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ABSTRACT

Picture book reading is widely regarded as an activity that promotes
multiple aspects of children’s language acquisition, including their
vocabulary development. Historically, researchers interested in what
underlies the link between picture book reading and vocabulary
development have investigated a suite of caregiver behaviors during
picture book reading that might support learning. More recently, with
the advent of modern text analytic tools, researchers have begun to
look at the properties of the picture books themselves and have
revealed many ways in which the language in picture book text may
support learning. The current study adds to this growing literature but
focuses not only on how the language in picture books might support
word learning but also on how its visual content supports learning. In
an adaptation of the Human Simulation Paradigm applied to com-
monly read picture books to English-learning children, the current
study involved adults (N = 96). Results showed that a word’s linguistic
and visual contexts in picture books are both valuable sources of
information about that word’s meaning, and that their relative con-
tributions may vary as a function of the book’s target audience and the
word in question. Moreover, the combined visuo-linguistic context
may be an especially valuable source of information for word learning.
The implications of this work for the mechanisms by which picture
books contribute to word learning are discussed.

Picture books have long been recognized as a valuable tool for young children’s vocabulary
development (Dickinson et al.,, 2012; Flack et al., 2018; Noble et al., 2019). A growing
number of studies suggest that one candidate explanation for their prowess in cultivating
learning is the rich language in their text (for review, see Nation et al., 2022). That is, several
investigations of picture book texts have revealed that the language children are exposed to
in picture books is both distinct from and richer than the language children are exposed to
in everyday speech (e.g., see Cameron-Faulkner & Noble, 2013; Hsiao et al., 2023; Montag
etal., 2015). For example, compared to child-directed speech, picture books expose children
to a more diverse set of words (Montag et al., 2015), to words that are more morphologically
advanced (Dawson et al., 2021), to sentence constructions that are more complex
(Cameron-Faulkner & Noble, 2013), and to syntactic structures that are rare in child-
directed speech (Hsiao et al., 2023; Montag, 2019). Importantly, many of the ways in
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which picture book language is distinct from child-directed speech have been indepen-
dently identified as accelerators of vocabulary acquisition (Hoff & Naigles, 2002; Rowe,
2012; Weizman & Snow, 2001), lending credence to the idea that a key pathway by which
picture books and picture book reading support early word learning is the rich linguistic
input it stimulates.

How exactly though does picture books’ rich linguistic input facilitate the process of
learning new word meanings? One possibility is that it does so through an indirect route.
That is, picture books may expose children to new words, but it is their caregivers and
teachers who then infuse those words with meaning. Indeed, studies have shown that
vocabulary acquisition from shared book reading increases when caregivers and teachers
provide explanations for new words (Barnes et al., 2017; Coyne et al., 2004; Elley, 1989),
when they encourage children to actively process the text and illustrations (e.g., by asking
them questions, see Ard & Beverly, 2004; Blewitt et al., 2009; Sénéchal et al., 1995), and
when they recast new words using different sentence structures that help reiterate the
meanings of those words (Demir-Lira et al., 2019; Pemberton & Watkins, 1987).
A different line of research has also shown that caregivers and teachers may support
word learning from picture books through non-verbal means (Murphy, 1978; Rohlfing
et al., 2015; Zhang & Yu, 2022). For example, Zhang and Yu (2022) recently used head-
mounted eye-tracking to investigate toddlers’ moment-by-moment visual attention during
shared book reading with their caregivers. They found that toddlers’” attention was more
likely to be directed to the referents of words if caregivers pointed to those referents as they
labeled them. Thus, whether the exact behaviors are verbal, non-verbal, or a mixture of the
two, there is good reason to believe in the indirect route from picture books to word
learning via caregiver behavior. The current study seeks evidence for an alternative and
more direct route by which picture books could support the acquisition of new word
meanings: the linguistic and visual contexts of the picture books themselves.

How picture book linguistic and visual contexts could support word Learning

A long list of computational and experimental analyses has revealed that much of a word’s
meaning can be gleaned from the linguistic contexts that surround it (see Lenci, 2018). In
a classic study, Miller and Charles (1991) found that the more similar two words were in
meaning (e.g., “car” and “automobile”), the more similar they were in sentential contexts
(i.e., the sentences in which those words appeared; see also Charles, 2000). More modern
computational analyses of large amounts of text have largely supported Miller and Charles’s
finding that there is a strong link between a word’s meaning and its linguistic contexts (see
Jones et al., 2017; Lupyan & Lewis, 2019). Interestingly, several recent findings have shown
that one way in which picture book text is unique is the rich linguistic contexts that
envelope their words. For example, in one recent comparison of picture book text to child-
directed speech, Montag (2019) found that picture book text contains more sentences with
the passive construction and more sentences containing relative clauses (see also Cameron-
Faulkner & Noble, 2013; Hsiao et al., 2023). Although these data are more frequently
discussed in terms of their contributions to children’s grammatical development, many
studies have revealed how rich syntactic contexts illuminate word meaning (for review, see
Fisher et al., 2010, Naigles & Swensen, 2007). Thus, one possible direct path for how picture
books support new word learning is not simply that picture books introduce children to
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new words (Dawson et al., 2021; Mesmer, 2016; Montag et al., 2015), but also that picture
books provide the appropriate linguistic contexts that help children interpret the meanings
of those words (see also Robbins & Ehri, 1994; Sénéchal et al., 1995).

