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ABSTRACT

Assessing early vocabulary development commonly involves parent report methods and behavioral tasks like looking-while-

listening. While both yield reliable aggregate scores, findings are mixed regarding their reliability in measuring infants'

knowledge of individual words. Using archival data from 126 monolingual and bilingual 14-31-month-olds, we further

examined links across these methods at the word level, while controlling for potentially confounding child-level factors. When

data were averaged at the child level, performance on the looking-while-listening task correlated well with parent-reported

word production of the same words, as expected. However, mixed-effects model comparisons suggested that at the word

level, looking-while-listening performance was significantly predicted by age and total productive vocabulary, but not by parent-

reported knowledge of a word once these factors were controlled for. These findings invite careful consideration regarding the

adequacy of these two popular methods for capturing children's idiosyncratic knowledge of individual words.

1 | Introduction

Children are remarkable language learners, showing rapid early
vocabulary development. This development is commonly
assessed via parent reports and behavioral measures. These
measures are designed to estimate children's vocabulary
knowledge in aggregate, but researchers also sometimes use
these methods to extract word-level information, like whether a
child can understand/say a specific word like “ball.” The reli-
ability of such data can be assessed by linking parent-reported
word knowledge (i.e., whether infants are reported to say the
word “ball”) to behaviorally-measured word knowledge (i.e.,
whether infants look at an image of a ball when labeled), but
studies to date have yielded mixed results (Houston-Price,
Mather, and Sakkalou 2007; Poulin-Dubois et al. 2013; Styles
and Plunkett 2009; Yoder, Warren, and Biggar 1997). Thus, the
current study used data from a large sample of infants to
investigate whether any word-level relationship holds between

the two foremost current methods—parent reports and behav-
ioral measures—when also statistically accounting for child-
level factors known to play a role in word learning like age,
language experience, and total vocabulary size. In the sections
below, we first discuss how each type of measure is used and
their ability to assess children's knowledge of individual words.
We then review child-level factors associated with children's
vocabulary knowledge and discuss how they could potentially
affect what is being captured by item-level relationships be-
tween parent reports and behavioral measures.

1.1 | Measures of Infants’ and Toddlers’
Vocabulary

Over the years, different measures have been created to evaluate
young children's vocabulary knowledge. However, as for most
psychological measures, capturing this knowledge can be
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challenging due to its latent nature. Word comprehension is
particularly difficult to assess, as it must be inferred from other
observable behaviors. Similarly, interpreting early spoken words
can be difficult, because early vocalizations are not yet adult-like
in form (Vihman and McCune 1994). For example, it can be
challenging to deem a vocalization like “ba” as “ball,” “baby,” or
a meaningless babble. While no gold standard exists for
measuring word knowledge (a term we used here broadly to
refer to word comprehension and/or word production), two of
the most widely used methods for assessing word knowledge are
parent report measures, like the MacArthur-Bates Communi-
cative Development Inventories (CDI; Fenson et al. 1993) and
gaze-based measures such as the looking-while-listening para-
digm (Fernald et al. 2008).

111 | Parent Report: CDI

The CDI is a well-known questionnaire that researchers and
clinicians use to measure young children's vocabulary knowl-
edge. Parents indicate which of several hundred early-acquired
words their children understand (for younger children only)
and/or say (for both younger and older children) using a binary
response (no/yes scored as 0/1), with adaptations available for
different languages (Dale and Penfold 2011). Customarily, word-
level scores are summed to create an aggregated total vocabu-
lary score, which serves as a proxy for children's receptive or
expressive vocabulary size. Previous validations have shown
moderate-to-strong correlations between children's total CDI
vocabulary score and other direct language measures like lan-
guage samples, real-object naming tasks, and behavioural
measures like looking-time tasks (Fenson et al. 1994; for a re-
view see J. Law and Roy 2008). Furthermore, the CDI has been
validated across diverse populations, including monolingual
(e.g., Fenson et al. 1993) and bilingual children (Marchman and
Martinez-Sussmann 2002; Pearson, Fernandez, and Oller 1993).
For bilinguals, the CDI has been adapted and used across a
variety of languages and language-pairs both cross-sectionally
and longitudinally, overall with good results (for a scoping re-
view, see Weisleder et al. 2024).

1.1.2 | Behavioral Measures: Looking-While-Listening

Direct behavioral assessments of children's early vocabulary are
also valuable, especially for children who produce little language.
A common behavioral task for measuring word comprehension is
the looking-while-listening task (Fernald et al. 2008), with similar
variants like the intermodal preferential looking procedure
(Hirsh-Pasek and Golinkoff 1996) wherein children are shown a
target and distractor image on screen (e.g., a boat and a shoe),
while hearing the label for a target object (e.g., “Look at the
shoe!”), and their eye gaze is recorded. Gaze data provides several
measures of word comprehension, like accuracy and reaction
time, typically aggregated for each child, and within each condi-
tion if the study involves a manipulation. Commonly, researchers
calculate the proportion of looking time to the target object over
the total looking time to both objects. In some cases, researchers
infer that more time looking at the target indicates better word
comprehension (Sander-Montant, Lépez Pérez, and Byers-

Heinlein 2023; White and Morgan 2008), but often looking times
significantly greater than chance (typically defined as looking to
both images equally or similar to a baseline looking prior to word
onset) are simply taken as evidence of comprehension, regardless
of how much greater than chance they are (Swingley 2011).

The looking-while-listening paradigm has been found to be
valid and reliable for measuring word comprehension when
correlating global performance with aggregated vocabulary
scores. For example, for both monolinguals and bilinguals,
children with larger vocabulary sizes perform better on looking-
while-listening measures (Fernald et al. 2006, 2013; Hurtado
et al. 2014; F. Law and Edwards 2015; Marchman et al. 2020;
Marchman and Fernald 2008; Peter et al. 2019; Zangl
et al. 2005). For bilingual children, this relationship is largely
language-specific. For instance, amongst Spanish-English
bilingual toddlers, English vocabulary size is correlated with
lexical processing in English looking-while-listening trials,
while cross-language correlations tend to be weaker or absent
(Hurtado et al. 2014; Marchman, Fernald, and Hurtado 2010).
However, more recent research with Spanish-English bilinguals
has identified some cross-language effects whereby better
Spanish processing speed was related with later English lan-
guage outcomes, suggesting that for bilinguals, good L1 pro-
cessing may contribute to later L2 skills (Marchman et al. 2020).

