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Abstract

Children learn hundreds of words in a few short years (e.g., Dale & Fenson, 1996;

Fernald, Pinto, & Swingley, 1998), but there is wide variability between children

(Fenson, 2007). Some of the variability in children’s language skills can be attributed

to differences in their language input (e.g., generally, children who hear more words

say more words; Huttenlocher, et al., 1991; Huttenlocher, et al., 2010). However,

there are many other factors at play that may influence both children’s language

input and their ability to learn from that input over time, such as their own cognitive,

social, and linguistic developments (Bergelson, 2020). In this dissertation, I ask if

differences in infants’ language input explain changes in their word comprehension,

explain gender differences in their early language skills, or predict their later language

outcomes years later.

In Chapter 1, I review prior work on variation in children’s language experience,

how it maps onto their developing language skills, and how children’s own develop-

ment may affect that input. Chapter 2 investigates how children’s word comprehen-

sion develops across infancy in an eye-tracking study and a complementary corpus

analysis. I find that infants gain semantic precision in word comprehension from

age 0;6 to 1;6, but this improvement is not readily explained by changes in their

at-home exposure to the tested words. Instead, children’s improvements in word

comprehension may be driven by cognitive and social developments that aid their

word learning. Chapter 3 investigates if differences in children’s early language input
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could drive gender differences in their early language skills. I replicate prior work

finding girls have an early word production advantage, but I do not find evidence

that they have different language input compared to boys. However, I find that chil-

dren hear more words once they’ve said their first word, regardless of gender. These

results suggest that children’s language input does not vary by gender, but instead

by their language abilities. In Chapter 4, I turn to investigating a longer timescale

of language input and development. Do children’s early language abilities and input

in infancy predict their later language outcomes years later? I find that children’s

early language skills consistently predict their later language skills, and measures

of children’s early language input do not improve our predictions. In Chapter 5, I

summarize and synthesize the results of these three studies and discuss implications

and future directions of this work.

Across these three studies, I find that language input is not a strong predictor

of differences in children’s language skills. Instead, my results suggest that other

factors (such as children’s age, gender, and earlier language development) better

predict children’s language outcomes.
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1

Introduction

Decades of research have explored how children’s language experience influences their

language development (Anderson, Graham, Prime, Jenkins, & Madigan, 2021; Hart

& Risley, 1995; Newport, Gleitman, & Gleitman, 1977; Rowe, 2012). Studies find

that children who receive more and higher-quality language input have better lan-

guage skills (Anderson et al., 2021; Huttenlocher, Haight, Bryk, Seltzer, & et al,

1991). However, prior research also demonstrates that children are not passive re-

ceptacles of information (Ochs & Schieffelin, 2017). Children must make use of their

linguistic, cognitive, and social skills in order to learn from the language in their

environment (Bergelson, 2020; He & Arunachalam, 2017). Furthermore, the devel-

opment of these skills can influence the language input they receive (Huttenlocher,

Waterfall, Vasilyeva, Vevea, & Hedges, 2010; Leung, Tunkel, & Yurovsky, 2021). The

present work investigates the complex bidirectional relationship between children’s

language input and language development.
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1.1 Effects of language input on child language development

Language input varies widely between children, both in quantity and quality, and

these differences in language input are associated with differences in children’s lan-

guage skills (Anderson et al., 2021; Rowe, 2012).

Language input quantity refers to the overall amount of language1 children are

exposed to in their environment. Some caregivers frequently talk around and di-

rectly to their children, while other caregivers are less talkative. These differences in

language input have been argued to cause differences in children’s language develop-

ment. Researchers have found that infants who receive more language input (i.e., are

exposed to more spoken language and/or more signed language in their environment)

have better language skills (Huttenlocher et al., 1991, 2010; Rowe, 2012; Weisleder

& Fernald, 2013).

While the overall quantity of language input children receive may be important,

many studies find that the quality of language input may matter even more (Cart-

mill et al., 2013; Hirsh-Pasek et al., 2015; Rowe, 2012). Language input quality

refers to the interactional, conceptual, and linguistic features of children’s language

environment that promote language learning (Rowe & Snow, 2020). Unlike mea-

sures of quantity, measures of input quality try to capture the specific factors that

make word learning opportunities particularly informative (Hoff, 2006). For exam-

ple, hearing words when the referent is readily observable (e.g., a mother says “ball!”

when the infant is holding a ball) may help infants form word-object mappings. This

feature of the input, sometimes called “referential transparency,” has been found

to benefit infant word learning (Bergelson & Aslin, 2017a; Cartmill et al., 2013).

Another example of input quality is the frequency of shared picture book reading.

1 Most research to date focuses on children who hear spoken language(s) in their environment.
However, children may also experience language through sight or touch, as is the case for signed
languages.
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Shared reading is associated with better language development (DeBarshye, 1993;

Karrass & Braungart-Rieker, 2005), perhaps because picture books can foster mean-

ingful parent-child interactions that provide rich lexical diversity (Montag, Jones,

& Smith, 2015) and object labeling opportunities (DeLoache & DeMendoza, 1987;

Ninio & Bruner, 1978).

Some of the variation in children’s language input appears systematic. Differ-

ences in language input are associated with family-level factors, such as household

socioeconomic status (Dailey & Bergelson, 2021) and childcare situation (Soder-

strom, Grauer, Dufault, & McDivitt, 2018), although there is wide variation between

families even within groups (e.g., Pan, Rowe, Singer, & Snow, 2005). Differences in

language input have also been found to correlate with child-level factors, such as

age (Bergelson et al., 2019), birth order (Oshima-Takane & Robbins, 2003), gender

(Cherry & Lewis, 1976; Clearfield & Nelson, 2006; Johnson, Caskey, Rand, Tucker,

& Vohr, 2014), and language skill (Huttenlocher et al., 2010; Leung et al., 2021).

These differences may have implications for differences in children’s language skills

by birth order (Hoff-Ginsberg, 1998), gender (Lange, Euler, & Zaretsky, 2016), or

across socioeconomic groups (Hart & Risley, 1995).

Furthermore, language input may be related to broader parenting behaviors,

such as supportive or responsive parenting. Language is inherently communicative

(Tomasello, 2003), and children’s experience with language is embedded in rich so-

cial interactions. Therefore, it is unsurprising that non-linguistic parenting behaviors

and other features of caregiver-child interactions are also associated with language

learning (e.g., Madigan et al., 2019). However, studies have found that while lan-

guage input may be related to non-linguistic parenting behaviors such as sensitivity,

language input specifically predicts children’s vocabulary growth (Hirsh-Pasek et al.,

2015; Hoff & Laursen, 2002).

Critically, the effects of language input are widespread. Children’s language input
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can affect language development across various domains, including speech process-

ing efficiency, vocabulary growth, and syntactic development (Huttenlocher et al.,

1991; Huttenlocher, Vasilyeva, Cymerman, & Levine, 2002; Weisleder & Fernald,

2013). Effects of language input can also be found across cultures (Shneidman &

Goldin-Meadow, 2012) and may persist over time, affecting children’s language skills

years later (Bornstein et al., 2020; Vernon-Feagans, Bratsch-Hines, Reynolds, &

Willoughby, 2020).

1.2 Interaction of language input and child language skills

While the literature provides extensive evidence for the importance of children’s

early language input, the child’s own developing abilities also play a role in their

language learning. Children need to segment the speech stream, interpret speakers’

communicative intentions, attend to the relevant things in their environment, and

remember linguistic information over time to learn across multiple instances. To

meet these communicative demands, children must utilize various social, cognitive,

and linguistic skills to learn from their language input.

For example, studies show that infants can segment words from fluent speech by

age 0;7 (Jusczyk & Aslin, 1995), and this ability is predictive of their later language

skills (Singh, Steven Reznick, & Xuehua, 2012). In addition, infants’ long-term

memory skills show significant improvements between ages 0;6 and 1;6 (Hartshorn et

al., 1998). Improved memory skills can allow children to retain and retrieve linguistic

information across time and therefore utilize word-learning strategies such as cross-

situational word learning (Vlach & DeBrock, 2017). Furthermore, infants’ ability

to engage in joint attention and to interpret the communicative intentions of others

improve dramatically over the first two years (Mundy et al., 2007; Tomasello, 2001).

