than the Direct Mapping condition
(justlike adults in Trice et al. 2023). Thus, pragmatic computation
that requires active engagement of cognitive processes during
learning does not just serve as an opportunity for vocabulary
growth in older children, but in fact enhances it, facilitating
memory retention for novel words. This finding extends prior
work contrasting word learning scenarios such as Zosh et al.
(2013) by bringing it beyond the immediate mapping and into
the body of literature of longer-term memory. Unlike Zosh et al.
(2013), where word learning in younger children benefited from
mutual-exclusivity-based inference, we found a later emerging
benefit for a more complex informativity-based pragmatic infer-
ence. Therefore, the memory protection effect might require
compatible pragmatic difficulty for children’s developmental
stage. One may predict, for instance, that other pragmatic features
such as irony and sarcasm may only boost retention in yet older
children who can process them with little effort.

Moreover, our study is the first to report the memory protection
effect of pragmatic inference for longer-term retention in chil-
dren. This sustained memory retention for pragmatically inferred
words in older children while those directly mapped continue
to be lost echoes much of the literature on longer-term word
retention. Words that are mapped in a straightforward, rapid
fashion are often forgotten just as quickly in the absence of further
memory supports (Axelsson et al. 2012; Horst and Samuelson
2008; Vlach and Sandhofer 2012; Bredemann and Vlach 2021).

The pragmatic computation we see here may act as a novel
support within the literature through the need to actively engage
with the stimuli, similar to requiring pointing in Zosh et al. (2013)
or verbally generating tokens in Vlach and Sandhofer (2012).
However, unlike such supplementary support mechanisms, prag-
matic inferences are a fundamental requirement of resolving
the ambiguity and are embedded within the comprehension of
the language itself. This offers evidence that linguistic processes
and not just extra-linguistic cues or situations may support the
sustainable memory of novel words.

An additional consideration in our findings is the role of the
novel competitor. Within the experimental design, we chose
to use identical syntactic structures for the first sentence of
each condition (e.g., “Look! I like this”) to ensure that general
social and ostensive task engagement motivated by desire for
a specific initially-ambiguous object were similar. this lexical
setup necessitates identical novel objects in the direct mapping
condition, as opposed to a novel competitor being present. As
such, the need to compare between distinct competitors is only
present in the pragmatic inference condition. Thus, even if the
pragmatic inference competitor is not a known object that must
be suppressed, its influence on retention outcomes cannot be
discounted. However, it is unlikely to be the driving factor of
our results for two central reasons. First, we do not see any rela-
tionship with other task requiring consideration and suppression
of a competitor, be they the control questions or the Flanker
task. Second, there is no clear reason why younger children, who
benefit from mutual-exclusivity based inferences, would not do
so with our more complex pragmatic inferences in this case. In
conjunction, these indicates that it is not merely the presence of a
competitor that results in better retention. Instead, the complexity
of the computation necessitated by the presence of the competitor
and the ambiguity it raises seems to play the central role.

3.2 | ToM and the Inferential Advantage in Word
Learning and Memory

A second major goal of this work was to examine whether ToM
skills support more robust memory formation for words acquired
inferentially. Indeed, we found that ToM ability mediates the
relationship between age and word retention. Importantly, nei-
ther the task of executive functioning as an index of general
cognitive skill nor the control question accuracy in the ToM
booklet task had any significant impact on this relationship. Thus,
we conclude that ToM plays a unique and important role in
meaning acquisition.

What could the role of ToM be? One possibility is that there is
a developing privileging of items processed via ToM in memory.
Lin et al. (2019) found that there is a privileged recall ability
for socially important information (e.g., faces) over non-social
information (e.g., scenes), with the former being more accessible
and thereby recalled with greater precision. It is possible that
social information in general, and thus information obtained
through social cognitive computation that evokes ToM, may have
similar privileges.

Another likely possibility is that better ToM skills require fewer
resources devoted to the initial computation and thus free up
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additional resources that can be allotted to active memory
encoding. The earlier divergence point in older individuals may
act in support of this latter hypothesis, and as such, studies
that better tease apart real-time differences in processing should
be constructed. However, neither of these possibilities get at
the aspect of the issue most central to understanding the role
that ToM may be playing in word learning. The question here,
then, is not whether ToM plays a role or why it may do so,
but at what aspect is its impact most important. Our pragmatic
inference resolution can be divided into two key steps: first, the
process of computing the speaker’s intention and second, the
active process of using this computation to select the intended
referent and, vitally, to reject a competitor. To tease apart the
role that each stage may be playing in facilitating long-term
retention, further experimental work would need to be done that
splits apart these two aspects from one another. This could be
accomplished by either investigating long-term retention via a
different type of disambiguation that does not necessitate social
cognition, by manipulating the demand of social cognition in
the inference condition, or by studying individuals with impaired
social communication skills.

Be that as it may, the present results are difficult to reconcile with
recent proposals questioning the involvement of ToM in various
pragmatic phenomena (Srinivasan et al. 2019; de Marchena et al.
2011; Preissler and Carey 2005; and especially Pijnacker et al.
2009; Andrés-Roqueta and Katsos 2017). In these proposals, the
involvement of ToM is neither consistent nor necessary during
pragmatic computations. For instance, what might appear to
be effects of speaker meaning in computing informativeness
might instead arise from a comparison of what the speaker
has said to other possible lexical alternatives without actually
considering the speaker’s intention or mental state. In contrast
to this perspective, our data support the position that pragmatic
inference involves mentalizing—a position at the heart of classic
pragmatic models (Grice 1975; Sperber and Wilson 1986)—and
cohere with other evidence pointing to close links between
various pragmatic phenomena and ToM abilities in both adults
and children (Fairchild and Papafragou 2021; Gollek and Doherty
2016; Matthews et al. 2018; Brosseau-Liard et al. 2015; Sabbagh and
Baldwin 2001; among others).

