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ARTICLE INFO ABSTRACT
Keywords: Early word learning is traditionally characterized as a process of mapping a single label onto a single referent.
Word learning Yet, across many languages, child-directed speech (CDS) frequently features multiple labels for the same referent,

Child-directed speech
Wordplay
Eye-tracking

including diminutivized and reduplicated word forms (e.g., doggy or woof-woof for dog). We examined how
consistent versus variable labels impact children's novel word learning. In a within-subjects eye-tracking
experiment, we exposed 18- to 36-month-old English-hearing children to novel objects that were named with
consistent labels, with typical CDS variants, or with atypical CDS variants. Using looking-time measures of word-
recognition accuracy, we found that children reliably learned words in the consistent and typical variation
conditions, with weaker performance in the atypical variation condition. Using pupil size synchrony measures of
moment-by-moment attention, we found that engagement was higher in both variation conditions compared to
the consistent condition, and was highest in the typical variation condition. Our findings suggest (1) that children
can successfully contend with multiple types of label variation when learning new words, and (2) that increased
attention is a plausible mechanism by which label variation could support—rather than hinder—children's early
word learning.

1. Introduction variation should hinder word learning (Section 1.1). However, emerging

evidence suggests that children hear substantial label variation in their

Across many languages, child-directed speech (CDS) frequently in- input and successfully accommodate some multi-label mappings for the
cludes “baby-talk” words that are unique, or at least highly specific, to same referent (Section 1.2).

this register (Bynon, 1968; Casagrande, 1948; Ferguson, 1964; Han &
Gu, 2023; Mazuka et al., 2008; Ota et al., 2018; Pye, 1986; Sarvasy
et al., 2025). Child-directed words are often variants of existing adult
word forms, involving phonological and/or morphological changes (e.
g., in English: doggy for dog, Moore & Bergelson, 2024) or replacement
by onomatopoeic forms (e.g., woof-woof as an alternate label for dog:
Laing, 2017; Ota et al., 2018), though some share little to no overlap in
form or meaning (e.g., bunny for rabbit: Soderstrom, 2007). For some
words, there are a surprising number of common variants (e.g., pup,
pooch, or bow-wow for dog). While child-directed variants are typically
replaced by adult forms later in development (Casey & Casillas, 2022),
evidence from a prior naturalistic corpus study indicates that, in the first
years of life, multiple labels for the same referent are used seemingly
interchangeably in children's input (Moore & Bergelson, 2024). Here,
we investigate how such label variation impacts children's word
learning.

We first review competing evidence for the effect of label variation
on early word learning. Several theoretical accounts predict that label

1.1. Label variation may hinder word learning

From a traditional one-to-one mapping perspective, children learn to
associate individual word forms (i.e., labels) with individual referents
(Smith & Yu, 2008; Stevens et al., 2017; but see also Wojcik et al., 2022).
Under this view, multiple labels for the same referent could be consid-
ered “noise” in the learning signal. Indeed, some evidence from lab-
based studies suggests that children often avoid adopting a second
label for a referent they already have a name for (i.e., the mutual ex-
clusivity bias: Markman et al., 2003; Markman & Wachtel, 1988;
Merriman & Bowman, 1989; see also Mervis et al., 1994; Swingley,
2016). Using multiple variants to label the same referent also violates
the pragmatic assumption that unique word forms have unique mean-
ings (i.e., the principle of contrast: Clark, 1988).

Another challenge is that label variation may reduce the consistency
or predictability of children's input for word learning. Introducing
multiple interchangeable labels decreases the frequency of the standard
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label (one of the best predictors of earlier word learning: Braginsky
et al., 2019). Variable labels may also make utterances less predictable
and thus potentially harder to learn new words from (e.g., Reuter et al.,
2019). Finally, the presence of multiple interchangeable labels in chil-
dren's input can create lexical competition (Swingley & Aslin, 2007),
increase memory interference (Regier, 2005), or impose greater general
memory demands during learning (see Vlach, 2019, for further
discussion).

