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Abstract
Variability is ubiquitous in early language development. Infants’ vocabularies vary in size and
structure, and the referents present during individual word learning moments vary in number and
kind. While variability in vocabulary has been studied extensively over the past two decades,
variability in infants’ individual word meanings has not been well examined. The current studies
focus on one aspect of variability—differences in referent experience—to investigate individual
differences in early word meanings. Study 1 characterized the nature of infants’ referent
experiences by developing a referent database using a novel method; caregivers provided and
normed images that reflected their child’s experiences. The database included 964 images from
40 different word categories and was normed on name agreement, image experience, and
pairwise similarity. Across words and infants, referent experience varied substantially. Study 2
investigated whether variation in referent experiences had consequences for infants’ word
recognition. 9- to 11-month-olds and 15- to 17-month-olds were tested on their comprehension
of food words—an ideal test case due to the high variability of food forms that infants encounter
(e.g., whole, mashed, cut). Infants” word recognition was measured in a looking-while-listening
paradigm with different forms of food (e.g., applesauce, apple slices). Caregivers also reported
how often their child experienced each form of food in the past week. The older infants
recognized words significantly above chance and were more accurate for referents that were
reported to be very frequently experienced. The results suggest that infants associate known
words more strongly with the referents that they frequently encounter. Taken together, the results
demonstrate remarkable variability in early referent experience and provide preliminary evidence
for individual differences in early word meanings.

Keywords: referents, familiar word learning, infancy, individual differences



Constructing Meaning: The Influence of Referent Experience on Infants' Word Knowledge

Infants learn words at a remarkable speed. Even before their first birthday, infants
comprehend some highly frequent nouns, such as those referring to body parts, foods, and
caregivers (Bergelson & Swingley, 2012, 2013, 2015; Campbell & Hall, 2022; Tincoff &
Jusczyk, 1999). These comprehension abilities improve exponentially across the second year of
life (Bergelson, 2020; Fernald et al., 1998) as toddlers begin to restructure their burgeoning
vocabularies to represent similarities across word meanings in rich, interconnected networks
(Arias-Trejo & Plunkett, 2010; Borovsky, 2022; Borovsky et al., 2016b; Mani & Plunkett, 2011;
Peters & Borovsky, 2019). Not only do toddlers’ word meanings include semantic relationships,
but they also extend to both typical and atypical category members, suggesting robust adult-like
representations (Meints et al., 1999; Southgate & Meints, 2000; Weaver et al., 2024).

Historically, studies of word comprehension have employed looking-while-listening
(LWL) paradigms to probe infants’ ability to link a single prototypical referent with a label in the
presence of a single prototypical distractor, at the group level. This reliance on label-referent
mappings has recently been coined the “map trap”. Under this framework, infants’ primary
word-learning challenge is to link a word with a “core” referent to be determined by adult norms
or researchers’ intuitions (Wojcik et al., 2022). However, infants must include entire categories
of referents that may vary in typicality and/or form to learn the meaning of a word. For instance,
infants may encounter yellow unpeeled bananas, round beige banana slices, or beige mashed
bananas when they hear the word “banana”. In addition to contending with exemplar variability,
infants must also be able to recognize the referents of words in the presence of a variety of other
(often related) objects. That is, bananas co-occur with high-chairs, spoons, bowls, bibs, and even

other foods (Clerkin et al., 2017; Clerkin & Smith, 2022). These examples highlight the



complexity and variability in real-world word learning that traditional LWL paradigms fail to
adequately capture.

The “map trap” framework also presupposes that the single referent is representative of
infants’ underlying word meanings. That is, researchers designing experiments have to select
images that they expect infants to link with labels. However, there is limited evidence that the
images used in experiments are the actual referents that infants encounter and associate with
words. For example, a recent study demonstrated that infants failed to recognize highly frequent,
early learned abstract words (e.g., uh-oh) when using researcher-selected images (Casey et al.,
2023). The researchers examined a set of naturalistic home recordings that included their target
words and found that the real-world referents that infants experienced were vastly different than
those tested in the experimental paradigm, suggesting that adult intuitions about appropriate
referent images may not align with infants’ representations. Therefore, it is possible that prior
studies of early word comprehension are not adequately, or potentially even accurately, testing
infants” word representation as a result of the specific stimuli used (i.e., referents selected based
on adults’ word meanings).

While infants” word meanings have been largely reduced to a small set of prototypical
label-referent mappings, mature (i.e., adult) word representations include a vast array of referents
and related semantic features (McNamara & Sternberg, 1983; McRae et al., 1997; Wulff et al.,
2022). That is, adults’ word meanings are not ubiquitous, stationary targets that infants must
acquire. Instead, word meanings are idiosyncratic and multi-faceted, reflecting in the moment
sentential context as well as a wealth of lived experience with language and the world specific to
the listener (Ramsey, 2022; Rodd, 2020; Rodd et al., 2016; Thompson et al., 2020; Wang & Bi,

2021; Wiley et al., 2018). Prior domain knowledge and recent experience, in particular, seem to



influence adults’ interpretations of specific word senses or meanings. For example, adult rowers
were more likely to interpret ambiguous sentences that included words such as “square” in line
with the rowing sense (i.e., an oar position) rather than the dominant sense (i.e., the shape; Rodd
et al., 2016). Similarly, adults who played baseball did not incorporate prior sentential context
into their interpretation of ambiguous sentences with baseball-relevant terms (i.e., “bat”).
Instead, they were strongly biased to interpret “bat” in the baseball sense (Wiley et al., 2018).
These examples demonstrate that adults’ word representations are strongly influenced by their
idiosyncratic experiences with the world, suggesting that the target of lexical development is not
a single, shared set of conventional meanings.

Research on infants’ vocabulary development provides hints that individual differences
may also influence early word representations. Prior category knowledge appears to influence
infants’ understanding of words. Toddlers who have more shape-based categories of words in
their vocabulary (e.g., cup, ball, shoe, etc.) are faster to identify an atypically colored, same-
shape referent than toddlers with fewer shape-based words (Perry & Saffran, 2017). This finding
suggests that some infants may prioritize shape in their word representations more strongly than
others, depending on their vocabulary structure. Two-year-olds also recognize and/or learn
words more readily from categories in which they know more words (Borovsky et al., 2016b,
2016a) and from categories in which they are highly interested (Ackermann et al., 2020). For
example, a toddler who knows many food words is likely to be faster and more accurate at
recognizing the referent of a food word compared to a word from another category. The
observation that differences in word learning and recognition depend on prior category
knowledge suggests that toddlers’ word meanings are likely influenced by prior knowledge, just

as adults” meanings are subject to domain expertise.



Prior work suggests that there may be individual differences in the word representations
of young infants, and these may be sensitive to factors that influence adults’ meanings, such as
experience. These individual differences, however, remain largely unexplored due to two
methodological limitations. First, LWL studies typically test a limited number of adult-relevant
referents rather than including target referents that may be more appropriate given infants’ real-
world experiences. Second, language development researchers have limited empirical knowledge
about the kinds of referents that young infants regularly experience. In the subsequent sections,
we review the literature regarding the role of experience on word learning and how we, as a
field, can leverage caregiver report methods to better measure experience relevant to word

representations.

Referent Experience and Words

Word learning involves dynamic interactions between infants, language input, and the
world. To learn a word’s meaning, an infant must be able to recognize the real-world referent
and associate it with a label. Researchers have puzzled over infants’ ability to identify the
referent for a label for decades since Quine (1960) first described the induction problem. One
proposed solution to this problem is infants’ ability to track statistical co-occurrences between
words and referents across individually ambiguous instances (Smith & Yu, 2008). That is,
infants can use occurrence statistics about how often a word is uttered in the presence of different
objects to select a likely referent. Studies conducted in laboratory settings have demonstrated
strong evidence that cross-situational word learning is a viable mechanism for understanding
which words map to which referents (Crespo et al., 2024; Nikolaus & Fourtassi, 2021; Vlach &

DeBrock, 2019).



Prior experiments have primarily interrogated cross-situational word learning in a
simplified version of infants’ actual word learning experience. Infants are exposed to a single
exemplar for each of the referents during a cross-situational word learning task, barring one
exception: Crespo and colleagues (2024) demonstrated that children (5- to 8-year-olds) can learn
words in cross-situational paradigms that use variable exemplars. In the real world, however,
even very young infants experience a variety of different exemplars when learning words. For
instance, an infant may hear the word “dog” in the presence of a golden retriever in the backyard
or in the presence of a big red dog when reading a book. Critically, infants likely experience
these exemplars with different frequencies. Given infants’ robust statistical learning abilities
(Saffran & Kirkham, 2018), it is possible that infants are tracking the individual exemplars that
co-occur with a given word in addition to the labels that co-occur. The variation in the frequency
of different exemplars could, in principle, lead to different word meaning representations, both
across infants and developmental time. We aim to both understand the breadth of variability in
referent experiences as well as understand whether experience may shape word meanings.

While the specific referents that infants experience remain understudied, a growing body
of literature highlights visual object experience as a critical component of word learning. For
example, the earliest learned words are those whose visual referents are readily available during
infants’ mealtime experience (Clerkin et al., 2017) despite their labels being relatively infrequent
(Clerkin & Smith, 2022). Object experience alone facilitates infants’ word extension to new
exemplars (Pomiechowska & Gliga, 2019) and improves retention for new word-referent
mappings following a short delay (Kucker & Samuelson, 2012). Furthermore, visual experience
with referents is highly variable across contexts (Custode & Tamis-LeMonda, 2020). The extent

to which labels co-occur with their referents also varies; labels are heard in the presence of



referents for certain words, but for other words, referents are often absent (Clerkin & Smith,
2022; Wojcik et al., 2024). Together, these findings suggest that word learning is facilitated by
prior exposure to referents despite the highly variable and word-specific nature of referent
experience.

Descriptive studies of infants’ word learning environments have been critical in
understanding how infants may learn words, but they have not yet uncovered how these variable
experiences inform infants’ representations of words. Specifically, naturalistic referent
experience has largely been ignored in experimental tasks designed to study infants’ early word
meanings. Only a few prior studies have considered the role of experience in infants” word
recognition. Garrison and colleagues (2020) tested word recognition in the presence of
exemplars from the infants’ own home (i.e., a photograph provided by their caregiver) and a
prototypical new exemplar of a familiar word (i.e., never seen by the participant). Older infants
were equally accurate at recognizing familiar and new referents for familiar words. However,
younger infants only recognized familiar referents significantly above chance. This suggests that
referent experience is especially important when examining the word meanings early in
development. Lending further credence to this hypothesis, Casey and colleagues (2023) found no
evidence of comprehension of abstract words reported to be produced by most 16-month-olds
(e.g., all done, uh-oh, and bye-bye) when using researcher-selected referents in an LWL task.
After examining naturalistic videos of infants’ experiences, researchers determined that the
visually-available referents were different from those that the researchers had selected. In
particular, referents for abstract words were more variable and referred to situational contexts
rather than a single concrete event (e.g., “shh” was said most often in the presence of someone

sleeping, screaming, or crying). These findings underscore the importance of understanding early



referent experience and using more ecologically-valid stimuli to investigate infants’
representations of words.

While Casey and colleagues (2023) used naturalistic home video recordings to examine
experience-relevant referents, this method is not a tractable solution for word recognition studies
using LWL. Stimuli mined from naturalistic videos are severely limited by the quality and
quantity of the video data available. Critically, studies that record videos of the home word
learning environment only sample very specific, and potentially unrepresentative, moments of
infants’ lives (Bergelson et al., 2019; Fausey, 2022). As an alternative, the next section proposes

caregivers’ reports as a critical source of word-referent experience.

Caregiver Report

Caregiver reports of word comprehension are routinely used in language development
research (e.g., Bennetts et al., 2016; Bricker et al., 1999; Fenson et al., 2007; Rescorla, 1989).
Caregivers are uniquely positioned to provide insight into their child’s language abilities because
they can observe comprehension during naturalistic environments across many different
contexts. By comparison, clinical and research interactions are limited in that they typically take
place in unfamiliar settings with unfamiliar interlocutors influencing children’s performance
(Miller et al., 2017).

One prevalent caregiver report tool used in research settings is the MacArthur-Bates
Communicative Development Inventories (MB-CDI; Fenson et al., 1994, 2007). This measure
was developed as a normative assessment of vocabulary development across the first two years
of life (Fenson et al., 1994, 2007). Although originally developed in American English, this tool
has been adapted to many other dialects and languages (e.g., Jago et al., 2023; Maital et al.,

2000). The MB-CDI has been foundational in understanding the size and structure of infants’



growing vocabularies (Mayor & Plunkett, 2011, 2014; Perry & Samuelson, 2011; Peters &
Borovsky, 2019; Samuelson & Smith, 1999) as well as providing key insights regarding
variability in language development (Marchman & Fernald, 2008a; Peter et al., 2019; Slone et
al., 2019; Yu et al., 2019). Due to its widespread use, researchers have also developed a large-
scale repository of MB-CDI data, WordBank, which provides evidence-based trajectories of the
words that infants comprehend and produce at different ages (Frank et al., 2017).

Despite broad use in child language research, the validity of caregivers’ reports has been
called into question, particularly for the words that caregivers report infants to understand.
Caregivers’ reports of word knowledge accurately reflect infant behavior on some experimental
tasks (Ring et al., 2000; Styles & Plunkett, 2009; Syrnyk & Meints, 2017), but they often
underestimate word comprehension compared to eye-gaze behavior during LWL tasks
(Bergelson & Swingley, 2012; Houston-Price et al., 2007; Lorang et al., 2023; Valleau et al.,
2018; Venker et al., 2016). One proposed explanation for differences in infant performance on
word comprehension and caregiver report is that the tasks have fundamentally different designs
(Weaver & Saffran, under review). LWL tasks assess a simplified form of word comprehension
by which infants must identify a specific referent as the target of a label in the presence of one
(often unrelated) distractor. By contrast, caregiver report methods draw on caregivers’
accumulated knowledge of their child’s experiences with words and referents, asking them to
synthesize this rich data into a single response. A caregiver may consider whether their infant
understands a prototypical “adult” meaning of the word “apple” (i.e., a shiny red apple).
Alternatively, a caregiver could consider whether their infant recognizes an object when it
appears in various forms (e.g., sliced, sauced, juiced, and green apples) as the meaning of the

word “apple”. They may even be considering a specific interaction as evidence that their child



understands a word (e.g., their infant points to an apple when queried). Each of these
considerations could result in dramatically different reports of the words that are understood by a
given infant, especially when compared to what researchers consider to be word understanding in
an LWL experiment (i.e., looking more at a labeled object).

Although caregivers’ considerations of various word learning situations may lead to more
variation in reporting their infants’ word knowledge, it may also improve their understanding of
other aspects of language development. Caregivers endorse research-based word learning
mechanisms as ways infants learn words, despite the broader adult population’s belief that some
of these mechanisms are too challenging for young infants. For example, parents reported that
preschoolers could use cross-situational word learning to learn the meaning of a newly presented
word, whereas undergraduates and other adults did not (Knabe et al., 2023). Parents also adapt
their input to their child’s language development abilities. For instance, Kosie and Lew-Williams
(2024) demonstrated that caregivers used more gestures and emotional cues in their infant
directed communication with infants who had small vocabularies, potentially scaffolding word
learning for those with weaker vocabulary skills. Leung and colleagues (2021) similarly found
that parents provided more information in their referential expressions for words that their child
did not know (e.g., “the spotted yellow cat-like animal” to refer to a leopard). These findings
demonstrate clear evidence that caregivers have a wealth of knowledge about their child’s
language development. Researchers, however, may need to develop creative methods to tap
caregivers’ insights.