A different path by which picture books might provide children with direct access to
a word’s meaning is through the link between a word and its non-linguistic, visual contexts.
This may be possible because picture books are multimodal forms of art that convey stories
both textually and pictorially. Although the relationships between picture book text and
illustrations have long been of interest within the literary analysis of children’s picture
books (e.g., see Nikolajeva & Scott, 2001; Nodelman, 1988; Sipe, 1998), this relationship has
received much less attention within the literature on word learning via picture books (for
some notable exceptions, see Dyer et al., 2000; Flack & Horst, 2018; Kiimmerling-Meibauer
& Meibauer, 2011). Interestingly, there has, however, been an increased interest in the visual
environment for children’s word learning outside of the picture book learning literature
(Smith et al., 2018; Yu et al., 2021). That is, due in large part to technological advancements
like head-mounted cameras and head-mounted eye-trackers (see Franchak & Yu, 2022 for
a recent review), several studies have revealed that the visual features of referents, as viewed
from the toddler learner’s perspective, are important contributors to children’s word
learning (Clerkin & Smith, 2022; Slone et al.,, 2019; Yu & Smith, 2012). Thus, the extent
to which picture book illustrations also depict a word’s referent in a visually clear and
transparent way could possibly support children’s linking of words to their meanings.

Finally, picture books might offer direct access to a word’s meaning through the
combination of the word’s linguistic and visual contexts. Interestingly, a number of
children’s literature scholars have argued that the relationship between a picture book’s
text and its illustrations is often one of interdependence, whereby critical narrative infor-
mation relies on the interaction between text and illustration (Arizpe & Styles, 2003;
Martinez & Harmon, 2012; Nikolajeva & Scott, 2001). For example, in one quantitative
analysis of commonly-read picture books targeting young readers, Martinez and Harmon
(2012) found that nearly a quarter of plot elements could only be deduced from
a combination of pictorial and textual information (see also Wagner, 2013). One intriguing
implication of this is the possibility that jointly processing the linguistic and visual contexts
around a word may yield a superadditive effect. That is, joint processing might involve not
only collecting the independent contributions of the linguistic and visual contexts but also
taking in additional information that emerges from the interaction between the two
contexts.

The human simulation paradigm as a tool for assessing how different contexts
support word learning

The broad goal of the current study is to assess the validity of these direct paths through
which picture books support learning word meanings. That is, the current study
examines the extent to which the sentential contexts around words and the illustrations
that co-occur with words in picture books are informative of those word’s meanings. To
achieve this, we employ the Human Simulation Paradigm (HSP), a paradigm originally
designed to assess the relative and combined contributions of different sources of
information for word meaning from child-directed speech (Cartmill et al., 2013;
Gillette et al.,, 1999; Snedeker & Gleitman, 2004). In most HSP studies, researchers
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begin with audio-visual recordings of toddlers interacting with their caregivers.
Researchers then identify within those recordings the moments in which caregivers
uttered target words of interest (e.g., “ball,” “toy,” “throw,” “play,” etc.). To assess the
informativity for word learning of the surrounding non-linguistic context, the research-
ers present naive adult observers with shortened muted video vignettes depicting those
utterance events. At the precise moments that caregivers uttered the words of interest
within those vignettes, the adult observers hear a beep and must then guess the word
uttered. To assess the informativity of the linguistic contexts surrounding words, the
observers have to identify words solely from their linguistic contexts. For example, in
one condition in Gillette et al. (1999) foundational HSP study, observers would be
presented with caregiver utterances in which the target word of interest was replaced
with a nonsense word (e.g., “Can you GORP Markie on the phone?” if the caregivers
had said “Can you call Markie on the phone?”). The observers’ task in this condition
was to guess what the nonsense word represented.

The logic of the HSP is that the degree to which naive observers can guess word identity
from their non-linguistic and/or linguistic contexts speaks to the informativity of those
contexts for identifying and acquiring word meaning. The HSP has been widely used to
characterize the informativity of different contexts for different types of words (e.g., nouns,
verbs; see Gillette et al., 1999; Kako, 2005; Snedeker & Gleitman, 2004), as well as to
characterize the informativity of different contexts across languages (e.g., Fitch et al.,
2021). Importantly, in one HSP study, Cartmill et al. (2013) found a correlation between
the informativity of children’s learning experiences (specifically their non-linguistic con-
texts) as assessed via the HSP and those children’s later vocabulary development, suggesting
that the HSP may measure not only the information that is available in the learning
environment for children to use but also the information that children actually use for
learning.

Considering that the current study’s goal is to investigate the contributions of picture
book text and illustrations to the acquisition of word meanings, it is worth noting that
a number of previous HSP studies of child-directed speech have shown that different
sources of information appear to play different roles for different types of words (see
Gillette et al., 1999; Piccin & Waxman, 2007; Snedeker & Gleitman, 2004). Perhaps, the
most well documented of these differences is that between nouns and verbs, where Gillette
et al. (1999) showed that non-linguistic contexts are more informative for learning noun
meanings and that linguistic contexts appear especially informative for learning verb mean-
ings (see also Piccin & Waxman, 2007; Snedeker & Gleitman, 2004). An important follow-
up to Gillette and colleagues’ finding is that the division of labor between non-linguistic and
linguistic sources of information does not simply fall along grammatical class lines. For
example, Kako (2005) showed that the value of non-linguistic contexts for learning noun
meanings may be restricted to nouns that denote object names. That is, Kako (2005) found
that whereas non-linguistic information (i.e., the observational contexts in which nouns
occurred) aided the identification of nouns that denote basic-level object categories (e.g.,
“ball,” “hat;” what Kako referred to as BLOC nouns), which information was not particu-
larly helpful for identifying nouns that did not denote basic-level object categories (e.g.,
“music,” “tail;” or non-BLOC nouns). Just like Gillette and colleagues had found for verbs,
Kako found that learning the meanings of non-BLOC nouns appeared to require access to
their linguistic contexts (Kako, 2005).