1.2. Label variation may support word learning

However, despite theoretical reasons to expect that label variation
should impede word learning, children's real-world learning environ-
ments contain substantial variation, and young learners seem to
accommodate some types of label variation. English-hearing children in
North America have been shown to recognize multiple labels for the
same referent (e.g., horse/pony, sheep/lamb: Potter & Lew-Williams,
2024) and produce multiple labels themselves, including child-
directed variants (e.g., doggy/dog, bunny/rabbit: Casey & Casillas,
2022) and variants describing different features of the same referent
(e.g., cracker/magnet for a cracker-shaped magnet: Dedk et al., 2001).

In fact, children's earliest learned words are associated with the
greatest amount of label variation in their input (Moore & Bergelson,
2024). Moreover, the presence of certain types of label variation in
their input has been shown to correlate both with children's concurrent
vocabulary size (Callanan & Sabbagh, 2004) and future vocabulary
growth (Ota et al., 2018) as well as their earlier learning of individual
words (Moore & Bergelson, 2024). Thus, young learners appear to
successfully contend with—and potentially benefit from—label varia-
tion in their input.

One partial explanation for this pattern is that child-directed variants
are more learnable than standard adult word forms. Reduplicated var-
iants, which include repetition of full or partial syllables (e.g., woof-
woof, bow-wow), are relatively common in CDS (though estimated
rates vary substantially across languages: e.g., Han & Gu, 2023; Mazuka
et al., 2008; Ota et al., 2018). Ota and Skarabela (2016) found that
(Scottish) English-learning 17- to 19-month-olds learned reduplicated
labels for novel objects better than non-reduplicated labels. Diminu-
tivized variants, which include /i/ epenthesis in English (e.g., doggy), are
also common in CDS (though again with cross-linguistic variation in
rates: e.g., Kempe et al., 2001; Ota et al., 2018; Savickiene, 1998). Moore
and Bergelson (2024) found that diminutives were the most common
type of label variation observed in a corpus of 6- to 17-month-old (US)
English-learning infants. Critically, hearing a higher proportion of both
reduplicated words and diminutivized words has been linked to faster
vocabulary growth from 9 to 21 months for (Scottish) English learners
(Otaetal., 2018). Additionally, both of these types of label variants have
been shown to facilitate word segmentation (Kempe et al., 2007; Ota &
Skarabela, 2018), and in doing so, could support word learning (e.g.,
Yurovsky et al., 2012).

What prior findings do not address is how the interchangeable use of
multiple variants in the same interaction could facilitate—rather than
hinder—children's word learning. We consider attention as a plausible
mechanism: label variation may heighten engagement across repeated
labeling instances, particularly over short timescales. Just as CDS as a
register is generally preferred by young listeners over adult-directed
speech (ManyBabies Consortium, 2020), hearing multiple CDS vari-
ants may help capture and sustain children's attention. Indeed, word
repetition does not draw children's attention (Schwab & Lew-Williams,
2016; Segal & Newman, 2015), but label variation may introduce the
kind of novelty that promotes engagement (see Tippenhauer, 2026, for
related discussion), while still offering sufficient predictability to be
learnable (Kidd et al., 2012, 2014). This account aligns with evidence
that other types of variability within CDS, such as prosodic contours
(Nencheva et al., 2021; Rasanen et al., 2018) and vowel articulations
(Miyazawa et al., 2017), engage children's attention and scaffold their
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word learning.
1.3. The current study

Despite competing possibilities, no studies to date have directly
tested how consistent versus variable labels impact children's ability to
learn new words in a single language (but see also Tsui et al., 2023). The
present study addresses this gap by manipulating the presence and type
of label variation in a controlled, lab-based novel word learning task. In
an eye-tracking study using a looking-while-listening (LWL) design
(Fernald et al., 2008; Swingley, 2011), English-hearing toddlers learned
novel word-object mappings across three within-subjects conditions. In
the consistent condition, toddlers heard repeated exposures to the exact
same standard label. In two variation conditions, toddlers heard repe-
titions of the standard label in addition to two label variants. The typical
variation condition featured variants common in English CDS (dimin-
utivized and reduplicated word forms). The atypical variation condi-
tion featured phonologically altered word forms that are unattested in
English CDS. Looking-time measures were used to assess children's
word-recognition accuracy (Fernald et al., 2008; Swingley, 2011), and
pupil size synchrony measures (Kang & Wheatley, 2017; Nencheva
et al.,, 2021) were used to examine children's moment-to-moment
engagement during learning.