1.1.3 | The Relative Strengths and Weaknesses of
Parent Report and Behavioral Measures

Both parent report measures, like the CDI, and behavioral
measures, like the looking-while-listening procedure, tap into
children's word knowledge, but they excel in different areas
(Fenson et al. 1993, 1994; Fernald et al. 2008). Parent reports
like the CDI provide a relatively fast and inexpensive way to
gather data about a large set of words from informants who are
the primary source of children's language experience. Yet, there
is evidence that caregivers can disagree about which words a
child knows, because their reporting is inherently tied to their
unique experiences with the child (De Houwer, Bornstein, and
Leach 2005), and/or because of idiosyncratic inaccuracies in
knowing, remembering, or reporting children's knowledge. In
addition, the CDI can only provide a coarse estimate of
knowledge for any given word, because response options are
binary. It does not, for example, gather information on the
regularity and range of situations in which a child uses the word
(e.g., whether “water” has been produced only once at bath
time, or whether it is regularly produced also when a child is
thirsty or sees the ocean). The CDI makes up for restricted
reporting options for each word by querying hundreds of words.

In turn, behavioral measures like the looking-while-listening
procedure strike the opposite balance: researchers can gather
moment-to-moment direct data about children's comprehension
of tested words, and measures like proportion of looking time
are, in theory, continuous. However, experiments rely on chil-
dren's willingness to participate, and typically only test chil-
dren's knowledge of a few words (Bergelson 2020). Moreover, an
infant's looking behavior is assumed to index their word
knowledge, but looking behavior is also likely affected by
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additional variables, both known (e.g., attention, speech pro-
cessing) and unknown (Aslin 2007). Thus, while the CDI excels
in the quantity of words it can query, looking-while-listening
shines in the quality of the data collected regarding children's
knowledge of each individual word tested.

Furthermore, both the CDI and the looking-while-listening task
grapple with a linking problem: although researchers generally
agree that these measures assess some aspect of word knowledge,
it is unclear what level of knowledge they capture (Styles and
Plunkett 2009). Parents may have some uncertainty as to whether
their child has truly understood and/or meaningfully produced a
word when reporting on the CDI (Houston-Price, Mather, and
Sakkalou 2007; Frank et al. 2021). For example, children are
known to overextend the meanings of certain words relative to
adult speech: a child might produce the word “ball” to refer to all
round objects, not just toys (Rescorla 1980). This word would
likely be reported by some parents as “produced” on the CDI.
Similarly, in addition to the cognitive processes involved—such
as visuomotor planning, visual processing abilities, and the effi-
ciency of word retrieval (Loi et al. 2017)—above-chance perfor-
mance in the looking-while-listening task might reflect either
fragile or robust word knowledge. For example, the semantic
relatedness of distractors to target words (Bergelson and
Aslin 2017) as well as the frequency of the target word (Kar-
tushina and Mayor 2019; Potter and Lew-Williams 2023) affect
performance. Indeed, it is likely that the level of knowledge being
tapped in these measures changes with age and language expe-
rience (Bergelson 2020; Sander-Montant, Lopez Pérez, and Byers-
Heinlein 2023).

1.2 | Measuring Children's Word-Level
Vocabulary Knowledge

Beyond measuring children's aggregate vocabulary knowledge,
measuring the individual words a child knows can also provide
valuable insight into children's word learning. First, words vary in
their meanings, syntactic roles, phonological difficulty, and in
many other ways which have been shown to matter for learning
when examined in aggregate (Braginsky et al. 2019; Goodman,
Dale, and Li 2008). If current methods enable researchers to
accurately determine individual children’s knowledge of specific
words, these features can be more precisely investigated in regard
to the roles they play in learning. Second, theoretical frameworks
of vocabulary development emphasize the idea that acquiring a
word involves a certain number of learning instances (Mollica
and Piantadosi 2017), and tests of such theories benefit from
accurately pinpointing when or to what degree a child has ac-
quired a word. Third, parent report measures are already used at
the word level, even though little research has assessed the reli-
ability and validity of doing so (Houston-Price, Mather, and
Sakkalou 2007). Lastly, clinicians could also benefit from the
measurement of individual words in order to identify specific
targets for intervention (Yoder, Warren, and Biggar 1997).

However, only a few studies have assessed the reliability of
measurement of individual children’s word-level vocabulary
knowledge. Yoder, Warren, and Biggar (1997) examined the test-
retest reliability of word-level and aggregate receptive vocabulary

scores on the CDI, by examining consistency over a 2-week period
for 17 children aged 18-33 months with atypical development.
Aggregate total vocabulary scores showed robust reliability
(g = 0.93), whereas word-level scores showed only moderate
reliability (k= 0.47). Houston-Price, Mather, and Sakkalou (2007)
collected CDI and looking time data in two experiments: one with
29 infants aged 18-22 months and another with 113 infants aged
between 15 and 21 months. Children significantly increased their
looks to the labeled object for both words reported as “known” on
the CDI (e.g., mean increase of 7%) as well as those reported
“unknown” (e.g., mean increase of 3.8%), suggesting that parents
may have underestimated children’'s word knowledge (see also
Hendrickson et al. 2015; Potter and Lew-Williams 2023, for
similar findings). Other studies have found that word-level CDI
comprehension data does not improve model fit, especially when
the tested words are challenging for that age group (Kartushina
and Mayor 2019; Moore and Bergelson 2022).

Although these results cast some doubt on strong word-level
reliability, other studies offer supporting evidence for it. Styles
and Plunkett (2009) conducted a conceptual replication of the
Houston-Price, Mather, and Sakkalou (2007) study with 35 18-
month-olds, this time using more challenging word pairs (e.g.,
words of the same semantic category like cup-bowl). Infants only
showed a significant increase in target looks for words they were
reported to understand (mean increase of 10%) and no increase in
target looks for words they were reported to not understand,
which was interpreted as evidence of word-level reliability and
validity. Additional evidence for word-level reliability was re-
ported in a touchscreen task, where bilingual children performed
better on word comprehension trials where parents reported that
they could produce the target word (M = 65%) than on trials
where parents reported that they could not produce the word
(M = 52%; Poulin-Dubois et al. 2013; see also moderate correla-
tions reported between looking and pointing on single trials in
Creel 2024). More recent preliminary reports have also found
convergent validity between parent reports and looking-while-
listening performance at the item level (e.g., Chai, McDonald,
and Ko 2024; Smolik et al. 2023; Weaver and Saffran 2024).

