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ABSTRACT
Questions about early word knowledge pervade the literature on both typical and atypical language trajectories. To determine
which words an infant knows, researchers have relied on two types of measures—caregiver-report and eye-gaze behavior. When
these measures are compared, however, their results frequently fail to converge, making it difficult to ascertain whether a given
infant knows a given set of words. What are the reasons for these misalignments in gold-standard tasks that are designed to
investigate the same underlying construct, and can convergent validity be improved? The current studywas designed to investigate
multiple methodological features of caregiver-report and looking-while-listening (LWL) tasks hypothesized to contribute to their
alignment. American English-learning infants (18–20 months; N = 52) completed an LWL task assessing their understanding of
eight early-acquired words. Caregivers reported their child’s knowledge of the same eight words, as well as their confidence in
their responses and the amount of time they spend with their child. Overall, caregivers’ reports of word knowledge did not predict
infants’ eye-gaze behavior. However, the measures were more likely to be aligned when caregivers reported higher confidence in
their responses. Caregivers’ reports about both the target and the distractor word on each trial were related to infants’ eye-gaze
behavior, suggesting that LWL tasks capture knowledge about the labels of both objects tested, not just the label of the target object.
The results suggest several critical methodological modifications that could be implemented to improve the measurement validity
of both caregiver-report and eye-gaze measures of word comprehension.

1 Introduction

Assessing infants’ knowledge about specific words poses unique
challenges. Infants have limited language production skills and
often understand many more words than they can say. Thus, the
typical methods used to measure lexical knowledge in adults,
such as asking participants to report features of known words
(e.g., McRae et al. 1997), are not feasible in infant populations.
Instead, indirect measures of word knowledge, such as caregiver
reports of vocabulary (e.g., MacArthur-Bates Communicative
Development Inventories [MB-CDI]; Fenson et al. 2007) and

infants’ eye-gaze behavior (e.g., looking-while-listening [LWL];
Fernald et al. 2008) are widely used to assess early vocabulary.

Caregiver-report measures have many methodological advan-
tages and, as such, have been widely used to investigate early
vocabulary. For example, vocabulary checklists such as the MB-
CDI are simple and cost-effective to administer. They provide
a wealth of data that allows researchers to glean vocabulary
information beyond what is observable in a brief infant study.
Furthermore, these checklists have high concurrent and pre-
dictive validity with other measures of language development
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Summary
∙ This study provides novel insights to improve the validity
of infant vocabulary measurement by highlighting factors
that explain differences between caregivers’ reports and
eye-gaze behavior.

∙ Caregivers’ reports of individual word knowledge failed to
converge with infants’ eye-gaze behavior during a looking-
while-listening (LWL) task.

∙ Caregivers’ reports of individual word knowledge aligned
more strongly with their infant’s eye-gaze behavior when
caregivers reported more confidence in their responses.

∙ Caregivers’ reports of both the target and the distractor
words predicted infants’ eye gaze behavior.

(Feldman et al. 2005; Fernald et al. 2006; Fernald and Marchman
2012; Marchman and Fernald 2008; Nordahl-Hansen et al. 2014;
Ring andFenson 2000; Sachse andVonSuchodoletz 2008). Access
to MB-CDI datasets like WordBank has allowed researchers
to quantify the size, variability, and semantic content of early
lexicons (e.g., Frank et al. 2021; Marchman et al. 2023; Peters and
Borovsky 2019).

Caregiver-report methods also pose several challenges to mea-
suring knowledge about specific words. Caregivers must make
categorical decisions about word knowledge (e.g., does not
understand, only understands, or understands and says) based
on cumulative language experiences and shared interactionswith
their child. For words that are not yet said, caregivers must
interpret their infant’s non-linguistic behaviors as an indication
of understanding. Notably, these discrete responses do not allow
caregivers to provide insight into their child’s partial word
knowledge (McMurray 2007; Swingley 2010). For example, a child
may correctly use a word like “apple” to refer to apple slices, but
may also overextend this word to refer to other round fruits such
as oranges. These kinds of experiences may make caregivers less
confident that their child knows a word. Because uncertainty and
graded knowledge are not captured by caregiver-reportmeasures,
all-or-nothing checklists can feel quite daunting for caregivers to
complete, given the extent and nature of their interactions with
their children.

Another possible limitation in vocabulary checklist methods is
that caregivers vary in the number of experiences they can draw
on as evidence that their child knows a word. For example,
caregiverswho primarily stay at homewith their infantsmayhave
more opportunities to observe their child’s language than other
caregivers. These differences likely contribute to increased vari-
ability when comparing vocabulary sizes across infants (Frank
et al. 2021), as well as inconsistency across reporting sessions
for individual words (Arunachalam et al. 2022). While some
caregivers may be able to veridically report their child’s level of
understanding of some words, others may be more uncertain
about which words their child knows.

A potentially more direct measure of word comprehension is eye-
gaze behavior. In preferential looking tasks, such as LWL (Fernald
et al. 2008) and intermodal preferential looking (Golinkoff et al.

2013; Hirsh-Pasek et al. 1987), infants view two images on a screen
and hear speech labeling one of the images. Notably, these tasks
allow researchers to measure continuous differences in infants’
word knowledge, as indexed by the speed or accuracy of word
recognition. Gaze-behavior methods have revealed an impressive
range of early comprehension abilities, often earlier than sug-
gested by caregivers’ reports (e.g., Bergelson and Swingley 2012,
2015; Campbell and Hall 2022; Garrison et al. 2020).

Importantly, methodological decisions influence researchers’
ability tomeasurewhether infants knowaword using gaze behav-
ior (Kucker and Lorenz 2025). For example, word recognition
performance is affected by the visual salience of the stimuli
(Pomper and Saffran 2019), the frequency of the target word
(Kartushina and Mayor 2019; Potter and Lew-Williams 2023),
and the specific images selected as targets (Casey et al. 2023).
These studies suggest that stimulus selection is a critical design
feature. Indeed, conclusions about a child’s word comprehension
based solely on gaze behavior are limited to the precise target
images tested in the context of the specific distractors with which
they were paired. Thus, despite the benefits of using a more
direct measure of word comprehension, the experimental designs
typically used in LWL studies may make it difficult to definitively
determine whether a given infant understands a given word.