One potential method for probing caregivers’ dense knowledge of their child’s language
is using specific questions that are grounded in observable behavior. For example, caregivers

appear to evaluate word learning mechanisms when presented with specific vignettes (Knabe et
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al., 2023). They are also more accurate at reporting productive vocabulary than receptive
vocabulary, likely because identifying an instance of spoken language is more obvious than an
instance of comprehension. Word-referent experiences may be an additional area that caregivers
could easily observe during everyday interactions with their infants. It is, therefore, possible that
caregivers would be particularly good at reporting the kinds of referents their infant has

experienced.

Research Aims

We aim to address two understudied aspects of infants’ early word meanings: (1) to
determine the range of referents that infants regularly experience for a set of common nouns and
(2) to examine how infants’ individual and developmental experience with different referents
shapes early word meanings. Study 1 addressed Aim 1 by creating a database of referent images
provided and normed by caregivers. In Study la, we collected images by asking caregivers to
upload photographs of the objects their child regularly experiences for a set of frequently studied
nouns. Then, in Study 1b, a separate set of caregivers rated the images from Study 1a on several
dimensions that could be potentially relevant for LWL studies (e.g., name agreement,
experience, and similarity). Study 2 addressed Aim 2 by measuring word recognition in 9- to 11-
month-olds and 15- to 17-month-olds, focusing on food words in the presence of referents that
are appropriate for two different age groups (e.g., shredded cheese vs. sliced cheese). We used
food words because we expected substantial variability in the forms that infants experience for
these referents, providing an opportunity to probe the effects of real-world experience on lexical
representations (including potential individual differences). Caregivers also reported their

infant’s experience with different words and referents to provide a measure of individual
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differences. Together, these experiments shed light on whether and how referent experience
varies across infants and development.
Preliminary Study A

In previous work, we examined the breadth of early word meanings for a set of familiar
animal nouns. Specifically, we investigated whether 14- to 18-month-olds extended their word
meanings to include both typical (e.g., golden retriever) and atypical (e.g., basset hound)
category members. We also measured whether caregivers’ reports of their child’s experience
with each category member explained individual differences in word recognition. We tested
infants” word recognition using an LWL task including a variety of different category members
(6 referents per word) for a small set of animal words (dog, cat, bird, and fish). To measure each
infant’s prior experience, we asked caregivers to rate whether each image was typical of their
infant’s experiences with the broader category (e.g., “How typical is this image of a beagle of the
dogs your child experiences?”). The results indicated that infants’ word recognition was
remarkably robust across both exemplar typicality and individual differences in experience. 14-
to 18-month-olds extended words to highly typical and atypical category members,
demonstrating that word meanings refer to broad categories of referents early on in development
(Weaver et al., 2024).

The previous results underscore the importance of moving beyond simple one-to-one
mappings between a word and a referent when examining early word meanings. By including a
wide variety of referents, we interrogated infants’ underlying meaning representations, finding
that even 14-month-olds include exemplars that they have likely never experienced before (e.g.,
kookaburra for “bird”) in their word meanings. Although this study found no evidence for

experience-based individual differences, several open questions remain. For example, we cannot
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rule out the possibility that younger infants’ word meanings are narrower and more idiosyncratic
due to relatively less experience with words and their referents. The present findings were also
limited to animal words. Animal referents may be more perceptually similar than referents from
other word categories, ultimately facilitating infants” word extension. Thus, the current studies
aim to capture referent experience across a broad development age range as well as to investigate
meanings in younger infants for a new category of words.

Preliminary Study B

In a separate line of research, we aimed to examine the validity of two gold-standard
measures of word knowledge in infant research: caregiver reports of vocabulary and LWL tasks.
Prior studies examining the convergent validity between these two measurements have been
largely inconclusive. Some researchers demonstrate that caregivers underestimate their infants’
understanding of individual words (Bergelson & Swingley, 2012; Houston-Price et al., 2007;
Lorang et al., 2023; Venker et al., 2016), while others demonstrate that caregivers are accurate
reporters of infants’ word comprehension when compared to LWL tasks (Ring & Fenson, 2000;
Styles & Plunkett, 2009; Syrnyk & Meints, 2017). To delve deeper into this set of questions, we
investigated infants’ comprehension of eight familiar words in an LWL paradigm and compared
the speed and accuracy of infants’ target looking to their caregiver’s report of knowledge (i.e.,
said, understood, or unknown) for the same words (Weaver & Saffran, under review).

In addition to examining convergent validity between caregivers’ reports and LWL, we
were interested in understanding potential reasons (i.e., moderators) to explain why these two
measurements may not be aligned when considering infants’ word knowledge. We focused on
moderators that would ameliorate design differences between the two measures. Specifically, we

created a more robust and ecologically-valid LWL paradigm that tested multiple target images in
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the context of multiple distractor referents per word. We reasoned that caregivers are likely
estimating their child’s word knowledge across multiple contexts and in the presence of many
referent objects, and thus, we wanted the LWL task to more closely resemble this natural
variability. We also collected caregiver reports of their confidence in their estimates of word
knowledge because caregivers may be attuned to their own reliability.

Caregivers’ reports and infants’ LWL behavior were more aligned when we considered
relevant task features. Specifically, caregiver reports of infants’ knowledge of both the target and
distractor word significantly predicted infants’ gaze behavior (Weaver & Saffran, under review).
Put another way, infants’ word recognition was superior for trials that included a target word or a
distractor word that their caregiver reported as known. Similarly, caregivers’ confidence in their
ratings was a significant predictor of alignment. When caregivers were more confident, reports
of word knowledge were more likely to be aligned with infants’ word recognition. By
considering the task features for both measures, we may have more closely equated behavior in
each task. That is, word knowledge is aligned across methods when we account for the context of
word recognition behavior and caregivers’ certainty in reporting. These findings suggest that
caregivers are a valuable resource to understand infants” word knowledge. They also
demonstrate that we can measure word knowledge with greater validity by considering the
design of the tasks. Ultimately, these results provide additional support for using caregiver report
methods in future experiments regarding word knowledge, as their reports align with more direct

measures of behavior under the right circumstances.
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Study 1

Visual stimuli are a critical component of interrogating early receptive vocabulary.
Experimental tasks such as the visual world paradigm (Huettig et al., 2011), the intermodal
preferential looking paradigm (Golinkoff et al., 2013; Hirsh-Pasek et al., 1987), and the looking-
while-listening paradigm (Fernald et al., 2008) all examine associations between speech and
images. During these tasks, researchers measure the speed and accuracy of participants’ fixations
to images as a speech stream unfolds. Critically, at least one of the images displayed is related to
the speech, while the other(s) are not. Thus, participants’ visual attention should be directed to
the associated image by the speech stream, as long as they recognize a given image as a referent
of a specific word.

Researchers must consider several factors when selecting visual stimuli to probe
language comprehension. The images could be color or greyscale photographs, line drawings, or
illustrations; this choice of design features influences young children’s ability to transfer
knowledge between 2D and 3D representations (Ganea et al., 2009). Beyond the style of the
images, researchers must also decide on the specific example of the object to be included in the
images. For example, an image of chocolate, vanilla, red velvet, or even carrot cake could be
included in an experiment testing comprehension of the word “cake”. A given experimental task
could include a multitude of different images, so how do researchers decide which visual stimuli
to use?

One potential solution is to select images from clinical assessments of receptive
vocabulary (e.g., Peabody Picture Vocabulary Test; Dunn & Dunn, 2007), which include images
(and words) that are extensively normed to ensure that typically-developing participants identify

and link the depicted referent with its intended label (Adlington et al., 2009; Dunn & Dunn,
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2007). However, stimuli from clinical assessments are not commonly used in research settings as
they include particular kinds of words (e.g., words that classify different language abilities). In
tasks with adults, researchers have drawn images from normed sets of visual stimuli (e.g., Hintz
et al., 2017; Huettig & Altmann, 2005; Zarcone & Demberg, 2021). Infancy researchers,
however, often select their images based on their intuitions about word meanings.

Selecting images that are relevant to infants” word meanings is a challenging feat.
Infants’ visual experiences are diverse and potentially quite different from adults’ visual
experiences (Casey et al., 2023; Clerkin et al., 2017; Clerkin & Smith, 2022). Indeed, scenes that
adults intuit to be highly cluttered are simplified by infants’ object manipulations and attention
(Slone et al., 2019, 2023). Infant-specific visual statistics and experiences, however, are argued
to be precisely the kinds of experiences that facilitate word learning (Chen et al., 2021; Clerkin et
al., 2017; Clerkin & Smith, 2022; Slone et al., 2019; Suanda et al., 2017, 2019; Yu et al., 2008,
2019). While there is strong evidence suggesting that the visual ecology of early word learning
differs from adults’ intuitions, researchers do not typically consider how this variability may
influence infants’ recognition of words in the presence of different kinds of stimuli (c.f. Casey et
al., 2023; Garrison et al., 2020). Indeed, there are very few studies that have tested referents that
are taken from scenes directly experienced by infants (Garrison et al., 2020), potentially due to
the limited availability of these kinds of images in existing databases.

While many image databases are aimed at and normed by adults (Brodeur et al., 2010,
2014; Hebart et al., 2019; Krautz & Keuleers, 2022; Migo et al., 2013), there are fewer
developed directly for use with young children. Several existing adult stimulus sets have been
normed with children (i.e., ages three- to eight-years-old; Barry et al., 1997; Berman et al., 1989;

Cannard et al., 2005; D’ Amico et al., 2001; Masterson et al., 2008; Pompéia et al., 2001;
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Sommerfeld et al., 2022). However, there have been no databases of familiar objects developed
specifically for use with children, or designed to investigate infant development (i.e., children
younger than three years). The only database that is frequently used by developmental scientists
is the Novel Noun and Unusual Name Database (Horst & Hout, 2016). This database includes
novel words and images rather than images of objects that are typical of infants’ real-world
language experience. Thus, there is a critical need for images and norms of familiar objects that
are adequate for use in experiments with infants and toddlers. The present study aims to address
this gap by developing a new set of image stimuli that are aimed at and normed for
developmental science.

In developing the database, we had several important considerations. First, to ensure that
the database is broadly relevant to many different developmental questions, the images and
norms must be informed by prior research with infants. For this reason, we focused on referents
whose labels are frequently studied by developmental scientists. Secondly, the images should
reflect infants’ lived experiences with referents. Finally, the norms should measure factors
known to influence lexical processing. In the next sections, we review each of these

considerations in turn.

Early-learned Words

The MacArthur-Bates Communicative Development Inventories (MB-CDI; Fenson et al.,
2007) are a tool frequently used to assess infants’ language development. The MB-CDI is a
standardized vocabulary checklist including over 600 words and is intended for 8- to 30-month-
olds. Importantly, there are several versions of the checklist that include different words
depending on the age range for which the form is intended. For example, the Words and Gestures

Short Form is normed for 8- to 18-month-olds and only includes 100 words across categories
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such as food, toys, furniture, games and routines, and people. Due to its widespread use in the
field of child development, researchers can investigate acquisition trajectories for specific words
averaged across thousands of participants (Frank et al., 2017). This dataset allows researchers to
select age-appropriate words depending on the question of interest. As such, the words on the
MB-CDI are frequently tested in experimental settings (e.g., Bergelson & Swingley, 2012b,
2013, 2015; Casey et al., 2023; Garrison et al., 2020; Weaver et al., 2024).

For our current purposes, the broad use of vocabulary checklists suggests that the words
included on the MB-CDI are a worthwhile starting point for developing a database of images.
Since this is the first database of its kind, we began by collecting images for a set of concrete
nouns drawn from the Words and Gestures Short form. We reasoned that the selected words
would be imageable (i.e., easily captured by a photograph) and would be of great interest to

language researchers (Casey et al., 2023; Wojcik et al., 2022).

Experience-relevant Images

Most prior databases have been curated using researchers’ intuitions and subsequently
normed by the intended population. However, infants’ visual experience with objects is vastly
different from researchers’ expectations. Thus, selecting images prior to norming likely will not
yield a set of images that are relevant to infants’ lived experiences. A possible alternative is to
draw on infant methods (i.e., caregiver report) to amass images. While this method is highly
atypical of stimuli databases, Garrison and colleagues (2020) asked caregivers to provide images
of objects in their home, which were then used as stimuli in an LWL study, demonstrating the
potential feasibility of this method. Ultimately, this is the method we chose to use for the first

phase of database development (Study 1a).
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Factors influencing comprehension

There are a multitude of important factors that may influence infants’ in-the-moment
word comprehension. As this is an initial examination of experience-relevant images, we focused
on three factors that are likely to be relevant for an image database intended for use in different
experimental designs: word form, familiarity, and similarity.

One commonly studied factor is the label, or word form, that infants associate with
known objects. Word learning involves not only learning the sounds of words, but also learning
the relationship between words and objects (Samuelson & McMurray, 2017). Indeed, infants
hear a variety of word forms (i.e., dog vs. doggy) in their language input (Moore & Bergelson,
2024). They are also sensitive to different word forms and demonstrate slowed word recognition
when words are mispronounced or less frequent (Potter & Lew-Williams, 2023; Swingley &
Aslin, 2000). These findings highlight the importance of collecting and including naming
information in a new database.

Prior experience, or familiarity, with a word’s referent may also play a role in word
comprehension. Given the variability in infants’ visual experiences, the different kinds of objects
that infants see in the presence of early words may influence their word representations. Indeed,
12-month-olds’ word comprehension is boosted in the presence of photographs of objects from
their own homes (i.e., their own shoe; Garrison et al., 2020). Older infants, however, robustly
recognize words regardless of the familiarity or typicality of the referents (Garrison et al., 2020;
Weaver et al., 2024). These results suggest that prior experience may have different impacts on
word recognition at different ages. Experience is, therefore, a highly relevant variable to consider

when creating new stimuli.



19

Finally, similarity between target and distractor images influences lexical processing.
Infants are slower to identify a target image after hearing a label when the target is perceptually
similar to the distractor (Arias-Trejo & Plunkett, 2010; Ellis Weismer et al., 2016). For instance,
infants are slower to recognize the word “banana” in the presence of a banana and a yellow sock.
These slowed processing effects have been interpreted as evidence that infants encode perceptual
information about a word’s referent (Arias-Trejo & Plunkett, 2010). Because infants represent
perceptual similarity, many studies of familiar word comprehension intentionally pair highly
dissimilar target and distractors (i.e., referents from different categories) to reduce task demands
(Bergelson & Swingley, 2012b, 2015; Kartushina & Mayor, 2019). Taken together, this work
demonstrates the value in providing standardized similarity ratings for a set of image stimuli.