1.3.1. Hypotheses
For the effects of condition and age on children's novel word-
recognition accuracy, we pre-registered the following predictions:

o In line with the vast majority of prior word learning experiments
conducted to date, which overwhelmingly test children's recognition
of one-to-one mappings, we hypothesized that children would
demonstrate above-chance word-recognition accuracy in the
consistent condition.

e The key condition of interest was the typical variation condition.
We did not pre-register a specific directional hypothesis for this
condition given competing theoretical predictions and uncertainty
around how label variation impacts learning over short timescales. If
children can successfully contend with variation attested in English
CDS during a short lab task (as they do over longer developmental
timescales: e.g., Moore & Bergelson, 2024), then we should expect to
see above-chance word-recognition accuracy in this condition. If this
type of variation impedes novel word learning (at least in the context
of a short lab task), then we should expect chance-level performance
in this condition.

We hypothesized that words would be more difficult to learn in the

atypical variation condition and that toddlers would show chance-

level word-recognition accuracy, on average, for this condition.

We also predicted that word-recognition accuracy would increase

across age.

In addition to analyzing looking behavior during test trials, we pre-
registered to examine children's pupillary responses during the
learning phase as a complementary index of attentional engagement.
Prior studies with adults (Kang & Wheatley, 2017) and toddlers
(Nencheva et al., 2021) suggest that pupil size synchrony between
participants (i.e., the extent to which participants' pupils dilate and
constrict together over time) provides a dynamic trace of shared atten-
tion. Here, we asked whether participants attend differently to consis-
tent versus variable labels. Specifically, we tested whether pupil size
synchrony during the learning phase (a) differed between conditions
and (b) predicted toddlers' word-recognition accuracy during the test
phase (consistent with Nencheva et al., 2021).

2. Method

Our study design and analysis plan were pre-registered (https://osf.
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io/uqz6d). All stimuli, anonymized data, and analysis scripts are pub-
licly available at https://github.com/kennedycasey/LexVar/.

2.1. Participants

Participants (N = 58 total, 28 female, 30 male), aged 18 to 36 months
(Mage = 28.08), were full-term, monolingual English-hearing children
(>80% exposure) with no known hearing, vision, language, and/or
developmental delays and were recruited from a volunteer database of
local families in and around central New Jersey. Caregivers reported
race/ethnicity information for their children in an open-ended format at
the time of database sign-up. Participants were primarily Non-Latine
white (N = 27, 46.55%) with some representation of other races/eth-
nicities: Mixed race (N = 12, 20.69%), Asian (N = 5, 8.62%), Black (N =
2, 3.45%), Latine white (N = 1, 1.72%), Not reported (N = 11, 18.97%).
Caregivers also reported maternal education, though more sparsely:
High school degree (N =1, 1.72%), Bachelor's degree (N = 12, 20.69%),
Master's degree or higher (N = 11, 18.97%), Not reported (N = 34,
58.62%).

The final sample size was pre-registered and determined using an a
priori power analysis conducted in G*Power (Faul et al., 2009) and
informed by prior eye-tracking studies with a similar age range
(Nencheva et al., 2021; Quam & Swingley, 2023). Thirty-two additional
children participated but were excluded from the final analyses due to
refusal to wear the EyeLink target sticker or failure to complete cali-
bration (N = 9), significant interruption by a family member (N = 4),
contribution of too few usable trials based on pre-registered criteria due
to fussiness or inattention (N = 18), or failure to meet the language
requirement (N = 1). Although our inclusion criteria were pre-
registered, the resulting high attrition rate may limit the generaliz-
ability of our findings. However, comparable exclusion rates have been
reported in infant eye-tracking studies using a looking-while-listening
design (e.g., Reuter & Emberson, 2025).