Word recognition performance may also reflect several different
underlying processes. For instance, target looking may reflect
knowledge of an explicitmapping between a label and its referent.
This word knowledge may also be graded; infants with more
robust mappings may be faster andmore accurate at identifying a
target than those with weakermappings (Hendrickson et al. 2015,
Hendrickson et al. 2017; Smolak et al. 2021). Alternatively, target
looking may be the result of knowing the label for the distractor
object, rather than comprehending the target label, reflecting a
mutual exclusivity bias (Markman 1990; Markman and Wachtel
1988). Using this strategy, infants as young as 17 months of age
could leverage their knowledge of the distractor object (and its
label) to eliminate it as a possible referent for an unfamiliar word
(e.g., Byers-Heinlein and Werker 2009; Halberda 2003; Houston-
Price et al. 2010). For instance, upon hearing “bunny,” an infant
may look more at an image of a rabbit not because they know its
label, but because it is pairedwith a familiar distractor object (e.g.,
sock) for which they already know the label. While this mutual
exclusivity strategy would result in more target looking, this
behavior likely reflects knowledge about the label of the distractor
object rather than the target word. All of these considerations
suggest that word recognition accuracymay be the result of many
different kinds of word knowledge.

Given the limitations of both indirect methods (caregiver report
of vocabulary) and direct measures (eye-gaze behavior), what
is the most valid method for determining which words a given
infant knows? Several prior studies have attempted to establish
the convergent validity of LWL and caregiver-report methods
both averaged across words and for individual words (Fernald
et al. 2006; Houston-Price et al. 2007; López Pérez et al. 2025;
Lorang et al. 2023; Marchman and Fernald 2008; Styles and
Plunkett 2009; Syrnyk and Meints 2017; Venker et al. 2016). To
date, there is mixed evidence that the two methods converge.
With respect to overall vocabularies, overall vocabulary size is
less strongly associated with infants’ word recognition abilities
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at certain ages (e.g., young infants; Bergelson and Swingley 2012,
2015; Fernald et al. 2006). At the same time, the two methods
are strongly associated across developmental time (Fernald et al.
2006; Fernald andMarchman 2012;Marchman and Fernald 2008;
Weisleder and Fernald 2013). When considering individual word
knowledge, some studies demonstrate convergent validity (Styles
and Plunkett 2009; Syrnyk and Meints 2017); others suggest
that caregivers’ reports underestimate word comprehension both
in typically-developing (Bergelson and Swingley 2012; Houston-
Price et al. 2007) and neurodiverse populations (Arunachalam
et al. 2022; Lorang et al. 2023; Venker et al. 2016).

One possible explanation for the lack of consensus regarding
convergent validity is that prior studies have not directly exam-
ined the design issues that may influence alignment between
the two methods. Some caregivers may underestimate word
knowledge if they are uncertain about whether their infant’s
prior behaviors count as evidence for understanding or saying a
word. On the other hand, some caregivers may be overzealous
about their child’s language (e.g., interpreting babbling sounds
as producing a word). At the same time, the LWL task may
not veridically measure infants’ word understanding. The forced-
choice structure of an LWL task means that in some cases,
knowledge of the distractor object may lead infants to appear to
understand a target word when they actually do not. However,
this may be less likely to occur in naturalistic contexts (e.g., an
infant may be asked to bring their caregiver a tiger, which is
amongst several toys of varying familiarity). The possibility that
mutual exclusivity effects may be more likely to occur in LWL
tasks than in children’s home environments may also impact
alignment between eye-gaze tasks and caregiver-reportmeasures.
Finally, differences may arise from the fact that caregivers’
reports are all-or-none, whereas eye-gaze behavior is continuous.
Partial knowledge about the meaning of a word, as evidenced by
above-chance target looking (e.g., 65% accuracy over an analysis
window), may not be evident to caregivers interacting with the
child, leading to misalignments between the two measurements.

Prior studies examining convergent validity have either focused
on caregivers’ uncertainty (Hanania 2021; Lorang et al. 2023) or
LWL stimuli (Styles and Plunkett 2009) as an explanation for low
convergent validity. These studies have separately demonstrated
that caregivers are more certain when reporting words that
are said (Hanania 2021; Lorang et al. 2023) and that the two
methods alignwhen theLWL image pairs are semantically related
(e.g., cup and bowl; Styles and Plunkett 2009). Although these
findings provide compelling hints about the factors that influence
alignment, they necessarily assume that one of the methods
is a more veridical measure of word knowledge. Some studies
argue that LWL is more accurate and therefore identify poten-
tial improvements in caregiver-report measures (Hanania 2021;
Houston-Price et al. 2007; Lorang et al. 2023). Others consider
caregiver reports to be a stronger measure of word knowledge,
consequentlymodifying the LWL task to better approximate those
reports (Styles and Plunkett 2009; Syrnyk and Meints 2017).

Crucially, neither method provides “ground truth.” Each method
has limitations, and it is unclear how these limitations jointly
impact convergent validity. Therefore, in the current study, we
examined the potential moderating factors of each method in
tandem to investigate whether and how alignment between

caregivers’ reports and LWL behavior for specific words can be
improved. To do so, we (1) attempted to replicate associations
between productive vocabulary (per caregivers’ reports) and LWL
performance averaged across words, (2) investigated convergent
validity for individual word knowledge, and (3) examinedmoder-
ators of convergent validity (i.e., confidence, the time a caregiver
spends with their infants, and LWL image pairs). To test these
questions, we adapted both the LWL task and the caregiver-report
instruments in ways that we thought could increase our ability to
align the two measures.

The LWL task included multiple referent images for each word
and paired each target with multiple different distractor items.
While most studies in the infant word recognition literature use
yoked stimuli (e.g., cup is always paired with shoe) due to benefits
in terms of experimental control, they also leave the results
more vulnerable to mutual exclusivity effects. For example, if
looking behavior for both members of the pair (cup and shoe) is
above chance, it’s not possible to determine whether the child
actually knows both words or if, instead, they know just one
member of the pair and could use mutual exclusivity to guess
the other. Unyoked stimuli, however, havemore ecologically valid
variability, better match the task that caregivers are asked to do
when reporting vocabulary (e.g., consider their child’s wealth
of experiences with different objects), and, therefore, potentially
improve convergent validity. This design also afforded us an
opportunity to directly investigate whether the distractor images
influenced alignment between the twomeasures, as implicated in
prior studies (Pomper and Saffran 2019; Styles and Plunkett 2009).
In particular, we could conduct exploratory analyses investigating
potential mutual exclusivity and age-of-acquisition effects driven
by infants’ knowledge of the labels for the distractor objects.