» «
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Current study

In the current study, we adapt the HSP to investigate the independent and joint informa-
tivity of the linguistic and visual contexts for word learning within picture books commonly
read to English-learning children in North America. Similar to the HSP studies of child-
directed speech described above, the informativity of the linguistic contexts of picture books
was assessed by asking naive English-speaking adult observers in the US and the UK to
identify target words from the text that surrounds them. Informativity of the visual
contexts, on the other hand, was assessed by asking observers to identify the same words
solely from their pages’ illustrations. The goal of this study was to address two research
questions. First, what is the relative and combined informativity of the linguistic and visual
contexts for word learning in commonly read picture books? Second, does this informa-
tivity change as a function of the picture book’s target audience and as a function of the
target word? Thus, the pages studied here include pages from both picture books targeting
younger and older English-learning children. With regard to word type, although the
current study focuses exclusively on nouns, following Kako (2005), it includes both
BLOC nouns (e.g., “ball”) and non-BLOC nouns (e.g., “day”). This variation allows us to
explore whether the key sources of information for learning to differ across words in picture
books, as they appear to do in child-directed speech (e.g., Gillette et al., 1999; Kako, 2005;
Piccin & Waxman, 2007; Snedeker & Gleitman, 2004).

Methods
Participants

Participants were 96 adults 18-35 years of age (62 Females, 29 Males, 2 Nonbinary, 3
Other/Unknown). Participants were either US- or UK-based enrollees in the Prolific
online participant pool (www.prolific.co) and received $5 for participation (n=74) or
were students enrolled in an introductory psychology course at a large public uni-
versity in the northeastern United States and received course credit for participation
(n=22). The participants self-identified as Asian (n=18), Black (n=4), White (n=
71), or more than one race (n = 3); six participants self-identified as Hispanic or Latino
or Spanish Origin. Although all instructions were in written English, participants were
not required to be native English speakers (37 participants reported speaking at least
one additional language).

Materials and stimuli

Target nouns

The stimuli for this study were picture book vignettes which were derived from pages in
children’s picture books where one of forty target nouns appeared in the page’s text. The
target nouns were chosen to mirror the types of nouns used in previous HSP studies of
child-directed speech (see Gillette et al., 1999). As such, these nouns are frequent in speech
directed to English-learning children (e.g., “bird,” “cow,” “day;” for the full list, see
Appendix Table A), are typically acquired by English-learning children by 30 months of
age (Frank et al., 2017), and vary in kind, with some referring to basic-level object categories
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(BLOC'; e.g., “dog,” “bag,” or “duck;” see (Kako, 2005) and others referring to non-basic-
level object categories (non-BLOG; e.g., “boy,” “eye,” or “day”).®

Source materials

The picture books used to create the vignettes were initially purchased to serve as props in
semi-naturalistic observational studies of parent-toddler interactions. Most books were
purchased due to their appearance on both classic (e.g., Time magazine’s “100 Best
Children’s Books of All Time”) and current bestseller lists (e.g., Barnes & Noble top sellers;
as of 2019) of picture books targeting English-learning children. The books were either
books that targeted infants and younger toddlers (age ranges within 0-5 years; “First
Books”) or books that targeted older toddlers and younger children (age range within 3-
8 years; “Early Books”).> A detailed list of the 69 unique books (34 First Books and 35 Early
Books) used in the present study are listed as part of the Supplementary Materials for this
paper hosted on OSF (https://osf.io/utv35/).

Vignette selection and creation

For each of the 40 target nouns, four instances from four different picture books were
selected. Although the four instances shared the same root morpheme, they may have
differed in grammatical number (e.g., “bird” vs. “birds”) or in diminutive form (e.g., “piggy”
vs. “pig”). Two instances were chosen from First Books, and two instances were chosen
from Early Books. Thus, in total, there were 160 unique noun events. For each event, three
separate vignettes were created for the three experimental conditions: Image condition, Text
condition, and Combo condition. For the Image condition, vignettes were created by
scanning the picture book pages (see Figure 1(a)) and then editing the scenes (using the
picture-formatting tools within Microsoft PowerPoint) so as to remove all of the text on the
page (see Figure 1(b)). For the Text condition, vignettes were created by displaying all of the
text from the page, with the target noun removed and replaced with an underline spanning
five characters (see Figure 1(c)). In cases where the target noun appeared multiple times on
the same page (14.38% of the vignettes), each instance was replaced with an underline.
Finally, for the Combo condition, vignettes were created by appending the Text condition
vignette to the Image condition vignette (see Figure 1(d)).

Design & procedure

The 160 vignettes in each condition were divided into four experimental lists of 40 vignettes,
one vignette per target noun. These lists (i.e., which noun events made up each list) were
identical across the three conditions. Two of the four experimental lists were of vignettes
from First Books and two of the four lists were of vignettes from Early Books. On average,
any given book contributed 2.25 vignettes (ranging from one to six vignettes). No vignettes
derived from the same book were of the same exact scene. Both the condition and

1Following Kako (2005), nouns were classified as BLOCs if they: (1) name whole objects, (2) name situationally-independent
kinds, and (3) name objects similar in shape.

