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Abstract

Self-directed learning in language development:
Interactions of linguistic complexity, learner attention, and language socialization

by

Ruthe J Foushee

Doctor of Philosophy in Psychology

University of California, Berkeley

Professor Mahesh Srinivasan, Co-chair

Professor Fei Xu, Co-chair

Children are famously scrappy learners: curious, active, and resourceful. And yet when we
consider their development of language — a complex social system that children are highly
motivated to master — we tend to study them as passive recipients of adult guidance. This
focus on the child’s ‘receipt’ of linguistic input is a loss not only for our science (the one-on-
one pedagogical contexts that research and public policy tend to emphasize are distinctly
W.E.I.R.D.1), it overlooks language development as a fruitful domain in which to study chil-
dren’s self-directed learning, as well as insights that recent active learning frameworks could
bring to our understanding of how language is learned. In this dissertation, I discuss lan-
guage development as a coordinated process between communicative adults and increasingly
active learners. In particular, I see children’s learning from speech not directed to them,
but rather overheard, as a uniquely ecologically valid test case of their self-directed learning
capabilities.

A combination of experimental and computational studies from this perspective speak to an
apparent paradox in the language development literature: while studies testing correlations
between sources of language input in toddlers’ home environments and later vocabulary
growth have been taken to indicate that overheard speech is ineffective for word-learning,
numerous experimental studies show learning from simplified indirect speech in laboratory
settings during the same period. The idea that children may disattend to stimuli that are
too complex for their current level of competence may help explain these conflicting results.
That is, young rational learners may initially learn little from overhearing because the speech
that surrounds them is too complex to maintain their attention — especially when compared
to the speech that they regularly receive from caregivers.

1Western - Educated - Industrialized - Rich - Developed
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A first study compares multiple empirically-motivated metrics of speech complexity in large-
scale longitudinal child-directed corpora, and “overheard speech” simulated via corpora of
adult-adult conversations. I find that words in simulated overheard speech are likely to be
more abstract, unpredictable, later-acquired, and lower frequency than words in speech to
children. This is likely to be true through at least the first four years of life, spanning the
period when researchers have consistently failed to find a correlation between measurements
of the overheard speech in children’s environments and their future vocabularies.

Across three behavioral experiments in the second chapter, I test children’s ability to learn
from dense, naturalistic overheard speech in a context designed to place significant demands
on their self-directed learning abilities, including their spontaneous recognition of an “infor-
mation gap,” and their ability to independently gather the information to fill it. In contrast
to previous laboratory experiments — but consistent with many overhearing opportunities
day-to-day — the speech I tested included multiple pieces of novel linguistic information,
embedded in diverse sentence structures, and delivered in the register and rate typical of
adult conversations. While all children in the sample were able to learn a set of 5–6 novel
facts, only older preschoolers (Mage = 5.1 years) demonstrated robust learning of novel words
through overhearing. Analyses of children’s play and gaze behavior during the overhearing
episode suggest that older children’s success may be owed at least in part to their enhanced
ability to coordinate attention between the referential context and the nearby speech.

In the third chapter, I develop a novel eyetracking method to test the classic idea that
children learn best from information that is of an appropriate level of complexity for them
— and in particular the role that children themselves might play in actively selecting and
attending to potential sources of (linguistic) information. By measuring children’s attention
to a story narrated at distinct levels of verbal complexity — operationalized in terms of
words’ estimated age of acquisition — I find evidence that children attend more to speech
that is more appropriate for their level of competence. Furthermore, while previous research
has assumed that children’s attention and learning are meaningfully related, this new method
makes direct evidence possible. I find a strong correlation between children’s self-directed
attention to the story narration and their ability to recall its plot and to learn new words
from it.

Inspired by qualitative studies typically limited to child-directed speech, in the fourth chap-
ter, I develop a coding scheme that enables us to characterize the full range of potential
sources of language accessible to a given child, in terms of their relative utility for word-
learning. In applying this scheme to longitudinal video data from the home of a single
English-learning child, I find that features that contribute to the referential transparency
and salience of an utterance are not exclusive to child-directed speech, but rather occur with
some lower frequency in overheard speech as well. In light of this, my analyses suggest a
functional role for caregivers’ exaggerated prosody as a self-reinforcing cue to language that
is intended for the child, and therefore to where the child’s attention is more likely to be
rewarded (i.e., because the speech was designed for them). Through this fine-grained coding
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of individual utterances in context, our results uncover dynamics in how adults and children
co-structure the early language environment — and how the landscape itself shifts with the
child’s maturation — that are invisible to entirely quantitative approaches. Ongoing work
extends the ideas in the dissertation to new contexts and populations, beginning by employ-
ing the same multidimensional qualitative coding scheme to describe crosslinguistic learning
environments, thereby facilitating contact with more humanistic fields like anthropology.

The fifth and final chapter tests the learner’s ability to adapt their learning to the affor-
dances of their language environment by measuring implicit lexical knowledge in Tseltal
Maya infants, whose primary exposure to spoken language is through overhearing. While
the preceding four chapters challenge our assumptions of how language is typically learned
(i.e., by emphasizing the role of overhearing, in contrast to receiving directed speech), this
work aims to expand our (testable) notions of what counts as legitimate language knowledge
by testing infants’ knowledge of not only common nouns, but of honorific terms embedded
in culturally specific sociolinguistic routines.

The studies in this dissertation draw on methods from natural language processing (NLP),
computational linguistics, developmental psychology, psycholinguistics, and anthropology.
The experimental studies share a focus on using naturalistic speech and ecologically valid
learning contexts, and together point to the role of domain-general processes like attention,
information processing, and adaptation in the course of language development.
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The Children Are Swearing More in Quarantine.
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At the age of twenty-one months she tipped her hat and
said, “how do you do.”

A child’s vocabulary and its growth
J. R. Grant, 1915

. . . Is coronavirus really popular right now?
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Introduction

OK, Linda.
Linda, listen, listen, listen.

A viral video2 shows a kid of three or four looking up at his mother, half defiant, half
exasperated. His neck is craned to make wide-eyed eye contact with her, and his hands leave
the small of his back only to gesture his urgency (he’s being denied cupcakes).

But Linda, honey, honey, lookit.
Linda lookit listen to me, ugh.

Look it Linda.

The video alternately disturbed and delighted online viewers (Navarrette, 2014). To me,
that this demonstration of adult verbal behavior was so surprising reveals our tendency to
see language learners as passive recipients of adult guidance, rather than highly motivated
scavengers, experimentalists, and explorers of their rich linguistic worlds. It’s easy to see why
this perspective on children as passive language learners is so intuitive. For one, there is the
observation that adults often direct simplified, exaggerated speech to children, which can look
from the outside like teaching children to talk. For another, in the modern era, billboards,
bus stops, and radio advertisements dominate the public sphere with propaganda framing
language directed to young children as “nutrition.” Imagery of caregivers spoonfeeding their
prelinguistic infants invite analogies between baby food and new vocabulary. Of course, the
idea that children have little to do with their own development of language long predates
bus stop public service announcements: for example, Wilhelm Wundt wrote in 1897 that the
“larger part of the process [of language development] depends on those about him, rather
than on the child himself” (p. 342). One naturalistic source of evidence that we might see
as challenging this view is precisely the young internet sensation’s knowledge of not only his
mother’s first name, but of how to engage in an argument (the tone of voice, the performative
restraint, the gestures). I like this video because both Linda and the choreography of an
adult argument represent language knowledge that must typically be learned by overhearing,
rather than by being taught directly.

2https://youtu.be/aFYsJYPye94

https://youtu.be/aFYsJYPye94
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In this dissertation, I explore how adopting a view of the child as an “active” learner
might give us purchase on basic questions about how language development unfolds, and
in particular, what makes language input effective. Decades of research dedicated to this
question have taken one-on-one interactions between caregivers and young children as the
default context for learning, employing diverse experimental and observational methods to
identify the features most associated with learning new words. These include social dimen-
sions of the caregiver’s behavior, like establishing joint attention (Carpenter et al., 1998;
Hirsh-Pasek et al., 2015; Morales et al., 2000; Scott et al., 2013; Tomasello & Farrar, 1986)
or imitating the child (Tamis-LeMonda et al., 2001), linguistic dimensions, like using exag-
gerated prosody (Fernald, 1984; Ramı́rez-Esparza et al., 2014) and diverse syntax (Barnes
et al., 1983; Hoff & Naigles, 2002; Huttenlocher et al., 1991; Huttenlocher et al., 2010; Rowe
et al., 2017), and referential dimensions, like gesturing to disambiguate an utterance or to
elicit the child’s attention (Cartmill et al., 2013; E. V. Clark & Estigarribia, 2011).

Yet dyadic interactions represent but one of the myriad potential learning contexts in
which children find themselves across the day and around the world. Relative to what
we know about the language that children hear directly and its consequences for children’s
development, we know almost nothing about the language that children hear around them,
and how children’s own development might interact with it to shape learning. Similarly,
relative to what we know about how infants and toddlers learn when their attention is being
directed by an adult, we know almost nothing about how children learn when they must
manage their own attention across their complex linguistic landscapes.

These ‘knowledge gaps’ (Loewenstein, 1994) are surprising when we consider that child-
directed speech practices vary considerably across households and societies (P. Brown, 1998;
Casillas et al., 2019; Cristia et al., 2019; de León, 1998; Lieven, 1994; Mastin & Vogt, 2016;
Ochs & Schieffelin, 1995; Ochs, 1982, 1990; Pye, 1986a, 1986b; Schieffelin, 1990; Shneidman
& Goldin-Meadow, 2012a; Sperry et al., 2019; Vogt et al., 2015; Ward, 1971; Weisleder &
Fernald, 2013), but also because of foundational ideas in developmental science more broadly
of the child as an active participant and driver of their own learning (e.g., Berlyne, 1960;
Bruner, 1961). Indeed, growing evidence demonstrates that children are robust self-directed
learners in other, non-linguistic domains, where they regularly gain new information through
their own strategic exploration of their environments (e.g., Begus et al., 2014; Cook et al.,
2011; Saylor & Ganea, 2018; Schulz & Bonawitz, 2007; Sim & Xu, 2017).

By expanding the scope of our attention beyond language spoken to young children
directly, I argue that we come closer to recognizing the genuine complexity of the language-
learning environment, of the linguistic system, and of the practice that is linguistic commu-
nication. In addition, a scientific focus on learning language through overhearing encourages
us to expand the developmental contexts we consider — and consider as normative.
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The studies in the following chapters are interested in overhearing as a language-learning
context that may provide us with a natural illustration of children’s active learning skills, in-
cluding children’s rational deployment of attention, and their independent gathering of infor-
mation to reduce uncertainty in their environments (Gureckis & Markant, 2012; Loewenstein,
1994; Saylor & Ganea, 2018). I take a multidisciplinary approach, drawing on methods and
insights from natural language processing (NLP), computational linguistics, developmental
psychology, psycholinguistics, and anthropology:

Chapter 1 explores the learnability of child-directed and simulated overheard speech across
transcribed language corpora of adults speaking to children versus of adults speaking to
other adults. This chapter establishes both that adults calibrate their speech to young
children, and that it may be rational for children to ignore overheard language input early
in development by virtue of its complexity relative to the speech that they receive directly
from caregivers.

Chapter 2 uses the control of the laboratory to ask whether children whose language de-
velopment is more advanced can learn novel linguistic information from relatively complex,
naturalistic overheard speech.

Chapter 3 tests the hypothesis that children’s attention to natural language is responsive to
its complexity, introducing children’s selective attention as a potential determinant of the
“effectiveness” of different linguistic inputs, and a potential explanation for results showing
no relation between the speech toddlers overhear and their vocabulary development.

Chapter 4 revisits the relative learnability of child-directed and overheard speech, this time
by analyzing fine-grained variation in the daily language experiences of a single child, using
a system designed to capture diversity in the structure of the language environment for
children across the world.

Chapter 5 discusses ongoing work dedicated in part to bringing the literature on language
socialization (e.g., P. Brown, 2011; P. Brown & Gaskins, 2014; Ochs & Schieffelin, 1984;
Schieffelin & Ochs, 1987; Solomon, 2011) into contact with quantitative and experimental
methods in developmental psycholinguistics. This effort includes field experiments testing
infants’ knowledge of language that could only have been acquired through overhearing, in
an indigenous Mayan context where caregivers are in constant contact with their prelin-
guistic infants, but rarely engage them verbally.

Across dissertation chapters, the experimental studies share a focus on using naturalistic
speech and ecologically valid contexts, and point to the role of domain-general processes like
attention and information processing in the course of language development.
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What Counts as Effective Input?

Of the topics at the intersection of active learning and language development, I see learning
from overhearing as particularly compelling, as it relates to one of the most basic questions
in the cognitive science of language: that is, how much does language knowledge rely on
language input? This question has attracted scholars from all human-interested fields, from
psychology and linguistics to sociology and anthropology (though how each might be inclined
to phrase the theoretical question might differ). In a relevant passage of a 2007 review of
the literature on infant-directed speech, Soderstrom writes:

Ask a formal linguist or a developmental psychologist about the characteristics of
“the input,” and you will get widely divergent answers. Are we talking about a
formal characterization of the structural properties of the language being learned?
Or are we talking about “speech” in all its ambiguous, degenerate and disfluent
glory? What about the speaker — should we only consider maternal input?
What about the father, other caregivers, the nanny, the older sibling, the local
shopkeeper or the ubiquitous television? Should we only consider speech directed
at the infant, or all of the speech bouts produced in hearing range? For speech
directed at the infant, what age should we consider? In order to answer how the
input is relevant to the process of language development, we must have a clear
understanding of what constitutes “the input.”

Tied to the ambiguity of what counts as the input is the question of what counts as
language knowledge: that is to say, “. . . effective input for what?” Answers to this question
have varied by discipline, and arguably dictate the degree to which researchers are interested
in input effects, along with the empirical methods that they employ to uncover them.

In one telling of the story, the modern subfield of language acquisition owes its origin to
Chomsky’s (1959) articulation of both the abstract complexity of his and others’ linguistic
intuitions, and the impossibility of learning them from the environment (Baars, 1986; Chom-
sky, 1957, 1959; Gardner, 1987). Much of Chomsky’s focus was on the system of grammatical
rules that, despite predicting how well-formed entirely novel sentences would be judged by a
native speaker, no such speaker could spontaneously produce. Language knowledge, there-
fore, meant abstract syntax, of the kind possessed by all the world’s speakers.

Chomsky’s formulation of the learning problem suggested that productive grammatical
knowledge could not be inferred solely on the basis of the linguistic evidence that children
received (evidence frequently described as “degenerate” and “ill-formed”), and that there-
fore acquisition must owe to biologically endowed mechanisms constraining all the world’s
languages. Chomsky made a related distinction between individuals’ competence and their
performance, such that individuals’ linguistic behavior should not be taken as evidence of
their language knowledge. This extended even to child language: “It is commonly assumed
that there is a two-word stage, a three-word stage, and so on, with an ultimate Great Leap
Forward to unbounded generation. That is observed in performance, but it is also observed
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that at the early stage the child understands much more complex expressions” (Chomsky,
2004). Together, these commitments meant that there was little to learn from studying
learners’ language environments, or from measuring language ‘outcomes’ across individuals.

We know that the grammars that are in fact constructed vary only slightly among
speakers of the same language, despite wide variations not only in intelligence
but also in the conditions under which language is acquired. As participants in
a certain culture, we are naturally aware of the great differences in ability to use
language, in knowledge of vocabulary, and so on that result from differences in
native ability and from differences in conditions of acquisition; we naturally pay
much less attention to the similarities and to common knowledge, which we take
for granted. But if we manage to establish the requisite psychic distance, if we
actually compare the generative grammars that must be postulated for different
speakers of the same language, we find that the similarities that we take for
granted are quite marked and that the divergences are few and marginal.

Arguably as a consequence of the field’s focus on aspects of language knowledge that
speakers tend to share, linguists have typically paid less attention to a conception of child-
directed speech as non-trivially related to a child’s acquisition of language. That is, on one
definition of language — the Chomskyan one — there is indeed very little variability in
outcomes, as all children eventually become adults, endowed with the linguistic intuitions
that describe the grammar of their mother tongue. In any conversation about ‘effective
input’, this is an important place to start.

In contrast, the relation between the child’s environment and their mastery of language
has been a major interest in more prescriptive or quantitatively-minded fields, like education
and psychology — where what is deemed important about language knowledge and where
we see variability in so-called language outcomes are more likely to coincide. In education,
for example, language is most visible as a means of imparting, acquiring, and demonstrating
knowledge, suggesting vocabulary as a theoretically meaningful and practically measurable
target of language learning. In psychology, where statistics are integral to overcoming individ-
ual differences and arriving at often-normative generalizations about populations, variability
in a measure like vocabulary begs explanation from other, equally quantifiable variables.
Through controlled experiments in the lab, psychologists have identified contexts associated
with more or less successful word-learning in samples of children at different ages, while a
growing body of research seeks correlations between coarse measures of the child’s typical
language environment and their later outcomes.

This background is relevant because it informs an important subgoal of this disserta-
tion, which is to begin to make contact between the literatures on linguistic input that are
currently siloed in linguistics, in psychology, and in anthropology. So as to maintain a con-
nection to existing bodies of quantitative evidence, the bulk of the dissertation focuses on
the implications of linguistic input for learning new words, though I embrace more expansive
notions of language knowledge in Chapter 5 and in ongoing work.
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In the following section, I review the psychological literature on child-directed speech
(‘in all its ambiguous, degenerate and disfluent glory;’ Soderstrom, 2007), as context for the
research reported in the chapters that follow.

Talking with Children

1. (a) You should try this new food. It
tastes like chicken except it’s a bit
spicy. I recommend you give it
a try.

(b) Try this new food buddy. Try at
least 3 bites to see if you like it.

2. (a) Just load the clothes in the front,
put the soap in the drawer and
then pick the settings you want
— I usually set it to “normal
wash” and “cold” but you can
press the buttons and turn the
knob to change it to whatever you
want.

(b) The clothes go in first. Ok. . . good
job! Now close the door. Open
this little door. Yup, put the soap
right in there.

3. (a) Get the first aid kit under the
bathroom sink, then call an am-
bulance. Our address is 111 Pine
street in Hopetown.

(b) Hey booboo, go look under the
bathroom sink for the white box
with a red plus sign on it like this
and get it. Then get Mom’s phone
and dial the 9 and the 1 and the
1. Tell them you need help.

Responses in (a) and (b) are from the same speakers. In (a) responses, adults wrote
scripts for talking to a close friend. In (b) responses, adults imagined they were talking to
their child,3 whose age they later provided (Appendix A). Even in this contrived context,
comparing the (a) and (b) samples illustrates generalizable trends in adult speech to children.
The first observation is that they are different. Across languages, places, and cultures, adults
alter their speech to children, relative to when they are speaking with other adults (R. Brown,
1973; Cameron-Faulkner et al., 2003; Ringler, 1981; Snow, 1972, 1977).

3“Please take a moment to imagine your child in front of you. // Now, imagine having to explain [. . . ]”
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Child-directed modification happens across modalities (Holzrichter & Meier, 2000) and
at all levels of linguistic structure, such that for every level of structure, there exists an
adult speaker population that regularly adjusts it when talking to children (Bateson, 1975;
P. Brown, 1998; Choi, 2000; C. A. Ferguson, 1977; Phillips, 1973; Pye, 1986b; Schieffelin,
1990; Snow, 1972). Even in contexts where caregivers are typically thought of as not mod-
ifying their speech to young children (i.e., because they do not typically exaggerate their
pronunciation), adults adjust the pragmatic demands of their utterances, supplying children
with phrases to be repeated, engaging them in ritualized language games (de León, 1998),
or speaking ‘for’ them until they can produce speech on their own (Schieffelin, 1990).

Adjustment at some levels of linguistic structure are more salient than others. For ex-
ample, what early researchers called “baby talk” (later “motherese,” then “parentese;” see
Saxton, 2009; Soderstrom, 2007; Solomon, 2011 for a review) often sounds very different
from speech directed to other adults (Cristia, 2013; C. A. Ferguson, 1977; Fernald, 1984;
Fernald et al., 1989). In diverse languages, the pitch of speech to children tends to be higher,
more variable, and to occur in a common set of shapes, or ‘contours’ (Broesch & Bryant,
2015, 2018; Farran et al., 2016; Fernald & Morikawa, 1993; Grieser & Kuhl, 1988; Niwano
& Sugai, 2002). The specific prosodic features modulated in speech to children vary across
languages. Nevertheless, prosodic contours apparently have enough (a) relation to meaning,
and (b) commonality, that English-speaking toddlers in a 1993 study could interpret an ad-
monishment or approval from an Italian caregiver whose speech had a similar pitch contour
to their mothers’, even if the children had never before heard Italian (Fernald & Morikawa,
1993).

When talking to child audiences, adults also tend to speak more slowly, lengthening
their syllables, and producing longer pauses and fewer disfluencies (Broen, 1972; Broesch
& Bryant, 2018; Cross & Morris, 1980; Pine, 1994; Ratner & Pye, 1984). In many cases,
sentence structure is also leaner, with fewer subordinate and relative clauses, and less nega-
tion (Newport et al., 1977; Phillips, 1973; Sherrod et al., 1977): what is one sentence for
an adult audience in (2a) becomes three sentences for a child listener in (2b). Sentences are
often partially repeated, such that common constructions reoccur across adjacent utterances.
In one study of sentence-level patterns in child-directed speech, fully half of all caregivers’
utterances belonged to the same set of 52 sentence frames (Cameron-Faulkner et al., 2003).
Analogues for many of these modifications appear in child-directed sign language, where a
sample of ASL-signing caregivers, for example, tended to produce signs of greater duration
and repetitiousness to their 8–12-month-old children (Holzrichter & Meier, 2000).

The examples we elicited from online participants illustrate another frequent way in which
adults modulate their speech to children, which is through the words they use. In a 1964
review, Ferguson highlights cross-linguistic commonalities in prototypical “baby words” like
dada and choo choo from languages across language families: for example, baba in Marathi
and Arabic, tata in Spanish, papi in Comache, and even examples from Latin, e.g., pappa
for food. Similar reduplicated forms often characterize terms of affection like boo boo, and
diminutives like buddy (C. A. Ferguson, 1977). Like the respondents in (2) and (3), above,
adults commonly intersperse these terms throughout the literal content of their speech, often
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trading off with repetitions of the child’s own name (Broen, 1972; Ervin-Tripp, 1978; C. A.
Ferguson, 1964, 1997; Pye, 1986b). Even outside of baby words, when speaking to children,
adults tend to use words that are conceptually simpler than they use when conversing with
other adults (e.g., “dog” versus “collie;” Blewitt, 1983).

Child-Directed Modification: What Is It Good For?

Evidence that adults’ prosodic, syntactic, lexical, and phonetic modifications in their speech
to children promote language development is highly mixed. One conclusion is that it de-
pends in part on how the learning problem is formulated (e.g., A. Clark & Lappin, 2013;
Guevara-Rukoz et al., 2018; A. Martin et al., 2015; Rafferty & Griffiths, 2010). For exam-
ple, the expanded vowel space of many child-directed registers might help infants identify
the relevant sound categories of their language (Eaves et al., 2016; Eimas, 1971; Werker
& Tees, 1984), but not the boundaries for words, or syntactic phrases (Cristia, 2013). On
another prominent hypothesis, the exaggerated pitch contours of child-directed speech make
“prosodic bootstrapping” possible, enabling the child to parse incoming speech into mean-
ingful syntactic units marked by prosodic boundaries (Fisher & Tokura, 1996; Nelson et al.,
1989; Seidl, 2007). However, adult utterances to infants and young children are also typ-
ically shorter, which limits the syntactic phrase boundaries and intra-utterance structure
that prosody could help identify. Meta-analyses suggest that if there are language bene-
fits to caregivers’ exaggerated prosody, they are largely to pre-linguistic outcomes like vocal
imitation, and gone by the end of the first year (Spinelli et al., 2017).

There is also some evidence that adults’ tendency to simplify the syntax of their utter-
ances might benefit learners (Bohannon et al., 1982; Cross & Morris, 1980; Furrow et al.,
1979; Murray et al., 1990; Raneri et al., 2020). For example, the greater repetition often
observed in child-directed speech might aid children’s segmentation and processing of em-
bedded words (Newman et al., 2016). When Fernald and Hurtado (2006) tested infants’
knowledge of familiar words in a looking-while-listening experiment, infants looked to the
correct image faster when its label was presented in one of the frames used most frequently
by caregivers than when it was presented in isolation. In another study, parents’ use of “baby
talk” words like choo choo and baba was correlated with their nine-month-old’s vocabulary
growth (Ota et al., 2018).
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Where Does Child-Directed Speech Come From?

Notably, adults adjust their speech less and less as the child gets older (Henning et al., 2005;
Liu et al., 2009; Smith & Trainor, 2008). Caregivers’ pitch settles. They repeat themselves
less (Sherrod et al., 1977). Their utterances get longer and more complex, filled with more,
and more different, words (Adi-Bensaid et al., 2015; Ervin-Tripp, 1978; Fraser & Roberts,
1975). And they talk faster (Ko, 2012; Raneri et al., 2020). It can look like caregivers are
altering their speech for the sake of the child learning language (Bateson, 1975; Bohannon
et al., 1982; Cross, 1977; Cross & Morris, 1980). This interpretation of adults’ child-directed
speech as pedagogical is especially intuitive from the view of children as passive, rather
than active, learners. However, an alternative is to explain adults’ accommodation of young
children with reference to the same processes that we know are in operation elsewhere, while
recognizing that adults tend to be egocentric in speech production (Horton & Keysar, 1996).

The contrast between the above two styles of explanation rhymes with a long-standing
contrast between parallel traditions in psycholinguistics: what Brennan and Hanna (2009)
describe as the “language as product” and “language as action” traditions. Roughly, one
perspective on language development suggests language as something given (or fed!) to
young children by adults. The other frames language development as occurring in the course
of normal sociocultural practice. That is, adults’ modified speech may arise out of the very
same communicative practices that they engage in with other adults — only, when talking to
children, adults’ conversational partners know very little about the world, can communicate
even less, and exhibit highly inconsistent attention.

If we also choose to adopt the view that language is an inherently communal enterprise
(à la H. Clark & Brennan, 1991; Pickering & Garrod, 2004), then we might say that in adult-
child exchanges, adults take on more of the conversational labor early on, out of a genuine
need to get their message across. And there is some evidence for caregivers’ genuine need to
communicate with their children from studies of caregivers’ productions. In one study of the
discourse functions of caregiver speech, for example, over a quarter of caregivers’ utterances
to their two-year-old children were coded as ‘directives,’ a category that included prohibitions
like “don’t touch that,” as well as commands like “give me the toy” (Rowe et al., 2004).

If nothing else, the frequency of directive utterances suggests that caregivers often use
speech in contexts where their children’s comprehension is important (and likely to influence
the speech itself). In the case of directive speech acts, parents receive immediate feedback
from the child’s behavior on whether their message has been received. However, even com-
paratively subtle cues to the success versus futility of our communicative goals can affect
how we produce speech online. For example, psycholinguistic experiments show that evi-
dence our interlocutor is distracted or confused results in not only verbal repair behaviors
to regain common ground (Clark, 2014), but apparently subconscious effects on our own
speech production that lead speakers to do things like selectively emphasize critical words
when giving task instructions (Rosa et al., 2013). This work suggests that the forms that
our messages take depend on feedback from our interlocutors that they are paying attention
and comprehending. Critically, research also suggests that the attentiveness to our inter-
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locutor that gives rise to well-calibrated input is itself costly (Abel & Babel, 2016; Branigan
et al., 2007; Branigan et al., 2011; Fischer, 2016; Yurovsky et al., 2016a), further predicting
that the distribution of communicative labor between adults and children should initially
skew toward adults, but become gradually more and more equal as children’s domain-general
cognitive capacities develop.

Another thing we would expect from this demystified origin of child-directed speech
is for caregivers’ speech to children to be conditioned on the same factors that condition
both the caregivers’ need to communicate and their attention (see also Ellwood-Lowe et
al., under review). This appears to be borne out across human communities (Gutiérrez &
Rogoff, 2003; Rogoff et al., 2003). For example, infant-directed speech is reported to be rare
in Mayan households, where mothers and infants are in almost constant physical contact
and non-verbal communication. Infants begin to receive directed speech once they have
matured out of this developmental period and begin walking (P. Brown, 2008; Shneidman
& Goldin-Meadow, 2012a) — putting them at a distance from the mother, and opening the
possibility of mishaps, mischief, and small requests from one party to the other. That is,
communication becomes relevant. Even within a given developmental window, caregivers’
propensity to engage their children arguably varies with their attentional resources: for
example, caregivers may speak less to their children when experiencing greater financial
scarcity or money worries, relative to their own patterns when finances are less of a concern
(Ellwood-Lowe et al., 2020).

Different family organizations offer additional illustrations of the opportunistic nature of
speech to young children. For example, infant-directed speech is more common in nuclear
family structures, where a caregiver is more likely to find themselves at home with only an
infant to talk to, long before that infant can meaningfully reply. In contrast, in extended-
family dwellings — the norm across much of the world — caregivers are more likely to
find a more suitable conversational partner nearby. As a result, the child will likely hear
less caregiver speech (but will be spoken to by a greater number of household members,
and overhear more conversations; P. Brown, 2011; P. Brown and Gaskins, 2014; Ochs and
Schieffelin, 1984, 1995; Shneidman et al., 2013).

A Puzzle in the Existing Literature

The experimental and observational studies in the following chapters shed light on a puzzle
in the literature on effective language input. That is, in spite of children’s self-directed learn-
ing skill in other domains, correlational studies repeatedly suggest that overheard speech is
not a source of word-learning (Ramı́rez-Esparza et al., 2014, 2017; Shneidman et al., 2013;
Shneidman and Goldin-Meadow, 2012a; Weisleder and Fernald, 2013; see Table 1). These
studies record samples of children’s language environments when they are between 18 and
30 months of age, coding all recorded utterances as ‘child-directed’ or ‘overheard.’ When
counts of the number of tokens (total words) or types (unique words) are used to predict the
same children’s vocabulary sizes at 36–42 months, measurements of the speech categorized
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as ‘child-directed’ reliably correlate with later vocabulary size, while the same measure-
ments of ‘overheard,’ or ‘adult-directed,’ speech do not. The inference that differences in
children’s later vocabulary sizes reflect words learned from child-directed speech is partially
supported by additional correlational evidence relating words’ frequency in child-directed
speech to their typical age of acquisition (e.g., Braginsky, Yurovsky, et al., 2019; Swingley &
Humphrey, 2018). Surprisingly, the independence of overheard speech and vocabulary size
persists even in contexts where the majority of children’s input is overheard (Shneidman &
Goldin-Meadow, 2012a), which characterizes many cultural communities (Correa-Chávez &
Rogoff, 2009; Heath, 1983; Ochs, 1982; Schieffelin, 1990; Ward, 1971).

Across studies, then, number of tokens of child-directed speech accounts for variance in
children’s vocabulary outcomes. . . Why shouldn’t overheard speech, which represents valu-
able data about the system the child is acquiring, and undoubtedly also affects vocabulary
outcomes? Adding to this puzzle is the fact that children can learn a novel word from
overheard speech in experimental contexts by as early as 18 months (Akhtar, 2005; Akhtar
et al., 2001; Floor and Akhtar, 2006; Gampe et al., 2012; Mart́ınez-Sussmann et al., 2011;
Shneidman et al., 2009; see Appendix E). What makes lab-presented overheard speech so
different from its naturalistic counterpart?

Drawing on the idea that children preferentially attend to stimuli that are at a manage-
able level of complexity (Gerken et al., 2011; Kidd et al., 2012, 2014), I propose that the
apparent language-learning disadvantage of overheard speech early in development is owed
in part to its complexity relative to other sources of input, leading children to disattend to
it until it is of equivalent complexity to the child-directed speech they regularly receive. A
combination of results derived from novel experimental paradigms, computational methods,
and observational analyses suggest this proposal holds promise.
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Chapter 1

Children May Filter for Complexity,
Ignoring Overheard Speech Until It Is
Subjectively Learnable

Abstract

In this chapter, we explore the idea that infants may pay less attention to and learn less from
overheard speech, due in part to its complexity relative to child-directed speech. We em-
ploy multiple empirically-motivated operationalizations of ‘complexity’ or, conversely, learn-
ability, that can be computed on decontextualized speech corpora. These include lexical
variables like concreteness, frequency, and age of acquisition, associated with faster process-
ing in production and comprehension in psycholinguistic research with adults. Additional
information-theoretic measures capture the predictability versus entropy of randomly sam-
pled child- and adult-directed speech. If caregivers’ child-directed speech offers an accurate
estimate of the speech complexity appropriate for a given child, and if children’s attention
to different sources of spoken language input is at least partly responsive to their efficiency
processing them, then we might expect overheard speech at or below the level of the child’s
typical child-directed speech to be eligible as a target of the child’s attention and a reliable
source of new vocabulary. Our analyses suggest that for most children this may not be until
after language development is well underway, and after the point at which previous studies
have unsuccessfully used measurements of overheard language in children’s daily lives to
predict vocabulary growth.
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1.1 Introduction

Talking with children isn’t easy. . . Each child’s
ability to speak, understand, and converse is a
moving target: it changes not just yearly,
monthly, weekly, and daily, but moment to
moment, and we cannot know where he or she
is at any moment. How, then, do we manage
to talk with children?

How to Talk with Children
H. H. Clark, 2014

One way of thinking about language development is as a coordination problem (Yurovsky,
2018). Adults alter their speech to children in the course of grounding, or establishing com-
mon knowledge, with them (H. Clark & Brennan, 1991; Clark, 2014). ‘Active’ child learners,
for their part, play a role in shaping the language they are exposed to, and may monitor the
different sources of language around them, selectively attending to the language that will
best support their learning. Early in development, the speech that they receive directly —
over, for example, the speech that they might overhear. This is in part because when speak-
ing with toddlers and young children, adults seek to engage them, and receive feedback in
the course of their interaction on, e.g., which words are already in their vocabularies (C. A.
Ferguson, 1977). Researchers at least since Snow (1977) have argued that much of children’s
remarkable success at language-learning should be attributed to adults’ coordination with
them (e.g., Yurovsky, 2018). Compared to adult-directed speech, the resulting child-directed
register is simplified, attention-getting, slower, and contains fewer unique words and more
repetition (Broen, 1972; Ervin-Tripp, 1978; C. A. Ferguson, 1964; Soderstrom, 2007).

Research aimed at characterizing what counts as effective input repeatedly finds that
such child-directed speech appears to advantage learning, eliciting and maintaining children’s
attention in infancy (Graf Estes & Hurley, 2013; Ma et al., 2011; Singh et al., 2009), and
augmenting their language processing efficiency and vocabularies as toddlers (Shneidman
et al., 2013; Shneidman & Goldin-Meadow, 2012a; Weisleder & Fernald, 2013). One body of
work relates snapshots of children’s early language environments to their language outcomes
six months or a year later, consistently finding that the amount of child-directed speech that
toddlers receive is predictive of their vocabularies, but not the total amount of language that
they hear from other sources, including speech classified as “overheard” (Shneidman et al.,
2013; Shneidman and Goldin-Meadow, 2012a; Weisleder and Fernald, 2013; see Table 1.
Experimental overhearing studies have typically presented novel words in highly simplified
speech, where the new words are utterance-final, stressed, and embedded in explicit labeling
or directive sentence frames (Akhtar, 2005; Akhtar et al., 2001; Floor & Akhtar, 2006; Gampe
et al., 2012; Mart́ınez-Sussmann et al., 2011; Shneidman et al., 2009). Thus, elegant as they
are, previous experimental studies may not have represented the naturalistic phenomenon.
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Table 1: Correlational Studies Using Child-Directed and Overheard Speech Quantity to
Predict Early Language Outcomes

Input Language Outcome

Study Population Age
∗

Measure Age
∗

Measure

Shneidman
and Goldin-
Meadow,
2012a

Yucatec
Mayan

24
adult

†

word
types

35
Peabody Picture Vocabulary
Test (ppvt)

‡¶

Expressive One-Word Picture
Vocabulary Test (eowpvt)

§‖

Shneidman
et al., 2013

English-
learning;
single and
multiple
primary
caregivers

30 adult
word
types and
tokens

42 Peabody Picture Vocabulary
Test (ppvt)

‡¶

Weisleder and
Fernald, 2013

Spanish-
learning

19 adult
word
tokens

19 looking-while-listening task
#

24 MacArthur-Bates Com-
municative Development
Inventories (mcdi)

∗∗ ‖

Note. In all studies, input measures are correlated with language outcome measures,
but only for speech classified as child-directed, and not for speech classified at overheard.

∗
in months

† ≥ 11 years of age
‡

Dunn and Dunn, 1981
¶

receptive vocabulary measure
§

Brownell, 2000
‖

productive vocabulary measure
#

speech processing efficiency; Fernald et al., 2008
∗∗

Fenson et al., 2007; Spanish-language version: Jackson-Maldonado et al., 2003
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That children as young as 18 months (Floor & Akhtar, 2006; Gampe et al., 2012) attend
to and learn from overheard utterances that are at least as simple as typical child-directed
ones supports the idea that they might otherwise be filtering for complexity.

In this chapter, we extend findings that infants preferentially attend to stimuli of in-
termediate complexity (Gerken et al., 2011; Kidd et al., 2012, 2014) to explain gaps in
our understanding of the relative value of different input types for language development
(see also Räsänen et al., 2018). Specifically, we quantify the difference in complexity or
learnability between child- and adult-directed speech across developmental time. We focus
our analyses on the lexico-semantic and distributional properties of the words adults use,
reasoning that higher proportions of words that are easier to process for adults should trans-
late to facilitated comprehension in children (Swingley et al., 1999), along with facilitated
online processes implicated in word-learning, including speech segmentation and prediction
(de Carvalho et al., 2019; Hills & Adelman, 2015; Reuter et al., 2019; Reuter et al., 2018;
Weisleder & Fernald, 2013). We capitalize on existing corpora of transcribed naturalistic
speech to test whether and for how long the words adults use in their speech to children
are significantly simpler than the words they use with other adults. The analyses that we
report can therefore be seen as quantifying (1) the degree to which adults simplify their
speech when talking to children, and (2) if adult spoken language corpora approximate the
speech that children might overhear, the differential in child-directed and overheard speech
in children’s daily lives.

Outside of child-directed speech, experimental research suggests that infants selectively
attend to stimuli at a manageable level of complexity: neither too simple nor too complex
(termed the ‘Goldilocks effect’: Kidd et al., 2012, 2014). In looking time studies with 7–8-
month-olds, for example, children’s probability of looking away from a visual display is lowest
when the visual or auditory events are within an intermediate range of predictability. In
another study, Gerken et al. (2011) tested infants’ attention in an artificial language-learning
paradigm where the linguistic stimuli differed in their learnability. There, 17-month-old
infants exhibited greater attention for language samples whose morphological patterns were
rule-governed and learnable, compared to language samples whose morphological system was
either perfectly uncompressable or was empirically unlearnable by previous samples. Such
studies indicate that children may be implicitly tracking the complexity of different stimuli
and budgeting their attentional resources, attending only to those stimuli that fall in a
learnable range, according to their knowledge state. Authors of the aforementioned studies
describe infant’s selective attention as a rational general mechanism for learning, which
prevents them from wasting precious cognitive resources attempting to compress patterns
that are too unpredictable, and therefore potentially unreliable. Even for highly complex
stimuli that is patterned and could theoretically support learning, infants’ progress will be
inefficient compared to the learning progress they could be making elsewhere (or at a later
date).