Finally, the caregiver-report tasks included the MB-CDI and a
study-specific vocabulary checklist for the words tested in the
LWL task. These checklists also included ameasure of caregivers’
confidence in their reports of word knowledge. Confidence was
measured using a single question at the end of the MB-CDI,
and was measured for each of the words on the study-specific
checklist. Based on previous findings, we expected that care-
givers’ reports of word knowledge would better reflect their
child’s LWL behavior when a caregiver was more confident
in their report (Lorang et al. 2023). In addition, we examined
whether the amount of time the reporting caregiver spends with
their child moderated convergent validity. We predicted that
caregivers who spend more time with their child may also have
more opportunities to observe their child’s word knowledge, thus
improving alignment between the two measures. The methods
and analysis plan were preregistered on OSF: https://osf.io/
c8zws.

2 Method

2.1 Participants

The final sample included 52 infants between 18 and 20 months
(Mage = 18.81, 28 females) from a mid-size US city. We chose
this age because prior studies demonstrated mixed evidence for
alignment between eye-gaze behavior and caregiver report of
vocabulary in this age span (Houston-Price et al. 2007; López
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TABLE 1 MB-CDI production and comprehension norms for target nouns.

Proportion
understanding Proportion producing

Noun 18-months 18-months 19-months 20-months

Ball 0.97 0.84 0.89 0.93
Apple 0.82 0.49 0.61 0.61
Sock 0.86 0.38 0.48 0.48
Flower 0.67 0.28 0.44 0.47
Toothbrush 0.81 0.23 0.36 0.37
Peas 0.47 0.14 0.26 0.26
Glasses 0.52 0.14 0.25 0.26
Crayon Unknown 0.12 0.26 0.25

Note: The table shows the proportion of infants (18- to 20-months) reported to understand and produce the eight target words according toWordBank (Frank et al.
2017).

Pérez et al. 2025; Styles and Plunkett 2009). The preregistered
sample size was based on a priori power analysis in G*Power
(Version 3.1.9.6; Erdfelder et al. 1996) using a medium effect size.
Previous studies report a large effect for the interaction between
reported word knowledge and analysis window (i.e., behavior
prior to labeling vs. behavior following the label; Houston-Price
et al. 2007; Styles and Plunkett 2009). We powered our sample
to a slightly smaller effect to account for differences in analytic
strategies and publication bias. The preregistered sample size pro-
vides 90% power to detect an effect as small as d = 0.3. Fourteen
additional infants participated but were excluded from analyses
due to insufficient data contribution (N = 10; contributing fewer
than eight test trials) or equipment failure (N = 4).

Infants were reported to be born full term, have no history
of developmental disabilities, have normal hearing and vision,
and hear English at least 90% of the time. Of the caregivers
who completed a demographics survey (N = 43), most reported
coming from upper-middle-class homes; 95% of caregivers held a
bachelor’s degree or higher, and 93% had a household income of
at least $90,000. The sample was predominantlyWhite (83%); 15%
of the sample identified as belonging tomultiple racial categories,
and 2% identified as Asian. No one identified as Hispanic.

2.2 Materials

We selected eight nouns from the MB-CDI Words and Sentences
form. To ensure variance in the dataset, the words were chosen
to vary in age of acquisition (AoA) as indexed by the proportion
of 18- to 20-month-olds reported to understand them (see Table 1;
Frank et al. 2017). We used four different images for each noun
that varied on several features, including color and shape (see
Figure 1a). Images were edited and placed on a 550 × 550 pixel
grey background.

A female speaker of the local dialect recorded sentences includ-
ing the target words using infant-directed speech. Each target
word appeared in four frames: “Where’s the [noun],” “Find
the [noun],” “Do you see the [noun]?,” “Look at the [noun].”
An attention-getting phrase (“Check that out!” or “Wow, that’s

cool!”) followed the target word to encourage infants to continue
to fixate the screen. All sentences were edited to have the same
intensity (67 dB) and duration (7790 ms), with the onset of the
noun occurring after 2850 ms.

2.3 Procedure

After providing informed consent, caregivers completed a survey
that included a study-specific vocabulary checklist and informa-
tion about their child’s home environment. Caregivers reported
whether their child “did not understand,” “only understood,” or
“understood and said” each of the eight words from the LWL task.
For each word, caregivers provided a confidence rating using a
scale from 0 (completely unsure) to 100 (very sure). Caregivers
also reported the number of hours spent with their child on a
typical day and several demographic factors, including income,
education level, and race.

Participants were then seated in a soundproof booth equipped
with a video camera, a 55’’ screen, and a Tobii x60 eye tracker.
Eye-gaze was calibrated prior to the LWL procedure using a five-
point procedure. Sessionswere videorecorded to allow formanual
gaze-coding if automatic eye tracking was unsuccessful.

Infants completed an LWL task that tested their recognition of
eight nouns: apple, ball, crayon, flower, glasses, peas, sock, and
toothbrush. On each of 32 trials, infants saw two images, one on
either side of the screen, and heard a sentence labeling one of
the images. Importantly, there were four different target images
for each word, and the same target-distractor pair never occurred
twice (see Figure 1b for an example). All images occurred equally
often as targets and distractors. There were attention-getting
images after every fourth trial.

In addition to the survey and the LWL task, caregivers completed
a modified version of the MB-CDI short form level IIB. Typically,
this form is a 100-word productive vocabulary checklist. However,
we modified the form to add comprehension questions for each
item, aswell as a single question regarding their global confidence
in completing the form (0–100).

4 of 13 Developmental Science, 2026
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FIGURE 1 The top panel (a) displays each of the four images used to test the target nouns. The bottom panel (b) depicts an example of the
target-distractor pairings for ball.