In the present study, we developed a database of naturalistic referent images for
imageable nouns on the MB-CDI that are representative of infants’ experiences and rated on
characteristics that could influence infants” word comprehension. First, we collected photographs
from caregivers of the kinds of referents their child commonly experiences for a set of concrete,
imageable nouns from the MB-CDI Short Form Level I (Study 1a). A separate set of caregivers
provided labels for the images from Study la and rated how often their infants experienced the
images as noun referents to develop a set of norms for each of the images (Study 1b). In addition
to the caregiver surveys, Study 1b employed large vision models to create a metric of pairwise
similarity between the images. The resultant image database and norms will be shared with the

research community via the Open Science Framework.
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Study 1a

Method

Participants

The final image set included data from 33 caregivers with at least one child under the age
of 2 years. On average, caregivers had infants that were 13.2 months old (SD=6.9; Range =[1.2,
24.23]). An additional 5 caregivers participated but were removed from the final sample due to
insufficient data contribution (N=2), for failing to pass the attention checks (N=1), or for
providing images from the internet (N=2). We recruited caregivers with infants under 2 years of
age because vocabulary is particularly difficult to assess in younger age groups (Fernald et al.,
2006; Marchman et al., 2023) and experience with referents is likely to be more idiosyncratic for
younger infants than for older children (Campbell & Hall, 2022; Clerkin et al., 2017; Clerkin &
Smith, 2022; Garrison et al., 2020). This age range also overlapped with the intended age range
for the vocabulary checklist from which we drew the list of nouns (8- to 18-months). The sample
was limited to participants who indicated that they had a child born in 2024 or 2023. Participants
also had to reside in the United States and had to report English as one of their fluent languages
to be included in the sample, as the nouns were drawn from a vocabulary checklist intended for
use with monolingual American English—learning infants.

The sample size for this study was selected based on the number of images typically
included in adult databases (i.e., 147 to 1,680 images; Adlington et al., 2009; Brodeur et al.,
2014; Krautz & Keuleers, 2022). We stopped collecting data when every object had at least 10
images provided, as this would yield a minimum of 400 images. Ultimately, our sample size

yielded 1043 unique images.
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Procedure

Participants completed a two-phase online survey hosted on Prolific (www.prolific.com;

Douglas et al., 2023; Peer et al., 2022). The first phase included an eligibility screening
questionnaire that asked participants to provide their infant’s age in months. If the caregiver
reported that their child was 24 months old or younger, they were then provided with a link to
complete the second phase of the survey. Sixty-five participants completed phase one of the
survey, and 59/65 participants were deemed eligible in phase one.

In phase two of the survey, the 59 eligible participants were provided with a link to
complete a survey. The survey provided participants with a list of 40 concrete imageable nouns
(see full list of words in Appendix A). Participants were instructed to select at least 30 words
from the list and provide an image for each. The list of words was selected from the MB-CDI
Short Form Level I and included 3 additional food words tested in Study 2 (which appear on the
MB-CDI Words and Gestures long form). Body-part and people words were excluded to reduce
the likelihood of identifiable information being inadvertently included in the photographs. The
included nouns span a wide range of categories, including foods, animals, and household items.

The survey instructions highlighted the importance of data quality. For instance,
participants were asked to upload images that centered the object and that were illuminated well
enough to easily identify the photographed object. The instructions also requested that the
images depict a referent that the participant’s child is likely to experience when they hear the
word of interest (e.g., “Think about what your baby actually sees. For example, even though you
might see the car you drive, your baby might see a toy car more often. We want you to send us
pictures of things that are representative of your child's experiences.”). Similarly, caregivers

were urged to consider all the contexts in which their child experiences the word (e.g., “Please
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think about all the media (books, TV, iPad, etc.) and real-world experiences (toys, mealtimes,
zoo, etc.) your child has with each of these words.”). However, we asked participants to refrain
from providing copyrighted images to minimize challenges when reproducing images for an
open-source database.

Caregivers also provided demographic information. They reported their race, ethnicity,
education level, household income, and their child’s age. These questions also served as a quality
check to ensure that the adults contributing data have children in the correct age range and that
they are not computerized bots. Participants were required to enter their infant’s date of birth
(DOB) at the beginning of the survey and indicate their infant’s age in months at the end of the
survey. Participants were excluded if their infants’ age fell outside of the predetermined range
(0- to 24-months) or if the reported DOB did not align with the child’s age.

Participants were given a week to upload the images and complete the survey. We
included a protracted timeline for submission to increase the likelihood that participants would

photograph objects that their child encountered throughout the week.

Results

In Study la, we were interested in collecting a large set of images, which were normed in
Study 1b. Thus, in the present study, we only report descriptive statistics for the images and
demographic information about the participants.

In total, we collected 1,043 images across all participants. The number of images
provided for each object word varied. On average, we received 26 images per object word
(SD=6; Range=[10, 33]). Every participant (N=33) provided an image for the word “car”, while
only 10 participants provided images for the word “moon”. The number of images provided for

each word is included in Appendix B.
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The demographics of the sample are important to consider as they provide context for the
kind and range of images collected. Caregivers predominantly identified as White and not
Hispanic (72%). Fifteen percent of the sample identified as Black, 3% identified as Asian, 3%
identified with multiple racial categories, and 6% identified as White and Hispanic. In general,
participants were middle class and educated. The most commonly reported annual household
income range was $50,000 to $74,999 (Range= [less than $25,000, more than $150,000]), and
most participants reported holding a bachelor’s degree (N=13). However, our participants
reported a range of annual incomes and education levels (Figure 1).

Figure 1

Demographic Information
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Note. Panel A depicts the proportion of participants who reported each level of income. Panel B
depicts the proportion of participants who reported each education level.

We also investigated whether the demographics reported in the current study are

representative of the broader U.S. population by comparing our sample to the U.S. census
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reports. We gathered data regarding race and ethnicity as reported on the 2020 U.S. census
(Table 1; U.S. Census Bureau, 2020). We also calculated the proportion of the families that
reported earning each income range and the proportion of adults over the age of 25 who held
each education level drawn from the 2023 American Community Survey (Table 1; U.S. Census
Bureau, 2023, 2023). The census data reports educational attainment in binned age groups from
18 to 24 years and 25 years of age and older. Our participants ranged from 24 to 46 years of age,
and so we calculated education levels using the data for adults over age 25, as it approximately
matched the ages represented in our sample. In general, our sample had a higher proportion of
participants who reported being White and Non-Hispanic than the national average (i.e., 72% vs
57.8%). Additionally, the current sample included far fewer Hispanic adults (6%) than the
general US population (18.7%). However, our participants matched the range of educational
attainment reported on the U.S. Census, with most adults in both samples reporting a bachelor’s
degree. With respect to income, our sample was less affluent on average than the U.S.
population. The modal income range for the sample was $50,000 to $75,000, while the national
modal income range was over $150,000. It is important to note that we did not collect
information regarding the size of households for the current sample. Thus, we were unable to
compare median incomes relative to the average household size in our sample with the median

incomes by household size for the U.S. population.
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Table 1

U.S. Census Demographic Variables

Demographic Category Percent of population
Race and Ethnicity
White and Non-Hispanic 57.8
Black and Non-Hispanic 12.1
Asian and Non-Hispanic 59
Multiple Racial Categories and Non-Hispanic 0.76
White and Hispanic 18.7
Income
Modal income range ($150,000 or more) 27.6
Education
Modal education level (bachelor’s degree) 21.8

Note. The proportion of adults reporting each demographic variable on the U.S. Census (race and
ethnicity) and the American Community Survey (income and education).

Interim Discussion

This study aimed to amass a set of photographs for commonly investigated early object
nouns. Using a survey hosted on Prolific, we collected a set of 1043 photographs across 40
different word categories. Interestingly, participants did not contribute photographs for all
categories of words equally. The majority of caregivers provided images for many of the word
categories, but there were several words (i.e., mouse, moon, and radio) that were provided by
only a small number of caregivers. The relatively limited sample of images for these categories
may reflect broader experiences with these word categories. Specifically, one possible

explanation for differences in the number of images provided for particular categories is that
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infants may not regularly experience those, and thus, we have fewer referent examples for these
object categories. Alternatively, these words may be typically experienced in copyrighted
materials (e.g., books), and therefore, caregivers avoided providing these images per the survey
instructions.

We collected images from a small sample of caregivers, but our participants were
relatively diverse. Caregivers reported a range of incomes and education levels, and, in general,
the socioeconomic statuses represented in the current study appeared to reflect the broader U.S.
population. We focused on socioeconomic status as a particularly important demographic factor
because it is a strong indicator of the resources available in a given household. By sampling
families with a range of resources, we are more likely to collect images that reflect the kinds of
objects (e.g., toys, furniture, foods) experienced by infants in the U.S. Therefore, the diversity in
income and education levels included in our caregiver samples suggest that the referents

included in the resultant image database will be representative of many U.S. households.

Study 1b

The images collected in Study 1a were provided by a relatively small, albeit
socioeconomically representative, sample of families in the United States. Thus, the images may
only reflect the referent experiences of a small set of infants. The goal of the database, however,
is for the images to be used widely by developmental scientists with many different populations.
Therefore, Study 1b assesses the extent to which the referents provided in Study 1a generalize to
the experiences of other U.S. infants by collecting a set of norms from a new set of caregivers.

Images may vary on myriad dimensions. We identified three dimensions that we
hypothesized to be relevant for developmental contexts and, therefore, would be useful to

include in the database: name agreement, familiarity, and similarity (Brodeur et al., 2010, 2014;
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Snodgrass & Vanderwart, 1980). Name agreement assesses the extent to which subjects agree on
a label for an image. Experience quantifies how often participants report experiencing an image.
Lastly, similarity measures the pairwise similarity between two images.

Name agreement (i.e., H value) quantifies the number of unique names provided and the
number of participants that endorse each name. For example, if there are two names provided
equally by participants for a given image, the H value would be 0.5. H values provide a measure
of whether caregivers in general would use the same label when referring to a particular image.
However, it does not indicate which label is the most common, only the extent to which
participants agree on a given label for an image. This metric is likely to influence the strength of
the association between a word and the image of interest. This is particularly relevant for
developmental experiments such as looking-while-listening, as word recognition depends both
on the visual (Arias-Trejo & Plunkett, 2010; Garrison et al., 2020; Pomper & Saffran, 2019) and
auditory (Potter & Lew-Williams, 2023) stimuli selected. Thus, collecting name agreement as
well as the modal name(s) will provide future database users with a measure to adjudicate
between referents for a given label depending on their question of interest.

Experience (i.e., familiarity) may also influence word recognition in infants. Familiarity
has been manipulated in several experimental paradigms with varying results (Casey et al., 2023;
Garrison et al., 2020). For some nouns, infants’ word recognition was not dependent on prior
experience with the referent image. However, for other words, infants were unable to recognize
researcher-selected images as instances of a word, despite the same words being reported as the
very early learned. Thus, infants’ experience with a referent is a critical component to assess in

an image database.
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Word recognition accuracy depends on the similarity between the target and distractor
images. For example, both typically-developing infants and autistic toddlers are slower and less
accurate at fixating a target image when the distractor image has overlapping perceptual features
(Ellis Weismer et al., 2016). Similarly, Weaver and colleagues (2024) found a small boost in
infants” word recognition when the target and distractor were perceptually dissimilar. Thus, a
quantitative measure of similarity between stimuli would be extremely useful when developing
experiments.

Similarity can be operationalized in several different ways. For example, two items may
be rated as perceptually similar because they share color or shape features. Prior research has
used adult ratings of similarity in which people select pairs of images that they think are most
alike (Ellis Weismer et al., 2016). While conducting adult ratings of pairwise similarity may be
useful in a small-scale experiment, it is much more resource-intensive to conduct pairwise
comparisons for a large set of images. As an example, a set of 500 images would have a set of
124,750 unique comparisons to rate. Furthermore, it is unclear whether adults’ ratings of
similarity map onto the features of similarity to which infants attend. An alternative to defining
similarity using adult ratings is to use distance metrics drawn from large vision models such as
DreamSim (Fu et al., 2023). DreamSim generates predictions of perceptual distance between
image pairs and has been shown to closely approximate human ratings of similarity. Rather than
using pixel-by-pixel or patch-level similarity, this metric focuses on mid-level similarity, which
better captures similarities in the semantic content of images. Weaver and colleagues (2024) used
DreamSim as a similarity metric when investigating similarity between target and distractor

images, demonstrating the feasibility of this similarity rating in infant research. By including
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pair-wise image similarity in an image database, users can select target and distractor images
according to this metric, depending on the research question of interest.

The current study aimed to norm a large set of images collected from caregivers. We
developed a survey to collect labels and experience ratings in a sample of caregivers of children
under two years of age. We also generated pairwise similarity ratings. Using these norms, we
identified referents for each category that are likely to be highly experienced by infants. We also
examined whether norms differed by age or word category (as defined on the MacArthur-Bates

Communicative Development Inventories).
Methods

Participants

Using Prolific, we recruited US caregivers of infants under 24 months of age (M=15.78)
who reported that English was one of their primary languages. The final sample size included
358 caregivers who did not participate in Study 1la. Each participant rated a subset of 75 images
(out of 964 total images), and we aimed to have 30 caregivers rate each image. Therefore,
participants were collected iteratively until a total of 30 usable participants rated each image. An
additional 161 caregivers participated but were excluded for having a child outside of the target
age range (N=61) or failing to pass the attention checks (N=100).

The sample size was determined by considering prior database studies and the number of
eligible participants available on Prolific that we could reasonably recruit. Prior studies norming
photographs of objects for language experiments typically include between 30 and 152
participants (Adlington et al., 2009; Brodeur et al., 2014; Krautz & Keuleers, 2022). In these
experiments, participants are tasked with rating the entire set of images. However, our

participants only rated 75 images. Pilot testing revealed that participants could only feasibly
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name and rate 75 images within a 30-minute testing window. While the target sample of N=30
per image is on the lower end of sample sizes in prior literature, we were limited by our
participants’ completion rate. Thus, 30 participants rating each image was a compromise from
the proposed 50 ratings per image.

Caregivers largely identified as White and not Hispanic (65.64%). 20.11% of the sample
identified as Black and not Hispanic; 3.63% identified as Asian and not Hispanic; 3.07%
identified as not Hispanic and identified with multiple racial categories. An additional 7.54% of
the sample identified as Hispanic. The sample was also educated (74% had a bachelor’s degree
or higher) and upper-middle class. The most commonly reported income range was $100,000 to
$149,000 (30.45% of the sample). Notably, the sample of caregivers in Study 1b was more
affluent than the sample of caregivers included in Study 1a, but was more similar to the national
averages.

Procedure

Prior to use in Study 1b, the raw images collected in Study 1a underwent several rounds
of editing. First, any identifying information, including but not limited to faces, names,
addresses, and license plates, was removed from the images. We followed HIPAA guidelines as
well as guidelines outlined by researchers conducting home video and audio recordings (e.g.,

https://bergelsonlab.gitbook.io/blab/data-pipeline/personal-information-guidelines) to determine

identifiable information. After deidentifying the photographs, the images were edited to isolate
the target object and to improve lighting conditions using software including Apple Photos,
Apple Preview, Adobe Photoshop (Adobe Inc., 2025), and GIMP (https://www.gimp.org/). The

isolated versions of the images were saved as a separate copy from the original deidentified
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images so that the final database could include both versions of the images for future researchers
who may be interested in studying objects in naturalistic contexts.