All experimental protocols, including procedures for obtaining
informed consent, were approved by the Princeton University Institu-
tional Review Board (Protocol: 0000007117). Families received a $10
digital gift card and a small gift for participating.

2.2, Stimuli

Auditory stimuli were recorded by a female native English speaker
using naturalistic child-directed prosody. Each target word (Table 1)
appeared in four sentence frames for exposure trials (“Look, ! That's
a___. Do youseethe ___ ? Yes, that'sa ___.”) and in two sentence
frames for test trials (“Can you find the ___? See the ___?” following the

Table 1
Target word forms by variant type.

Standard Reduplicated Reduplicated Diminutivized Diminutivized
(typical) (atypical) (typical) (atypical)

tanzer tan-tan zer-zer tanny y-zer
(/teen. (/ten.ten/) (/zo~.zo-/) (/ten.i/) (/i.ze~/)
za-/)

bogdum bog-bog dum-dum boggy y-dum
(/bag. (/bog.bag/) (/dam.dam/) (/bag.i/) (/i.dam/)
dam/)

kaisol kai-kai sol-sol kaisy y-sol
(/kar. (/ka1.kar/) (/sol.sal/) (/kat.si/) (/i.sol/)
sol/)

mobet mo-mo bet-bet moby y-bet
(/mou. (/mou.mouy/) (/bet.bet/) (/mou.bi/) (/i.bet/)
bet/)

woifer woi-woi fer-fer woify y-fer
(/wor. (/wor.wo1/) (/fo-.fo/) (/wor.fi/) (/i.fe/)
fo-/)

voopin V00-V0O pin-pin voopy y-pin
(/vu. (/vu.vu/) (/pIn.pin/) (/vu.pi/) (/i.pin/)
pin/)
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test trial structure of Ota & Skarabela, 2016).! Exposure trials were
14,131 ms long, on average (range = 14,094-14,150 ms), including
2,000 ms silent periods between sentences. Test trials were all 4,966 ms
long, with target word durations ranging from 613 to 634 ms (M = 624
ms), and including 2,000 ms of silence between sentences. All auditory
stimuli were normed to a standard mean intensity of 65 dB (Boersma &
Weenink, 2025).

The visual stimuli included six isoluminant objects with 12 unique
colors (two per object) that were modeled after Nencheva et al. (2021)’s
stimuli and hand-drawn using Procreate software (Savage Interactive,
2025).

2.3. Procedure

Toddlers sat on their caregiver's lap, approximately 60 cm away from
a 17-in. monitor equipped with an EyeLink 1000 Plus eye-tracker, in a
dimly-lit testing room. Caregivers wore opaque sunglasses to prevent
interference.

The experiment consisted of three blocks (one per condition). Each
block consisted of two phases: an exposure phase, during which par-
ticipants learned novel word-object pairings, and a test phase, during
which toddlers were immediately tested on their recognition of the
word-object mappings. An isoluminant, non-linguistic, attention-get-
ting video was shown after every block.

During the exposure phase (four trials per block), children learned
two novel word-object mappings. Each exposure trial started after a
short, variable-length inter-trial interval (ITI; mean = 500 ms, range =
250-750 ms) or when the participant looked at the screen (following
Nencheva et al., 2021, to minimize anticipatory fluctuations in pupil size
before stimulus onset). During each exposure trial, a single target object
appeared silently on the screen for 1,500 ms or until the participant
looked at the screen. Then, the exposure audio played. After audio
offset, the target object remained on the screen for an additional 1,500
ms.

During the test phase (four trials per block), toddlers saw the two
objects from the preceding exposure phase side-by-side on the screen.
Each trial started with an ITI (same structure as training phase), fol-
lowed by a 2,000 ms silent period with both objects on the screen. Then,
the target audio played, which included two repetitions of the standard
word form. After the offset of the audio, the side-by-side objects
remained on the screen for an additional 2,000 ms.

