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Abstract

Toddlers prefer to learn from familiar adults, particu-
larly their caregivers, and perform better on word
learning tasks when taught by caregivers than by
strangers. However, it remains unclear why toddlers
learn better from caregivers than from strangers. One
possibility is that toddlers are more receptive to
learning from individuals whom they have found to be
engaging in previous interactions. The current study
tested whether toddlers learn more from an unfamiliar
adult who was previously engaging than from an un-
familiar adult who was previously unengaging. Tod-
dlers (27-29 months, N = 40) were taught labels for
novel objects by two different experimenters. Prior to
word learning, toddlers watched pre-recorded videos of
one experimenter utilizing engaging behaviors (i.e.,
using infant-directed speech, gestures, eye contact, and
positive affect) and one experimenter utilizing unen-
gaging behaviors (i.e., using adult-directed speech, no
gestures, no eye contact, and neutral affect). Both ex-
perimenters were equally engaging during labeling.
Word learning was then tested using a looking-while-
listening paradigm. The results of linear mixed-effects
model, cluster-based permutation, and growth curve
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analyses suggest heightened performance for words
that were taught by the experimenter who was previ-
ously engaging. These results begin to reveal the kinds
of social experiences that promote success in early

word learning.

1 | INTRODUCTION

As young children are acquiring language, they have the opportunity to learn from many
different people in their environment. Day-long audio recordings of infants' naturalistic lan-
guage input suggest that, on average, North American infants receive language input from
seven different speakers each day (Bergelson et al., 2019). However, despite having access to
language input from many different sources, young children may not learn words equally well
from interactions with different speakers. For example, the type of speech a speaker uses can
impact how well toddlers learn words from them. When words are taught using infant-directed
speech (IDS), a style of speech characterized by shorter utterances, a slower rate of speech,
longer pauses, and higher pitch (Cooper & Aslin, 1990; Fernald, 1989), toddlers learn better
than when words are taught using adult-direct speech (ADS; Graf Estes & Hurley, 2013; Ma
et al., 2011). Furthermore, corpus analyses correlating features of toddlers’ naturalistic language
input with their subsequent vocabulary size similarly demonstrate that the quantity of speech
directed towards the child (i.e., IDS) is positively related to their later vocabulary size; however,
the quantity of overheard speech (i.e., ADS) is unrelated to later vocabulary size (Shneidman
et al., 2013; Weisleder & Fernald, 2013). Thus, the particular kind of language input toddlers
receive from different speakers impacts their language learning success.

It has been proposed that IDS plays a central role in modulating infants’ attention and
promoting learning (Kitamura & Burnham, 2003). Indeed, children demonstrate a preference
for and heightened attention to IDS compared to ADS (ManyBabies Consortium, 2020).
Furthermore, the extent to which speakers employ IDS structures (e.g., exaggerated articulation
of vowel sounds and prosody) correlates with infants' preference for IDS over ADS, along with
improvements in infants' speech perception performance, suggesting that high quality IDS di-
rects infants' attention to speech and supports their learning (Liu et al., 2003; Outters
et al., 2020). This body of work, coupled with recent research demonstrating that infants show
stronger time-locked neural and pupillary responses to IDS compared to ADS (Kalashnikova
et al., 2018; Nencheva et al., 2021), has led developmental scientists to propose a Dynamic
Attention Theory of IDS (Nencheva & Lew-Williams, 2022). This theory proposes that the
mechanism underlying infants’ preference for and learning from IDS is infants’ ability to entrain
and attend to its moment-to-moment dynamics. Importantly, this theory proposes that high
quality input is not necessarily a feature of the speech itself, but is instead defined by how well
the speech promotes time-locked modulations in behavior, attention, and the brain. Crucially,
this theory calls for exploration of how other multimodal cues that co-occur with speech may
also contribute to entrainment and attentional processes that support language learning.