These abilities could aid infants in identifying referents of caregivers’ speech and

boost their word learning (Mundy et al., 2007; Tomasello, 2001).
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As these and other social, cognitive, and linguistic skills develop, children’s ability

to process and learn from their language input improves (Bergelson, 2020; Meylan

& Bergelson, 2022). This, in turn, affects their later language growth (Hurtado,

Marchman, & Fernald, 2008; Meylan & Bergelson, 2022; Newman, Rowe, & Bern-

stein Ratner, 2016).

Furthermore, the quantity and quality of language input (and its subsequent ef-

fects on language development) may interact with children’s age and language skill

level (Bergelson et al., 2019; Huttenlocher et al., 2010; Leung et al., 2021). From

birth, children engage in interactions with their caregivers, who are responsive to

their child’s verbal and nonverbal communicative behavior (e.g., babbling, Albert,

Schwade, & Goldstein, 2018; facial expressions, Smith & Trainor, 2008). As chil-

dren’s language skills develop, caregivers adapt their child-directed speech to their

child’s language ability at both lexical and syntactic levels. For example, Bohannon

and Marquis (1977) found that adults used shorter sentences with a child who was

signaling they did not understand complex utterances, compared to a child signaling

they understood. In addition, recent studies have found that parents adjust their

speech precisely to their child’s language level: parents fine-tune their child-directed

speech according to their child’s vocabulary (George, Bulgarelli, Roe, & Weiss, 2019)

and to their child’s knowledge of individual words (Leung et al., 2021). This inter-

action between child language input and developing language skills may effectively

scaffold children’s language learning as they grow (Rowe & Snow, 2020).

1.3 This dissertation

Summarily, prior work highlights both the importance of children’s language ex-

posure and the skills children bring to bear on the language learning process, but

many questions remain unanswered. In this dissertation, I aim to address three such

questions. I will investigate children’s language input across one year of infancy and
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examine how that input does (or does not) explain differences in children’s language

abilities in infancy and preschool. Specifically, I will focus on three dimensions of

the broader role of input on language development: 1.) if input changes alongside

children’s developing language skills; 2.) a demographic contributor to the variability

in language input and skills; and 3.) the longer timescale of effects of language input

and skills on later outcomes.

1.3.1 Do changes in infants’ language input explain changes in word comprehen-
sion?

Infants begin to understand common nouns as early as 6 months of age (Bergelson

& Swingley, 2012; Tincoff & Jusczyk, 1999, 2012). This emerging word knowledge

requires mappings between words (sounds) and objects (meanings). Prior work has

established that children have robust representations of how the words in their lexicon

sound by 12 months (Mani & Plunkett, 2010; Swingley & Aslin, 2002). However,

less is known about children’s representations of word meanings at this early stage

of word comprehension. To learn the correct meaning for a given word, infants must

identify all and only the correct referents for that word. For example, when learning

the word “dog,” they need to identify both Great Danes and Chihuahuas, but not

cats or bears, as instances of “dog.” Infants’ ability to do this improves over the

second year of life (Bergelson & Aslin, 2017b; Fernald, Perfors, & Marchman, 2006),

as their knowledge of words in their lexicon grows and their word representations

become more precise. However, researchers rarely test infants longitudinally on the

same set of items to see this type of development within children over time.

Furthermore, the specific mechanisms that drive infants’ developments in word

comprehension are unclear. Due to the effects of language input described above,

it stands to reason that children’s language input could cause this development in

word comprehension. Does children’s language input across this age range change
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to support these developments in word comprehension? If infants’ exposure to these

words in their home environments changes in ways that benefit their language de-

velopment, that exposure could explain their improvements in word comprehension.

Alternatively, their input could remain relatively stable, and advances in infants’

word comprehension could not be explained by their input. In that case, the devel-

opment of infants’ word comprehension may be better explained by children’s social

and cognitive advancements (e.g., the development of joint attention) across this age

range.

However, previous research has not investigated the stability of children’s ex-

posure to specific words in their home environment alongside their comprehension

of those words. By doing so, we can explore how children’s semantic precision in

comprehension of known words develops over time within children and ask if their

input changes in a way that would drive concurrent improvements in their word

comprehension.

In Chapter 2, I examine the development of children’s word comprehension in

infancy through measuring both real-time, in-lab word comprehension and at-home

language input. In a looking-while-listening experiment, I analyze the development

of infants’ word comprehension between ages 0;6 and 1;6. Specifically, I test if infants’

comprehension of familiar words becomes more semantically precise using a longitu-

dinal design. Additionally, I conduct a complementary corpus analysis investigating

infants’ experience with those common nouns in their at-home environments as a

potential driver of their improvements in word comprehension. If infants’ exposure

to common nouns changes across these input properties over the first few years of

life, this could explain changes in their word comprehension. On the other hand, if

children’s language environments remain stable, it seems more likely that their cog-

nitive developments could allow them to take better advantage of consistent input,

or a gradual accrual of very similar word-learning instances could lead to greater
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comprehension.

1.3.2 Does infants’ language input explain gender differences in early language
skills?

Some of the wide variability in both children’s language input and their language

outcomes is associated with demographic factors, such as a child’s birth order (Hoff-

Ginsberg, 1998), gender (Cherry & Lewis, 1976; Lange et al., 2016), or family so-

cioeconomic status (Arriaga, Fenson, Cronan, & Pethick, 1998; Dailey & Bergelson,

2021). Investigations of demographic variables can elucidate how language input may

interact with other factors (e.g., a child’s language learning ability or social facets of

their home environment) to contribute to their language development.

For example, several decades of research have demonstrated that, on average,

girls have better language skills than boys at the same age. Girls tend to say their

first words earlier, have larger vocabularies, and combine words into multi-word

utterances earlier than boys (Bornstein, Hahn, & Haynes, 2004; Eriksson et al.,

2012; Fenson et al., 1994; Huttenlocher et al., 1991; Maccoby, 1966).

What are the mechanisms of this difference in language abilities? Due to the

widespread effects of children’s language input described above, if girls receive more

or higher-quality language input than boys, this difference could lead to the observed

gender difference in children’s language skills. However, the evidence here is mixed,

with some studies finding that girls receive more language input than boys (e.g.,

Clearfield & Nelson, 2006), while others find no gender differences in language input

(e.g., Huttenlocher et al., 1991).

Complicating matters further, parents may adapt their speech to their child’s

language abilities (George et al., 2019; Leung et al., 2021). If parents speak differently

to their children with more advanced language skills, who are more likely to be

girls, this could confound any seemingly gender-related difference in their language
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input. Previous work has not examined children’s language input in relation to their

age, gender, and talking status within a single sample over time. Thus, it cannot

disentangle the effects of child gender and language ability on children’s language

input.

I address this gap in the literature in Chapter 3, investigating gender differences

in children’s early language input before and after children begin talking. In this

study, I ask if children’s early language input varies by child gender and talk status.

First, do female infants say more words than male infants? If so, could this gender

difference in language production be explained by a parallel difference in children’s

language input? I may find that parents speak differently to their children based on

gender, which would suggest that language input could moderate the effect of child

gender on language learning. Alternatively, I could find no evidence for gendered

language input, suggesting that female babies may be predisposed to learn language

faster, or that our quantification of language input may not fully capture gender-

based differences in language experience and socialization. Furthermore, I assess

how children’s language input may interact with their language abilities and gender.

1.3.3 Does infants’ language input predict language skills years later?

The literature reviewed thus far has primarily focused on language input’s effects on

children’s concurrent abilities throughout infancy, but it is also important to consider

the longer timescales of language learning. There is some evidence that the effects

of children’s language input persist over time: input in infancy has been found to

predict language outcomes in preschool and school-aged children (Bornstein et al.,

2020; Vernon-Feagans et al., 2020).