2.4. Conditions

Participants learned words in three conditions (within-subjects
manipulation). In all conditions, participants learned the names of two
different novel objects across four alternating exposure trials (two per
word). In the consistent condition, participants heard the standard form
of the target word repeated 5x per trial (e.g., “Look, tanzer! That's a
tanzer...tanzer. Do you see the tanzer? Yes, that's a tanzer.”). In the
typical variation condition, participants heard the standard form of the
target word repeated 2x per trial in addition to one reduplicated form
and one diminutivized form per trial (e.g., “Look, tanzer! That's a tan-tan.
Do you see the tanny? Yes, that's a tanzer.”). Critically, the number of
exposures to the first syllable of the target word (i.e., tan) was equivalent
across these two conditions. In the atypical variation condition, par-
ticipants heard the standard form of the target word repeated 2x per
trial in addition to 1x exposure each of reversed versions of the typical

! Trials were created in Praat (Boersma & Weenink, 2025) by concatenating
each target word onto the final position of each sentence frame. To avoid co-
articulation artifacts in trials with articles preceding the target word, the
target words were spliced along with the article. Minor acoustic edits were
made on some sentences to ensure that all trials sounded naturally produced
and had comparable loudness and pitch.
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reduplicated and diminutivized forms (e.g., “Look, tanzer! That's a zer-
zer. Do you see the y-zer? Yes, that's a tanzer.”). This condition in-
cludes phonological variation that is not attested in English CDS but is
equated to the typical variation condition in the number of modifica-
tions made to the standard label, thereby providing tight experimental
control. A full list of exposed word forms can be found in Table 1.

Participants were assigned to one of 18 pseudorandomized orders
such that the order of presentation of blocks and the assignment of target
labels to target objects was counterbalanced across conditions. Target
locations were also counterbalanced such that the target object
appeared 50% of time on the left and 50% of the time on the right for
each participant.

2.5. Data pre-processing

Gaze behavior was used to determine toddlers' recognition of novel
word-object pairings during two windows of analysis (300-2,000 ms
following each target word onset, Fernald et al., 2008; Swingley & Aslin,
2000). We included two instances of the target word during test trials to
ensure that children had sufficient opportunity to demonstrate recog-
nition (consistent with Ota & Skarabela, 2016). We calculated partici-
pants' proportion of looking to target objects during test trials (relative
to their total time looking at either the target or distractor object) as the
measure of word-recognition accuracy. For any given test trial to be
included in analyses, we required at least one fixation to either the target
or distractor object during the pre-naming baseline period and looking
to either object for at least 1/3 of each critical post-labeling window. In
order for a block to be included, children must have contributed usable
data for at least two of four test trials. Finally, in order for a participant
to be included, they must have contributed at least two of three blocks.
On average, participants contributed 9.98 trials (median = 10.50, range
= 4-12) across 2.81 conditions (median = 3).

For pupillometry analyses, following Nencheva et al. (2021), we first
converted toddlers' raw pupil size values during exposure sentences to
percent change from the average pupil size for each trial. We removed
potential artifacts due to partial blinks by excluding any 50 ms intervals
with more than 15% change in pupil size (Merritt et al., 1994). We used
Stineman interpolation to fill in gaps shorter than 100 ms (Johannesson
et al., 2009). Finally, we excluded exposure sentences where more than
50% of a participant's pupil size data was missing (e.g., due to the child
looking away from the screen or technical error).

3. Results
3.1. Word recognition measured by gaze behavior

Our primary pre-registered analysis examined whether toddlers
successfully learned novel word-object mappings across conditions.
Using the Ime4 package (Bates et al., 2015), we fit a mixed-effects lo-
gistic regression model to test the effects of condition and age on chil-
dren's novel word-recognition accuracy (i.e., proportion looking to the
target object). The model included fixed effects for condition (atypical
variation vs. consistent vs. typical variation) and mean-centered age,’
along with the maximal random effects structure that allowed for model
convergence (by-participant and by-item random intercepts). We also
replicated this analysis using zero-one-inflated beta regression under a
Bayesian framework (Liu & Eugenio, 2018), which yielded similar re-
sults (see Supplementary Materials).