1.3 | Child-Level Factors That Predict Children's
Word Knowledge

In interpreting the mixed results of studies assessing the mea-
surement of children's word-level knowledge, it is crucial to
consider the potential drivers of individual differences in the
specific set of words children know. First, word knowledge is
driven by a child's idiosyncratic experiences, such as whether a
child first produces “mommy,” “daddy,” or “grandma” depend-
ing on the caregiver they spend the most time with (Laing and
Bergelson 2020), as well as the specific words they learn based on
their own personal interests (e.g., a greater interest in vehicles
than animals; Ackermann, Hepach, and Mani 2020). Second,
word knowledge writ large is driven by other more universal
child-level factors like age, total vocabulary size, and amount of
language experience. Evidence that our measures are sufficiently
sensitive to capture idiosyncratic word knowledge would come
from our ability to detect variability in word knowledge above
and beyond the effects of child-level factors.
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Below, we will review evidence that age, total vocabulary size,
and language experience are related to children's word knowl-
edge, as reflected in their performance on the CDI and/or
looking-while-listening task, thus motivating our consideration
of these child-level factors as a potential explanation for item-
level correlations between measures.

13.1 | Age

Children's capacity to learn new words and process known
words improves with age, with parent reports indicating large
increases in receptive and productive vocabulary size (Fenson
et al. 1994), and faster, more accurate word recognition in
behavioral tasks in older children compared to younger children
(Fernald et al. 2006; Peter et al. 2019; Sander-Montant, Lopez
Pérez, and Byers-Heinlein 2023; although age effects in chil-
dren's looking patterns are not always found, F. Law and
Edwards 2015). Theories attribute this improvement to the
gradual refinement of cognitive and linguistic processes like
segmenting words from the speech stream, pairing them to ref-
erents, storing them in memory, and recalling them later
(Samuelson 2021). Furthermore, enhanced cognitive, social, and
linguistic skills develop with age. For example, as children age,
they show gains in joint attention, an enhanced ability to track
social partners’ knowledge states, better phonological represen-
tations, and more efficient use of speech patterns to aid in sen-
tence processing (Bergelson 2020; Meylan and Bergelson 2022).
Thus, all other factors being equal, an older child should be more
likely to know a particular word than a younger child.

1.3.2 | Language Experience

Language experience contributes importantly to building chil-
dren's vocabularies and is typically measured in one of two
ways: total quantity of speech and relative language exposure.
Total quantity of speech is often measured via at-home language
recordings, and expressed as the number of words a child hears
per unit time (e.g., words per hour or per day) as counted from
either hand transcription or automated algorithms (Cristia
et al. 2021; Ganek and Erik-Brophy 2018). Research has shown
that monolingual children who hear a greater quantity of child-
directed speech at home have larger vocabularies and better in-
lab word recognition (Weisleder and Fernald 2013), and bi-
linguals show faster word processing and perform better on
standardized tests when they hear more words in a particular
language (Marchman et al. 2017).

Relative language exposure is expressed in terms of a percentage
of time that a child hears a particular language and is typically
measured via detailed caregiver interviews or questionnaires,
which are easier to obtain than at-home language recordings.
Moreover, relative language exposure varies continuously from
0% to 100%, encompassing fully monolingual experience with a
single language (100% exposure to one language, 0% to another),
perfectly balanced bilingual experience (50% exposure to each
language), and everything in between. Children with more
relative exposure to a language tend to know more words in that
language and show better word processing (Byers-Heinlein

et al. 2024; Hurtado et al. 2014; Legacy et al. 2018; Pearson
et al. 1997; Place and Hoff 2011), although there is some evi-
dence that total quantity of speech is more predictive than
relative exposure (Marchman et al. 2017). In sum, all factors
being equal, a child with more language experience (whether
assessed in terms of speech quantity or relative exposure) in a
given language would be more likely to know a particular word
in that language than a child with less experience.

1.3.3 | Vocabulary Size

Children's current vocabulary size is closely related to the spe-
cific words they are likely to know, and this connection may be
due to several factors. First, children with larger vocabularies
tend to process and recognize words more quickly and accu-
rately than children with smaller vocabularies (Marchman,
Fernald, and Hurtado 2010). Second, words are not learned
randomly as there is semantic organization in a child's lexicon
and vocabulary learning builds on itself: Children with larger
vocabularies have denser and more interconnected semantic
networks and they can use the words they know to facilitate the
processing of new and known words (e.g., incorporating words
that share perceptual features or semantic overlap more easily;
Beckage, Smith, and Hills 2010; Borovsky et al. 2016;
Borovsky 2022a, 2022b). Third, many words assessed in looking
paradigms are from the CDI, a closed list of common words that
children eventually learn almost entirely. Therefore, the more
words a child is reported to know, the higher the likelihood that
any randomly selected word from the CDI will also be known.
For all of these reasons, when comparing two hypothetical
children, both 24 months old—one with a vocabulary size in the
~10th percentile (70 words) and another in the ~90th percentile
(500 words)—it would be reasonable to believe that a child with
a larger vocabulary would be more likely to know a later-
acquired word like “zipper,” or any other particular word,
than a child with a smaller vocabulary.

In sum, children's early vocabularies can be highly variable in
size and content, with child-level factors like age, experience
(whether in terms of total speech quantity or relative language
exposure), and total vocabulary size each potentially predicting
children's word knowledge, whether assessed via CDI or
looking-while listening.