2.4 Measures

2.4.1 Survey Data

To assesswhether caregivers’ reports and LWLbehavior are better
aligned when caregivers spend more time with their child, we
computed the proportion of time the caregiver completing the
form spent with their infant (computed separately and combined
for weekdays and weekends) as a function of the typical number
of waking hours for each child.

2.4.2 Gaze Behavior

To assess infants’ overall accuracy, we computed the baseline-
corrected proportion of target looking for each participant, aver-
aged across all 32 trials. For each infant, we calculated the propor-
tion of target fixations during a critical window of 300 to 2000ms
following noun onset (Garrison et al. 2020) and subtracted the
proportion of target fixations during a baseline window prior to
noun onset (i.e., −2000 to 0 ms; Bergelson and Swingley 2012;
Garrison et al. 2020; Weaver et al. 2024). Baseline correction has
been used in prior LWL studies to account for salience differences
between the target and distractor images (Bergelson and Swingley
2012; Garrison et al. 2020; Weaver et al. 2024). The literature look-
ing at alignment between caregiver-report and LWL measures
often included an additional parameter for pre- and post-naming
(Styles and Plunkett 2009); however, baseline correction provides
a conceptually equivalent approach to this analytic procedure
without introducing additional model complexity.

To measure word-level accuracy, we calculated infants’ baseline-
corrected proportion of target looking for each trial in the LWL
task. Word-level accuracy reflects the proportion of time infants
spent fixating the target image out of the total time they spent
fixating either image relative to their target fixations prior to
labelling.

The third outcome variable was reaction time (RT), which we
defined as the latency to first fixate the target image (Fernald et al.
2008). RTs were only computed on trials in which infants were
fixating the distracter image at noun onset (N = 598 trials).

Trials with too much missing data (less than 50% of fixations to
either the left or the right side of the screen during the baseline
or the critical window) were not included in the analyses. Four
hundred (out of a possible 1606) trials met criteria for exclusion.
Of the excluded trials, 6.79% were missing data in the baseline
window, 7.16% of the excluded trials were missing data in the
critical window, and 10.96% of the excluded trials were missing
data in both windows.

2.4.3 CaregiverReport of Vocabulary

The MB-CDI provided a measure of infants’ overall vocabulary
knowledge. Using the MB-CDI norms for both male and female
infants, we calculated each infant’s productive vocabulary per-
centile (Marchman et al. 2023). We used vocabulary production
percentile as our primary measure because it has been used
to examine the convergent validity of the MB-CDI and other
language measures (Feldman et al. 2005).

The caregiver survey provided an additional measure of word
knowledge that was specific to the words we tested in the LWL
task. We defined infants’ study-specific vocabulary size as the
number of words (out of 8) a caregiver reported their child to say.
Again, we used production because it has been used to examine
convergent validity.

3 Results

All data processing and analyses were conducted in R (R Core
Team, 2024; version 4.4.2). Linear models were fit using the
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stats package (version 4.4.2), and linear-mixed effects models
were fit using the lme4 package (version 1.1.35.3, Bates et al.
2015). We computed p values using the Anova() function,
which uses Kenward–Roger approximation to estimate degrees
of freedom for F-tests. For each model, variables were centered
unless otherwise specified. Linear-mixed effects models were
fit using the maximal random effects structure and pruned
iteratively following recommendations by Brauer and Curtin
(2018) and Muradoglu et al. (2023). In what follows, we report
the final models that converged. A full list of the model spec-
ifications can be found in the Supporting Information (Table
S1). The data and analytic scripts supporting the results can
be found on OSF: https://osf.io/xgnvk/overview?view_only=
4c179810233e4066827ade18ba01a15c.

3.1 Overall Word Knowledge

Caregivers reported on the MB-CDI that infants produced
an average of 19.89 words (SD = 14.63, range = 3–62), which
corresponds to an average MB-CDI percentile score of 27.17
(range = 4–80). They were reported to understand 27.14 words on
average (SD = 11.93, range = 7–55); percentiles are not available
for comprehension in this age group. With respect to the tested
target words, caregivers reported that infants produced an
average of 2.70 (range = 1–7) and comprehended an average of
4.09 (range = 1–8) out of the 8 words. For the LWL task, infants’
average accuracy was 58.18% (SD = 0.345; baseline-correctedM =
0.088, baseline-correctedSD = 0.421). As a group, they recognized
4 out of 8 words significantly above chance (i.e., “apple,” “ball,”
“glasses,” and “sock”).

The following two analyses addressed the alignment between
caregivers reports and LWL for word knowledge in general. First,
we investigated whether MB-CDI scores predicted accuracy on
the LWL task by fitting a linear model regressing our measure of
overall accuracy (average baseline-corrected proportion of target
looking) on overall vocabulary knowledge (MB-CDI production
percentile score). As can be seen in Figure 2, productive vocabu-
lary percentile was not a significant predictor of LWL accuracy (b
= 0.0001, F(1, 41) = 0.028, p = 0.866). The same pattern of results
holds for two otherMB-CDImeasures: rawproductive vocabulary
(p = 0.97) and total comprehension vocabulary size (p = 0.22).

Next, we explored whether caregivers’ reports about the specific
words used in our task predicted overall LWL accuracy. We
fit a linear model regressing our measure of overall accuracy
on study-specific vocabulary size. This model tested whether
infants who producedmore of the 8 target words performedmore
accurately overall on the LWL task. Study-specific vocabulary
size was not a significant predictor of LWL behavior (b = 0.079,
F(1, 43)= 0.915, p= 0.344). Alternativemeasures of study-specific
vocabulary size were also not associated with LWL behavior:
number of words produced (p = 0.599), and number of words
comprehended (p = 0.970).

We also examined relations between RT and overall vocabulary
score. We fit analogous models to those above (i.e., MB-CDI
productive percentile score and proportion of the study-specific
words produced) using RT as the outcome variable. Neither

FIGURE 2 Baseline-corrected proportion of target looking as a
function of productive vocabulary size. Data points reflect participants’
baseline-corrected proportion of target looking averaged across trials and
words. Error bars reflect standard error of the point estimate.

measure predicted RT (b = −0.682, F(1, 41) = 0.215, p = 0.645; b =
−251.8, F(1, 43) = 3.561, p = 0.066).