We propose that part of children’s own role in language development may be to selectively
direct their attention to the most effective learning data, a hallmark of the ‘active’ learner
(Gerken et al., 2011; Gottlieb et al., 2013; Kidd & Hayden, 2015; Kidd et al., 2012, 2014).
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Attention is arguably a prerequisite for word-learning (Graf Estes & Hurley, 2013; Ma et
al., 2011; Singh et al., 2009). Thus, if children are monitoring the subjective complexity of
different inputs “in the wild,” and if overheard, adult-directed speech is consistently more
complex, children may not learn new words from it early on in life because they do not
direct their limited attentional resources to it. Over years, though, speech directed to a child
becomes speech directed to an adult. When speech around a given child is of comparable
complexity to speech directed to her, it may become eligible as a target of the child’s sustained
attention and a source of new words. Focusing exclusively — as previous studies have done
— on overheard speech in the first two years of life, and without a unifying explanation for
the advantage of child-directed speech versus impotence of overheard input, may have led to
the premature conclusion that overheard speech is permanently ineffective for learning. But
language development is a protracted process, and vocabulary development in particular
continues throughout the lifespan. Given the significant variability in the composition of
children’s early language environments (e.g., Casillas et al., 2019; Weisleder & Fernald,
2013), it is critical to explain why different sources are more or less conducive to learning,
and how their contributions might morph with the child’s own development.

Our focus on input complexity places greater emphasis on the child as a rational learner
and filterer of the sense data around them. In this way, it is consistent with growing interest
in children as agents of their own learning, actively exploring mysteries in their environments
and selecting information relevant for the specific questions whose answers they crave (e.g.,
Begus et al., 2014; Cook et al., 2011; Gottlieb et al., 2013; Partridge et al., 2012; Saylor &
Ganea, 2018; Schulz & Bonawitz, 2007; Sim & Xu, 2014). These studies frame the child as
molding and curating sources of information, rather than merely analyzing the data given
to them directly.

In addition to the active, rational learner, focusing on input complexity highlights the role
of the child’s mature interlocutor. Implicit in the idea that child- and adult-directed speech
are differentially complex in a way that is relevant for learning (and therefore filtering), is
the idea that competent speakers accommodate their listeners in the service of communi-
cation. When we speak, we speak to transmit our message to someone, which means how
we formulate and deliver it is necessarily going to depend on what we think they will be
able to receive (Lam and Kitamura, 2009; Yurovsky, 2017; though see Keysar et al., 1998).
Maintaining the child’s sustained attention is one of adults’ goals in trying to communicate,
leading them to subconsciously adapt their speech complexity in a way that is sensitive to
it. That children learn from child-directed speech suggests that we might think of speech
directed to the child at a given stage as a benchmark or lower bound for the complexity
range from which they can learn. We suggest that any source of language input may be
at a disadvantage with respect to a child’s learning and attention for at least as long as
it remains more complex than the speech that the child receives directly. This might be
the case for at least two reasons. First, if caregivers’ linguistic modification is responsive
to children’s online attention, then speech directed to children may provide an accurate (if
indirect) reflection of their levels of language development. Second, relative complexity may
be the relevant determiner of children’s attention, such that the presence of simplified speech
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leads children to ignore more complex language, even if it might also have been a source of
word-learning. There is some evidence for this idea: in one study of dual-language immer-
sion kindergarten classrooms, for example, teachers’ tendency to translate instructions into
students’ dominant language had the effect of reducing children’s attention to speech in their
non-dominant language (e.g., Wong Fillmore, 1982).

The study we report here is interested in characterizing the complexity or learnability
within children’s language environments, with the hypothesis that variation along this di-
mension is determinant of children’s attention. We compute multiple text-based metrics
of complexity across longitudinal child-directed and conversational adult corpora to under-
stand how input complexity changes with the age of the child, as well as when overheard
speech might resemble the speech that children receive directly. By comparing the complex-
ity or learnability of these two potential sources of data for early language learners, we aim
to inform predictions about when overhearing may become a consistently viable source of
word-learning.

1.2 Method

To explore the viability of the idea that infants may pay less attention to overheard speech,
due in part to its complexity relative to child-directed speech, we employ multiple empirically-
motivated operationalizations of ‘complexity’ or, conversely, ease of processing, that can be
computed on decontextualized speech corpora. These include lexical variables associated
with faster processing in production and comprehension in psycholinguistic research, as well
as information-theoretic measures capturing the predictability versus entropy of the speech.

We begin by aggregating model child- and adult-directed speech from a variety of sources.

Speech Corpora

All child- and adult-directed utterances were tokenized and stemmed for analysis using the
nltk package in Python. Preprocessing and analysis scripts can be found in our online
repository (https://osf.io/hy5z2/).

Child-Directed Speech (CDS)

Child-directed speech from CHILDES. We compiled speech directed to children
from childes-db (Sanchez et al., 2018), an open online database of the Child Language Data
Exchange System (CHILDES) Database (Brent & Siskind, 2001; R. Brown, 1973; MacWhin-
ney, 2000; Peters, 1987; Rollins, 2003; Rollins & Trautman, 2006, 2011; Rose & MacWhinney,
2014; Wilson & Peters, 1988), using the childes-r package (Braginsky, Sanchez, et al., 2019).
We filtered the utterances in the English-language transcripts to exclude all child produc-
tions, as well as all adult utterances that we inferred to be directed to another adult (see
Adult-directed speech from CHILDES , below). When making general comparisons between

https://osf.io/hy5z2/
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child- and adult-directed speech, we include all children in our analyses. This decision has
a dual motivation, as it both maximizes the number of tokens for analysis, and provides a
more stringent test of our hypotheses. This speech comprises almost six million (5,637,187)
tokens, pulled from 84 corpora and 1,187 children (Mage = 38.18 months, SDage = 17.36
months), with an average of a little over one thousand words per target child. When ana-
lyzing differences across age, we limit ourselves to speech in the two-year age range reliably
associated with later outcomes; 12–36 months. This subset consisted of 3,053,440 tokens
spoken to 643 children (Mage = 27.70 months, SDage = 5.28 months).

Child-directed speech from the VanDam Corpus. Next, we pulled transcripts
from the VanDam Corpus (VanDam, 2016), for an additional high-quality source of child-
directed speech. The VanDam corpus was collected in the homes of 53 toddlers (M = 29.8
months, SD = 2.8 months), across the spectrum of hearing status. While the bulk of the
corpus is diarized data output by a widely used language processing software (LENA; Cristia
et al., 2020), five minutes of dense parent-child interaction from each child’s home record-
ing session was transcribed by a human coder, and has been made publicly available on
Homebank (VanDam et al., 2016). Families in the original study were visited three times
apiece, for a total 159 five-minute segments and 35,045 tokens for us to use in our analy-
ses. The documentation for the corpus reports upper-middle class maternal socio-economic
status, averaging 7.81 (SD = 2.36), on a 12-point scale. All but two families identified
as “white/Caucasian,” with only one family identifying as “Black/African-descent,” and
another identifying as “mixed race.”

Child-directed speech from the Manchester Corpus. Last, we considered the
Manchester Corpus (Theakston et al., 2001), also hosted on CHILDES, for use as case study.
The Manchester corpus records a study of 12 monolingual English-speaking children from
middle-class households in Manchester, UK, from ages 20 to 36 months. This corpus was
selected because of its dense, longitudinal, and naturalistic nature. Mothers and children
were audio-recorded playing freely in their homes two times every three weeks for a year, for
a maximum of 34 sessions per child. Recordings of these sessions were transcribed in CHAT
format, and tagged with the age of the child and the individuals present. We analyzed only
the speech of the primary caregivers in this case study (81,302 tokens from 12 mothers).
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Adult-directed Speech (ADS)

The ideal corpus for this study would include large amounts of child and adult-directed
speech, from the same speakers, in the same context. Unsurprisingly, however, adult-directed
utterances are rare in corpora designed to illuminate child language development. In order
to triangulate on an accurate characterization of overheard adult speech, we compute our
measures on spoken corpora from three sources, each representing distinct trade-offs in terms
of their size versus representativeness of speech children might typically have opportunity to
overhear.

Adult-directed speech from CHILDES. We first compiled a corpus of the sparse
inter-adult speech in CHILDES. While small, this corpus had the advantage of containing
utterances we know were spoken in front of a child (whose age we also knew). However, our
method for ensuring that they were truly adult-directed was inferential: following previous
work (Yurovsky et al., 2016b), we first combined all adjacent utterances from the same
adult speaker, then classified as “adult-directed” any adult utterance that was immediately
followed by an utterance by a different adult. In this way, we hoped to be selecting utterances
that represented adult conversational turns. There were a total of 6,150 tokens, which
occurred in the presence of 133 different children, from 22 to 176 months of age.

Adult-directed speech from the VanDam Corpus. We took a similar approach
in the VanDam Corpus, resulting in a modest set of 2,229 tokens of speech presumed to be
spoken by one adult in the home to another.

Adult-directed speech from the Santa Barbara Corpus. A slightly larger but
still highly controlled corpus of inter-adult speech meant to reflect the speech that children
might overhear came from the Santa Barbara Corpus (Du Bois et al., 2000), a database of
transcribed audio recordings of American English conversations from diverse contexts and
regions. We included all files representing speech that was (1) informal, (2) English-only,
and (3) adult-directed. This meant excluding recorded academic lectures, negotiations at
car dealerships, and job trainings, where we estimated a child’s presence would be less likely.
Importantly, these excluded transcripts are also characterized by clusters of dense technical
words, which might skew our estimate of typical adult-directed speech complexity. Thus,
in addition to providing a more representative picture of speech around children, the subset
of the corpus we analyzed provides a more conservative test of our hypotheses. The final
set of 19 transcripts included speech during long-distance phone calls, birthday parties, and
conversations while preparing dinner, from a total of 67 speakers (87,496 tokens).
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Adult-directed speech from the British National Corpus. Finally, we considered
a significantly denser corpus. The full British National Corpus totals over 100 million words
of written and spoken English, and is used as a standard in many studies. We limit ourselves
to the spoken subset of the corpus (Love et al., 2017) — approximately 11 million words.
A random sample of tags in the corpus includes such quotidian topics as “bills,” “moving
homes,” “portion distribution,” “Andy’s grandmother,” and “Joey’s broken arm.”

Capturing Complexity

Our first analysis takes advantage of previously collected ratings of words along several sub-
jective dimensions, as well as of estimates of words’ frequency, a dimension we would expect
to systematically differ between speech directed to children and to adults. Normative ratings
for individual words like those we employ here are often used to standardize experimental
stimuli and test hypotheses in psycholinguistic research (e.g., Balota et al., 2007). Concrete-
ness ratings served as a proxy for semantic accessibility; we argue that age of acquisition
ratings do something similar. Valence ratings were intended to capture affective adjust-
ment on the part of caregivers at the level of the word. Importantly, norms for frequency,
concreteness and age of acquisition are reliably predictive of adult performance on a vari-
ety of psycholinguistic tasks (Bonin et al., 2001; Brysbaert & Biemiller, 2017; Ghyselinck,
Lewis, et al., 2004; Izura & Ellis, 2002; Morrison & Ellis, 2000). We included valence ratings
specifically as a constraint on our hypotheses. While our other measures are transparently
related to learnability, we speculated a weaker relation between valence and learning during
the early stages of language development, in part because caregivers often use prosody to
convey the valence of their utterances (Saint-Georges et al., 2013), which we reasoned might
imply lesser reliance on the semantic valence of the words they choose. In addition, effects of
valence are inconsistent in lexical processing (e.g., Delaney-Busch et al., 2016; Imbir et al.,
2016; Kuchinke et al., 2005; Kuchinke et al., 2007; Moors et al., 2013; Nasrallah et al., 2009;
Yao et al., 2016) and memory tasks (e.g., Aquino & Arnell, 2007).

For all lexical variables, our data are limited to the lemmas for which we have ratings.
We note the percentage of tokens available for each dataset in the subsections below. For
complete type and token counts by corpus (all datasets) or speaker (Manchester Corpus) at
each stage of transcript cleaning and analysis, see Appendix C.
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Concreteness

We first considered concreteness as a means to compare differences in semantic complexity
between child- and adult-directed speech. Concreteness ratings came from the Brysbaert
et al. (2014) set of concreteness ratings for 40,000 English lemmas. The authors collected
ratings on a scale from 1 (‘language-based’) to 5 (‘experience-based’) from native English-
speaking, current U.S. residents using Amazon’s Mechanical Turk. In the Brysbaert and
colleagues’ (2014) norming study, raters were explained the scale as follows:

A concrete word [. . . ] refers to something that exists in reality; you can have im-
mediate experience of it through your senses (smelling, tasting, touching, hearing,
seeing) and the actions you do. The easiest way to explain a word is by pointing
to it or by demonstrating it (e.g. [. . . ] To explain “jump” you could simply
jump up and down [. . . ] To explain “couch” you could point to a couch or show
a picture of a couch). An abstract word comes with a lower rating and refers
to something you cannot experience directly through your senses or actions. Its
meaning depends on language. The easiest way to explain it is by using other
words (e.g. There is no simple way to demonstrate “justice;” but we can explain
the meaning of the word by using other words that capture parts of its meaning).

We see concreteness as relating to the child’s attention and learning in at least two
ways. First, speech about the child’s immediate context is likely to be more engaging due
to its relevance for the child. Such speech is also likely to be more concrete, because it
is about objects, etc. in the child’s own environment, rather than abstract concepts and
mental states, which are necessarily decontextualized. Second, if children’s attention is in
part maintained by learnability, concrete language may maintain their attention precisely
because its meaning is more learnable. Indeed, the above description illustrates the potential
learning of advantage of highly concrete words: they can be demonstrated by a caregiver, and
their meanings are more likely to be inferable from a scene without the need for pre-existing
linguistic knowledge or scaffolding.

It is also important to note that concreteness is a dimension that cuts across lexical
categories: nouns vary in their concreteness, but so do verbs (e.g., “jump,” in the example
above, with a rating of 4.52, versus “hope,” rated 1.25) and adjectives (“hairless,” rated
4.52, versus “fake,” 1.97). The concreteness rating we use for each lemma represents the
mean of ratings by at least 20 raters familiar with the word (37,058 total ratings; accounting
for 94.9% of CHILDES CDS, 82.2% of VanDam CDS, 95.8% of Manchester CDS, 94.5% of
CHILDES ADS, 80.4% of VanDam ADS, 77.7% of the Santa Barbara Corpus, and 75.9%
British National Corpus).
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Valence

To compare any observed trends in word type concreteness to another lexical semantic vari-
able whose relation to learning is more opaque, we analyze valence ratings collected by the
same group (Warriner et al., 2013). A word’s valence is a reflection of how pleasant it is.
While it is possible that child- versus adult-directed speech differs along this dimension, it
is not clear which values (more positive or more negative words) we would expect to bet-
ter capture children’s attention, and facilitate their language-learning. Valence ratings were
elicited on a scale from 1 (‘unhappy’) to 9 (‘happy’). For illustration, the top-rated word
is “vacation,” with a mean rating of 8.53, and the lowest rated word is “pedophile” (1.26).
The values we use represent the mean of at least 15 adult raters. There was notably less
coverage for the valence-rated words than for other measures (13,915 total words; CHILDES
CDS: 41.6%, VanDam: 33.2%, Manchester: 41.4%, CHILDES ADS: 41.5%, VanDam ADS:
32.7%, Santa Barbara Corpus: 29.2%, British National Corpus: 24.7%), so we interpret
these results with caution.

Age of Acquisition

Like scores of concreteness and valence, age of acquisition (AoA) values came from a large-
scale study of English-speaking adults (Kuperman et al., 2012). Following a series of cali-
bration items, online participants were presented with 300 words, and provided subjective
ratings for all of the words that they also reported knowing. For each word, adults were asked
to enter the age, in years, at which they thought they had learned the word — in the words of
the study, “the age at which you would have understood that word if somebody had used it
in front of you, even if you did not use, read or write it at the time.” The earliest rated word
is, unsurprisingly, “momma” (1.49), followed by “potty’ (2.28), “yes” (2.31) and “water,”
(2.37). Median (10.5) words include “ricochet,” “blondish,” and “suede,” while loanwords
(“eisteddfod;” 25), regional items (“saguaro;” 18.2), and technological terms (“app;” 18.3)
dominate the upper ranks. Twenty-five adults rated each word; we use the mean of their
responses (5,175 total words; CHILDES CDS: 93.4%, VanDam: 75.5%, Manchester: 94.6%,
CHILDES ADS: 93.0%, VanDam ADS: 73.7%, Santa Barbara Corpus: 70.4%, British Na-
tional Corpus: 67.0%).

Age of acquisition norms are reliably correlated with objective measures of lexical devel-
opment (Gilhooly & Gilhooly, 1980; Gilhooly & Logie, 1980). For our purposes, however, it
may not matter whether adults’ age of acquisition estimates accurately reflect their own lin-
guistic histories. That is, age of acquisition norms might be especially well-poised to answer
questions about the degree to which adults alter their speech to children, as the values may
better reflect the order in which adults expect certain words and concepts to be appropri-
ate for the children in their charge. Consensus across many adults may reflect an intuitive
and multidimensional theory of complexity (see Appendix B for items where adults’ age of
acquisition estimates are especially inaccurate, yet revealing).
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Frequency

Our measure of word frequency is derived by Brysbaert and New 2009 using a 51-million-
word corpus of American movie and television subtitles (SUBTLEX). The SUBTLEX fre-
quency norms are commonly used to accurately model individual words’ frequency in ev-
eryday language use, and have been shown to reliably predict adult processing latencies in
psycholinguistic tasks (Brysbaert & New, 2009). Frequency effects are pervasive in adult
language processing more broadly, where higher frequency words are associated with faster
and more accurate word recognition and production (e.g., Balota & Chumbley, 1984) as well
as throughout first language acquisition (see Ambridge et al., 2015, for a review), where
higher-frequency words are consistently acquired earlier (though see Morrison & Ellis, 1995,
for alternative interpretations of the explanatory power of frequency versus age of acquisi-
tion). For our analyses, we normalize the counts of individual words’ occurrences within
the SUBTLEX corpus (i.e., by dividing by the total number of words), then take the log-
arithm of the resulting value. Coverage of the words used in our child- and adult-directed
speech corpora was especially high for this variable (48,411,930 total words, covering 96.2%
of CHILDES CDS, 94.1% of VanDam CDS, 96.2% of Manchester CDS, 96.1% of CHILDES
ADS, 93.4% of VanDam ADS, 85.4% of the Santa Barbara Corpus, and 89.1% of the British
National Corpus).

Lexical Complexity

Building off of our age of acquisition metric, our next measure defines complexity in terms
of the ratio of words children likely already know or are on the verge of acquiring, to those
they do not. We use the MacArthur Bates Communicative Development Inventory (M-CDI;
Fenson et al., 2007) to obtain a set of child-friendly words typically acquired by the end of
our age range. So as to not make assumptions about the age-related vocabularies of specific
children, we include all words on the M-CDI “Words and Sentences” instrument, intended
for children 16–30 months.

Of course, appearance on the M-CDI does not guarantee that even a child of three knows
it. Standardized assessments include words to which the answer for most assessees will be
“no,” by design. But they are also designed to be normative. An examination of the set of
American English administrations archived online (5,846 at the time of writing; Frank et al.,
2015) suggests that the vast majority of M-CDI items are produced by 30 months. That is,
over half of the parents of 30-month-olds report that their child produces 603 out of the 680
total items. This set of words also does not fully account for the child’s vocabulary, but it
does provide us with a standard to apply to all speech sources.

To derive our metric of lexical complexity for each speech source, we pulled 100 random
sample of 1,000 tokens each. For each 1,000–token sample, we calculated the proportion of
tokens that appeared on the M-CDI. To obtain a measure of complexity that increased with
the density of words outside the set, we took the negative log of the probability of belonging
to the M-CDI set. For an example, say 600 of the 1,000 words in a sample of child-directed
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speech were among the “Words and Sentences” items. The proportion of known words would
be (600/1000), or 0.60. The complexity measure for that sample would be (−log2(0.60)), or
0.51. To assess this measure’s trajectory with age, we additionally sample each month in
child age in CHILDES child-directed speech from 12 to 30 months.

Unfamiliar Entropy

Our final measure is designed to reflect the diversity or unpredictability within the set of
words that we have less reason to believe might be familiar to the child. Currently, two utter-
ances with the same proportion of tokens on the M-CDI receive the same lexical complexity
score, regardless of the composition of the words outside the M-CDI set. However, we might
think that an utterance where all of the non–M-CDI tokens are new, unique types should
be considered ‘more complex’ than an utterance where all of the words in the same-sized set
are repetitions of the same unique word. We use what we term unfamiliar entropy as our
final measure to reflect this intuition. Since its introduction by Shannon (Shannon, 1948),
variants on entropy have been used as indices of structural diversity in natural language
processing, machine learning, and ecology (Hale, 2016; Masisi et al., 2008). Sampling from
child- and adult-directed speech in the manner described above, we calculated the entropy
in the set of tokens not on the M-CDI.

Analysis & Predictions

For each of our metrics, we ask:

(1) Is the speech adults direct to children reliably less complex than the speech they
direct to one another?

(2) Does child-directed speech change with the child’s age?

(3) Does child-directed speech converge with adult-directed speech?

We restrict our results to the most conservative and interpretable tests of our hypotheses
that can be supported by all of our speech sources. To evaluate the difference in speech
complexity, we compare the mean values for each of our measures in child- and adult-directed
corpora. We predict higher frequency and mean concreteness in child-directed speech, and
lower age of acquisition, lexical complexity, and entropy. We do not anticipate a significant
difference in valence between words in the two speech types. To evaluate whether child-
directed speech complexity increases with child age, we compute each of our metrics for each
month in child age from 12 to 48 months, and report the correlation across all child-directed
speech. To evaluate the robustness of any effect and capture variability across speakers, we
use linear mixed effects models, fit to the data for the twelve caregivers in the Manchester
corpus. Finally, we divide our child-directed corpus into three twelve-month age bins, from
12–24, 24–36, and 36–48 months. We again compute the difference in means for the same
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measures in all adult-directed speech. We predict a greater difference between child- and
adult-directed speech in the early age group, and ask whether the difference persists when
considering only the second and third years of this range, or whether child- and adult-directed
speech ‘converge.’

For all questions, we use permutation tests to assess significance and to obtain the p-
values we report. All resampling tests were performed with 10,000 iterations. For additional
analyses and visualizations — including of words’ relative information content — please see
the Supplemental Online Materials.

1.3 Results & Discussion

Is adult-directed speech reliably more complex?

To assess whether speech between adults is reliably more complex than speech to children, we
compare the mean value for each of our measures across corpora of child- and adult-directed
speech (see Table 2). Compared to the set of adult-directed speech tokens (‘All ADS’),
words in child-directed speech (‘All CDS’) were reliably higher frequency (difference in
means : −0.370), and rated more concrete (difference in means : −0.109), earlier acquired
(difference in means : 0.124), and happier (difference in means : 0.029). Samples across child-
directed speech also received lower scores on our measures of lexical complexity (difference in
means : 0.157) and unfamiliar entropy (difference in means : 0.050; all ps here and elsewhere
< .001, unless otherwise noted). With the exception of valence, which showed no significant
difference, these results were echoed when comparing means for individual children in the
Manchester corpus to the All ADS mean values, as well as in pair-wise comparisons between
child- and adult-directed speech within CHILDES and the VanDam corpus.

That our results obtained within the VanDam corpus is especially notable. While sparse
in terms of adult-directed speech, the VanDam corpus represented especially high-quality
data for our research questions, as all speech came from the same set of adult speakers, elim-
inating the possibility that qualitative differences between child- and adult-directed speech
corpora might be an artifact of differences in speaker context or population. Even more
favorably, the speech samples in the VanDam corpus were originally captured by an audio
recorder worn by the target child in the transcript, thereby establishing any adult-directed
speech as legitimately overheard (or overhearable) by that child. This is in contrast to other
sources that we use to simulate speech that might be available to the child to overhear. For
example, while the Santa Barbara and British National corpora enable us to accurately char-
acterize speech between adults, we can’t know whether adults would use the same language
if a child were present (e.g., Kempe, 2009).

Having confirmed that our metrics capture real dimensions of variability in child- and
adult-directed speech, we examined their relation to children’s age.
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Does child-directed speech complexity track with child age?

We next sought evidence that adults calibrated their speech to their developing interlocutors
by relating each of our metrics with the age of the target child, across child-directed corpora.
Months in target child age showed a significant positive correlation with age of acquisition
(Pearson’s r = .02) and lexical complexity (Pearson’s r = .51), a significant negative correla-
tion with concreteness (Pearson’s r = −.026) and unfamiliar entropy (Pearson’s r = −.75),
and no significant correlation with frequency (Pearson’s r = −.002, p = .39) or valence
(Pearson’s r = −.001, p = .06).

Log Frequency Lexical Complexity Unfamiliar Entropy

Concreteness Kuperman AoA Valence

20 24 28 32 36 20 24 28 32 36 20 24 28 32 36

20 24 28 32 36 20 24 28 32 36 20 24 28 32 36

5.6

5.7

5.8

5.9

−2.5

0.0

2.5

5.0

4.75

5.00

5.25

5.50

−2

−1

0

1

2

2.75

3.00

3.25

3.50

−9

−8

−7

Child Age in Months

R
at

in
g

Child

Anne

Aran

Becky

Carl

Dominic

Gail

Joel

John

Liz

Nicole

Ruth

Warren

Figure 1: Linear Regressions for Individual Children in the Manchester Corpus.

Note. Shading indicates standard error; dashed line marks mean value for All ADS.
Average correlations with child age: Concreteness: −.05 [−.05, −.04]; AoA: .04
[.03, .04]; Valence: −.02 [−.02, −.01]; Frequency: −.002 [−.007, .003]; Lexical
Complexity: .27 [.26, .28]; Unfamiliar Entropy: .23 [.21, .24]. Outcome variables
have been centered and scaled to facilitate comparison across panels.
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The Manchester corpus enabled us to evaluate the robustness of these effects at the level
of individual caregivers, in speech to their children from 20–36 months in age. Figure 1 plots
linear regression lines fit to each child’s longitudinal data. Concreteness in speech to all 12
children showed a negative slope (Range: −0.009, −0.004). Slopes for the estimated age of
acquisition of child-directed words were typically positive (Range: 0.0005, 0.024), but this
was reliably the case for only 9/12 mothers (95% confidence intervals for the age coefficients of
3/12 caregivers spanned 0). Results for valence, frequency, and unfamiliar entropy were even
more variable. Valence reliably decreased with age for only 5/12 children (Range: −0.009,
−0.010), while frequency decreased as expected for 1/12 children, increased for 3/12, and
neither increased nor decreased for the remaining 8/12 children (Range: −0.017, 0.029)
Similarly, entropy increased as expected for 7/12 children (Range: 0.002, 0.006), decreased
for 2/12 (Range:−0.0007, −0.0002), and showed no reliable trend for 3/12 children. Finally,
lexical complexity increased reliably in all but one household (Range: 0.020, 0.280), where
it decreased with age (β = −0.04 [−0.05, −0.03]).

To evaluate trends across caregivers, we used the lme4 package in R (Bates et al., 2015)
to fit a single mixed effects linear model to the data for each measure, with age as the sole
fixed effect in each model, and random intercepts for maternal speaker. Model results appear
in Table 3, and confirm the relation between age and words’ increasing processing demands,
controlling for variability between speakers.

In the next section, we take a different look at the relation between speech complexity
and age by pooling tokens across each year between children’s first and fourth birthdays.

When will child- and adult-directed speech converge?

In our last analysis, we binned child-directed speech in the years between children’s first and
fourth birthdays. Our choice of age bins is motivated by the evidence, reviewed in the Intro-
duction, that measurements of overheard speech quantity during this period are unrelated
to child vocabulary (Ramı́rez-Esparza et al., 2014; Shneidman et al., 2013; Shneidman &
Goldin-Meadow, 2012a).

Table 4 shows the All CDS means, and difference from All ADS at 12–24, 24–36, and
36–48 months in age. The first thing to notice about these data is that, with the exception
of frequency and entropy, the difference from adult-directed speech is greater (in terms of
absolute value) in the first age bin, compared to the second and third. The next thing to
notice is that the difference at 36–48 months remains significant for all variables but valence
(see Appendix D for results by corpus). A surprising result of this analysis is that unfamiliar
entropy was significantly lower in all ADS than all CDS for each year-long age bin
(that is, the parenthetical differences representing All ADS − All CDS in Table 4 are
negative). While unexpected, we hypothesize that this trend might be a further reflection
of ways in which adults adjust their speech to children: for example, if caregivers frequently
use (a) the child’s name (E. V. Clark & Estigarribia, 2011), and/or (b) idiosyncratic terms,
like binkie or baba (Mayor & Plunkett, 2011) — both of which will vary across households —
then entropy across the entire set of tokens might be higher in child-directed speech than in
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adult-directed speech, where conventional terms might be more dominant. If this is the case,
we might not expect the same trend when computing this metric household by household,
where idiosyncratic terms are likely to reoccur. In support of this idea, entropy displayed the
expected relationship when comparing child- and adult-directed speech within the VanDam
corpus: that is, adult-directed speech was higher entropy, but the difference decreased with
age (differences in means between 0.210 and 0.507, ps < 0.001).

In summary, these data suggest that adult-directed speech may remain significantly more
complex into the fourth year of life, with potential implications for overheard speech as an
eligible source of language learning.

1.4 General Discussion

Our exploration of adult speech to children versus to other adults was motivated by a puzzle
in the literature on language development: though speech around children but not directed
to them would appear to offer valuable language data for young learners, studies that have
explicitly measured overheard speech in children’s environments from 12–30 months consis-
tently find no correlation between it and vocabulary outcomes at 18–36 months (Ramı́rez-
Esparza et al., 2014, 2017; Shneidman et al., 2013; Shneidman & Goldin-Meadow, 2012a;
Weisleder & Fernald, 2013). The hypothesis that we advanced drew on work suggesting that
infants’ attention is responsive to variation in formalizeable notions of complexity or learn-
ability (e.g., Gerken et al., 2011; Kidd et al., 2012, 2014; see also Räsänen et al., 2018). More
generally, our study represents a novel approach to the question of whether and how adults
simplify their speech to children — particularly in such a way as would plausibly advance

Table 4: All CDS Mean Values and All ADS–All CDS by Age Bin

Concr. AoA Valence Freq. Lexical Entropy

Age M†(Diff)‡ M†(Diff)‡ M†(Diff)‡ M†(Diff)‡ M†(Diff)‡ M†(Diff)‡

12–24 2.885
(−0.321)

4.253
(0.374)

6.029
(−0.052)

−6.148
(−0.122)

0.297
(0.390)

6.862
(−0.068)

24–36 2.810
(−0.245)

4.361
(0.266)

5.997
(−0.020)§

−6.038
(−0.233)

0.329
(0.358)

6.565
(−0.365)

36–48 2.786
(−0.221)

4.371
(0.256)

6.002
(−0.025)§

−6.006
(−0.264)

0.343
(0.344)

6.606
(−0.324)

† All CDS mean.
‡ Observed difference in means, All ADS − All CDS.
§ Value does not significantly differ from zero (all ps > 0.05).
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Log Frequency Lexical Complexity Unfamiliar Entropy

Concreteness Kuperman AoA Valence
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Figure 2: All CDS Mean Complexity at 12–24, 24–36, & 36–48 Months.

Note. Error bars indicate 95% bootstrapped confidence intervals; dashed line marks All
ADS mean value.

learning. Much of the previous longitudinal literature has focused on characterizing care-
givers’ syntactic and prosodic adjustment in small cohorts of children (e.g., Bornstein et al.,
1992; Huttenlocher et al., 1991; Sherrod et al., 1977), while previous work comparing adult-
and child-directed speech using corpora has typically focused on acoustic or distributional
properties of the signal (e.g., Adi-Bensaid et al., 2015; Genovese et al., 2020; Guevara-Rukoz
et al., 2018; Huttenlocher et al., 2007; Ko, 2012; Liu et al., 2009; though see Yurovsky et al.,
2016a). Here, we examined adults’ simplification at the level of lexical semantics, in line
with methodologically related studies predicting the order of acquisition of individual words
from their semantic and distributional features (Braginsky, Yurovsky, et al., 2019; Goodman
et al., 2008; Hills et al., 2010; Swingley & Humphrey, 2018). As proxies for speech com-
plexity, we relied on pre-existing ratings of individual words’ concreteness (Brysbaert et al.,
2014), estimated frequency (Brysbaert & New, 2009), and age of acquisition (Kuperman et
al., 2012), which show facilitative processing effects in adult production and comprehension
(A. W. Ellis & Morrison, 1998; Gilhooly & Gilhooly, 1980; Jaeger & Tily, 2011). We and
others (Dominey & Dodane, 2004; Hills & Adelman, 2015) hypothesized that higher values
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along these dimensions should enhance the learnability of samples of speech. In addition
to these indices of relative semantic complexity, we employed minimally adapted metrics of
information density to capture the degree to which caregivers favor words more likely to be
familiar to the child, and “cushion” later-acquired words with otherwise repetitious speech.
These measures are founded on the idea that the presence of familiar words makes unfamiliar
words more learnable (e.g., Sullivan & Barner, 2015).

Comparing our complexity metrics across corpora, our results suggest that speech be-
tween adults is more abstract, less predictable, and includes more words (believed to be)
learned earlier in life. The majority of these measures remain significantly different at 24–36
and 36–48 months, overlapping (and exceeding) the period in which previous studies have
measured the quantity of overheard speech in children’s environments, and found it unrelated
to children’s vocabulary growth.

Of the lexical variables, effects for valence were the weakest and most inconsistent. It
is possible that this merely reflects the relative data sparsity for this measure, as valence
norms existed for fewer than half of the tokens in each of our corpora. However, it is also
consistent with recent models of cross-linguistic acquisition order, where concreteness is a
robust predictor of order of acquisition across languages, while valence is not (of the words
on the M-CDI; Braginsky, Yurovsky, et al., 2019; Fenson et al., 2007). In fact, valence may
be an especially dispensable variable in accounting for the child-directed speech advantage at
the word level, given that caregivers’ frequently employ prosody to convey similar affective
information (e.g., Saint-Georges et al., 2013; Trainor et al., 2000; Trainor & Desjardins,
2002).

Unfamiliar entropy was another outlier variable in our data. In combination with the
lexical complexity results, we suggest that there might be a common learning story. Lexical
complexity showed a reliable decrease with child age, suggesting that caregivers are using
fewer and fewer of the set of hyper-familiar words contained on the M-CDI as the child
matures. Nonetheless, comparing values for child- and adult-directed lexical complexity
suggests that caregivers continue to favor using M-CDI words in speech to their children,
even at the end of our child age range (Table 4). That unfamiliar entropy values during the
same period were sometimes equivalent to, or even higher than, adult-directed values suggests
that adults may have introduced a variety of new words into their child-directed speech in
the meantime, thereby providing some signal of calibration to their maturing addressees.

Remarkably, each of our metrics of complexity showed significant correlations with the
age of the child addressee. Trends with age were more variable when we considered lon-
gitudinal data for a single child at a time, using the Manchester corpus. Previous work
suggests that how individual differences in complexity trajectories manifest depends on the
particular measure and its learning trajectory. For example, in one longitudinal study of
caregiver speech, 7/8 measures of syntactic complexity showed linear trajectories, with only
different intercepts needed to capture inter-caregiver variability, while the remaining measure
exhibited quadratic growth (Huttenlocher et al., 2007).

Interestingly, in the midst of findings that all caregivers simplify their speech to chil-
dren (Shneidman & Goldin-Meadow, 2012b), studies of individual differences in caregiver
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complexity imply that more complex speech is better: that is, greater syntactic complexity
and lexical diversity in child-directed speech correlate with more advanced child vocabular-
ies and later verbal productions (Hoff, 2003; Huttenlocher et al., 2010). In a 2006 review
of the literature, Hoff addresses the apparent contradiction between our assumption that
language learning should be advantaged by simplified, ‘just-right’ speech complexity, and
findings that more complex language input predicts greater learning by invoking precisely
children’s strategic deployment of attention:

Despite the findings that simpler maternal speech is not associated with more
rapid language development than more complex maternal speech, it still may be
the case that the average degree of simplification in child-directed speech benefits
language acquisition. All of the observed benefits of complexity were obtained
within the range of complexity in child-directed speech. Furthermore, children
may filter out, by not processing, input that is too complex — with no negative
consequences to language development — so long as sufficient processable input
is available. In contrast, children have no way to make up for input that is too
simple (p. 75).

Thus, the greatest variability between caregivers may be in the responsiveness of their speech
to children’s growth and language potential. That metrics for all maternal caregivers in the
Manchester corpus were lower than corresponding values in adult-directed corpora — yet
showed distinct relations to child age — is consistent with this conclusion. Moving forward,
understanding the causes of individual differences in complexity trajectories is an impor-
tant research goal, as it promises to shed light on the mechanisms that determine effective
language input (e.g., Belsky et al., 1980; Kaplan et al., 2015; Spinelli et al., 2015). These
are unlikely to be products of either parent or child alone: as discussed in the Introduction,
well-calibrated child-directed speech likely arises out of the caregivers’ genuine need to com-
municate with the child, and requires a combination of attentional investment on the part
of the caregiver, and signaling of their degree of comprehension on the part of the child.
These drivers will in turn be conditioned by a variety of cultural and contextual factors,
like the spatial relation between caregiver and child, the presence of competition for either
party’s focus of attention, and even the time of day (Casillas et al., 2019). While our results
raise questions about individual differences in child-directed speech, while suggesting that
caregiver speech complexity tends to track with children’s age, the approach we took in this
study does not enable us to evaluate caregivers’ degree of calibration — in the terminology
of the past literature, how ‘finely tuned’ their speech is (Cross, 1977). In examining the
frequency of the words on a commonly used parental report of early vocabulary, we aimed
to capture the adults’ preferential use of words they believed the child already knew, or
would soon. The ideal analysis of this nature would employ a more sensitive model of the
child’s lexicon. Given that adult estimates of age of acquisition are reliably correlated with
objective measures of lexical acquisition, one way of achieving this might be to use evidence
of the child’s productions to impute knowledge of all lower-ranked words. An alternative
method might estimate the probability of word knowledge based on models of the lexical
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network. Previous work suggests that high phonological connectivity (sounding like many
other words) is predictive of acquisition order (Stella et al., 2017), as is high semantic con-
nectivity (sharing meaning associations with many other words; Beckage & Colunga, 2016;
Sizemore et al., 2018). Network connectivity in the input can be modeled (e.g., Beckage
et al., 2011; Fourtassi et al., 2020) to inform more accurate representations of children’s
own lexical networks — though child-specific lexical structure (like dense, interconnected
knowledge of dinosaur names; Chi & Koeske, 1983), representing precisely the topics they
would be most likely to “tune in” to, would remain difficult to capture.