During the editing process, some images were deemed unsuitable for norming and
removed from the database. Images that were blurry, too dark, or had an unidentifiable object
(according to the author and a research assistant) were not normed. We reasoned that norming
the stimuli was resource-intensive, and therefore, we focused on images that future researchers
would likely use in their experiments. Ultimately, 964 images out of the total 1043 collected in
Study 1a were retained for norming.

The norming survey took approximately 30 minutes and included a naming task and an
experience rating task. Participants were presented with a random subset of 75 images (out of the
964 total images). For each image, they were asked to provide a noun that they would use when
labeling the referent for their infant. They also rated how likely their infant is to see the referent
image while hearing the target word, using a Likert scale from “never” to “very frequently”. For
instance, on a given trial, a participant might see an image of mashed bananas. They were first
asked, “What would you call this object when talking to your baby?” After responding, they
would see a second question that asked: “How often does your baby see an object like the image
above when they hear the word “banana”?”” The set of images was presented in a random order,
but participants always named the image prior rating their child’s experience with the image. See

Figure 2 for an example trial.
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Figure 2

Example trial for the norming survey
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Note. A sample trial for the norming survey. Participants would be shown one image, and would
provide the name for the object. Once they provide a name, they would be asked to report how
often their child experiences the object when hearing the category label (i.e., noun reported on
the MB-CDI).

Participants also completed demographic questions. They reported their race, ethnicity,
annual household income, and education level. To ensure that participants had a child in the age
range, they had to provide their child’s age information on two separate occasions within the

task. First, they reported their child’s age in months at the beginning of the survey. After the 75-

image rating task, they provided their child’s date of birth. Any participants who reported an age
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for their child that did not match the date of birth they reported were excluded from analyses, as
we were unable to verify their eligibility for the study.

In addition to the caregiver rating survey, we also collected a measure of similarity
between each of the 964 referent images using DreamSim (Fu et al., 2023). Using DreamSim’s
pairwise similarity function, we extracted perceptual similarity, which was defined as the cosine
distance between their embeddings.

Measures

Name agreement. To assess name agreement, we calculated the proportion of

participants who endorsed each name for a given image. These proportions were then used to

compute the H value for each image, which is calculated using the formula

k
H= Z pilog(1/p;),
i=1

where p; is the proportion of participants who endorsed the ith name, and k is the total number
of unique names. Therefore, name agreement captures the number of distinct names provided
and the distribution of support for each name.

Experience. We defined two different measures of experience. For each image, we
averaged participants’ experience ratings (i.e., Likert scale from 1 to 5) to calculate the mean
experience rating. We also calculated the modal frequency response for each image, which
reflects the most commonly reported experience rating for a given image. We include both the
mean and the modal experience value for this set of images because these two metrics may be
capturing different aspects of experience. That is, for some images, there may be a wide variety
of experiences endorsed by participants, which would result in a mean value somewhere in the

middle. The modal value, however, may be relatively higher or lower depending on the number
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of participants reporting each experience level. Thus, we use both metrics to capture potential
meaningful variability.

Similarity. Similarity was computed using DreamSim. The large vision model computes
a vector representing each image. We then computed the cosine distance between each vector
pair in the image set.
Results

The primary purpose of Study 1b was to develop a set of norms for the set of 964 images
collected in Study la. Photographs of referents were provided for 40 different words; the number
of photographs provided per word varied (Range = [10, 33]). Below, we reported descriptive
statistics for the norms collected in Study 1b (i.e., name agreement, experience, and similarity)
averaged across the entire sample of images and for individual word categories (Appendix B). In
the final database, we will report the image, the image identifier (e.g., apple01.png), the number
of participants who rated each image (), the modal name, the A value, the mean experience, the
standard deviation of experience, and the modal experience level. Additionally, a separate file
will report pairwise distances for each image. A sample of the database can be seen in Appendix

C.
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Table 2

Summary Statistics for the Entire Image Set

H value Experience Rating Similarity
M 1.534 3.184 0.739
Mo 5
SD 0.738 1.653 0.086
Range 0-4.131 1-5 0.096 — 0.988

Note. The H value, experience rating, and similarity ratings were averaged across all individual
images. We report the mean (M), standard deviation (SD), and range of values. For experience
rating, we also report the modal rating (Mo).

We first examined name agreement. On average, 6.58 names were provided for each
image, and each name was endorsed by 15.19%. For the most common name provided (i.e.,
modal name), agreement reached 67.68%. The average H value (H=1.541; Table 2) was higher
than in classic stimuli databases such as the Snodgrass and Vanderwart (1980) images (i.e.,
H=0.558), but is commensurate with databases using photographs (i.e., H=1.65; Brodeur et al.,
2010, 2014). We also found high variability in name agreement across categories (see Appendix
B for the average H value by word). As can be seen in Figure 3, the images in some categories
(e.g., ball, spoon, table, and TV) have relatively low H values across the category, which
indicates high name agreement for the images included in these categories. Other categories

(e.g., blanket, cereal, and mouse) have high H values across the images, suggesting generally

lower name agreement for these word categories.
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H value for the image set
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Note. H values for each image. Each panel groups the images by word category. The x-axis
depicts each individual image for a word category. The y-axes have different values based on the
range of 4 values for a given word (0 to 3).
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Next, we investigated the experience ratings. On average, images were rated at a
moderate level of experience (M=3.1; Table 2), which approximately corresponds to an
experience rating of “sometimes” on the scale used in this study. The modal experience rating,
however, was 5. This high number suggests that across the images, the majority of the sample
reported that the images were very frequently experienced by their child. Notably, the modal
experience rating varied from 1 to 5 across individual images, suggesting that while the majority
of images were reported to be very highly experienced, other images were less representative of
children’s referent experiences for specific words. The modal ratings for specific images were
endorsed by 41.01% participants, on average.

In addition to examining trends in experience with specific images, we investigated
which images were reported as the most highly experienced for a given word. For each word, we
selected the image that was rated as highly experienced by the largest proportion of participants.
We selected the modal experience as the central tendency of interest for this measure because the
mode reflects the image that was most commonly reported as very frequently experienced. In
general, the images that were rated as very frequently experienced appear to be relatively
stereotypical exemplars (Figure 4). However, the perspectives (i.e., viewpoints) of the
photographs are much more varied than the kind of stimuli typically used in infant studies. For
example, the image that was most frequently experienced for the word “apple” depicts a whole
apple photographed from above (Figure 4) rather than the side view (e.g., Kartushina & Mayor,

2019).
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Figure 4

Very Frequently Experienced Images

Apple Ball Banana Bird Blanket Book Bottle Bread Candy Car
e~y
20 ( 4 ¢
“vf
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Cereal Chair Cheese Cookie Couch Cup Dish Dog Doll Duck
,\_
Flower Hat Juice Kitty Lamp Lion Moon Mouse Pants Plant
T Fa \ A v
Radio Rock Shoe Sock Spoon Stroller Table Toast Water

°r$ \”ﬂ ="" E‘ET

Note. This figure presents the images that were most commonly reported as very frequently
experienced (i.e., mode) for a given word. Two modes existed for the word “water”, and thus,
both images are reported.

Name agreement scores and experience ratings varied immensely across the sample of
images. The previous data, however, do not indicate whether these norms vary randomly or
whether the two norms are related in meaningful ways. For example, there may be images that
are reported as rarely experienced and have very little name agreement. Therefore, we
investigated whether name agreement and experience were correlated. We fit a linear mixed-
effects model regressing average experience per image on H value (cluster mean centered,

Enders & Tofighi, 2007), including a by-item random slope and intercept for word. H value was

a significant negative predictor of experience (b=-0.135; F(1,33.555)=32.017; p<0.05),
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suggesting that images with larger H values (i.e., less name agreement) were rated as less
frequently experienced.

The final norm of interest was the pairwise similarity ratings computed using DreamSim.
Across the entire sample, average similarity was high but varied across pairs (Table 2). To
visualize overall patterns in similarity, we created a heat map of similarity scores (Figure 5). We
averaged pairwise similarity scores at the word level. Specifically, we averaged similarity scores
for comparisons between images within the same word and for comparisons between images for
a given word and the images for each other word. For example, we calculated an average
similarity score for all pairs of images for the word “apple”, and we calculated an average
similarity score for pairs of images for the words “apple” and “banana”, “cheese”, etc. The heat
map was also organized according to the categories included on the MB-CDI (see Appendix A
for the full list) to investigate whether words from similar superordinate categories were rated as
more similar to one another.

Visual inspection of Figure 5 suggests two general patterns in the similarity scores. First,
words from the same MB-CDI category appear to be more similar to one another than to words
from another MB-CDI category. For example, images for animal words are more similar to
images for other animal words than to images for clothing words (Figure 5). Secondly, images
from the same word category appear to be more similar on average than images from different
word categories. That is, average similarity scores for comparisons along the diagonal of Figure

5 are much higher than similarity scores for comparisons off the diagonal.
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Figure 5

Heat Map of Similarity
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Note. This heat map depicts pairwise similarity ratings computed from DreamSim. Each cell
includes the similarity ratings averaged across all images for each pairwise comparison. Darker
(purple) colors indicate pairs of words that have a higher average similarity, and lighter (yellow)
colors indicate lower average similarity. Axes were ordered according to the MB-CDI categories.
We further investigated the patterns of similarity for within and between word categories
using a modeling approach. For this analysis, we calculated two similarity scores for each image.

One score reflected the average similarity for comparisons for a given image and all other

images provided for the same word (e.g., within word category). The second score reflected the
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average similarity for comparisons for a given image to all images from other word categories
(i.e., between word categories). We then fit a linear mixed-effects model in which we predicted
similarity score from comparison type (coded -0.5 for between word categories and 0.5 for
within word category), including a by-item random intercept. The effect of comparison type was
significant (h=0.169, F(1,1004.4)=4965.1, p<0.05) such that pairwise similarity was higher for
images within the same word category than for images between different word categories. These

results confirm the pattern of similarity observed in Figure 5.

Interim Discussion

In Study 1b, we edited and normed a set of 964 images for a referent database. Caregivers
provided the name that they would use when labeling the image for their child and rated the
frequency with which their child experienced each image. We found that name agreement varied
widely across the sample of images, as did experience with each item. This variability, however,
was not random. There was a negative relation between name agreement and experience,
suggesting that images with lower overall name agreement were rated as less frequently
experienced.

Although we did not predict relations between the two norms, the pattern of the current
results is commensurate with prior work on image databases. Several databases have reported
negative, moderate correlations between name agreement and familiarity (Adlington et al., 2009;
Berman et al., 1989; Brodeur et al., 2014). The negative relation in the current study may be well
explained by the fact that caregivers had limited prior experience labeling objects that were not
commonly encountered by their child. Thus, they may have reported more varied names across
participants. For example, some caregivers may have used more adult-appropriate labels, while

other caregivers may have invented a child-appropriate version of the typical name for the
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referent. In general, the negative relation indicates a lack of name agreement amongst referents
that are rarely encountered, possibly indicating that those kinds of referents are not well-suited
for use in experimental settings.

In addition to the caregiver-reported norms, we computed pairwise similarities for the
entire image set using DreamSim (Fu et al., 2023). We found that images that belonged to the
same word category were rated as more similar than pairs of images that belonged to different
word categories. This result reveals that there are features shared amongst referents for a given
word that are distinctive from other word categories. While the existence of shared features
within a category have been well established in prior research on categories (e.g., exemplar
theory and prototype theories all include some level of featural similarity; Mervis & Rosch,
1981; Rosch et al., 1976; Rosch & Mervis, 1975), this study provides preliminary evidence for
similarities within real-world object photographs, many of which varied highly across referents.
For example, photographs of apple slices, apple puree in a baby food jar, whole red apples, and
applesauce pouches were all provided as referents for “ apple”. Yet, these referents were still
rated as more similar to one another than to referents from other words. This suggests that there
are sufficient perceptual similarities between these diverse referents for the large vision model to
be able to extract meaningful within and between category relations.

The results of the similarity data also provide evidence that large vision models may be
particularly useful in developing stimulus norms. Only one prior study, to our knowledge, has
leveraged DreamSim to examine stimulus effects in infancy (Weaver et al., 2024). We provide
additional evidence that similarity ratings drawn from this model may be a quick and easy
approximation of human expectations. For example, we would expect human adults to also rate

visually dissimilar referents of apples as more similar to one another than to referents of dogs
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because all apple referents are essentially just transformations of the same object. While this
knowledge may be largely driven by adult knowledge that the same food object can be
transformed into many different forms, it must also be somewhat related to shared perceptual
features across the forms. DreamSim also seems to capture this relevant object information, as
the differences in similarity for within-category comparisons and between-category comparisons
cannot simply be explained by color or shape features alone. Future work could further validate
this tool by comparing human ratings to the similarity metrics drawn from DreamSim.

One often overlooked aspect of prior databases is the demographics of the norming
sample, which makes assessing the external validity of the databases a challenge. Therefore, we
note that the present sample of U.S.-based caregivers who are educated and wealthy is a
limitation of our study. In particular, the referent experiences reported in our norms likely will
not reflect infants outside of the United States. Despite our efforts to recruit a relatively
representative sample of participants, the resultant norms may also be less characteristic of the
referent experiences for infants from lower socioeconomic backgrounds. One important future

direction is to collect norms from caregivers from lower socioeconomic statuses.

General Discussion

This study collected and normed over 950 images that reflect infants’ real-world
experiences with a variety of referents for a set of frequently-tested nouns. While many
photorealistic databases are widely available (Brodeur et al., 2010, 2014; Hebart et al., 2019;
Krautz & Keuleers, 2022), this is the first planned database of real-world objects curated
specifically for infant populations. In particular, we used a novel crowdsourcing approach to
amass images that infants experience, directly from caregivers. This image collection strategy

resulted in a highly variable set of referents for 40 different early learned words. Critically, by
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collecting images from caregivers, we avoided imposing our prior expectations about the kinds
of referents infants experience on the resultant database. Thus, all the images included in the
final data set are those that (at least some) caregivers endorsed as being relevant for infants’ early
experiences with words.

We also developed a set of norms for the database, which will be essential for future
research using the database. As an initial set of norms, we included name agreement, experience,
and similarity as each of these factors has been shown to influence language processing in prior
work (Arias-Trejo & Plunkett, 2010; Garrison et al., 2020; Moore & Bergelson, 2024; Potter &
Lew-Williams, 2023). The norms varied across the sample of images, but were, on average,
similar to other adult image databases. These results were quite surprising as most prior
databases typically norm high-quality, professional photographs. Yet, our images were
photographed by caregivers in their homes, most likely using cell phone cameras. Despite our
unconventional image collection approach, we were able to develop a high-quality database with
valid norms.