1.4 | The Current Study

This study aimed to assess the reliability and validity of current
methods in measuring individual infants’ word-level knowledge.
For measures like CDI and looking-while-listening to be reliable
and valid at the item level, we would expect that first, parents
must be accurate reporters of their child’'s individual word
knowledge. Second, looking-while-listening must be a reliable
and valid way to assess infants’ idiosyncratic knowledge of indi-
vidual words. If both conditions are sufficiently met, then parent
reports and behavioral measures of word-level knowledge should
be related. If the relationship remains even when we control for
child-level factors like age, language exposure, and vocabulary
size, then this would suggest that we are capturing word-specific
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variance in knowledge above and beyond what would be expected
for any child with a similar linguistic and developmental profile.
However, if parent-reported word knowledge does not explain
any additional variance in looking-while-listening performance
beyond child-level factors, then this would suggest that, at the
item level, these measures capture something general about
development patterns but not something specific about individual
children’s vocabularies. We examined these competing pre-
dictions in French-English monolingual and bilingual children:
(1) in our full sample of 126 children aged 14-31 months, for
whom we had CDI word production and looking-while-listening
data available and (2) in a small subsample of 30 children, all
approximately 14 months old, for whom we had CDI word
comprehension and looking-while-listening data available." Our
sample includes variability across all three of the child-level fac-
tors we examined: Participants varied in their ages, their reported
vocabulary sizes, and their percent exposure to the tested lan-
guage. This variability in the sample helped us disentangle the
relationships between these variables and word knowledge.

2 | Method

The present study was conducted according to guidelines laid
down in the Declaration of Helsinki, with written informed
consent obtained from a parent or guardian for each child
before any assessment or data collection. Ethics approval was
granted by the Human Research Ethics Committee of Concordia
University (certification #10000439). The current study was pre-
registered” via the Open Science Framework at https://osf.io/
ygsnf. The analyzed dataset is a subset of the archival data used
in Sander-Montant et al. (2023; https://osf.io/2m345/), retaining
three studies (out of a possible five) where both CDI parent
report data and looking-while-listening data were collected. The
studies were conducted at the Concordia Infant Research Lab in
Montreal, Canada, between 2012 and 2019 (Byers-Heinlein,
Morin-Lessard, and Lew-Williams 2017; Schott, Moore, and
Byers-Heinlein 2022; unpublished). Each child was tested in one
of their native language(s), which in one study was English for
all participants (Schott, Moore, and Byers-Heinlein 2022), and
in two studies was English or French (randomly assigned;
Byers-Heinlein, Morin-Lessard, and Lew-Williams 2017; un-
published data). Data, analysis code, and appendices are avail-
able on the Open Science Framework at https://osf.io/mxksz/.

2.1 | Participants

The final sample consisted of 127 testing sessions from 126
participants (72 males, 54 females). One child contributed both
CDI and eyetracking data at two ages (14 and 20 months). In the
subsample with parent-reported comprehension data, children
were much younger (M = 14 months, SD = 12 days) with a tight
age range (13.8-15.5 months). In the full sample with parent-
reported production data, children had a wider age range,
from 14 to 31 months (M = 22 months, SD = 5 months).

All children were living in the Montreal area and were acquiring
French and/or English (details on language exposure are pro-
vided in the next section). A demographics questionnaire

gathered data on child ethnicities, where parents could choose
from a range of categories or indicate another ethnicity. The most
commonly reported ethnicity was European (48%), followed by
unknown or unspecified ethnicities (16%). The next category
involved indicating multiple ethnicities (15%; e.g., Arab-Euro-
pean, African-European, and Latin American-Canadian, etc.).
This was followed by “other” (13%), for instance, Canadian.
Caregivers had high levels of education: 62% of mothers and 58%
of fathers had obtained a bachelor's degree or higher.

No further participant-level exclusions were made beyond those
made by Sander-Montant et al. (2023) given that this dataset had
already excluded participants due to premature birth (< 37
gestational weeks), low birth weight (< 2500 g), health issues that
could affect performance (e.g., ear infection at time of testing), a
developmental delay diagnosis, being exposed to a third language
more than 10% of the time, and children who had been exposed to
their second language for less than half their life.

2.2 | Measures

2.2.1 | Parent-Reported Vocabulary Measure

Children's vocabulary in French and/or English (depending on
the language(s) the child was acquiring) was measured using
the CDI (Fenson et al. 1993) and its Quebec-French adaptation
(Trudeau, Frank, and Poulin-Dubois 1999). For children under
18 months, parents indicated whether their child understood
and/or produced each word listed using the Words and Gestures
form (n = 30 children, all around 14 months). Meanwhile, for
children 18 months and older, parents only indicated whether
their child produced each word listed using the Words and
Sentences form (n = 97 children; one child participated in two
studies and therefore contributed data from both forms). These
assessments provided word knowledge scores for each word on
the form (understands/produces word or does not understand/
produce word) as well as measures of total vocabulary size for
children's respective language(s).

Parent-reported comprehension is conceptually closer to
looking-while-listening performance (which also measures
comprehension), but as this was only assessed for the subset of
children who completed the Words and Gestures form, analysis
of this variable was exploratory. As both forms assess produc-
tion, this measure was available for all participants and thus was
analyzed as our primary parent-report vocabulary measure.

Parent-reported word comprehension and production were
operationalized as children's CDI-reported score for each tested
word, with separate scores for comprehension (0 = not under-
stood, 1 = understood) and production (0 = not produced,
1 = produced). For the subset of children with parent-reported
comprehension data, children were reported on the CDI to
understand, overall, 52% (SD = 30%, range = 0%-100%) of the
tested target words in the looking-while-listening task (149/290
trials). In the full sample, on average, children were reported on
the CDI to produce 45% (SD = 39%; range = 0%-100%) of the
tested target words in the looking-while-listening task (642/1364
trials).
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Total vocabulary size was operationalized as children's total
receptive/expressive vocabulary size, excluding the words they
were tested on in the looking-while-listening task to avoid
redundancy from word-level information, thus preventing any
overlapping variance. In the comprehension subsample, recep-
tive vocabulary ranged from 0 to 280 (M = 96, SD = 61). For the
full sample, expressive vocabulary ranged from 0 to 648
(M =159, SD = 174).

2.2.2 | Language Exposure Questionnaire Using MAPLE
Participants’ language experience was measured in terms of
relative language exposure, using the Language Exposure
Questionnaire (Bosch and Sebastidn-Gallés 2001) with the
Multilingual Approach to Parent Language Estimates (MAPLE;
Byers-Heinlein et al. 2020). This structured interview captures a
child's lifetime exposure to each language as a percentage.
Children's exposure to the tested language was analyzed on a
continuum, as this provides nuance beyond traditional mono-
lingual/bilingual dichotomies (e.g., Kremin and Byers-Hein-
lein 2021; Rocha-Hidalgo and Barr 2023). Exposure to the tested
language in the comprehension subsample ranged from 24% to
91% (M = 51%, SD = 17%) and in the full sample ranged from
12% to 100% (M = 63%, SD = 25%).