However, children’s early language skills in infancy and toddlerhood (Fish &

Pinkerman, 2003; Hohm, Jennen-Steinmetz, Schmidt, & Laucht, 2007; Lee, 2011)

may be better predictors of their later language skills. For example, Fish and Pinker-
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man (2003) found that children’s vocabulary at age 1;3 was significantly correlated

with their language scores when entering kindergarten approximately four years later.

Bornstein and colleagues have investigated the stability of language abilities over

time using more complex analyses, combining various language measures collected

at multiple ages to extract a latent “core language skill.” They have found this “core

language skill” to be stable from infancy through preschool (Bornstein et al., 2004;

Bornstein, Hahn, & Putnick, 2016; Bornstein, Hahn, Putnick, & Pearson, 2018).

At the same time, more commonly used language measures (e.g., parent-report vo-

cabulary checklists in infancy) may not reliably predict specific children’s language

outcomes (Duff, Nation, Plunkett, & Bishop, 2015).

Considering the previous literature showing both strengths and limits for the

predictive power of children’s skills, can adding detailed data about children’s early

language experience improve our predictions of their language outcomes?

In Chapter 4, I investigate how children’s language input and early language skills

combine to predict their language outcomes in preschool. Using corpus analysis and

standardized language assessments, I assess children’s language input and their lan-

guage skills over the first five years of life. This study assesses the predictive value of

language input and language skills in infancy on language skills in preschool. Does

children’s early language input predict their language outcomes, over and above their

early language skills? If I find that language skills, and not language input, predict

children’s later language outcomes, this would suggest that very early language as-

sessments (both parental report and standardized assessments) are reliable measures

of language skills and have high predictive value. On the other hand, if I find that

language input predicts children’s language outcomes even when controlling for their

earlier language skills, this would highlight the importance of language input dur-

ing the earliest stages of children’s language learning, laying the foundation for the

development of their language skills for years to come.
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Table 1.1: Overview of measures used in this dissertation

Age Measure Frequency Chapter

0;6-1;7 At-home language recordings (audio
& video)

Monthly 2, 3, 4

0;6-1;8 Eye-tracking studies Every other month 2
0;6-1;8 Parent-reported vocabulary Monthly 4
3;6,
4;6

Language and cognitive assessments Once 4

4;6 At-home language recording (audio) Once 4

1.3.4 Overview of SEEDLingS dataset

To answer these questions, I combine data from a corpus of recordings from chil-

dren’s home language environments, an eye-tracking study, and standardized lab as-

sessments in a sample of monolingual English-learning children in the United States.

SEEDLingS is a longitudinal study of child language development. See Table 1.1

for an overview of study measures and Table 1.2 for the sample demographics. This

corpus includes monthly at-home, child-centered language recordings. Participants

completed a daylong audio recording and an hourlong video recording each month

from 6 to 17 months. Within the audio and video recordings collected during infancy,

trained researchers annotated instances of concrete nouns2 (e.g., foot, bottle) heard

by or produced by the target child. This corpus includes approximately 9,000 hours

of recordings and over 333,000 words from children’s home language environments.

Additionally, we conducted eye-tracking studies every other month and collected

monthly measures of parent-reported vocabulary from 6 to 18 months. These same

participants were invited to complete two additional follow-up lab visits at ages

2 The data in this dissertation were part of a broader longitudinal study, which had a focus on
concrete nouns. I use hand-annotated noun input data as a proxy for children’s overall language
input. Concrete nouns serve as a reasonable proxy for infants’ language input more generally:
previous work has established that noun counts are significantly correlated with overall word counts
(R = 0.73, Bulgarelli & Bergelson, 2020).
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Table 1.2: Sample demographics.

Demographic variable Sample breakdown

Gender 21 (48%) girls, 23 (52%) boys
Race and ethnicity 41 (93%) non-Hispanic White, 2 (5%) multiple races,

1 (2%) Hispanic
Maternal education 11 (25%) less than bachelor’s degree, 11 (25%) bach-

elor’s degree, 22 (50%) advanced degree

3;6 and 4;6. Participants completed several standardized language and cognitive

assessments, as well as an additional daylong audio recording (at age 4;6).

1.3.5 Summary

In this dissertation, I ask if differences in infants’ language input explain changes in

their word comprehension, explain gender differences in their early language skills,

or predict their later language outcomes years later. Together, these three studies

investigate the broad question: What is the role of children’s early language input in

driving differences in language skills? We will explore three facets of this relationship

in the chapters that follow.
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2

The development of word comprehension in
infancy: The roles of semantic precision and home

language environment

2.1 Introduction

Over the first two years of life, infants learn hundreds of words (e.g., Dale & Fenson,

1996; Fernald, Pinto, & Swingley, 1998). When learning a new word, infants must

narrow in on the specific sounds in the word (phonetic precision) and the specific

meaning of the word (semantic precision), as well as mapping sound to meaning.

The previous literature shows that infants gain phonetic precision for common words

by their first birthday (Mani & Plunkett, 2010; Swingley & Aslin, 2002; Zesiger,

Lozeron, Lévy, & Frauenfelder, 2012): 12-month-old infants have detailed mental

representations of how familiar words sound. However, less is known about the

development of semantic precision in infants’ early word learning and what might

facilitate the development of infants’ mental representations of word meanings.
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2.1.1 Semantic refinement in infant word comprehension

Infants begin to demonstrate word knowledge in word comprehension tasks as early

as 6 months of age (Bergelson & Swingley, 2012; Tincoff & Jusczyk, 1999, 2012),

and over the next year, their word comprehension improves rapidly (Bergelson &

Aslin, 2017b; Fernald, Perfors, & Marchman, 2006). Specifically, infants’ knowledge

of words already in their lexicon continues to develop throughout the second year of

life, as they figure out the right extension for words they know (Bergelson & Aslin,

2017b). One challenge children face when learning words is identifying all and only

the correct referents for each word. That is, they must recognize each instance of a

dog, and no instances of a cat, as “dog.”

At the earliest stages of word recognition in infancy, infants have, in some sense,

underdeveloped categories that gain precision over development. Bergelson and Aslin

(2017b) found that younger one-year-olds looked equally to a dog upon hearing

“dog” or “cat,” demonstrating that their word representations were not appropri-

ately bounded (i.e., adult-like). By around 18 months, infants looked more at a

dog when hearing “dog” than when hearing “cat,” demonstrating that their word

representations became increasingly precise with age (Bergelson & Aslin, 2017b).

However, even at these early stages of word comprehension, infants display some

adult-like features of word recognition. Infants appear to have some signatures of

“semantic competition,” similar to adults (Bergelson & Aslin, 2017a). Proficient

adult speakers show evidence of semantic competition effects in online word compre-

hension tasks (Huettig & Altmann, 2005). For example, Huettig and Altmann (2005)

found that when adults heard the word “piano,” they looked more to the semanti-

cally related trumpet than unrelated distractors like goat and hammer. Adapting

these experimental techniques for young children, Bergelson and Aslin (2017a) found

a similar pattern: 6-month-old infants looked more to the labeled object (e.g., a dog)
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when the competitor object was semantically unrelated (e.g., a shoe) than when it

was semantically related (e.g., a cat). While these early effects of semantic com-

petition may demonstrate that infants’ word categories are not yet appropriately

bounded, they are in line with patterns of word recognition in adults (Bergelson &

Aslin, 2017a).

However, little is known about this process of semantic refinement in infants’

early word learning, as researchers rarely test infants longitudinally on the same

set of items to see this type of development. By doing so, we can investigate how

children’s semantic precision in comprehension of known words develops over time

within children.

2.1.2 Changes in language input that could support developments in word compre-
hension

What drives these improvements in infants’ word comprehension? One potential

explanation is their language input. Overall, children’s language input is a key

predictor of their language skills (Anderson, Graham, Prime, Jenkins, & Madigan,

2021). Therefore, if infants’ exposure to words changes over the first few years of

life, this could benefit their word learning and explain improvements in their word

comprehension. On the other hand, if children’s language environments remain sta-

ble, this would suggest that changes in their word exposure do not drive their word

comprehension improvements. This, in turn, is compatible with two accounts. Chil-

dren’s cognitive developments may allow them to take better advantage of consistent

input as they grow (Bergelson, 2020), or a gradual accrual of word-learning instances

(that don’t change systematically across developmental time) could lead to greater

comprehension (Mollica & Piantadosi, 2017).