The norms are an essential aspect of a database as they allow researchers to control for
confounding variables. For instance, Casey and colleagues (2023) were unable to select referents
that represent infants’ experiences with some early-learned words. The current database could
ameliorate this challenge, at least for the set of words included. That is, researchers can easily
select stimuli that are reported as highly experienced (using either the mean or the mode values
provided). Similarly, prior studies demonstrate strong evidence that word recognition is slower
when the target and distractor images are similar (Arias-Trejo & Plunkett, 2010; Bergelson &
Aslin, 2017; Ellis Weismer et al., 2016). This factor can be controlled for in future studies by

including images that have low pairwise similarity. Moreover, the norms could be used to
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increase or decrease the difficulty of a given experimental paradigm very easily. For example, a
researcher could initially select pairs of stimuli that are rated as highly dissimilar to use for
piloting a task. If many children are at ceiling or there is not sufficient variability, the task could
be made more challenging by selecting different referents that have higher pairwise similarity
ratings or that are more infrequently experienced. Taken together, these examples highlight the
utility of these norms for designing and refining experimental tasks.

The database also provides new opportunities to experimentally manipulate variables
related to the norms. For example, future studies could examine the extent to which name
agreement impedes language processing, which would build on the literature demonstrating that
specific labels influence word comprehension (Potter & Lew-Williams, 2023; Swingley & Aslin,
2000). An experiment could include referents that vary in name agreement or include various
modal names for a specific word category. The similarity norms could also be leveraged to
examine word recognition. For instance, a future study could investigate typicality effects in
categories of words that have low pairwise similarity. That is, typicality effects may be stronger
for words that have relatively low perceptual similarity, as it may make identifying distinctive
shared features more challenging. These questions, as well as many more, can be easily
investigated using our new database norms.

More broadly, this experiment represents the first large-scale investigation of 0- to 24-
month-olds’ referent experiences with the nouns on the MB-CDI. Understanding the range and
kind of referents experienced by infants allows future studies to more accurately probe early
word knowledge. For example, we can identify categories of words that have relatively more
variable referents using this new database, which may be particularly important for examining

individual differences in early word comprehension. Specifically, we can interrogate word
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categories that were reported to have a wide range of experiences across various referents or
word categories that had relatively lower pairwise similarity ratings between referents. While
both kinds of referent variability may have important implications for infants’ word knowledge,
they have been relatively understudied, potentially due to the lack of readily available
information about the kinds of referents experienced. The present database, however, is an initial
step to begin addressing these gaps.

Limitations

Although we specifically selected norms based on prior language research, the current
database is limited in the number and kinds of norms included. In particular, we did not include a
measure of visual complexity, which is commonly normed in other databases (Adlington et al.,
2009; Berman et al., 1989; Brodeur et al., 2010, 2014; Hebart et al., 2019; Snodgrass &
Vanderwart, 1980). Visual complexity is typically defined as a subjective rating of how much
detail or intricate lines are included in a given image. While visual complexity may influence
language processing in infants, there is no evidence that visual complexity, as defined by an
adult caregiver, would reflect infants’ perception of visual complexity. Future studies could
measure visual complexity with infant populations, perhaps using a preference paradigm (e.g.,
Karmel, 1969).

Another important limitation of the current database is the relatively small, U.S.-based
sample used for image collection and norming. While our sample in Study 1a was diverse with
respect to U.S. socioeconomic statuses, it is very possible that the range of referents included in
the current database is not representative of the broader population’s experiences. The referent
experiences in the current studies are also unlikely to generalize to other cultures and/or

countries outside of the United States. While the experience norms provide evidence that some
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of the referents were very frequently experienced by a separate set of infants in the U.S., they do
not directly indicate that a given referent is the most commonly experienced referent for a given
participant. That is, a caregiver may have reported multiple referents as very frequently
experienced, but we did not measure which (if any) referent was most typical of their child’s
experiences with a given word. We could examine additional norms using the current database
with broader caregiver samples in future studies to better understand infants’ referent
experiences.

Finally, the particular participant pool is important to consider for future work. Prolific
allowed us to recruit participants who were more diverse than typically included in studies of US
infants (Nielsen et al., 2017; Roberts et al., 2020), though the norming sample was less
socioeconomically diverse. However, because we recruited participants to take part in an
unmoderated survey, we were unable to verify that these participants actually had a child. We
included a validity check, which did result in a high proportion of unusable participants, but
some of the participants included in the database may not have been caregivers. Thus, it would
be important to validate these norms in person with participants with whom we can confirm the
age (and existence) of their child. While an in-person study would undoubtedly be less
representative of the broader population, it would provide additional confirmation that the online

results were valid.

Conclusion

Ultimately, this database will make a significant contribution to the early language
community. The images can be used to generate new questions about the nature of word-referent
associations across different word categories. Moreover, this database will improve experimental

design by providing a set of normative images, potentially reducing researchers’ degrees of
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freedom in the kinds of stimuli used to examine familiar word knowledge. Due to the database’s
widespread application, this database has the potential to be an extremely valuable

methodological tool for developmental scientists.

Study 2

Mealtimes are rife with opportunities to learn about the meaning of words. Caregivers
and their infants engage in rich social interactions, including touching, looking at, and labeling
foods (Custode & Tamis-LeMonda, 2020), all of which are embedded in a specific physical
location in the home (i.e., the kitchen). Prior research has identified both social interaction and
unique physical contexts as strong predictors of early word learning and vocabulary growth
(Breitfeld & Saffran, 2024; Roy et al., 2015; Suarez-Rivera et al., 2022; Tamis-LeMonda et al.,
2014; Tamis-Lemonda et al., 2018). Recent evidence also suggests that the visual and labeling
statistics present during mealtimes may facilitate word learning (Clerkin et al., 2017; Clerkin &
Smith, 2022; Slone et al., 2023). There are many objects frequently present at mealtimes,
potentially helping to reduce referential ambiguity (Clerkin et al., 2017). While caregivers name
very few objects during mealtimes, they often label objects that are present in the infants’ field of
view (Clerkin & Smith, 2022). Furthermore, mealtimes occur frequently throughout the day,
offering multiple opportunities for infants to engage in precisely the kinds of activities that foster
word learning (Clerkin et al., 2017; Clerkin & Smith, 2022; Custode & Tamis-LeMonda, 2020;
Tamis-Lemonda et al., 2018). Therefore, it is no surprise that food words are among the earliest
learned words in development (Bergelson & Swingley, 2012; Roy et al., 2015).

Naturalistic recordings of infants’ visual experiences have uncovered two interesting
findings about early-learned words. First, infants likely build a rich representation of an object

referent before learning its label (Clerkin et al., 2017; Clerkin & Smith, 2022). Secondly, infants
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may have idiosyncratic experiences with early words, but researchers do not typically test these
variable referents in experiments that measure early word comprehension. Indeed, Clerkin and
Smith (2022) found that the word “banana” almost always co-occurred with mashed or cut-up
bananas, but not with whole bananas during 9-month-olds’ meals. Despite this observation, most
LWL studies testing “banana” use canonical images of whole bananas in their peels. Casey and
colleagues (2023) similarly found that abstract words (e.g., uh-oh) were said in the presence of
several common referents (e.g., a broken crayon for “uh-oh”) that rarely matched the
experimenter-selected referents for an LWL task (e.g., a cup falling for “uh-oh”). It is, therefore,
possible that 10- to 16-month-olds failed to recognize these early learned words in a looking-
while-listening paradigm because of the mismatch between infants’ lived word-referent
experience and the word-referent pairs tested in the task. These findings suggest that infants’
early experience with referents lays the foundation for understanding the meaning of words.
Prior research examining object experience in word learning has focused on
understanding the underlying visual statistics as a mechanism for solving referential ambiguity;
however, infants are also learning about the specific referents that co-occur with the labels they
hear. For example, if infants frequently experience cut-up pieces of banana, then they may be
developing a rich representation of this form of banana as the likely referent for the word
“banana.” Adults, however, may typically experience whole (often peeled) bananas and, as a
result, consider the word “banana” as referring to a whole banana. This example suggests that
referent experiences may not be consistent across individual infants or developmental time,
resulting in qualitatively different word representations. Yet, there is limited prior research that

examines how prior experience with specific referents influences infants’ word representations.
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Existing work has focused on familiarity or typicality to investigate whether word
comprehension is facilitated by certain kinds of referents. For example, one study interrogated
12- to 18-month-olds’ word comprehension in the presence of highly familiar referents (i.e., an
image of a Croc shoe they own at home) and in the presence of prototypical unfamiliar referents
(i.e., another infant’s shoe; Garrison et al., 2020). Although there was a slight, non-significant
boost in word recognition for familiar referents for 12-month-olds, older infants’ word
comprehension was equally accurate across both familiar and unfamiliar referents, suggesting
that prior familiarity with an object has only a small effect on word meanings. Studies examining
referent typicality similarly find very small effects of referent experience (Weaver et al., 2024).
Indeed, 14-to-18-month-olds robustly recognized atypical (e.g., kookaburra) and typical category
members (e.g., robin) regardless of whether these referents were representative of infants’ own
category experience (Weaver et al., 2024). These studies suggest that early word representations
may not vary as a function of prior referent experiences as indexed by familiarity or typicality;
however, referent experiences may vary more substantially for some kinds of words than others.

Prior studies may have been limited in their ability to detect the relationship between
experience and word representations due to the focus on shape-based words. For example, the
referents for categories such as shoes and dogs have characteristic features that distinguish them
from perceptually adjacent categories (socks and cats, for example). Food words may provide a
stronger test of experience-based individual differences in word meanings than shape-based
categories because infants encounter foods in diverse forms—whole, mashed, or cut—offering
variable input (Clerkin & Smith, 2022; Perry et al., 2014). Whole bananas, cut-up bananas, and
mashed bananas do not share the same shape, but are rather transformations of the same fruit,

potentially leading to more idiosyncratic meanings for the word “banana”.
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Food words are also of interest because infants’ experiences with foods diverge greatly
both across age and across families. Caregivers may first introduce solid food in pureed forms
because infants without teeth can easily swallow this texture. After infants’ first birthdays,
caregivers often let their infant eat cut-up pieces of food because they typically have teeth to
adequately chew food and the manual dexterity to feed themselves. However, there is also
variability between families in how solids are introduced, including baby-led weaning and
spoon-feeding. Caregivers who use baby-led weaning serve small pieces of soft food that infants
can easily pick up and chew, skipping pureed foods entirely. Caregivers who use spoon-feeding,
however, use a spoon to feed their infant pureed or mashed foods until the infant develops some
teeth and a more accurate pincer grasp (i.e., 9- to 12-months). This natural variability in the kinds
of foods that infants may experience suggests that prior referent experience may exert a larger
influence on infants’ understanding of food words relative to other categories of words.

As such, the present study investigates whether and how infants’ food word
representations are shaped by experiences with different food referents. We employed two
measures of experience to better capture individual differences and age-related differences in
referent experiences. Infants’ individual referent experiences were measured using caregiver
report, while group-level differences were tested through the inclusion of two discontinuous age
ranges. We predicted that younger infants would have qualitatively different referent experiences
than older infants. Finally, we measured infants’ word representations with a looking-while-
listening (LWL) paradigm (Fernald et al., 2008) using two different kinds of referents. For each
food word tested, we selected a form of the food that may be more common for younger infants
(e.g., pureed or mashed) and one that may be more common for older infants (e.g., cut-up

pieces). We hypothesized that infants would be more accurate in recognizing words in the
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presence of referents that reflect their lived experiences. That is, infants should be more accurate
in recognizing referents reported to be more frequently experienced than referents reported to be
less frequently experienced. Similarly, we expected group-level differences in recognition for the
two kinds of referents, such that younger infants would be more accurate for younger-appropriate

referents and older infants would be more accurate at older-appropriate referents.

Methods

Participants

Seventy-eight infants (N=45 females) and their primary caregivers participated in person
at the Waisman Center. Two age ranges of infants were recruited, a younger range from 9- to 11-
months (N=44) and an older range from 15- to 17-months (N=34). Infants were full term (born
no more than 28 days early) and typically developing (per parental report) with normal/corrected
vision and hearing. The participants were primarily white (N=67), upper-middle to upper class
(N=51 reported an annual income greater than $100,000), and highly educated (N=66 reported
holding a bachelor’s degree or higher). Infants varied in their exposure to English (M=94%;
Range: [10%, 100%]), but, importantly, their caregivers reported using the English labels most
often when speaking to their child about the object. An additional 25 infants participated but
were excluded for fussiness (N=10) or failing to contribute usable looking data for at least two
trials for each referent (excluding the canonical forms; N=15).

The target sample size was determined using an a prior power analysis. We predicted
that the effect of experience on word meanings would be small (i.e., d = 0.28), reflecting
similar effects found in the literature (Garrison et al., 2020). A power analysis conducted using
G*Power v.3.1 indicated that a sample size of N = 82 was required to achieve 80% power to

detect an effect as small as those reported in the literature for the experience effect of interest.
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We selected the current age ranges based on two primary considerations. First, we
wanted to increase the likelihood that our sample would have variable experience with the target
referents. We expected the younger group of infants would have more experience with food in
very soft forms (e.g., applesauce) due to the recent introduction of solid foods at 6 months, while
the older infants would have more experience with larger chunks of food (e.g., apple slices)
because they typically have more teeth, potentially reducing choking risks. By including two
discontinuous age groups, we can examine group-level differences in referent experience to
understand whether age-related changes in the forms of food served to children influence the
representations of food words. Secondly, we wanted to strike a balance between above-chance
word recognition and evidence of individual differences in word representations. Recent
evidence suggests that recognition of food words in some populations of 6- to 9-month-olds
depends on the specific stimuli tested (Kartushina & Mayor, 2019). Even in studies
demonstrating significantly above-chance word recognition in 6- to 9-month-olds, the effects are
quite small (Bergelson & Swingley, 2012). However, infants older than 12 months have
demonstrated robust word recognition in the presence of many referents regardless of their prior
experience with the stimuli (Garrison et al., 2020; Weaver et al., 2024). Therefore, we included
both a younger age range and an older age range to try to ameliorate these competing
considerations.

Stimuli

Object words. Three foods were selected as the target words (i.e., apple, banana, and
cheese). We only included three words to ensure that we could test each referent multiple times
to assess individual differences at the word level and to ensure that we could maximally pair the

images to reduce saliency effects. These specific words were selected because they are highly
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frequent in early caregiver-infant interactions (MacWhinney, 2000) and have a relatively early
age of acquisition according to WordBank norms (see Table 3; Frank et al., 2017). Furthermore,
prior research with 9-month-olds suggests that younger infants recognize the words “apple” and
“banana”. Perhaps most important, however, is that these foods all have referents that can appear

in many different forms. For example, apples can be served to infants as a pureed sauce or cut-up

slices.