By analyzing child- and adult-directed speech at this macro level, we evade some of
the issues with generalizability present in previous work (e.g., Cross, 1977; R. Ellis & Wells,
1977), and share new limitations with other studies of this nature (e.g., Braginsky, Yurovsky,
et al., 2019; Goodman et al., 2008). For one, our metrics of complexity are coarse, as are
their inputs. All of our metrics approach individual words as unitary constructs, when — to
adapt Walt Whitman (1855) — individual lemmas ‘contain multitudes.’ That is, the same
string of sounds can be used to express a great number of different meanings. To illustrate
this oversight, we can look to the case of polysemy, where a single word can be used to express
multiple related senses (Y. Xu et al., 2020). Individual senses of the same polysemous word
may vary in how intuitive they are: for example, we know that the sense of milk in “milking
a cow” is typically acquired later than the sense used in “drinking milk” (Srinivasan &
Barner, 2013). Nevertheless, all occurrences of the lemma “milk” receive the same values
on our indices of semantic complexity. Similarly, ratings of a variable like concreteness will
collapse literal and non-literal uses of the same word, despite the intuition that instances of
figurative language like metaphor might be considered more complex. When the sick child
says “there’s a fire-engine in my stomach” (Roeper, 2013), fire-engine would receive the same
rating in our study as it would when the child reports “a fire-engine on the floor.”

1.5 Conclusion

Our study lays the groundwork for future investigations of how linguistic complexity trades
off with other variables to promote learning. When children are very young, all speech may
be too complex and unpredictable to maintain their attention on learnability alone. While
overheard speech may have little means, beyond falling within the child’s “Goldilock’s zone,”
of eliciting their attention, speech directed to children may continually regain their attention
via other means. For example, the exaggerated prosody of many children’s earliest directed
speech may compensate for what would otherwise be irredeemable complexity (Soderstrom,
2007). As we have discussed, as much as the issue is that language is too complex and
needs to be simplified, we might expect overheard speech to be at less of a disadvantage
for learning when it approximates child-directed speech in simplicity, which could occur
in a single learning episode (as in the case of experimental overhearing studies: Akhtar,
2005; Akhtar et al., 2001; Baldwin, 1991; Fitch et al., 2020; Floor & Akhtar, 2006; Gampe
et al., 2012; Mart́ınez-Sussmann et al., 2011; Shneidman et al., 2009), when the adult is
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speaking simply to another child (Forrester, 2002), or simply as the child gets older. And
if attention is the mediator of learning, other features might make a speech stream more
or less supportive of learning. A preschooler may learn more from a complex overheard
dialogue about their next birthday party — a topic that interests them — before they learn
from an equally complex discussion of a neighbor’s marriage. Finally, mindful of the loss
of contextual determinants of complexity in our analyses here, in Chapter 4 and ongoing
work, we go beyond text-based metrics to capture qualitative dimensions of how supportive
individual instances of language are for learning. These dimensions, and the ongoing reward
they promise for children’s attention, undoubtedly evolve as children mature.
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Chapter 2

Self-Directed Learning by
Preschoolers in a Naturalistic
Overhearing Context

Abstract

Three studies investigated preschoolers’ self-directed learning ability in a naturalistic con-
text: learning from overheard speech. In Experiment 1, 4.5– to 6-year-olds were exposed
to 4 novel words and 6 arbitrary facts corresponding to a set of co-present toys; in Ex-
periment 2, 3– to 4.5–year-olds heard 5 nouns and 3 facts. In the Pedagogical conditions,
children were taught the information with the aid of multiple pedagogical cues, but in the
Overhearing conditions, children had to listen in to one side of a phone call to learn the
information. Older preschoolers (Experiment 1) learned all items above chance in both con-
ditions. Younger preschoolers (Experiment 2) learned words and facts above chance in the
Pedagogical condition but were at chance at learning words in the Overhearing condition,
despite reliably learning facts from overhearing. Experiment 3 demonstrated that younger
children’s difficulty at learning new words from overhearing could not be explained by only
being able to hear one side of the phone conversation, as they similarly struggled when the
phone call took place over speakerphone. Measures of children’s touch behavior suggest that
older children were better able to coordinate their attention between the overheard speech
and objects, though even younger children showed evidence of attention to the overheard
speech. Together, our results demonstrate that by age 5, children can learn multiple new
words and facts via overhearing. This self-directed learning ability depends on being able
to coordinate attention between speech and the surrounding environment, a capacity that
develops throughout preschool.
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2.1 Introduction

Since Jerome Bruner’s (1961) description of “discovery learning,” the idea of self-directed
learning has been influential in the educational and psychological communities, and, more
recently, the machine learning community. The self-directed learner, in contrast to the
passive learner, selects the information they want to receive (Gureckis & Markant, 2012).
Studies with children in this vein support the idea that they are curious and exploratory
learners. For example, infants and young children selectively attend to some auditory or
visual inputs over others, and selectively explore objects, suggesting that children choose
the information they want to receive from early in life (e.g., Gerken et al., 2011; Golinkoff
et al., 1987; Kidd et al., 2012, 2014; Piantadosi et al., 2014; Sim & Xu, 2017; Stahl &
Feigenson, 2015). As they mature and expand the scope of their attention, children amass
information about the world around them by observing, asking questions, and performing
physical interventions on their environments (Gopnik & Wellman, 2012; Piaget, 1954; Schulz,
2012; F. Xu, 2019).

To date, the majority of research on children’s ability to direct their own information-
gathering has focused on their independent investigation of causal systems, rather than social
or linguistic systems (but see Partridge et al., 2015; Ruggeri et al., 2019). Although these
studies have provided insight into children’s developing self-directed learning abilities, causal
systems arguably require less social learning to master, and may therefore be particularly
amenable to self-directed learning. For example, a child alone in the crib can discover that
a twitch of their leg causes an object suspended overhead to move (Rovee & Rovee, 1969),
but will have to learn from another person that the object is called a “mobile.” The present
studies ask whether the self-directed learning abilities demonstrated in previous studies of
causal learning — children’s recognition of and attraction to unknown information, and their
capacity to acquire relevant information through their own selective attention and action
(e.g., Cook et al., 2011; Schulz & Bonawitz, 2007; Sim & Xu, 2017) — extend to a more
social domain, like language development. Previous work suggests that in teaching contexts,
children are selective in who they trust as credible sources of new linguistic information
(Koenig et al., 2004; Koenig & Harris, 2005; Luchkina et al., 2018). But what about in the
real world, when children have to not only evaluate new information from potential sources
of learning, but also recognize learning opportunities in the first place, and selectively ‘tune
in’ to them?

Like causal learning, language development is a domain in which children are surrounded
by relevant information for learning, namely, the language spoken by speakers around them.
This naturally occurring speech provides potential opportunities for self-directed learning,
as there will be many utterances that are available to but not yet understood by the child,
and that speakers around them do not explicitly help them comprehend. Speech that is
not directed to a child — but that the child can overhear — can take many different forms,
including an adult directing speech to a sibling, conversations among other children, tele-
vision monologues, and speech among adults. Our experiments focus on what children can
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learn from overheard speech between adults because this presents an especially challenging
information source to learn from. Compared to when they are speaking to another adult,
an adult directing speech to a child will take more responsibility for maintaining their ad-
dressee’s attention and monitoring their understanding (Schober & Clark, 1989; Tomasello
et al., 2005). Thus, child-directed speech can be thought of as guiding a child’s attention,
similar to the way experimenters in previous studies explicitly demonstrated how a novel
toy worked for a child’s benefit (e.g., Bonawitz et al., 2011; Schulz & Bonawitz, 2007; Sim
& Xu, 2017). Learning language from adult-directed overheard speech, on the other hand,
can be thought of as analogous to leaving a toy for a child to explore and learn from on their
own. Learning in this context would seem to require many self-directed learning skills, as it
requires children to (a) preferentially allocate their attention to the overheard speech without
support from the speaker (e.g., because the speech is typically not marked as relevant for
the child), (b) recognize how information in the overheard speech could fill children’s own
knowledge gaps (e.g., words for novel objects), and (c) learn from that information (e.g.,
mapping a novel word to its referent).

Although learning from overhearing can be seen as a paradigm example of self-directed
learning, it is not typically studied as such. The under-emphasis on self-directed learning in
the language domain likely stems in part from thinking about language acquisition as the
product of the child receiving speech. Indeed, while a great deal of research suggests that
children readily learn from speech that is directed to them, it is less clear what they are
able to learn from speech that they overhear in their daily environments (Golinkoff et al.,
2019; Shneidman et al., 2013). This question is of central importance because overheard
speech constitutes a significant portion of the linguistic input for children across the world,
and a larger proportion of the input than child-directed speech in many communities (e.g.,
Casillas et al., 2019; Shneidman and Goldin-Meadow, 2012a; see also P. Brown, 1998; Cristia
et al., 2019; de León, 1998; Mastin and Vogt, 2016; Ochs and Schieffelin, 1995; Pye, 1986a,
1986b; Sperry et al., 2019; Vogt et al., 2015; Weisleder and Fernald, 2013). For example, in
one Yucatec Maya community, up to 80% of words that 12-month-olds heard were overheard
(Shneidman and Goldin-Meadow, 2012a; see also Casillas et al., 2019). And in a diverse
group of families from across the United States, overheard speech represented between a
54% and 210% increase over the average number of words that were directed to children
by their primary caregivers (Sperry et al., 2019). Children’s ability to learn from overheard
speech is also important because it may provide a valuable source of information about the
target language, since overheard speech is likely to contain different words and grammatical
constructions from child-directed speech (Soderstrom, 2007), and is arguably a more accurate
model of the language used by the target community (Sperry et al., 2019).

Although prior studies have failed to show a correlation between the quantity of overheard
speech in children’s home environments and their later vocabularies (Ramı́rez-Esparza et al.,
2017; Shneidman et al., 2013; Shneidman & Goldin-Meadow, 2012a; Weisleder & Fernald,
2013), a number of experimental studies have shown that from at least 18 months of age,
children are able to learn a new word equally well regardless of whether they have been taught
the word directly, or have learned it via overhearing (Akhtar, 2005; Akhtar et al., 2001;
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Baldwin, 1991; Fitch et al., 2020; Floor and Akhtar, 2006; Gampe et al., 2012; Mart́ınez-
Sussmann et al., 2011; Shneidman et al., 2009; for a review see Shneidman et al., 2016).1

Together, these experimental studies provide important evidence that young children do not
have to be engaged in joint attention toward a new word’s referent in order to learn that
word. Moreover, these studies show that children can track the referent of a novel word
heard around them, even when the speaker is labeling the object for someone else, and when
there is little indication that the utterance will be directly relevant to the child. Young
children are even able to learn a new word from overheard speech when they have been given
a distracting toy to play with (Akhtar, 2005).

While these prior experimental studies of learning from overhearing laid the groundwork
for our experiments, they were not designed to test the degree to which children can learn
new words from the complex, adult-directed speech that is likely to be present in children’s
daily environments, where demands on self-directed learning abilities are likely to be higher.
For example, in prior studies (see Table E in the Appendix), children often only needed to
learn a single novel word (Akhtar et al., 2001; Floor & Akhtar, 2006; Shneidman et al., 2009).
This word was repeated as many as nine times and embedded in a small number of explicit
labeling or directive sentence frames (Akhtar, 2005; Akhtar et al., 2001; Floor & Akhtar,
2006; Mart́ınez-Sussmann et al., 2011; O’Doherty et al., 2011; Shneidman et al., 2009),
and was sometimes presented using the cadence characteristic of child-directed speech (e.g.,
Shneidman et al., 2009), even though the speaker was talking to another adult. Further,
experimenters often engaged with the child before beginning the conversation that the child
was going to observe (Floor & Akhtar, 2006; Mart́ınez-Sussmann et al., 2011), and interacted
with the referents of the novel words and/or facts directly during the overheard conversation.
Thus, while the ambient interactions in these previous studies were between third parties,
they often resembled pedagogical child-directed interactions, and the early experimenter–
child familiarization periods may have suggested that the context was one that children
would be able to learn from (Gampe et al., 2012; see Appendix E for examples of how
the experimental procedures of previous studies may have reduced demands on self-directed
learning).

Building on this prior work, we aimed to design a conservative and more naturalistic test
of children’s self-directed learning from overhearing, to compare to learning in pedagogical,
adult-guided contexts. Our experiments compared learning of multiple words and facts from
conditions representing two extremes in terms of the demands they impose on self-directed
learning: (1) an adult-guided interaction in which children were explicitly taught words
and facts about a set of objects, and (2) a situation in which children could overhear an
adult’s phone conversation about the objects (which employed the same words and facts),
but in which the adult did not look at the objects or the child. Given the intentionally
challenging nature of our overhearing task (and informed by piloting with younger children),
we tested preschoolers aged three to six. This was in contrast to previous experimental

1In the General Discussion, we return to the question of why children may show evidence of learning
new words via overhearing in experimental lab studies, but not in their home environments.
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studies of learning from overhearing, which have focused on children 18 to 30 months in age
(see Table E). Our goal was in part to determine the lower bound with respect to age at
which children can learn from overhearing when demands on self-directed learning are high.

2.2 The Present Studies

Across three experiments, we asked how learning from an explicitly pedagogical adult-guided
interaction compares to self-directed learning from complex, naturalistic overheard speech
during the preschool years. Following previous overhearing experiments, in Experiments 1
and 2, we employed a between-subjects design to compare learning in a highly pedagogi-
cal interaction (Pedagogical condition) to self-directed learning (Overhearing condition) by
4.5– to 6.0–year-olds (Experiment 1) and 3.0– to 4.5–year-olds (Experiment 2). In both
conditions, children were first familiarized with a set of familiar and novel objects. In the
Overhearing conditions, an experimenter received a phone call while the child played with
the objects. The experimenter’s half of the dialogue — which was directed to an unseen
adult interlocutor in the Overhearing condition — was directly addressed to the child in
the Pedagogical condition. In the Overhearing condition, the experimenter described the
objects without looking at or manipulating them: she indirectly provided a novel label for
each of the unfamiliar objects (e.g., “I brought a purple pimwit today”), and an idiosyncratic
fact corresponding to each of the unfamiliar and familiar objects (e.g., “The purple pimwit
is my sister’s favorite”). In contrast, in the Pedagogical condition, the experimenter used
child-directed speech, engaged in joint attention with the child and the objects, and peda-
gogically demonstrated each toy as she introduced its associated label and fact. Children
in both conditions were then tested on whether they had linked the new labels and facts to
the target objects via an explicit object request task. Finally, Experiment 3 followed up on
the results of Experiments 1 and 2 to explore whether 3.0– to 4.5–year-old children would
be better able to learn from overhearing if they had access to both ends of the phone call,
and thus overheard a dialogue as opposed to a ‘halfalogue’ (Emberson et al., 2010).

Our overhearing conditions were designed to simulate what it might be like to learn from
speech directed from one adult to another (indeed, multiple parents received phone calls
during their child’s participation in the lab). First, since conversations between adults are
likely to contain multiple pieces of information that are unknown to children, children in
our studies overheard multiple novel words and facts (Experiment 1: four words and six
facts; Experiments 2 and 3: three words and five facts). Second, these novel words and
facts were embedded in a variety of sentential contexts and were spoken in a conversational,
adult-directed speech style, rather than with the pace and prosody of child-directed speech.
Third, although the novel words and facts referred to objects that were present in the scene,
these objects were displaced from the experimenter, who did not look at or manipulate them.
There is evidence that this is a common feature of real-world word occurrences, at least for
verbs: in one naturalistic study of toddlers’ verb-learning, over 60% of the verbs caregivers
produced were in reference to absent events (Tomasello & Kruger, 1992). Following criticism
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by prior researchers that the early familiarizing interactions with the experimenter in previous
studies might open a pedagogical frame, in our experiment, the child did not engage with
the experimenter until after the phone call was over, and instead interacted only with an
adult confederate.

We see our overhearing context as analogous to a variety of naturalistic ones. For example,
when driving, an adult’s conversation (in person or on the phone) with another adult or
an older sibling will often be audible from the backseat. Likewise, when preparing food or
orchestrating bedtime, adults may discuss objects present in the scene (ingredients, dishware,
bath supplies . . . ) without interacting with those objects directly, and while their attention
is half-focused on another task. Anecdotally, when caregivers answered a phone call when we
tested in lab or at museums, their speech often included some explanation or description of
their immediate whereabouts (“We came in to do a study at Berkeley” / “There’s a broken
car toy here that she’s obsessed with” / “Somehow we got here with only three shoes between
them” / “I’m regretting having brought such sticky snacks”). In order to learn the new words
and facts, children in our Overhearing condition had to recognize that the overheard speech
was relevant to their situation, coordinate their attention between the overheard speech and
the objects, and use the linguistic context to establish correspondences between the words,
facts, and objects. Our three-year age range enabled us to examine how children’s developing
attention might influence their efficacy at recognizing and seizing this learning opportunity.

Inspired by previous research, we included different kinds of learning targets — i.e., new
words for novel objects, and new facts for novel and familiar objects — to understand the
factors that might affect learning from overheard speech (Markson & Bloom, 1997). We
hypothesized that it would be easier for children to learn facts for the novel objects (e.g.,
that a novel object was “found in the garden”) than words for those objects (e.g., that
a novel object is “a zav”) because only the latter require children to encode and retain a
novel phonological form in memory (e.g., Deák & Toney, 2013). Extending this logic, we
predicted that children might also be more successful at learning facts corresponding to
familiar objects — comprised entirely of known words — compared to facts corresponding
to novel objects, which might be more difficult to both map and remember. Our overhearing
context requires that children attend to both the overheard speech and the objects in front
of them, suggesting that the task of mapping overheard facts might be especially difficult
when the objects themselves are unfamiliar and have to be identified. To understand how
attention might affect learning, we also monitored what children looked at and touched as
they overheard the experimenter’s phone conversation while playing with the objects, and
explored both how this changed with age and whether it was related to children’s performance
at test.
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2.3 Experiment 1

Method

Participants

Participants were 68 children learning English as their primary language between 4.5 and
6.0 years of age (31 female; 4.5–5.9 years, M = 5.1 years, SD = 0.5 years). Our target
sample size was 64 children; however, once an additional child had participated in the study,
we recruited an additional three participants to maintain our equal sample sizes between
conditions and counterbalanced orders. Our target sample size was determined because
it provided us with at least 85% power to detect the most conservative of the effect sizes
reported by Gampe and colleagues (2012; Cohen’s d = 0.55, at α = 0.05), using a one-sample
t-test comparing children’s learning from overhearing to chance. Power was calculated using
the pwr package (Champely, 2014) in R (R Development Core Team, 2020).

Participants were assigned to one of two conditions, Overhearing (n = 34, 14 female; 4.5–
5.9 years, M = 5.1, SD = 0.5) or Pedagogical (n = 34, 17 female; 4.5–5.9 years, M = 5.2,
SD = 0.4). There was no difference in age between the two conditions (t(100) = 0.1, p = .9;
Cohen’s d = −0.019). Families were recruited and tested in lab or at a local preschool or
museum. When parents gave permission, study sessions were filmed, so that videos of the
Overhearing condition could be coded (30 videos in the Overhearing condition total). Eight
additional children participated, but were excluded due to failing a familiar label control
trial (4; see Procedure section, below), having already witnessed another child participate
(2), failing to complete the study (1), or experimenter error (1).

Stimuli

Our stimuli consisted of six toys: four novel objects, and two familiar objects, shown in Fig-
ure 3. Children were exposed to new words for each of the four novel toys, and idiosyncratic
facts for each of the entire set of six toys (see Table 5). Within each condition, children
were assigned to one of two mappings between the words, facts and objects (see Table S1 in
the Supplementary Online Materials). This made it less likely that overall learning of any
specific novel word or fact could be due to its natural fit with any particular object. Also
to guard against this possibility, we created facts that were not transparently related to any
perceptual features of the objects.

The novel objects were purchased from a hardware store and subsequently altered to
appear more novel. Each object had a distinct dominant color. The pimwit/zav was a
French whisk with a circular metal face and purple pom-pom hair, which could stand on
its own or be bounced on the table. The toma/fep was a large button light decoupaged
lime green and rimmed with pipe cleaner spirals. Children could make the light turn on
by pressing the green felt star on the object’s domed surface. The fep/pimwit was a blue
microfiber duster with the handle removed, leaving two sleeves children could slip their

https://osf.io/6gh3d/
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fingers inside. The zav/toma was a wooden finial painted yellow and covered in multicolored
Velcro diamonds that could be removed to reveal felt of a different color, and then replaced
elsewhere. Finally, the two familiar objects were a small plush dog and a plastic toy cup
of milk. Initial piloting with this set of toys confirmed that children of this age did not
recognize or know category labels for any of the novel objects, but were consistently able to
recognize and name the two familiar objects.

Figure 3: Stimuli Used in Experiment 1.

Note. Novel objects appear in the top row, familiar objects in the bottom row.

Table 5: Words and Facts Used in Experiment 1

Word Fact

fep . . . I got from Disneyland
pimwit . . . my sister’s favorite
toma . . . my uncle gave me
zav . . . I found in the garden
dog . . . I bring to school
cup . . . I’ve had for two years
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Procedure

The procedure for Experiment 1 consisted of three phases: familiarization, learning, and test
(Figure 4). In the familiarization phase, children were seated at a table and introduced to
the set of objects, without labels, either by the experimenter (Pedagogical condition) or a
confederate (Overhearing condition). In the learning phase, children were exposed to a set
of mappings between labels, facts, and the array of objects, either through direct instruction
(Pedagogical) or a phone conversation that they could overhear (Overhearing). In the test
phase, the experimenter tested children’s learning of the mappings in a series of requests for
objects. Four control trials interspersed throughout the test phase probed children’s ability
to give the correct object in response to familiar nouns (two requests each for “dog” and
“cup”). Children who failed one or more of these trials were excluded from analysis (n = 4).

Parents were asked to complete a brief questionnaire regarding their child’s typical lan-
guage environment, modeled after interviews used to assess children’ overhearing experience
by Shneidman and colleagues (2009). We obtained completed questionnaires from 54 of our
participants. The questionnaire, along with summary statistics regarding this subset of our
sample — including caregivers’ estimates of their child’s exposure to overheard phone calls
— can be found in Table S2 in the Supplementary Online Materials .

Overhearing condition. Each participant in the Overhearing condition entered the
testing room with the confederate, who sat across from them at a low table. Caregivers and
siblings, when present, were asked to sit quietly out of the child’s direct line of sight.

Familiarization phase. Once the child and confederate were seated, the experi-
menter entered the room, placing a box containing the six toys in the center of the table
and announcing, “These are my toys!” To diminish any potential for the interaction to be
interpreted as pedagogical, the experimenter did not make eye contact with either the child
or confederate. She then walked to a chair placed against the wall 3–4 ft from the table,
where she began “working” on a laptop that had been resting there, surreptitiously starting
a timer on her phone for 1 min. The confederate meanwhile pulled the box of toys toward
her and commented on their unfamiliarity: “I’ve never seen these toys before, these are [Ex-
perimenter name]’s toys!” The confederate then removed each toy from the box individually,
drawing the child’s attention to it as she placed it on the table between them. If the child
asked the confederate a question about the objects, she replied, “I don’t know! These are
[Experimenter name]’s toys.” When all the toys had been removed from the box, the con-
federate set the box on the floor and excused herself, but encouraged the child to continue
playing: “I have to go do some work now, but it was nice playing with you. You can keep
playing with [Experimenter name]’s toys.” The confederate sat behind the child, where she
filled out paperwork associated with the visit.

https://osf.io/6gh3d/
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Figure 4: Experimental Procedure for Experiments 1 and 2.

Learning phase. While the child was playing with the toys, the experimenter’s phone
rang. The experimenter answered the phone, and casually described each of the toys, as if in
conversation with a friend (see Appendix). The other side of the conversation could not be
heard; children were thus exposed to a halfalogue. Following an exchange of pleasantries, the
experimenter listed the objects, then spent approximately 15s discussing each in turn, never
looking toward them. Within each 15-second segment, the experimenter referred to physical
properties of the object (e.g., its color and shape), and uttered its novel label three times,
and its fact once. The target fact was always mentioned toward the end of the segment of
speech for that object. At the end of the phone call, the experimenter briefly mentioned
the novel labels and their associated facts again. In total, each novel word was used five
times, embedded in a variety of sentential frames, while each fact was uttered twice (further
repetitions of the facts made the script substantially less naturalistic). The experimenter
avoided making eye contact with the child through this entire phase, but following the phone
call, turned to them and apologized for having taken the call, asking if the child was ready
to play a game. When the child answered yes, the experimenter moved to the chair formerly
occupied by the confederate, and proceeded to the testing phase.
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Pedagogical condition. Children in the Pedagogical condition entered the testing
room with the experimenter, and sat across from her at the table. Caregivers and siblings
sat behind the child.

Familiarization phase. The experimenter placed the box of toys on the table be-
tween her and the child, and said, “These are my toys!” She removed each toy from the box,
sharing attention with the child toward it, and then set the empty box on the floor.

Learning phase. In the Pedagogical condition, the experimenter delivered a nearly
identical script to that used in the Overhearing condition, spoken at the same rate, but di-
rected to the child. The experimenter spoke enthusiastically, made eye contact with the child,
and held each object in the air between the two of them as she labeled it. The experimenter
also demonstrated properties of the objects that appeared in the script (see Appendix). For
example, when introducing the zav/fep, which has “stickers you can take. . . on and off,” the
experimenter peeled and replaced a couple of the Velcro “stickers” as she spoke. When talk-
ing about the toma/zav, she pointed to the subtle “green star” on its surface and showed
how the object “only lights up” when pressed there. These demonstrations amplified the
contrast between the Pedagogical condition and the Overhearing condition, where children’s
attention was self-initiated, rather than elicited and maintained by the experimenter. Fol-
lowing the labeling of the individual objects, the experimenter asked the child if they wanted
to play a game with the objects, tapping each one as she provided its associated label and
fact a final time.

Test phase. The test phase was identical in both conditions, and consisted of three
blocks of six trials each. To initiate each block, the experimenter brought out a single
container (a box, bowl, or hat), and asked the child if they were ready to play a game. The
toys were arranged on the table immediately in front of the child. On each test trial, the
experimenter asked the child to place the toy associated with a particular word or fact into the
container: e.g., “Can you put the [zav/one I found in the garden] in the [bowl/box/hat ]?”
The experimenter avoided cueing the child toward the target object by maintaining eye
contact and refraining from glancing at the objects when asking the test question. After
the child placed an object in the container, the experimenter removed it and replaced it on
the table with the rest of the toys before moving onto the next trial. The first two blocks
always tested children’s knowledge of the word-object mappings, providing two data points
for each novel word per participant. The third and final block tested children’s knowledge
of the fact-object mappings. The trials within each block were presented in one of two
pseudorandom orders, counterbalanced across conditions and mappings. Finally, to test for
the possible influence of children’s preferences, the experimenter asked the child to identify
their “favorite toy” at the end of the test phase. The experimenter (Pedagogical condition)
or confederate (Overhearing condition) noted the object the child provided on each trial.
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Coding and Analysis

Results include analyses of children’s trial-by-trial test performance, along with analyses of
behavioral signatures of attention to the phone call for children in the Overhearing condition.
Full documentation of our experimental and data processing procedures can be found at
https://osf.io/avyg5/?view only=33cbb9ab189343a7b6e8f6c7c517026d, along with the raw
data and scripts for all analyses outlined below. Study session videos and coding spreadsheets
are stored on Databrary.org (linked in the above online repository), and are available to
registered users at the access level permitted by each caregiver.

Test performance. When available, children’s object choices at test were double-
coded from video by a research assistant who had not been present for the study session.
Agreement between this second coding and the in-session coding was 100%. For each condi-
tion and learning target type, we report means and bootstrapped 95% confidence intervals
over all participants’ test accuracy, calculated in terms of their proportion of correct criti-
cal trials. Independent samples t-tests compare sample means between conditions, for both
words and facts.

Comparisons to chance. One-sample t-tests compare sample means to predeter-
mined values for chance. Our selection of chance assumes that children are considering all
novel objects (and only novel objects) on every word-learning test-trial, and all possible ob-
jects on every fact-learning test trial. We test the validity of this assumption by conducting
the same comparison to a learning-target–specific value for chance, but restrict our analysis
to the only the first critical trials of each test block (see Independent trials section below).

Mixed effects models. We use mixed effect logit models constructed using the lme4
package (Bates et al., 2015) in R (R Development Core Team, 2020) to analyze children’s
performance at test. These models are fit to the data for children’s trial-by-trial accuracy
(coded as 0 = incorrect, 1 = correct), with random intercepts per participant. We addi-
tionally include fixed effects for our predictors of interest, including condition (Pedagogical,
Overhearing), type of learning target (word, fact), and age (in years above our minimum age,
to increase the interpretability of our model coefficients). When models with the predictors
of interest fail to converge, we refit our model, excluding random effects. We report model
coefficients or odds ratios and bootstrapped 95% confidence intervals to assess the magnitude
and reliability of the parameters of the winning model. Finally, we use the Anova function
in the R car package (Fox & Weisberg, 2019) to report traditional significance levels for our
estimated model parameters.

https://osf.io/avyg5/?view_only=33cbb9ab189343a7b6e8f6c7c517026d
http://doi.org/10.17910/B7.717
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Object familiarity. To test whether fact-learning is affected by whether the relevant
object is familiar (i.e., the dog or cup) or novel (i.e., the purple, blue, yellow, or green
object), we analyze the trial-by-trial data for facts separately. We follow the same procedure
described above for evaluating nested mixed effects logit models, this time including fixed
effects for (1) age, (2) condition (Pedagogical, Overhearing), (3) object familiarity (coded as
0 = unfamiliar, 1 = familiar), (4) the interaction of condition and object familiarity.

Behavioral proxies of attention. Pairs of trained research assistants coded videos
from the Overhearing condition in Datavyu (Datavyu Team, 2014), focusing especially on the
period corresponding to the phone call. We distinguished the initial and final social portions
of the call from the segments relating to each object. Each segment for an object began at the
onset of the mention of its label, and ended at the onset of the next toy’s label. Subsequent
passes were coded without audio or transcripts, so that coders of children’s behavior were
unaware of which toy the experimenter was discussing. After computing interrater reliability
for each coded variable, disagreements between coders were resolved by the first author, and
these final values were used in all analyses.

Child gaze. Across testing locations, the child was always seated so as to make looks
toward the experimenter easy to code (following Mart́ınez-Sussmann et al., 2011). We defined
a period of gazing toward the experimenter as beginning when the child turned their head
toward the experimenter, and ending when the child turned their head back to the toys.
From these periods, we calculated the overall proportion of the phone call — beginning and
ending when the experimenter touched her thumb to the phone screen to answer or hang up
the phone — that the child spent looking toward the experimenter.

Inspired by previous studies (Mart́ınez-Sussmann et al., 2011; Shneidman et al., 2009), we
next asked whether the children who spent more of the overhearing exposure oriented toward
the experimenter: (1) performed better at test, and (2) were older. To do so, we calculated
the correlation between the percentage of the phone call that the child spent looking toward
the experimenter, and their test trial accuracy, using the cor.test function from the R stats
package (R Development Core Team, 2020). To test whether children directed more visual
attention to the phone call as they got older, we did the same for the child’s age in years.
Previous results suggest that children’s gaze behavior should positively correlate to their test
performance. However, because our study involved many objects, we reasoned that gaze to
the experimenter might sometimes impede children’s ability to link the target novel words
or facts to their object referents. Thus, as described below, we also coded children’s touch
behavior as the experimenter was discussing the objects, for evidence of whether children
were accurately tracking the referents of the experimenter’s speech.
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Relation to call. Periods of touching each object were coded as beginning when the
child touched an object with either hand, and ending when their hand left it again. To test
whether children’s touch behavior was likely related to the content of the experimenter’s
speech, we computed a repeated measures correlation between the order that each object
was mentioned (1–6) and the cumulative duration of children’s touching of each object, in
terms of the number of video frames. We reasoned that if children’s attention was drawn
to each object following the experimenter’s mention of it, the amount of time they spent
touching each object should be negatively correlated with its order of mention. That is to
say, children should have more time over the course of the call to play with objects that
their attention was drawn to early, compared to objects that their attention was drawn to
later. We use the eponymous function of the rmcorr package (Bakdash & Marusich, 2017)
to report the correlation coefficient, bootstrapped 95% confidence interval, and p-value for
the correlation between number of frames and order of mention, across participants.

Matching-object touch. To obtain a single measure reflecting the correspondence
between the child’s haptic behavior and the content of the experimenter’s overheard speech,
we first calculated the proportion of each segment of the call during which the experimenter
was discussing a particular novel object (e.g., “the purple pimwit”), and the child was touch-
ing that object (e.g., the purple whisk). From this, we subtracted the mean proportion that
the child was playing with the same object (e.g., the purple whisk) during the remaining
three novel-object segments of the call in which it was not the object the experimenter was
discussing (e.g., concerning the “blue fep,” “green toma,” and “yellow zav”). Thus, if the
child tended to play with objects more when the experimenter was talking about them, com-
pared to when she was not, they would receive a positive score, with the magnitude of the
score reflecting the degree to which this was true across novel objects. If, however, the child
tended to touch objects more during the times when they were not the current topic of the
experimenter’s speech, their score would be negative.

For illustration, Figure 5 shows the time-course of four children’s touch behavior as it
aligned with the topic of the experimenter’s speech (for an analogous plot of our full sample,
see Figure S1). The highest-scorer (Child A in Figure 5) touched the purple whisk for 100%
of the segment in which the experimenter discussed it (and 53%, 0%, and 0% of the segments
in which she discussed the other three novel objects: 18% on average); the blue duster for
63% of the matching segment (and 0%, 100%, and 100% of the other novel-object segments:
67% on average); the green button-light for 79% of the matching segment (0% for all other
novel-object segments), and the yellow finial for 71% of the matching segment (0%, 0%, and
16% of the other ones: 5.3% on average). Two children received scores of 0, one because
they played with a single object indiscriminately (Child C ), and another because they never
touched the objects at all (Child B). The lowest score in Experiment 1 (Child D) belonged
to a child who only touched objects when the experimenter was not talking about them,
earning them a negative score. Average agreement on this measure between pairs of trained
research assistants was 82%; disagreements were resolved by the first author, whose final
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coding was used in all analyses.
We report means and bootstrapped 95% confidence intervals for this measure. To answer

the question of whether children reliably received positive, rather than zero or negative,
scores, we conduct an exact binomial test using the binom.test function in the R stats package,
against the alternative hypothesis that children should be equally likely to receive a positive
score as to not receive a positive score. Finally, as we do for children’s gaze proportions, we
test for a correlation between children’s matching touch score, and both their age in years
and accuracy at test.
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Figure 5: Experiment 1 Touch Behavior and Matching-Object Touch Scores for Four
Participants, Including the Receiver of the Highest (Child A) and Lowest (Child D) Scores.

Note. Participants’ periods of touching each object (horizontal bars for each hand, filled
according to which object they were touching) are aligned with the time course of the
overheard phone call (speech bubble in top row, divided and filled to reflect the object
being discussed). Child B never touched any of the objects, and Child C touched the same
object for the entire duration of the call. Segments of the call during which the
experimenter discussed each object are delineated by columns. Matching-object scores
corresponding to each participant appear on the right.
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Results & Discussion

Test Performance

Preliminary analyses revealed no variation in test accuracy as a function of gender, preferred
object (purple, blue, green, yellow, black, white), word form (pimwit, fep, toma, zav), test
block (1–3), test trial order (1–18), or mapping (1 or 2), so subsequent analyses collapse
across these variables.
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Figure 6: Experiment 1 Mean Accuracy at Test by Learning Target and Condition.

Note. Chance for each target type is indicated with a dashed line, and error bars indicate
95% bootstrapped confidence intervals.
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Comparisons to chance. Figure 6 depicts children’s accuracy at test, as a function
of condition (Pedagogical vs. Overhearing) and learning target (words vs. facts). We
considered chance performance for novel words to be 25% (because there were four novel
objects to choose from), and chance performance for facts to be 17% (because all six objects
were candidate referents). Planned one-sample t-tests revealed that children learned both
novel words and facts above chance, in both the Pedagogical condition (Words: 42% [35%,
50%]; t(33) = 4.1, p < .001, Cohen’s d = 0.71; Facts: 79% [72%, 86%]; t(33) = 16,
p < .001, Cohen’s d = 2.69), and the Overhearing condition (Words: 41% [33%, 49%],
t(33) = 3.5, p = .001, Cohen’s d = 0.61; Facts: 64% [56%, 72%]; t(33) = 11, p < .001,
Cohen’s d = 1.82).

Independent trials. To address the concern that choices of objects at test may not
have been independent (that is, that children’s responses on later trials might be influenced
— for better or for worse — by their responses on earlier trials), we looked at performance
on the first critical trial of each block. One-sample t-tests confirm that children’s first-trial
accuracy significantly differed from chance in both conditions (Pedagogical condition, first
word-learning trials: 46% [36%, 56%]; t(33) = 3.6, p = .001, Cohen’s d = 1.36; first fact-
learning trials: 82% [71%, 94%]; t(33) = −289, p < .001, Cohen’s d = 1.7; Overhearing
condition, first word-learning trials: 47% [37%, 57%]; t(33) = 4, p < .001, Cohen’s d = 1.44;
first fact-learning trials: 71% [56%, 85%]; t(33) = −243, p < .001, Cohen’s d = 1.17).

Mixed effects models. We next fit a mixed effects logit model predicting trial-by-trial
test accuracy (incorrect = 0, correct = 1) from an interaction between condition (Pedagogical
or Overhearing) and learning target (word or fact), with random intercepts for subject. Chil-
dren were more likely to respond accurately for facts overall (Odds Ratio = 5.85 [3.84, 9.08],
Wald χ2(1) = 81.88), suggesting that word learning was more difficult than fact learning
in both conditions (Overhearing: t(400) = −5, p < .001, Cohen’s d = 0.47; Pedagogical:
t(500) = −9; p < .001, Cohen’s d = 0.83). Further, children in the Overhearing condition
had decreased odds of accuracy for facts at test compared to children in the Pedagogical con-
dition (OR = 0.46 [0.26, 0.81]), but the same was not true for words (OR = 0.99 [0.65, 1.49]),
i.e., the interaction was significant (Wald χ2(1) = 7.14, p < .01). Thus, while children in the
Pedagogical condition performed significantly better than those in the Overhearing condi-
tion on facts (t(70) = 3, p < .01, Cohen’s d = 0.66), there was no difference in performance
between the two conditions for words (t(70) = 0.1, p = .9, Cohen’s d = −0.015). This model
resulted in a significantly better fit than the null model with no predictors and only random
intercepts (χ2(3) = 103.33, p < .001; AIC for model with interaction: 1213.4, AIC for null
model: 1310.7), as well as a model which included both learning target and condition, but
not their interaction (χ2(1) = 7.23, p < .01; AIC for model without interaction: 1218.6).