Indeed, in addition to the features of speech itself, the quality of social cues provided by a
speaker in tandem with language input matters for word learning success. For example, the
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extent to which a speaker is socially responsive to a child predicts word learning. That is, the
more a speaker follows the child's attention, establishing moments of joint attention when the
child and speaker are attending to the same object, and provides information about the object
the child is attending to (e.g., providing a label), the more the child learns (e.g., Lucca &
Wilbourn, 2019). In addition, toddlers learn words better when they are taught labels for objects
belonging to categories they are interested in, such as vehicles or animals (Ackermann
et al., 2020). Thus, the extent to which caregivers are attuned to what children are attending to,
and their ability to capitalize on opportunities to provide input about the things children are
interested in, is related to language learning success. A longitudinal study of mothers'
responsiveness and toddlers’ language development revealed that maternal responsiveness,
measured by how frequently mothers shifted their attention to and provided input about objects
their 9- to 13-month-old child was attending to during a 10-min play session, predicted their
child’s achievement of language milestones (Tamis-LeMonda et al., 2001). In other words,
caregivers' prompt, contingent responses support successful language learning. Furthermore,
the strategies that caregivers use when responding to their child can also impact language
development. For example, parents’ use of gestures, such as pointing and eye-gaze cues, are
positively related to their child's later language learning and vocabulary growth (Rowe
et al., 2008; Salo et al., 2019). Gesture accompanying language input also supports toddlers’
successful word learning in lab studies (Booth et al., 2008; Cheung et al., 2021). Taken together,
this body of literature has established the beneficial effect of embedding word learning mo-
ments within rich, responsive social interactions.

Similar to the proposed Dynamic Attention Theory of IDS, frameworks for understanding
the role of contingent interactions in language learning also suggest an underlying attentional
mechanism. Specifically, it has been proposed that contingent interactions support learning by
promoting children's attention to language input (Masek et al., 2021). Additionally, emerging
theories on the role of social cues in word learning suggest that they too have an attention-
orienting function (Lee & Lew-Williams, 2023). Thus, these theories suggest that attention-
promoting social behaviors like IDS, contingent interactions, and gestures, lay the foundation
for successful word learning.

Importantly, much of this previous work has focused on how speakers' language use and
social cues during word learning moments influence children's learning outcomes; however,
children also interact with their social partners outside of these language learning contexts.
Thus, a child's experience with a particular speaker is often not limited to that speaker's
behavior during the word learning moment itself; rather, children accumulate experience with
their interlocuters across different social contexts over time. For example, children observe a
teacher's behavior during learning moments in class, but they also interact with that teacher
outside of explicitly teaching-focused interactions. Some teachers may employ attention-
promoting behaviors that support learning while they are teaching and in other interactions
with children, whereas others may employ these same engaging behaviors solely while teach-
ing, without extending them to other interactions. As such, features of children's previous
experience with individuals outside of learning moments may also impact their ability to learn
words from different speakers, perhaps even above and beyond the speaker's behavior during
the word learning moment itself. However, limited research has investigated how speakers’
behavior in previous interactions affects children’'s learning from them in subsequent
interactions.

Existing work has largely focused on how children's familiarity with a speaker impacts their
ability to learn from them. For example, 24-month-old toddlers demonstrated better word
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learning in a lab task when the novel words were taught to them with audio recordings of their
own mother's voice compared to when they were taught with audio recordings of an unfamiliar
woman's voice (van Rooijen et al., 2019). Even though both speakers used IDS, toddlers learned
better from their own mother. The authors hypothesized that this effect was the result of fa-
miliarity; toddlers had previous experience listening to and learning from their mother's voice
but not the unfamiliar woman's voice. Indeed, a growing body of literature suggests that
children prefer to learn from and retain information better from familiar adults, like their own
preschool teacher or an adult who shares their native language or accent (Corriveau & Har-
ris, 2009; Kinzler et al., 2011). What might be driving young children's affinity for learning from
familiar caregivers?

Importantly, toddlers’ previous experiences with different speakers may not only vary in
quantity, but also quality. In particular, the extent to which toddlers have experience with a
speaker interacting in ways that are attention-grabbing and beneficial to learning—for example,
using IDS, making eye contact with the child, providing input about things the child is inter-
ested in, using gestures, displaying positive affect, etc.—may influence toddlers’ subsequent
ability to learn from them. In other words, even when speakers utilize behaviors that promote
attention and facilitate learning during a teaching moment, the nature of toddlers’ previous
experience with a speaker may modulate learning success. For example, suppose two teachers
are equally engaging during a teaching interaction. However, if one teacher previously inter-
acted with the child in an engaging way, while the other teacher previously interacted with the
child in an unengaging way, will these differences in prior behavior impact the child's learning?
To address this question, we developed a three-part task in which we manipulated the
engagingness of a speaker prior to word learning.