Table 3

Word Properties
Word WordBank AOA CHILDES

(Comprehension, in months) (word frequency, ppm)

apple 15 1938.559
banana 12 2117.214
cheese 14 2328.697

Note: The AOAs reported are for American English. AOAs are defined as the point at which
50% of infants are reported to comprehend a given word, according to a bank of MB-CDI data.
The prediction is based on fitting a logistic regression curve to each item’s data in WordBank
using the fit_aoa() function from the wordbankr package. The CHILDES word frequency was
calculated using recommendations from Sanchez et al. (2019) using the childesr package. The
value is reported in parts per million (ppm) based on the number of word occurrences heard as
input to 9- to 11-month-olds in the American English corpus of CHILDES (Braginsky et al.,
2019)

Images. Two kinds of referents were selected for each food noun: a younger-appropriate
image and an older-appropriate image. We also included one canonical form of each item, which
was not central to the main hypotheses but allowed for exploratory examinations of typically-

used referents (Figure 6). The images were generated using Gemini Al (Google, 2024) and
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created to conform with the age-related recommendations from the Centers for Disease Control
and Prevention, the American Academy of Pediatrics, and parenting blogs aimed at early food

introductions (e.g., https://solidstarts.com/foods/ and https://kidseatincolor.com/).

Auditory stimuli. A female native speaker of the local dialect recorded auditory stimuli
using infant-directed speech. Each sentence included a directive carrier phrase followed by a
target noun. Four different sentences that are commonly used with infants across both age ranges
were included (Bergelson & Swingley, 2012; Campbell & Hall, 2022; Garrison et al., 2020;
Weaver et al., 2024): “Look at the [target label]!”, “Can you find the [target label]?”, “Do you
see the [target label]?”, and “Where’s the [target label]?”. The sentences were edited to be the
same length and amplitude (65dB) with the onset of the target word occurring after 2,903

milliseconds.

Procedure

Infants completed an LWL task that tested their comprehension of the three target nouns.
They were seated on their caregiver’s lap in a soundproof booth equipped with a 55-inch LCD
television and video camera. A Tobii Spark eye tracker recorded eye gaze at a sampling rate of
60 Hz. Each session was also video recorded for manual eye-gaze coding if the eye tracker failed
to maintain an adequate track. Before the LWL task, participants completed a five-point
calibration procedure.

Following calibration, infants were presented with 32 test trials. The first two trials did
not test the target words but, instead, served as a warm-up to familiarize infants with the task.
The subsequent 30 trials tested infants’ comprehension of the target words. Each word was tested
10 times: four times in the presence of the younger-appropriate referent, four times in the

presence of the older-appropriate referent, and twice in the presence of the canonical form
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(Figure 6). On each trial, infants saw two images on white backgrounds on either side of the
screen and heard a sentence labeling one of the images. The trials were blocked such that infants
were first tested on all of the younger and older referents, which were paired exhaustively (e.g.,
applesauce was presented as a target with sliced bananas, a whole banana, shredded cheese, and
cheese slices) to minimize effects of saliency (Pomper & Saffran, 2019) and mutual exclusivity
(Markman, 1990; Markman & Wachtel, 1988). The canonical referents were all tested in the
final block of the experiment, and only co-occurred with other canonical forms (e.g., a whole
apple was presented with a banana in its peel and a wedge of cheese).

Trial order was pseudorandomized within block to ensure that the same target word was
not tested on more than two consecutive trials and that the same target referent did not appear
sequentially. Target images appeared equally often on the left and right sides of the screen, and
the target did not appear on the same side for more than two consecutive trials.

Figure 6

Stimuli

Do you see Where’s the Find at the
the apple? banana? cheese!

Note. One block of experimental trials and the stimuli for Study 2. The top panel demonstrates
test trials for the older and younger referents. Infants saw referent images from two different
word categories on a screen and heard a phrase including a noun. The bottom panel illustrates the
nine referents for the experiment. For each word, one referent appropriate for younger infants,
one appropriate for older infants, and one canonical referent were included.
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In addition to the experimental task, we assessed infants’ experience with the forms of
each food. Caregivers saw an image of one of the referents included in the LWL experiment and
were asked to provide the top three words that they would use to label the image when talking to
their child. Any child whose caregiver did not include an English label for the target images was
excluded from analyses (N=2). Caregivers also reported how often their child experienced each
form of food on a scale from never (1) to very frequently (5) in the last week, the last month, and
across their child’s lifetime. For instance, a caregiver would see a picture of sliced bananas and
be asked, “Think about the foods your baby saw in the last week. How often did your baby see a
food that looked like this?”” Caregivers also completed the MB-CDI Words and Gestures Short
Form to determine whether infants are reported to comprehend the target words as well as other
words. In addition to the primary measures of experience, we queried caregivers about their
infant’s eating habits, method for solid food introduction, and demographic information such as

their education level and household income.

Measures

Gaze Behavior. Gaze behavior was captured by an automatic eye tracker for 54
participants, and manually coded in 33-millisecond (ms) bins using Peyecoder (Olson et al.,
2020) for the remaining 24 participants due to poor automatic tracking. Seventeen percent of the
hand-coded data was independently recoded by a second coder. Coders agreed on the gaze
location for 95.06% of frames and agreed on 93.66% gaze shifts within one frame. Gaze
behavior from the automatic eye tracker was down sampled so that fixations occurred in 33-ms
bins to be comparable to the hand coded data.

Gaze behavior was used to assess infants’ word recognition accuracy. For each trial, we

calculated the proportion of fixations to the target image out of the total fixations to either the
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target or distractor image during a critical window (300 ms to 2800 ms) after the onset of the
noun (i.e., word recognition accuracy). The length of time for critical windows of analysis varies
in the literature with shorter windows from 300 ms to 1800 ms or 36 7ms to 2000 ms following
target word onset for older infants (Garrison et al., 2020; Marchman & Fernald, 2008b; Swingley
et al., 1999; Swingley & Aslin, 2000) and longer windows extending to 3500 ms post target
word onset for younger infants (i.e., 6- to 9-months; (Bergelson & Swingley, 2012; Kartushina &
Mayor, 2019). Given the inclusion of both age ranges, we selected a slightly longer critical
window to capture reliable looks to the target image across both age groups, as done in a prior
study with a large age range (Weaver et al., 2024).

The final data set included 1893 trials from 78 infants. An additional 504 trials were
excluded from the analyses because the trials did not have enough usable data during the critical
window (i.e., fixations to either image for at least 50% of the 33-ms frames). These excluded
trials typically reflect instances of inattentiveness (i.e., off-screen looking) during the majority of
the trial.

Experience. Referent experience was defined in two ways in this study. First, we
categorized the referents into two item types. Referents that were more likely to be experienced
by younger infants (i.e., applesauce, banana slices, and shredded cheese) were assigned to the
younger image category, and the remaining images (i.e., apple slices, peeled banana, and cheese
slices) were assigned to the older image category. The canonical referents were excluded from
the present analyses as they were not central to the research questions. Future exploratory

analyses will examine word recognition in the presence of the canonical referents.
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The second measure of experience was caregivers’ reports of their child’s exposure to the
referents in the past week. We use recent experience as our primary measure, as adult work
points to recent experience as strongly influencing word meanings (Rodd et al., 2016).

The methods, exclusionary criteria, and analytic plan were all preregistered on the Open

Science Framework (https://osf.io/tahpk).

Results

Modeling Approach

The data processing and analyses were conducted in R (Version 4.5.0; R Core Team,
2024). Linear mixed-effects models (LMEM) were fit using the Ime4 package (Version 1.1.37;
Bates et al., 2015), and p-values were computed using Anova() from the car package (Version
3.1.3). This function uses Kenward-Roger approximation to estimate degrees of freedom for F-
tests. Models were fit with the maximal random effects structures (Brauer & Curtin, 2018), and
were iteratively pruned until convergence was reached following recommendations from Brauer
and Curtin (2018) and Muradoglu and colleagues (2023). Specifically, we began by removing
covariances between random effects, followed by removing random slopes for covariates and/or
random intercepts. If all other methods fail to reach convergence, we retained random intercepts
and removed random slopes for effects of interest as a final potential solution.
Analyses

Our main question of interest is whether experience with referents shapes word
meanings, as indexed by word recognition in the presence of those referents. The first set of
analyses operationalized experience using the two different image types (e.g., older vs. younger).
We hypothesized that if word recognition is influenced by experience with referents, then word

comprehension should be superior for age-appropriate referents. Following our preregistered
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analysis, we fit an LMEM regressing accuracy on image type (coded -0.5 for the younger image
category and 0.5 for the older image category), age group (coded -0.5 for younger infants and 0.5
for older infants), and their interaction, including a by-subject random intercept. On average,
infants recognized words above chance (b = 0.033, F(1,73.62)=16.577, p=0.0001). The effect of
image type (b =-0.053, F(1,1515.01)=10.715, p=0.001), age (b = 0.046, F(1,73.62)=8.065,
p=0.006), and their interaction (b = 0.086, F(1, 1515.01)=7.017, p=0.008) were all significant
predictors of infants’ word recognition accuracy.

Visual inspection of Figure 7 suggested that there were baseline preferences for the target
images, especially for the younger infants. Thus, we wanted to assess the robustness of the effect
of image type by fitting an analogous model using an alternative outcome measure for accuracy
that corrects for baseline preferences. We calculated this alternative measure of accuracy by
subtracting the proportion of fixations to the target image during a baseline window (-1667 to 0
milliseconds) before the onset of the target words from the proportion of target fixations during
the critical window. This method has been used in prior studies to correct for infants’ preferences
for certain stimuli (Bergelson & Swingley, 2012; Weaver et al., 2024). After controlling for
baseline preferences, the effect of age was the only significant predictor of accuracy (b = 0.081,
F(1,1388.13)=17.544, p<0.05), with older infants outperforming younger infants. Therefore, the
effect of image type and the interaction effect between image type and age were not robust to
different measures of accuracy, suggesting that baseline preferences for the images from the

younger category may have been driving the effect of image type in the preregistered analysis.
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Figure 7

Word Recognition by Image Type and Age
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Note. Time course of gaze behavior for younger infants (9- to 11-month-olds; left panel) and
older infants (15- to 17-month-olds; right panel). Proportion of fixations to the older images
when they were the target are indicated by the yellow lines, and fixations to the younger images
when they were the target are indicated by the green lines. The critical window of analysis is
marked by the light gray dotted lines, and the onset of the target noun is indicated by the black
dotted line. Data is aggregated across participants and trials. Error bars represent standard error.
To further explore the effect of image type, we assessed the extent to which our pre-
assigned image types were reported to be experienced more frequently by the intended age
group. That is, we used our measure of caregiver-reported experience as a manipulation check of
our image types. For each subject, we averaged experience across each condition to compute a
measure of each infant’s average experience with images relevant for older infants and their
average experiences with images relevant for younger infants. We then fit an LMEM regressing
this average experience on image type, age group, and their interaction, including a by-subject
random intercept. If our pre-assignments of images into older and younger categories were

correct, we would expect image type and age to interact such that images relevant for older

infants are reported as more highly experienced by older infants and images relevant for younger
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infants are reported as more highly experienced by younger infants. However, there was no
significant effect of image type, age, or their interaction (p=0.502, p=0.164, p=0.088,
respectively), suggesting that our preassigned conditions were not representative of each age
group’s actual referent experience.

Given that our preassigned image types were not reflective of experience, we next fit a
LMEM using caregiver-reported experience in the past week as the measure of referent
experience. We regressed baseline corrected accuracy on experience (adaptively centered;
Raudenbush, 2009), age group (coded as -0.5 for younger infants and 0.5 for older infants), and
their interaction, including by-subject and by-item random intercepts. We used baseline-
corrected accuracy in this model, as our prior results indicated baseline preferences (e.g., Figure
7). This model diverges from the preregistered model, an LMEM predicting accuracy from
experience with age group only included as a covariate. We preregistered this set of analyses
because we assumed that the first model (e.g., using image type as the experience measure)
would test for experience and age interactions, while the second model would elucidate whether
individual referent experience explained additional variance beyond the effect of age. Given the
lack of correlation between our conditions and experience, this exploratory LMEM including an
interaction term is a stronger test of our primary hypothesis. Furthermore, we can still assess the
effect of experience alone by examining the simple effects in the current model.

The LMEM model including caregiver-reported experience, age group, and their
interaction, revealed a significant effect of age group (»=0.080, F(1,72.39) = 16.967, p<0.05) and
a significant interaction (b=0.039, F(1,909.54)=4.661, p=0.031). Older infants were significantly
more accurate at recognizing words than younger infants, especially for referents with which

they had more experience (Figure 8A). The intercept was also significantly above zero
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(M=0.034; 5=0.037, F(1,4.63)=14.816, p=0.014), suggesting that, on average, infants increased
their looking to the target image after hearing the noun relative to their looks to the target image
before hearing the noun.

To further investigate the results, we examined the simple effects by recoding the age
group variable so that each age bin served as the reference group (e.g., younger infants were
recoded as 0 for one model and older infants were recoded as 0 for a separate model). Recoding
the age group in this way allows us to test whether the effects hold for each age group. We found
that the younger infants did not recognize words significantly above chance (M=-0.002;
p=0.857). The older infants, however, did recognize the words on average (M=0.078; p<0.05).
Critically, caregiver-reported experience with the referents was a significant predictor of
accuracy for the older infants (Figure 8B; »=0.029, F(1,1241.70)=4.657, p=0.031), but not for
the younger infants (p=0.147). These results suggest that older infants were better at recognizing

words in the presence of referents that they were reported to experience often (Figure §B).
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Figure 8

The effect of recent experience on word recognition
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Note. The interaction effect of experience and age (2a) and the effect of experience on older
infants (2b). Each data point in (2a) represents one trial of the LWL task, and (2b) shows data
averaged across trials and participants for the older group only. Error bars represent standard
error of the mean. The black dotted line in 2b indicates the onset of the noun, and the light gray
dotted lines demarcate the critical window. In panel B, the proportion of fixation to the target
referent is plotted for three different levels of experience: never experienced (light blue line),
sometimes experienced (medium blue line), and very frequently experienced (dark blue line).

In addition to examining the role of experience on word recognition, we were interested
in whether the data could provide initial evidence for individual differences in word meanings
depending on infants’ experiences with referents. There are two possible explanations for the
experience-related effects we observed with the older infants. One is that differences in
experience with specific referents drive individual differences in early word meanings. The other
is that while experience does indeed affect early word meanings, infants have such similar

experiences that those word meanings do not differ. We reasoned that the distribution of

responses on the experience survey would help us to determine whether the present data provide
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potential evidence for individual differences in early word meanings, or whether, instead,
infants’ experiences overlap so much that experience-driven word meanings are likely to be
highly similar. We examined this question by graphically representing caregiver reports of
individual infants’ experience with the two tested referents for each of the three words (Figure
9). If the effect of experience on infants’ word recognition is due to shared experiences with
referents (or lack thereof), we would expect some referents to be very frequently experienced by
all participants, and others to be rated as rarely experienced. However, if infants’ idiosyncratic
experiences result in individual differences in word recognition, we would expect substantial
variability in experience with each word’s referents.