2.2.3 | Looking-While-Listening Measure
Looking-while-listening data were gathered using a Tobii T60-
XL eyetracker with Tobii Studio software. During the task,
parents wore darkened sunglasses and/or listened to music on
headphones, which helps prevent parental awareness from
impacting infants’ behavior (Alcock, Watts, and Horst 2020). On
each trial, children saw yoked pairs of target-distractor images
(e.g., dog-book; target counterbalanced; for a complete stimulus
list see Appendix B), and heard the target labeled (e.g., “Look!
Find the dog!”). All target words were from the CDI, selected
because they were likely to be understood at the tested ages
(e.g., Frank et al. 2017). Trials with manipulations like mis-
pronunciations were excluded, and only control or filler trials
where words were presented in a typical carrier sentence were
retained (e.g., “Look! Find the __ !”; 12 possible trials per in-
fant), yielding 1364 analyzed trials.

3 | Results

31 |
Target

Dependent Variable: Proportion Looking to

Following Sander-Montant et al. (2023), we delineated two
broad AOIs (left and right) that together encompassed the entire
screen—a method previously used with good outcomes (Hessels
et al. 2016). The dependent variable was participants’ looking
directed toward the target AOI within the analysis window of
360-3000 ms after the target noun onset, divided by their total
looking time to either AOL We designated a longer window of
analysis than the archival studies analyzed (typically 360-
2000 ms) given that longer analysis windows (beyond 2000 ms

post-target onset) have been found to be more reliable for
detecting individual differences (Zettersten et al. 2021). No
further trial-level exclusions were made beyond those previ-
ously made by Sander-Montant et al. (2023), which had already
excluded trials involving experimental manipulations, eye-
tracker malfunction (e.g., failed to capture participants’ gaze),
testing errors (e.g., interference by researcher or parent), in-
stances with invalid gaze coordinates, and trials with low val-
idity codes automatically generated by the eyetracker.

In the subsample of children with comprehension data, on
average, children looked to the labeled target 53% (SD = 11%,
range = 28%-75%) of the time. In the full sample with pro-
duction data, on average, children looked to the labeled target
63% (SD = 12%, range = 28%-100%) of the time. Additional
details about children's distribution across predictor and
outcome variables can be found in Figure 1.

3.2 | Correlation Analysis

Given that previous studies (e.g., David and Wei 2008; Hurtado,
Marchman, and Fernald 2007) have found associations between
our key variables (IVs: target word comprehension/production
[binary], age [in months], language exposure [in percentage],
and total vocabulary size; DV: proportion target looking), prior
to delving into the main analyses, we conducted a correlation
analysis to assess their relationships (see Figure 2). A Shapiro-
Wilk test suggested non-normality, therefore, we conducted
non-parametric Spearman's rank correlations, although Pear-
son's correlations yielded similar results.

Comprehension: Child-Level Correlations in Subsample. At the
child level, results showed that there was one statistically sig-
nificant correlation amongst predictors after adjusting for mul-
tiple comparisons: children who were reported to comprehend
more of the tested words had larger total vocabulary sizes
(r = 0.86). Notably, no significant correlations between pre-
dictors and proportion of target looking were found, thus we do
not report further analysis of the comprehension data at the
item level.

Production: Child-Level Correlations in Full Sample. At the
child level, there were statistically significant moderate-to-high
correlations amongst all predictors and with the outcome
variable, even after adjusting for multiple comparisons. For
example, children who produced more of the tested words
were older (r = 0.67), had more exposure to the tested lan-
guage (r = 0.46), and produced more non-tested CDI words
(r = 0.91). Furthermore, all predictors had moderate correla-
tions with our outcome variable, proportion target looking
(rs = 0.37-0.60).

3.3 | Model Construction at the Trial Level

To test the robustness of word-level production data beyond age,
language exposure, and total productive vocabulary size, we ran a
series of pre-registered linear mixed-effects models using the lme4
package in R (Bates et al. 2015) with random effects for subjects
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FIGURE 1

Target language exposure

Proportion of target looking

| Histograms of predictor and outcome variables. Histograms illustrate the distribution of our predictor and dependent variables across

the subsample and the full sample, with counts on the y-axis. For the subsample of 14-month-olds with comprehension data, their total receptive
vocabulary size and the proportion of tested words reported to be understood (labeled “understood tested words”) on the CDI are shown on the
top. All other figures correspond to the full production sample which includes all 126 children tested. Their displayed data encompasses

children's total expressive vocabulary size, the proportion of tested words that children were reported to produce on the CDI (labeled “produced
tested words”), children's age in months, children’s language exposure to the tested language, and children's mean proportion of target looking

on the looking-while-listening task.

and target items. Model comparisons were then conducted using
the anova() function from the stats package in R (R Core
Team 2021) to find the best-fitting model. This approach began
with running simple models in which produces_word (whether
the child was reported to produce the target word) and vocab-
ulary_size (total CDI vocabulary score) were the respective sole
predictors of children's trial-level target looking. We then
increased model complexity by creating nested models that
accounted for the possibility of joint effects of produces_word +
vocabulary_size as well as a produces_word*vocabulary_size

interaction. Subsequently, we created further nested models
where we added age and language_exposure (percent of exposure
to the target language) as fixed effects (for all model syntax, see
Appendix C). Model comparisons were conducted to find the best-
fitting model. In the next section, we detail the outcomes of the
produces_word-only model, followed by the model comparisons.
We report both standardized effect sizes (§) which range from —1
to + 1 and can be straightforwardly compared to the Spearman
correlation coefficients presented above, as well as unstandard-
ized effect sizes (b) which are in the familiar metric of proportion

7 of 15



looking to target (e.g., a predictor with b = 0.03 is associated with
3% more target looking).

3.3.1 | Word Production

Word Production-Only Model Outcome. There was a positive and
statistically significant effect of produces word on looking-
while-listening performance (see Table 1), where being re-
ported to produce the tested word was associated with a 9%
increase in children's proportion of target looking (see Figure 3).