3.2 Specific Word Knowledge

The primary analyses of interest investigated whether infants’
recognition of specific words on the LWL task aligned with
caregivers’ report of their child’s knowledge about those words.
Caregivers’ report of word knowledge was coded using contrast
codes (i.e., −0.5 for words reported as unknown and 0.5 for
words reported as understood or said) in the first set of analyses,
and coded using linear contrasts (i.e., −1 for unknown, 0 for
understands, and 1 for says) in the second set of analyses. We
used both coding schemes because they represent theoretically
different interpretations. In the model using binary contrast
codes, we are assessing whether caregivers’ report of any kind
of word comprehension is correlated with word recognition. In
themodel using linear contrasts, we are testing whether there are
distinct increases in word recognition performance depending on
the level of word knowledge that was reported.

We first assessed alignment between LWL behavior and care-
givers’ reports of individual words using binary contrast codes.
We fit an LMEM regressing word-level accuracy (baseline-
corrected proportion of target looking on each trial) on caregiver
report of word knowledge, including by-subject and by-item
random intercepts. On average, infants recognized the target
words significantly above chance (b = 0.065, F(1, 15.96) = 8.618,
p = 0.010). Caregiver report of word knowledge, however, was
not a significant predictor of word recognition accuracy (Figure 3;
b = 0.064, F(1, 352.37) = 3.502, p = 0.062). That is, infants who
were reported to understand or say a specific word did not look
significantlymore at the target image after hearing thatword than
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FIGURE 3 Baseline-corrected proportion of target looking as a
function of caregiver report for individual words. Each data point
represents a participant’s baseline-corrected proportion of target looking
for a given word. Error bars were calculated as standard error of the point
estimate.

infants who were reported to not know the word. An analogous
model usingRT as the primarymeasure of LWLbehavior revealed
similar results (b = −46.08, F(1, 3.651) = 0.478, p = 0.531).

We next assessed alignment between LWL behavior and care-
givers’ reports of individual words using the linear contrast codes.
We regressed word-level accuracy on linear (−0.5 for unknown,
0 for comprehends, and 0.5 for says) contrasts for caregiver
report of word knowledge, including a by-subject random slope
and a by-item random slope and intercept for caregiver report.
Following recommendations from Abelson and Prentice (1997),
we also included contrast codes for a quadratic effect of caregiver
report (0.5 for unknown, −1 for comprehends, and 0.5 for says)
and a by-subject random slope for this effect to ensure that the
linear pattern fits the data better than an alternative relation. The
linear effect for caregiver report of word knowledge was not a
significant predictor of word-level accuracy (b = 0.076, F(1, 6.153)
= 5.387, p = 0.058) nor was the quadratic effect (b = −0.009, F(1,
49.763) = 0.105, p = 0.748). Therefore, infants who were reported
to say a word (M = 0.137, SD = 0.393) were not significantly
more accurate at recognizing words than infants who were only
reported to comprehend a word (M = 0.083, SD = 0.431), and
infants who were reported to only comprehend a word were not
significantly more accurate at recognizing words than infants
who were reported to not know a word (M = 0.027, SD = 0.433).
In a parallel model using RT as the primary measure of word
recognition, we similarly found no significant relation between
the linear effect of caregiver report andRT (b=−50.15,F(1, 12.028)
= 0.652, p = 0.435).

3.3 Confidence

We hypothesized that caregivers’ confidence in their report of
word knowledge would moderate the relation between caregiver
report and word recognition. That is, caregivers who are more
confident in their responses may also be more aligned with their
child’s eye-gaze behavior.We examined this questionwith respect
to caregivers’ reports of both the overall vocabulary score and
caregivers’ reports of specific words.

To examine the effect of confidence on the relation between
overall caregiver-reported vocabulary and LWL accuracy, we
regressed infants’ overall accuracy on MB-CDI percentile, con-

fidence, and their interaction. MB-CDI percentile, overall con-
fidence, and the interaction between confidence and MB-CDI
percentile were not significant predictors of overall accuracy (p
= 0.900, p = 0.653, and p = 0.738, respectively). Importantly,
however, caregivers reported relatively high confidence in their
report of their child’s vocabulary (M = 82.23; SD = 11.056).

Next, we examined whether confidence moderated alignment
between the twomeasures for specific words. Caregivers’ average
confidence for their response for a given word was high (M =
83.81%; SD = 20.17). Confidence varied across caregiver-reported
word knowledge. On average, caregivers reported being most
confident when reporting words their child was saying (M =
96.39%; SD= 9.90), followed bywords their child only understood
(M = 79.86%; SD = 19.16) and words their child did not know (M
= 74.47%; SD = 25.39). To examine relations between caregiver
report of word knowledge, gaze behavior, and confidence, we fit
an LMEM regressing infants’ word-level accuracy on caregivers’
reports of those same words (coded −0.5 for “does not under-
stand” and 0.5 for “understands and/or says”), confidence about
their response for each word, and their interaction, including
a by-subject random slope for caregiver report and a by-item
random slope and intercept for the interaction between caregiver
report and confidence. Caregiver report of vocabulary, confidence
about each word, and their interaction were not significant
predictors of word-level accuracy (p= 0.236, p= 0.664, p= 0.277).

We preregistered a linear regression to assess moderator effects.
However, upon further reflection, we realized that a linear
regression presupposes that the relationship between confidence
andLWLaccuracy is linear. That is, themodel tests the hypothesis
that infants are more accurate on the LWL task when their
caregivers are more confident in their response. However, this is
not necessarily the case. A parent could be very confident that
their child does not understand a word, for example, which could
result in a negative relationship between confidence (high) and
accuracy (chance). Instead, the more likely relationship concerns
the relationship between confidence and alignment. We would
expect a parent who is more confident to be better aligned with
their child’s behavior, both by knowing which words their child
knows (associated with higher accuracy on the LWL task) and
which words their child does not know (associated with lower
accuracy on the LWL task).