The effect of learning target in this analysis is difficult to interpret, given the different
baselines for the words versus facts. Nevertheless, one possible reason for why children
performed better on facts than words in both conditions is because facts were always tested
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after words, when children may have been more familiar with the task and better able
to demonstrate their knowledge. According to this logic, children should also have been
more accurate when tested on words in the second block of testing than when tested in the
first block, but there were no significant block effects for word learning in either condition.
Specifically, a mixed effects logit model predicting correct responses on the two word-learning
tests did not find a significant effect of block order (OR = 1.02 [0.70, 1.47], Wald χ2(1) = 0.01,
p = .92). The observed fact advantage also defies an alternative prediction, that learning
targets tested further from the learning phase should be recalled with lower accuracy. The
fact advantage is also notable because the facts were mentioned fewer times than words (i.e.,
facts were mentioned only twice, while the new words were mentioned six times).

Instead, children may have exhibited superior learning of the facts because of features of
the facts themselves. Unlike the novel words, the facts did not require children to encode and
maintain a new phonological form in memory. Further, associations between facts and the
relevant objects may have been easier to form because the multiple, familiar content words
that comprised the facts (sister’s, favorite) could be mapped directly to the described object
(e.g., the purple, springy toy). As long as the child caught any part of the fact corresponding
to that object (e.g., that it related to the experimenter’s sister, or was someone’s favorite),
they could succeed at test. Thus, the length of the facts compared to the words may have
afforded the child more opportunities for success, both in listening in, and in remembering
what they heard. This explanation accords with previous work comparing fast-mapping of
different linguistic items (Deák & Toney, 2013).

As noted in the Introduction, we were also interested in whether children may have per-
formed better on the two facts for the familiar objects with known labels (e.g., “. . . a cup I’ve
had for two years”) than on the four facts for novel objects (which employed novel labels,
e.g., “. . . a zav I found in the garden”). In principle, children could have learned facts for
the familiar objects by attending solely to the speech, whereas learning facts for the novel
objects additionally required children to determine which object in the scene was being ref-
erenced. To test whether it was easier for children to learn facts for familiar objects, we fit
a model with age, condition, and object familiarity to the fact learning data, with random
intercepts for subjects. Compared to this model, a model which also included an interaction
between condition and familiarity resulted in a significantly better fit (χ2(1) = 4.9, p < .05;
AIC without interaction: 466, AIC with interaction: 463), and also outperformed a model
with condition as the sole fixed effect (χ2(2) = 6.7, p < .05; AIC: 466). Interestingly, facts
corresponding to the novel as opposed to familiar objects had decreased odds of accuracy
only in the Overhearing condition (OR = 0.32 [0.11, 0.88]) but not in the Pedagogical con-
dition. That is, the interaction between object familiarity and condition was significant
(Wald χ2(1) = 4.9, p < .05). In the Overhearing condition children were on average 75%
[65%, 84%] accurate for familiar object facts, compared to 59% [51%, 67%] for novel object
facts; in the Pedagogical condition, accuracy was 76% [66%, 85%] and 81% [74%, 88%] for
familiar and novel objects, respectively.

The fact that children performed better on familiar object than novel object facts in the
Overhearing condition, but equivalently on familiar and novel object facts in the Pedagogical
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condition, suggests that identifying the correct referent as the experimenter spoke was part
of the challenge of the overhearing task. To learn facts corresponding specifically to the
novel objects, children in the Overhearing condition had to consult the scene to identify the
correct object based on the experimenter’s description. In the Pedagogical condition, on
the other hand, the experimenter drew the child’s attention to each object — regardless of
familiarity — as she discussed it, reducing the gap in referential ambiguity between the two
fact types.

Object familiarity. As noted in the Introduction, we were also interested in whether
children may have performed better on the two facts for the familiar objects with known
labels (e.g., “. . . a cup I’ve had for two years”) than on the four facts for novel objects
(which employed novel labels, e.g., “. . . a zav I found in the garden”). In principle, children
could have learned facts for the familiar objects by attending solely to the speech, whereas
learning facts for the novel objects additionally required children to determine which object
in the scene was being referenced. To test whether it was easier for children to learn facts
for familiar objects, we fit a model with age, condition, and object familiarity to the fact
learning data, with random intercepts for subjects. Compared to this model, a model which
also included an interaction between condition and familiarity resulted in a significantly
better fit (χ2(1) = 4.9, p < .05; AIC without interaction: 466, AIC with interaction: 463),
and also outperformed a model with condition as the sole fixed effect (χ2(2) = 6.7, p < .05;
AIC: 466). Interestingly, facts corresponding to the novel as opposed to familiar objects had
decreased odds of accuracy only in the Overhearing condition (OR = 0.32 [0.11, 0.88]) but
not in the Pedagogical condition. That is, the interaction between object familiarity and
condition was significant (Wald χ2(1) = 4.9, p < .05). In the Overhearing condition children
were on average 75% [65%, 84%] accurate for familiar object facts, compared to 59% [51%,
67%] for novel object facts; in the Pedagogical condition, accuracy was 76% [66%, 85%] and
81% [74%, 88%] for familiar and novel objects, respectively (see Figure 7).

Behavioral Proxies of Attention

Analyses of children’s behavior were restricted to the 30 participants in the Overhearing
condition for whom we received parental consent to record.
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Figure 7: Experiment 1 Mean Fact Accuracy by Familiarity of Target Object.

Note. Chance for facts is indicated with a dashed line, and error bars indicate 95%
bootstrapped confidence intervals.

Relation to call. As an initial test of the relation between the content of the overheard
phone call and each child’s exploratory behavior, we first computed the cumulative sum of
frames in which the child was touching each object. As we would expect if children were more
likely to attend to objects that they heard described earlier in the phone call, the number of
frames in which children touched each object was significantly negatively correlated with its
order of mention in the overheard call (rrm(59) = −0.46 [−0.64, −0.23]; p < .001). We also
observed that children often perseverated on individual objects in their manual exploration
during the phone call, reminiscent of other work on the development of self-directed learning
subskills (e.g., question asking, Ruggeri et al., 2016). Children’s tendency to focus on single
objects makes the significant correlation between touch and phone call more notable, as it
means that when children did switch to playing with a new object, their selection was not
random, but rather guided by the phone call happening nearby.
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Matching-object touch. Twenty-six participants received positive scores on our match-
ing object touch measure (described in Coding and Analysis , above), while two did not touch
the objects at all (Range: -0.15 – 0.63; M = 0.26 [0.19, 0.33]; Figure 8). The measure was
designed so that children’s positive scores suggest they were reliably tracking the referents of
the words in the experimenter’s speech, as indexed by the objects they were touching, and so
that the magnitude of the score might indicate the degree to which they were doing this. An
exact binomial test confirmed that children received positive scores significantly more often
than zero or negative scores (p < .001)2. The magnitudes of children’s matching-object scores
were also significantly correlated with their age (Pearson’s r = .45 [0.10, 0.69]; t(30) = 3,
p = .01), suggesting children’s attention to and processing of the overheard speech improved
as children got older. Nonetheless, children’s matching-object scores were not significantly
correlated with their accuracy at test (Pearson’s r = −0.04 [−0.40, 0.32]; t(30) = −0.20,
p = .8).

Child gaze. There was substantial variation in the proportion of the phone call that
children spent looking toward the experimenter (plotted as points in Figure 8; Range: 0
– 0.47, M = 0.13 [0.11, 0.14]). However, here, the amount that each child looked to-
ward the experimenter was not significantly correlated with either their age (Pearson’s r =
−0.09 [−0.44, 0.28]; t(30) = −0.05, p = .6) or their accuracy at test (Pearson’s r = 0.21
[−0.17, 0.53]; t(30) = 1, p = .3).

Although this result conflicts with those of previous overhearing studies (Mart́ınez-
Sussmann et al., 2011; Shneidman et al., 2009), this is not surprising given the many
differences between our study and previous ones. In previous studies, the experimenter
manipulated or attended to the novel objects while using the novel labels, such that a child
who looked toward the experimenter could attend both to the speech and to the object
referents. In our task, on the other hand, children had to choose between looking at the
experimenter and looking at the objects, because the experimenter was displaced from the
objects she was discussing. Although observation of the experimenter’s attention provided
referential cues in previous studies, it was not informative in our study, where only the
experimenter’s speech provided referential cues.

2While we see promise in the distribution of positive touch scores, we caution that analyses of the video
data in particular should be interpreted as suggestive, given the low sample size.
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Figure 8: Experiment 1 Matching-Object Touch and Gaze to the Experimenter.

Note. Positive values on the matching-touch measure (bars) indicate that the child touched
the specific novel object that the experimenter was discussing more often as they was
discussing it than when they were not. Overlaid points reflect the proportion of the call
each participant spent looking toward the experimenter.

2.4 Experiment 2

Experiment 1 showed that 4.5 to 6–year-olds can learn new words and facts from an entirely
self-directed learning context, where they are listening in on complex overheard speech, rather
than having their attention directed. Remarkably, children were just as good at learning four
new words from overhearing as they were when these words were explicitly taught. They
learned six novel facts above chance in both conditions, though they exhibited significantly
higher accuracy in the Pedagogical condition. The pattern of matching-object touch results
also provides preliminary evidence that children’s success at self-directed learning in this
context involves their ability to coordinate attention between the speech and the situational
context, and that this ability increases with age. Experiment 2 followed up on this develop-
mental trend by extending the task of Experiment 1 to a younger group of children, 3 to 4.5
years of age. Of interest was whether younger children in the Overhearing condition would
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be able to meet the attentional demands of having to independently monitor ambient speech
and form the appropriate referential mappings online, along with the memory demands im-
posed by having to learn multiple novel labels and facts. Prior studies suggest that children
of this age are impressive information-seekers in other tasks and domains (e.g., Cook et al.,
2011; Sim & Xu, 2017); thus, we were interested in whether younger preschoolers could
succeed at an analogous task in the language domain.

Method

Participants

64 children aged 3.0 to 4.5 years participated (30 female; 3.0–4.49 years, M = 3.83 years,
SD = 0.45 years). An additional thirteen children participated, but were excluded due to
failing at least one familiar object trial (8), not finishing the task (3), or experimenter error
(2). As in Experiment 1, participants were randomly assigned to one of two conditions,
Overhearing (n = 32, 15 female; 3.0–4.46 years, M = 3.81, SD = 0.48) or Pedagogical
(n = 32, 15 female; 3.05–4.49 years, M = 3.85, SD = 0.43). There was no difference in age
between conditions.

Procedure

The method for Experiment 2 was identical to Experiment 1, except that the number of novel
objects was reduced by one to make it more appropriate for a younger age range. Therefore,
in the learning phases of both the Overhearing and Pedagogical conditions, children were
exposed to three novel words and five novel facts, which still constitutes a more challenging
test of learning from overheard speech than previous experiments have provided (see Table E
in the Appendix). Children thus received 15 test trials in three blocks of five trials each.
Each of the two word learning blocks included three critical trials and two control trials
testing familiar labels (i.e., “dog” and “cup”).

Results & Discussion

Comparisons to Chance

Like the older children in Experiment 1, younger children in the Overhearing and Pedagogical
conditions of Experiment 2 performed above chance (20%) on fact learning (Overhearing:
average 46% [37%, 56%] accuracy, t(31) = 5.13, p < .001, Cohen’s d = 0.90; Pedagogical:
74% [66%, 82%], t(31) = 13.14, p < .001, Cohen’s d = 2.34). However, while children in
the Pedagogical condition performed above chance (33%) on word learning (51% [42%, 61%]
accuracy, t(31) = 3.41, p < .01, d = 0.61), children in the Overhearing condition did not
(30% [22%, 39%] accuracy, t(31) = −0.74, p = .46, Cohen’s d = −0.14; see Figure 9).
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Figure 9: Experiments 2 and 3 Mean Accuracy at Test by Learning Target and Condition.

Note. Chance for each target type (20% for facts, and 33% for words) is indicated with a
dashed line, and error bars indicate 95% bootstrapped confidence intervals.

Independent trials. Children’s word-learning performance on the first test trials mir-
rored their performance overall. That is, children in the Pedagogical condition performed
significantly above chance, estimated at 33% (47% [34%, 59%]; t(31) = 2.1, p < .05, Co-
hen’s d = 1.23), while children in the Overhearing condition performed no differently from
chance (39% [28%, 50%]; t(31) = 1.1, p = .27, Cohen’s d = 1.27). As when considering
averages across all trials, children’s performance in both conditions exceeded chance (20%)
on the first fact trials (Pedagogical condition: 72% [56%, 88%]; t(31) = −301, p < .001,
Cohen’s d = 1.14; Overhearing condition: 47% [31%, 66%]; t(31) = −274, p < .001, Cohen’s
d = 0.69).
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Mixed Effects Models

Models with condition (Pedagogical or Overhearing), learning target (words or facts), an
interaction between condition and learning target, and random intercepts for subject were
fit to the test data. This model fit the data better than a null model comprised of only
random intercepts for subjects (χ2(2) = 51.62, p < .0001; AIC for model with condition and
target type: 888.78, AIC for null model: 936.40). In contrast to Experiment 1, children’s
odds of accuracy were overall lower in the Overhearing condition compared to the Pedagogical
condition (OR = 0.32 [0.19, 0.52]; χ2(1) = 20.21, p < .0001), suggesting younger children
experienced a more general advantage of pedagogical instruction. Similar to Experiment
1, children were in general more accurate at learning facts than novel words (OR = 2.63
[1.88, 3.70], χ2(1) = 31.84, p < .0001). Finally, condition and learning target did not show a
significant interaction (OR = 0.67 [0.34, 1.32]; χ2(1) = 1.35, p = .25; AIC with interaction:
889.43), suggesting that the impact of condition did not differ substantially by learning
target, as it had in Experiment 1.

Object familiarity. As in Experiment 1, we analyzed children’s accuracy on the fact-
learning test trials to test for the effect of learning facts associated with novel, rather than
familiar, objects. Also in parallel to Experiment 1, the best-fitting model included age,
condition (Pedagogical versus Overhearing), object familiarity (familiar versus novel), and
an interaction between condition and object familiarity (AIC for model without interaction:
397; with interaction: 393; χ2(1) = 6.2, p = .01). Children’s odds of accuracy were lower
in the Overhearing condition overall (OR = 0.59 [0.28, 1.23], Wald χ2(1) = 15.5, p < .001),
and children were especially bad at learning a fact associated with an unfamiliar object
through overhearing (interaction OR = 0.27 [0.12, 0.83]; Wald χ2(1) = 6.2, p < .05). In the
Overhearing condition children were on average 55% [47%, 64%] accurate for familiar object
facts, compared to 49% [42%, 56%] for novel object facts; in the Pedagogical condition,
accuracy was 70% [59%, 81%] and 77% [69%, 85%] for familiar and novel object facts,
respectively (see Figure 10). Finally, children’s odds of accuracy improved significantly with
age (OR = 2.32 [1.37, 4.01]; Wald χ2(1) = 6.3, p = .01).

Behavioral Proxies of Attention

We coded the videos of 26 children from the Overhearing condition whose parents consented
to video recording.
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Figure 10: Experiments 2 and 3 Mean Fact Accuracy by Familiarity of Target Object.

Note. Chance for facts (20%) is indicated with a dashed line, and error bars indicate 95%
bootstrapped confidence intervals.

Relation to call. We first tested the overall correlation between the number of video
frames in which children were touching each object and that object’s order of mention. If
children were influenced by the experimenter’s speech, they would be more likely to spend
more time playing with objects that were mentioned earlier, resulting in a negative correla-
tion. There was a significant negative correlation between total frames and order of mention
(rrm(27) = −0.67 [−0.84, −0.39], p < .001), providing evidence that children’s exploratory
behavior was related to the speech they overheard.
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Matching-object touch. Children in Experiment 2 received significantly lower scores
on our touch measure (Range: −0.28 – 0.44, M = 0.15 [0.07, 0.22]) compared to children
from the Overhearing condition of Experiment 1 (t(52.49) = 2.30, p < .05), suggesting that
the younger children of Experiment 2 (Figure 12) may not have been coordinating their
attention between the overheard speech and referential context as consistently as the older
children of Experiment 1. Still, children generally received positive touch scores: 19 children
received positive scores, five children received negative scores, and two never touched any
of the objects. An exact binomial test confirmed that there was a greater proportion of
children that had positive scores compared to negative or zero scores (p < .05), suggesting
that children were indeed coordinating their attention between the overheard speech and
object referents. However, children’s matching-object touch scores were not correlated with
their test accuracy (Pearson’s r = 0.01 [−0.38, 0.40]; t(20) = 0.05, p = 1), nor were they
correlated with age (Pearson’s r = 0.03 [−0.36, 0.42]; t(20) = 0.2, p = 0.9). The fact that
children in the Overhearing condition were at chance when tested on words despite showing
a relation between their touch behavior and the content of the call raises the possibility
that they may have formed some word-object mappings during the learning phase, but had
difficulty retaining these mappings until the test phase of the experiment.

Figure 11: A Three–Year-Old Eyes the Experimenter during Overheard Call.
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Child gaze. The children in Experiment 2 looked toward the experimenter for up to
half of the duration of the phone call (Range: 0.01 – 0.49, M = 0.16 [0.11, 0.21]). Children’s
gaze proportions exhibited no significant correlation with their mean test trial accuracy
(Pearson’s r = 0.33 [−0.07, 0.63]; t(20) = 2, p = .1), nor their age (Pearson’s r = −0.08
[−0.45, 0.32]; t(20) = −0.4, p = .7). These results suggest that in our experiment, merely
looking frequently toward the experimenter may not be a good indicator that children have
recognized the speech as relevant.
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Figure 12: Experiment 2 Matching-Object Touch and Gaze toward Experimenter.

Note. Bars represent mean proportion of matching-object touch by participant; points
indicate the proportion of the overheard call that children looked toward the experimenter.
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2.5 Experiment 3

Experiment 2 found that 3– to 4.5–year-olds struggled to learn from overhearing compared
to when learning targets were presented pedagogically. In contrast to the older preschoolers
of Experiment 1, younger preschoolers in Experiment 2 were at chance at learning three new
words in our overhearing task, though they were able to learn a set of five facts above chance.
Across words and facts, younger children’s performance was significantly better in the Ped-
agogical condition compared to the Overhearing condition. One possibility for why children
had difficulty learning from overhearing in Experiment 2 is because they could only hear the
experimenter’s side of the phone conversation (a halfalogue). While the survey we admin-
istered to parents suggests that phone calls are frequent in many children’s environments,
they may be difficult for younger preschoolers to learn from.

Though no study to date speaks directly to the question of whether overheard halfalogues
are more difficult to learn novel linguistic information from compared to overheard dialogues,
previous research opens the possibility that the phone calls we used in Experiments 1 and 2
might have impeded children’s ability to learn new words. Suggestive evidence comes from
multiple sources. In one study, toddlers failed to learn a novel word taught to them in
person by their mothers when the mother picked up a phone call during instruction (Reed
et al., 2017). Other work has shown that adults’ performance is impaired in an attention
task when they simultaneously overhear a halfalogue, consistent with the idea that overheard
halfalogues might be more distracting than dialogues (Emberson et al., 2010). In the context
of our study, this latter finding might predict that an overheard halfalogue should be easier
to learn from than an overheard dialogue, because it is more attention-getting; alternatively,
it might predict a learning disadvantage, if a halfalogue is so attention-getting that it limits
children’s ability to coordinate their attention between the overheard speech and the objects.
Still other studies emphasize the importance of contingent interaction in learning episodes
(e.g., Roseberry et al., 2014). This perspective predicts decreased learning from an overheard
halfalogue, not because children might be distracted, but because they might fail to recognize
that there is an opportunity to learn at all, in the absence of a reciprocal social interaction
(O’Doherty et al., 2011).

Also motivating the question of whether children are better able to learn from overheard
dialogues than from halfalogues are psycholinguistic accounts which emphasize how inter-
locutors collaborate on meaning in conversation (Fusaroli et al., 2014; Linell, 2009; Pickering
& Garrod, 2004) and imply that comprehension given only one side of a conversation should
be uniquely difficult. Importantly, in contrast to halfalogues, dialogues may allow children to
rely on feedback between interlocutors to establish word mappings (Tolins et al., 2017). This
may be especially important for helping young learners assess whether a newly-introduced
word is conventional. Backchannels may also attract children’s attention, when, for exam-
ple, addressees react with surprise to novel information from the speaker. For both children
and adults, having access to the full process of grounding, or the establishment of mutual
knowledge between interlocutors (Clark & Brennan, 2004; Fox Tree, 1999), is also known
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to aid comprehension — even when the conversation that overhearers are listening in on
is one where the addressee plays a limited role, as in listening to a story or receiving in-
structions (Schober & Clark, 1989; Tolins & Fox Tree, 2016). Indeed, in one study where
both overheard interlocutors were visible, two-year-olds learned a novel word when the over-
heard addressee was visibly attentive and following along, but not when they were visibly
distracted (Fitch et al., 2020).

To determine whether using an overheard halfalogue might have suppressed younger
preschoolers’ learning from overhearing in Experiment 2, we tested learning from a minimally
different overheard dialogue in Experiment 3. We conducted the overheard conversation over
speakerphone, thereby maintaining control of the speech, referential cues, and number of co-
present experimenters, while transforming the halfalogue to a dialogue via a second, audible
interlocutor. This context, where both sides of the conversation are audible but only one
speaker is visible, happens in the real world not only on speakerphone and video chat, but
also when parents are talking between rooms or over the child’s head. To increase the social,
reciprocal nature of the overheard call and to guard against concerns from previous work,
the experimenter and caller were actively engaged with one another, periodically asking each
other questions and expressing surprise (see Appendix H). If children are better at learning
new information from language when this information is embedded in a reciprocal social
interaction that children can access (e.g., O’Doherty et al., 2011; Roseberry et al., 2014),
we expect children in Experiment 3 to demonstrate significantly greater learning than their
same-age peers in Experiment 2.

Method

Participants

Participants were 32 children learning English as their primary language between 3.0 and 4.5
years of age (16 female; 3.1–4.5 years, M = 3.8 years, SD = 0.4 years). A total of four chil-
dren were excluded due to failing at least one familiar label control trial (1), having already
witnessed another child participate (2), or experimenter error (1). For clarity in the sections
below, we distinguish between the “Overhearing Halfalogue” condition of Experiment 2, and
the “Overhearing Dialogue” procedure that all children received in Experiment 3. There
was no difference in the age composition of participants in these two groups (t(70) = −0.2,
p = .8).
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Figure 13: Overview of Experimental Procedure for Experiment 3.

Procedure

The Overhearing Dialogue procedure for Experiment 3 differed from the Overhearing Half-
alogue procedure of Experiment 2 in that the experimenter picked up a genuine call from a
caller, rather than setting a timer and pretending to have a conversation with an invisible
other (see Figure 13). The caller called thirty seconds after receiving a warning text from the
experimenter, and delivered scripted responses to the experimenter’s speech, which was itself
identical to the script in Experiment 2 (Appendix F). The experimenter, apparently busy
on their laptop, put the caller on speakerphone at maximum volume, making it so that the
child could hear the caller at roughly the same volume as the experimenter (see our online
repository at https://osf.io/avyg5/?view only=33cbb9ab189343a7b6e8f6c7c517026d for
links to videos of this procedure stored on Databrary.org, along with experimenter scripts
for all conditions).

As an additional edit to our procedure, we introduced head-mounted cameras for children
to wear, having seen the value of high-quality video data for coding children’s attentional
behavior in Experiments 1 and 2. These videos were synced after the fact with up to
two additional video recordings of the experimental session, one recorded from a tripod,
and another recorded from an overhead camera. All video coding was completed using
composite videos combining all three angles. The increase in video quality was reflected in

https://osf.io/avyg5/?view_only=33cbb9ab189343a7b6e8f6c7c517026d
http://doi.org/10.17910/B7.717
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the 93% inter-rater reliability for children’s touch behavior. Composite videos and coding
spreadsheets can be found archived on Databrary.org (linked also in our OSF repository:
https://osf.io/avyg5/?view only=33cbb9ab189343a7b6e8f6c7c517026d).

Results & Discussion

Comparisons to Chance

Like the same-aged children in the Overhearing Halfalogue condition of Experiment 2, chil-
dren in Experiment 3 performed above chance (20%) on fact learning (57% [46%, 68%]
accuracy, t(31) = 6.4, p < .001, Cohen’s d = 1.13), but not on word-learning (chance = 33%;
average accuracy 39% [29%, 49%], t(31) = 1.1, p = .27, Cohen’s d = 0.20).

Independent trials. We found a similar pattern when we analyzed the first trials as
when we analyzed all trials at once: children were at chance (33%) on words (42% [30%,
55%]; t(31) = 1.4, p = 0.18, Cohen’s d = 0.24), and above chance (20%) on facts (62% [44%,
78%]; t(31) = −223, p < .001, Cohen’s d = 0.86).

Mixed Effects Models

We next fit a mixed effects logit model to the trial-by-trial test data (coded as incorrect =
0, correct = 1), with age and learning target type (word versus fact) as fixed effects, and
random intercepts by subject. This model fit the data significantly better than a null model
using only participants’ own means (χ2(2) = 24, p < .001; AIC for null model: 478, AIC
for full model: 458). Including learning target type in our model also significantly improved
model fit compared to a model with only age (χ2(1) = 13, p < .001; AIC for model without
type: 468). Children’s odds of accuracy increased as they got older (OR = 3.68 [1.79, 8.00],
Wald χ2(1) = 13, p < .001), and, as in Experiments 1 and 2, their odds of accuracy
were significantly higher for trials testing facts (OR = 2.27 [1.44, 3.60], Wald χ2(1) = 12,
p < .001). See Figure 14 for a visualization of age trends across experiments.

Object familiarity. In contrast to both previous experiments, a mixed effects logit
model fit to the fact data alone yielded no advantage for facts associated with familiar
objects over facts associated with novel objects (52% [38%, 66%] and 60% [47, 73] accuracy,
respectively; see Figure 10). That is, while age was a significant predictor of fact accuracy
(OR = 8.93 [2.60, 40.30], Wald χ2(1) = 11, p < .001), adding object familiarity (familiar
versus novel) to the model did not significantly improve fit (χ2(1) = 1.7, p = .19, AIC for
model with age as sole fixed effect: 198, AIC for model including object familiarity: 198).
This is in contrast to Experiments 1 and 2, where familiar object facts were easier to learn
in the Overhearing conditions in particular. In our discussion of our previous results, we
suggested that the selective advantage of familiar object facts in the Overhearing condition
might reflect their relative ease of being processed in the moment, such that they could

http://doi.org/10.17910/B7.717
https://osf.io/avyg5/?view_only=33cbb9ab189343a7b6e8f6c7c517026d
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Figure 14: Mean Accuracy by Child Age, Across Experiments 1–3.

Note. Overhearing Halfalogue and Overhearing Dialogue conditions are combined. Shaded
region indicates standard error.

be mapped to the correct referent — a task children needed to do on their own in the
Overhearing, but not Pedagogical, conditions.

Behavioral Proxies of Attention

Videos from 24 participants were coded to capture behavioral proxies of children’s online
attention to the overheard speech.
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Relation to the call. To assess whether children’s pattern of object touches suggested
influence from the overheard phone call, we computed the correlation between the number
of video frames that children (n = 24) touched each object, and that object’s order in
the call. This correlation was significant, and in the predicted direction (rrm(71) = −0.46
[−0.62,−0.25], p < .001), suggesting that children’s exploration of the objects was likely
driven by their auditory attention to the overheard call.

Matching object touch. Like their peers in the Overhearing Halfalogue condition
(Experiment 2), children in the Overhearing Dialogue condition (Experiment 3) received
significantly lower scores on our touch measure (Range: −0.34 – 0.78, M = 0.13 [0.04, 0.23])
compared to older Overhearing Halfalogue participants (Experiment 1; t(50) = 2, p <
.05), but equivalent scores to same-age Overhearing Halfalogue participants (Experiment
2; t(50) = 0.3, p = .8). This comparison provides further evidence that the ability to
coordinate attention between overheard speech and a scene improves with age. Despite the
lack of difference in the magnitude of children’s scores compared to their peers in Experiment
2, in this sample, 16 children received positive touch scores, seven received negative scores,
and five received scores of 0. An exact binomial test concluded that here, children were no
more likely to receive positive scores than negative or zero ones (p = .6). That children’s
sequence of objects touched still correlates with the experimenter’s speech suggests they were
attending to the call, but the distribution of touch scores we see calls into question either our
speculation that the overheard dialogue was easier to process, or our interpretation of our
measure. In particular, the greater quantity of zero scores (children who never touched any
object) is difficult to interpret, as comprehending the overheard speech does not necessitate
touching the objects at all, merely attending to them. Consistent with this, there was no
significant correlation between children’s touch scores and test accuracy (Pearson’s r = 0.37
[−0.01, 0.65], t(30) = 2, p = .05) or age (Pearson’s r = 0.33 [−0.05, 0.63], t(30) = 2, p = .09).

Child gaze. Children in Experiment 3 spent variable proportions of the call looking
at the experimenter (Range: 0 – 0.49, M = 0.19 [0.14, 0.09]). This variability did not
significantly correlate with children’s age (Pearson’s r = 0.29 [−0.10, 0.60]; t(30) = 2, p = .1),
nor their test performance (Pearson’s r = −0.14 [−0.48, 0.25]; t(30) = −0.7, p = .5).

Comparing Experiments 2 and 3

Planned comparisons yielded no difference in test accuracy between the Overhearing Dia-
logue condition of Experiment 3 and the Overhearing Halfalogue condition of Experiment
2, for either words (t(60) = 0.2, p = .8, Cohen’s d = −0.05) or facts (t(60) = 0.5, p = .6,
Cohen’s d = −0.11). To model influences on test performance across the two experiments,
mixed effect logit models were fit to children’s overhearing test data, with fixed effects for
learning target (word or fact) and experimental condition (Overhearing Halfalogue or Over-
hearing Dialogue). Model parameters suggested no difference between the two experimental
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Figure 15: Matching Object Touch and Gaze Proportion by Participant in Experiment 3.

Note. Magnitude of computed matching-object touch score is shown in bars, proportion of
phone call in which child gazed at experimenter indicated with points.

overhearing conditions (OR = 1.54 [0.92, 2.62]), but reliably better performance for facts,
compared to words (OR = 2.24 [1.61, 3.12]), across experiments. Nested model comparisons
showed that including experimental condition as a predictor did not significantly improve fit
compared to a model with learning target as the sole fixed effect (χ2(1) = 2.73, p = .10).
In terms of their self-directed learning behavior, children in the Overhearing Halfalogue and
Dialogue conditions of Experiments 2 and 3 also did not significantly differ in their matching-
touch scores (t(50) = 0.3, p = .8) or gaze proportions to the experimenter (t(30) = −0.09,
p = .9).

The above results suggest that younger children’s chance performance on word-learning
in the Overhearing Halfalogue procedure used in Experiment 2 cannot be attributed to the
halfalogue nature of the overheard speech in that study, as children in Experiment 3 could
hear both sides of the dialogue. However, we conducted a final analysis of both experiments’
fact-learning data alone, to follow up on the divergent pattern of results in Experiments 1
and 2 versus Experiment 3. The best-fit logit model included age, experimental condition
(Overhearing Dialogue or Overhearing Halfalogue), object familiarity, and an interaction
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between experimental condition and object familiarity. This model resulted in a significantly
better fit than a model without the interaction (χ2(1) = 6.92, p = .009; AIC for model with
interaction: 408, AIC for model without interaction: 413). Model coefficients suggest greater
accuracy with age (OR = 4.94 [2.85, 8.81]) and lesser accuracy for novel-object facts (OR =
0.41 [0.20, 0.82]), an effect attenuated in the Overhearing Dialogue condition, specifically
(OR = 3.61 [1.39, 9.57] for the interaction of object familiarity and overhearing condition.
Thus, children in the Overhearing Dialogue condition tended to outperform children in the
Overhearing Halfalogue condition on facts associated with novel objects. Together, our
results suggest that although the younger preschoolers in our studies were able to attend to
and track the overheard speech enough to learn multiple new facts, they found it challenging
to form and retain multiple novel word–object mappings via a short overhearing exposure,
even when they were overhearing a dialogue.

2.6 General Discussion

The present studies tested children’s ability to acquire novel words and facts from their envi-
ronments in the absence of external guidance or support. Such tests of children’s real-world
self-directed learning are a topic of considerable current interest, but are especially under-
represented in the domain of language development, where the role of the adult caregiver
directing speech to the child is often emphasized over the role of the child themselves. Our
studies compared self-directed learning in a naturalistic context to learning via pedagogical
instruction, across a three-year age range. In contrast to previous studies, the overhear-
ing conditions we designed stripped away as many pedagogical cues as possible, providing
a stringent test of learning from complex overheard speech. We included multiple novel
words and facts, embedded in a variety of sentence frames using the pace and prosody of
adult-directed speech. Additionally, we employed a real-world context of overhearing — a
nearby phone conversation — that children in our sample frequently experience in their own
homes (see Table S2), and which we show to have similar learning potential to an overheard
dialogue where both sides are audible.

Extrapolating from the results of previous overhearing experiments — where even tod-
dlers have been found to readily learn words in a overhearing context (Akhtar, 2005; Akhtar
et al., 2001; Baldwin, 1991; Floor & Akhtar, 2006; Gampe et al., 2012; Mart́ınez-Sussmann
et al., 2011; Shneidman et al., 2009) — we might have expected the preschoolers in our
experiments to be just as skilled at learning in an overhearing context as in a pedagogical
one. But the overhearing context in our studies was much more demanding than in previous
studies, as we aimed to provide a more stringent test of how well children may learn from
complex ambient speech in their daily lives. In doing so, we provide a demonstration of
children’s self-directed learning with a transparent application to the real world.

Taken together, our results show a developmental progression in preschoolers’ ability
to pick out, map, and remember multiple novel linguistic items outside of a pedagogical
interaction (Figure 14). In contrast to the findings of previous studies of overhearing in
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more simplified contexts, younger preschoolers (3–4.5 years; M = 3.8) were at chance at
learning a set of three novel words from overheard speech, though they reliably learned a set
of five facts. Their performance for both words and facts improved with age. These younger
preschoolers in Experiments 2 and 3 showed a significant learning boost from pedagogical
instruction for both types of learning targets, relative to when the novel words and facts had
to be learned by overhearing a halfalogue (Experiment 2) or dialogue (Experiment 3). While
younger children’s word learning did not differ from chance in the overhearing conditions,
the older preschoolers in Experiment 1 (4.5–6 years; M = 5.2) performed above chance
when learning a set of four new words from overhearing, and equivalently to when they were
directly taught these words (42% and 41%, respectively), though they were better at learning
new facts when these facts were introduced pedagogically (79% mean accuracy versus 64%
for overhearing).

Our study endeavored to teach children more novel words and facts — especially in
only about one minute of speech — than most previous studies. Even in the Pedagogical
condition of Experiment 1, children may have struggled to retain four novel phonological
forms that had been introduced so briefly: the overall word learning accuracy for 5-year-
olds in Experiment 1 was around 40%, whereas even toddlers will succeed at around 80%
when given only one novel word to learn (e.g., Floor & Akhtar, 2006; Gampe et al., 2012;
Woodward et al., 1994). Remarkably, even though the younger children in Experiments 2
and 3 did not appear to successfully learn words from overhearing, they were able to learn
facts, providing evidence of their ability to independently tune in to overheard speech in a
relatively unsupported learning context, sans visual cues from either speaker or addressee.

Across our studies, we found that children reliably learned facts at greater rates than they
did words. Children’s strong performance on facts in all three experiments, and superior
performance for facts corresponding to familiar objects in particular in Experiments 1 and
2, may give us insight into some of the challenges posed by learning from overheard speech
more generally. Performance may have been better for facts than words, perhaps because
the facts themselves consisted of familiar words, and because the facts afforded more words
and familiar concepts to associate with the object description than a single novel word. The
child’s mapping task could have been further simplified when they were learning a fact about
a familiar object, where it would be trivial to identify which object they should map the fact
to (i.e., they didn’t have to look at the objects to know which was the ‘dog’). Further, the
greater number of memory cues that were present for facts broadly, and for familiar facts
in particular, may have made them easier to retrieve at test, relative to their single-word
counterparts (Deák & Toney, 2013).

It is also possible that the learning asymmetry between words and facts derived from
differences in how children encoded information about individual objects in response to
hearing the words and facts used in our study. For example, children could have had more
difficulty linking labels to the specific objects in our task due to their understanding of labels
as naming categories, which could have resulted in coarser encoding of individual category
members. Prior work with adults suggests that, because facts express information that is
unique to each object — rather than category-level information — they may trigger more
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fine-grained representations of individual objects (Lupyan, 2008, 2012). Given that each word
as well as each fact in our study was only associated with one object, a further study would
be needed to evaluate this hypothesis. For example, to test whether reference to individual
items accounted for children’s superior performance with facts, a future experiment might
test the learning of facts and words that have been associated with categories of objects vs.
individual exemplars.

Results from our matching-touch measure additionally suggest development in attentional
components of children’s self-directed learning skill, from recognizing an opportunity to fill
an “information gap” (e.g., information about the novel objects before them; Loewenstein,
1994) to coordinating their attention between potential sources of new information. Our
finding across experiments that children’s touch behavior was correlated with the order in
which the objects were mentioned in the overheard speech suggests that both younger and
older preschoolers’ manual exploration was influenced in real time by the content of the
experimenter’s call. Similarly, children’s positive scores on our matching-touch measure in
Experiments 1 and 2 showed that they were more likely to play with an object as it was
being discussed by the experimenter, compared to when another object was being discussed.
This behavior, combined with their robust learning of multiple facts, points to children’s
ability to coordinate their attention between overheard speech and their referential context.

While there was substantial variation in the amount children looked toward the ex-
perimenter, children’s looking behavior correlated with learning in only one of our three
experiments (Experiment 2), contrary to previous results (Mart́ınez-Sussmann et al., 2011;
Shneidman et al., 2009). That we didn’t find such a correlation reliably might be explained
via differences in the structure of the overhearing exposures we used compared to those in
previous work. In previous studies, the experimenter’s gaze was informative: she looked
toward and interacted with the referents of the novel words while the child looked on. In
our study, however, the objects were displaced from the experimenter, and she provided
only descriptive cues to the referents of the novel words, avoiding looking toward the child
or objects. Multiple studies show that toddlers are not only able to use speaker gaze to
resolve referential ambiguity, but also actively seek it out (Baldwin, 1991; Vaish et al.,
2011), suggesting that our participants’ glances to the experimenter may have reflected not
only attention, but also their uncertainty and consequent information-seeking (Hembacher
& Frank, 2017). In an overhearing experiment testing the impact of joint attention between
the overheard adult interlocutors on children’s learning, two-year-olds failed to learn a novel
word when the addressee was distracted and not looking at the referent objects, which the
authors hypothesized reflected children’s reliance on the addressee’s visual perspective to
map the word (Fitch et al., 2020). In a similar context, where objects were labeled without
joint attention, toddlers were able to learn new word mappings only with visible focus on the
objects by the speaker (Baldwin et al., 1996; Bannard & Tomasello, 2012). In the absence
of that cue, toddlers could demonstrate learning in a looking, but not explicit pointing, test
(Bannard & Tomasello, 2012). It may be, therefore, that younger children in our study had
difficulty establishing word-to-object mappings because the experimenter (and her unseen
addressee) did not look toward the objects, but would have been able to show some knowl-
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edge of these mappings had we used a more implicit test of learning. Anecdotal evidence
that children were looking toward the experimenter at least in part to try and resolve the
referential ambiguity of her speech comes from a number of children across experiments who
tried to spontaneously engage the experimenter (e.g., one child who, when the experimenter
described the dax, held the blue object out toward her and asked, “This? You mean this
little guy?”).