Toddlers aged 27-29 months participated in our word learning task. At this age, toddlers
have begun to display social preferences for interactional partners (Dahl et al., 2013), including
a preference for learning from familiar adults (van Rooijen et al., 2019), and are skilled and
efficient word learners (Bergelson, 2020; Frank et al., 2017). Toddlers first observed two
speakers, one who behaved in an engaging way and another who behaved in an unengaging
way. This approach allows us to equate the quantity of toddlers’ previous experience with each
speaker while manipulating the quality of those previous experiences (i.e., whether or not each
speaker behaved in an engaging way). Toddlers then heard each speaker label novel objects.
Critically, during these word learning moments, both speakers employed the same engaging
behaviors (i.e., both used IDS, gestures, eye contact, and positive affect when providing labels
for the novel objects). Word learning was then tested using a looking-while-listening task.
Importantly, this design allows us to isolate the effect of the speakers’ behavior prior to learning.
If toddlers’ word learning is only or primarily influenced by a speaker's behavior during
learning moments themselves, then toddlers should learn equally well from both speakers, as
they both employ learning-supportive behaviors when providing labels. However, if toddlers'
learning is influenced by their experience with speakers prior to word learning, then they
should learn better from the speaker who provided more engaging, higher quality input prior to
word learning. We hypothesized that toddlers would learn better from the individual who had
previously behaved in an engaging manner. This pattern of results would have important im-
plications for how caregivers and teachers interact with children, even and especially outside of
learning moments themselves, given that the nature of children's accumulated experience with
a speaker has the potential to impact children's language learning success. Our hypothesis and
analytic approach were pre-registered and can be accessed along with all stimuli, data, and
analysis scripts on the Open Science Framework (https://osf.io/sdazu/).
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2 | METHOD

2.1 | Participants

The final sample included 40 toddlers between 27 and 29 months old (Mg = 27.89 months,
N = 23 female). The sample size was determined using an a priori power analysis in G¥*Power;
based on effect sizes from studies with similar designs (Ma et al., 2011; Tsuji et al., 2021), a
sample of 40 participants would provide over 90% power to detect our hypothesized effect.
Three additional toddlers participated but were excluded from analysis due to fussiness and
inattention to the task. Participants were recruited from the local area through an existing
database of interested families. Thirty-six of the toddlers were White and four were mixed race.
None of our participants identified as Hispanic. Participants were eligible if they were full-term,
monolingual English-learners (i.e., had no more than 10 h/week of exposure to a language other
than English) with no developmental diagnoses or history of hearing or vision problems. Two
toddlers reported exposure to another language other than English for less than 10 h/week (one
to Vietnamese and one to Spanish); the other 38 toddlers reported only exposure to English. The
present study was conducted according to guidelines established in the Declaration of Helsinki.
All parents provided written informed consent prior to participation and all experimental
protocols were approved by the Institutional Review Board at the University of Wisconsin-
Madison.

2.2 | Stimuli
2.2.1 | Novel objects and labels

Toddlers were taught novel labels for four novel objects selected from the Novel Object and
Unusual Name Database (NOUN database; Horst & Hout, 2016). The novel objects were
selected to be equally interesting and unfamiliar to toddlers, as determined by the familiarity
and name-ability scores provided in the NOUN database. The novel labels were also selected
from the NOUN database; all labels were monosyllabic and selected to have similar English
phonotactic probabilities (Vitevitch & Luce, 2004).

2.2.2 | Pre-exposure phase

The pre-exposure phase introduced toddlers to two different experimenters: an engaging
experimenter and an unengaging experimenter (see Figure 1). Both experimenters appeared
together in two pre-recorded videos (a one-minute video and a thirty-second video). Toddlers
watched the one-minute pre-exposure video at the beginning of the task and watched the thirty-
second pre-exposure video in between blocks of the training phase. The engaging experimenter
spoke using IDS, made direct eye contact with the camera, produced hand gestures, and dis-
played positive affect. The unengaging experimenter spoke using ADS, faced slightly off-screen
without making eye contact with the camera, did not produce any hand gestures, and displayed
neutral affect. Furthermore, the engaging experimenter spoke about topics interesting to tod-
dlers (i.e., playing with toys) and the unengaging experimenter spoke about topics less inter-
esting to toddlers (i.e., running errands). The experimenters alternated speaking and were
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Pre-Exposure Phase Training Phase Test Phase

“Look, here’s a doff! This is a doff. “Find the doff”
Wow, it’s a doff! Cool, a doff!”

Unengaged Engaged

“Look, here’s a zav! This is a zav. “Where’s the zav”
Wow, it’s a zav! Cool, a zav!”

FIGURE 1 Examples of pre-exposure, labeling, and test trials.

matched on sex, race, age, and accent. To help toddlers distinguish between them, they were
shown wearing different colored shirts and had different hair colors and styles. In addition, each
experimenter always appeared on the same side of the screen throughout the study; however,
which side of the screen each experimenter appeared on was counterbalanced across partici-
pants. The engagingness of the two experimenters was also counterbalanced across participants;
half of the toddlers saw person A as the engaging experimenter and person B as the unengaging
experimenter during the pre-exposure phase, and vice versa for the other half of the toddlers.