Finally, it is important to consider whether and how ToM is
embedded within active encoding that itself facilitates memory
(even though no tasks specifically probing active encoding sepa-
rate from pragmatic inference were included here). Future work
could explore the possible correlation between the retention ben-
efits of active encoding environments that have been established
in the literature and the retention benefits afforded by pragmatic
inference that were discovered here.

3.3 | Limitations on Generalizability

When considering the generalizability of these findings, it is
important to consider that our ToM task is highly verbal.
Although the lack of modulation or correlation effect of children’s
performance on the control questions on their meaning retention
for pragmatic inferences, it is less likely that our results can be
explained purely by linguistic or referential disambiguation abil-
ity. However, future work should determine if this relationship

holds with low and non-verbal ToM tasks to better elucidate ToM
independent from general language abilities.

Additionally, while inhibitory control—captured in our Flanker
Task—is a salient skill for suppressing a competitor and thus
relevant for both the word learning and ToM task, other aspects
of EF, such as attention and working memory are likely relevant
and uncontrolled (Ackermann et al. 2020). Future work should
systematically examine the role of different EF components and
tasks in word learning. In addition, while the greater congruency
effect in younger than older children is numerically in the
expected direction, a lack of significant age-related changes
should be considered when choosing a proper EF measure in
future studies (Rueda et al. 2004; Massonnié et al. 2019).

Our experimental design introduces several asymmetries
between the direct-mapping and pragmatic inference conditions
that may influence subsequent word retention. First, the
pragmatic inference condition has one additional novel object on
the display as a competitor, which may elicit interest and increase
children’s attention. Although children’s abilities to suppress
competitors (measured by Flanker and ToM control questions)
were not related to their success in retaining words in the prag-
matic inference condition, null results are not conclusive. Thus,
a comparison condition that involves a novel competitor but does
not require pragmatic inference in future studies will help us tease
apart the role of novelty from the role of pragmatic computation.

Second, the novel noun was preceded by a definite determiner this
in the direct mapping condition, but preceded by an indefinite
determiner a in the pragmatic inference condition. The definite
determiner in “Look! I like this [novel object]” means that the
novel object itself is what should be selected, which may lead
to increased saliency and attention to the novel object in the
direct mapping condition than that in the pragmatic condition.
This asymmetry of our experimental design should have favored
meaning retention in direct mapping. Our findings, however,
suggest the opposite pattern, further supporting the robustness
of the effect of pragmatic inference on meaning retention. Thus,
while this limitation did not seem to significantly influence our
conclusions, future work should further investigate the impact of
determiners on processing and word learning.

Finally, it should be noted that the sample may not have the racial
diversity necessary for full generalizability, especially as both the
ToM task and word learning have social components that may
interact with perceived group membership. Thus, future work
replicating this in a more diverse sample is necessary.

3.4 | Implications and Extensions

Beyond their theoretical significance, the present data have real-
world implications. If inferential encoding in word learning,
in general, and use of ToM, in particular, boost retention for
children of school age and above, constructing scenarios that
evoke these conditions inside and outside the classroom could
have a significant impact on students’ rate of vocabulary growth.
This is particularly important for second language learners whose
first language may not be the dominant one within their academic
or occupational sphere and who often learn their second language
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through direct instruction as opposed to indirect inference or
social interaction. Indeed, social interaction has been found to
help phonetic and vocabulary learning in a second language
(Kuhl et al. 2003; Jeong et al. 2021; Verga and Kotz 2017).
Further work can determine whether this extends to pragmatic
inferences and aid in the construction of lessons that better
support vocabulary growth.

Furthermore, the present data have the potential to inform the
vocabulary development of autistic children. From academic to
social to occupational achievement, language skills are the single
strongest predictor of both autistic and typically developing
individuals’ long-term success (Tager-Flusberg et al. 2011).
Vocabulary knowledge is a critical part of these skills. However,
since ToM affects retention for pragmatically inferred words,
autistic children who often struggle with ToM (Baron-Cohen
et al. 1985) may not have the same retention benefits that
develop with age or may even be unable to successfully compute
pragmatic inferences to map newly-heard words onto meanings
in the first place. Further work can shed light on how novel word
learning and retention via pragmatic inference may differ in
this population and how likely it is to encounter such pragmatic
inferences in a naturalistic setting.

Acknowledgments

A special thanks to Angelina DiNardo, Veronica Foster, Kelly Chan,
Nikoletta Kennedy, and Sarah Gracia for their assistance in segmenting
and coding the eye-tracking videos; Marina Hernandez for her help with
initial experiment set-up and data collection; and Leah Heisler for her
help with participant recruitment and data collection. Hannah Fox and
Krystal Mendez were the voices for the stimuli. Anqi Hu programmed
the web based eye tracking segmentation and coding pipeline. We thank
childrenhelpingscience.com for their assistance with recruitment. This
research was supported by internal funds from the University of Delaware
awarded to Zhenghan Qi.

Ethics Statement

The experiments were undertaken with the understanding and written
consent of each participant, with the approval of the appropriate ethics
committee at the University of Delaware.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Supplementary materials, including appendixes, further stimuli exam-
ples, data sets, and code for data-analysis software can be found at https://
osf.io/j5e9p/?view_only=Db71f338bdb644c1da6c72137831a8778.

Endnotes

1ToM and control questions can be found in the “ToM_scoring_template”
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