2The choice to focus on the BLOC vs. non-BLOC distinction over other distinctions (e.g., concreteness) reflects previous
findings demonstrating that the BLOC-non-BLOC distinction better captures word identification trends in the Human
Simulation Paradigm (see Kako, 2005).

3Target age range classifications were based on age ranges printed on the books and on Amazon and Barnes & Noble
recommendations.
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Figure 1. lllustrative stimulus for each condition. Note. Due to copyright issues, the actual stimuli used in
the current study are unable to be depicted. This scene, which comes from “Colours” (Priyanka et al.,
2015) is released under CC BY 4.0 license, is not a stimulus that was actually used and is thus for
illustrative purposes only (depicted are illustrative vignettes for the noun “ear”): (a) Raw-scanned page
taken from the picture book; (b) Doctored illustration with all text removed (Image condition); (c) All of
the page’s text without the mystery noun (Text condition); (d) Doctored illustration paired with the page’s
text without the mystery noun (Combo condition).

experimental list were between-subjects variables. Thus, the 96 participants were randomly
assigned to and completed only one of the three conditions and one of the four experi-
mental lists.

This study was built and hosted on the Gorilla Experiment Builder platform
(www.gorilla.sc; Anwyl-Irvine et al.,, 2020). Participants accessed the study via an
onward link from Prolific (for paid participants) or Sona Systems (for course credit
participants). Prior to the study, participants consented to the study and filled out
a brief demographic and language history questionnaire. Next, to acquaint partici-
pants with the task, participants completed four practice trials. Each practice trial
started with the display of an Image, Text, or Combo vignette (depending on
condition). After 3 seconds, a prompt appeared below the vignette asking partici-
pants to “T'ype in the noun you think fits best on this page” (Image condition) or
“Type in the noun you think best fills in the blank” (Text and Combo condition).
Upon completing each practice trial, participants were shown the correct noun
alongside their guess. The practice vignette nouns were not one of the 40 target
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nouns used in the experiment, and the practice vignettes were not derived from any
of the 69 books used in the experiment. Immediately following the practice trials,
participants completed the 40 experimental trials. The experimental trials were
identical in structure to the practice trials with the exception that participants
were not provided with the correct answer. The entire session lasted approximately
20-30 minutes in duration. Video screencasts depicting the study can be viewed on
the paper’s OSF link (https://osf.io/utv35/).

Data scoring

Two trained coders independently evaluated participant guesses based on the scoring
criteria used in previous HSP experiments (see Gillette et al., 1999).* Guesses were coded
as correct if: (1) they were an exact match to the target noun, (2) they shared the same root
morpheme as the target noun but differed in grammatical number (e.g., “cars” vs. “car”), (3)
they shared the same root morpheme as the target noun but included (or dropped)
a diminutive suffix (e.g., “doggy” vs. “dog”), (4) they were the clipped (or unclipped)
form of the target noun (e.g., “phone” vs. “telephone”), or (5) they were a single-letter
typo that did not form an alternative English word (e.g., “scjool” instead of the target noun
“school”). Guesses were coded as incorrect if they did not share the target noun’s root form
in any of the ways just outlined, or if they included a modifying word before or after the
target noun (e.g., “sandcastle” instead of the target noun “sand”). Note that guesses that
likely referred to the same object as the target noun but differed in the root morpheme (e.g.,
“puppy” instead of “dog”) were scored as incorrect. In the rare case that participants offered
multiple answers where one of the answers was correct, we scored those cases as incorrect.’
The two trained coders agreed on 99.43% of the trials (Cohen’s Kappa = 0.99). All disagree-
ments were resolved by a third trained coder.

Data analysis

Given the categorical nature of these data (i.e., most participant guesses were scored as
either correct or incorrect), standard continuous analyses like t-tests and ANOV As were
inappropriate (Jaeger, 2008). Thus, for all statistical analyses, we employed mixed-effects
logistic regression models (i.e., Generalized Linear Mixed Models, or GLMM, for binomi-
ally distributed outcomes; Baayen et al., 2008). All analyses were executed in R version 4.3.1
(R Core Team, 2020), utilizing the lme4 package version 1.1-34 (Bates et al., 2020).
Although we report some statistics in support of the key model statistics in the text body,
the full specifications and parameter estimates of each model are described in Appendix
B. Where means and standard deviations are reported, these reflect the mean of subject-
level proportions and the standard deviations around those subject-level means. The raw
data that support the findings of this study are openly available on the study’s OSF site
(https://osf.io/utv35/).

“See Gillette et al. (1999) for a discussion of the challenges associated with alternative HSP scoring methods. Although such
methods might yield different absolute estimates of informativity, there is no reason to believe such methods would yield
different trends across conditions.

5The total percentage of responses that included multiple answers (regardless of whether some were correct) was less than
2%.
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Results
The informativity of the linguistic and visual context in picture books

Our first analyses assessed and compared the individual contributions of a word’s visual and
linguistic context for word identification from picture books. To do this, we first reduced
our larger trial-level dataset to only data in the Image and Text conditions. We then asked
whether adding the fixed effect of condition (Image vs. Text) into a GLMM built to predict
participants’ trial-level accuracy would improve model fit above and beyond a baseline
model that consisted solely of random effects (see Appendix B for full details on the random
effects structures and for model summary outputs). Results revealed that adding condition
to the model did indeed improve model fit, x*(1) = 58.28, p < 0.001, highlighting how
participants in the Text condition (M =.35, SD =.10) performed reliably better than
participants in the Image condition (M =.15, SD = .05; see Figure 2(a)).