Visual inspection of Figure 9 suggests that infants’ experiences with these referents are
highly variable. The distributions of reported experience vary across the entire experience rating
scale, and the data do not appear to be skewed towards a specific rating for any of the referents.
Many infants show different levels of experience with the two tested referents for each word, as
evidenced by steep slopes for individual infants. “Banana” shows the least variability; the two
referents for the word “banana” are both experienced relatively frequently (peeled banana:
M=3.529, SD=1.161; sliced banana: M=3.588, SD=1.158). By contrast, referents for the word
“apple” are relatively infrequently experienced on average (apple slices: M=2.853, SD=1.351,;
applesauce: M=2.206, SD=1.149). The two referents for the word “cheese” are also experienced
less frequently in general (sliced cheese: M=3.000, SD=1.326; shredded cheese: M=2.794,
SD=1.250). Of particular relevance, the referents for the words “apple” and “cheese” seem to be
experienced with a high degree of variability across participants. This observation is consistent
with the hypothesis that the effects of experience on word recognition observed in this study are

due to individual differences in word meaning representations.
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Figure 9

Experience with referents for each word
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Note. The graph depicts experience ratings for each of the referents. Each panel represents a
specific word, and the gray lines connect experience ratings between the two referents for a
given participant. The average ratings for each word are denoted by the red lines. The
distribution of the data is represented by the half violin plot.

Discussion

Infants’ experiences with objects are highly idiosyncratic. Food words, in particular, are
likely to be experienced in various forms (e.g., puree, sliced, or whole) that differ across families
and development. We aimed to harness this natural variability to understand whether and how
prior experience shapes early word meanings. We measured 9- to 11-month-olds’ and 15- to 17-
month-olds’ word comprehension in the presence of two different referents—a younger
appropriate form and an older appropriate form—for three early learned food words. We also
asked their caregiver to report the frequency with which their child experienced each form of

food in the last week. Older infants recognized words significantly more accurately than younger
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infants, and this effect was even stronger for referents that they had frequently encountered. The
younger infants demonstrated no evidence of word recognition regardless of experience. The
older infants, by contrast, recognized words more accurately when the referent was reported to
be frequently experienced in the last week. Put another way, older infants were better at linking
recently and often experienced referents with familiar labels.

These findings suggest that word meanings are influenced by prior experience, which is
similar to the role that experience plays in shaping adults’ word meanings (Rodd et al., 2016;
Wiley et al., 2018). For adults, recent experience shapes how strongly a given referent is
associated with a label, allowing some meanings to be more readily retrieved than others.
Infants’ recent experience may also facilitate word recognition in the presence of specific
referents by influencing word-referent associations. Infants have many opportunities to learn
food words during mealtimes (Clerkin & Smith, 2022; Custode & Tamis-LeMonda, 2020;
Tamis-Lemonda et al., 2018) and experience food in some forms more often than others (e.g.,
sliced apples rather than whole apples; Clerkin & Smith, 2022). Thus, the more frequently-
encountered forms may be more strongly associated with the label than less frequently-
encountered forms, ultimately, facilitating word comprehension for highly experienced referents
in the current LWL task.

Our findings add to the rich literature on variable exemplars and word learning,
demonstrating that the relative amount of exposure to a given referent influences the
representations that infants develop. Infants experience individual instances of a category, and
these referent-label associations are stored (Ambridge, 2020). As infants amass more variable
referent experience, they learn to abstract and generalize known labels to novel referents (Crespo

et al., 2024; Kucker & Samuelson, 2012; Perry et al., 2010). Furthermore, word learning unfolds



68

gradually over time as infants slowly retain associations between words and referents
(Hendrickson et al., 2017; Samuelson & McMurray, 2017). The current results take this theory
one step further; as infants amass experience with words and their referents, some are more
strongly associated with these learned representations than others.

We also found limited word recognition abilities in 9- to 11-month-olds. While there is
mixed evidence that 9-month-olds successfully comprehend early food words (Bergelson &
Swingley, 2012, 2015; Foushee & Srinivasan, 2024; Kartushina & Mayor, 2019; Steil et al.,
2021), the present results are likely due to the relatively challenging nature of our LWL task. We
paired images exhaustively within a single superordinate category (e.g., foods). For example, the
word “apple” was tested in the presence of apple slices paired with a peeled banana or shredded
cheese. Prior work, however, paired food words with referents from entirely separate
superordinate categories (e.g., pairing cow and squash; Foushee & Srinivasan, 2024). These
within-category comparisons may have been particularly challenging for our younger
participants, as their word meanings are imprecise, often including related but incorrect referents
(e.g., including sock for the word “foot”’; Bergelson & Aslin, 2017). Thus, the younger age group
likely did not have strong enough word representations to distinguish between referents within
the same broader food category.

While the challenging task may have hindered younger infants’ word recognition, it may
also have allowed us to demonstrate experience effects in older infants. Prior research examining
the role of experience has demonstrated that 14- to 18-month-olds have strong word recognition
abilities, and their prior experience plays a limited role in word comprehension (Garrison et al.,
2020; Weaver et al., 2024). By contrast, we found evidence that word recognition was better for

more frequently experienced referents, perhaps because infants were discriminating between
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more challenging referent pairs. Put another way, identifying the target referent for the word
“dog” in the presence of a golden retriever and a sparrow may be too simple a task to highlight
subtle differences in word-referent associations. However, identifying the word “apple” in the
presence of apple slices and banana slices (both of which are beige and cut-up pieces of fruit)
may be a methodologically stronger test of experience-based improvements in word
comprehension. Indeed, prior research demonstrates evidence for this methodological “desirable
difficulty”. For example, Southgate and Meints (2000) found evidence for a typicality effect
when the pairs of images tested were within basic-level categories (e.g., a trial testing the word
“bird” included a sparrow and an ostrich), but Weaver and colleagues (2024) found no evidence
of typicality effects in cross-category test trials. Taken together, these results suggest that subtle
individual differences may be more apparent when testing word comprehension under more
challenging LWL tasks.
Limitations

Although the results provide evidence that prior experience influences 15- to 17-month-
olds’ word comprehension, our results do not necessarily indicate individual differences in early
word meanings. The exploratory analysis examining the experience survey demonstrated
immense variability in the frequency with which infants experience the different referents for the
words “apple” and “cheese”. Therefore, the effect of experience seen in the present study may be
driven by individual differences in word meanings. Put another way, our results cannot simply be
explained by some referents being generally more experienced by all of our infants, at least for
the words “apple” and “cheese”. However, most of the infants in the present study did, in fact,
frequently encounter both referents for the word “banana”. Thus, the present findings do not

provide robust evidence of individual differences in early word meanings. Instead, our results are
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consistent with the hypothesis that infants associate some referents more strongly with known
labels. Future work could address the question of individual differences in word meanings more
directly by exposing infants to novel word-referent associations with varying frequency between
subjects, and testing whether infants” word comprehension is superior in the presence of

frequently-encountered referents.

General Discussion

Words refer to entire categories of referents, some of which may be more frequently
experienced than others. The current research investigated the range of referent experiences for a
set of early-learned nouns and whether these experience-based individual differences influence
infants’ early word meanings.

In Study 1, we developed a database of images depicting the referents that U.S. infants
encounter. Caregivers provided insight into their child’s object experiences by providing
photographs for the database, and norming the resultant image set. There was remarkable
variation in the number and kinds of referents provided for a given word. Despite this variation,
pairs of referents provided for a given word were generally considered more similar than pairs of
referents from different words, suggesting that categories of referents have overlapping
perceptual features. We also found that referents were reported to be experienced occasionally on
average, yet individual experiences with referents ranged the entire scale (i.e., from never to very
frequently). These finding suggests that the final database is fairly representative of referent
experiences during infancy in the United States. Of particular relevance, these findings
demonstrate immense variability in both the specific referent that infants experience and in the

amount of experience a given child has with referents.
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In Study 2, we examined whether infants’ word meanings were related to their experience
with individual referents. To do so, we measured infants’ comprehension of food words using a
looking-while-listening paradigm. We intentionally included target referents that depicted the
foods in two distinct forms (e.g., applesauce and apple slices), and asked caregivers to report
how often their infant experienced each form in the past week. Younger infants demonstrated
very little evidence of word recognition regardless of their experience with referents. Older
infants, by contrast, were more accurate at recognizing words when the target image depicted a
frequently-experienced referent. These findings reveal that infants associate some referents more
strongly with their labels, depending on how frequently they are encountered.

The results indicate that the referent space and early word representations are potentially
more variable than traditional word learning theories assume. That is, word learning has been
framed as a process by which infants link a word to a referent in “buzzing, blooming confusion”
(James, 1890) of possible different referents in the world. As an example, consider the Gavagai
problem (Quine, 1960). Quine (1960) described word learning as akin to the challenge that a
linguist faces when determining whether an exclamation (“Gavagai!”) in an unknown language
refers to a rabbit, an action, a phrase, or even a part of a rabbit. Notably absent from this example
is whether “gavagai” refers to an angora rabbit and/or a cottontail rabbit. The present findings
suggest that no single referent is necessary or sufficient to learn the meaning of a word. Instead,
this research is consistent with the hypothesis that words have multiple related meanings that
vary across individuals (Elman, 2009; Rosch & Mervis, 1975; Srinivasan & Rabagliati, 2021)—
even at the early stages of word learning. That is, infants were reported to experience a multitude
of different referents for a given word, some of which were more frequently encountered than

others. Moreover, this variability in experience influenced infants’ word comprehension.
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Although these data do not provide direct evidence for individual differences in infants’ word
meanings, they do establish the necessary components for such a theory (e.g., variability in
referents and asymmetric word-referent associations).

The current findings are consistent with two different hypotheses about the nature of
early referent experience. On the one hand, infants may have very narrow referent experiences.
By this account, infants only experience a select few referents for a word (e.g., one or two), but
encounter those referents very frequently. Alternatively, referent experience may be broad, but
asymmetric. Under this hypothesis, infants experience the entire category of referents, but the
relative frequency of exposure to particular referents varies. Take, as an example, the word
“dog”. In Study 1, the most highly experienced referent for the word “dog” was a golden
retriever. This high rating could be explained by infants only experiencing golden retrievers
(narrow referent experience) or by most infants experiencing a variety of dog exemplars but
encountering golden retrievers most often (broad referent experience). Our data cannot
adjudicate between these two alternative explanations for early referent experience. This is an
important distinction to elucidate in future work to understand precisely how word-referent

experiences develop.

Broader impacts and future directions

The current results have several important methodological and theoretical implications
for familiar word learning. In what follows, we focus on three primary avenues for future
research. We discuss diverse language trajectories, moving beyond the “map trap”, and using

looking-while-listening studies to examine individual differences in light of the current findings.
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Diverse language trajectories

Late talkers (LTs) are often defined as toddlers who have smaller productive vocabularies
relative to their age-matched peers, despite otherwise typical cognitive development. An
estimated 50% of LTs ultimately “catch up” to their typically-developing peers and do not have
long-term challenges in word learning (Rescorla, 2002, 2011). A central question in this area is
how to best measure early language and identify toddlers at risk for later language disorders
(e.g., Developmental Language Disorder). One prevailing hypothesis is that toddlers with
persistent language delays have vocabularies with different semantic structures than typically-
developing toddlers (Colunga & Sims, 2017; Horvath et al., 2022; Jiménez & Hills, 2022; Perry
et al., 2022). In particular, LTs’ vocabularies seem to include fewer shape-based words (Perry et
al., 2022), and they struggle to extend labels to novel objects that share a similar shape (Zuniga-
Montanez & Krott, 2025).

While prior work suggests that the structure of LTs’ vocabularies is different from
typical-language toddlers, it leaves open the question of whether LTs’ word meanings also vary
from typically developing infants. LTs’ challenges with the shape-bias suggest that they may
struggle to associate or extend familiar labels to a broader category of referents. By this theory,
we would expect LTs” word meanings to be even more tightly bound to the specific referents that
they experience than typical-developing infants’ word meanings. Interestingly, prior work
indicates that LTs have slower and less accurate word recognition than their language-typical
peers (Fernald & Marchman, 2012; LaTourrette et al., 2023). One possible explanation for these
findings is that late talkers find it more difficult to identify a never-before-seen referent for a
given word because of their difficulty extending labels to shape-matched exemplars.

Alternatively, poorer word recognition abilities may be explained by broader challenges with
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associating words and referents. Future work could disentangle these competing hypotheses by
examining whether LTs are faster and more accurate at recognizing a frequently-experienced
referent than a novel, prototypical referent. If LTs’ word recognition mirrors typically-
developing toddlers’ word recognition in the presence of frequently-encountered referents, we
would interpret this as evidence that word extension may be a key indicator of later language
delay. However, if late talkers do not have equally inferior word recognition for both referent
types, we may interpret this as evidence that associating words and referents may be a challenge
for LTs.

Moving beyond the “map trap”

Word learning theories have been limited by their conceptualization of familiar word
learning as a mapping problem (Wojcik et al., 2022). Our studies emphasize the importance of
moving beyond simple mappings between a word and a single referent to characterize the
complexity of early word representations. A challenge for future research will be to understand
which kinds of experiences matter for individual differences and whether individual differences
are persistent across word classes.

As a first foray into experience-driven effects on early word-referent associations, we
selected the frequency with which infants encountered different referents (i.e., visual experience)
as our primary measure of experience across the two different studies. Defining experience in
this specific manner had several advantages. First, recent reviews of familiar word learning have
criticized the use of a researcher-intuited referent to represent a word’s meaning (Wojcik et al.,
2022) without providing alternative visual stimuli to address this issue. Our studies provide
multiple visual referents for researchers, as well as concrete evidence that the specific images

included in looking-while-listening studies impact word comprehension. Secondly, visual
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experience is a tangible, concrete, and straightforwardly observable property for caregivers to
report. This contrasts with other ways of defining experience (e.g., familiarity), which may be
interpreted in many ways (e.g., familiarity may conflate frequency and typicality) and have
resulted in very limited effects of experience in prior work (Garrison et al., 2020). Finally, prior
literature established high variation in the visual experiences in early infancy using naturalistic
head-camera data (Clerkin et al., 2017; Clerkin & Smith, 2022). While limiting experience to the
visual domain provided critical insights into variation among word-referent associations, there
are several alternative ways to define experience.

Future research could consider whether variability in the contextual experiences under
which infants learn familiar words impacts word meanings. Prior work demonstrates that
variability in the location in which words are heard influences the ease with which a word is
learned (Breitfeld & Saffran, 2025; Custode & Tamis-LeMonda, 2020; Roy et al., 2015; Tamis-
Lemonda et al., 2018). Perhaps the location where a word is encountered influences how
strongly infants associate that word with a given meaning. For instance, the word “chicken” can
refer to both an animal and a food. Some infants may hear the word “chicken” more often during
mealtimes, and therefore, primarily in the context of a highchair in the kitchen. Other infants
may hear the word “chicken” more frequently during play, and thus, encounter the word
“chicken” in the living room, bedroom, or playroom. If our experience findings generalize to
other kinds of experience, we would predict that infants with more constrained contextual
experiences would more strongly associate the word “chicken” with the sense used in that
context (i.e., a food sense in the kitchen and an animal sense in other rooms). We would also

predict that the proportion of these contexts would matter for word representations, such that
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more widespread exposure across different contexts would result in a broader word meaning for
that child.