2 Following our pre-registered analysis plan, we tested whether including an
interaction between condition and age improved model fit—we compared the
model with the interaction term to the simpler additive model using a likeli-
hood ratio test. This analysis suggested no reliable difference in predictive ac-
curacy, indicating that the interaction term did not improve model fit (y?(2) =
1.01, p = 0.602).
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To evaluate whether children's performance differed from chance
within each condition, we first used the fitted model to estimate mar-
ginal means for each condition and then compared each estimated
marginal mean (EMM) to chance performance (0.50). As predicted,
toddlers' performance was reliably above chance in the consistent con-
dition (EMM = 0.65, SE = 0.04, 95% CI [0.56, 0.73]). In addition, as
predicted, toddlers' performance was at chance in the atypical variation
condition (EMM = 0.54, SE = 0.04, 95% CI [0.45, 0.62]). The main
condition of theoretical interest was the typical variation condition, in
which we found that toddlers performed reliably above chance (EMM =
0.60, SE = 0.04, 95% CI [0.51, 0.68]).

We next examined between-condition differences, comparing per-
formance in the consistent and typical variation conditions to the
atypical variation condition (the reference level). Model parameter es-
timates revealed a significant positive effect of the consistent condition
(#=0.47,SE = 0.22, p = 0.030), and a positive but non-significant effect
of the typical variation condition (f = 0.26, SE = 0.21, p = 0.231) on
overall accuracy. Thus, although toddlers' predicted performance in the
typical variation condition was reliably above chance, it was not
significantly higher than performance in the atypical variation condi-
tion. Toddlers' proportion looking to target also increased significantly
with age, as hypothesized (§ = 0.26, SE = 0.10, p = 0.010).

Exploratory analyses suggested descriptively stronger condition
differences in the first post-labeling window, which is the typical win-
dow of analysis used in LWL studies to examine word recognition
(Fernald et al., 2008). In the second post-labeling window, which is less
frequently implemented in LWL studies, children's performance was
reliably above chance in all conditions (all ps < 0.05), indicating some
evidence of learning across all types of exposure (see Supplementary
Materials for further details). Adding post-labeling window to the base
model revealed no effect of window (f = 0.10, SE = 0.14, p = 0.482).
Adding an interaction between window and condition did not signifi-
cantly improve the model fit (42(2) = 0.54, p = 0.765). Fig. 1 shows
model-predicted accuracy across conditions, overall and separately for
the two post-labeling windows.

3.2. Moment-by-moment attention measured by pupil size synchrony

Following Nencheva et al. (2021), we used dynamic time-warping
distance (DTW, Tormene et al., 2009) to quantify the temporal align-
ment of participants' pupil responses when hearing individual exposure
sentences (normalized for duration). This DTW measure quantifies the
dissimilarity between two time series of pupil fluctuations. To transform
these values into synchrony scores, we subtracted DTW distance scores
from the maximum distance between two participants on each trial. This
transformation rescales DTW distances such that higher values reflect
greater synchrony (i.e., greater shared engagement between toddlers).
To compare synchrony across conditions, we computed pairwise syn-
chrony scores for all possible pairs of participants (for each exposure
sentence per condition). Higher synchrony values indicate that partici-
pants' pupils dilated and constricted more similarly over time, suggest-
ing more aligned attentional engagement during learning. Synchrony
values were z-scored prior to analysis, so positive values indicate
greater-than-average synchrony in our sample, and negative values
indicate lower-than-average synchrony.