To test this hypothesis, we ran an alternative exploratory analysis
using alignment as the outcome variable rather than accuracy.
Each word was given an alignment score that reflects whether a
caregiver’s report of word knowledge aligned with their child’s
behavior on the LWL task (Table 2). First, we converted accuracy
to a binary measure, which reflected whether a child recognized
each word on the LWL task. To do so, we calculated a 95%
confidence interval (CI) around chance for each child using the
Clopper–Person exact method from the binom package (Clopper
and Pearson 1934; Dorai-Raj 2022). We reasoned that a 95% CI
would allow us capture whether looking behavior was at chance
(i.e., 50%) or at values equivalent to chance (e.g., 51%). LWL
accuracies above the 95% CI were considered understanding a
word, while values at or below the 95% CI were considered as not
understood. Then, we compared infants’ binary accuracy to their
caregiver’s report of word knowledge to determine alignment. As
an example, a wordwould receive an alignment score of one if the
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TABLE 2 Alignment scores.

LWL Caregiver report Alignment

Below or within the
95% CI around chance

Does not
understand/say

1

Understands or says 0
Above the 95% CI
around chance

Does not
understand/say

0

Understands or says 1

Note: The table shows the alignment coding for LWL and caregiver-report
data. Chance performance is defined as the 95% CI around 50% because LWL
uses a two-alternative forced choice task. Thus, a score above chance indicates
increased looking to the target relative to baseline.
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FIGURE 4 Probability of alignment depending on caregivers’ confi-
dence about their report of word knowledge. Dots represent an individual
participant’s alignment (0 or 1) for a given word. The red line was created
using model fits, and the error bands reflect standard error of the point
estimate.

caregiver reported the word as understood or said, and the child’s
LWL accuracy for that word was above the 95% CI. Similarly, we
would assign an alignment score of one if a caregiver reported
that their child did not understand a word and the child’s LWL
accuracy for that word was inside the 95% CI or lower than the
lower bound of the CI. Figure S1 depicts word-level LWL accuracy
and caregiver report of word knowledge for each subject.

Using alignment as the outcome measure, we fit a generalized
linear mixed effects model predicting alignment from confidence
(centered), including a by-subject random intercept and a by-
item random slope for confidence. Confidence was a significant
predictor of alignment (b= 0.018, 95%CI [0.004, 0.032], p= 0.009,
OR = 1.018). Therefore, the word-level data from caregivers and
their infants were more likely to be aligned when caregivers were
more confident about their response (Figure 4). The odds of the
two measures aligning increased by 1.8% for every 1% increase in
caregivers’ self-reported confidence.

3.4 Time Spent With Child

In the final set of preregistered analyses, we tested whether
caregivers who spent more time with their child would be more
aligned with their child’s LWL behavior, both with respect to
overall vocabulary and specific word knowledge.

To examine whether time spent between a caregiver and their
infant moderates the relation between overall vocabulary and
LWL accuracy, we fit a linear model predicting overall accuracy
from overall vocabulary size, proportion of time spent together,
and their interaction. Infants’ overall accuracy was not related
to caregiver-reported vocabulary (p = 0.534), proportion of time
spent together (p = 0.160), or the interaction between caregiver-
reported vocabulary and proportion of time spent together (p
= 0.404). These findings suggest that a caregiver’s report of
vocabulary is not more aligned with overall word recognition
accuracy when they spend more time with their child.

We next assessedwhether caregiver and LWL behavior were asso-
ciated when considering the proportion of time spent together
for the specific words tested in the LWL task. We fit an
LMEM regressing word-level accuracy on caregiver report of
word knowledge (−0.5 for does not know the word and 0.5 for
understands or says the word), proportion of time spent together,
and their interaction, including a by-subject random slope for
caregiver report and a by-item random intercept and slope for the
interaction between caregiver report and time spent with their
child. Infants were more accurate on the LWL task when they
had caregivers who reported spending proportionally more time
together, controlling for the effect of caregiver report of word
knowledge and the interaction effect (b = 0.204, F(1, 118.897)
= 4.025, p = 0.047). However, the interaction effect was not a
significant predictor of LWL accuracy (b = −0.242, F(1, 18.328)
= 1.382, p = 0.255), suggesting that time spent together does
not moderate the relation between LWL accuracy and caregiver
report of word knowledge. An analogous exploratorymodel using
the alignment score approach as the outcome measure (i.e., 1 if
the measures aligned on individual word knowledge and 0 if the
measures did not align, as in the final analysis for confidence
reported above) revealed that time spent together was not a
significant predictor of alignment (p = 0.755).

3.5 Exploratory Analyses—LWL Distractors

The preregistered analyses focused on whether caregiver factors
influence the alignment between LWL and caregiver-report
measures. However, design features of the LWL task may also
influence alignment. These factors are poorly understood, and
little guidance exists about best practices for study design in order
to maximize the validity of LWL measures.

The design of the present study, which included nouns with
a range of difficulty (e.g., AoA), provides the opportunity to
examine two potentially relevant design features that have not
been previously explored. The first is the child’s knowledge about
the distractor. We reasoned that if the child knows the label
for the distractor object but not the target object, they might
nevertheless show accurate looking on that trial based onmutual
exclusivity (e.g., Markman andWachtel 1988). The second related
issue is mismatches in AoA between targets and distractors. If
the target word is well-learned relative to the distractor word,
it should be easier for the infant to rule out the distractor as
the potential referent, potentially inflating accuracy. However,
when the two items are similar in difficulty, gaze behaviormay
provide a more veridical measure of word knowledge, poten-
tially increasing alignment with caregivers’ reports. In a set of
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FIGURE 5 Baseline-corrected proportion looking to the target
unfolding over time. Each line represents gaze behavior as a function
of whether infants were reported to know only the target word, only
the distractor word, both words, or neither word. Lines were fit using
generalized additive models, and error bars reflect standard error of
the point estimate. The two dotted lines indicate the critical window of
analysis (i.e., 300–2000 ms).

exploratory analyses, we examined whether these two factors
influenced alignment.