Another fruitful direction to explore is whether differences in language experience
influence word meanings. Specifically, multilingual or multi-dialectal input may result in more
variable word meanings than monolingual input. This may be especially true for infants who
experience input from multiple languages in separate contexts. For instance, a child who is
primarily exposed to Spanish speakers at home, but is exposed to English speakers at daycare,
may experience distinctive referents in each of these contexts (e.g., their own dog at home, but a
stuffed animal dog at daycare). This experience may result in stronger associations between a
word in a specific language and the referent that is most commonly experienced in that language
context. A potential method to investigate this question would be to test multilingual infants’
word comprehension in both languages for a set of concepts that are experienced in both contexts
(e.g., dog). The referents included in the task could be drawn directly from each language
context (e.g., the pet dog from home and the stuffed daycare dog). Infants’ speed and accuracy of
word recognition for each referent in the presence of each language would be measured. To use
the previous example, we would examine whether an infant was equally fast and accurate at
recognizing the word “perro” in the presence of the stuffed dog from daycare as they are at
recognizing it when hearing the word “dog”. Given the current findings, we would predict
stronger associations between referents and the specific language in which they experience the
referent.

In addition to considering different kinds of experience, investigating word meanings for
abstract words rather than concrete, imageable nouns will advance theories of familiar word

learning. The literature on familiar words has traditionally focused on nouns, characterizing
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language development by the size and structure of noun vocabularies. However, nouns do not
dominate the early vocabularies of all languages equally (e.g., Mandarin; Tardif et al., 1997).
Thus, one possible way to include more diverse populations in early language development
research is to diversify the kinds of words tested.

Words that are considered more abstract than concrete nouns (e.g., abstract nouns, verbs,
and adjectives) have been theorized to be learned later, and can be more challenging to assess
using familiar word paradigms (Bergelson & Swingley, 2013, 2015; Casey et al., 2023; Nomikou
et al., 2019). One of the persistent challenges in testing abstract words is that the referents are
harder to identify and represent pictorially. For example, Bergelson and Swingley (2013, 2015)
investigated whether very young infants would recognize verb meanings when using video
stimuli. While word recognition for nouns was similar across static images and dynamic videos,
infants did not recognize verbs in the presence of videos with a target action. By contrast,
Nomikou and colleagues (2019) used static images to test verbs and found a significant increase
in target looking after hearing a verb compared to before hearing the verb (although they did not
compare accuracy to chance). These examples demonstrate that the specific stimuli included for
abstract words may impact the results, yet there are very limited recommendations on how to
select stimuli when testing abstract words. However, we have established a novel method for
collecting images by asking caregivers to provide photographs that portray their infants’
experiences with referents. While concrete nouns were relatively easy to photograph, it is an
open question whether we could leverage caregiver report methods to collect stimuli for the
entire set of words on the MB-CDI words, including verbs, adjectives, and other abstract words.
One challenge of the method in Study 1 for abstract words is that abstract words may be more

likely to include identifiable information (e.g., a child jumping as a referent for jump). Future
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work could potentially circumvent this challenge by collecting referent images from families and
subsequently recreating the images without identifiable information.

Despite the challenges in developing adequate methods for testing abstract words, they
may be more likely to have variable word meanings. Indeed, prior research examining adults’
word meanings suggests that abstract words vary more across individuals than concrete nouns
(Wang & Bi, 2021). This suggests that abstract words may provide important insights into
individual variation in early word meanings. Therefore, an important next step in examining
early word meanings would be to identify candidate abstract words to examine the role of
experience-based individual differences in infants’ word-referent associations. A potential
starting point may be to use a data-driven approach by which we examine the range of referents
provided by caregivers and select abstract words that appear to have a wide range of reported
experience and/or low pairwise similarity within a category.

Methodological insights

The findings from Study 1 suggest that several different referents can be included as
targets in LWL tasks. Importantly, future studies should include referents according to their
central hypotheses rather than relying on a rule-based approach to referent selection (e.g., always
use the highest average rated image). For example, if a researcher aims to demonstrate evidence
of familiar word recognition at particular age ranges, the present results indicate that using a
highly experienced referent may be the strongest test of this ability. Researchers could include
either a referent with a high modal experience rating or a referent with the highest mean
experience rating. Alternatively, a study aiming to examine the richness of representations for
particular words should include multiple referents across the range of experiences. This approach

would allow the researcher to investigate whether infants vary in how they associate referents
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across a range of experiences. More broadly, the database provides norms that can be used to
select visual stimuli in a theory-driven manner rather than relying on researchers’ intuitions.

The findings also provide methodological insights for investigating individual differences
in word recognition. Individual differences in early language development are notoriously
challenging to investigate (Donnelly & Kidd, 2020), with the majority of the familiar word
literature examining group differences. For instance, several studies have identified differences
in semantic structure between the vocabularies of infants with different language abilities (e.g.,
Perry et al., 2022). Study 2, by contrast, examined relations between individual infants’ referent
experiences for specific words. We found that infants encounter referents with different
frequencies, which shapes their word-referent associations. We may have been able to detect
individual differences due to three methodological decisions: (1) we included two discontinuous
age bins; (2) we developed a challenging LWL task; (3) we included multiple measures of word
recognition.

In Study 2, we examined two distinct, discontinuous age groups, each with an average
sample size (N=~40). Using this design, we found differences in the effect of experience across
the two age ranges. Prior studies, however, have used continuous age ranges (Garrison et al.,
2020; Weaver et al., 2024). Overall increases in word recognition across a broad developmental
time may mask experience effects for particular age groups. Moreover, studies using larger age
ranges often dichotomize their continuous age variable into two age bins, typically varying in the
number of participants in each group (Bergelson & Swingley, 2012; Garrison et al., 2020).
Dichotomization of continuous variables reduces statistical power (Royston et al., 2006) and
arbitrarily defines older and younger infants (e.g., 13.9 is younger but 14.0 is older). By selecting

theoretically-motivated discontinuous age ranges, we were able to elucidate different effects of
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experience. Our findings suggest that cross-sectional designs can be useful in identifying
developmental changes in experience effects, but that the study must be sufficiently powered to
detect these effects. Additionally, the results indicate that future studies should consider
recruiting relatively equal samples of infants in each age bin of interest.

Another explanation for detecting experience effects in Study 2 was the difficulty of the
looking-while-listening task. Infants had to recognize words in the presence of two images from
the same superordinate category, which is known to be more challenging (Arias-Trejo &
Plunkett, 2010; Ellis Weismer et al., 2016). However, the relative difficulty of our experiment
may have allowed infants to demonstrate the experience effect (which we predicted to be small).
That is, experience may play a small role in word recognition when infants need to identify a
word in the presence of two objects that have remarkably different perceptual features (e.g.,
recognizing “dog” in the presence of a dog and a bird). Under more challenging task designs,
infants may need to draw on a more precise word representation to identify the target image.
Given these findings, one important consideration for future studies is whether the study is
sufficiently difficult to elucidate the effect of interest. Fortunately, the database developed in
Study 1 will significantly improve researchers’ ability to scale the difficulty of their tasks by
including pairwise similarity for images across and within word categories.

A final methodological consideration concerns the outcome measure used to index word
meanings. We initially preregistered using the proportion of target looking during a critical
window as our measure of word recognition. We had to modify this approach as infants showed
baseline preferences, despite the referents appearing to be equally salient to the researcher (i.e.,
referents were all beige, from the same superordinate category, and of similar size). Yet, infants

still preferred some stimuli over others. These data indicate that infants’ visual preferences may
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be challenging to predict a priori. As an alternative, it may be good practice to examine the
robustness of the results across multiple pre-registered outcome measures. Both the current
results and results from Weaver and colleagues (2024) suggest that the proportion of target
looking and baseline-corrected proportion target looking are important measures to include.
Weaver and colleagues (2024) and Weaver and Saffran (under review) have also shown that
reaction time provides converging evidence for a given result. Unfortunately, we were unable to
conduct analyses using reaction time in Study 2 because we did not have sufficient data after
removing trials in which infants were initially fixating the target image. Future work should
identify ways to modify LWL tasks to increase the number of trials included for reaction time

studies, as well as include other alternative measures of looking behavior.

Conclusion

When hearing a word, infants may experience different referents. These experiences may
vary across individual word learning moments and across children. The present studies represent
a first step in characterizing this immense variability across a large set of early learned words.
These results shed light on how idiosyncrasies in exposure to particular referents can manifest as
differences in the strength of word-referent associations for individual infants. Understanding
the extent to which word meanings vary for individual infants and words will help to broaden the
scope of future word learning theories to better account for variation in early word

representations.
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Concrete imageable nouns from the MB-CDI
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MB-CDI Category

words

Animal
Clothing

Food and drink

Furniture and rooms
Outside and places
Small household items
Toys

Vehicles

bird, dog, duck, kitty, lion, mouse
hat, pants, shoe, sock
apple, banana, bread, candy, cereal, cheese, cookie, juice,
toast, water
chair, couch, table, television (TV)
flower, moon, rock
blanket, bottle, cup, dish, lamp, plant, radio, spoon
ball, book, doll

bar, stroller




Appendix B

Norms reported at the word category

Word N Hvalue Average Experience Rating

apple 26 1.178 3.307
ball 30 0.848 3.340
banana 23 1.559 3.400
bird 24 2.175 2.926
blanket 32 2215 3.105
book 32 1.116 3.379
bottle 27 2.184 3.222
bread 27 1.052 3.136
candy 26 2.131 2.948
car 33 1.39%4 3.113
cereal 28 2277 2.854
chair 32 1.192 3.168
cheese 28 1.140 3.076
cookie 22 1.726 3.157
couch 31 1.188 3.081
cup 32 1.476 3.137
dish 32 1.646 3.019
dog 30 2.090 3.221
doll 23 2.095 3.209
duck 25  2.173 3.116
flower 27 1.343 3.129
hat 30 1.186 3.174
juice 24 1.620 2.968
kitty 27  2.026 3.065
lamp 26 1.168 2.974
lion 22 1.985 2.930
moon 10 1.838 3.127
mouse 11 2314 3.079
pants 31  1.341 3411
plant 26 1.369 3.072
radio 11 2.064 2.835
rock 20 1.323 2.970
shoe 31 1.548 3.311
sock 30 1.487 3.421
spoon 31  0.647 3.474
stroller 20 1.499 3.275
table 30 0.575 3.184
television 31 2.083 3.151
toast 13 1.107 3.404

water 29  2.024 3.176
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Sample Database entries for the words “apple”, “banana”, and “cheese”
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Image word ; dléil;%‘f or N l\r/llaorizl V;i{le Ri)t(ipn.g R]i)t(ipn.g R]i)t(ipﬂ g
(M) (Mo) | (SD)
apple apple01 20 apple | 0.000 | 3.000 1 1.897
apple apple02 30 apple | 0.561 | 3.367 5 1.790
apple apple03 16 apple | 0.669 | 4.500 5 1.150
apple apple04 25 juice | 3.075 | 2.828 4 1.256
apple apple05 30 apple | 0.833 | 3.900 5 1.729
apple apple06 28 apple | 0.959 | 3.452 5 1.609
apple apple07 24 apple | 1.143 | 3.042 1 1.853
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apple apple08 30 apple | 0.970 | 3.387 1.838
apple apple09 29 apple | 1.280 | 3.710 1.553
apple applel0 30 apple | 0.833 | 3.903 1.535
apple applel1 30 apple | 1.766 | 2.677 1.492
apple applel2 31 apple | 1.531 | 3.594 1.720
apple applel3 22 apple | 0.000 | 3.720 1.768
apple applel4 29 apple | 1.677 | 3.448 1.863
apple applel6 32 apple | 0.597 | 2.727 1.773
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apple applel7 30 apple | 1.239 | 2.839 1.968
apple applel8 30 apple | 2.663 | 2.531 1.270
apple applel9 31 apple | 1.012 | 3.258 1.825
apple apple20 27 apple | 0.455 | 3.889 1.577
apple apple21 22 apple | 1.534 | 3.160 1.772
apple apple22 30 apple | 1.442 | 3.233 1.832
apple apple23 30 apple | 0.420 | 3.867 1.655
apple apple24 22 apple | 0.267 | 3.318 1.783
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apple apple25 26 pouch | 3.536 | 2.571 1.476

apple apple26 16 apple | 0.993 | 3.125 1.746

banana | banana0l 23 banana | 1.492 | 3.296 1.772

banana | banana(2 27 banana | 2.724 | 3.407 1.309

banana | banana(3 26 banana | 0.850 | 3.692 1.850

banana | banana04 29 banana | 1.477 | 3.667 1.807

v banana | banana05 30 banana | 0.675 | 3.290 1.987
banana | banana06 31 banana | 0.947 | 3.469 1.796
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banana | bananaQ7 30 banana | 2.878 | 2.677 1.249
banana | banana(8 19 banana | 2.078 | 3.333 1.653
banana | banana09 29 banana | 1.563 | 2.645 1.561
banana | bananal(Q 27 banana | 2.080 | 3.444 1.502
banana | bananall 28 banana | 1.370 | 3.786 1.813
banana | bananal2 26 banana | 1.193 | 2.821 1.611
banana | bananal3 27 banana | 1.247 | 4.074 1.685
I
banana | bananal4 30 banana | 1.315 | 3.813 1.731




&9

banana | bananal5 27 banana | 0.725 | 3.517 1.883
banana | bananal6 28 banana | 1.092 | 3.750 1.713
banana | bananal?7 27 banana | 1.975 | 2.750 1.295
banana | bananal9 29 banana | 1.513 | 4.267 1.507
banana | banana20 24 banana | 1.356 | 3.652 1.722
banana | banana2l 29 banana | 1.477 | 3.400 1.886
banana | banana2?2 24 banana | 3.137 | 2.080 1.038
banana | banana23 28 banana | 1.134 | 3.897 1.718
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cheese | cheese03 27 cheese | 0.901 | 2.821 1.565
‘g cheese | cheese04 30 cheese | 1.892 | 3.531 1.319
cheese | cheese05 30 cheese | 1.478 | 3.467 1.502
‘ cheese | cheese07 26 cheese | 1.153 | 3.577 1.447
cheese | cheese08 29 cheese | 1.608 | 3.069 1.462
cheese | cheesel0 21 cheese | 1.092 | 3.500 1.401
cheese | cheesell 28 cheese | 1.260 | 3.269 1.638
cheese | cheesel2 22 cheese | 0.468 | 3.000 1.710
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cheese | cheesel3 26 cheese | 2.119 | 3.304 1.396
cheese | cheesel4 23 cheese | 0.813 | 2.900 1.626
cheese | cheesel5 31 cheese | 0.748 | 2.875 1.601
cheese | cheesel6 31 cheese | 0.420 | 2.903 1.578
cheese | cheesel7 29 cheese | 0.954 | 2.760 1.589
cheese | cheesel8 25 cheese | 0.833 | 2.733 1.574
cheese | cheesel9 30 cheese | 1.270 | 2.931 1.751
cheese | cheese20 29 cheese | 1.239 | 3.207 1.497




92

cheese cheese21 30 cheese | 0.880 | 3.211 1.813

cheese cheese22 19 cheese | 1.209 | 3.121 1.576

cheese cheese23 31 cheese | 0.970 | 2.875 1.238

cheese cheese24 30 cheese | 1.299 | 2.714 1.536

cheese cheese25 26 cheese | 0.983 | 3.125 1.727
*n

cheese cheese26 24 cheese | 0.767 | 2.806 1.424
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