As we mentioned in the Introduction, our findings may speak to a puzzle in the language
development literature: while even toddlers have been able to learn words from overhearing
in experimental settings, studies consistently find no correlation between the quantity of
early overheard input in children’s homes between 18 and 30 months, and their vocabulary
growth six months to a year later (Shneidman et al., 2013; Shneidman & Goldin-Meadow,
2012a). We suggest that the reason for the disconnect between toddlers’ in-lab overhearing
prowess in experimental settings on the one hand, and the lack of a correlation between
naturalistic overheard speech and vocabulary growth on the other hand, may lie in the
differential learning demands posed by the two types of overheard speech (see Sperry et
al., 2019, for a related discussion). As noted in the Introduction, previous experimental
studies have tested learning from overheard speech in ways that may have placed lesser
demands on children’s self-directed learning (see Table E). Compared to the overheard speech
presented in previous studies, the overheard speech in children’s own homes is liable to bear
less resemblance to child-directed speech, to include fewer pedagogical cues, and to include
many words that are unfamiliar to the child, rather than a single novel one. Because adult
interlocutors “in the wild” will often share knowledge of words that are new to overhearing
children, they are unlikely to consistently stress these words, embed them in labeling sentence
frames, or supplement them with overt cues to the reference like eye gaze, as has been
done in previous studies of learning from overhearing. These differences are likely to make
naturalistic overheard speech more complex and difficult for children to learn from, such
that they may not even attend to it early in development (Foushee et al., 2016; Kidd et al.,
2012, 2014). Even if children do attend to overheard speech, they will often have to use the
linguistic context to infer the meaning of an unfamiliar word, which will itself be difficult
because the context will often be comprised of other unfamiliar words.

Of course, the complexity of naturalistic overheard speech is only one of the possible
explanations for the pattern of results in the literature. As discussed in the Introduction,
overheard speech as a category is likely to be much more diverse (including adult speech
to other children, sibling productions, etc.), compared to the category of speech that the
child receives directly. This makes the lack of correlation between the amount of overheard
speech a child receives and their vocabulary growth especially difficult to interpret. In child-
directed interactions, words are likely to be easier to hear and to interpret, and to be harder
to ignore, by virtue of how adults tailor their input to children (e.g., Yurovsky, 2018). Data
from overheard speech is likely to be noisier, and isolating what the child has learned from
overheard speech is especially difficult — thus the need for experimental studies like ours
and others’ to complement observational studies.

Although we found that younger preschoolers did not reliably learn words via overhearing
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in our task, we do not wish to imply that children of this age cannot learn language from
overheard speech more generally. Our studies focused specifically on the learning of overheard
concrete nouns, whose meanings depend heavily on the situational context and would benefit
especially from cues like joint attention (Fitch et al., 2020) — imposing significant attentional
demands in their absence. Previous work suggests that it may be possible for young children
to acquire partial word meanings — falling short of mapping words to their referents —
when these meanings can be inferred from the linguistic context, or acquired via passive
exposure (as might be the case for aspects of the meanings of verbs, see, e.g., Arunachalam,
2013, 2016; Kline and Snedeker, 2015; Landau and Gleitman, 1985; Messenger et al., 2015;
Naigles, 1990; Yuan and Fisher, 2009; and nouns, see e.g., B. Ferguson et al., 2014, 2018;
Goodman et al., 2008). Further, even if young learners cannot acquire full word meanings via
overhearing, attending to overheard speech may aid learners by increasing their familiarity
with a new word form (e.g., learning that “tureen” is a legal English word) and providing
information about a new word’s semantic domain and context of use. Thus, our data leave
open whether young children might construct partial word meanings from overheard speech,
paving the way for future learning.

It is also important to note that our conclusions about the utility of overheard speech,
and the behaviors associated with learning from overhearing, should be limited to children
in this sample, in this context — urban, educated, and child-centered. In contrast to many
children across the globe, our participants were likely accustomed to receiving child-directed
speech, and to having their attention directed, from infancy (Ochs & Schieffelin, 1984).
Regardless of where children are growing up, they need data to learn the language of their
community. How children get those data will look different depending on the child-rearing
and socialization practices of their community and the availability of the caretakers. Indeed,
the contexts in which preschool-aged children come to learn best are partly responsive to
their experiences as infants and toddlers, including whether they have had their attention
directed and managed by caregivers (e.g., Yu & Smith, 2016) or have spent a large proportion
of their time observing third-party interactions among other community members (Gutiérrez
& Rogoff, 2003; Mastin & Vogt, 2016). In the domain of vocabulary acquisition, specifically,
Mastin and Vogt (2016) found divergent results for the types of engagements that correlated
with vocabulary growth for urban versus rural infants in Mozambique, based on what was
familiar to them. It is possible, therefore, that we might see earlier or more robust learning
from overhearing in children who habitually receive less child-directed speech, who find
themselves in joint attentional interactions with adults less frequently, and/or who have more
exposure to overheard speech. Indeed, Shneidman and colleagues 2009 found that children
who had more practice overhearing at home exhibited distinct patterns of attention during
an experimental overhearing exposure, and performed better at test (see also, Correa-Chávez
& Rogoff, 2009).
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2.7 Conclusion

To conclude, the current experiments make several important contributions to the study of
self-directed learning and language development. We show first that preschoolers can learn a
substantial amount of linguistic information via naturalistic overheard speech, without their
attention being guided by an adult pedagogue. However, their ability to do so is developing
during this period, and children’s success may depend on the degree to which they need
to coordinate attention to the extralinguistic context (as opposed to the speech alone), the
availability of referential cues, the child’s existing vocabulary, as well as their skill at tracking
the speech online and retaining novel phonological forms in memory. While the experimenter
in the Pedagogical condition — and likely adults in general when they speak to children —
sought to maintain children’s attention and reduce referential ambiguity, in overhearing con-
texts, children must manage their attention themselves, arguably a domain-general learning
skill. With respect to the conflict between previous results in the experimental versus cor-
relational overhearing literatures, our study suggests that children may not show evidence
of regularly acquiring vocabulary from the overheard speech in their own homes during the
first few years of life in part because they are still developing the requisite attentional and
linguistic abilities to learn words from overhearing. Future studies are needed to enrich our
understanding of the role children themselves play in their own language development, as
their self-directed learning abilities evolve.
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Chapter 3

Selective Attention Based on Speech
Complexity and Learning Rate

Abstract

How, with people talking around them all the time, do children decide what speech to tune
into and learn from? Previous studies have shown that children manage their rate of infor-
mation absorption by selectively attending to stimuli at an intermediate level of complexity
— neither too hard, nor too easy. To our knowledge, the present study is the first to investi-
gate the effects of spoken language complexity on children’s selective attention. Preschoolers
(4–6 years) watched a video where the illustration for each page of a children’s picture book
was displayed alongside a distracting animation. The audio for each page of the picture book
was looped such that the story would progress faster if the child looked at the distractor
image for an extended period of time — indicating their loss of attention towards the story,
and cutting the narration short. The linguistic complexity of the storybook narration was
manipulated in two between-subjects conditions, such that children listening to the Simple
narration heard largely familiar words, while children in the Complex condition heard multi-
ple words typically acquired later in development. Participants’ listening comprehension and
word knowledge was tested after the story. While learning did not differ significantly between
the two conditions, participants who listened to the Simple narration exhibited numerically
greater visual attention to the story illustration, lesser visual attention to the distractor, and
longer listening times to the narration itself. Importantly, these indices were significantly
related to children’s overall learning at test, controlling for condition and age — statistically
obviating the possibility that differences in attention owe to superficial differences in the two
speech streams. Our results open the possibility that young children may actively direct
their attention toward linguistic input that is most appropriate for their current level of
cognitive and linguistic development.
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It is the children between five and seven who are
the word-lovers. It is they who show a
predisposition toward such study. . . And they
may be entirely carried away by their ecstatic,
their tireless interest in the parts of speech.

M. Montessori, 1946

3.1 Introduction

How do we decide what in the world to pay attention to, and which learning opportunities we
should pursue, versus pass up? In adulthood, our choices about where to focus our energies
as learners are often conscious, and driven by our own self-assessed level of competence.
Inspired to expand our origami skills, or faced with a broken kitchen sink, we might skim
YouTube to find channels whose folding or plumbing tutorials fit our levels of folding or
plumbing expertise. Similarly, we might challenge ourselves to watch a television show in
a foreign language that we want to speak — but stick to soap operas with predictable
dialogue, rather than the jargon-filled legal dramas we might watch in our native tongue.
College undergraduates, for their part, often enroll in excess courses at the beginning of the
semester, then drop the ones that they predict will be either too much work, or redundant
with their previous coursework. One way of thinking about what the amateur plumber,
second language learner, and college undergraduate are doing in these examples is identifying
where their learning will be the most efficient. If they select material that is too difficult, they
risk experiencing the frustration of there not being enough information to learn much at all. If
they stick to material that is too easy, they risk becoming bored to the point of missing what
little there might be for them to learn. These examples illustrate the importance of broadly
sampling possible sources of information, and of the crucial but counterintuitive learning
skill of giving up when one’s time and cognitive resources could be expended elsewhere with
greater reward.

Though likely implicit in early childhood, this process of sampling available sources of
information and monitoring one’s learning efficiency is arguably especially important for
young children, whose cognitive resources and real-world knowledge are limited relative to
adults’ (Balcomb & Gerken, 2008; Butterfield et al., 1988; Gottlieb et al., 2013; Roebers,
2017). While adults already possess most of the knowledge needed to achieve their everyday
goals, children are fairly regularly stumped by the physical world, and are active studies
of social world dynamics (Buchsbaum et al., 2012; Piaget, 1954). They are apparently
often frustrated by their inability to communicate their inner lives to others, which suggests
constraints on their language abilities that are likely to also constrain their day-to-day spoken
language comprehension. In the midst of so many learning projects, children would be wise
to deploy their attention conservatively — that is, to the problems where they can make the
most headway at any given moment. In line with this computational-level goal (Marr, 1982),
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rational learning accounts suggest that children’s tendency to get bored or ‘give up’ can be
understood as a consequence of optimizing their rate of information absorption (Gerken et
al., 2011; Gottlieb et al., 2013; Kidd et al., 2012, 2014). In fact, experimental paradigms
in infancy hinge on variants of this observation, such that the duration of infants’ sustained
attention to experimentally manipulated stimuli and/or infants’ boredom across stimulus
presentations is regularly used to infer the state of their default expectations of the world
(Oakes, 2010). But what does the rational deployment of attention actually look like in
practice?

Surveying children’s behavior with this question in mind, the myriad demonstrations of
children’s short attention spans might seem unremarkable, while what suddenly stand out
are the contexts where children show seemingly limitless patience for the same learning ma-
terial. For example, children will often request to be read the same story again and again,
even immediately after having just heard it. In our study, we capitalize on this phenomenon
to test children’s rational attention and learning in an ecologically valid context. In partic-
ular, by using naturalistic language stimuli, our study is designed to speak to how children
manage their attention in the course of a particularly daunting learning task: developing
language. Notably, except in rare contexts, the challenge posed to language learners is not
an absence of relevant data (Goldin-Meadow, 2015); instead, children are often surrounded
by diverse language sources, from the speech that they receive directly from caregivers, to
speech from television and other media, to overheard conversations between family members
and strangers, to speech directed to other children or animals, occurring in the home, or in
the classroom. . . In the face of such diversity, how do children decide when to ‘tune in,’ and
when to ‘tune out’?

In the service of answering this question, the present work tests whether children’s sus-
tained attention to naturalistic spoken language is responsive to its complexity — opera-
tionalized in terms of words’ familiarity, and therefore how difficult the speech as a whole is
to process. In contrast to previous research with infants, we use natural language stimuli,
which both interests children and carries real information for learning. This expansion on
previous methods enables us to investigate how children’s attention might be driven by their
sense of learning — and how their learning might reflect their attention (Balcomb & Gerken,
2008; Houston-Price & Nakai, 2004). We manipulate speech complexity in our study in
a straightforward way, by manipulating the relative age of acquisition (Bonin et al., 2001;
Ghyselinck, Lewis, et al., 2004; Izura & Ellis, 2002; Kuperman et al., 2012; Morrison & Ellis,
2000) of the words that a speaker uses to narrate a textless picture book.

To measure children’s sustained attention to the speech, we track children’s gaze to com-
peting visual targets: the Illustration corresponds to the ongoing narrative, while the
Distractor functions as a continuous lure for children’s attention. To capture children
‘giving up,’ we make the end of each trial contingent on children’s fixation on the Distrac-
tor, such that distracted children listened to the story for overall less time than children
who were inferred to be attentive. Finally, to measure learning, we test children’s plot and
word knowledge using previously established test stimuli (Foushee, Srinivasan, & Xu, unpub-
lished manuscript) following the narration of the story. If we find evidence that children’s
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auditory attention is responsive to the relative ‘complexity’ of the speech stream, then we
might expect attention to be a gating mechanism for children’s learning from the different
sources of spoken language in their environments across development. Specifically, children
may only learn from more complex sources of language — like overheard conversations be-
tween adult caregivers or radio news broadcasts — later in development, when children’s
linguistic sophistication renders the language less subjectively complex.

In what follows, we briefly review literature relating stimulus complexity, child attention,
and learning — in particular as they might inform predictions about language development
— before describing the current study in greater detail.

Background

Empirical research in cognitive development is founded on the assumption that infants’ at-
tention to experimental stimuli is driven by a principled comparison to what they already
know or have encoded (Aslin, 2007; Sokolov, 1966). This research comes out of an older lit-
erature, originating with the observation that the strength of organisms’ reactions to stimuli
decreased with repeated exposures (Fantz, 1964; see Colombo and Mitchell, 2009 for a re-
view). Capitalizing on this observation, experimental paradigms designed for small human
organisms expose infants to the same stimulus over and over, until it no longer holds their
interest: they have habituated (Fantz, 1964; Oakes, 2010). Researchers use patterns of
dishabituation, or reawakening of interest, to novel events presented in later trials to make
inferences about the structure of infants’ knowledge (e.g., Baillargeon et al., 1985; Cohen
& Strauss, 1979; Spelke, 1994), based on their sensitivity to experimentally manipulated
variation along conceptually relevant dimensions (e.g., category membership, Waxman and
Markow, 1995; spatial relation, Hespos and Spelke, 2004; and numerosity, Brannon et al.,
2004). An increase in looking time to an array of 4 dots, say, when habituated to an array
with 2, suggests that infants are sensitive to number, while continuing to show habitua-
tion would suggest that infants cannot tell the two numerosities apart. Thus, one context
in which children disattend to a stimulus is when it is beyond their capacity or already
(over-) familiar (O’Connor, 1962), and one context in which they attend is when it presents
something interestingly different or new to be learned (see Oakes, 2010, for a review).

Rather than use habituation as a discrete signal of discrimination or preference, we draw
inspiration from studies that examine the habituation response itself as a meaningful indi-
cator of a learner’s ongoing processing of a stimulus (Colombo & Mitchell, 2009; Lovibond,
1969; Maltzman & Mandell, 1968; Orr & Stern, 1970). For example, in infant-controlled
procedures, infants’ exposure to a stimulus is directly related to their continued visual re-
gard, such that trial durations vary with the interest that infants exhibit (Horowitz et al.,
1972). Here, we follow recently revived work in this tradition, which independently defines
the complexity of different stimuli — irrespective of experimental participants’ knowledge
or experience — and measures the duration of participants’ attention in response (Caron &
Caron, 1969; Kidd et al., 2012, 2014; R. M. Martin, 1975; Thomas, 1965).



CHAPTER 3. COMPLEXITY, ATTENTION, & LEARNING 82

Figure 16: Figure 3 Reprinted from Kidd, Piantadosi, & Aslin (2012).

Previous work in developmental psychology suggests that infants’ attention is both prin-
cipled and personalized, such that it is triggered by the presence of novel information, but
sustained by infants’ ongoing sense that they are still learning (Gerken et al., 2011; J. T.
Hart, 1965; Houston-Price & Nakai, 2004; Hunter & Ames, 1988). In a 2012 study, Kidd and
colleagues played simple sequences of visual events for 8-month-old infants, and measured
infants’ duration of attention in response. They defined the complexity of individual events
in terms of their predictability, based on the preceding event sequence: highly predictable
events (e.g., event A after the sequence A-A-A-A) represented the lower bound of complexity,
while highly unpredictable events (e.g., event B after the sequence A-A-A-A) received high
complexity scores. Figure 16 plots what the authors termed the “Goldilocks effect,” wherein
infants’ probability of ‘giving up’ — here, looking away from the visual display — was lowest
for events of intermediate complexity. Infants showed the same preference for “just right”
auditory stimuli in a 2014 conceptual replication.

In a related study, Gerken and colleagues (2011) exposed 17-month-old infants to arti-
ficial grammars that varied in their learnability. There, infants took less time to habituate
to stimuli that represented an unlearnable blend of grammatical gender markings than to
stimuli whose pattern of morphological markers was principled. More interestingly, infant
looking times differentiated two stimuli that were theoretically both learnable. Infants took
longer to habituate to the stimuli that was, in the author’s terms, subjectively learnable (that
is, whose pattern same-age infants and adults were able to extract given equivalent exposure
in previous studies), compared to stimuli that was objectively, but not subjectively, learnable.
The latter sort of stimuli could be explained by an objectively learnable set of morpholog-
ical rules, but in fact had not led to learning in previous participant samples. Gerken and
colleagues propose a causal relation between learnability and attention, wherein infants im-



CHAPTER 3. COMPLEXITY, ATTENTION, & LEARNING 83

plicitly monitor their own rates of learning, and disattend when their learning rate is below
some threshold of efficiency. Such a mechanism could account for the proposed U-shaped
function of the “Goldilocks effect” (Figure 16; Kidd et al., 2012, 2014), given that both ‘too
simple’ and ‘too complex’ stimuli would result in inefficient learning. Importantly, while
learning is implicated as the underlying motivator of infants’ sustained attention, or prob-
ability of ‘giving up,’ studies of infant attention typically have not directly tested learning
within the same experiment.

Such studies provide compelling accounts of learner behavior; but do researchers’ obser-
vations of infants’ rational preference for semi-predictable tone sequences, or learnable toy
grammars, generalize beyond the lab? With development comes new opportunities to test
children’s looking and listening behavior in the face of competing demands on their atten-
tion, and with measurable consequences for learning. In particular, language development
offers us a real-world test domain for these ideas, as potential sources of language knowledge
will naturally vary in how appropriate they are for children’s current levels of competence.
The work reviewed above hints that children may implicitly monitor the relative complexity
or learnability of the language in their environments. If they also budget their attentional
resources, then we might expect children to ignore speech that is audible and nearby, but
contains too many words they don’t understand, or to ‘tune in’ to a more accessible over-
heard conversation over one that is less so. This pattern of attention might help account for
why only some sources of linguistic input have been shown to be reliably useful for infants’
and toddlers’ vocabulary development (Hoff & Naigles, 2002). Extending this work to nat-
uralistic spoken language and to older children also has the advantage of enabling us to test
learning directly, rather than infer its correlation with children’s self-directed attention.

3.2 The Present Study

The present study continues from two prior experiments in this vein. Inspired by ‘tandem
reading’ by teachers and librarians at story hour, these prior experiments presented children
across a broad age range (2.5–6.5 years) with videos of two speakers alternating narrating
pages of a common textless picture book (see Figure 17). The Simple speaker primarily used
words estimated to be familiar to the child, while the Complex speaker used unfamiliar,
later-acquired words. In order to test the consequences of the two levels of complexity, each
page introduced an unfamiliar target word, embedded in the speech of the narrator for that
page. That is, for the children who heard the Simple speaker narrate the first page, the
unfamiliar word ogle was otherwise surrounded by familiar, early-acquired words. For the
children who heard the same page narrated by the Complex speaker, ogle co-occurred with
words like companions, frolicked, attention, and amused (see Table 6).

In the preceding two experiments, children’s discrimination and preference between com-
plexity levels was assessed via explicit questions about the contrasting speakers (e.g., “Who
would you like to hear tell the end of the story?”). Children’s explicit responses showed no
relation to their age, vocabulary size, or learning from the story. However, one detail of the
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(a) Overview of Previous Experimental
Methodology.

(b) Target Words Included to Trace Learning
from Simple versus Complex Speaker.

(c) Critical Visual Stimulus Regions,
Including the Referent of the Target Word [D].

Figure 17: Overview of Preceding Experiments (Foushee, Srinivasan, & Xu, unpublished
manuscript).

data suggested that our manipulation of language complexity had not been entirely ineffec-
tual. While children were unable to express an explicit preference for one speaker over the
other, analyses of their gaze behavior during the narration suggested that they more readily
processed the Simple speech. Specifically, when listening to a storybook page narrated by
the Simple, rather than the Complex, speaker, children spent more time looking not just
at the story illustration, but at the referents of especially difficult target words embedded
in both speakers’ narration (χ2(1) = 5.54, p < .05; see Supplemental Online Materials for
complete descriptions of these procedures and results).

In the present study, we make two major alterations to our procedure to more precisely
target the question of whether children’s attention and learning are responsive to speech
complexity. First, rather than expose children to stimuli of serially alternating complexity,
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we employ a between-subjects design, such that participants hear the entire story narrated
at a single complexity level. Second, on the hypothesis that, due to the embedded target
words, both speech streams in the previous experiments were excessively complex — and
therefore challenging for children to discriminate — we further simplify the Simple speech
to amplify the contrast between conditions (see Table 6). We compare this new Simple
speech in one condition to the Complex speech from the previous experiment, which we
know to be difficult for children of this age. Third, we test a narrower age range, focusing
on children for whom we have a strong expectation that one of the levels of complexity will
be too complex, and the other closer to ‘just right.’ Together, these changes allow us to
make stronger predictions about the patterns of attention and comparative learning that
we expect. Finally, rather than use an explicit test of children’s preference between speak-
ers or complexity levels, we rely on their visual attention to images that are ‘boring’ but
match the story they could be following, versus to a dynamic animation that is exciting, but
does not. In this way, we also bring our method closer to previous paradigms, which ma-
nipulated stimulus complexity and measured infants’ probability of looking away in response.

Table 6: Sample Passages at Three Levels of Complexity

Simple† Simple† Complex†‡

all familiar words + unfamiliar target words + unfamiliar target words

Once, a boy and his dog were
good friends. They liked to
play all day.

Once, a boy and his dog were
good friends. They liked to
play all day.

Once there lived two compan-
ions. They frolicked together.

This night, they were look-
ing at the frog they caught.
The boy looked at him from
his chair while the dog put his
nose in the frog’s jar.

This night, they were ogling
the frog they caught. The
boy ogled him from his chair
while the dog put his nose in
the frog’s jar.

This night, they were ogling
the frog they caught. The
boy ogled him from his chair
while the dog put his nose in
the frog’s jar.

The frog smiled up at them. The frog smiled up at them. Their attention amused him.

† Contrast tested in previous experiments (both speakers introduce unfamiliar target words).
‡ Contrast tested in present study (only Complex speech contains unfamiliar target words).
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3.3 Method

Participants

Forty-six preschool-aged children (17 females, Mage = 4.6 years, SDage = 0.47 years) who
spoke English as their primary language participated in this study.1 Participants were re-
cruited from preschools and children’s museums in the Bay Area, or from a database of
interested families maintained by the University of California developmental laboratories.
Prior to their study session, participants were randomly assigned to one of two conditions:
Simple (n = 24, 10 female; 4.1–6.0 years, Mage = 4.6, SDage = 0.54) or Complex (n = 22,
7 females; 4.0–5.7 years, Mage = 4.6, SDage = 0.41). There was no significant difference in
age between conditions (p = .9). Two additional children participated, but were excluded
after another child (1) or teacher (1) intervened on their study session. Children were tested
in the lab or a quiet area of the school or museum, and those participating outside of a school
setting received a small gift for their participation. When present, caregivers completed a
comprehensive language questionnaire and child vocabulary survey during the session.

Stimuli & Procedure

Children sat at a table before a laptop and mounted SMI RED-n eyetracker. To introduce the
paradigm, the experimenter first flipped through a hard copy of the textless children’s book,
Frog, Where are You? (Mayer, 1969) to show the child that the book contained pictures,
but no text. The experimenter explained that the child was going to see the pictures for the
story on the screen, and hear it narrated through their headphones. After calibrating the
eyetracker — which recorded the child’s gaze throughout the remainder of the experiment
— children donned the headphones, and were familiarized with the split-screen display that
they would see for the duration of the story.

Familiarization

The first screen of the experiment displayed the Distractor, a black-and-white animation
of penguins jumping rope, on the left side of the screen against an otherwise black back-
ground. The screen lasted for ten seconds, during which a female voice drew the child’s
attention to the ongoing animation, and encouraged them to look there “if the story gets
boring” (see Appendix J). Next, the cover of the book appeared alongside the Distractor
(Figure 18). Both images were displayed for fifteen seconds, during which the voiceover reit-
erated that the child was going to hear a story, and again directed the child’s attention to the
Distractor (“Where are you going to look if the story gets boring?”). The familiarization
phase ended with a looming fixation cross on a grey background, used to center children’s
gaze before the onset of the narration — and critical data collection — phase.

1Data collection was cut short due to the COVID-19 pandemic.
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Story advances to next page if child fixates on 
Distractor over illustration Area of Interest (AOI)

Familiarization Speech Complexity Manipulation Learning Test

Remember, you can always 
look at the penguins if the 
story gets boring!

Distractor  +  illustration Listening Comprehension

simple: The dog looked in the grass. An owl watched him. 
The boy climbed a rock to see. He was high up on the rock 
and calling very loud. He thought the frog could hear, and 
he saw some green animals away from the trees. 

complex: The dog sniffed around. An owl observed him 
investigate. The boy climbed a tor to see. He was high 
up on the tor and calling very loud. He suspected the frog 
could hear, then spied motion in the distance.

Unfamiliar Word Knowledge

listening comprehension: 

+

Fixation Cross First Repetition Continuous Loop
1.5s ≥ 2s, contingent ~15s + 1.5s ≥ 75s

6 Storybook Pages*

*Each Page:

Who were the boy and the dog 
looking for? 

WorD KnoWleDge:
Can you point to the tor?Page narration loops until net gaze to the Distractor 

reaches 1.5s threshhold, triggering next page.

Figure 18: Schematic of Experimental Eyetracking Procedure.

Storybook Presentation

The content of the audio differed depending on children’s assigned condition (see Speech
Complexity Manipulation, below, and Appendix J for full script). The visual stimuli did
not differ between conditions: for each of the six pages, the distractor animation played
continuously on the lefthand side of the screen, while the illustration for that page occupied
the right half. A fixation cross appeared before each page to re-establish children’s visual
attention to the display, ensuring high quality gaze data throughout the duration of the
experiment. The storybook presentation lasted between 3.5 and 14 minutes.

Speech complexity manipulation. Depending on the condition to which children
were assigned, the split-screen images were accompanied by either Simple or Complex audio
narration (Table 6). The speech accompanying each page was matched between conditions on
number of syllables (50) and sentences (5), speech rate (approximately 3 syllables/second),
and lexical diversity (see Supplemental Online Materials). Holding these variables constant,
we manipulated speech complexity via the estimated age of acquisition of the content words
used in the two conditions. All of the words used by the Simple speaker appeared on the
MacArthur-Bates Communicative Development Inventory (M-CDI), a standardized parental
report vocabulary measure normed for use with children 18–30 months in age (Fenson et al.,
2007). In contrast, each page narrated by the Complex speaker included seven words that
do not appear on the M-CDI, and are estimated to be acquired after age 7 (Kuperman et al.,
2012). As in our previous experiments, two of the later-acquired words used by the Complex
speaker were unfamiliar words that provided a secondary trace of learning tested in the final
phase of the study.
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Figure 19: Timeline of a Single Trial.

Note. Children could end the looping audio and move on to the next page by switching
their attention to the Distractor.

Unfamiliar target words. On each page, the third and fourth sentences in the Com-
plex audio contained an embedded unfamiliar target word, intended to provide an additional
trace of learning. The unfamiliar target words replaced semantically related words that oc-
curred in identical sentential contexts in the Simple speaker’s narration (e.g., in the Complex
condition, the boy looked into an aperture in a tree, rather than a “hole”). The set of six
unfamiliar target words included two nouns (aperture, tor), two verbs (ogle, abscond), and
two adjectives (flummoxed, hyaline), and were estimated to be acquired after age 14, ac-
cording to the same estimates used to norm the rest of the Complex narration (Kuperman
et al., 2012). A vocabulary survey administered to caregivers ensured that these words were
indeed novel: 0% of caregivers reported that they were familiar to their children (and many
reported having learned them from the study themselves).
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Participant-controlled trial duration. The story was divided into six pages, or tri-
als. On each, children were forced to hear the narration for that page of the storybook at
least once (∼ 15s). After the first repetition of the narration for that page, the same audio
narration continued to loop for a total of 75s, or approximately five further repetitions. Chil-
dren could cause the story to advance to the next page before hearing all five further audio
loops by disattending to the storybook illustration and switching to the Gif, programmed as
a ‘trigger’ region on the eyetracker. Once children had fixated continuously on the distractor
Gif for 1.5s, the story would automatically advance to the next page, starting the cycle
once more with a new looping audio narration and accompanying illustration.

Learning Tests

After listening to the entire story, we measured participants’ learning via two blocks of test
trials. In each block, children demonstrated their recall of the plot and unfamiliar target
words by selecting from arrays of images in the same visual style as the preceding story.
Each block began with a practice trial to familiarize children with the format of the ‘game,’
followed by six test trials. Only one child failed to answer the practice trial correctly.

Listening comprehension. Listening comprehension trials tested children’s knowl-
edge of events or characters in the story (e.g., “Who were the boy and the dog looking for?”;
see Appendix K). Questions were presented in the same order across participants. On each
trial, the comprehension question played over a fixation cross against a grey background,
after which the display switched to a 3x2 grid of candidate images. All images were by the
author–illustrator of Frog, Where are You? (Mayer, 1969).

Word learning. While only children in the Complex condition heard the set of unfamil-
iar target words in listening to the story narration, children in both conditions participated
in the word-learning test. On word-learning trials, participants selected from 2x2 grids of
black-and-white images in response to a test question (e.g., “Can you point to the one who
is ogling something?”; see Appendix L). Unlike the listening comprehension trials, word-
learning trials required children to generalize the word meaning from its occurrence in the
story to unrelated contexts (e.g., from the boy ogling the frog in the jar, to a man peering at
something through a magnifying glass). Competitor images were selected so that the syntax
of the test question did not disambiguate the correct picture, and the correct response for all
questions was normed via a sample of undergraduates exposed to the same story narration
(N = 19).
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Coding and Analysis

This experiment provided us with a rich dataset with which to explore the relations between
complexity, attention, and learning from naturalistic speech stimuli. In the following sub-
sections, we introduce the primary measures we use, and describe our analysis approach and
predictions. Full documentation of our experimental and data processing procedures, raw
data, and scripts for analyses can be found at https://osf.io/zsjfb/?view only=7ae1b045
dd774d4db618c2b8735ac148. Study session videos are available on Databrary.org (linked in
the preceding repository), for viewing by registered users at the access level permitted by
each participating family.

Voluntary Trial Duration

Our first measure of children’s attention reflected the duration that participants spent on each
page of the storybook, above and beyond (a) the obligatory first listen to the page narration
(∼ 15s), and (b) the period required to trigger the following page (1.5s). This measurement
reflects the child’s degree of attention in that by default, the narration corresponding to
each page played in a continuous loop for up to 1.25min (75s) following the child’s first
non-optional listen. The child could trigger the stimulus to move on to the next page
early (i.e., before hearing any additional repetitions of the page) by fixating for 1.5s on the
Distractor. Voluntary trial duration was calculated by subtracting the duration of the
first obligatory page repetition, plus the 1.5s trigger duration, from the total duration of the
trial. In addition to by-trial values (6 per participant), we sum each child’s voluntary trial
durations to obtain a single summary value for each participant — we refer to this value as
cumulative listening time.

Areas of Interest

We defined two critical Areas of Interest (AOIs) during the eye tracking portion of this study:
the Illustration (right on-screen image; Figure 19) and the Distractor (left on-screen
image). We analyze two metrics of children’s visual attention to each of the above AOIs on
each trial, as well as two summary metrics of children’s visual attention to each AOI over
the course of the experiment.

https://osf.io/zsjfb/?view_only=7ae1b045dd774d4db618c2b8735ac148
https://osf.io/zsjfb/?view_only=7ae1b045dd774d4db618c2b8735ac148
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Net dwell time. Net dwell time reflects the total time during which a participant’s
gaze was detectable by the eye tracker and fixated on a given AOI. Thus, this measure
combines information about both the length of children’s exposure to the story and the
distribution of their attention while listening. We analyze these millisecond values for the
Illustration and Distractor across the full duration of each trial for each participant,
for a total of 12 data points per participant (two AOIs, six pages).2 As with trial durations,
we sum AOI net dwell times (i.e., Illustration/Distractor total dwell time), across
pages, to obtain single summary values for each child.

Percent dwell time. Percent dwell time represents children’s AOI dwell times as
percentages of their gaze across the entire display, thereby isolating the relative distribution
of children’s visual attention to the two images, irrespective of their listening duration. For
single measures for each child, we use the mean of children’s percent dwell time values for
each AOI (mean net dwell time percent).

Modeling Approach

To analyze by-trial data, we constructed mixed effects models using the lme4 package in
R (Bates et al., 2015), with fixed effects for our predictors of interest. Following Barr and
colleagues’ (2013) recommendations, our default models included random intercepts for each
participant and page, and random slopes for page number by participant. In the case that
our model of interest failed to converge, we first removed the random slopes for page number
and refit the model, followed by the random intercepts for page if this new model also did
not converge. Due to the heavy right skew of the distribution of the raw measurements — in
terms of milliseconds of visual attention or listening time — we use log-transformed values
when modeling attention variables or including them as predictors. In the final section, we
use linear models to test the relation between attention and learning by predicting children’s
accuracy at test (percent correct across listening comprehension or word learning test trials)
from summary metrics of their attention (cumulative listening time, total dwell time, and
mean dwell time percent), controlling for condition and age. For all models, we report coef-
ficients or odds ratios and their 95% bootstrapped confidence intervals for fixed effects. To
additionally assess significance, we use nested model comparison, including likelihood ratio
tests using the anova command in the R car package (Fox & Weisberg, 2019), and Wald tests
using the Anova command.

2In fact, we collected two summary dwell time metrics for each trial: AOI dwell time during the first
mandatory page repetition, and AOI dwell time afterward. While we predicted stronger effects on dwell times
in the period after the first listen — once the participant had been exposed, at least, to all the information
the page had to offer — these measurements were also much more unwieldy. Zero values were common, and
the ratio of lowest to highest non-zero values was significantly greater. Cognizant of already operating with
a partial dataset, we opted to combine participants’ dwell times on the first and later repetitions of each
page in the interest of retaining more data points for analysis.
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Before reporting the results of our study, a brief discussion of our underlying linking
hypothesis and predictions is in order.

The Linking Hypothesis

Our experimental paradigm hinges on two observations from existing empirical research:
First, psycholinguistic experiments with adults suggest that earlier-acquired words — like
those that dominate the Simple story narration — are processed more readily than later-
acquired words. Words with earlier age of acquisition estimates are associated with lower
reaction times in picture naming (e.g., Carroll & White, 1973; A. W. Ellis & Morrison, 1998),
word naming and lexical decision tasks (e.g., Butler & Hains, 1979; Gerhand & Barry, 1999;
Izura & Ellis, 2002; Morrison & Ellis, 2000), and even semantic tasks like word association
(Brysbaert et al., 2000; van Loon-Vervoorn, 1989) and categorization (Ghyselinck, Custers,
et al., 2004; Ghyselinck, Lewis, et al., 2004). These data suggest that the Complex narrative
should be more effortful to process than the Simple narrative, even for a listener familiar
with all of the words.

Second, eyetracking research relies on the assumption that participants’ gaze is generally
revealing of the current object of their attention — and, more specifically, of their incre-
mental processing during online language comprehension tasks (e.g., Arunachalam, 2016;
Golinkoff et al., 1987; see Eckstein et al., 2017 for review). This suggests that when chil-
dren are actively attending to the speech, the visual illustration of the audio narration will
be a highly attractive fixation target. But we also know that children spend most of their
time during storybook reading episodes scanning the storybook illustration, anyway (e.g.,
Belfatti, 2012; Evans & Saint-Aubin, 2005). While promising for the ecological validity of
our experiment, children’s general tendency to attend to stories’ illustrations could call into
question whether their visual attention toward the illustration in our study is necessarily
a meaningful signal of auditory attention. To address this concern, we introduce the Dis-
tractor as a lure for children’s attention, reasoning that children should be more likely to
fixate on the Distractor when they are less attentive to the story narration, and therefore
less attracted to the illustration currently being described.

Previous samples of children in the relevant age range have shown robust learning of
both words and facts from the Simple speech (Foushee, Srinivasan, & Xu, unpublished
manuscript), suggesting that if children’s attention is at least partly driven by learnability,
children in the Simple condition should show greater attention to the speech (longer vol-
untary trial durations) and greater relative attention to the storybook illustration (longer
Illustration net dwell times, and greater Illustration percent dwell times). More gen-
erally, we predict that learning and attention should be linked, such that greater attention
to the story — measured via children’s sustained attention to the story illustration, rather
than the Distractor — should be associated with greater evidence of learning at test.
We test these predictions in the following sections, organized in terms of analyses relating
(a) complexity and attention, (b) complexity and learning, and (c) attention and learning.
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3.4 Results & Discussion

Complexity & Attention

Our first set of analyses asked whether children’s attention varied on the basis of speech
complexity. We predicted that children in the Simple condition would listen to the story
for greater durations, and as they listened, allot greater visual attention to the Illustra-
tion AOI, compared to the Distractor. Table 7 presents median values and 95% boot-
strapped confidence intervals for each of our attention metrics between conditions, while
Figure 20 compares the distributions of by-participant summary values (i.e., cumulative lis-
tening time, Illustration total dwell time, and Illustration mean percent dwell time;
see Appendix M for histograms of these measures between conditions).