There are many ways that language input varies between children and affects their

language development, and some properties of that input may be particularly useful
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for semantic refinement. Firstly, language input quantity is predictive of children’s

language growth (Huttenlocher, Haight, Bryk, Seltzer, & et al, 1991): children who

hear more words in their environment have larger vocabularies (Huttenlocher et

al., 1991; Huttenlocher, Waterfall, Vasilyeva, Vevea, & Hedges, 2010; Rowe, 2012;

Weisleder & Fernald, 2013). Beyond overall volubility, the effects of input quantity

also hold at the word level: the words children hear more frequently are earlier

learned (Ambridge, Kidd, Rowland, & Theakston, 2015). Therefore, if children hear

a word more frequently as they age, their increased exposure boosts their likelihood

to learn that word.

In addition to input quantity, the quality of infants’ language input can also affect

their language development. For instance, hearing words in short phrases or isolation

may aid infants’ word learning. In one sample, words that occurred more in isolation

were more likely to be learned (Brent & Siskind, 2001), even when controlling for word

frequency and duration (Swingley & Humphrey, 2018). Words in isolation could aid

word learning because they may be highly salient instances (Keren-Portnoy, Vihman,

& Fisher, 2019) and may label objects (Fernald & Morikawa, 1993), thereby helping

infants identify individual words and their referents.

Another important property of language input is referential transparency – how

clearly words in the input map onto observable referents (Bergelson & Aslin, 2017a;

Cartmill et al., 2013). Hearing a word when the referent is readily observable likely

helps infants form word-object mappings. It stands to reason that this input property

may be particularly beneficial for the refinement of children’s semantic knowledge,

and indeed, prior work has found this input property to predict infants’ word com-

prehension (Bergelson & Aslin, 2017a). An increase in referential transparency could

aid infants in determining the correct extensions of words in their lexicon.

Additionally, shared book reading has been found to benefit language develop-

ment (Karrass & Braungart-Rieker, 2005; Whitehurst et al., 1988). Picture books can
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foster meaningful parent-child interactions with language-benefiting behaviors such

as pointing (Murphy, 1978) and repetition (Horst, Parsons, & Bryan, 2011). Reading

also encourages joint attention, as parents and infants coordinate their attention to

a book together, which aids infants in mapping words to objects (Tomasello & Todd,

1983). In fact, DeLoache and DeMendoza (1987) found that mothers used picture

books to scaffold object labels for their one-year-olds during shared book reading.

These features of book reading interactions could support infants’ developments in

semantic knowledge.

Summarily, several features of infants’ language input – here, word frequency

(types and tokens), words in isolation, referential transparency, and reading – may

help them refine their word knowledge and figure out the right extension for words

they know. However, previous research has not investigated the stability of children’s

exposure to specific words in their home environment in relation to their comprehen-

sion of those words. By examining children’s language input over time, as they gain

semantic precision in word comprehension tasks, we can assess whether their input

remains stable or if it changes in a way that would drive improvements in their word

comprehension.

2.1.3 The present study

The present study aims to investigate how and why children’s word comprehen-

sion develops over the course of a year during infancy. We explore the course of

improvements in infants’ word comprehension from 6 to 18 months, alongside an in-

vestigation into the stability of infants’ language input as a potential driver of those

improvements. Specifically, we ask:

1. Does infants’ comprehension of familiar words become more semantically pre-

cise between 6 and 18 months?
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2. Are there changes in infants’ input over this age range that could support

improvements in comprehension?

We hypothesize that infants’ comprehension of familiar words becomes more se-

mantically refined between 6 and 18 months. However, our hypotheses about the

stability of infants’ input are less clear, as prior work has not tested if children’s im-

provements in word comprehension in infancy are related to changes in their home

word exposure. It is possible that some dimensions of children’s language input in-

crease between 6 and 18 months in ways that could benefit their word learning. For

example, infants may hear words more frequently or may engage in more shared book

reading with their caregivers as they age, which could boost their word comprehen-

sion. Alternatively, we may find that infants’ at-home exposure to the tested words

is relatively stable, which would suggest that changes in infants’ language experience

do not drive improvements in their language skills. In that case, children’s word com-

prehension may improve as they gradually accrue word-learning instances (Mollica

& Piantadosi, 2017), or as their cognitive development allows them to increasingly

take advantage of relatively consistent language input (Bergelson, 2020).

2.2 Method

This manuscript was generated using the papaja package (Version 0.1.0.9997, Aust &

Barth, 2020), and analyses were conducted in R (Version 4.1.2, R Core Team, 2021).

We conducted an eye-tracking experiment with infants at 6, 12, and 18 months of

age and examined the home linguistic environment of the same infants longitudinally

over the same time span. A subset of data from this longitudinal study was reported

in Bergelson and Aslin (2017a); we report additional data and further analyses here.
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2.2.1 Participants

Participants were recruited via a process approved by the University of Rochester

Research Subjects Review Board. Participants1 (N = 44, 21 girls) were enrolled in

a longitudinal study on early language development. Infants participated in the eye-

tracking study at 6 months (Mage = 6;2, SD = 3.7 days), 12 months (Mage = 12;3,

SD = 2.2 days), and 18 months (Mage = 18;2, SD = 3.7 days) of age. The majority

of participants (41; 93%) were non-Hispanic White, while 2 (5%) were multiracial

and 1 (2%) was Hispanic. Participants’ maternal education levels were as follows:

11 (25%) had less than bachelor’s degree; 11 (25%) had a bachelor’s degree; and

22 (50%) had an advanced degree. Further details of the sample can be found in

Bergelson and Aslin (2017a).

2.2.2 Measurement of word comprehension

Infants’ comprehension of common nouns was assessed across semantic contexts (re-

lated and unrelated noun-pairs) using an eye-tracking study. Upon arrival to the lab,

parents were consented before being escorted to the testing room with their infants.

At 12- and 18-month lab visits only, participants completed one or two additional,

separate eye-tracking studies before participating in the present experiment.

The eye-tracking experiment was conducted using an EyeLink 1000 Plus. On each

trial, infants saw a two-image display and one image was labeled by their parent (e.g.,

“Look at the ball”). The tested words were selected to be concrete nouns (e.g., bottle,

book) that are early acquired and expected to be familiar to the infants. See tested

word pairs in Table 2.1. Word pairs were semantically related (e.g. juice–milk) or

semantically unrelated (e.g. juice–car), and each item occurred in both trial types.

1 Ten additional infants participated in the eye-tracking study at a single timepoint, did not enroll
in the longitudinal study, and did not contribute home recordings data. They are excluded from
this analysis, as we investigate in-lab word comprehension and at-home word exposure in the same
set of infants.
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Table 2.1: Tested word pairs. Each word occurred in both a related and
an unrelated word pair.

Related word pairs Unrelated word pairs

foot-hand foot-milk
stroller-car stroller-hand
juice-milk juice-car
mouth-nose mouth-ball
book-ball book-diaper
blanket-diaper blanket-dog
bottle-spoon bottle-nose
baby-dog baby-spoon

The experiment included 32 trials (16 of each trial type).

Comprehension was indexed by the proportion of target looking over a 367–

5000ms post-target-onset window, corrected for pre-target-onset looking. Trials were

excluded if the infant did not look at the screen for at least 1/3 of window of analysis

(367–5000ms) or if the parent interfered. Our eye-tracking analyses include data from

41 infants at the 6 month timepoint, 34 infants at 12 months, and 37 infants at 18

months. We excluded an additional 4 participants due to outlier status (n = 2) or

insufficient data (i.e., data for only one trial type, n = 2).

2.2.3 Measurement of home linguistic exposure

We also analyzed the input statistics of the tested words2 in a corpus of recordings

from the same participants in their home environments. Day-long audio and hour-

long video recordings were collected for each child monthly from 6–17 months (n

= 12 audio- and 12 video-recordings per child). See Bergelson, Amatuni, Dailey,

Koorathota, and Tor (2019) for additional details about home recording procedures.