2.2.3 | Training phase

During the training phase, toddlers heard labels for four novel objects (see Figure 1). Each
object was labeled by one of the experimenters from the Pre-exposure phase. Although one
experimenter had been engaging and the other unengaging during the Pre-exposure phase, both
experimenters displayed engaging behaviors during the Training phase (using IDS, smiling,
looking at the camera, gesturing, etc.). On each trial, one of the experimenters pointed to an
object and repeated its label four times (e.g., “Look, here's a doff! This is a doff. Wow, it's a doff!
Cool, a doff!”). Assignment of objects to experimenters and the order in which the experi-
menters labeled the objects was counterbalanced across participants. The training phase was
split into two blocks. The first block included eight trials after the first one-minute pre-exposure
video and the second block included four trials after the second thirty-second pre-exposure
video.

2.2.4 | Testing phase
During each test trial, toddlers saw a pair of novel objects from the training phase, one on each

side of the screen, presented on a grey background (see Figure 1). Objects were yoked such that
the two objects labeled by the previously engaging experimenter were always presented together
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and the two objects labeled by the previously unengaging experimenter were always presented
together. Due to counterbalancing, this meant that each object had been trained by the pre-
viously engaging experimenter for half of the participants and by the previously unengaging
experimenter for the other half of the participants. On each trial, toddlers saw a pair of objects
and heard a sentence spoken using IDS that directed them to look at one of the two objects (e.g.,
“Find the doff!”). All auditory stimuli in this phase were produced by a new female native
speaker of English who was different from the experimenters in the pre-exposure and training
phases. Each sentence was normalized for length and intensity; each was played at an average
intensity of 70 dB and lasted 5 s.

2.3 | Design & procedure

Toddlers sat in their caregiver's lap in front of a 55" LCD screen. A camera mounted below the
screen was used to record toddlers during the study so their eye movements could be manually
coded. Toddlers first saw a pre-exposure video (1 minute) establishing one experimenter as
engaging and the other as unengaging, followed by eight training trials (two trials labeling each
of the four novel objects). Then, toddlers watched a second, shorter pre-exposure video
(30 seconds) as a reminder of which experimenter was engaging and which was unengaging.
Following the second pre-exposure video, toddlers saw four more training trials (one trial la-
beling each of the four objects). Lastly, toddlers completed the test phase. The test phase
included twenty total trials (four familiar word trials and sixteen novel label trials). Two
familiar word trials including words well known by toddlers at this age (i.e., “apple” and
“book”) were presented at the beginning of the test phase to introduce toddlers to the task. Two
additional familiar word trials were interspersed throughout the test phase to maintain toddlers'
interest. Of the sixteen trials testing the novel object-label pairs taught in the training phase,
eight trials tested objects labeled by the previously engaging experimenter and eight trials tested
objects labeled by the previously unengaging experimenter. Each object was the target object for
four of the trials and the target object appeared equally often on the left and right side of the
screen. Attention-getter stimuli were presented after every four trials to help reorient toddlers'
attention to the task.

2.4 | Measures
2.4.1 | Gaze behavior

Participant videos were manually coded by a trained coder, frame by frame (every 33 ms) using
Peyecoder (Olson et al., 2020). To assess word learning accuracy on the test trials, toddlers’
fixations to the target and distractor object were examined during a critical window defined as
300-1800 ms after the onset of the target word (Fernald et al., 2008). Accuracy was calculated
for each trial based on the proportion of time toddlers fixated the target objects out of the total
time they spent fixating either the distractor or the target object. This measure of accuracy was
used as our outcome variable of interest for all analyses to investigate whether toddlers’ word
learning (i.e., accuracy in identifying the target object at test) differed between object-label pairs
taught by the Engaged versus Unengaged experimenter. On a given trial, toddlers who suc-
cessfully learned the novel word-object pairings should look at the target object more than the
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distractor object during this critical window (i.e., their accuracy should be above 0.5). Videos
were coded in silence such that coders were unaware of which object was the target on each
trial. To measure reliability, 25% of the participant videos were independently recoded by a
second coder. Coders agreed on the gaze location for 98% of all frames and agreed within one
frame on 96% of all shifts in gaze.

3 | RESULTS

The main pre-registered analyses were carried out with series of linear mixed-effects models in
R Studio (2023.09.1, R version 4.3.1) using the Ime4 package (1.1-34). Each of these models
regressed accuracy for each trial at test on condition (Engaged vs. Unengaged) to examine the
condition difference in word learning accuracy as well as whether accuracy significantly
differed from chance in each condition. Condition was dummy-coded (0 for one condition and 1
for the other) and accuracy was adjusted with an offset of —0.50 such that an accuracy value of
0 is equal to chance performance. All models included a by-subject random intercept and a by-
subject random slope for condition (Brauer & Curtin, 2018).