Word Production Model Comparisons. Next, we conducted model
comparisons to assess whether in the best-fit model, produce-
s_word was still a significant predictor when other predictors
were added. Model comparisons were performed via likelihood-
ratio chi-squared tests, and fit was further assessed using R-
squared, the Akaike Information Criterion (AIC; Akaike 1974),
and the Bayes Information Criterion (BIC; Schwarz 1978; see
Appendix C for model outputs). The best-fitting model included
produces_word, age, and vocabulary_size as predictors of chil-
dren's performance, and did not include language_exposure. The
produces_word + age + vocabulary_size model fit significantly
better than the model with only vocabulary_size (X? (2) = 15.944,
p < 0.001), the model with only produces_word (X2 (2) = 23.896,
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FIGURE 2 |

D < 0.001) and the model with produces_word + vocabulary_size
(X? (1)=12.01, p <0.001). Though not significantly different, this
model showed lower AIC (558.76) and BIC (595.29) values than
more complex models containing interactions (i.e., produ-
ces_word*vocabulary_size and produces_word*vocabulary
size + age/language_exposure), indicating better fit. Thus, we
denote this as our best-fitting model.

Word Production Best-Fitting Model. Examination of coefficients
in the best-fitting model (Table 2) suggest that, when other pre-
dictors were held constant, being reported to produce a tested
item predicted a non-significant 3% increase in target looks
(compared to the 9% increase in the produces_word-only model).
Standardized effect size estimates suggest that age had the largest
effect on looking-while-listening performance, followed by pro-
duces_word, and then vocabulary_size (see Table 2). The stan-
dard error for produces_word was much larger than for the other
two predictors, suggesting that produces_word was a more vari-
able predictor. The fixed effects of produces_word, age, and
vocabulary_size, cumulatively explained 6% of the variance in
children's performance on this task and together with the random
effects accounted for 17% of the variance in their performance (see
Figure 4). Notably, the magnitude of the effects in this model were
similar and the model was not significantly different to that of an
age + vocabulary_size model which omits produces_word (see
Appendix D for model effects).
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Child-level correlation plot of predictor and outcome variables. Child-level Spearman correlation matrix for the subsample with

comprehension data (left) and the full sample with production data (right). For the comprehension subsample, all statistically significant

correlation coefficients are circled in the lower triangular part of the correlation matrix. Correlations that are still significant after correcting for

multiple comparisons are circled in the upper triangular part of the correlation matrix. For production (right), all correlations are circled because

they were statistically significant both before and after correcting for multiple comparisons. Darker shading indicates stronger correlation. “Tested

word comp.” and “tested word prod.” refer to on average, how many of the tested words children were reported to understand or produce on

the CDI. “Prop. looking” refers to children's average proportion of target looks on the looking-while-listening task. “Receptive vocab.” and

“Expressive vocab.” refer to children's total receptive or productive vocabulary size as captured on the CDI, excluding the tested items. “Language

expos.” refers to children's exposure to the tested language as a percentage of total language exposure. “Age” refers to children's chronological

age (in days for comprehension given the tight age range and in months for production).

TABLE 1 | Fixed effect output of a produces_word model.
Fixed effects b B SE df t p
Intercept 0.58 —0.16 0.021 1359 28.02 < 0.001 Cond R?
produces_word 0.09 0.29 0.018 1359 4.93 < 0.001 =013
Marg R
= 0.02

Note: This table presents the results of the produces_word model. The displayed coefficients include unstandardized betas (b), standardized betas (B), standard errors
(SE), degrees of freedom (df), test statistic (¢), and p-values (p). Additionally, the conditional (Cond) and marginal (Marg) R? values are shown.
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Raw values of children's looking accuracy by reported word knowledge. Raw values of children's proportion of target looks on the

looking-while-listening task grouped by CDI-reported word comprehension (top) and production (bottom). Individual points represent one

participant's performance on an individual trial. Black pointranges show the group means with standard error (note that for production, error

bars are small and subsumed within the black points). The reference line at 0.5 indicates chance looking.

TABLE 2 | Fixed effect output of a produces_word + age + vocabulary_size model.
Fixed effects b B SE df t P
Intercept 0.39 —0.04 0.055 171.0 7.157 < 0.001 Cond R*
produces_word 0.033 0.11 0.023 1038 1.452 0.147 = 0.17
age 0.0091 0.15 0.0026 186.6 3.481 < 0.001 Mjrg(i
vocabulary_size 0.00015 0.08 0.000075 174.6 2.035 0.043

Note: This table presents the results of the best-fitting model, namely the produces_word + age + vocabulary_size model. The displayed coefficients include
unstandardized betas (b), standardized betas (§8), standard errors (SE), degrees of freedom (df), test statistic (¢), and p-values (p). Additionally, the conditional (Cond) and

marginal (Marg) R* values are shown.

4 | General Discussion

This study examined the measurement of infants’ knowledge
of individual words via parent reports (CDI) and behavioral
measures (looking-while-listening). We analyzed data from

126 French and/or English monolingual and bilingual 14-31-
month-olds with parent-reported production data, and a sub-
sample of thirty 14-month-olds with parent-reported compre-
hension data. We assessed whether children who were
reported to understand and/or say a given word (e.g., “ball”)
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Model-predicted values of looking accuracy (proportion target looking) by age and total vocabulary, split by whether or not the child

was reported to produce the target word. Predicted values of proportion target looks (y-axis) from the best-fitting model are shown, which included

produces_word 4 age 4 vocabulary_size as predictors. On the x-axis is children's age in months. The colored lines indicate total productive

vocabulary size bins depicting a range from 100 to 500 words. Figure is faceted by reported production of the target word, although this predictor

was not significant in the model.

spent more time gazing at that object when it was a labeled
target (e.g., “Look at the ball!”) than children who were not
reported to understand and/or say the word. Parent-reported
word production alone significantly predicted trial-level
looking-while-listening performance in the full sample
(B = 0.29), although we did not find the same relationship
with parent-reported comprehension in the subsample.
Nonetheless, the relationship for production could suggest
convergent validity between the two methods, as has been the
conclusion in previous work (Poulin-Dubois et al. 2013; Styles
and Plunkett 2009; see also preliminary reports from Chai,
McDonald, and Ko 2024; Smolik et al. 2023; Weaver and
Saffran 2024).