We compared synchrony during exposure sentences with typical
variants versus atypical variants versus consistent labels (see also Sup-
plementary Materials for word-level effects and analyses for all exposure
sentences). A linear mixed-effects model (Bates et al., 2015) predicting
average pupil size synchrony (z-scored) from condition, with by-
participant random intercepts, revealed a significant main effect of
condition on pupil size synchrony [F(2, 246) = 26.66, p < 0.001].
Follow-up pairwise comparisons using Tukey's HSD correction indicated
that there were statistically significant differences between all condition
pairs. Pupil size synchrony was higher in the atypical variation condition
(AM = 0.20, p = 0.006, Cohen's d = 0.45) and the typical variation
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Fig. 1. Model-predicted accuracy (i.e., proportion looking to target object) by condition, overall (averaged between windows) and across both post-labeling windows
(300-2,000 ms following target label onset). Point ranges reflect estimated marginal means with 95% confidence intervals. Jittered dots show raw means for in-

dividual participants. The dashed line at 0.50 indicates chance performance.

condition (AM = 0.47, p < 0.001, Cohen's d = 1.07) relative to the
consistent condition. Pupil size synchrony was also higher in the typical
variation condition relative to the atypical variation condition (AM =
0.27, p < 0.001, Cohen's d = 0.62; Fig. 2).

To understand if toddlers' moment-to-moment engagement with
consistent versus variable labels predicted their novel word learning, we
tested whether or not a given participant's proportion looking to each
target object during test trials could be reliably predicted from their
average pupil size synchrony for that target word during training trials.
We added mean pupil size synchrony (z-scored) as an additional fixed
effect, along with a condition-by-synchrony interaction term, to our
main mixed-effects logistic regression model from Section 3.1; however,
the addition of these terms did not significantly improve model fit (4?(3)
= 2.41, p = 0.491).

4. Discussion

We tested how consistent versus variable labels impact English-
hearing toddlers' learning of novel word-object mappings. Specif-
ically, we examined whether 18- to 36-month-olds showed better novel
word-recognition accuracy when they were exposed to consistent labels
versus typical label variants (reduplicated/diminutivized word forms
attested in English CDS) versus atypical label variants (word forms un-
attested in English CDS). This is, to our knowledge, the first experiment
to directly manipulate children's exposure to label variation during a
word learning task. Building on prior naturalistic corpus analyses of CDS
variant use (e.g., Casey & Casillas, 2022; Moore & Bergelson, 2024; Ota
et al., 2018), this study provides a next step toward understanding the
causal impact of hearing multiple label variants on children's learning of
new words.

As hypothesized, children performed above chance in the consistent
condition, replicating decades of findings showing that children can
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Fig. 2. Model-predicted mean pupil size synchrony (z-scored) across conditions with 95% confidence intervals. Pupil size synchrony is a proxy for shared attention
between participants, so greater values represent more shared attention. Jittered points represent participant means. **p < .01, ***p < .001.
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learn novel one-to-one mappings from a brief exposure phase. The pri-
mary goal of this study was to determine how children contend with two
different types of label variation. As predicted, performance was at
chance in the atypical variation condition. However, performance was
above chance in the typical variation condition, indicating that toddlers
can successfully learn from variable input, particularly when variant
labels match the type that they might hear at home. Overall, the key
finding was evidence of learning in the consistent and typical variation
conditions, but not in the atypical variation condition, based on pro-
portion looking to the target object overall and during the first post-
labeling window.

Between-condition effects were generally weak and non-significant,
likely driven by the short length of the in-lab task relative to the longer
developmental timescales over which children hear multiple inter-
changeable labels in everyday life (Casey & Casillas, 2022; Moore &
Bergelson, 2024; Ota et al., 2018). Accordingly, these results warrant
caution when interpreting the magnitude of differences between hearing
consistent versus variable labels, particularly over short timescales.
Additionally, exploratory analyses of the two post-labeling windows
suggested that condition differences were most apparent in toddlers'
looking behavior following the first instance of the label, which is the
window used most often to index word recognition in looking-while-
listening paradigms (Fernald et al., 2008). By the second instance of
hearing the target label (cf. Ota & Skarabela, 2016), children reliably
recognized the novel word-object mappings in all conditions, suggesting
that toddlers eventually demonstrated some recognition of words
learned during consistent and variable labeling conditions.