We predicted that toddlers would demonstrate better learning of the words (i.e., show a
higher proportion of looks towards the target object at test) that were taught by the experi-
menter who had previously behaved in an engaging way compared to the words that were
taught by the experimenter who had previously behaved in an unengaging way. That is, we
expected that accuracy on trials testing items in the Engaged condition would be higher than
accuracy on trials testing items in the Unengaged condition. The results of linear mixed-effects
models examining whether or not accuracy was significantly different from chance in each
condition revealed that toddlers’ word learning accuracy was significantly above chance in the
Engaged condition, b = 0.09, F(1, 38.12) = 15.99, p < 0.001, but not significantly above chance in
the Unengaged condition, b = 0.03, F(1, 38.00) = 1.22, p = 0.28. Furthermore, the within-
subjects effect of condition was marginally significant, b = 0.06, F(1, 38.10) = 3.63, p = 0.06,
providing additional, though less robust, support for our predicted effect—that toddlers
demonstrate better word learning when taught by the previously engaging experimenter
compared to words taught by the previously unengaging experimenter. As predicted, toddlers’
average accuracy collapsed across the critical window (300-1800 ms after target word onset)
was higher in the Engaged condition, M = 0.59, SD = 0.13, than in the Unengaged condition,
M = 0.53, SD = 0.16 (see Figure 2).

Visual inspection of toddlers' fixations across the course of the test trials also suggests that
toddlers looked more to the target object during the critical window on Engaged trials compared
to Unengaged trials (see Figure 3). Thus, to further examine the effect of condition, we per-
formed two additional exploratory analyses: a cluster-based permutation analysis and a growth
curve analysis (GCA). Both of these analyses allowed us to investigate more precise temporal
dynamics of the condition difference in word learning performance. As noted above, when
averaged across the critical window from 300 to 1800 ms post target word onset, toddlers’ ac-
curacy was numerically higher in the Engaged condition than in the Unengaged condition;
however, this difference was marginally significant when collapsed across this window. The
cluster-based permutation analysis (see Maris & Oostenveld, 2007) and GCA allow us to explore
how toddlers’ word recognition unfolded over time in each condition, rather than collapsing
performance across our critical window into an averaged accuracy measure.
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FIGURE 2 Mean accuracy (i.e., proportion of fixations to the target object) across the critical window
(300-1800 ms) for each condition (in black). Individual points represent the accuracy of each participant
averaged across trials in each condition (Engaged in green and Unengaged in dark gray). Lines (in light gray)
link participants' responses between the two conditions. Error bars represent +/—1 standard error. The dashed
horizontal line at 0.5 indicates chance performance (i.e., looking equally to the target and distractor objects).

First, a cluster-based permutation analysis was used to identify the longest continuous
period of time within the critical window where accuracy was significantly different between
our two conditions. This non-parametric approach provides the opportunity to analyze the
temporal effects of eye-gaze data (e.g., Borovsky, 2017; Dautriche et al., 2015; Havron
et al., 2019; Reuter et al., 2021; St. Pierre & Johnson, 2021). To do this, a within-subjects t-test is
run for each 33 ms time bin (the frame rate of our eye gaze coding) within our critical window
from 300 to 1800 ms. Each t-test calculated whether there is a significant difference in looking to
the target object between the two conditions in that time bin. In other words, for each subject,
within each time bin, we calculate their accuracy (i.e., looking to the target) averaged across
trials in each condition. For example, for each subject, at 300 ms after target word onset, we
calculated, on average, how often they were looking at the target object on Engaged trials and
on Unengaged trials. We then repeated this process for each 33 ms time bin within our critical
window and ran ¢-tests to compare accuracy between conditions at each time point. From these
t-tests, we then determined the largest cluster of adjacent time bins where the effect of condition
was significant (¢t > 2.0). Importantly, this criterion for including a time bin in a cluster is in-
dependent of the process for assessing the significance of the cluster and therefore does not
affect our false positive rate. The largest cluster was then assigned a cluster t-value, equal to the
sum of the t-values within the cluster. Then, to correct for multiple comparisons and evaluate
the significance of this cluster, we determined whether the size of the largest continuous cluster
of significant t-tests was larger than what would be expected by chance. The data was randomly
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FIGURE 3 Time course of toddlers' accuracy in fixating the target object for test trials in the Engaged (in
green) and Unengaged condition (in black). Solid lines represent the proportion of fixations to the target object
(i.e., accuracy), averaged across participants. The ribbons around the lines represent +/—1 standard error. The
horizontal line at 0.5 is chance performance. The shaded area indicates the portion of the trial (677-1033 ms)
where the cluster-based permutation analysis revealed a significant effect of condition on accuracy.