We investigated the impact of distractor images on alignment by
testing whether caregiver-reported knowledge of the distractor
word moderated alignment between caregiver-reported knowl-
edge of the target word and LWL accuracy for the target word.
To examine this question, we regressed word-level accuracy on
caregiver report of target word knowledge (−0.5 coded for “does
not know” and 0.5 for “understands and/or says”), caregiver
report of the distractor word knowledge (−0.5 coded for “does
not know” and 0.5 for “understands and/or says”), and their
interaction, including by-subject and by-item random slopes for
the interaction term. Caregiver report of target word knowledge
was a significant predictor of LWL accuracy when controlling for
the effect of distractor word knowledge and their interaction (b
= 0.127, F(1, 1006.95) = 11.847, p < 0.001). Caregiver report of
distractorword knowledgewas also a significant predictor of LWL
accuracywhen controlling for the effect of target word knowledge
and their interaction (b = 0.107, F(1, 470.93) = 7.457, p = 0.007).
Interestingly, there was a marginally significant interaction effect
on LWL accuracy (b = −0.180, F(1, 19.77) = 3.951, p = 0.061),
suggesting that the relation between caregiver report of the target
word and infant’s LWL behavior depended on caregiver report of
the distractor word. Infants who were reported as not knowing
a target word were more accurate at recognizing the target word
when it was paired with a known distractor word (per caregivers’
reports) as compared to target words that were paired with an
unknown distractor word. Regardless of caregivers’ report of the
target word, infants were more accurate at recognizing words
when caregivers reported that their child understood or said the
distractor word (Figure 5).

We also investigatedwhether amismatch inAoA between the tar-
get word and the distractor word moderated the relation between

caregiver report of individual word knowledge and gaze behavior
on the LWL. We reasoned that an AoA mismatch may impact
the relative ease of rejecting the distractor as the referent for the
spoken word. This, in turn, could impact the likelihood that the
LWL task provides a validmeasure of the child’s knowledge about
a given target word and result in no relation between caregivers’
reports and LWL behavior. Therefore, we predicted that AoA
would moderate alignment between the two measures.

To test this hypothesis, we fit an LMEM regressing baseline-
corrected proportion of target looking (i.e., accuracy) on caregiver
report of word knowledge (−0.5 coded for “does not know”
and 0.5 for “understands and/or says”), an AoA difference score
(centered), and their interaction, including a by-subject random
intercept, a by-subject random slope for the interaction effect,
and a by-item random intercept. The AoA difference score was
calculated as the difference between the AoA of the target word
and the AoA of the distractor word (Range: −11 to 11). AoA was
calculated from wordbankr (Braginsky 2024) and defined as the
age at which 50% of children are reported to produce the word
according to a large database of CDI administrations (Braginsky
et al. 2016). Neither caregiver report of word knowledge (p =
0.060) norAoAdifference (p= 0.691)was a statistically significant
predictor of LWL accuracy. Interestingly, there was a significant
interaction between caregiver report of word knowledge andAoA
difference (b = −0.027; F(1, 104.03) = 6.921, p = 0.010), suggesting
that the relation between caregiver report of word knowledge
and accuracy depended on AoA difference. Specifically, accuracy
decreased significantly as AoA difference increased (i.e., the
target word has a later AoA than the distractor word), but only
for words reported to be understood or said. To put another way,
LWL accuracy did not reflect the words caregivers reported as
understood or said when the AoA for the target word was much
later than the AoA of the distractor word.

4 Discussion

While caregiver-report and LWL tasks are both widely used to
measure familiar word knowledge, there is inconclusive evidence
as to whether these methods converge on the specific words that
a child knows (Houston-Price et al. 2007; López Pérez et al.
2025; Lorang et al. 2023; Styles and Plunkett 2009; Syrnyk and
Meints 2017; Venker et al. 2016). Each method assesses word
knowledge in distinctly different ways. Caregivers’ reports draw
on accumulated knowledge of their child’s experiences with
words and referents, and require caregivers to synthesize this rich
data into a single discrete response for each word. In contrast,
LWL tasks provide a continuous measure of children’s ability
to associate a word with a particular referent in the context of
a single distractor at one moment in time. These differences,
among others, likely impact the alignment between these “gold
standard” measures of early vocabulary and complicate attempts
to reveal early lexical knowledge. In the current study, we investi-
gated specific factors—caregivers’ confidence in their responses,
the amount of time spent between the caregiver and the infant,
and the pairing of referents and distractors in the LWL task—
hypothesized to moderate convergent validity between these
measures.While caregivers’ reports did not predict LWLbehavior,
neither for overall vocabulary nor for individualwords, alignment
improvedwhenwe included caregivers’ confidence in their word-
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level reports, as well as infants’ knowledge about the distractor
words on each LWL trial.

Upon initial review, our findings appear to conflictwithmounting
evidence that vocabulary size is a key predictor of gaze-behavior
during LWL tasks (Fernald et al. 2001, Fernald et al. 2006; Fernald
and Marchman 2012; Marchman and Fernald 2008; Weisleder
and Fernald 2013; Zangl et al. 2005). However, there are several
key design differences to consider that may account for the lack
of predictive power of overall vocabulary in the current results.
For example, prior studies selected words that were maximally
familiar to their participants according to MB-CDI norms (e.g.,
Fernald et al. 2001). Our design, by contrast, intentionally
included words that ranged in AoA to increase the likelihood that
we would receive caregiver reports across the word knowledge
continuum. This design difference has important implications
for the underlying construct being measured. Specifically, prior
studies were designed to investigate changes in the speed of
language processing across developmental timepoints, while the
current study was designed to measure knowledge about specific
words at a single timepoint. It is plausible that averaging across
known and unknown words masks the facilitative effect of
processing skills on later vocabulary size seen in prior studies
(e.g., Weisleder and Fernald 2013).

Another important consideration for interpreting the present
findings is that the vocabulary percentile for the present sample
was lower than average in a sample of typically-developing
infants (i.e., 27th percentile). While we believe this is within
the range of normal variability for 18- to 20-month-olds, we also
recognize that this aspect of the sample may contribute to the
lack of association between caregivers’ reports and infants’ gaze
behavior. Indeed, caregivers often underestimate word knowl-
edge in samples of children with lower productive vocabularies
(e.g., autism; Lorang et al. 2023; Venker et al. 2016). Thus, the
present findings may not extend to participant groups with very
large productive vocabularies relative to their age-matched peers.