In these recordings, trained researchers annotated child-directed object words, along

2 We ran supplemental analyses using all object words heard by the infants in the home recordings
(not limiting to tested words); see Appendix A.1.
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with three properties of each: type of utterance (declarative, imperative, question,

reading, singing, or short-phrase); object presence (yes or no; whether the referent

of the word was present and attended to); and the speaker.

For the current analysis, we sample the top 3 hours (as determined by an algo-

rithm using LENA automated word counts; scripts are available on Github at https:

//github.com/SeedlingsBabylab/audiowords) from each daylong audio recording,

as well as the full hourlong video recordings, for a total of 48 hours of annotated home

data per child. From these annotations, we examined occurrences of the 16 tested

words (see Table 2.1) and calculated several metrics for the tested words that each

child heard each month. We exclude the child’s own productions in order to cap-

ture only their language input, i.e., language they hear from other speakers. We

calculated the number of tested nouns (by type and token), the frequency of object

presence (i.e., whether the referent of a spoken word is present), and the proportions

of utterances that were short phrases and reading.

2.3 Results

2.3.1 Analysis plan

First, we assessed whether infants’ in-lab word comprehension modulated by age

and semantic relatedness. To do this, we ran a linear regression predicting infants’

proportion of target looking (corrected for baseline preference) with age in months

and trial type and conducted follow-up t-tests3.

Then, we analyzed infants’ at-home exposure to the tested words. We assessed

how often infants are exposed to these words and tested if their exposure changes

across five potentially relevant input properties from 6–17 months. Input metrics

were noun types, noun tokens, the proportion of nouns that occurred in short phrase

utterances, the proportion of object presence, and the proportion of nouns in reading

3 See Appendix A.2 for supplemental analyses at the item- and subject-level.
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Figure 2.1: Proportion of target looking, corrected for baseline prefer-
ence, by age and trial type. Mean performance across infants within each
age-group for semantically unrelated pairs (left, e.g. foot–juice), and re-
lated pairs (right, e.g. foot–hand). Black dots are means with 95-percent
bootstrapped CIs.

utterances. For each of these input metrics, we ran a linear regression and assessed

if the input changed with age by testing if the addition of child age improved model

fit.

Finally, we investigated if infants’ experience of referential transparency (propor-

tion of object presence in their home recordings) was associated with their in-lab

word comprehension.

2.3.2 Word comprehension

First, we created a linear model to predict the proportion of baseline-corrected target

looking with age in months and trial type (related or unrelated). We found main
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Figure 2.2: Timecourse of target looking by age and trial type. Proportion
of target looking (y-axis) over time (in milliseconds, x-axis), by 6-, 12-,
and 18-month-old infants. 0ms is target onset (e.g., ”blanket” in ”Can you
find the blanket?”). Green lines indicate window of analysis (367-5000ms
post-target-onset). Unrelated trials (e.g., foot–juice) are in purple, related
(e.g., foot–hand) in green. Error bars are smoothed loess fit over all data-
points in each 20ms time-bin.

effects of age and trial type (ps < .01); see Table 2.2 and Figures 2.1 and 2.2.

Thus, infants performed better on unrelated trials than on related trials, and their

performance increased with age. An interaction of age and trial type was not justified

by model comparison (F (2, 220) = 0.60, p = .441).

We then conducted a series of follow-up t-tests to examine infants’ performance

Table 2.2: Regression table for model predicting proportion of baseline-
corrected target looking. Age is centered on 6 months for interpretability
of estimates. Thus, the intercept represents performance at 6 months,
and the age predictor represents improvement per month after 6 months.

Predictor b 95% CI tp221q p

Intercept 0.04 [0.01, 0.07] 2.80 .006
TrialType [related] -0.05 [-0.08, -0.02] -2.90 .004
Age in mos 0.01 [0.00, 0.01] 4.93 ă .001
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within each age bin. We found that 6-month-olds performed better on unrelated

trials (M = 0.06) than on related trials (M = -0.02; M∆ “ 0.08, 95% CI r0.03, 0.14s,

tp40q “ 2.94, p “ .005), and only above chance on the unrelated trials (related:

tp40q “ ´0.80, p “ .426; unrelated: tp40q “ 4.17, p ă .001). See Figure 2.1.

12- and 18-month-olds exhibited above-chance performance in both trial types (all

ps < .05). Infants’ performance on related and unrelated trials was not significantly

different at 12 months (Mrelated = 0.06; Munrelated = 0.05; tp33q “ ´0.23, p “ .821),

but at 18 months, infants performed better on unrelated trials (Mrelated = 0.09;

Munrelated = 0.15; tp36q “ 2.72, p “ .010; see Figure 2.1).

Thus, we find a significant effect of trial type at 6 and 18 months, but not at 12

months. To further investigate this pattern, we conducted t-tests to assess if infants’

performance increased similarly across conditions between 6 and 12 months. We

found that infants improved significantly on related trials (M6mo = -0.02; M12mo =

0.06; tp72.10q “ 2.25, p “ .028) between 6 and 12 months, but not on unrelated

trials (M6mo = 0.06; M12mo = 0.05; tp67.97q “ ´0.52, p “ .602). This suggests that

infants’ overall improved performance at 12 months is driven by their improvement

on related trials specifically.

2.3.3 Home linguistic exposure

We now turn to the participants’ home exposure to the tested words. As expected,

the 16 tested words were very frequent in the infants’ at-home language environments.

The tested words occurred a total of 47770 times across 2112 recording hours (an

average of 22.62 words per hour). 35 of 44 infants (79.55%) heard all 16 words at least

once in our recordings (48 hours per infant). The average infant heard 15.75 of 16

tested words across their recordings (median: 16; range 14 to 16 words). Each child

heard the tested words 90.47 times each month during their 4 hours of recordings,

on average (median: 76; range 5 to 385). See Figure 2.4.
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Figure 2.3: Frequency of tested nouns in home recordings (left: 3 hours
of audio per child per month; right: 1 hour of video per child per month)
across months 6-17. Top row shows noun tokens and bottom row shows
noun types (out of the 16 tested nouns). Black dots represent means
with 95-percent bootstrapped CIs. Outliers (>3SD from mean, n=10 for
tokens, n=2 for types) excluded from plots and statistical analyses.

Next, we assessed whether the potentially relevant input properties (types, tokens,

short phrases, object presence, reading) change with age. For each of our five input

metrics, we ran two linear mixed effect models: a baseline model with a fixed effect

of recording type and a random effect of subject (i.e., input metric „ recording type

+ (1|subject)), and a second model, which adds an effect of the child’s age in months

(i.e., input metric „ age in mos. + recording type + (1|subject)). We include a fixed

effect of recording type (audio or video) because we include input metrics aggregated

from audio and video recordings separately and want to control for this difference

(Bergelson et al., 2019). We then assess if adding age improves model fit.
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Figure 2.4: Properties of tested nouns in home recordings across months
6-17. Panels are divided by recording type (left: audios, right: videos).
Rows show proportion of object presence, proportion of words in isola-
tion/short phrases, and proportion of reading. Black dots show means
with 95-percent bootstrapped CIs. Outliers (>3SD from mean, n=14 for
short phrases, n=27 for reading) are excluded from plots and statistical
analyses.
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Table 2.3: Summary of mixed effects regressions predicting our five input metrics The maximum number
of observations was 1056, but outliers (ą3SDs) were excluded from analysis. For proportions of short
phrases and reading, the age term was omitted because it was not justified by model comparison.

Word types Word tokens Obj. presence Prop. short phrases Prop. reading
(Intercept) 8.63˚ 39.01˚ 0.49˚ 0.10˚ 0.03˚

r7.98; 9.29s r32.33; 45.69s r0.44; 0.54s r0.09; 0.11s r0.02; 0.03s
Recording type [video] ´2.56˚ ´18.18˚ 0.01 ´0.00 0.00

r´2.82;´2.30s r´20.86;´15.51s r´0.01; 0.03s r´0.01; 0.01s r´0.00; 0.01s
Age in mos. 0.08˚ 1.05˚ 0.01˚

r0.04; 0.11s r0.66; 1.44s r0.00; 0.01s
Num. obs. 1051 1043 1053 1039 1026
Num. groups: subj 44 44 44 44 44
Var: subj (Intercept) 2.38 242.79 0.01 0.00 0.00
Var: Residual 4.59 485.66 0.04 0.01 0.00
˚ represents p ă .05 .