Table 7: Attention Metrics by Condition

Simple Complex

Mdn 95% CI Mdn 95% CI
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cs

Voluntary Trial Duration (s) 7.73 (0.97, 19.90) 3.71 (0.07, 13.30)

Net Dwell Time (s)
Illustration 14.76 (11.97, 20.83) 12.66 (7.84, 17.72)
Distractor 5.42 (3.74, 8.28) 5.64 (3.19, 8.80)

Percent Dwell Time (%)
Illustration 50.5 (40.8, 64.2) 44.4 (26.9, 61.1)
Distractor 27.9 (17.2, 50.6) 37.0 (21.4, 53.8)
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y
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M
et

ri
cs Cumulative Listening Time (s) 75.5 (40.7, 109.00) 47.0 (27.50, 68.00)

Total Dwell Time (s)
Illustration 98.00 (82.60, 117.60) 80.2 (56.50, 92.70)
Distractor 41.4 (29.9, 44.7) 39.7 (27.2, 49.5)

Mean Percent Dwell Time (%)
Illustration 50.2 (45.2, 56.9) 41.8 (34.4, 57.5)
Distractor 30.5 (23.7, 42.7) 37.0 (31.9, 47.0)
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Figure 20: Summary Metrics of Child Attention between Conditions.

Note. From left to right: Cumulative Listening Time, Illustration Total Dwell Time,
Illustration Mean Percent Dwell Time.

Voluntary Trial Duration

Voluntary trial durations in our sample ranged from less than 1s to 73.9s, or about 1.2min
(Mdnduration = 5.53s [0.25, 18.10]). On the median trial, participants heard approximately
one half of the narration for the page repeated a second time (Mdnrepetitions = 0.47 [0.12, 1.33]),
only ‘timing out’ on a total of four trials (three trials from three different four-year-olds in
the Simple condition, and one from a four-year-old in the Complex condition). On 29% of
trials, participants were apparently already looking at the Distractor when the second
page repetition started, and did so continuously, such that they ‘moved on’ to the next page
as soon as possible (voluntary trial durations of 0s). On over half (68%) of all trials, children
moved on to the next page before hearing a complete second repetition of the page they were
currently on (see Figure 21). Comparing median values across conditions suggests that trials
tended to be longer in the Simple condition (MdnSimple = 7.73s [0.97, 19.90]) relative to the
Complex condition (MdnComplex = 3.71s [0.07, 13.30]). However, despite this numeric trend,
mixed effects linear models (reported below) suggest that differences in listening times by
condition are not reliable.

Table 8 displays the coefficients and confidence intervals for mixed effects linear models
fit to the voluntary trial duration data (in log milliseconds). Model 1 includes age, con-
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Table 8: Mixed Effects Linear Regressions on Voluntary Trial Duration

Dependent variable:

Voluntary Trial Duration (log ms)

(1) (2) (3) (4)

Intercept 10.60∗∗∗ 10.50∗∗∗ 13.70∗∗∗ 12.90∗∗

(5.19, 16.10) (5.02, 16.00) (7.07, 20.20) (3.11, 22.70)
Condition (Complex) −0.73 −0.45 −9.50 −4.28

(−1.83, 0.36) (−2.06, 1.16) (−20.60, 1.66) (−20.90, 12.30)
Page Number −0.03 0.004 −0.03 0.18

(−0.20, 0.13) (−0.23, 0.24) (−0.20, 0.13) (−1.89, 2.26)
Age −0.56 −0.56 −1.22 −1.08

(−1.72, 0.60) (−1.72, 0.60) (−2.63, 0.20) (−3.19, 1.03)
Complex:Page −0.08 −1.49

(−0.42, 0.26) (−5.01, 2.03)
Complex:Age 1.90 0.83

(−0.51, 4.30) (−2.76, 4.42)
Page:Age −0.04

(−0.49, 0.41)
Complex:Page:Age 0.31

(−0.45, 1.07)

Observations 276 276 276 276
Participants 46 46 46 46
SD(Participant) 1.60 1.60 1.57 1.56
Log Likelihood −667 −667 −664 −665
Akaike Inf. Crit. 1,345 1,349 1,342 1,351
Bayesian Inf. Crit. 1,367 1,374 1,368 1,387

Note: Models include random intercepts for subject. ∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001
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Figure 21: Histogram of Voluntary Trial Durations by Condition.

Note. Dashed lines mark approximate page repetition boundaries.

dition, and page number as fixed effects, and random intercepts for participant (models
with random slopes for page number and intercepts for page failed to converge). Neither
condition (Complex β = −0.73 [−1.81, 0.34], Wald χ2(1) = 1.74, p = .19), page number
(β = −0.03, [−0.20, 0.13], Wald χ2(1) = 0.16, p = .68), nor age (β = −0.56 [−1.71, 0.59],
Wald χ2(1) = 0.88, p = .35) were significant predictors of children’s voluntary trial dura-
tions. Models 2–4 test further theoretically motivated interactions among these variables.
For example, Model 2 tests the prediction that the relation between page number and lis-
tening duration might differ between conditions, such that listening durations for children in
the Complex condition might decrease more dramatically than listening durations for chil-
dren in the Simple condition (interaction between condition and page number : β = −0.08
[−0.42, 0.26], Wald χ2(1) = 0.23, p = .63). Model 3 tests the prediction that the relation
between age and trial duration might differ between conditions, such that relatively younger
children might listen longer in the Simple condition, and relatively older children might lis-
ten longer in the Complex condition (interaction between condition and child age: β = 1.90
[−0.45, 4.25], Wald χ2(1) = 2.39, p = .12). Finally, Model 4 tests the prediction that listen-
ing times for older children in the Complex condition might decrease at a lesser rate across
pages than listening time for younger children (three-way interaction between condition, page
number, and age: β = 0.31 [−0.45, 1.06], Wald χ2(1) = 0.62, p = .43). While none of these
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interactions reach significance in our models, we note that the effects are in the predicted
directions (refer to model coefficients in Table 8).

Net Dwell Time

Next, we looked at the distribution of participants’ visual attention to our predefined Areas
of Interest (AOIs). Illustration dwell times ranged from 0s (two children, one in each
condition) to 62.8s (MdnIllustration = 13.72s [10.48, 19.18]). Given that dwelling continuously
on the Distractor for 1.5s — after hearing first narration loop — triggered the end of
the trial, Distractor dwell times occurred in a narrower range than Illustration dwell
times, as the only way that children could dwell on the Distractor for fewer than 1.5s
was by ‘timing out’ of the trial. Beyond the four trials mentioned above, Distractor
dwell times ranged from 1.5s to 24.5s (MdnDistractor = 5.49s [3.59, 8.39]), with greater values
reflective of both more time spent on the Distractor during the first narration loop, and
more < 1.5s visits during later loops.

If our manipulation of speech complexity affected children’s attention to the content
of the story, we expected to see differences between the two conditions in the distribution
of children’s visual attention to the story-relevant AOI, the Illustration, relative to the
perceptually salient Distractor. Specifically, we predicted that, by being better able to
follow the story, children in the Simple condition would be more engaged by the image
that matched the narration, and therefore attend more to the story illustration (longer
Illustration dwell times) than children in the Complex condition. We might expect a
somewhat opposite pattern of results for attention to the Distractor, such that children
in the Complex condition who are having more trouble following the story might be relatively
more likely to be lured away by the distracting animation, thereby ending their trial early.

For a more coherent picture of our dwell time data, we next fit a linear mixed effects
model to participants’ dwell times (in log-transformed milliseconds), with fixed effects for
age, page, condition (Simple or Complex), AOI (Illustration or Distractor), and an
interaction between condition and AOI (see Table 9). The model included random intercepts
for participants. AOI was a significant predictor of dwell times, suggesting that children in
both conditions looked overall longer at the Illustration over the course of each page
(Distractor β = −0.99 [−1.12,−0.86] Wald χ2(1) = 306.93, p < .001). While condition
was not a reliable predictor of dwell times itself (Complex β = −0.27 [−0.42,−0.11],
Wald χ2(1) = 3.77, p = .05), its interaction with AOI was, such that children exhibited
a diminished preference for the Illustration in the Complex condition, relative to the
Simple condition (β = 0.28 [0.09, 0.47] Wald χ2(1) = 8.19, p = .004). Finally, child age
was not a significant predictor of dwell times (β = −0.05 [−0.18, 0.08] Wald χ2(1) = 1.03,
p = .31).
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Table 9: Mixed Effects Linear Regression on AOI Net Dwell Time

Dependent variable:

Net Dwell Time (log ms)

Intercept 9.90∗∗∗ (9.26, 10.50)
Condition (Complex) −0.27∗∗∗ (−0.43, −0.11)
AOI (Distractor) −0.99∗∗∗ (−1.12, −0.86)
Page Number −0.02 (−0.04, 0.01)
Age −0.051 (−0.19, 0.09)
Complex:Distractor 0.28∗∗∗ (0.09, 0.47)

Observations 546
Participants 46
Pages 6
SD(Participant) 0.15
Log Likelihood −491
Akaike Inf. Crit. 998
Bayesian Inf. Crit. 1,032

Note: Model includes random intercepts for subject.
∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001

Percent Net Dwell Time

Participants spent between 0 and 99.5% of their overall screen dwell time on one of our two
AOIs (M = 89.9% [77.1, 95.5]). The Illustration (M Illustration = 47% [45%, 50%) typically
elicited a greater percentage of children’s page–long dwell times than did the Distractor
(MDistractor = 35% [33%, 38%]). Table 10 displays the coefficients and confidence intervals
for linear mixed effects models fit to the percent net dwell time data for the Illustration
(first column) and the Distractor (second column). Models included condition, page
number, and age as fixed effects, random intercepts for participant and page, and random
slopes for page number by participant. In neither model were condition (Illustration:
Complex β = −5.53 [−13.06, 1.99], Wald χ2(1) = 2.12, p = .15; Distractor: Complex
β = −0.27 [−0.42, −0.11], Wald χ2(1) = 2.16, p = .14), page number (Illustration: β =
−1.12 [−4.00, 1.76] Wald χ2(1) = 0.59, p = .44; Distractor: β = −0.99 [−1.12, −0.86]
Wald χ2(1) = 0.30, p = .58), or age (Illustration: β = 0.80 [−7.21, 8.78]Wald χ2(1) =
0.04, p = .84; Distractor: β = −0.05 [−0.18, 0.08] Wald χ2(1) = 1.12, p = .29) significant
predictors of participants’ percent dwell times.

With this suggestive evidence from children’s net dwell time measurements — if not their
percent net dwell times — that our manipulation of verbal complexity influenced children’s
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Table 10: Mixed Effects Linear Regression on AOI Percent Net Dwell Time

Dependent variable:

Illustration (% ) Distractor (% )

Intercept 57.00∗∗∗ (17.50, 96.60) 13.00 (−27.90, 53.90)
Condition (Complex) −6.87 (−14.60, 0.82) 6.28 (−1.86, 14.40)
Page Number −1.12 (−3.82, 1.57) −0.52 (−2.23, 1.19)
Age −0.53 (−8.73, 7.68) 4.61 (−4.07, 13.30)

Observations 648 648
Participants 46 46
Pages 6 6
SD(Participant) 19.99 16.50
SD(Page) 5.33 2.91
Log Likelihood −1,179 −1,177
Akaike Inf. Crit. 2,375 2,373
Bayesian Inf. Crit. 2,408 2,405

Note: Models include random intercepts for subject and page.
∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001

visual behavior, we next asked whether it had any influence on learning.

Complexity & Learning

To test the relation between complexity and learning in our study, we analyzed the effect of
speech complexity on children’s performance on the six listening comprehension and word
learning test trials following the story presentation. As children in both conditions heard
each page at least once, they shared a baseline exposure to the elements of the story plot
that were tested in the listening comprehension trials. We ask first whether performance on
these trials differed based on whether children heard the Simple or Complex story narration.
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Listening Comprehension

As a group, children tended to perform very well on listening comprehension trials. Chil-
dren in the Simple condition answered an average of 70.4% [59.0%, 80.6%] trials correct,
about 4.2 out of 6. Participants in the Complex condition performed slightly worse: 64.4%
[55.3%, 72.7%], or about 3.9 trials correct. Performance by question and condition are plot-
ted in Figure 22. A permutation test comparing listening comprehension scores across the
two conditions suggests that the difference in mean scores is not significant (p = .44).

To further explore the consequences of our speech complexity manipulation, we fit a
mixed effects logit model to participants’ trial-by-trial listening comprehension data (coded
as 0 = incorrect, 1 = correct). The model included age, trial order, and condition as fixed
effects, random intercepts for both participant and trial, and random slopes for trial order
by participant. Odds ratios and confidence intervals for this model can be found in Table 11.
Age was a significant predictor of accuracy in the model, with older children significantly
more likely to respond correctly (OR = 6.41 [2.22, 24.03], Wald χ2(1) = 10.19, p = .001).
Neither trial number (OR = 1.33 [0.65, 2.96], Wald χ2(1) = 0.32, p = .57) nor assignment
to the Complex condition (OR = 0.72 [0.25, 1.97], Wald χ2(1) = 1.14, p = .29), on the other
hand, was reliably related to children’s listening comprehension scores.

Figure 22: Listening Comprehension Performance by Item and Condition.

Note. See Appendix K for test arrays.
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Table 11: Mixed Effects Logistic Regressions on Test Trial Accuracy

Dependent variable:

Listening Comprehension {0, 1} Word Learning {0, 1}

Intercept 0.0003 (0.00, 0.07) 0.44 (0.02, 11.13)
Condition (Complex) 0.62 (0.24, 1.52) 1.06 (0.82, 2.77)
Trial Number 1.33 (0.65, 2.96) 0.44 (0.61, 1.33)
Age 6.41∗∗ (2.22, 24.03) 1.49∗∗∗ (0.55, 2.02)

Observations 648 648
Participants 46 46
Trials 6 6
SD(Participant) 1.66 0.45
SD(Participant, Trial Number) 0.10 —
SD(Trial) 1.46 .60
Akaike Inf. Crit. 304 357
Bayesian Inf. Crit. 333 379

∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001

Word Learning

The final block of the study consisted of six trials testing every participants’ knowledge
of the unfamiliar target words. As only children in the Complex condition actually had
opportunity to learn the unfamiliar target words, we predicted chance (25%) word-learning
performance for children in the Simple condition. Surprisingly, overall performance was
less distinguished between the two conditions than we anticipated (MComplex = 39% [30%,
48%]; MSimple = 32% [23%, 40%]; p = .2). Examining accuracy by word, performance in
neither condition exceeded chance (ogling : MComplex = 55% [36%, 73%], MSimple = 38%
[21%, 58%]; absconding : MComplex = 23% [5%, 41%], MSimple = 25% [8%, 42%]; flummoxed :
MComplex = 55% [32%, 77%], MSimple = 42% [21%, 63%]; hyaline: MComplex = 46% [27%,
68%], MSimple = 33% [17%, 54%]; aperture: MComplex = 9% [0%, 23%], MSimple = 13% [0%,
25%]; tor : MComplex = 50% [27%, 68%], MSimple = 38% [21%, 54%]; all ps > .05, with
Bonferroni correction for multiple comparisons).

As when analyzing listening comprehension data, we fit a mixed effects logit model to
children’s word-learning test trial accuracy, including age, trial order, and condition as fixed
effects, and random intercepts for participant and trial (a model including random slopes
for trial number failed to converge). In contrast to our listening comprehension results, this
model did not show a significant effect of age (OR = 1.05 [0.55, 2.02]; Wald χ2(1) = 0.03,
p = .86), trial number (OR = 0.91 [0.61, 1.33]; Wald χ2(1) = 0.32, p = .57), or condition
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(OR = 1.49 [0.82, 2.77]; Wald χ2(1) = 1.78, p = .18).
We note that our test of word learning was also difficult, as it demanded not only recall,

but generalization of the newly-introduced word to a novel context and visual referent.
Comparing the means plotted by item in Figure 23 suggests that children especially struggled
with the word aperture, which was both the second-to-last unfamiliar word to be heard by
children in the Complex condition, and the second-to-last word to be tested for all children.
Closer inspection of children’s selections at test reveals a strong preference for a specific test
image of a small flower — unfortunately, the only image not used in our prior experiments,
as children there, too, had shown a disinclination to pick the muddy hole in the ground
that was the generalization target, leading us to replace the array. The flower was selected
by 46% of children in the Complex condition (10/22), and 38% of children in the Simple
condition (9/24), evidence of its general appeal.
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Figure 23: Word Learning Performance by Word and Condition.

Note. Order of bars reflects the sequence in which children in the Complex condition heard
the words in the story, and the sequence in which children in both conditions were tested
(see Appendix L for test arrays).

More generally, these results may speak to contextual determinants of complexity. Like
Gerken and colleagues (2011), we used stimuli that we had advance reason to believe was
well-calibrated for our participants. Specifically, the speech used in the Simple condition
led to robust learning of the same unfamiliar words in previous samples of children in this
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age range. However, we did not replicate children’s word-learning performance from our
previous experiments, suggesting a disruptive effect of the GIF: in spite of children’s increased
exposure to the story itself, the presence of the continuous animation in their periphery may
have taxed children’s memory or interrupted their encoding of the story.

Attention & Learning

A primary goal of this study was to explore the link between children’s capacity to learn from
a particular stimulus and the attention that children dedicated to it. For our critical question
of the relation between child attention and subsequent learning, we predicted children’s
learning scores from measures of their online attention to the storybook.

Learning as a Driver of Attention

Thus far, we have primarily been thinking about the objective complexity of our stimuli:
words in the Simple condition are typically acquired earlier than words in the Complex
condition, which also includes regular unfamiliar words. While enabling us to define verbal
complexity a priori, this absolute scale overlooks the subjective complexity of the speech —
that is, how children’s own language development might dictate the perceived complexity
of incoming speech, such that the same objective level might be ‘just right’ for one child,
and too difficult for another. Applied to our study, this suggests that the experience of
the speech complexity within each condition might be very different for children with larger
versus smaller vocabularies. In other words, while the speech in the Simple condition might
be pretty close to ‘just right’ for young 4-year–olds, it might be ‘way too easy!’ for children
approaching 6. Thus, we might expect children at roughly the same stage of development
to exhibit distinct patterns of attention depending on their condition: for example, blazing
through the story in the Simple condition, but staying for multiple repetitions of each page
in the Complex condition — or, conversely, lingering on each page in the Simple condition,
but ‘moving on’ quickly in the Complex condition.

Also up until this point, we have primarily discussed continuous data (e.g., dwell times,
listening duration) as proxies for children’s degree of attention to the story. But we can
also think of children in this study as having a choice. Like the toddler — who, at the
close of the bedtime story, immediately exclaims, “again!” — children had the choice on
each page of listening to the same audio “again!” or immediately moving on to the next
page. We know that children frequently made both the choice to hear the page again and
the choice to immediately move on. Of the six pages in the story, children in the Simple
condition immediately moved on for an average of 1.67 [1.08, 2.29], and children in the
Complex condition moved on for an average of 2.45 [1.68, 3.18]. However, we don’t yet know
what those choices mean; they might be different ‘signals’ in different conditions.

As discussed in the Introduction, the choice to continue listening (or looking) is very
plausibly a sign that the child is still extracting information from the stimuli. The choice
to immediately move on, on the other hand, is an ambiguous signal between ‘information
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already extracted’ and ‘information overly taxing to extract.’ Given that all of the words in
the Simple narration were expected to be familiar to children during this period of develop-
ment, we might expect decisions to move on in the Simple condition to more often reflect
saturation with the page content than decisions to move on in the Complex condition. In
the Complex condition, while some children might move on after learning all they wanted
from the current page, we might expect relatively more discontinued trials to come from
overwhelm, or poorer processing of the page, relative to the Simple condition. We would
especially expect this to be the correct interpretation for ‘move on’ decisions in the Complex
condition for children with smaller English vocabularies.

As we did not collect standardized language assessments in this study, we use children’s
age as a proxy for their level of language and cognitive development. Our own past research
(Foushee, et al., unpublished manuscript) supports this inference; in fact, we’ve shown it to
be a reasonable assumption for two previous samples of children during the same period of
development and recruited from the same venues. Specifically, children’s age in these previous
samples was highly correlated with their raw scores on the Peabody Picture Vocabulary Test
(PPVT; r = .74, p < .001), as well as with their learning of the same set of unfamiliar target
words that we embed in the Complex speech of the current study (r = .39, p < .001).
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Figure 24: Survival Analysis of Proportion of Children Having ‘Moved On’ by Each Trial.

Note. Left panel shows ‘move on’ event data for children younger than the median age of
our sample; right panel shows data for children in the older half of our sample. Lines are

color-coded by condition.

With these predictions in mind, we explore the effect of age and condition on children’s
page-by-page decisions to move on, versus continue listening. Figure 24 provides an initial
visualization of ‘move on’ events in each condition, by children whose ages fall above and
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below the median age of our sample. With trial number (page) along the horizontal axis,
and lines color-coded by condition, the height of each point represents the proportion of
children who have made the ‘move on’ decision at some point over the course of the previous
trials. The height of the “step” reflects the proportion of children who joined that group in
the immediately preceding trial. Impressionistically, it appears that younger children in the
Complex condition are more likely to move on than their age-matched peers in the Simple
condition, especially as the story wears on. For our younger group (left panel), more children
have moved on in the Complex than Simple condition by the last page, but the reverse is
true for our older group (right panel), whose listening tendencies appear less distinguished
between the two conditions.

Table 12: Logistic Regression on ‘Move On’ Decisions

Dependent variable:

‘Moving On’ {0, 1}

Intercept 0.001 (0.00, 0.16)

Condition (Complex) 31693.07 (3.08, 71507.57)

Page Number 1.08 (0.92, 1.29)

Age 3.55 (1.08, 13.06)

Complex:Age 0.13∗ (0.01, 0.92)

Observations 276
SD(Participant) 1.15
Log Likelihood −160
Akaike Inf. Crit. 331
Bayesian Inf. Crit. 353

Note: Model includes random intercepts for subject.
∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001

To systematically test these impressions, we fit a mixed effects logit model to children’s
binary choice data, classifying trials with voluntary durations of less than 1s as decisions
to ‘move on.’ The model included fixed effects for age, condition, page number, and the
interaction between age and condition, as well as random intercepts for participants. Odds
ratios and confidence intervals for each predictor in the model are presented in Table 12. In
the text, we interpret predictors whose bootstrapped 95% confidence intervals suggest that
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the direction of the effect is reliable (that is, do not span 1), even if Type II significance tests
do not find them significant at α = .05.

The results of our model suggest that children were more likely to ‘move on’ in the
Complex condition (OR = 31693.07 [3.08, 71507.57], χ2(1) = 2.66, p = .10), and with
greater age (OR = 3.55 [1.08, 13.06], χ2(1) = 1.09, p = .30). Contrary to appearances in
Figure 24, page number was not a reliable predictor of ‘moving on’ (OR = 1.08 [0.92, 1.29],
χ2(1) = 0.89, p = .35). Finally, we were particularly interested in what the interaction term
(‘Complex:Age’ in Table 12) might tell us about how children’s own development interacted
with our objective complexity manipulation to determine the subjective complexity of our
stimuli. In accordance with our predictions, the model showed a significant interaction
between age and condition, such that the increased tendency to move on in the Complex
condition was attenuated as children got older (OR = 0.13 [0.01, 0.92], χ2(1) = 4.20, p = .04).
This is consistent with the idea that the Complex speech was less subjectively complex for
children whose language development is more advanced, putting even the unfamiliar words
closer within reach.

Attention as a Driver of Learning

The notion of ‘subjective complexity’ relies on the child’s sense of their own learning, such
that a child’s attention to a stimulus is sustained when there is both something to learn,
and when there is evidence that it can be learned by them. In the next section, we test the
potential learning implications of differences in the distribution of children’s attention.

Listening comprehension. We first ask whether children’s attention during the sto-
rybook presentation predicts their performance on the listening comprehension test trials.
For each of our attention indices, we fit linear models to children’s listening comprehension
accuracy (in terms of percentage trials correct), including age and condition as covariates.
Model summaries appear in Table 13. Four out of five models showed significant (p < .05)
relations between children’s patterns of attention and their later learning (Model 1: cumu-
lative trial duration β = 6.00 [0.58, 11.40], F (1) = 4.71, p = .035; Model 2: Illustration
total dwell time β = 23.20 [5.67, 40.70], F (1) = 6.73, p = .012; Model 3: Distractor total
dwell time β = −11.30 [−28.40, 5.76], F (1) = 1.68, p = .20; Model 4: Illustration mean
percent dwell time β = 0.53 [0.04, 1.01], F (1) = 6.73, p = .012; Model 5: Distractor mean
percent dwell time β = −0.67 [−1.11, −0.24], F (1) = 9.10, p = .004).

In the final section, we test the relation between word learning and attention.
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Word learning. As we did for listening comprehension, we fit linear mixed effects
models to children’s overall test accuracy data — this time restricted to the children in the
Complex condition, who had opportunity to learn the words from the story. Model results
are displayed in Table 14. Here, attention to the story illustration — both in terms of the
total duration of participants’ Illustration dwell time, and the percentage of their overall
dwell time — was uniquely predictive of accuracy at test, controlling for age and condition
(Table 14, Model 2: Illustration total dwell time β = 26.20 [4.22, 48.20], F (1) = 5.46,
p = .031; Model 4: Illustration mean percent dwell time β = 0.81 [0.28, 1.34], F (1) =
8.91, p = .008). Neither the cumulative duration of children’s exposure to the story (Model
1: cumulative trial duration β = 3.80 [−4.21, 11.80], F (1) = 0.86, p = .36), nor either
measure of their attention to the GIF (Model 3: Distractor total dwell time β = −17.50
[−38.70, 3.62], F (1) = 2.64, p = .12; Model 5: Distractor mean percent dwell time
β = −0.51 [−1.18, 0.16], F (1) = 2.22, p = .15) were significantly related to word learning.

3.5 General Discussion

What material or level of complexity best supports children’s learning? How do learners
decide which problems they are ready to tackle, and which are better saved for later? Our
study draws inspiration from classic ideas in developmental psychology (e.g., Berlyne, 1960;
Bruner, 1961; Vygotsky et al., 1978) as well as recent formalizations of rational learner
behavior to test the implications of general-purpose learning mechanisms in a rich, real-
world domain. Rational models suggest that the ideal learner maximizes their efficiency by
sampling broadly from the environment, using their own learning rate as a signal of whether
they should persist with the same stimulus, or move on (Gerken et al., 2011; Gottlieb et al.,
2013; Kidd & Hayden, 2015). Such computational-level descriptions of learner behavior are
more and more useful the more they can help us understand real human behavior — but it
can be challenging to test their predictions. Indeed, research interested in these questions has
typically studied infants’ deployment of attention to highly simplified stimuli in controlled
laboratory settings (Gerken et al., 2011; Kidd & Hayden, 2015; Kidd et al., 2012, 2014).
We saw potential for a more naturalistic test of the relation between complexity, attention,
and learning in early storybook reading episodes, where young children are notorious for
requesting and re-requesting the same story. We asked whether theories of rational attention
— typically modeled and tested under toy conditions — generalize to children’s attention to
naturalistic language stimuli. If so, then children’s continued appetite for hearing the same
story might indicate their sense that they are still learning from it.

Having identified an ecologically valid context, we were challenged with how to capture
meaningful differences in children’s attention (their ‘continued appetites’). We ‘pit’ two
black-and-white images against one another: the static illustration for each page was designed
to be attractive to children who were “really listening” to the story, while the animated
Distractor was designed to absorb the liberated gaze of children who were no longer
actively processing the story content. In part to prevent children from disattending from
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the stimuli entirely (recall that the study largely took place in corners of their preschool
classrooms and noisy museums), trials advanced after a pre-determined fixation duration
on the distractor, such that children heard the story narration for variable lengths of time.
Children who spent more time on the Distractor advanced through the narrative more
quickly than children who spent more time on the Illustration.

We measured children’s attention to the speech stimuli via three classes of indices. Vol-
untary trial duration and cumulative listening time captured participants’ total exposure to
the story narration, or the total amount of data to which they had access. While these first
measures accurately reflect a child’s ‘window of opportunity’ to learn from the story, they
may be a noisy measure of their attention. That is, we know that a child with a voluntary
trial duration of 13.5s heard the page narration for more than twice as long as a child with a
voluntary trial duration of 6s: the first child heard every syllable, word, and sentence on the
page repeated twice, while the second child heard only the first part of the page repeated
before moving on. But — as anyone who has ever been asked to repeat an announcement at
the train station knows — hearing is different from listening (Houston & Bergeson, 2014).
Thus, we relied on our AOI metrics for a clearer signal of children’s sustained attention to
the story, as they capture the subset of children’s overall exposure devoted to the image
that went along with the story, over the dynamic distractor. Specifically, net dwell time
and total net dwell time captured the duration of children’s selective attention to the Illus-
tration and the Distractor, while percent net dwell time and mean percent dwell time
captured the relative distribution of children’s visual attention between AOIs, irrespective
of the magnitude of their dwell time durations.

On the whole, our results suggest that our experiment was engaging for children, and
that our manipulation of words’ ages of acquisition effectively manipulated the complexity
of the speech. Across conditions, children listened to the story for highly variable periods of
time (Figure 21), and displayed variable attention to the Illustration and Distractor.
While children’s voluntary trial durations were numerically greater in the Simple condition
(MSimple = 7.73 [0.97, 19.90], MComplex = 3.71 [0.07, 13.30]), mixed effects models predicting
trial durations from age, page, and condition suggested that the difference was not signifi-
cant (Table 8). For a cleaner reflection of children’s attention to the speech, we examined
children’s net dwell times to each AOI: though children in both conditions spent significantly
longer on the Illustration than on the Distractor, the magnitude of the difference was
reliably greater in the Simple condition (Table 9). Combined with the numeric difference
in trial durations, this result suggests that Simple participants’ voluntary trial durations
were longer specifically because of the greater duration of time that they spent fixated on
the illustration for the story. This was not a given for two reasons: first, longer voluntary
trial durations could in principle come from equivalent durations spent on the Illustra-
tion, but more looks back and forth from the Illustration to the Distractor. In
this scenario, the Distractor would receive more total dwell time — accumulated across
individual visits each too short to meet the trigger threshold — than other, shorter trials.
Second, longer trial durations without greater Illustration dwell times could theoretically
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also have come from children looking away from the display altogether.3 That none of our
models predicting children’s attention showed a main effect of condition is unexpected, but
ultimately strengthens our results: any effects of complexity that we see in later analyses are
unlikely to owe to mere intelligibility, or some other superficial quality of the speech streams
that makes one preferable over the other for all child listeners.

Among the motivations for our experiment was the as-yet-unproven link between chil-
dren’s complexity-based attention and their learning. In seeking the earliest evidence for
these patterns, previous research necessarily employed highly simplified stimuli, with limited
potential for testing learning (Gerken et al., 2011; Kidd et al., 2012, 2014). By virtue of
our increased age range and stimulus complexity, we were able to directly test children’s
learning within the experiment. If children deploy their attention rationally, we expected
the duration of their attention to reflect the rate of their learning. That is, children should
be least likely to terminate the trial, and most likely to continue dwelling on the illustration,
when they are currently learning from the story. In contrast, we expect that children who
have already encoded the information for the page on the first repetition will ‘move on’
immediately. We also expect children who are struggling to learn anything from the audio
to move on quickly, albeit for the opposite reason. The suggestive pattern of results that we
saw in our analysis of children’s trial-by-trial ‘move on’ decisions (Table 12) is compatible
with this interpretation. In particular, the interaction between condition and child age in
predicting decisions to ‘move on’ suggests that the inclination to move on from the page as
soon as possible — which is associated with the Complex condition — becomes weaker with
age. This is the pattern that we would expect if children’s increased age — a proxy for their
language development — functionally decreased the (subjective) complexity of the complex
speech.

Further evidence that children’s attention was reflective of their learning comes from
relating summary metrics of their attention to their accuracy at test. Controlling for age
and condition, children’s listening comprehension scores were significantly related to their
listening times and to both absolute and relative measures of their gaze toward the Illus-
tration. Examining the data for only the children who actually heard the unfamiliar words
in the narration suggests that visual attention toward the story illustration was also signifi-
cantly related to word-learning accuracy. These results imply that it was not the complexity
manipulation per se that made children learn more or less from the speech, but at least
partly a product of their own attentional investment.

3This is an unlikely explanation for our data, as children spent the vast majority (an average of 89.9%)
of their total dwell times on one AOI or the other, rather than in or beyond the margins of the display.
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3.6 Conclusion

To our knowledge, this study is the first to extend ideas about the interplay between infant
learning and attention to natural language stimuli and formal definitions of verbal complexity.
Relative to studies of infant language development, the idea that low-level processes of
attention to spoken language might continue to mediate language development into the
preschool years has received little attention (Houston & Bergeson, 2014). This may be
because we think of the preschooler’s task in language learning as less basic than the infant’s.
However, while preschool–aged children are arguably masters of the phonetic inventory of
their language and much of its syntax, they are a long way from possessing adult vocabularies.
Our study offers a novel contribution to the literature by explicitly testing the relation
between learning and self-directed attention to language of varying complexity, suggesting
that selective attention may be a gating mechanism for word-learning into the preschool
years. Even results relating attention and listening comprehension scores have implications
for word-learning, as a new word is going to be more learnable when embedded in a linguistic
context that the child otherwise understands (e.g., Sullivan & Barner, 2015).

In linking prior word familiarity with attention in older children, our study tested an
implicit form of a skill — namely, selecting what to learn from, and when to give up — that
early educators explicitly teach. A teacher of a nearby second-grade classroom in one of our
participating schools shared her own method as an example: during reading time, she tells
students to turn to a page of a book that interests them, and put up one finger for every
word they don’t know. If they get to the end of the page without raising a finger, the book
is too easy; if they get to the end of the page and are raising their whole hands, the book
is too hard. These sorts of heuristics, especially in an artificial domain like reading, may
help children make explicit decisions about how to manage their learning time. However,
our study adds to the body of evidence suggesting that they already know something about
whether they will be able to learn from potential sources of information in their environments.
This is an important conclusion for more applied fields, where notions of what constitutes
‘developmentally appropriate’ material are often difficult to cash out (e.g., Antonacci, 2000).

Finally, we were particularly interested in children’s sensitivity to naturalistic speech
complexity as a means of explaining why certain sources of language input have proven to be
more useful for children’s learning than others. We hypothesized a critical role of attention,
such that simpler, more ‘developmentally appropriate’ spoken language inputs might more
effectively elicit and maintain children’s attention. As in other domains where, for example,
children track potential informants and select who they want as a teacher (e.g., Pasquini et
al., 2007), our results leave open the possibility that children may track the relative difficulty
of processing and encoding different sources of information, and preferentially attend to those
where their learning will be the most efficient.
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Chapter 4

Capturing Qualitative Variability in
Early Overhearing Experiences: A
Case Study

Abstract

Inspired by qualitative studies typically limited to child-directed speech, we develop a coding
scheme designed to characterize all utterances accessible to the child in terms of their relative
utility for word-learning. We focus in particular on contributors to referential transparency
as a well-established and meaningful dimension of language learnability in context. These
include the spatial positions of the caregiver and child, the caregiver’s use of gaze or gesture
to illustrate their meaning, the child’s visual access to the caregiver or to the referent of
the utterance, and the caregiver’s use of modified prosody. As a proof of concept, we apply
this coding scheme to existing naturalistic video corpora for a single child whose language
development is well-documented. We find that both speech directed to the child and over-
hearable by her are highly variable along the qualitative dimensions we coded, and identify
the heterogeneity of overheard speech as a source of noise in previous investigations. While
irrelevant as a referential cue, our results suggest caregivers’ prosodic modification may play
a functional role in marking speech intended for the child — especially given the significant
qualitative overlap between overhead and child-directed speech along other dimensions. In
spite of the frequent similarity between overheard and child-directed speech, overheard utter-
ances was significantly less associated with child attention. Taken together, our results shed
light on how adults and children co-structure the early language environment, and promise
to provide similar insights when applied to naturalistic video corpora for children across the
world.
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It would be strange, indeed, to equip the child with subtle
means for detecting lexical, morphological, and syntactic
structures, while leaving her with only the most primitive
equipment for learning to become an interactive member
of human society. Every linguistic structure that we have
explored in child-directed speech takes its meaning in
definable communicative contexts.

Crosslinguistic evidence for the
language-making capacity

D. I. Slobin, 1996

4.1 Introduction

Despite substantial research on (a) differences in the contributions of child-directed versus
overheard speech to vocabulary size (Ramı́rez-Esparza et al., 2014; Shneidman et al., 2013;
Shneidman & Goldin-Meadow, 2012a; Weisleder & Fernald, 2013), and (b) the impact of
qualitative differences in child-directed speech contexts on vocabulary acquisition (e.g., Cart-
mill et al., 2013; Hirsh-Pasek et al., 2015; Ramı́rez-Esparza et al., 2014), to our knowledge
there remains no systematic study within these literatures of qualitative differences in over-
hearing contexts as they relate to learning. This is important because overheard speech
is common across the world (e.g., Casillas et al., 2019; Sperry et al., 2019), and because
overheard speech is likely to be a more heterogeneous category than child-directed speech,
such that understanding the range of roles it may play in young children’s lives is critical
and not straightforward.

In quantitative studies correlating amount of speech with vocabulary size, both child-
directed and overheard speech are treated as monolithic. However, speech directed to the
child is likely to be a much more coherent category than speech around her, which might be
directed to variable audiences, at variable distances, and with variable relevance to the child.
The two categories of speech (child-directed versus overheard) undoubtedly differ in their
overall rates of features that we know children can use to solidify word–referent mappings.
Mindful of this, our study takes inspiration from previous studies of input quality, where
researchers unpack the influence of child-directed speech by hand-coding qualitative aspects
of naturalistic audio or video recordings, often with the intention of relating that variability
to metrics of children’s development of language (e.g., Hirsh-Pasek et al., 2015; Ramı́rez-
Esparza et al., 2017; Rowe et al., 2004; Rowe et al., 2016).

In studies using qualitative coding schemes, utterances with the same token count, and
even same ratio between types (unique words) and tokens, might be found to differ along
some social-contextual dimension that we know is relevant for learning. Previous work
analyzing such qualitative diversity has found, for example, that amount of speech not only
directed to the child, but specifically one-on-one and in the sing-songy register of so-called
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parentese, is predictive of vocabulary growth (Ramı́rez-Esparza et al., 2014), as is caregivers’
tendency to use nouns when the noun’s referent is highly salient or easily inferred from
context (Cartmill et al., 2013). Notably, fine-grained coding schemes of this nature have
historically been applied exclusively to speech that is child-directed, leaving a gap in the
extant literature. Here, we develop a coding scheme that will enable us to characterize the
full range of linguistic inputs experienced by children across contexts, and to analyze their
relative utility for language-learning. We initially apply this coding scheme to an existing
naturalistic English-language video corpus, corresponding to a target child whose language
development is well-documented. However, our system is designed to be used to capture
the richness and latent structure within the early language environments of children across
contexts, cultures, and languages.

In Chapter 1, our means of evaluating the relative learnability of speech around versus
speech to the learner employed coarse-grained, text-based metrics computed on large-scale
corpora of child- and adult-directed speech. In this chapter and in ongoing cross-linguistic
work, we explore the question at a different scale, via fine-grained coding of the learnability
of individual child- and adult-directed utterances in context. Specifically, we use longitu-
dinal samples of the language environment of a single child to ask five questions regarding
overheard language quality and its empirically-grounded support for learning language:

(1) How does the quality — in terms of hypothesized utility for language learning — of
overheard speech compare to the quality of child-directed speech?