We next asked whether this text advantage varied as a function of target audience and word
type. To do this, we built upon the model above (which only included the main effect of the
condition), by first adding fixed effects for the Target Audience (i.e., First vs. Early books) and
Word Type (i.e., BLOC vs. non-BLOC), and then by adding interaction terms (e.g., the
interaction between Condition and Target Audience, etc.). We kept additions to the model
only when they significantly improved the model fit (indexed by likelihood ratio tests using by
X*)- Results revealed a significant main effect of Word Type, x°(1) = 13.01, p < 0.001, high-
lighting better performance for BLOC words (M = .33, SD = .13) than for non-BLOC words
(M = .20, SD =.19), but no significant main effect of Target Audience, p = 0.86. Additionally,
analyses revealed significant two-way interactions between Condition and Word Type, y*(1)
=209.70, p < 0.001, and between Condition and Target Audience, x*(1) = 8.54, p < 0.01. The
Condition-by-Word Type interaction reflects the fact that the greater informativity of the
linguistic over visual contexts was largely driven by the non-BLOC words (BLOC Words:
Miext = .31, SDiery = .14, Mipage = .35, SDjmage =.12; non-BLOC Words: M;ey; =.37, SDjexs
= .11, Mipage = .04, SDjpaqe = .04; see Figure 2(b)). The Condition-by-Target Audience, on
the other hand, reflects the fact that although there is greater informativity in the Text over
Image conditions regardless of target audience (First Books: My = .32, SDtexs = .09, Mjpaqe
=.18, SDjyag = .04; Early Books: Miey = .37, SDiey = .11, Mipage = .13, SDjpae = .05), the
difference appears greater in the Early Books over First Books (see Figure 2a). Finally,

(a) All Words (b) BLOC Words (c) non-BLOC Words
Condition —— Image Text
05 05
= 04 - 0.4 - . - 0.4
@D ;—/ 504 . gt 534 e ¥
503 S 03 o T S 03
&) ‘ &
a 02 a 02 a 02
8 i\\i 8 g
o 0 o 0.1 a 0.1
——— s
0.0 0.0 0.0
First Early First Early First Early
Target Audience Target Audience Target Audience

Figure 2. Performance across image and text conditions as a function of word type and target audience.
Note. Mean proportion correct by target audience in the Image and Text conditions for (a) All words; (b)
BLOC words; (c) Non-BLOC words. Error bars represent the standard errors of participant-level means.
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although a visual inspection of the trends (see Figure 2b,c) appear to suggest a three-way
interaction between Condition, Target Audience, and Word Type, the model did not reveal
a statistically significant three-way interaction, p = 0.25.

The informativity of the combined linguistic and visual contexts in picture Books

We next examined how the linguistic and visual contexts jointly inform word meaning. We
first explored this issue by examining how participants’ ability to identify word meaning
improved when they received a combination of linguistic and visual contexts relative to
when they received each context in isolation. Following the same procedures described
above, we constructed one GLMM to assess the difference between performance in the
Combo condition to performance in the Text condition and one GLMM to assess the
difference between performance in the Combo condition to performance in the Image
condition.

In the model comparing the Combo and Text conditions, adding a fixed effect of
Condition (Combo vs. Text) significantly improved model fit, Xz(l) =52.21, p<0.001,
highlighting that the participants in the Combo condition (M = .58, SD =.11) were better
at identifying words than participants in the Text condition. Both the interaction terms of
Condition-by-Target Audience, x°(1) = 6.36, p < 0.05, and Condition-by-Word Type, x*(1)
=56.32, p <0.001, also improved the model fit above and beyond a model with only the
fixed effect of the condition. The Condition-by-Target Audience interaction suggests that
the Combo condition’s advantage over the Text condition was stronger for First Books
(Mcombo = 62, SDcompo = -07; Mrexs=.32, SDrey=.09) than Early Books (Mcompo = -54,
SDcompo = -13;5 Mrexs=.37, SDrexs=.11; see Figure 3(a)). The Condition-by-Word Type
interaction, on the other hand, highlights that while the Combo condition’s advantage
over the Text condition was evident for both BLOC (Mcompo = -70, SDcombo = 135 Mrexs
=.31, SDrex = .14; see Figure 3(b)) and non-BLOC words (Mcompo =50, SDcompo = -12;
Mot = .37, SDrexs = .11; see Figure 3(c)), it was more prominent for BLOC words. The
three-way interaction between Condition, Target Audience, and Word Type did not
improve model fit, p = 0.39.

In a comparable model comparing the Combo and Image conditions, adding a fixed effect
of Condition (Combo vs. Image) significantly improved model fit, x*(1) = 134.47, p < 0.001,
suggesting that Combo condition participants were also better at identifying words than
Image condition participants (Figure 3(d)). One interaction term, between Condition and
Word Type, also significantly improved model fit, x*(1) = 67.83, p < 0.001. This interaction
highlights that the difference in performance between Combo and Image conditions was
greater for non-BLOC words (Mcompo = -50, SDcompo = -125 Mrexs = .04, SDpey; =.03) than
BLOC words (Mcompo=-70, SDcompo=-13; Mrexs=.35, SDrerr=.12; see Figure 3(ef).
Neither the two-way interaction between Condition and Target Audience, p =0.61, nor the
three-way interaction between Condition, Target Audience, and Word Type, p = 0.64,
improved model fit.