Our current findings cannot fully tease apart different explanations
for why children successfully learned from both consistent and (typi-
cally) variable labels. That is, we do not know if learning was anchored
in toddlers' exposures to the standard word form, or in forming associ-
ations between each variant and its referent. It is possible that exposure
to repetitions of the standard label was sufficient for children to learn
label-object mappings, regardless of the surrounding variants. Children
may have “filtered out” (cf. Potter & Lew-Williams, 2019) atypical or
unfamiliar forms, focusing on the consistent standard repetitions. This
explanation is plausible in the context of this short in-lab experiment but
contrasts with naturalistic evidence that CDS variants are common in
children's early productive vocabularies (e.g., Frank et al., 2021; Laing,
2019; Tardif et al., 2008) and are used more often than standard adult
word forms in the first years of life (Casey & Casillas, 2022). Given the
length of the experiment, it was not feasible to also test children's
recognition of typical and atypical variants themselves (in addition to
standard word forms), thus we cannot determine exactly what children
encoded about the specific label variants. Future work could further test
the effects of exposure to label variants, for instance, by probing whether
toddlers show improved long-term retention of word-object mappings
(cf. Vlach, 2019) or better generalization to new label variants (cf.
Regier, 2005; Swingley, 2016) after hearing variable rather than
consistent input.

Another open question is why toddlers showed more evidence of
learning in the typical variation condition than in the atypical variation
condition. One possibility is that English-hearing toddlers come to
expect certain types of variants based on their experience with label
variation in naturalistic speech. Unattested, atypical variants may have
been less predictable, potentially disrupting learning. Another possi-
bility is that the typical variants in our study preserved phonological
information that supports early word recognition, including word onsets
and stressed syllables. Young children make use of word onsets during
real-time language processing (e.g., Swingley et al., 1999) and are sen-
sitive to strong-weak disyllabic stress patterns (e.g., Jusczyk et al.,
1993), so preserving these cues may have supported learning in the
typical variation condition. Future work systematically manipulating
variant familiarity, phonological overlap, and stress preservation will be
important for identifying the mechanisms underlying children's real-
time processing of and learning from label variation. Additional work
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will also be needed to account for children's ability to accommodate the
full scope label variation found in naturalistic input (e.g., dog, bow-wow,
hound, pup, etc.).

In the current study, pupillometry analyses provide complementary
insight into children's moment-to-moment engagement during learning.
Attention, indexed by pupil size synchrony across participants (Kang &
Wheatley, 2017; Nencheva et al., 2021), was higher in both variation
conditions relative to the consistent condition, and was highest in the
typical variation condition. These results suggest reliable differences in
children's engagement with the labeling sentences across conditions.
Although pupil size synchrony during exposure did not reliably predict
word-recognition accuracy during test, prior findings suggest a link
between synchrony and learning (Nencheva et al., 2021), which might
have been observed if children were also tested on their recognition of
variant labels. Our findings also fit with prior accounts of a “goldilocks”
effect in children's attention (Kidd et al., 2012, 2014), where a moderate
amount of variability—here, variation of the type common in children's
everyday language input—is associated with the highest engagement.
Overall, the current pupillometry findings point to attentional engage-
ment as a plausible, though not yet definitively established, mechanism
by which label variation, particularly of the type that children encounter
naturalistically, could facilitate novel word learning over short
timescales.

In sum, this study provides the first experimental evidence that
English-hearing toddlers can successfully contend with label variants
when learning new words. Typical CDS variants were associated with
both greater attentional engagement during learning and above-chance
word-recognition at test. These findings suggest that naturalistic label
variation in children's input is not merely noise and may play a facili-
tative role in early word learning. Future work that directly tests chil-
dren's learning of label variants, tracks longer-term retention of multiple
labels, or examines generalization across novel variants will be critical
for understanding how variability may support vocabulary growth
across early development.
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