(2) How does the qualitative variability of overheard speech compare to the qualitative
variability of child-directed speech?

(3) In a naturalistic context, how distinguished are overheard and child-directed speech?

(4) How does the quality of child-directed and overheard speech change as the child
matures?

(5) What aspects of speech quality are associated with child attention?

Guided by the prior work reviewed in the Introduction, we focus on referential ambiguity
as a meaningful and well-studied dimension of individual utterances that is reliably associated
with learning.
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4.2 Method

Sample Selection

We selected videos (Databrary.org) and transcripts (https://phonbank.talkbank.org/browse
r/index.php?url=Eng-NA/Providence/) from the Providence corpus to explore qualitative
differences in varieties of adult speech. The Providence corpus was collected by Demuth and
colleagues (2006) as part of a longitudinal study of phonological development, and documents
the early language development of six children, approximately one year in age at the time
of enrollment. Data collection for the children in the corpus began at the onset of children’s
first words, after which they were videotaped in their homes for one hour every two weeks, for
up to three more years. Our only prerequisite in selecting videos to analyze was that there
be at least two adults present during the recording, and that it include multiple adult–adult
conversational turns. This ended up being highly constraining, as videos for five out of the
six children largely recorded single adult–child dyads, effectively narrowing our sample from
six children to one.

The recordings that we ultimately analyzed for this case study, then, represent hour-long
samples of naturalistic speech from the home of a single child, Naima, across the first three
years of her life. Naima is one of the most densely sampled children in the corpus: she and
her family contributed an impressive 88 sessions total, spanning the time just before Naima’s
first birthday (00;11;27), to a couple months before her fourth (03;10;10). Of these videos,
12 met our criteria for inclusion.

Procedure

We used Datavyu (Datavyu Team, 2014) to code the sample of videos. Transcripts of the
relevant sessions were downloaded from the CHILDES database, and used to populate time-
locked coding cells, organized by speaker. Two coders were responsible for coding eleven out
of the twelve transcripts. Coders were responsible for alternating videos with respect to the
age of the child, so that potential inconsistencies in coding were not confounded with child
age. As the codes hinged on an understanding of the pragmatic context of the utterances,
coders watched each video in full before coding the utterances. Coders also used this initial
viewing to annotate coded dimensions that typically spanned multiple utterances, including
the context of the interaction and the physical position of the child. In the critical coding
pass, coders entered values for each of the qualitative dimensions described below, for all
adult utterances in the recording. Ambiguity in the application of the codes was rare by
design, as any dimensions triggering disagreement in previous adult coders were dropped
before finalizing the scheme. When uncertainty did arise, the primary coder(s) and first
author reviewed the video to reach a decision. In cases where the dimension could not be
coded (i.e., where the utterance was inaudible, or the speaker or child were out of frame),
the code for that utterance was marked as ‘na.’

https://phonbank.talkbank.org/browser/index.php?url=Eng-NA/Providence/
https://phonbank.talkbank.org/browser/index.php?url=Eng-NA/Providence/
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Coding Scheme

Speech Audience

We used a combination of pragmatic cues to code the audience to whom each utterance
was directed, including: (1) the content of the utterance, (2) the surrounding linguistic
context, (3) the gaze of the speaker, (4) the focus of attention of the scene participants, and
(5) the physical positions of the speakers, combined with the relative volume or force of the
utterance. The audience of the utterance was coded as ‘target child,’ ‘adult,’ or ‘phone.’
Utterances receiving the latter two codes were classified as overheard speech. Our method of
classifying overheard speech differs from most previous studies in that it is coded on a by-
utterance basis, rather than generally across segments of speech (e.g., Weisleder & Fernald,
2013), and in that it includes adult phone conversations that take place when the child is
within earshot (contra Shneidman et al., 2013).

We next coded a set of six qualitative features for each utterance individually. The
coding scheme is based on evidence for qualitative dimensions of spoken language associated
with heightened child attention at Naima’s age, and/or cues that children can reliably use
to resolve referential ambiguity and learn new words (e.g., Cartmill et al., 2013; Cooper &
Aslin, 1990; Golinkoff et al., 2015; Golinkoff & Hirsh-Pasek, 2006).

Here & Now Reference

Coders indicated whether the utterance described or referred to the current environment.
Utterances referring to the “here and now” are argued to make the task of word-learning
easier (e.g., R. Ellis & Wells, 1977), particularly early in the course of acquisition. “Here and
now” coding reflects the intuition that if “coffee” is an unfamiliar word, it will be easier to
learn when Naima’s family is in the kitchen and her mother says, “Yum, Daddy’s drinking
coffee,” than when Naima and her mother are in the living room when her father comes home,
and Naima’s mother says, “Daddy was shopping, he was looking for coffee.” One prominent
view in the literature emphasizes the information available in the syntax of an utterance
(Gleitman et al., 2005). If a sentence is about the immediate context of the utterance, the
child can use the relational structure implied by syntax to parse the scene and infer the
meanings of new embedded words (Hoff & Naigles, 2002; Naigles, 1990). More generally,
assuming that speech refers to the “here and now” is a sensible starting hypothesis for a
learner, with the implication that learning will be enhanced when that assumption is met
(Mervis, 1983; Shatz, 1978).

When coding utterances about the “here and now,” coders further distinguished between
utterances where the child was visibly attending to the relevant part of the scene, and
utterances where she was not.
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Referential Gesture

“Referential gesture” was coded as present when an utterance was accompanied by non-
verbal cues to its reference (Baldwin et al., 1996; Booth et al., 2008; Brooks & Meltzoff,
2008; Frank et al., 2013; León, 1999; Slobin, 1985). Referential gesture occurred in a variety
of forms: when Naima’s mother leans in to pull a fine thread off Naima’s tongue and says,
“You had a hair in your mouth,” and lifts the hair before Naima’s eyes, but also when
Naima’s mother points at the laundry basket in conversation with Naima’s father, or looks
toward the fridge when discussing dinner plans, or even when she mimes sleeping when
whispering about a nap. Thus, referential gesture coding considered a more expansive locus
of reference (R. Ellis & Wells, 1977), and captured distinct information from the “here and
now” code.

Child Gaze Toward Speaker

Caregiver’s referential gestures might be lost on Naima if she were not attending to the
speaker. Thus, we additionally coded Naima’s visual attention to the speaker (Bakeman &
Adamson, 2019; Grassmann et al., 2015).

Sing-song Prosody

This code captured whether the utterance had the cadence or exaggerated prosody typical of
infant-directed speech (Fernald & Kuhl, 1987; Saint-Georges et al., 2013; Snow & Ferguson,
1977; Soderstrom, 2007), and best reflected pitch variability. Previous work suggests that
this dimension attracts and maintains infants’ attention, resulting in enhanced learning of
associations between, e.g., visual and auditory stimuli (Cooper & Aslin, 1990; Kaplan et al.,
1996; Ma et al., 2011), or of mappings between sound and meaning (Graf Estes & Hurley,
2013).

In addition to the above binary features, we analyzed three continuous measures of speech
quality, auditory clarity, morphological complexity, and utterance length.

Auditory Clarity

We rated the auditory clarity of the utterance (e.g., Fernald & Simon, 1984), from 0 (inaudi-
ble) to 3 (clear). Of course, clarity for Naima may be different than for the coder viewing
the tape. However, likely because the original study (Demuth et al., 2006) targeted phono-
logical development, the camera placement was always designed to optimize the recording
of Naima’s productions. Therefore, the recording audio may provide a more accurate reflec-
tion of the child’s own auditory experience than if our data had come from a study with a
different intent. We note that some dimensions could still be coded, even for “inaudible”
utterances, as in the case of inaudible speech on the phone.
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Morphosyntactic Complexity

To capture trends in structural complexity, we used the pre-existing annotations of morpheme
and token counts for each utterance to analyze utterance length, as well as to compute a
measure of “morphological complexity” that increased with the ratio of morphemes to tokens
(MacWhinney, 2008). For example, the utterance, “Oh baby, sorry,” with three morphemes
and three tokens, receives a morphological complexity score of 1, while the utterance “Why’re
you growling,” with five morphemes and three words, receives a score of 1.67.

4.3 Results & Discussion

Summary data for all dimensions can be found in Appendix N. To assess the reliability of our
coding scheme, an independent research assistant coded two especially dense thirty-minute
segments of videos from the first and fourth quartiles of our age range. Agreement was
typically high (‘Here and Now’: 97%, Referential Gesture: 100%, Sing-song Prosody: 70%,
Speech Type: 97%, Child Gaze toward Speaker: 78%).

Distribution of Utterances

Both speaker and child were visible for 56% of all utterances, enabling complete coding
for 3,801 utterances. In an additional 16% of utterances (1,075 total), the child, but not
the speaker, was in frame, enabling coding of child position and gaze, but not referential
gesture. We include all coded utterances in our analyses; scripts for accessing transcripts
from the CHILDES database (childes-db; Sanchez et al., 2018), populating Datavyu coding
spreadsheets, and all data analyses can be found at https://osf.io/hy5z2/.

Speech Context and Child Position

Utterances occurred most frequently in contexts coded as “play time” (71.2% of utterances),
followed by “meal time” (22.6%), “bath time” (3.8%), and “bed time” (2.4%). An average
of 2 contexts occurred in each video. The child was typically seated in a high chair (31.7%
of utterances) or standing (26.7% of utterances). There was insufficient variability in early
videos to support further analyses of the relation between the child’s physical position and
her language environment.

https://osf.io/hy5z2/
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Table 15: Examples of Qualitative Overlap in Child-Directed and Overheard Speech

Speech Type + Qualitative Features − Qualitative Features

Child-directed MOT: Mmmm we’re eating
our supper!”
CHILD: Mmmm”
MOT: Here it is...yummy!
Here’s another bite. . . mmm!
Thank you!

MOT: Remember, what was I
reading, remember when I
was trying to try out the
backpack to carry you? I had
to read the directions.
CHILD: Why?
MOT: Directions explain how
to use or fix something.

Overheard MOT: I packed you a towel
and diaper and all that.
FAT: Oh, good.
MOT: I mean I’m just gonna
go do that then come right
back.

MOT: Hello? Hi! That’s all
right. I called them right at
five and she told me what was
on the regular menu but she
didn’t have the specials yet...

Speech Type

Despite selecting videos based on the presence of overheard speech, the majority (85.3%;
5,643 utterances) of utterances were child-directed. Overheard speech accounted for 12.4%
of all utterances (773 utterances between adults, and 102 utterances over the phone). A
remaining 2.3% (184 utterances) were uncodeable, all due to sufficiently poor audio quality
that the original researchers had not been able to transcribe the content of the speech.

The infrequency of overheard speech may accurately reflect the statistics of the child’s
environment, or may reflect the original study’s focus on the child’s verbal production, leading
Naima’s mother to engage in more speech-eliciting behaviors during recordings than she
might otherwise. Speech was also not equally distributed across caregivers: Naima’s mother
accounts for 71.2% of all utterances (64.0% or 4,310 utterances in child-directed speech and
8.3% or 558 utterances in overheard speech), while Naima’s father accounts for 23.5% (19.8%
or 1,333 child-directed, and 4.6% or 312 overheard). We collapse across utterances from both
caregivers in our analyses, and structure the results below according to our primary research
questions.
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Is overheard speech less learnable?

Below, we compare child-directed and overheard speech along the qualitative dimensions
designed to capture the referential transparency of each utterance in context, as well as
caregivers’ structural simplification of their speech.

Table 16: Mean Values and Differences in Means (Child-directed − Overheard Speech)

Dimension Child-directed Overheard Difference†

About the ‘Here & Now’ 0.34 (0.32, 0.37) 0.28 (0.25, 0.30) 0.34
∗∗∗

Child Looking at Referent 0.26 (0.25, 0.28) 0.02 (0.01, 0.02) 0.25
∗∗∗

Child Looking at Speaker 0.86 (0.85, 0.88) 0.44 (0.36, 0.52) 0.43
∗∗∗

Referential Gesture 0.77 (0.75, 0.79) 0.09 (0.05, 0.13) 0.23
∗∗∗

Sing-song Prosody 0.99 (0.99, 1.00) 0.11 (0.07, 0.17) 0.88
∗∗∗

Speech Clarity 2.83 (2.81, 2.85) 2.64 (2.52, 2.75) 0.19
∗∗∗

Morphological Complexity 1.21 (1.20, 1.22) 1.30 (1.24, 1.35) −0.09
∗∗∗

Utterance Length 4.59 (4.45, 4.74) 6.48 (5.72, 7.26) 1.90
∗∗∗

† Observed difference in means (Child-directed − Overhead)
∗∗∗
p < 0.001, via exact permutation test comparing observed difference in means

to empirical null distribution.

All coded features of caregivers’ utterances in context were reliably different between
speech directed to Naima and speech that Naima could overhear (all ps < .001; see Table 16).
Interestingly, overheard utterances were not uncommonly about the “here and now” (M =
0.28), though very infrequently combined with a referential gesture that the child could use
to identify that this was the case (M = 0.02). The absence of referential gesture may partly
explain why Naima rarely gazed toward the referent in overheard speech, even when the
utterance was about the here and now (Figure 25). Alternatively, the disparity between
speech types in how regularly Naima looks at the co-present referent might indicate that
Naima’s parents talk about “here and now” objects because Naima is looking at them.
Overheard speech was also typically rated high for clarity (M = 2.64), suggesting that even
when parents were speaking with one another or on the phone, they maintained proximity
to Naima. This is consistent with Naima’s tendency to look at the overheard speaker (M =
0.44), which we might expect to be reduced if the speaker were further away.

Child-directed and overheard speech were also reliably distinguished along structural di-
mensions, although variably so. Child-directed utterances were consistently shorter (Mtokens =
4.59) than overheard utterances (Mtokens = 6.48). However, the two often overlapped along
our measure of morphological complexity, suggesting that while caregivers tended toward
shorter utterances, they did not refrain from inflecting the words they used.



CHAPTER 4. DIGITAL ETHNOGRAPHIES 122

Figure 25: Semantic Accessibility in Child-directed and Overheard Speech.

Differences in what we coded as “sing-song prosody” are the most dramatic in our data.
“Sing-song prosody” characterizes almost all child-directed utterances (M = 0.98), and 11%
of overheard utterances. The frequency of exaggerated pitch variation in speech directed
to Naima is not surprising, as the videos start when Naima is still an infant (Cristia, 2013;
Soderstrom, 2007; Spinelli et al., 2017). However, Naima’s parents’ prosodic modification
when addressing each other is unexpected, and may speak to the competing demands they
experience as caregivers of a small child. For example, Naima’s videos reveal various motiva-
tions for one of her caregivers to be in sustained physical proximity to her (e.g., to feed her in
her high chair, or to prevent her from climbing precarious furniture, breaking something, or
dissolving into tears). This means that, for much of the day, if Naima’s parents also need to
have a conversation, Naima will be present for it (and potentially experiencing a reduction
in the attention she so recently enjoyed). Thus, adults in such contexts may be driven to
“multi-task” in their speech production, using word meanings and syntax to transmit their
messages to their partners, and using melodic prosody to signal their continued care and
awareness to their infants. Consistent with this interpretation of caregivers’ verbal behavior,
“sing-song” adult-directed utterances (e.g., “Daddy what’s today’s date, is it the twenty-
first?”) in our data were equivalent to unmodulated adult-directed utterances in terms of
length (Mtokens = 5.59) and morphological complexity (M = 1.28). We return to caregivers’
instrumental use of prosody as a signal in the General Discussion.
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Is overheard speech more variable?
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Figure 26: Standard Deviations for Qualities in CDS and OHS.

We predicted that overheard utterances would comprise a more heterogeneous category
than child-directed utterances. We explore this prediction in two ways. Figure 26 plots the
standard deviations for each qualitative variable by speech type, controlling for age. Panels
where the point on the righthand side is higher than the point on the lefthand side suggest
greater variability along that particular dimension within the set of overheard utterances.

For a better sense of the reliability of this difference — especially in light of the difference
in the size of the two datasets — Figure 27 plots the frequency distributions of each binary
feature in 1,000 bootstrapped samples of each dataset, and Figure 28 does the same along
the continuous dimensions we coded. The width of each distribution gives a sense of the
reliability of our frequency estimate, based on our dataset, while its horizontal position gives
a sense of the overall rate or value range of that feature. Together, these analyses suggest that
overheard and child-directed speech are reliably differentiated in their prosodic modification,
tendency to describe the current environment, and correspondence with the current target
of the child’s visual attention — in terms of both an utterance’s referent and its speaker.
However, they are more frequently similar in their co-occurrence with referential gesture,
clarity, and utterance length. Importantly, Figure 27 suggests that neither speech type is
entirely predictable in its degree of referential transparency.
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Figure 27: Binary Feature Frequency in Resampled Distributions of Utterances.

Are child-directed and overheard speech reliably distinguished?

Our third question concerned how distinguishable overheard speech is from child-directed
speech in a naturalistic context. Again, we tested this in two ways.

We first fit a logit model to the data, using our coded variables to predict the type of the
speech (coded as overheard speech = 0, child-directed speech = 1) to which each utterance
belonged. The model included age, “here and now” reference (a categorical variable with
three levels: “no,” “yes, but not looking at the referent” and “yes and the child’s gaze is
on the referent”), referential gesture (0, 1), whether the child was looking at the speaker (0,
1), “sing-song prosody” (0 = absent, 1 = present), clarity (rating 0–3), and morphological
complexity (computed values 0–3).

Odds ratios and 95% confidence intervals for this model are shown in Table 17. Whether
the speech was about the “here and now” was a significant predictor of child-directed status
(OR = 1.80 [0.79, 4.10]; χ2(2) = 19, p < .001), especially when the child was currently
looking at the referent (OR = 8.88 [3.09, 27.00]). The child’s concurrent gaze toward the
speaker was also associated with child-directed speech status (OR = 2.42 [1.16, 5.10]; χ2(1) =
6, p = .018). Of all variables measured, prosody was the most reliable predictor of child-
directed speech status (OR = 369.76 [190.68, 769.50]; χ2(1) = 521, p = .001). Finally, neither
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Figure 28: Average Continuous Feature Values in Resampled Distributions of Utterances.

referential gesture (χ2(1) = 1, p = .250), speech clarity (χ2(1) = 0, p = .740), utterance
length (χ2(1) = 1, p = .385), morphological complexity (χ2(1) = 1, p = .359), nor age
(χ2(1) = 4, p = .058) were reliable predictors of whether the utterance was child-directed.

To further evaluate the distinguishability of child-directed and overheard speech, we
conducted a linear discriminant analysis using the MASS library in R (Ripley et al., 2013),
with a uniform prior on whether each data point was child-directed or overheard. We used
only the coded speech variables that were not contingent on the child’s own attention or
behavior (that is, we included acoustic, semantic, and morphosyntactic variables, but not
whether the child was looking at the speaker or referent). The loadings for each variable in the
single linear discriminant function appear in the first column of Table 18. Echoing previous
results, “sing-song prosody” was almost entirely responsible for distinguishing child-directed
from overheard speech, with reference to the “here and now” serving as a very distant second.
Referential gesture, speech clarity, utterance length, and morphological complexity did little
to contribute to the between-group variance captured by the function.

Interestingly, child-directed speech was better identified than overheard speech, which
bears directly on our hypothesis of greater within-class variance for speech that could be
overheard by the child relative to speech directed to her. To assess the accuracy of the linear
discriminant, we withheld 25% of the raw data as a test set. The function accurately classified
89% of the overheard utterances in our test set, and 99% of child-directed utterances, with an
overall error rate of less than 1% (0.91%). Removing “sing-song prosody” from the function
(loadings shown in second column of Table 18) and repeating the procedure with the same
training and test data illustrates the critical contribution of prosody to distinguishing speech
intended for the child in this household and age range. Without information about prosody,
only 66% of overheard and 77% of child-directed utterances were accurately classified, with
an increased error rate of 24%.
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Table 17: Logit Model Predicting Child-directed versus Overheard Utterance Status

Dependent variable:

Child-Directed {0, 1}

Constant 0.03 (0.002, 0.40)
Here & Now (Child Looking at Referent) 8.88∗∗∗ (3.09, 27.00)
Here & Now (Not Looking at Referent) 1.80 (0.79, 4.10)
Referential Gesture 1.77 (0.68, 5.00)
Child Looking at Speaker 2.42

∗
(1.16, 5.10)

Sing-song Prosody 369.76∗∗∗ (190.68, 769.50)
Speech Clarity 1.11 (0.59, 2.00)
Morphological Complexity 0.59 (0.21, 1.80)
Utterance Length 0.97 (0.89, 1.00)
Age 1.06 (0.10, 1.10)

Observations 2,225
Log Likelihood −167
Akaike Inf. Crit. 355

∗ p < 0.05; ∗∗ p < 0.01; ∗∗∗ p < 0.001

Table 18: Linear Discriminant Functions Classifying Utterances as Child-directed or
Overheard

+ Prosody − Prosody

Variable Loading Loading

About the ‘Here & Now’ 0.19 1.57
Referential Gesture 0.07 0.86
Sing-Song Prosody 7.91 —
Speech Clarity 0.001 0.25
Morphological Complexity −0.06 −0.98
Utterance Length −0.002 −0.08
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Does overheard speech change with child age?

Figure 29: Feature Frequency across Child Age.

In child-directed speech, referential cues typically associated with caregiver modification
like speech about the “here and now” (r = −.5, [−.53, −.47], p = .01), utterance length
(r = .07, [.05, .10], p < .001) and referential gesture (r = −.05, [−.1, −.01], p = .05) were
correlated with child age, as was the likelihood that the child was looking at the speaker as
they were talking (r = −.57, [−.6, −.54], p = .01). Remarkably, qualitative overheard fea-
tures also showed correlations with age. As in child-directed speech, caregiver talk about the
“here and now” was negatively correlated with age (r = −.43, [−.55, −.29], p = .01), along
with the child’s tendency to be looking at a speaker as they talked (r = −.33, [−.46, −.18],
p = .01). In contrast to the interpretable pattern of increasing utterance length in child-
directed speech, in overheard speech, utterance length was negatively correlated with age
(r = −.14, [−.19, −.08]). We speculate that this may reflect caregivers conducting fewer full-
fledged conversations in Naima’s vicinity, and exchanging more brief, functional utterances,
more frequently interrupted by their now-verbal daughter. Finally, referential gesture in over-
heard speech was not correlated with child age, and in neither speech type was caregivers’
prosody or morphological complexity related to the age of the child. This is surprising, as
previous work suggests that caregivers’ exaggerated prosody decreases as the child matures
(Bornstein et al., 1992; Cooper & Aslin, 1990), while morphological complexity increases
(Ervin-Tripp, 1978; Huttenlocher et al., 2007; Sherrod et al., 1977). We speculate that our
result might be a reflection of (a) Naima’s age in the study, and/or (b) Naima’s caregivers’
awareness that they were being recorded, which might have caused them to exaggerate the
child-directed features of their speech. To further explore correlations among contextual
features of the learning environment and age, please see Appendix O.
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Table 19: Logit Models Predicting Binary Features from Child Age

Child-directed Overheard

Constant Age Constant Age

About the ‘Here & Now’ 38.95 0.88 (0.87, 0.88) 3.72 0.90 (0.88, 0.92)
Child Looking at Referent 11.49 0.84 (0.83, 0.85) 1.19 0.78 (0.64, 0.88)
Child Looking at Speaker 54.47 0.84 (0.83, 0.85) 2.93 0.88 (0.86, 0.91)
Referential Gesture 0.73 0.98 (0.96, 0.99) 0.16 0.97 (0.90, 1.04)
Sing-song Prosody 79.4 1.02 (0.98, 1.05) 0.33 0.94 (0.91, 0.97)

Finally, we fit models to the overheard and child-directed data for each binary speech
quality, with age as the sole predictor. Exponentiated coefficients and confidence intervals
for the effect of age are shown in Table 19.

Does overheard speech attract children’s attention?

To better understand relations between speech qualities and child attention, we created a
new, “child attention” variable that indexed whether the child was looking at either the
speaker or the referent of an utterance. We fit another logit model to the by-utterance
data, including all other speech qualities as predictors (see exponentiated coefficients and
95% confidence intervals in Table 20). “Sing-song prosody” was highly predictive of child
attention (OR = 5.87 [4.34, 7.99], χ2(1) = 146, p = .001), as was “here and now” reference
(OR = 3.83 [3.14, 4.68], χ2(1) = 173, p = .001). Speech clarity was also associated with child
attention (OR = .71 [1.48, 1.98], χ2(1) = 54, p < .001), again possibly speaking to the role
of proximity in eliciting or following the child’s attention. Interestingly, age was negatively
related to child attention (OR = 0.90 [0.89, 0.91], χ2(1) = 352, p = .001). This may likewise
reflect increased independence and distance from her caregivers, or even increased capacity
to distribute her attention, such that she can comprehend her caregivers’ meaning without
needing to look at them or the scene. Indeed, if Naima’s prior gaze meant that she was
seeking the referent of her caregivers’ utterance, she will need to do so less with greater word
knowledge.

Our structural variables were the only measures not reliably associated with Naima’s
visual attention (utterance length: OR = 1.01 [0.99, 1.04], χ2(1) = 1, p = .23; morphological
complexity: OR = 1.17 [0.84, 1.64], χ2(1) = 1, p = .36). At face value, this result might
appear to cast doubt on our premise of complexity as a key driver of child attention and
learning. However, we suspect it might say more about the sensitivity of this measure of
complexity. If nothing else, that our calculation of “morphological complexity” showed no
relation to Naima’s age in child-directed speech — especially during this critical period
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of linguistic development — suggests that it may be ill-suited to capture the meaningful
variation in language structure that we would expect to influence attention.

Table 20: Logit Model Predicting Child Attention from Qualitative Dimensions of Speech

Dependent variable:

Child Attention {0, 1}

Constant 0.33∗∗ (0.17, 0.64)
About the ‘Here & Now’ 3.83∗∗∗ (3.14, 4.68)
Sing-song Prosody 5.87∗∗∗ (4.34, 7.99)
Speech Clarity 1.71∗∗∗ (1.48, 1.98)
Utterance Length 1.01 (0.99, 1.04)
Morphological Complexity 1.17 (0.84, 1.64)
Age 0.90∗∗∗ (0.89, 0.91)

Observations 3,605
Log Likelihood −1,485
Akaike Inf. Crit. 2,985

∗ p < 0.05; ∗∗ p < 0.01; ∗∗∗ p < 0.001
† Composite variable combining codes for child gaze
toward the speaker and/or the referent.

4.4 General Discussion

Theories of early learning suggest that children’s attention is motivated by an ongoing sense
that they are making sense of incoming data (e.g., Balcomb & Gerken, 2008; Gerken et al.,
2011; Houston-Price & Nakai, 2004; Hunter & Ames, 1988; Hunter et al., 1983). Our study
analyzed the degree to which different sources of spoken language in a child’s daily environ-
ment might support that sense, focusing especially on support for learning new words. We
homed in on referential transparency as a demonstrably important dimension of language
learning contexts that could be coded from video, and took a case study approach, capitaliz-
ing on longitudinal video recordings documenting the language environment of a single child
— Naima, from the Providence corpus (Demuth et al., 2006). We analyzed over six thousand
utterances spanning the first two years of Naima’s life, when cues to words’ meanings are
argued to be especially critical for language development (e.g., Cartmill et al., 2013).

Our study is rare in considering the quality or learnability of all of the speech in the
language learner’s environment, including adult conversations that take place when the child
is nearby, and even caregiver phone calls (‘halfalogues’; Emberson et al., 2010). By applying
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the same qualitative coding scheme to caregiver utterances coded as ‘child-directed’ versus
‘overheard,’ we find that greater referential transparency characterizes the set of utterances
spoken to Naima directly. Child-directed utterances were more frequently about Naima’s
immediate context, rather than the past, future, or another place, and more frequently
coincided with her current focus of attention. Child-directed utterances were also more
frequently accompanied by physical behaviors like pointing and pantomime, which Naima
could use to infer her caregivers’ communicative intentions.

That the child-directed speech in our study appears highly supportive of word-learning
is concordant with findings in other samples that the amount of child-directed speech that
children receive during this period of development is predictive of their medium-term growth
in vocabulary size (e.g., Huttenlocher et al., 2010; Ramı́rez-Esparza et al., 2017; Rowe, 2012;
Shneidman et al., 2013; Shneidman and Goldin-Meadow, 2012a; Weisleder and Fernald,
2013; see Hoff, 2006 for a review). These studies typically limit their analyses to language
addressed directly to children, rather than considering the range of language sources that
young children experience over the course of a day. However, the rare studies that also
analyze speech addressed to others consistently find no correlation between the amount of
overheard speech regularly available to a child, and that child’s level of language development
(Ramı́rez-Esparza et al., 2017; Shneidman et al., 2013; Shneidman & Goldin-Meadow, 2012a;
Weisleder & Fernald, 2013), inviting researchers to conclude that children “do not readily
make use of overheard input when learning words in naturalistic situations” (Shneidman
et al., 2013, p. 7).

Our study was partly motivated by a potential measurement issue in these prior inves-
tigations: namely, that the heterogeneity of the overheard speech category might introduce
a significant amount of noise into such correlational measures of learning. Not only are
overheard utterances likely to be highly diverse, but we reason that child-directed utterances
are likely to represent a significantly more homogeneous category in precisely the contexts
where child-directed speech is typical — and typically marked. We see this study as con-
firming the hypothesis that overheard speech represents a less coherent category than speech
directed to children; however, our data also reveal significant within-category variability for
child-directed speech. These results are consistent with claims by language development
researchers that input quantity (i.e., the total number of words the child hears) predicts
language outcomes by virtue of input quality (i.e., dimensions of learnability like those we
code here; Cartmill et al., 2013; B. Hart and Risley, 2003; Rowe et al., 2017). The idea is
roughly that greater ‘quantity’ means a greater number of samples from the frequency dis-
tributions in Figures 27 and 28, and with those samples, greater opportunities for individual
high-quality learning episodes.

Our fine-grained coding of the learning opportunities afforded by the overheard speech
within a single child’s home suggests that high-quality exposures to new words are not limited
to child-directed utterances; however, they may be less likely to co-occur with the child’s
current focus of attention when overheard. This observation suggests new avenues of re-
search: for example, how might children’s attention be conditioned by the relative frequency
and quality of the child-directed versus overheard speech in their daily environments?



CHAPTER 4. DIGITAL ETHNOGRAPHIES 131

That both child-directed and overheard speech were highly variable suggests a functional
role for prosodic modification in discriminating two language sources that might be less nat-
urally distinguished than previously assumed. Indeed, prosody’s decisive role in identifying
speech as intended for the child was borne out in our analyses, where classification error by a
linear discriminant function skyrocketed when information from prosody was removed (Sec-
tion 4.3). Caregivers’ prosodic modification is especially interesting in light of our study’s
focus on referential transparency. In contrast to eye gaze or pointing (gestures we explicitly
coded as “referential”), variable pitch does not in itself provide a disambiguating cue to
reference. That is, while your mother’s gesture to your father’s coffee cup might help you
infer the meaning of /kafi/, her melodic pronunciation does not. Learners may make use of
caregivers’ non–adult-like prosody not to decrypt language itself, as has been suggested in
previous literatures. Instead, we hypothesize that prosody may be understood as a learned
cue to highly transparent language data, and a self-reinforcing cue, as our data suggest that
infants’ attention has a higher probability of being rewarded when an utterance is in fact
intended for them. Here again, Figures 27 and 28 provide a useful illustration of this point:
prosody may mark an utterance as coming from the green distributions, which offer greater
promise for learning — motivating simultaneously children’s selective attention to child-
directed speech and inattention to ambient overheard speech. This perspective is consistent
with evidence that infants whose caregivers do not habitually acoustically exaggerate their
speech show weaker or absent preferences and learning benefits from hearing exaggerated
infant-directed speech in the lab (see e.g., Cristia, 2013; Soderstrom, 2007, for reviews). It
is also reminiscent of evolutionary accounts of infant-directed song as a way for caregivers
to signal attentional investment to their infants from afar (Mehr & Krasnow, 2017).

Nonetheless, we note that these results also come with a caveat, as our assessment of
caregivers’ “sing-song prosody” was highly impressionistic, potentially leading the code to
reflect something like “child-directed register,” rather than prosodic modulation, per se. In
support of this hypothesis is the relatively low agreement between our initial coding and
an independent reliability coder (70%) — though the fact that both parties also identified
“sing-song prosody” in utterances coded as “overheard” suggests that they were not basing
their acoustic assessment entirely on intended audience. Our coding of caregivers’ prosody
was also notably independent of Naima’s age, despite the well-documented observation that
caregivers typically reduce their acoustic exaggeration as children mature (e.g., Henning et
al., 2005; Smith & Trainor, 2008). While it is possible that Naima’s caregivers persisted in
exaggerated ‘baby talk’ for the entirety of our study, it is also possible that they gradually
reduced their exaggeration, but that this continuous trend was obscured by our binary “sing-
song” code. To address these concerns, ongoing work further grounds our scheme in objective
proxies for theoretically important variables. For example, to capture caregivers’ prosodic
modification, we use variability in the first formant of clips of speech, quantified via acoustic
analysis software, rather than subjective coding of the “sing-song” quality of caregivers’
utterances (Cristia, 2013).
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4.5 Conclusion

Even in the absence of information about individual children’s language outcomes, qualitative
coding schemes like ours provide valuable vocabularies with which to describe early language
environments, which are in turn useful for generating hypotheses and making contact with
more humanistic fields like anthropology. Relative to child-directed speech, the unknowns
of overheard speech are remarkably basic: how variable are a child’s overhearing experiences
over the course of a day, and how does both the scale and quality of that variation compare
across ages, versus across households, versus across cultures?

Evidence for claims about cross-cultural differences in linguistic and child-rearing prac-
tices have typically taken the form of ethnographies (e.g., de León, 1998; Heath, 1983; Ochs,
1982; Schieffelin, 1990; Ward, 1971), which provide rich descriptions of community customs
and beliefs, but make systematic comparisons between contexts difficult. We cannot build
theories about the mechanisms underlying language development without a sense of how
universal versus idiosyncratic the language environments that developmental scientists typ-
ically study are (Frank et al., 2017; Lieven, 1994; Ochs, 1990). It is difficult to understand
how children transition to acquiring language in classroom contexts without understanding
how the overheard input there — between the teacher and another student, or among nearby
peers — compares to the overheard input before schooling. Likewise, we can develop better
hypotheses about how young children’s attention is organized if we can find patterns among
features of non–child-directed contexts, and understand how those environments vary in their
support for child participation, observation, and apprenticeship (Rogoff et al., 2003).

Language development research that continues to be focused on the impacts of child-
directed speech may be missing nuances in how different environments are organized to
support children’s entry into the adult speech community (Leon, 1998; Ochs, 1990; Vogt
et al., 2015). To this end, we are currently applying the scheme developed and analyzed here
to naturalistic video corpora in Mandarin and Spanish. Coding of the Forrester (Forrester,
2002), Tong (Deng et al., 2018; Xiangjun & Yip, 2018) and Llinàs-Ojea corpora (Llinàs-
Grau & Ojea Lopez, 2000) in CHILDES (MacWhinney, 2000) is ongoing, as is recruitment
of speakers and novel video sources to capture the linguistic landscapes of learners across the
world. In providing a common vocabulary with which to describe diverse milieux, we aim
to bring the psychological and anthropological literatures into contact, such that theories of
language development can be tested against the full range of children’s linguistic lives.
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Chapter 5

Ongoing Work and Future Directions

As in many fields, empirical methods in language development research have been dictated
by what researchers expected to find, on the basis of their theoretic commitments and dis-
ciplinary training. As a consequence, empirical results whose methods derive from distinct
academic perspectives are often difficult to put into contact, distributed as they are across
methodologies, such that apparently conflicting conclusions are confounded with investiga-
tive approach. The forms of data from, say, ethnographies and laboratory experiments would
be literally difficult to reconcile even if researchers from the respective fields sought to de-
scribe the same constructs, just with different tools — but they largely don’t. Instead, the
variables that are critical to one field’s story of how (whether) linguistic experience drives
linguistic development are often invariable or uncollected by the other. Two sources of on-
going work aim to address this problem, extending the ideas discussed in this dissertation
to new contexts and populations, and developing new methods to bridge and translate these
valuable bodies of evidence.

5.1 ‘Learning to Learn’ in Language Development

As discussed in the Introduction, there is something of a disjuncture between the pri-
mary demographic source of our data on language acquisition — families that are white,
Western, and wealthy — and the fact that we admire language acquisition precisely for
its robustness across human contexts. In particular, by studying the efficacy of features
of the early language environment in primarily Western settings, theories of how children
learn language are arguably starting to assume that there is a single pathway to language,
one that involves frequent adult speech to children even before children can meaningfully
reply. Yet a parallel intellectual history in anthropology challenges this assumption by doc-
umenting wide global variation in child-directed speech customs, which nonetheless result in
apparently similar timetables for language development. This opens the possibility of multi-
ple routes to language-learning. More specifically, it suggests that while infants in Western
contexts may have adapted to adults verbally engaging and maintaining their attention, in-
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fants raised in contexts with little child-directed speech might develop distinct patterns of
attention and skills at ‘listening in’ on speech around them in order to learn. Gathering
data to bear on this hypothesis is critical for our understanding of what drives language
development, and, more generally, of the degree to which learning strategies represent envi-
ronmental adaptations, versus universal mechanisms. This question is impossible to answer
if we restrict ourselves to a narrow subset of the world’s learners, using metrics tailored to
the developmental progression observed in their environments. In ongoing work, we apply
the qualitative coding scheme developed in Chapter 4 to naturalistic video data from diverse
contexts. In the following section, we design tests specific to the developmental context of
infants in an indigenous society in southern Mexico, where prelinguistic infants experience
the world from a sling on their mothers’ backs.

5.2 Language Socialization in Tseltal Maya Infants

While ethnographies of cultures like the Tseltal Maya in Chiapas, Mexico report that infants
and young children (1) are rarely addressed, and (2) must learn language through overhearing
(see Lieven, 1994, for a review), other studies suggest that the value of child-directed speech
remains even in these contexts. For example, Shneidman and Goldin-Meadow (2012a) found
no correlation between the amount of speech Yucatec Maya infants overheard at 13 months
and their vocabularies in the next year, but did find a correlation between vocabulary and
the amount of child-directed speech they had received. However, as discussed in preceding
chapter, measurements of ‘overheard speech’ in this and other studies represent a heteroge-
neous category of language input that is defined solely in the negative: that is, as any and
all speech which is not child-directed. “Overheard speech” might therefore be directed to
an adult, or to a different child; it might be more or less linguistically complex than the
speech that the child typically receives; its auditory quality will vary with the position of the
speaker, as will the availability of cues the overhearing child can use to understand what the
speaker is talking about. . . This intense variability across the category of overheard speech
makes it difficult to draw conclusions about exactly what might typically make it difficult
to learn from — or what makes child-directed speech so beneficial. Several details of the
socialization context of Tseltal Maya infants motivate the present study as an ideal way to
test the ‘best case scenario’ for learning from overhearing.