reshuffled 1000 times and the largest continuous cluster of significant effects in each of the
permuted data sets was identified. The proportion of these data sets with cluster t-values greater
than the observed cluster t-value in the original data is represented by the p value for this
analysis. If fewer than 5% of these permutated data sets have cluster t-values greater than that
found in our original data set, we can conclude that the cluster is larger than what would be
expected by chance. The results of the cluster-based permutation analysis revealed a significant
cluster for the effect of condition on word learning accuracy in the first half of the critical
window (see Figure 3), 667 ms-1033 ms after target word onset, cluster ¢ = 67.92, p = 0.05, such
that toddlers’ accuracy was significantly higher on Engaged trials than Unengaged trials during
this window. This result provides evidence that toddlers’ accuracy on the Engaged trials was
significantly higher than toddlers’ accuracy on the Unengaged trials for a continuous period of
time within the critical window that is longer than what would be expected by chance.

Next, the GCA approach quantifies changes in word recognition accuracy over the course of
the word learning test trials to examine condition differences in the shape of the trajectory of
toddlers’ word recognition between our two conditions. Thus, similar to cluster-based permu-
tation analyses, GCA allows us to analyze toddlers' dynamic eye-gaze behavior throughout our
critical window, rather than collapsing across it using a measure of mean accuracy. GCA in-
cludes orthogonal polynomial time terms and interaction terms between condition and each
time term; theses terms quantify different aspects of the shape of toddlers’ word recognition at
test and measure whether or not they differ between conditions. An intercept term quantifies
the average accuracy across our critical window. A linear time term quantifies the average
increase in accuracy across the critical window (i.e., the slope of the line connecting accuracy at
300 ms to accuracy at 1800 ms). A quadratic time term quantifies the steepness of the increase
to peak accuracy within the critical window (a more negative value indicates a sharper inverted
u-shape). And a cubic time term quantifies the asymptotes in accuracy on either end of the
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critical window (i.e., a delayed increase in accuracy at the onset or maintained peak accuracy at
the offset of the window). Our model regresses accuracy (empirical logit transformed) on
condition (centered: Unengaged coded —0.5 and Engaged coded 0.5), three centered, orthogonal
polynomial time terms (linear, quadratic, and cubic), and the interaction between condition and
each time term. Using GCA to model the shape of toddlers’ gaze behavior on the test trials in
each condition revealed a significant overall effect of condition, b = 0.24, t = 2.06, p = 0.039,
suggesting that toddlers had overall higher accuracy in fixating the target object across our
critical window on Engaged trials compared to Unengaged trials. This result provides further
converging evidence for the pattern of results revealed by the linear-mixed effects model
analysis and the cluster-based permutation analysis: toddlers demonstrated better learning of
the words taught by the previously engaged experimenter. Furthermore, there was a marginally
significant interaction between condition and the quadratic time term, b = —0.54, t = 1.95,
p = 0.051, suggesting that toddlers’ accuracy increased earlier and more quickly on Engaged
trials compared to Unengaged trials (see Figure 4). This result is also consistent with the result
of the cluster-based permutation analysis. Toddlers' accuracy in fixating the target object begins
to increase earlier on trials in the Engaged condition compared to trials in the Unengaged
condition and it is during this portion of the trial—when toddlers’ accuracy has begun to in-
crease on Engaged trials but has not yet begun to increase in the Unengaged condition—where
the cluster-based permutation analysis revealed the largest cluster of continuous time bins
where accuracy was significantly different between the two conditions.

Taken together, the converging pattern of results from the linear mixed-effects models, the
cluster-based permutation analysis, and the GCA model are consistent with our hypothesis—
toddlers demonstrated higher accuracy and more efficient recognition in identifying target
words that were taught by the experimenter who had previously behaved in an engaging way
compared to those taught by the experimenter who had previously behaved in an unengaging
way. Even when both experimenters employed engaging behaviors during learning (i.e., both
used IDS, positive affect, and gesture when teaching the novel words), toddlers demonstrated
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FIGURE 4 Time course of changes in toddlers’ accuracy in fixating the target object over the critical
window (300-1800 ms) for test trials in the Engaged (green) and Unengaged (black) conditions. Solid lines are
growth curve model fits. The ribbons around the lines represent +/—1 SE. Data points are raw data average
across the trials and participants for each condition and time bin (every 33 ms). The dashed horizontal line at 0 is
chance performance.
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better learning of the words taught by the experimenter who had behaved in a more engaging
way prior to the training phase.