27



For both word types and word tokens, adding the child’s age in months improved

model fit over baseline (types: χ2=10.01, p = .002; tokens: χ2=26.24, p < .001).

See Figure 2.3. Child age in months also improved model fit for object presence

(χ2=8.99, p = .003). See Figure 2.4. For each of these models, age in months had a

positive effect on the input metric. That is, children heard more of the tested words,

heard them more often, and more when the object was present as they got older

(from 6–17 months). However, these effects were small in magnitude; see Table 3.2.

For example, our models estimate that children heard 1.05 additional tokens of the

tested words each month.

Adding child age did not improve model fit for words in short phrases (χ2=2.75,

p = .097) or for reading (χ2=0, p > .999). This suggests that children’s exposure

to nouns in short phrases and in reading did not change significantly across 6–17

months. See Figure 2.4.

2.3.4 Links between word comprehension and home linguistic exposure

After examining infants’ exposure to the tested words over time, we asked if the

proportion of object presence in infants’ home environment is related to their in-

lab word comprehension. To test this, we aggregated across conditions to find each

participants’ mean proportion of target looking at each timepoint. We then tested if

this metric of in-lab word comprehension was associated with the proportion of object

presence (our index of referential transparency) in infants’ at-home recordings. We

found that the proportion of object presence was significantly correlated with in-lab

word comprehension at 6 and 18 months (6 months: Pearson’s R = 0.33 [0.02, 0.58],

p = .037; 18 months: R = 0.36 [0.04, 0.62], p = .030), but not at 12 months (R =

-0.16 [-0.48, 0.18], p = .353). See Figure 2.5.
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Figure 2.5: Correlation between proportion of object presence in home
recordings and in-lab word comprehension (indexed by proportion of tar-
get looking, corrected for baseline preference) at 6, 12, and 18 months.
R values indicate Pearson’s correlations with p-values for each age. Lines
indicate linear models with 95-percent confidence intervals.

2.4 Discussion

This study assessed how infants’ word comprehension develops over the first year

and a half of life. As hypothesized, we found that infants demonstrated increased

semantic precision in word comprehension from 6 to 18 months. The complementary

corpus results showed that infants’ exposure to the tested words did increase slightly

over this age range, although these changes were small in magnitude.

2.4.1 Improvements in semantic precision across infancy

Infants’ word comprehension improved overall and showed increased semantic pre-

cision between 6 and 18 months. Unsurprisingly, infants showed increased target
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looking across both trial types (related and unrelated), demonstrating increasing

comprehension of the tested nouns over the course of a year. However, the effect of

trial type changed with age, suggesting that infants’ semantic precision developed

non-linearly. (See Section 2.4.2 “Nonlinearity in early word comprehension develop-

ment” for discussion.)

At 6 months, infants’ looking to the target image was at chance on related trials

and above chance on unrelated trials (Bergelson & Aslin, 2017a). That is, they

successfully identified the referent for the spoken prompt (e.g., “mouth”) when the

target image was next to an unrelated distractor (e.g., ball), but not when it was

next to a related distractor (e.g., nose). This result suggests that at the earliest

stages of word comprehension in infancy, infants are unable to identify the correct

referent for a spoken word when paired with a semantically related competitor.

At 18 months, infants similarly performed better on unrelated trials than on

related trials, but also performed above chance on both trial types. This pattern of

results is consistent with the effects of semantic competition in older children and

adults. Adults are similarly affected by semantic relations among competitors during

word recognition (Huettig & Altmann, 2005). This suggests continuity in semantic

effects on word comprehension from toddlerhood to adulthood.

Summarily, infants’ improvement on related trials between 6 and 18 months shows

their comprehension became more semantically precise. That is, young infants were

at chance at identifying the correct referent for “mouth” when viewing a mouth

and a nose but looked significantly more when mouth was paired with ball. By 18

months, they were able to correctly identify the mouth, regardless of the competitor,

although they still found this task more challenging for related competitors.

We interpret the present results as signaling that older infants have more de-

veloped mental representations of words. However, it is possible that other devel-

opments, besides increased semantic precision, explain infants’ performance in this
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study. For example, young infants may have robust knowledge of word meanings,

but task demands prevent them from demonstrating that knowledge at earlier ages.

For example, young infants may be unable to overcome the effects of semantic com-

petition. As they get older, their improving executive functions may allow them to

move their attention away from a semantically related competitor and to the correct

image.

Along the same lines, our stimuli may be more perceptually similar on related

trials than on unrelated trials. For example, mouths and noses simply share more

visual features than mouths and balls. This visual confound could be addressed in

two ways. First, researchers can utilize auditory-only paradigms to assess children’s

understanding of these words to eliminate all visual information. For example, Delle

Luche, Durrant, Floccia, and Plunkett (2014) found that 18-month-olds were sensi-

tive to semantic relations in a headturn preference task. However, while auditory-

only paradigms eliminate all visual information, such tasks do not directly test chil-

dren’s word-object mappings. Alternatively, researchers could manipulate the in-

teraction of visual similarity and semantic relatedness in a looking-while-listening

task. For example, Arias-Trejo and Plunkett (2010) investigated visual similarity

and semantic relatedness with older 1-year-olds and found that these two features

interacted to affect children’s online word comprehension. Children failed to identify

the correct referent only when the competitor was both perceptually similar and

semantically related to the target word. Future work should investigate how task

demands and visual contexts may affect infants’ online word comprehension and how

these effects may change as children age.

2.4.2 Nonlinearity in early word comprehension development

As discussed above, our results from 6 and 18 months suggest continuity in the de-

velopment of infants’ early word comprehension across this age range. At these two
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timepoints, infants’ comprehension was significantly affected by semantic relatedness

and significantly correlated with object presence in the home recordings. However,

our inclusion of an intermediary time point at 12 months reveals an interesting dis-

continuity in this pattern. While 6-month-olds were at chance on related trials, by

12 months, infants were above chance in both conditions, demonstrating their new

ability to understand words in semantically related contexts. However, their perfor-

mance did not differ significantly between conditions. This pattern is intriguing, as

we found a significant effect of trial type both 6 months earlier and 6 months later

(at 6 and 18 months). This suggests that semantic precision may not consistently

affect infants’ word comprehension throughout development. Instead, we find that

between 6 and 12 months, infants demonstrated significant improvement on related

trials but did not significantly improve on unrelated trials. This finding supports the

notion that infants’ word comprehension does not develop linearly over the first year

and a half of life (Bergelson, 2020). We add to this literature by demonstrating that

infants’ improved word comprehension between 6 and 12 months seems to be driven

by improvements in semantic precision.

This discontinuity can also be seen in our investigation of the links between word

comprehension and home linguistic exposure. We found that object presence in in-

fants’ home environments was not associated with their in-lab word comprehension

at 12 months, although we did find significant correlations at 6 and 18 months in

this sample. It is possible that this pattern is driven by noise in our data, specifically

from the word comprehension assessment at 12 months. This timepoint had numer-

ically the fewest participants and fewest total trials in our eye-tracking experiment,

although these differences were small (n = 41 at 6 months; n = 34 at 12 months;

n = 37 at 18 months). While this slight dip in sample size may have led to slightly

increased noise in our data at this timepoint, we do not believe this is the sole driver

of this result. The non-significant statistical pattern seen at 12 months (R = -0.16) is
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in the opposite direction of the relationship at 6 and 18 months, and therefore is not

readily explained by a lack of statistical power due to a smaller sample size. Another

alternate explanation is that our eye-tracking measure is simply not a good metric of

infants’ word comprehension at this age. However, the 12-month-olds in our sample

did perform significantly above chance overall, demonstrating that we are capturing

some signal of their word comprehension. Furthermore, other studies have found evi-

dence for word comprehension at this age using similar paradigms (e.g., Bergelson &

Swingley, 2012, 2018). Therefore, we instead interpret these data as supporting the

notion of nonlinear development in word comprehension across infancy (Bergelson,

2020).