We extended beyond previous work to control for three child-
level variables that could also explain this association: chil-
dren's age, language exposure, and total vocabulary size. Indeed,
in the winning predictive model, age (8 = 0.15) and total pro-
ductive vocabulary (8 = 0.08) were significant predictors of trial-
level looking-while-listening performance. Yet, once they were
controlled for, parent-reported target word production had a
much smaller effect than when it was the sole predictor
(reduction from = 0.29 to 8 = 0.11), and was no longer sta-
tistically significant. Language exposure did not improve model
fit, suggesting that any effects of language exposure were
captured through other predictors. In general, fixed effects only
captured 6% of the variance in target looking. Together, our
findings suggest that current approaches to measuring chil-
dren's knowledge of individual words—whether via looking
time or parent report—may lack sufficient reliability to assess
children’s idiosyncratic knowledge. In the next sections, we
explore the interconnected issues that may explain this pattern
of results.

4.1 | On Measurement: Reliability in Parent
Report and Looking Time Measures

We first consider the pairwise relationship between parent-
reported vocabulary production and looking-while-listening
performance. Ignoring other predictors, the proportion of time
that children looked at a labeled target was linked to whether
they were reported to say that particular word, but the effect was
weaker when data were analyzed at the trial level (8 = 0.29)
than when data were averaged for each child then correlated
(r = 0.55). While item-level correlations have generally not been
reported in the literature (instead studies have reported average
performance for parent-reported known vs. unknown words,
e.g., Houston-Price, Mather, and Sakkalou 2007; Styles and
Plunkett 2009), studies examining correlations between looking-
while-listening performance and total vocabulary® report similar
magnitude of effects as in our study (r = —0.20 to —38 for groups
of monolinguals aged 15-25 months, Fernald et al. 2006;
r = —0.41 to —0.63 in 30-month-old bilinguals, Marchman,
Fernald, and Hurtado 2010; —0.29 to —0.45 in 15-31-month-old
monolinguals, Peter et al. 2019).

At first blush, this pattern appears to show a puzzling discrep-
ancy between seemingly reliable aggregate measures of word
knowledge and seemingly less reliable word level measures. Yet,
this pattern of results exemplifies a well-established phenome-
non in psychometrics, whereby aggregating a large number of
measurements results in a more reliable measurement
compared to a single item (Raykov and Marcoulides 2011;
Spearman 1904). This phenomenon is evident when comparing
the reliability of single-item measures to aggregated measures.
For example, whether a child produces a single item, or whether
a child looks to a target in 1-3 trials is a comparatively weaker
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measure than aggregated measures, either within an individual
by summing across words to calculate a total vocabulary size, or
within a single item by averaging across infants to determine the
average age of acquisition of a particular word.

This is because any measurement is a combination of an in-
dividual's true ability score and some degree of measurement
error (Spearman 1904). An aggregate score across many items
will have less measurement error than any single item, thus
better detecting an individual's true ability on the assessed
construct, resulting in a more reliable measurement.

In the context of parent-reported vocabulary, children's reported
knowledge of a specific word, as measured by a single binary
data point, is less psychometrically reliable than a total vocab-
ulary size score which averages across hundreds of individual
responses (as seen in Yoder, Warren, and Biggar 1997). Sum-
ming or averaging across multiple items offsets inaccuracies like
mistakenly marking that a child produces a word when they do
not or marking that a child does not understand a word they do
(for additional discussion, see Houston-Price, Mather, and
Sakkalou 2007). Our own results are consistent with this
pattern: our data suggested that individual word production
had a standard error more than 300 times larger than the
standard error for productive vocabulary size, underscoring
that total vocabulary size offers a more reliable measurement
than the measurement of any specific word. Indeed, averaging
across just a handful of items provides a more reliable
measurement than a single item: we found a child-level corre-
lation of 0.91 between parent-reported average production of
items tested in the looking-while-listening procedure and the
rest of the items queried on the CDI. This same logic also ap-
plies to the looking-while-listening task, where aggregating
across more items will yield a more reliable measurement than
performance on one or two items. Here, measurement error is
introduced by factors like the visual salience of images displayed
on screen, side bias, familiarity with distractor items, prefer-
ences for one object over the other, tiredness during the task,
and eyetracking issues (Aslin 2007; DeBolt and Oakes 2022).

The issue of obtaining reliable measurements plagues infant
research as a whole (Byers-Heinlein, Bergmann, and Sava-
lei 2022; for an example see Schreiner et al. 2024), but there may
nonetheless be several avenues for decreasing measurement
error to boost the reliability of measurement. For parent-
reported word knowledge, one approach would be to gather
word-level data that averages across more measurements, for
example, by asking multiple informants to report children's
word knowledge (e.g., De Houwer, Bornstein, and Leach 2005).
A second approach could be to use continuous rather than bi-
nary scoring for parent-reported word knowledge (e.g., a Likert
scale where for each word, parents rate how certain they are
that their child understands or says each word), which could
mitigate the reliability issues of binary items by offering parents
a broader scale on which to place estimates of their children's
word knowledge. Finally, for looking-while-listening, assessing
the same item across more trials has been suggested as a way to
improve reliability (e.g., multiple trials testing “dog”; Byers-
Heinlein, Bergmann, and Savalei 2022), although there may
be some limits in how many trials infants can participate in
successfully.

4.2 | What Predicts Performance in Online Word
Comprehension?

Moving beyond measurement challenges, we next delve into the
factors that predicted infants' online word comprehension in
our study. Child-level factors, namely age and total vocabulary
size, were more robust predictors of looking-while-listening
performance than children's parent-reported knowledge of the
word tested on each trial. We offer several possible explanations
for this finding. One possibility is that both age and total vo-
cabulary might independently be similar or even better proxies
of word knowledge than word-level parent reports. For example,
“dog” is on average first produced at 16 months (when infants
have a mean vocabulary size of < 25 words), “ear” at 18 months
(when infants have a mean vocabulary of around 70 words), and
“table” at 23 months (when infants have a mean vocabulary of
around 300 words; Fenson et al. 1994; Frank et al. 2017).
Therefore, including age in our model may have captured these
age-of-acquisition effects better than parent reports of infants’
individual word knowledge. Adding vocabulary size to the
model may capture the vocabulary level at which a word is
likely to be acquired. In this way, these child-level factors may
provide a reasonable estimate of whether a child is likely to
know a given word, perhaps because idiosyncratic differences in
individual children's vocabulary knowledge are relatively minor.