Our results suggest that gaze behavior and caregiver report of
specific words were more aligned when caregivers were more
certain about their responses. These data provide initial evidence
that certainty reports can improve the validity of caregiver-
reported vocabulary, beyond just reliability (as shown in prior
work; Hanania 2021; Lorang et al. 2023). Ultimately, these find-
ings suggest that caregivers are valid sources of information about
infants’ specific word knowledge when they are confident about
their responses. Future research is needed to determine what
factors influence caregiver confidence. Based on our analyses,
confidence does not simply mirror time spent with the child
(which did not improve alignment between looking behavior and
caregiver report of word knowledge).

It is important to note that our investigation of confidence
as a moderator of alignment was limited by relatively high
confidence ratings across participants. It is possible that the null
effect of confidence for the interaction between confidence and
caregivers’ reports for overall word knowledge may be due to a
lack of variability rather than due to no true effect. Similarly,
the limited evidence of an interaction between confidence and
caregivers’ reports when using a continuous measure of gaze-
behavior (rather than alignment score) may be the result of low

variability in confidence. One potential consideration for future
work is whether different scales of confidence (e.g., Likert vs.
0–100 scale) yield more variability to continue to investigate the
effect of confidence on caregiver report of word knowledge.

Examining the pairs of test stimuli in the LWL task also revealed
possible explanations formisalignments. In particular, the results
indicated that infants successfully recognized target words when
they were reported to know the distractor word, even if they
were not reported to understand the target word. This suggests
that infants’ behavior during the LWL task not only reflects their
knowledge of the target word, but also reflects their knowledge
of the image with which it is paired. Similarly, differences in
AoA between target and distractor words influenced the relation
between caregiver report of word knowledge and LWL accu-
racy. Specifically, infants’ accuracy decreased as AoA difference
increased for words their caregivers reported as understood or
said, suggesting that properties of theword pairs tested influenced
the task’s measurement of word knowledge. Together, these
results suggest that a more valid estimate of infants’ specific
word knowledge may be obtained from an LWL task when
the distractor word is unknown or matched in difficulty to the
target word. In other words, measurement of an infant’s word
recognition is more likely to reflect their actual word knowledge
when they cannot use their knowledge of the distractor word to
rule it out as the referent.

When infants were reported not to know the target word,
they were nevertheless able to identify the correct image
at above chance levels when they knew the distractor. This
behavior suggests that infants were using mutual exclusivity
to successfully complete the LWL task. Mutual exclusivity
is a well-documented word learning principle of mapping a
new label to an unknown object if it is encountered in the
presence of a known label-object (Markman and Wachtel 1988).
Indeed, a broad literature has demonstrated infants’ robust
ability to use mutual exclusivity during word-learning tasks with
monolingual infants as young as 17 months of age (Grassmann
et al. 2015; Horst and Samuelson 2008; Law and Edwards 2015).
However, the current findings demonstrate that infants also
leverage mutual exclusivity during word recognition tasks. These
results challenge an implicit assumption that word recognition
solely reflects knowledge of the target word. Rather, in-the-
moment word comprehension may be indexing several different
underlying processes (e.g., label-object mapping or mutual
exclusivity). Future studies examining familiar word knowledge
should consider the role of mutual exclusivity when designing
LWL tasks as well as when interpreting looking behavior.

Our results provide new insights for understanding the growing
literature regarding the assessment of individual word knowl-
edge.Without consideringmoderators, the current findings could
be interpreted as providing additional support for the claim that
caregiver-report and LWL measures do not align. This result is
not unique to our study; a recent study using archival data from
126 participants conducted by López Pérez and colleagues (2025)
demonstrated that although age and overall productive vocabu-
lary size predicted LWL accuracy, caregiver report of the target
word did not. Similarly, several studies examining the convergent
validity of caregiver report of vocabulary in other languages
demonstrate similar findings; caregivers consistently under- or
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over-reported word knowledge as compared to LWL behavior
(Chai et al. 2023; Ertaş et al. 2024). The current results regarding
moderators of alignment provide useful contextualizing informa-
tion for these prior findings. Without controlling for design fac-
tors in each method, prior studies may be capturing the fact that
the two measures do indeed assess word knowledge in different
ways.

This is the first study, to our knowledge, to provide explicit
evidence about why caregiver-report and eye-gaze measures
frequently fail to converge on knowledge of specific words.
That is, assessment of word knowledge can be impacted by
design features, such as including measures of caregiver cer-
tainty when reporting word knowledge and the specific pairs
of test items used on the LWL task. These findings provide
insights into how measurement validity can be increased when
using these tasks to assess individual word knowledge. With
respect to caregivers’ reports of particular words, researchers
can consider including an additional measure of certainty at
the word level and report the extent to which caregivers feel
confident about their child’s word knowledge. These confidence
ratings could also be used to identify a cut-off point at which
caregivers’ reports are no longer valid measures of specific word
knowledge.

In addition, stimuli selection and pairings should be care-
fully considered when designing LWL tasks to measure word
knowledge. LWL tasks are likely to be more valid when target
and distractor pairs are matched on AoA and/or the child’s
existing lexical knowledge. This matching may be accomplished
using several different approaches. For example, future stud-
ies could explicitly measure word knowledge via caregivers’
reports prior to making target and distractor pairs for each
child. Alternatively, AoA likely serves as an adequate proxy
for whether a child is likely to know a given word, and
indeed was a significant moderator of convergent validity in
the present study. Yet another option is to select sets of words
that are relatively matched on AoA and maximally pair targets
and distractors to attempt to wash out any particular pairing
effects. Regardless of the specific approach taken, our findings
suggest that measuring individual word knowledge can be more
valid by accounting for caregiver certainty and LWL stimulus
pairings.

In sum, our study provides evidence that when examining
infants’ knowledge about specific words, caregiver report of word
knowledge aligns with eye-gaze behavior when we account for
task-relevant factors. Caregivers’ judgments converged with their
infants’ behavior when they were more confident. Other factors
that seemed likely to matter, like time spent with the infants, did
not influence the convergence between caregiver judgements and
infant behavior. Our results also underscore the importance of
considering how the design of the LWL taskmay alter the validity
of the method for assessing individual word comprehension.
Infants’ understanding of both the target and distractor words
influenced their ability to fixate the correct referent. Ultimately,
our study demonstrates that drawing on insights from both
caregiver-report and LWLmeasures in tandemmay providemore
reliable and valid estimates of infants’ word recognition and early
lexical development.
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