2.4.3 Changing language input across infancy

This study also investigated one potential driver of infants’ developing word compre-

hension: their exposure to those same words in their home environment over time.

We found that word types, word tokens, and the proportion of object presence in-

creased between 6 and 17 months, but the proportions of short phrases and reading

did not. Infants in our sample heard 21.09 tokens of the tested words per hour on

average at 6 months, compared to 23.42 tokens per hour at 17 months. At 6 months,

62.81% of those instances occurred when the referent was present and attended to

by the infant, compared to 65.30% at a year later. In prior research with this sam-

ple, Bergelson and Aslin (2017a) found that the proportion of object presence in

6-month-old’s home environments was associated with their in-lab word comprehen-

sion. Here, we replicated and extended this finding in older children, finding a similar

association in 18-month-olds. These results suggest that object presence (our metric

of referential transparency) has a continuing effect on infant word learning. Addi-

tionally, a body of work has found that input quantity (here, types and tokens) is

associated with children’s word learning (Anderson et al., 2021; Huttenlocher et al.,
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1991, 2010). It follows, then, that the increases in types, tokens, and object presence

we see here could benefit children’s word learning over time.

However, such small changes in input seem unlikely to drive the relatively large

increases in children’s word comprehension we find across this age range, although

future work should investigate this question. Instead, we suggest increasing language

input could combine with children’s social and cognitive developments to boost their

word learning. For example, infants’ social-cognitive skills, such as their ability to in-

terpret social-pragmatic cues, improve dramatically over the second year (Tomasello,

2001). These skills could aid infants in understanding adults’ intentions and, in turn,

their word learning (Tomasello, 2001). Other cognitive developments, such as im-

provements in memory between 6 and 18 months (Hartshorn et al., 1998), could also

boost children’s ability to learn words from their input. Such developments could

enable infants to learn much more effectively, even from relatively stable language

input (Bergelson, 2020).

2.5 Conclusion

This study demonstrated that infants do not merely add new words to their vocab-

ulary over time. Instead, infants’ comprehension of known words appears to develop

gradually: they show increasingly precise semantic representations of the words al-

ready in their vocabulary between 6 and 18 months. We also found that infants’

language input increased slightly over that time frame, but we suggest that these

small changes in input are unlikely to explain infants’ substantial gains in word com-

prehension. Instead, their cognitive and social developments may combine with their

language input to aid word learning.
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3

Talking to talkers: Infants’ talk status, but not
their gender, is related to language input

3.1 Introduction

Children vary in the rate at which they acquire linguistic skills, and these individual

differences can have long-term impacts on various behavioral and education outcomes

(Elliott, Barnard, & Gresham, 1989). For example, school-age children with weaker

language skills exhibit more problem behaviors (e.g., bullying, creating classroom

disruptions, Elliott et al., 1989; Miniutti, 1991). In this way, early language skills

affect many domains of life, and language difficulties can be detrimental throughout

childhood and into adulthood.

One factor that has been associated with differences in language ability is child

gender. Across a wide range of metrics, girls have generally been found to have

linguistic skills superior to age-matched boys (e.g., Lange, Euler, & Zaretsky, 2016).

These differences are evident from the onset of speech in infancy (Kimura, 1999) and

persist over time (Bornstein, Hahn, & Haynes, 2004; Voyer & Voyer, 2014). While

there is some evidence that boys vocalize more than girls early in infancy (Oller et
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al., 2020; Sung, Fausto-Sterling, Garcia Coll, & Seifer, 2013), studies generally fail to

find gender differences in vocal maturity (e.g., the development of canonical babbling,

Cychosz et al., 2021; Oller et al., 2020). In contrast, girls have been found to gesture,

say their first words, and combine words earlier than boys (Eriksson et al., 2012;

Maccoby, 1966), and to have larger productive vocabularies (Bornstein et al., 2004;

Fenson et al., 1994; Huttenlocher, Haight, Bryk, Seltzer, & et al, 1991). For example,

a typical American English-learning 2-year-old girl has a productive vocabulary of

369 words, while a typical boy can say nearly 100 fewer words at the same age,

with a productive vocabulary of 272 words (based on >3000 CDIs via Wordbank,

Frank, Braginsky, Yurovsky, & Marchman, 2017). Furthermore, Huttenlocher et

al. (1991) found an interaction of age and gender on child language production:

female infants’ rate of language acquisition was faster. More specifically, girls showed

more vocabulary growth at 14–26 months than their male peers (Huttenlocher et

al., 1991). This pattern has been found consistently across languages and cultures

(Frank, Braginsky, Yurovsky, & Marchman, 2021; OECD, 2010, p. 55).

Moreover, language disorders and delays disproportionately affect boys (Paul,

1993; Rescorla, 2011; Shriberg, Tomblin, & McSweeny, 1999). Boys are at a higher

risk of long-term language deficits (e.g., Specific Language Impairment, Tomblin et

al., 1997) and shorter-term language delays (e.g., late talkers, Collisson et al., 2016).

Despite the far-reaching effects of early differences in language skills, the reasons for

these gender differences are poorly understood.

One potential explanation for early gender differences in language skills is varying

environmental input, i.e., infant girls may be spoken to more than infant boys. Given

that infants who receive more language input attain better outcomes across several

linguistic skills (Huttenlocher et al., 1991; Huttenlocher, Waterfall, Vasilyeva, Vevea,

& Hedges, 2010; Rowe, 2012; Weisleder & Fernald, 2013), such an input disparity

could lead to the female advantage found in prior work. Indeed, a female language

36



advantage is consistent with a gendered stereotype that language is a “female do-

main” in various cultures (Plante, Théorêt, & Favreau, 2009; Schmenk, 2004), which

could drive caregivers to speak or respond to children differentially based on gender.

Therefore, a gender difference in early language abilities could arise from early social

and linguistic practices, including input quantity and quality, if the language input

varies in a way that benefits girls.

Consistent with this possibility, some prior studies find that parents talk more

to girls than boys in infancy and toddlerhood (Cherry & Lewis, 1976; Johnson,

Caskey, Rand, Tucker, & Vohr, 2014; Leaper, Anderson, & Sanders, 1998). See Ta-

ble 3.1. While the majority of all infants’ linguistic input comes from their mothers

(Bergelson et al., 2019; Johnson et al., 2014; Leaper et al., 1998), there is evidence

that mothers of girls speak more than mothers of boys to their children in early

infancy (Leaper et al., 1998). Moreover, there may be interaction effects of parent

and child gender: some studies report that mothers, but not fathers, are more re-

sponsive to female babies than to male babies (Johnson et al., 2014). Mothers may

also use different sentence structures with girls than with boys (Cherry & Lewis,

1976; Clearfield & Nelson, 2006). For example, in their analysis of parent-child play

interactions with 24-month-olds, Cherry and Lewis (1976) found that mothers asked

more questions and used more explanations and repetition with girls than with boys.

Similarly, Clearfield and Nelson (2006) analyzed mother-child interactions in infancy

and found that mothers asked more questions (“Are you going to get the ball?”)

of their daughters, while using more directives (“Go get the ball!”) and attention-

getters (“Look over here!”) with their sons, even at six months of age. No differences

in subsequent infant behaviors were found, leading the authors to suggest that these

mothers were not responding to their infants’ behaviors, nor were they causing differ-

entiated behaviors with their gender-varying utterance types. Importantly, beyond

these studies, these sentence structures have been shown to affect early language ac-
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quisition. More specifically, questions and repetitions (which Cherry and Lewis, 1976

and Clearfield and Nelson, 2006 found that girls hear more of) have been associated

with higher child vocabulary (Rowe, Leech, & Cabrera, 2017) and thus are proposed

to benefit early language development.