A superadditive effect from the combined linguistic and visual contexts?

In addition to comparing the Combo condition performance to the individual perfor-
mances of the Image and Text conditions, we also compared the performance of the
Combo condition to the summed performance of the two single-modality conditions. The
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Text vs. Combo Conditions
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Figure 3. Pairwise comparisons between performance in the text and Combo Conditions and between
the performance in the image and Combo Conditions. Note. Mean proportion correct responses by target
audience for (a-c) All words, BLOC words, and non-BLOC words in the Combo vs. Text conditions; and for
(d-f) All words, BLOC words, and non-BLOC words in the Combo vs. Image conditions; Error bars represent
the standard errors of participant-level means.

goal of this analysis was to ask whether the holistic information that emerges from the
combined linguistic and visual contexts is more informative than the summed information
from each individual context. To do this analysis, we first created chimeric participants by
matching participants from the Image condition with participants from the Text condition
(from here on, we will refer to these chimeric participants as “summed participants” or
participants in the “Summed condition”). For each individual trial (i.e., scene), we scored
the summed participants’ responses as follows. If either the Image participant or Text
participant that made up the summed participant identified the word correctly, the summed
participant’s response was scored as correct. If neither the Image participant nor the Text
participant identified the word correctly, the summed participant’s response was scored as
incorrect. Utilizing similar modeling building techniques as described above, we then asked
whether participants in the Combo condition were more likely to identify word meanings
than the participants in this newly constructed Summed condition.

Figure 4 depicts the performance of the Combo and Summed participants. As Figure 4a
illustrates, participants in the Combo condition (M =.58, SD =.11) were more likely to
identify word meanings than participants in the Summed condition (M =.46, SD =.09).
This visual interpretation was supported in a GLMM whereby adding a fixed effect of
Condition (Summed vs. Combo) significantly improved model fit, x*(1) = 22.62, p < 0.001.
Following a similar iterative model technique as described above, the interaction term
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Figure 4. Performance across combo and summed conditions as a function of word type and target
audience. Note. Mean proportion correct responses across the Combo and Summed conditions for (a) All
words; (b) BLOC words; and (c) Non-BLOC words. The error bars indicate the standard errors of
participant-level means.

between Condition (Summed vs. Combo) and Target Audience (First vs. Early) marginally
improved model fit, Xz(l) =3.27, p=0.07. This interaction term illustrates a trend whereby
the advantage of the Combo condition over Summed condition was stronger in First Books
(Mcompo = 62, SDcombo = 075 Mgymmed = 46, SDgymmea = 0.10) over Early Books (M. ymp0 = .54,
SDcombo = 135 Mymmed = 45, SDsymmea = -10). Neither the two-way interaction between
Condition and Word Type, p=0.22, nor the three-way interaction between Condition,
Target Audience, and Word Type see Figure 4(b,c), p = 0.13, improved model fit.6

General discussion

A rich body of correlational and experimental research has revealed the great value that
shared picture book reading has for children’s early language development (for reviews see
Dickinson et al., 2012; Flack et al., 2018; Noble et al., 2019). The current study builds on
a growing body of recent work (for reviews see Nation et al., 2022, Strouse et al., 2018) that
has sought to characterize the features of children’s picture books as a window into under-
standing why they are an invaluable tool for boosting language development. By analyzing
how the text and illustrations in picture books commonly read to English-learning children
facilitate the identification of meaning of early-learned English nouns, the current study
yielded three key findings. First, the text that surrounds nouns in picture books is
a particularly powerful source of information for acquiring the meanings of those nouns,
and one that is generally more potent than the illustrations that co-occur with those nouns.
Second, this broad-stroke advantage of picture book text over picture book illustrations is
qualified by interactions with both the book’s target audience and the type of noun,
suggesting a more complex picture of where the information lies for learning noun mean-
ings from picture books. Finally, the combined signal from a picture book’s text and its
illustrations is not only more informative than the signal from each individual source, it also
appears more informative than the sum of those two sources. This suggests that an
important source of a word’s meaning in the current corpus of picture books may also
come from the emergent information that arises when text and illustrations are processed

®Permutation analyses were conducted to test the robustness of the Combo vs. Summed condition comparisons and are
reported in Appendix C.
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simultaneously. Together, these findings highlight some candidate pathways by which
picture books support early word learning and offer some insights into future research
that can further deepen our understanding of children’s picture books and their role in
learning.