4 | DISCUSSION

The focus of the current study was to examine whether toddlers’ novel word learning is affected
by the nature of their previous experience with a speaker. Toddlers were introduced to two
experimenters in pre-recorded videos; one experimenter behaved in an engaging manner (i.e.,
used IDS, produced gestures, looked directly at the camera, spoke about child-focused topics,
and displayed positive affect) while the other experimenter behaved in an unengaging manner
(i.e., used ADS, did not produce gestures, looked away from the camera, spoke about adult-
focused topics, and displayed neutral affect). Then, each experimenter taught toddlers two
novel words. During the word learning training videos, both experimenters were highly
engaging (i.e., both used IDS, produced gestures, looked directly at the camera, and displayed
positive affect). We hypothesized that toddlers’ observation of the two speakers’ different levels
of engagement would affect subsequent novel word learning, such that toddlers would display
higher word learning accuracy for words taught by the experimenter who had previously
behaved in an engaging manner and lower word learning accuracy for words taught by the
previously unengaging experimenter. Toddlers' eye-gaze behavior on the word learning test
trials was consistent with this hypothesis. On trials testing words that were taught by the
previously engaging experimenter, toddlers fixated the target object significantly above chance;
however, on trials testing words that were taught by the previously unengaging experimenter,
toddlers did not fixate the target object above chance. Thus, this pattern of results suggests that
toddlers successfully learned the words taught by the previously engaging experimenter, but not
the words taught by the previously unengaging experimenter.

Toddlers' average accuracy in fixating the target object across the critical window (300-
1800 ms after target word onset) was numerically greater on Engaged trials than Unengaged
trials; however, the condition difference in this measure of accuracy (collapsed across the
critical window) was marginal. To examine the time course of toddlers' looking behavior, we
performed two exploratory analyses: a cluster-based permutation analysis and a GCA. Both of
these analyses provided converging evidence suggesting a condition difference in toddlers' gaze
behavior on the test trials. Of particular interest, the GCA results revealed both a significant
condition difference in average accuracy across the critical window and in the temporal dy-
namics of how word recognition unfolded over the course of the trial. Toddlers' accuracy in
fixating the target object began to increase earlier and more quickly on Engaged trials than
Unengaged trials. These data support our conclusion that previous experience with an engaging
experimenter facilitated more accurate word learning.

To our knowledge, this is the first study to manipulate speaker engagement prior to a
learning event. Thus, the current study provides the opportunity to evaluate the impact of
toddlers’ social experiences with interlocutors prior to a specific learning event, rather than
assessing the effect of behavior during the learning event itself. Our results indicate that not all
learning situations are created equally, and that toddlers’ word learning can be impacted by
their experiences with adults prior to a learning event. In particular, toddlers’ previous obser-
vations of people's behavior can influence how well they learn from them. Extrapolating to
more naturalistic events, toddlers may be more likely to learn words when the input is provided
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by someone who has previously interacted with them in an engaging and child-focused way,
rather than someone who has previously interacted with them in an unengaging manner.

These results add to a growing body of literature suggesting that toddlers' previous social
experiences can impact their learning. For example, toddlers’ sociolinguistic environments in-
fluence what kinds of input they are able to learn from. Toddlers who spend more time around
multiple adults are better able to learn words from an overhearing context: when they are
listening to speech that is not directed towards them, but to a different person in their vicinity
(Shneidman et al., 2009). Similarly, toddlers’ previous exposure to multiple dialects is related to
their ability to learn words from multi-accented input (Kartushina et al., 2021). The current
study builds on this existing work to suggest that beyond the effects of broader sociolinguistic
environments, toddlers’ previous sociolinguistic experiences with particular individuals in-
fluences their future learning from those individuals.

In order to manipulate speaker engagingness in the current study, we bundled together a
wide range of sociolinguistic behaviors, including type of speech (IDS vs. ADS), gestures, affect,
eye contact, and topic of conversation. It is interesting to consider which of these manipulated
behaviors impacted toddlers' subsequent word learning from the two speakers. For example,
toddlers’ previous experience with a speaker's speech register (IDS vs. ADS) could influence
word learning more than their previous experience with a speaker's gesture use. We cannot
disentangle the contribution of each of these factors in the current design; however, the current
design does allow us to conclude that the observed difference in learning outcomes must be due
to the speakers’ behaviors prior to learning rather than during learning, given that both speakers
employed engaging affective and linguistic behaviors during the word learning phase. Future
studies could examine the effect of each manipulated behavior individually to determine their
relative contributions to subsequent word learning performance.