First, based on observations by multiple generations of researchers (e.g., P. Brown, 2008;
Abarbanell, p.c.), as well as our own data, Tseltal infants are truly almost never directly
addressed during their first year of life. Only in later infancy — after they begin walking,
and are no longer continuously attached to their mothers — do infants regularly become the
direct recipients of speech. The child-directed speech that young children receive increases
in quantity and complexity from this point (Shneidman & Goldin-Meadow, 2012a, 2012b).

Second, Tseltal infants tied to their mothers’ backs find themselves in a naturally arising
overhearing context that almost resembles laboratory experiments in its degree of control.
While infants may not be spoken to, they are also almost never put down, or even passed to
siblings, ensuring them front-row seats to the entirety of their mothers’ social interactions.
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Certainly when peeking over her shoulder, and possibly even when tucked beneath the hem
of her shawl, an infant’s privileged vantage is accompanied by high-quality audio and at least
some access to their mother’s focus of attention, which will often suggest the referent of her
and others’ speech.

Third, Tenejapa infants are exposed to several distinctive social speech signals that are
never directed to them, yet share many of the features thought to make infant-directed
utterances especially conducive to learning. In Tenejapa, greetings among adult community
members are highly ritualized, occurring at high volume and with a unique prosodic contour.
The specific greeting term depends on the sex, relative age, and sometimes familial relation
or authority of the “greetee:” for example, a mother would typically greet a female peer with
a call of kantsil, while an older woman would be greeted with metik (for audio recordings
of these exchanges, please see Supplemental Online Materials). Here, these high-frequency
items provide culturally-specific stimuli to test language that could only have been learned
by overhearing, as such greetings would never be addressed to infants directly.

It is critical to test infants’ language knowledge using an implicit measure as early in de-
velopment as possible. Previous work suggests the effects of lower quantities of child-directed
speech exposure compound as children age (Weisleder & Fernald, 2013). If this trend also
holds in high-overhearing environments, then we expect testing infants as early in develop-
ment as possible to provide the least biased comparison between word knowledge gleaned
from the low- versus high-overhearing environments. Not only that, but there remains a
question of the degree to which our existing metrics of vocabulary might be biased toward
children in child-centered contexts.
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Figure 30: Adapted Stimuli for Testing Early Knowledge of Common Nouns in
Paired-Picture Trials.

The language socialization literature emphasizes how the learner — her strategies, verbal
behavior, and attention — adapt to the values and demands of her social environment (P.
Brown, 2011; P. Brown & Gaskins, 2014; Rogoff et al., 2003; Schieffelin & Ochs, 1983). This
might mean that explicitly testing receptive vocabulary (e.g., Shneidman & Goldin-Meadow,
2012a) may be less natural for children from language socialization contexts where they are
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infrequently engaged directly, and are instead expected to observe. Likewise, inferring vo-
cabulary from spontaneous language production (Mastin & Vogt, 2016) might systematically
underestimate the word knowledge of children who are not encouraged to talk. Implicit mea-
sures of word knowledge evades these issues.

Figure 31: Experimental Setup for Paired-Picture Trials.

Responsive to these concerns, in ongoing work we adapt and extend a previously-established
experimental method (Bergelson & Swingley, 2012), which uses relative looking time to pairs
of picture stimuli to infer infants’ earliest associations between word forms and referents. In
addition to adapting the original method for a field context (where bringing and powering an
eyetracker would be infeasible), we develop context-specific stimuli to test infants’ implicit
knowledge of common nouns (Figure 30) and of a set of honorifics regularly used as greetings
among adult community members (Figure 32).
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Figure 32: Example Trial Testing Knowledge of Tseltal Honorifics for Greeting an
Older Man versus a Younger Woman.

Note. Target greeting was ‘tatik’ (Older Man).

5.3 Conclusion

Our research with infants growing up in Tenejapa, Chiapas is designed to shed light on the
tension between ethnographies on the one hand, which emphasize that all children come
to speak the language of their communities, and quantitative studies, which reach broad
conclusions about the primacy of child-directed speech via analyses of children from largely
Western, child-centric households. Evidence that child-directed speech is important in the
contexts in which it is received is only condemnatory of learning by overhearing if we assume
that learners are static, and learning mechanisms universal. In fact, the idea of ‘learning to
learn’ has been central within the active learning framework since at least Bruner (1961).
It may also be the case that our typical measures of language development — which re-
flect and reinforce ways of thinking about language as an acquisition object — are suited to
pick up on precisely the components of language knowledge that adult-guided, child-directed
interactions promote. By collecting quantitative data in a series of carefully designed and
context-specific experiments that are sensitive to the socialization environment of Tseltal in-
fants and their mothers, we hope to be contributing to the mutual intelligibility of qualitative
ethnographic and psycholinguistic accounts. By testing culturally specific greeting routines
at this young age, we also hope to be expanding our (testable) notion of what constitutes
language knowledge to include familiarity with linguistic practice, in addition to vocabulary.
Regardless of how children perform, the highly controlled nature of Tseltal infants’ natu-
ralistic overhearing context means that this work will help us better understand what it is
about different linguistic inputs and socialization environments that makes them more or
less supportive of language-learning, as well as how (whether) young learners adapt to the
affordances of their particular language environments.
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Conclusion

In contrast to the majority of current rhetoric around language development, this dissertation
adopts a view of the language-learning child as an active, or self-directed, language learner.
Of the manifold skills and strategies of the self-directed learner (Bruner, 1961; Chi, 2009;
Gureckis & Markant, 2012), the dissertation focused on children’s strategic attention alloca-
tion and independent information-gathering in explaining a puzzle in the extant literature.
Namely:

(1) Across studies, the amount of child-directed — but not overheard — speech in chil-
dren’s early environments predicts their later vocabularies.

(a) This remains true even in contexts where infants are rarely spoken to directly,
and where overhearing instead predominates.

(2) In well-controlled lab studies, children as young as 18 months of age can learn a new
object label through overhearing.

(3) All children ultimately become competent speakers of their native tongues.

A constellation of experimental and observational studies sought evidence for an intuitive
solution, leveraging the idea from the active learning framework that children rationally
allocate their attention to stimuli based on its complexity or learnability. We hypothesized
that overheard speech is likely to be highly linguistically complex, such that young rational
learners may initially ignore it. However, with greater language knowledge, the difference
between the subjective complexity of the speech that children receive in interactions with
adults and the overheard speech available for them to ‘tune in’ to in their environments will
shrink, such that older children may be able to reliably benefit from overheard language as
a source of input for word-learning.

The studies in Chapters 1–4 suggest that our solution may be on the right track:

Chapter 1 established that the speech that children receive directly is reliably simpler
along multiple learning-relevant dimensions, relative to typical adult-directed speech.
This remains true in aggregate through at least the first four years of development,
accounting for the period in which previous studies have failed to uncover a correlation
between overheard speech quantity and child vocabulary growth.
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Chapter 2 built on previous experimental methods to test preschool-aged children’s
ability to learn from naturalistic overheard speech. In contrast to previous studies, our
experimental overheard speech was adult-directed and contained multiple learning tar-
gets, including both novel nouns and facts. While all children reliably learned facts
composed of familiar words, only older preschoolers (4.5–6 years) reliably learned the
set of novel words through overhearing; younger preschoolers (3–4.5 years) apparently
struggled. Analyses of children’s play and gaze during the overheard phone call sug-
gested that older children were better able to coordinate their attention between the
speech and the referential context — though even younger children showed evidence of
attention to the overheard speech.

Chapter 3 suggested that children’s attention to naturalistic language stimuli is respon-
sive to its complexity, and to children’s ability to learn from it. There, complexity and
age interacted, such that older children were significantly less likely than younger chil-
dren to disattend to the naturalistic spoken language only when it was highly complex.

Chapter 4 introduced contextual dimensions that inform the difficulty of learning from
an utterance into our conceptualization of language complexity. In a case study of the
complexity landscape surrounding a single child learner, child-directed and overheard
utterances exhibited overlapping distributions of multiple learning-relevant features, in-
cluding reference to the ‘here and now’ and even exaggerated prosody. Nevertheless,
referential transparency was significantly higher in child-directed utterances, which were
also more likely to be prosodically marked and associated with the child’s attention —
suggesting a role for learning even of the cue structure of the early language environment.

Chapter 5 described ongoing work extending the idea of the learner as adapted to their
environment by testing early language knowledge in infants exclusively exposed to (high
quality) overheard speech. If the preceding chapters in the dissertation sought to expand
our notions of how language knowledge is acquired (i.e., by overhearing, in addition to
being taught), then our work with Tseltal Maya infants is partly aimed at expanding
our notions of what counts as legitimate language knowledge. Specifically, we capitalize
on Tseltal’s rich system of honorifics to test infants’ knowledge of the social language
conventions used in the speech community that they are in the process of joining.

Ultimately, our approach to this particular puzzle should be understood more generally
as demonstrating the potential in a research program at the intersection of active learning
and language development — especially one with an eye toward ecologically valid demon-
strations of children’s abilities. Diverse empirical questions lie at this intersection. As an
example, children use newly-encountered words long before they have adult-like semantics
for them, refining their reference via further observations and feedback from their inter-
locutors. Can we see children’s productions — which garner informative feedback, whether
confusion, explicit corrections, or acceptance — as akin to hypothesis-testing? Are children
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more likely to produce a word whose semantics they have inconsistent evidence for when
there is a knowledgeable adult around?

As the work in this dissertation hopefully reveals, reframing the child as an “active”
language learner can introduce novel explanations for phenomena in the development of
language. At the same time, using language as a test domain for formal accounts of rational
learning can provide researchers with complex learning tasks that not only make sense to
children, but are truly informative of how children navigate the complexity within their own
lives.
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Bonin, P., Chalard, M., Méot, A., & Fayol, M. (2001). Age-of-acquisition and word frequency
in the lexical decision task: Further evidence. Current Psychology of Cognition, 20 (6),
401–443.

Booth, A. E., McGregor, K. K., & Rohlfing, K. J. (2008). Socio-pragmatics and attention:
Contributions to gesturally guided word learning in toddlers. Language Learning and
Development, 4 (3), 179–202.

Bornstein, M. H., Tal, J., Rahn, C., Galperin, C. Z., Pecheux, M.-G., Lamour, M., Toda, S.,
Azuma, H., Ogino, M., & Tamis-LeMonda, C. S. (1992). Functional analysis of the
contents of maternal speech to infants of 5 and 13 months in four cultures: Argentina,
france, japan, and the united states. Developmental Psychology, 28 (4), 593.

Braginsky, M., Sanchez, A., Yurovsky, D., MacDonald, K., & Meylan, S. (2019). Childes-r.
https://github.com/langcog/childesr

Braginsky, M., Yurovsky, D., Marchman, V. A., & Frank, M. C. (2019). Consistency and
variability in children’s word learning across languages. Open Mind, 3, 52–67.

Branigan, H. P., Pickering, M. J., McLean, J. F., & Cleland, A. A. (2007). Syntactic align-
ment and participant role in dialogue. Cognition, 104 (2), 163–197.

Branigan, H. P., Pickering, M. J., Pearson, J., McLean, J. F., & Brown, A. (2011). The role
of beliefs in lexical alignment: Evidence from dialogs with humans and computers.
Cognition, 121 (1), 41–57.

Brannon, E. M., Abbott, S., & Lutz, D. J. (2004). Number bias for the discrimination of
large visual sets in infancy. Cognition, 93 (2), B59–B68.

Brennan, S. E., & Hanna, J. E. (2009). Partner-specific adaptation in dialog. Topics in
Cognitive Science, 1 (2), 274–291.

Brent, M. R., & Siskind, J. M. (2001). The role of exposure to isolated words in early
vocabulary development. Cognition, 81, 31–44

https://doi.org/10.1037/0012-1649.19.4.602
https://doi.org/10.1016/j.cognition.2010.10.001
https://doi.org/10.1016/j.cognition.2010.10.001
https://github.com/langcog/childesr


BIBLIOGRAPHY 144

Brent, M. R. & Siskind, J. M (2001). The role of exposure to isolated words in early
vocabulary development. Cognition, 81, 31-44.

Broen, P. A. (1972). The verbal environment of the language-learning child. asha mono-
graphs, no. 17.

Broesch, T. L., & Bryant, G. A. (2015). Prosody in infant-directed speech is similar across
western and traditional cultures. Journal of Cognition and Development, 16 (1), 31–
43. https://doi.org/10.1080/15248372.2013.833923

Broesch, T. L., & Bryant, G. A. (2018). Fathers’ infant-directed speech in a small-scale
society. Child Development, 89 (2), e29–e41. https://doi.org/10.1111/cdev.12768

Brooks, R., & Meltzoff, A. N. (2008). Infant gaze following and pointing predict accelerated
vocabulary growth through two years of age: A longitudinal, growth curve modeling
study. Journal of child language, 35 (1), 207.

Brown, P. (1998). Children’s first verbs in Tzeltal: Evidence for an early verb category.
Linguistics, 36 (4), 713–753.

Brown, P. (2008). Conversational Structure and Language Acquisition: The Role of Repeti-
tion in Tzeltal. Journal of Linguistic Anthropology, 8 (2), 197–221. https://doi.org/1
0.1525/jlin.1998.8.2.197

Brown, P. (2011). The cultural organization of attention. The handbook of language social-
ization (pp. 29–55). Wiley Online Library.

Brown, P., & Gaskins, S. (2014). Language acquisition and language socialization. Cambridge
handbook of linguistic anthropology (pp. 187–226). Cambridge University Press.

Brown, R. (1973). A first language: The early stages. Harvard U. Press.
Brownell, R. (2000). Expressive one-word picture vocabulary test.
Bruner, J. S. (1961). The act of discovery. Harvard Educational Review, 31, 21–32.
Brysbaert, M., & New, B. (2009). Moving beyond Kucera and Francis: A critical evaluation

of current word frequency norms and the introduction of a new and improved word
frequency measure for American English. Behavior Research Methods, 41 (4), 977–
990.

Brysbaert, M., Warriner, A. B., & Kuperman, V. (2014). Concreteness ratings for 40 thou-
sand generally known English word lemmas. Behavior Research Methods, 46, 904–
911.

Brysbaert, M., & Biemiller, A. (2017). Test-based age-of-acquisition norms for 44 thousand
english word meanings. Behavior research methods, 49 (4), 1520–1523.

Brysbaert, M., Van Wijnendaele, I., & De Deyne, S. (2000). Age-of-acquisition effects in
semantic processing tasks. Acta Psychologica, 104 (2), 215–226.

Buchsbaum, D., Seiver, E., Bridgers, S., & Gopnik, A. (2012). Learning about causes from
people and about people as causes: Probabilistic models and social causal reasoning.
Advances in child development and behavior (pp. 125–160). Elsevier.

Butler, B., & Hains, S. (1979). Individual differences in word recognition latency. Memory
& Cognition, 7 (2), 68–76.

Butterfield, E. C., Nelson, T. O., & Peck, V. (1988). Developmental aspects of the feeling of
knowing. Developmental Psychology, 24 (5), 654.

https://doi.org/10.1080/15248372.2013.833923
https://doi.org/10.1111/cdev.12768
https://doi.org/10.1525/jlin.1998.8.2.197
https://doi.org/10.1525/jlin.1998.8.2.197


BIBLIOGRAPHY 145

Cameron-Faulkner, T., Lieven, E., & Tomasello, M. (2003). A construction based analysis
of child directed speech. Cognitive Science, 27 (6), 843–873.

Caron, R. F., & Caron, A. J. (1969). Degree of stimulus complexity and habituation of visual
fixation in infants. Psychonomic Science, 14 (2), 78–79.

Carpenter, M., Nagell, K., Tomasello, M., Butterworth, G., & Moore, C. (1998). Social
cognition, joint attention, and communicative competence from 9 to 15 months of
age. Monographs of the society for research in child development, i–174.

Carroll, J. B., & White, M. N. (1973). Word frequency and age of acquisition as determiners
of picture-naming latency. The Quarterly Journal of Experimental Psychology, 25 (1),
85–95.

Cartmill, E. A., Armstrong, B. F., Gleitman, L. R., Goldin-Meadow, S., Medina, T. N.,
& Trueswell, J. C. (2013). Quality of early parent input predicts child vocabulary 3
years later. Proceedings of the National Academy of Sciences of the United States of
America, 110 (28), 11278–11283. https://doi.org/10.1073/pnas.1309518110

Casillas, M., Brown, P., & Levinson, S. C. (2019). Early Language Experience in a Tseltal
Mayan Village. Child Development. https://doi.org/10.1111/cdev.13349

Champely, S. (2014). Basic functions for power analysis. R Foundation for Statistical Com-
puting. Vienna, Austria
Package ‘pwr’.

Chi, M. T. H. (2009). Active-constructive-interactive: A conceptual framework for differen-
tiating learning activities. Topics in Cognitive Science, 1 (1), 73–105.

Chi, M. T. H., & Koeske, R. D. (1983). Network representation of a child’s dinosaur knowl-
edge. Developmental Psychology, 19 (1), 29–39. https://doi.org/10.1037/0012-1649.1
9.1.29

Choi, S. (2000). Caregiver input in english and korean: Use of nouns and verbs in book-
reading and toy-play contexts. Journal of Child Language, 27 (1), 69–96.

Chomsky, N. (1957). Syntactic Structures, 117. https://doi.org/10.1515/9783110218329
Chomsky, N. (1959). A review of bf skinner’s verbal behavior. Language, 35 (1), 26–58.
Clark, A., & Lappin, S. (2013). Complexity in Language Acquisition. Topics in Cognitive

Science.
Clark, E. V., & Estigarribia, B. (2011). Using speech and gesture to introduce new objects

to young children. Gesture, 11 (1), 1–23. https://doi.org/10.1075/gest.11.1.01cla
Clark, H., Herbert, & Brennan, S. E. (1991). Grounding in communication.
Clark, H. H. (2014). How to talk with children.
Clark, H. H., & Brennan, S. E. (2004). Grounding in communication. Perspectives on socially

shared cognition. (pp. 127–149). American Psychological Association. https://doi.or
g/10.1037/10096-006

Cohen, L. B., & Strauss, M. S. (1979). Concept acquisition in the human infant. Child
development, 419–424.

Colombo, J., & Mitchell, D. W. (2009). Infant visual habituation. Neurobiology of learning
and memory, 92 (2), 225–234.

https://doi.org/10.1073/pnas.1309518110
https://doi.org/10.1111/cdev.13349
https://doi.org/10.1037/0012-1649.19.1.29
https://doi.org/10.1037/0012-1649.19.1.29
https://doi.org/10.1515/9783110218329
https://doi.org/10.1075/gest.11.1.01cla
https://doi.org/10.1037/10096-006
https://doi.org/10.1037/10096-006


BIBLIOGRAPHY 146

Cook, C., Goodman, N. D., & Schulz, L. E. (2011). Where science starts: Spontaneous
experiments in preschoolers’ exploratory play. Cognition, 120 (3), 341–349. https://d
oi.org/10.1016/j.cognition.2011.03.003

Cooper, R. P., & Aslin, R. N. (1990). Preference for infant-directed speech in the first month
after birth. Child development, 61 (5), 1584–1595.
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Appendix

A Eliciting Child- and Adult-Directed Explanations

Online

In this study, we’re interested in how people speak to one another. You will be asked to think
about different situations, or ideas you would like to communicate to a particular person,
and to write exactly what you think you would naturally say to them

Please take a moment to imagine [your child/your best friend] in front of you.

Now, imagine having to explain how to eat a new type of food they’ve never had before.
Please write what you would say, below.

You should write as if you were talking to [your child/your best friend] directly, and try to
make your speech as natural and close to what you would actually say as possible.

Now, imagine having to instruct them to get the first aid kit for you, and to call for help.
Please write what you would say, below.

You should write as if you were talking to [your child/your best friend] directly, and try to
make your speech as natural and close to what you would actually say as possible.

Now, imagine having to explain to them how you wash clothes or do laundry. Please write
what you would say, below.

You should write as if you were talking to [your child/your best friend] directly, and try to
make your speech as natural and close to what you would actually say as possible.
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B Age of Acquisition Estimates: M-CDI vs.

Kuperman

1 2 3 4 5 6
1

2

Age of Acquisition Estimates from Adult Ratings versus M-CDIs

AoA: Kuperman et al. (2012)

A
oA

: W
or

db
an

k 
M

-C
D

Is

potty

yes

no

vacuum

cracker

meow

mine

telephone

a

sad

bye

him, she, his long

love

Figure 33: Age of Acquisition Norms: Kuperman (2012) Adult Ratings vs.
MacArthur-Bates Communicative Development Inventory Vocabulary Reports.

Note. M-CDI estimate represents the month in age when word is reportedly produced by
≥50% of the English-acquiring children whose administrations are archived on
wordbank.stanford.edu.

wordbank.stanford.edu
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C Data Coverage for Complexity Metrics by Corpus

Table 21: Tokens by Complexity Metric Across Corpora

Concreteness AoA Valence Frequency M-CDI

Child-directed
Childes 11,955,336 11,414,837 11,243,398 5,072,092 11,497,187
VanDam 35,045 29,424 26,334 11,099 32,971
Manchester 1,349,932 1,293,159 1,277,545 558,453 1,298,276

All CDS 11,990,381 11,444,261 11,269,732 5,083,191 11,530,158

Adult-directed
Childes 1,512,075 1,439,679 1,412,848 616,759 1,452,454
VanDam 12,905 10,698 9,511 3,937 12,053
Santa Barbara 205,976 154,030 136,928 54,160 175,862
BNC 7,507,640 6,230,899 5,414,582 1,717,135 6,689,738

All ADS 9,238,596 7,835,306 6,973,869 2,391,991 8,330,107
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D ADS − CDS Difference in Means Across Corpora

Concreteness AoA Valence

Age 12–24 24–36 36–48 12–24 24–36 36–48 12–24 24–36 36–48

Childes −0.153 −0.078 −0.054 0.199 0.091 0.081 0.017 0.049 0.044
VanDam −0.077 −0.002 0.022 0.086 −0.022 −0.032 −0.041 −0.009 −0.014
SBC −0.266 −0.190 −0.167 0.505 0.397 0.387 −0.147 −0.115 −0.121
BNC −0.361 −0.286 −0.262 0.417 0.309 0.299 −0.074 −0.042 −0.047

All ADS −0.321 −0.245 −0.221 0.374 0.266 0.256 −0.052 −0.020 −0.025
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E Summary of Previous Overhearing Experiments

Study Age Learning
Target

Word
Repeti-
tions

Sentence
Frame

Child-
directed
Context Cues

Other
Notes

Akhtar
et al.,
2001

25
&
30
mos

object
label

9 total
(3 trials
of 3 rep-
etitions)

“I’m going to
show you the
toma. Let’s
find the
toma. I’ll
show you the
toma.”

E smiles or
gasps at
object,
engages in
joint
attention
with C,
passes object
to C

25-month-
olds did
not
demon-
strate
robust
learning
of action
label

action
label

“Now I’m
going to meek
[character’s
name]. Let’s
meek
[character’s
name]. I’ll
show you
how to meek
[character’s
name].”

E
demonstrates
action, smiles
or gasps,
hands
character to
C to perform
action

Akhtar,
2005

25
&
30
mos

object
label

9 total
(3 trials
of 3 rep-
etitions)

“I’m going to
show you the
toma. Want
to see the
toma? I’m
going to show
you the
toma.”

E gazes to
object,
engage in
joint
attention
with C

distractor
toy
present
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Floor
and
Akhtar,
2006

18
mos

object
label

9 total
(3 trials
of 3 rep-
etitions)

“I’m going to
show you the
toma. Want
to see the
toma? I’m
going to show
you the
toma.”

E plays a
warm-up
round of a
finding game
with child

Shneidman
et al.,
2009

20
mos

object
label

9 total
(3 trials
of 3 rep-
etitions)

“Look at the
blicket ! Look
at the blicket !
Look at the
blicket !”

E uses
child-directed
speech style,
engages in
joint
attention
with C,
passes object
to C to place
down chute

Mart́ınez-
Sussmann
et al.,
2011

27
mos

object
label

9 total
(3 trials
of 3 rep-
etitions)

“I’m going to
show you the
one that’s in
here. It’s a
teebu. Do you
want to see
the one that’s
in here? It’s
a teebu. I’ll
show you the
one that’s in
here. It’s a
teebu.”

E begins
experiment
with familiar-
ization phase
with child

distractor
toy
present
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fact “I’m gonna
show the one
my mom gave
me. Wanna
see the one
my mom gave
me? I’ll show
you the one
my mom gave
me.”

E smiles or
gasps at
object,
engages in
joint
attention
with C,
passes object
to C, who
performs
action

fact-
learning
was not
robust

fact +
object
label

“I’m gonna
show you the
one my teebu
gave me.
Wanna see
the one my
teebu gave
me? I’ll show
you the one
my teebu
gave me.”

Gampe
et al.,
2012

18
mos

object
label

9 total
(3 trials
of 3 rep-
etitions

“I’m going to
show you the
[label]. Do
you want to
see the
[label]? I’ll
show you the
[label].”

E engages in
joint
attention
with C

Study 2
used a
music
game

“Here the
[label] goes
in. But where
is the [label]?
I’ll get the
[label]”
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O’Doherty
et al.,
2011

30
mos

object
label

9 total
(3 trials
of 3 rep-
etitions)

“I’m going to
show you the
toma. Let’s
see the toma.
I’m going to
find the
toma”

E gazes to
object,
engages in
joint
attention
with C,
demonstrates
action, C
imitates

learning
only when
C handed
object

Note. E = Experimenter, C = Confederate.
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F Experiment 1 Overhearing Condition

Experimenter Script

Hi, how are you?

I’m good, thanks! Yeah, I’m at [Location]. I just brought some fun new

toys in to play with. I brought a dog, a toma, a pimwit, a white cup, a

zav, and a fep!

Do you know what a pimwit is? I brought one today. It is a purple pimwit.

It’s springy with a face. The purple pimwit is my sister’s favorite. I

really like the purple pimwit, too.

I also brought a fep. This fep is blue and tickly and you can put your

fingers inside. Have you ever played with a fep? I got this blue fep in

Disneyland. This fep is very fun.

Yeah, I like playing with dolls and toys like cups, too. I brought in a

white toy cup that I play with my dolls with. It’s a nice cup. This cup is

full of milk. I have had this white cup for two years.

Um, yeah I just got a new green toma. The toma is a circle-shape, and it

even lights up if you press on it! The toma only lights up if you press on

the green star, though. My uncle gave the toma to me. I really like

playing with the toma.

I brought a fuzzy dog in too. It’s a black dog. This dog has a heart

around its neck. I bring this dog to school. It looks like a dog I want to

have as a pet.

What? Oh yeah, the last thing I brought was a zav. It’s a yellow zav and

it has a bunch of stickers in all different colors on it. You can take the

stickers on and off the zav. I found this zav in the garden. I like this

zav best.

Ok I’m going to go back and play now with the green circle toma from my

uncle, the fuzzy dog I bring to school, the pimwit with the googly eyes that

my sister loves, the blue fep I got from Disneyland, the white cup I’ve had

for two years, and the yellow zav I found in the garden.



APPENDIX 175

Bye! (‘hangs up’ phone. )

[To child:] Hi, [Child’s Name]! Are you ready to play a game with me?

Alright!
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G Experiment 1 Pedagogical Condition Experimenter

Script

Hi, [Child’s Name]! I brought some fun new toys in to play with. I brought

a dog, a toma, a pimwit, a white cup, a zav, and a fep! Do you know what a

pimwit is? I brought a purple pimwit today. (Lifts pimwit. ) It’s springy

with a face. This purple pimwit is my sister’s favorite. I really like the

purple pimwit, too. (Sets down purple pimwit. )

I also brought a fep. (Lifts fep. ) This fep is blue and tickly and you

can put your fingers inside (demonstrates ). Have you ever played with a

fep? I got this blue fep in Disneyland. This fep is very fun. (Sets down

fep. )

I like playing with white cups too. (Lifts cup. ) This cup I brought in is

a white toy cup that I play with my dolls with. It’s a nice cup. This cup

is full of milk. I’ve had this cup for two years. (Sets down cup. )

I also just got a new green toma! (Lifts toma. ) This toma is a

circle-shape, and it even lights up if you press on it! (demonstrates ).

The toma only lights up if you press on the green star, though. My uncle

gave this toma to me. I really like playing with the toma. (Sets down

toma. )

I brought a fuzzy dog in too. (Lifts dog. ) It’s a black dog. This dog

has a heart around its neck. I bring this dog to school. It looks like a

dog I want to have as a pet. (Sets down dog. )

The last thing I brought was a zav. (Lifts zav. ) It’s a yellow zav and it

has a bunch of stickers in all different colors on it. You can take the

stickers on and off this zav (demonstrates ). I found this zav in the

garden. I like this zav best. (Sets down zav. )

Ok, [Child’s Name], are you ready to play a game with the (pointing ) green

circle toma from my uncle, the fuzzy dog I bring to school, the pimwit with

the googly eyes that my sister loves, the blue fep I got from Disneyland,

the white cup I’ve had for two years, and the yellow zav I found in the

garden.

Let’s do it!
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H Experiment 3 Experimenter–Caller Script

EXPERIMENTER

Hi, how are you?

CALLER

Doing alright, and you?

EXPERIMENTER
I’m good, thanks! Yeah, I’m at

[Berkeley/Bay Area Discovery

Museum/the preschool]. I just

brought some fun new toys in to play

with. I brought a dog, a pimwit, a

white cup, a zav, and a fep!

CALLER
Whoa, cool, I’ve never heard of some

of those things.

EXPERIMENTER

Do you know what a pimwit is?

CALLER

No...

EXPERIMENTER
I brought one today. It is a purple

pimwit. It’s springy with a face.

The purple pimwit is my sister’s

favorite. I really like the purple

pimwit, too.

CALLER

I bet! What else?

EXPERIMENTER
I also brought a fep. This fep is

blue and tickly and you can put your

fingers inside. Have you ever played

with a fep?
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CALLER

No!

EXPERIMENTER
I got this blue fep in Disneyland.

This fep is very fun.

CALLER
It sounds like it, but I think I like

playing things like house and tea

party even better.

EXPERIMENTER
Yeah, I like playing with dolls and

toys like cups, too. I brought in a

white toy cup that I play with my

dolls with. It’s a nice cup. This

cup is full of milk. I have had this

white cup for two years.

CALLER

Yeah, anything else?

EXPERIMENTER
I brought a fuzzy dog in too. It’s a

black dog. This dog has a heart

around its neck. I bring this dog to

school. It looks like a dog I want

to have as a pet.

CALLER
Aww - I wanna see! And what about

that other thing?

EXPERIMENTER
What? Oh yeah, the last thing I

brought was a zav. It’s a yellow zav

and it has a bunch of stickers in all

different colors on it. You can take

the stickers on and off the zav. I

found this zav in the garden. I like

this zav best.
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CALLER

Wow, cool.

EXPERIMENTER
Ok I’m going to go back and play now

with the fuzzy dog I bring to school,

(mmhm ) the pimwit with the googly

eyes that my sister loves, (mmhm ) the

blue fep I got from Disneyland,

(mmhm ) the white cup I’ve had for two

years, (mmhm ) and the yellow zav I

found in the garden.

CALLER

Ok, have a good time!

EXPERIMENTER
Bye! (hangs up phone. )

[To child:] Hi, [Child’s name]! Are

you ready to play a game with me?

Alright!

(Comes to sit in chair across from

child, and lines toys up in front of

child. Reaches down to containers

on floor below chair, and lifts one

onto the table. )
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I Time-Aligned Object Touch Plots by Child in

Experiments 1–3

Figure 34: Touch Behavior for Individual Children in Experiment 1.
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Figure 35: Touch Behavior for Individual Children in Experiment 2.
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Figure 36: Touch Behavior for Individual Children in Experiment 3.
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J Storybook Habituation Paradigm

INTRODUCTION Experimenter sits child in front of laptop and helps child

put on headphones. Today we are going to listen to a story called, Frog

Where are You? After the story, we’re going to play a couple quick games,

and that’s it! Are you ready?

Reddotincenterofscreen

EYETRACKER CALIBRATION But first before we get started, I have a mini game

for you to play. Do you see this red dot right here? It’s going to move

around the screen like a fairy. I need you to follow it with your eyes.

Can you do that for me? Great! Are you ready? (Press space bar) Where’d

the dot go?!

STORYBOOK // GIF + ILLUSTRATION

PREVIEW // GIF ONLY

Oo! Look at that! There will always be these jumping penguins while I’m

telling the story, so if you get bored you can always watch them.

STORY INTRODUCTION // GIF + TITLE PAGE

Now we’re going to hear a story called Frog, Where Are You? Remember, you

can always look at the penguins if the story gets boring.

MANIPULATION // GIF + TITLE PAGE

Where are you going to look if the story gets boring?

STORY NARRATION X6 // GIF + TITLE PAGE

ENDING // TWO-PAGE STORYBOOK

The boy and the dog looked all over for the frog --- then they found him!

With his whole family!

LISTENING COMPREHENSION // 2x3 GRIDS

LISTENING COMPREHENSION INSTRUCTIONS // SMILEY

Next, we’re going to play a quick game. There are going to be 6 pictures on

the screen and I’m just going to ask you to point to one of them. Here’s a
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practice round.

PRACTICE // FIXATION CROSS

Q: Where do owls live?

A: Trees (2)

TEST ARRAY

PAGE 1 // FIXATION CROSS

That was amazing! Let’s try a couple more.

Q: Who helped the boy find the frog?

A: The dog (3)

TEST ARRAY

PAGE 2 // FIXATION CROSS

Q: Who was the frog looking for when he left the boy’s room?

A: His mom and dad (1)

TEST ARRAY

PAGE 3 // FIXATION CROSS

Q: Where did the boy and the dog look for the frog first?

A: The boot (5)

TEST ARRAY

PAGE 4 // FIXATION CROSS

Q: What did the dog get his head stuck in?

A: A jar (4)

TEST ARRAY

Page 5 // FIXATION CROSS

Q: Where did the boy and the dog go to look for the frog?

A: The woods (2)

TEST ARRAY

Page 6 // FIXATION CROSS

Q: Who were the boy and the dog looking for?

A: The frog (6)
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TEST ARRAY

WORD LEARNING // 2x2 GRIDS

WORD LEARNING INSTRUCTIONS // SMILEY

Great work! Now we are going to play another game, just like we did

earlier. There’s going to be 4 pictures on the screen and I’m just going to

ask you to point to one of them. Let’s do a practice round.

PRACTICE // FIXATION CROSS

Can you point to the dog?

TEST ARRAY

WL: OGLING // FIXATION CROSS

Good job! Let’s try a couple more.

Q: Can you point to the person who is ogling something?

TEST ARRAY

WL: ABSCONDING // FIXATION CROSS

Q: Can you point to the person who is absconding?

TEST ARRAY WL: FLUMMOXED // FIXATION CROSS

Q: Can you point to the face that looks flummoxed?

TEST ARRAY

WL: HYALINE // FIXATION CROSS

Can you point to the cup that is hyaline?

TEST ARRAY

WL: APERTURE // FIXATION CROSS

Can you point to the aperture?

TEST ARRAY

WL: TOR // FIXATION CROSS

Can you point to the tor?

TEST ARRAY
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K Listening Comprehension Test Arrays

(a) Who helped the boy find the frog?
(the dog; top-right)

(b) Who was the frog looking for when he
left the boys room? (his family!; top-left

(c) Where did the boy and the dog look for
the frog first?

(the boots; bottom-center)

(d) What did the dog get his head stuck
in? (the jar; bottom-left)

(e) Where did the boy and the dog go to
look for the frog? (the forest; top-center)

(f) Who were the boy and the dog looking
for?

(the frog; bottom-right)
Note: Training array used to familiarize participants with the task not pictured.
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L Word Learning Test Arrays

(a) Can you point to the cup that is
hyaline? (top-left)

(b) Can you point to the aperture?
(top-left)

(c) Can you find the tor?
(top-right)

(d) Can you point to the face that
looks flummoxed? (bottom-right)

(e) Can you find the person who is
absconding? (top-right)

(f) Can you point to the one who is
ogling something? (bottom-left)
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M Distributions of by-Participant Summary

Attention Metrics

Complex

Simple

0 100 200 300
Cumulative Voluntary Listening Times (s)

Figure 39: Histogram of Cumulative Listening Times by Condition.
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Complex

Simple

0 50 100 150
Total Illustration Dwell Times (s)

Figure 40: Histogram of Total Illustration Dwell Times by Condition.

Note. Bin size = 3s.
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Complex

Simple

0 50 100 150
Total GIF Dwell Times (s)

Figure 41: Histogram of Total Distractor Dwell Times by Condition.

Note. Bin size = 3s.
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Complex

Simple

0 25 50 75 100
Illustration Mean Percent Net Dwell Times (%)

Figure 42: Histogram of Illustration Net Dwell Time Mean Percents by Condition.

Note. Bin size = 1.5%.
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Complex

Simple

0 25 50 75 100
GIF Mean Net Dwell Time Percents (%)

Figure 43: Histogram of Distractor Net Dwell Time Mean Percents by Condition.

Note. Bin size = 1.5%.
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N Summary of Primary Coded Variables

Variable N Mean SD Min Max

Age 6,733 23.00 8.40 30.00 34.00

Tokens 6,73 4.90 4.00 7 55

Morphemes 6,514 6.20 5.00 8 65

Here & Now 6,532 0.57 0.49 0 1

Referential Gesture 2,685 0.31 0.46 0 1

Looking @ Speaker 3,655 0.56 0.50 0 1

Sing-Song Prosody 6,545 0.86 0.34 0 1

Speech Clarity 6,711 2.50 0.76 0 3

Morphological Complexity 6,514 1.20 0.28 1.30 3.00

Child-Directed 6,733 0.84 0.37 1 1

Looking @ Referent 6,733 0.22 0.42 0 1

Play Context 6,733 0.75 0.43 0 1

Child Standing 6,733 0.25 0.43 0 1

Child Held 6,733 0.012 0.11 0 1
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O Correlations in the Language Environment
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P Qualitative Aspects of Overhearing Context

Codeable from Video

Category Type Code Description

semantic −/+ here now Is the speech about the ‘here and now,’ or de-
contextualized?

0–3 adultness (opposite of ‘babiness’)

visual −/+ speaker Is the child looking at the speaker?

attention −/+ referent Is the child looking at speaker is referring to?

0–3 clutter How cluttered is the scene?

referential −/+ gaze Is the speaker looking at what they’re talking
about?

−/+ gesture Is the speaker gesturing, demonstrating, or
pointing?

audience = target child To whom is the utterance directed?

= other child(ren)

= adult(s)

= phone

audio −/+ sing-song Is the speaker using exaggerated child-directed
intonation?

0–3 auditory clarity How clear is the utterance?

0–3 proximity How near is the speaker?

−/+ dialogue Does the child have access to addressee
backchannels?
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0–3 noise (auditory equivalent of clutter) How much
competition is there for the child’s auditory at-
tention?

source = live Where is the speech coming from?

= tv

= tablet

= radio

= phone

child = supine How is the child positioned?

position = pront

= crawling

= sitting low

= sitting high

= held hip

= held front

= held back

= standing

Code Types:

[+/−] Binary Feature

[=] Variable with Mutually Exclusive Values

[0–3] Subjective Rating Scale
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