Linguistic context as a source of information for word meaning in picture books

The current finding that the linguistic context in this corpus of picture books is a rich
information source for acquiring word meanings is consistent with several recent analyses
documenting that picture book texts offer a rich linguistic experience, and that the linguistic
environment picture book reading cultivates may be responsible for its prowess in promot-
ing word learning (Cameron-Faulkner & Noble, 2013; Dawson et al., 2021; Hsiao et al,,
2023; Mesmer, 2016; Montag, 2019; Montag et al., 2015). The current study’s contribution
to this growing body of evidence is that it reveals one way by which that rich linguistic
environment could support the identification of individual word meanings. That is, whereas
previous analyses have revealed in many ways that picture book text is both linguistically
rich and unique (see Nation et al., 2022 for review), the precise ways by which that text
would translate to word learning were not examined. After all, there are many ways that
a linguistically rich and unique experience could lead to learning. Some of these ways are
rather indirect in nature, where picture book text may expose children to new word forms,
but the process of linking those forms to meaning happens either outside of the picture
book reading context or through verbal and non-verbal support from caregivers (e.g., see
Demir-Lira et al., 2019). Although the current study did not assess children’s word learning
directly (an issue we return to in the Limitations and Future Directions below), it provides
proof of concept that picture book text may not only expose children to a rich set of words
but it also provides the linguistic context to learn those words” meanings. Thus, just as the
linguistic context that envelopes a new word in a book’s passage can yield learning for older
children and adults (see Joseph & Nation, 2018; Swanborn & Glopper, 1999), so too might
the linguistic context in picture books for younger learners (see also Robbins & Ehri, 1994).
Importantly, the capacity to identify and learn new word meanings via their linguistic
context is well within the repertoire of young word learners (for reviews, see Bloom, 1994;
Naigles & Swensen, 2007; for evidence specific to noun learning, see ; Fisher et al., 2010).
Although the current work highlights that the linguistic contexts surrounding words in
this corpus of picture books are informative about their word meanings, the precise aspect
of the linguistic contexts that spotlight their meanings is unclear. A likely possibility is that
these linguistic context effects are driven by the meanings of the individual words in that
context. For example, correct identification of the words “chair” and “door” in sentences
like “. .. he sat in his .7and “... she turned out the light and closed the
is likely driven by understanding the meanings of the verbs “sit” and “close.” The linguistic
context effects may also; however, be driven by the syntactic characteristics of different
kinds of nouns (see Bloom, 1994; Samuelson & Smith, 1999; Srinivasan & Barner, 2016). For
example, nouns that denote countable things (e.g., book, chair, dog) can both take the plural
form and be modified by numerals. In contrast, nouns that denote uncountable substances
(e.g., sand) can do neither. Thus, the syntactic frames in which the current target nouns are
embedded may also signal something about the noun’s meaning. Future work that distills
the wholistic linguistic contexts examined in the current study into their component parts

»
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(for examples of this approach, see Gillette et al., 1999; Snedeker & Gleitman, 2004) may be
able to further isolate where picture book’s linguistic informativity lie and thus further
delineate how picture book text supports word learning.

More than words: the contributions of picture book illustrations to word meaning
identification

Although the findings from the current study undoubtedly reinforce the message that
picture books can offer a rich linguistic input (e.g., Nation et al., 2022), they also highlight
that a picture book’s text is not the only feature that might explain its potency for
supporting word learning. For basic-level object categories (e.g., “book,” “chair,” “dog”),
the co-occurring visual illustrations appear equally informative for identifying word mean-
ing and possibly more informative in picture books geared toward the youngest listeners
and readers. In fact, the observed informativity of the visual illustrations for BLOC nouns in
the current corpus of First Books (40%) is quite a bit higher than the informativity of the
extralinguistic contexts observed in studies of child-directed speech (22%; see Cartmill et al.,
2013). These data complement recent experimental studies demonstrating the importance
of picture book illustrations for children’s learning of novel object names (see Flack &
Horst, 2018; Strouse et al., 2018). Moreover, the findings that source informativity varies as
a function of noun type (i.e., BLOC nouns vs. non-BLOC nouns) are consistent with
previous HSP studies of child-directed speech revealing that different sources of informa-
tion (i.e., observational, linguistic) support the acquisition of different types of words (e.g.,
see Gillette et al., 1999; Kako, 2005). Interestingly, in one of the few analyses of how the
illustrations in commonly read picture books to English-learning children may support
their acquisition of word meanings, Dyer et al. (2000) found rather anemic levels of
informativity in those illustrations. Importantly, however, the words of focus in Dyer and
colleagues’ work were mental state terms (e.g., “feel,” “happy,” “know,” “think™), a class of
words whose meanings are notoriously opaque from their observational contexts (e.g., see
Snedeker & Gleitman, 2004). Building upon the recent and growing body of non-picture
book research on the importance of children’s visuo-referential world for learning nouns
that denote object names (Clerkin & Smith, 2022; Slone et al., 2019; Yu & Smith, 2012), the
current study highlights that the illustrations in picture books should not be neglected as
a candidate explanation for their role in learning and development (see also Kuwabara et al.,
2020).

The current findings are also revealing of the ways in which the visual information in
picture books could work in conjunction with its text to constrain word learning. Thus, the
key to understanding how picture books support learning may lie not only in the individual
modalities but also in the ways those two modalities connect. That is, when the current
study’s participants processed the linguistic and visual contexts together, they were not only
better at identifying meanings than participants who processed the linguistic or visual
contexts in isolation but also better than the summed performance of those participants.
Exactly what underlies these superadditive effects is unclear. One possibility is that these
findings are an epiphenomenon of the fact that picture book authors and illustrators, in an
effort to tell their stories in a limited space, will frequently convey complementary, rather
than redundant, information, in the text and illustrations (see Nikolajeva & Scott, 2001;
Nodelman, 1988; Sipe, 1998). Thus, having access to both sources of information allows
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learners to extract the deeper and true meaning of the scenes and stories in picture books,
which are not transparent from any single source. It is extracting that deeper meaning that
allows learners to process each source of information in ways they would not otherwise.
A different possibility is that these findings are a by-product of a more general principle of
communication (Tomasello, 2001; Yurovsky, 2018) and semantic knowledge (Elman, 2004;
Lupyan & Lewis, 2019) that is not unique to the picture book context. For example,
a number of cognitive and developmental scholars have argued that rather than words as
mapping onto meanings, words, along with other non-linguistic processes (e.g., sensory,
perception), cue meaning (e.g., Elman, 2004). One consequence of this perspective, is that
the nature of linguistic information depends heavily on their non-linguistic contexts, and
vice versa (for a recent discussion, see Lupyan & Lewis, 2019). Applying this perspective to
the current study, the sentential contexts and scenes that co-occur with words in picture
books are mutually constraining in precisely the same way that linguistic and non-linguistic
experiences mutually constrain in everyday conversations. This mutually constraining
process, which has been noted by several literary scholars of children’s picture books
(e.g., see Nodelman, 1988), may be especially important for young children whose linguistic
capabilities are still developing.