Furthermore, it is possible that the reason toddlers learned better from the previously
engaging experimenter is because their speech register during the word learning training phase
was more similar to the speech register toddlers had previously heard this person use (i.e., the
engaged experimenter spoke using IDS in both the pre-exposure phase and the training phase,
while the unengaged experimenter spoke using ADS in the pre-exposure phase but switched to
IDS in the training phase). Future work could investigate this possibility by having both ex-
perimenters use ADS, rather than IDS, during the training phase. If the same pattern of results
were obtained (i.e., toddlers learned better from the previously engaging experimenter), this
would provide additional evidence that it is the engaging nature of the experimenter's previous
behavior driving our effect, not just its similarity to the speech register used during word
learning.

An exciting possible mechanism underlying the demonstrated effect is related to emerging
theories focused on attention-modulating effects of IDS and social contingency in language
learning and development (Kitamura & Burnham, 2003; Luchkina & Xu, 2022; Tamis-LeMonda
et al., 2014). Social contingency, or prompt and meaningful responses by caregivers to their
child's behaviors, has been shown to support word learning as has IDS (Graf Estes & Hur-
ley, 2013; Ma et al., 2011; Roseberry et al., 2014; Tsuji et al., 2020). It has been proposed that
both IDS and social contingency support language learning by modulating young children's
attention (Lee & Lew-Williams, 2023; Masek et al., 2021; Nencheva & Lew-Williams, 2022). For
example, infants demonstrate more sustained attention within responsive, contingent in-
teractions compared to non-contingent interactions (Mason et al., 2019; Miller & Gros-
Louis, 2013). This type of sustained attention is known to support word learning (Yu
et al., 2019). Perhaps in the current paradigm, toddlers’ attention was similarly modulated as a
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function of the experimenters' engagingness. That is, toddlers' previous experience with the
engaging experimenter heightened their attention to that experimenter during the subsequent
word learning phase, facilitating learning, while toddlers’ previous experience with the unen-
gaging experimenter lessened their attention to that experimenter during word learning, hin-
dering learning. Due to overlapping areas of interest in the training videos (i.e., the object was in
front of the experimenter who was labeling it, see Figure 1), we were unable to reliably code
where toddlers were looking during the training videos (i.e., at the previously engaging
experimenter, the previously unengaging experimenter, or the object) to assess differences in
attention during the training videos in which the previously engaging versus previously
unengaging experimenter labeled the objects. However, future work can explore this possibility
by measuring toddlers' attention during word learning as a function of toddlers’ previous
experience with a speaker.

The finding that the nature of toddlers' previous experiences with a speaker influences their
learning from that speaker has important implications for toddlers’ language development.
There are vast individual differences in the kinds of social and linguistic experiences children
accumulate across infancy and toddlerhood (Rowe & Weisleder, 2020). The way that adults
interact with children can be determined by a wide variety of factors including their relation-
ship to the child, the situational context, their mental health, the presence of other family
members, their cultural community, etc. (e.g., Bergelson et al., 2019; Cristia et al., 2019; Cus-
tode & Tamis-LeMonda, 2020; Lam-Cassettari & Kohlhoff, 2020). Therefore, it is essential to
better understand how these elements of variability may impact young children's language
learning from different individuals. It is also important to note that the toddlers in the current
sample are from a particular cultural background—a largely White, Western, upper-middle
class population. Toddlers from other cultural backgrounds, where the kinds of behaviors
displayed by the engaging experimenter are less typical, may not show the same pattern of
results. As such, what qualifies as an individual behaving in an “engaging” way is likely
culturally specific. Thus, it may be the case that the improved learning from the previously
engaging experimenter cannot be attributed to any of the specific behaviors they displayed (i.e.,
IDS, gesture, positive affect, etc.), but instead to the fact that their behavior was similar to the
ways in which toddlers’ own caregivers typically interact with them.

In sum, the current study suggests that young children's sociolinguistic experiences impact
their ability to learn from different speakers. In particular, toddlers learned novel words more
successfully when they were taught by a speaker who had previously behaved in an engaging
way as opposed to a speaker who had previously behaved in an unengaging way. Importantly,
this study was able to control for speaker familiarity to examine how toddlers’' word learning is
influenced by the nature of the sociolinguistic experience with speakers prior to word learning.
Toddlers had the same amount of experience with both speakers and both speakers were
equally engaging during the word learning moments themselves. These findings point to the
importance of examining the broader social context of young children's learning opportunities.
Word learning potential is not wholly dependent on features of the word learning moment itself
but is also impacted by a child's accumulated prior experiences, including their social experi-
ence with different speakers.
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