Another factor that contributes to our findings is substantial
shared variance between our predictors (rs between child-level
word production, age, relative language exposure, and total
vocabulary size ranging from 0.33 to 0.91), which all showed
moderate-to-strong correlations with looking-while-listening
performance (rs = 0.37-0.60). This finding is in line with pre-
vious research that has shown similarly strong correlations be-
tween age and productive vocabulary size (r = 0.71 in Zangl
et al. 2005; r = 0.82 in Hurtado, Marchman, and Fernald 2007),
language exposure and productive vocabulary size (r = 0.65 in
David and Wei 2008; r = ~0.70 in Legacy et al. 2018), and lan-
guage exposure and word recognition tasks (r = —0.57 in Hur-
tado et al. 2014). Shared variance can explain why the effect of
word production on looking-while-listening performance was
weak or absent in models including total vocabulary size, and
why language exposure was not predictive when vocabulary size
was considered. Overall, our findings highlight challenges in
disentangling the distinct independent effects of multiple
related factors that predict the words children know.

A complementary possibility is that age and total vocabulary
size index children's general language abilities in a way that is
predictive of their looking-while-listening performance. Indeed,
age has been linked to vocabulary size (e.g., Zangl et al. 2005), as
well as looking-while-listening  performance (Fernald
et al. 2006; Peter et al. 2019; Sander-Montant, Lopez Pérez, and
Byers-Heinlein 2023). Similarly, vocabulary size is predictive of
a range of language abilities in early childhood, including
children's ability to learn similar-sounding words (Werker
et al. 2002), understand muffled speech (Zangl et al. 2005), and
learn new words (F. Law and Edwards 2015). Further bolstering
this second possibility and aligning with our general findings,
research using longitudinal CDI word data from 15 to 36-
month-olds found that models with age and total vocabulary
size (and, in contrast to our findings, reported word production)
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significantly outperformed age-of-acquisition norm models in
predicting children's future lexical knowledge (Beckage, Mozer,
and Colunga 2015; although see F. Law and Edwards 2015, for
an effect of vocabulary size but not age on aggregate scores). The
authors suggested that both child-level and word-level factors
capture overlapping but distinct information that can predict
children's individual word knowledge beyond what age of
acquisition norms capture.

In light of these cumulative findings, it becomes plausible that
beyond mere word knowledge, age and total vocabulary size could
reflect children's general language competence. Children with
large vocabularies and older children tend to be more experienced
word learners, with more developed cognitive skills that allow for
more robust representation of words and their meanings. This
raises the question of whether behavioral methods like the
looking-while-listening task more closely index specific word
knowledge or general language ability. Experimental manipula-
tions of children’s word knowledge, for example, comparing
children’s word-level performance on familiar and newly-taught
words, might provide some leverage on this issue.

4.3 | Strengths, Limitations, and Future
Directions

This study contributes to the limited body of literature assessing
whether current methods used to capture children's vocabulary
knowledge can accurately measure children’'s knowledge of in-
dividual words. A strength of our study is the use of data from a
large sample with a wide age range and with a wide range of
language exposure, including both monolinguals and bilinguals.
This resulted in greater variation in infants' knowledge of in-
dividual words as well as high statistical power, which improved
our ability to disentangle different predictors of performance. At
the same time, the inclusion of bilingual participants could
potentially increase measurement error as parents had to assess
their children's word knowledge in two languages. However,
this concern is somewhat attenuated by results from previous
research, as well as our own findings, suggesting that the CDI
has good reliability and validity for bilinguals (Marchman and
Martinez-Sussmann 2002), at least at the aggregate level.

It is also important to note that while the looking-while-
listening task measures word comprehension, our primary
measure of parent-reported word knowledge was based on word
production. Parent-reported comprehension was only available
for a subset of participants, all of whom were around 14 months
of age, and this smaller sample with a more restricted range
could explain why we did not find a relationship between this
variable and looking-while-listening performance. Further,
while both parent-reported comprehension and production each
provide a measure of word knowledge, it is unclear the degree to
which they tap into distinct facets of lexical knowledge. Previous
work has shown that comprehension and production vocabu-
lary size scores are moderately to strongly correlated (e.g.,
r = 0.34-0.67; Feldman et al. 2000; Marchman et al. 2018), and
this was also the case in our subsample dataset (r = 0.46,
p = 0.001). However, differing perspectives exist; while some
argue that comprehension and production are clearly distinct

(Benedict 1979; Keenan and MacWhinney 1987), others propose
that they are unitary or interwoven (e.g., Chater, McCauley, and
Christiansen 2016; Pickering and Garrod 2013). To further
examine the relationship between comprehension and produc-
tion, future investigations should measure both parent-reported
word comprehension and word production at a wider range of
ages to see if and how results vary.

Another limitation is that we were only able to analyze the
specific items tested in the looking-while-listening task within
our archival dataset, which were chosen to be as easy as possible
given experimental constraints. Although children in our sam-
ple were not usually at ceiling in their performance, the inclu-
sion of more difficult items could produce greater variability,
which in turn might reveal stronger relationships. Relatedly,
because our study used archival data, different infants were
tested on different items, although potential differences across
items were statistically controlled for using random effects.
Future studies could more systematically manipulate item dif-
ficulty (see Fibla Reixachs 2021), either by testing infants of
different ages on an identical set of items with different diffi-
culties, or by setting a standard set of difficulty levels and using
different items at different ages.

5 | Conclusion

The results of our study indicated that parent-reported word
production only moderately predicted experimentally-measured
word comprehension at the word level, and performance was
just as well or better predicted by child-level factors, specifically
a child's age and their vocabulary size. This finding serves as a
cautionary note for researchers intending to assess children's
idiosyncratic knowledge of individual words as current methods
may lack sufficient reliability, particularly when using single-
item binary scores. Concurrently, the study sheds light on the
interconnected nature of various child-level factors that play a
role in children’'s word acquisition and the challenges in dis-
entangling their independent effects. These issues signal a need
for the development of new approaches to measure word
knowledge in more reliable ways. Better methods could enable
researchers to better link children's actual word knowledge to
theories on word learning to further understand vocabulary
development, while allowing clinicians to identify specific
words for targeted intervention.
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Endnotes

! Correlations with comprehension data were conducted as an addi-
tional exploratory analysis.

2 Refer to Appendix A for a detailed description of deviations from the
pre-registration. All deviations were minor.

3 Most studies comparing these two measures have done so via reaction
time rather than proportion target looking, which is expected to have a
negative correlation with vocabulary size.
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