Developmental tuning of sources of meaning in picture books

Many of the current findings revealing the contributions of visual context for word meaning
identification appear to be more prominent in books targeting the youngest of audiences.
For example, the advantage of the linguistic over visual contexts is smaller in books for
younger learners. Additionally, the advantage of processing the combined linguistic and
visual contexts over processing only the linguistic context diminishes with the increased
target audience age. Finally, the superadditive effects of linguistic and visual contexts also
appear to diminish with increased target audience age. Interestingly, developmental studies
of early word learning to have revealed that whereas infants’ and toddlers’ learning to
appear to rely more on visuo-perceptual properties of referents, older toddlers’ and young
children’s learning appears to rely more on social and linguistic cues (e.g., Hollich et al,,
2000). It is highly unlikely that picture book authors are motivated by creating the ideal
word learning environments for young children. Instead, the confluence of developmental
trends observed in the current study likely reflects the increased sophistication of the
narratives in picture books geared toward older audiences and the greater reliance on
language to convey those narratives (e.g., Martinez & Harmon, 2012). Nonetheless, what
the current findings highlight is that a by-product of those motivations is a learning
environment that is tuned to the word learning requirements of the audience.

Limitations and future directions

A few limitations to the current work are worth noting. First, some of the trends observed in
the current study may have been impacted by certain methodological decisions. For
example, the current study measured the informativity of illustrations and text within
a single page. Given that narratives are often depicted across multiple pages, and that
children are exposed to sequences of pages, the current work may underestimate the actual
level of informativity of picture book text and/or illustrations. Additionally, the current
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study represents only a sampling of the nouns present in these books, only a sampling of the
books to which English-learning children are exposed (see Hudson Kam & Matthewson,
2017), and focuses exclusively on picture books popular among English-learning audiences
in North America. Thus, future work that expands the current study to a wider range of
nouns, books, cultures, and languages, would be invaluable to test the generalizability and
robustness of the current findings. Second, the current study’s approach to measuring
contextual informativity was to follow prior studies and use adults as “simulations” of the
word learning process (e.g., see Gillette et al., 1999). Although prior studies have revealed
that children’s performance in the HSP mimics that of adults (e.g., Piccin & Waxman, 2007)
and that informativity estimates derived from adult ratings are correlated with children’s
learning outcomes (Cartmill et al., 2013), it is still important to explicitly test whether these
findings extend to developmental populations. One possibility, for example, is that due to
the linguistic maturity of our adult participants, we may have overestimated the overall
linguistic advantage observed in the current study.

Two final and broad limitations of the current work are worth mentioning. First, this
study follows other recent research that has focused on characterizing the features of picture
books as a window into the learning experience that picture book reading and listening
offers (for review, see Nation et al., 2022). It is important to acknowledge that the
information in the books themselves is only one component of that experience, and that
the adult reader, as well as the child listener, also shape that experience (e.g., Fletcher &
Reese, 2005; Mol et al., 2009). Thus, the most relevant learning experience is , ultimately,
some blend of the book, the adult, and the child (for discussion, see Mesmer, 2016; Montag,
2019; Read et al., 2023). Future work that combines the current analyses of picture book
features with analyses of the real-time dynamics of parent-child interactions will be helpful
not only in revealing more concretely whether and how the current study misestimates
informativity but also in revealing how parents augment, complement, and supplement the
informativity offered directly by the picture books themselves. Second, the current study
was focused on the potential benefits of picture book illustrations for children’s word
learning. It is worth noting that other research suggests that book illustrations can have
detrimental effects on other kinds of tasks, including learning to read (e.g., Willows, 1978),
information integration (Pike et al.,, 2010), and story comprehension (Eng et al., 2020).
Although many of the detrimental effects have not gone undisputed (e.g., see Greenhoot
et al., 2014; Kennedy & Cariveau, 2024), they are an important reminder that picture books
serve a multitude of functions and are deployed in a multitude of contexts in children’s lives
(see Breitfeld et al., 2021; Grever et al., 2023). As a result, the ways in which picture books
and their illustrations influence learning may well depend on the function and context in
question.

Conclusions

Picture books communicate memorable stories through a tailored set of words and illustra-
tions. Understanding why picture book reading and listening are reliably linked to optimal
language outcomes requires an understanding of how their words and illustrations inde-
pendently and jointly inform word meaning. By adapting a paradigm originally designed to
understand the contributions of linguistic and extralinguistic input for word learning from
child-directed speech and applying it to picture books commonly read to English-learning
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children, the current study represents one step toward characterizing the informativity of
words and illustrations for learning within picture books. Because vocabulary development,
in general, involves accumulating information across multiple sources of information, the
hope is that by understanding the ways in which learners assemble meaning from the
different sources of information within picture books, we will also shed light on the general
principles that apply to word learning more broadly.
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