However, other research has reported conflicting results (e.g., Huttenlocher et al.,

1991; Pınar, Ozturk, Ketrez, & Özçalışkan, 2021). Huttenlocher et al. (1991) exam-

ined speech to 1- to 2-year-olds in a longitudinal sample and found no differences in

the amount of parental speech to sons and daughters. Furthermore, they found that

the gender difference in production remained even controlling for input, suggesting

that the gender difference was independent of language exposure (Huttenlocher et

al., 1991). Other studies have even found a gender difference in the opposite direc-

tion, with boys hearing more speech than girls (Laflamme, 2002; Weitzman, Birns,

& Friend, 1985).

One possible reason for the conflicting results in the literature is the various

methods used to measure infants’ language exposure and production. See Table

3.1. For example, Johnson et al. (2014) assessed automatically derived language

measurements (from LENA recorder output) from infants at 0, 1, and 7 months of

age, while Huttenlocher et al. (1991) analyzed maternal-reported child vocabulary

and transcripts of a session where an experimenter was present between 14 and 26

months of age. While both approaches are valuable, their differences in infant age

and sampling method limit comparison. In addition, previous studies have generally

focused on either linguistic input or early production (though c.f. Huttenlocher et

al., 1991), usually within a constrained age range. Given that parents may speak

differently to younger and older children, and that female infants tend to say their

first words earlier, this makes it difficult to disentangle the effects of child age, talk

status (i.e., whether infants have begun talking), and gender. Thus, while various

studies have examined the input and early productions of female versus male infants,
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direct comparisons across studies are often inconclusive or confounded by disparate

study approaches.

In an effort to summarize this varied literature, Leaper et al. (1998) conducted

a meta-analysis and found significant differences in parents’ speech directed to girls

vs. boys. They found that mothers talked more and used more supportive language

with daughters than with sons. Further, they also found that year of publication

significantly moderated the gender difference in parental language, with effects de-

creasing over time (i.e., input becoming more equivalent across genders). This find-

ing, from over 20 years ago, leaves open the possibility that differences in caregivers’

behavior based on child gender have changed over historical time. While a more

recent systematic review again found that parents speak differently to boys and girls

(Morawska, 2020), it also highlighted the need for longitudinal studies to disentangle

the effects of child gender on both parent and child behavior over time.

Another possibility is that children’s language abilities (rather than their gender)

drive shifts in the input. Parents and children communicate with each other even

early in infancy, and children can influence their parents and affect the language in-

put they receive (Smith & Trainor, 2008; Snell, 2008; Song, Spier, & Tamis-Lemonda,

2014; Warlaumont, Richards, Gilkerson, & Oller, 2014). Indeed, emerging evidence

suggests that caregivers may adapt their child-directed speech to their child’s lan-

guage level (Leung, Tunkel, & Yurovsky, 2021). Therefore, if parents talk differently

to their children depending on the child’s language ability, and girls have better

language abilities than boys, this could potentially account for reported gender dif-

ferences in parental input. We take up this possibility below.

In summary, previous literature suggests that within certain methodological pa-

rameters, both infants’ early linguistic input and their early productions may differ

by gender. The literature is inconclusive regarding what mechanisms explain gender

differences in early language skills. Parents may speak to their infants differently
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based on gender, and this exposure may then moderate the effect of gender on lan-

guage learning. Alternatively, infant girls may be predisposed to learn language

faster, without an input difference relative to infant boys.
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Table 3.1: Overview of previous literature. This table highlights some conflicting results in the literature
regarding gender differences in children’s language input, as well as differing language sampling methods
and input metrics used across studies.

Paper Age
(mos)

N Language Sampling Method Dependent Variable Results

Johnson, et al., 2014 0–7 33 automated language analyses
of 16-hr audios

responsiveness girls ą boys

Cherry & Lewis, 1976 24 12 transcriptions of 15-min in-lab
videos

utterances, questions, rep-
etition, & utterance length

girls ą boys

Clearfield & Nelson, 2006 6–14 36 transcriptions of 10-min in-lab
videos

engagement, interpreta-
tions, & conversation

girls ą boys

Huttenlocher, et al., 1991 14–26 22 transcriptions of 3-to-5-hr
audios & videos

tokens girls = boys

Pinar, Ozturk, Ketrez,
& Ozcaliskan, 2021

10–40 97 transcriptions of 12-min in-lab
videos

tokens, types, MLU girls = boys

Laflamme, 2002 15 85 coding of in-lab videos vocalizations girls = boys
Clearfield & Nelson, 2006 6–14 36 transcriptions of 10-min in-lab

videos
comments, attentionals, &
instructions

girls ă boys

Weitzman, Birns,
& Friend, 1985

30–42 40 transcription of at-home
audios (semi-structured tasks)

questions, teaching, action
verbs

girls ă boys

Laflamme, 2002 9 87 coding of in-lab videos vocalizations girls ă boys
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3.1.1 The present study

In what follows, we combine both input and production data from naturalistic home

recordings within a single set of infants, spanning the time when word production

begins. With this combination of data, we can start to pull apart the two accounts

introduced above by analyzing infants’ linguistic input before and after they begin

to speak in concert with measures of their early productions. Specifically, we seek to

answer two questions:

1. Do female infants produce more words than male infants, even at the earliest

stages of word production?

2. If so, is this gender difference explained by a concomitant difference in children’s

language input?

Based on the previous literature, we predict that female infants in our sample will

show more advanced language production than males and that this effect will grow

with age. Prior research leaves open whether there will be differences in children’s

language input by gender, particularly when also considering age and whether the

child has started speaking or not (talk status).

3.2 Method

3.2.1 Participants

Participants (n=44, 21 girls, 23 boys) were typically-developing, monolingual English-

learning infants who participated longitudinally from age 6 to 18 months. Partici-

pants were 93% non-Hispanic White, and 75% of mothers had a Bachelor’s degree

or higher. These data are part of the SEEDLingS corpus (Bergelson, 2016b, 2016a).
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3.2.2 Procedure

Infants received home visits longitudinally from the ages of 6 to 17 months. Child-

centered daylong audio recordings and hourlong videos recording were collected each

month during this time, for a total of 12 audio- and 12 video-recordings per infant.

See Bergelson and Aslin (2017) and Bergelson, Amatuni, Dailey, Koorathota, and

Tor (2019) for more details about recording procedures.

3.2.3 Data annotation and aggregation

Each home recording was annotated by a trained human coder to mark the ob-

ject words heard by the child and details about them. The annotations include

each object word (concrete, imageable object nouns, e.g., shoe, dog, arm) directed

to or uttered by the child. With each object word annotated, we included its

speaker and its utterance type, which refers to the type of utterance the word

occurs in: declarative, question, imperative, reading, singing, or short-phrase (ut-

terances of ď 3 words, e.g., “hi, baby!” or “red ball”). For video recordings, each

hour-long recording was annotated in full. For audio recordings, daylong record-

ings were annotated in full at 6 and 7 months and subsampled 3 to 5 hour-long

regions with the highest amount of talking (as determined by an algorithm using

metrics generated by LENA’s speech analysis software; code can be found online

at https://github.com/SeedlingsBabylab/audiowords). Because the amount of

time annotated per recording varied across months, the top 3 hours of each audio

recording were sampled for all input analyses. Therefore, we analyze children’s noun

input from 48 hours of recordings per child (12 video hours and 36 hours sampled

from daylong audio recordings). This corpus includes a total of 5560 noun tokens

produced by the target children and 256109 noun tokens produced by all other talk-

ers.

We operationalize talk onset as the age in months at which each infant was first
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captured producing a noun in our recordings (see Moore, Dailey, Garrison, Amatuni,

& Bergelson, 2019 for details on the annotation of child productions). While talk

onset is difficult to measure, the age of talk onset, as observed by researchers in our

recordings, does not differ significantly from the age of talk onset, as reported by

parents on the CDI in this sample (Moore et al., 2019).

In this paper, we analyze children’s noun input and productions as proxies for

overall language input and productions. Prior work has established that concrete

nouns serve as a viable proxy for all language input (Bulgarelli & Bergelson, 2020).

Despite being a relatively small proportion of the words in children’s input, concrete

noun counts are significantly correlated with overall adult word counts (R = 0.73,

Bulgarelli & Bergelson, 2020). It has also been established that English-learning

children’s vocabularies are dominated by nouns (Bates et al., 1994; Frank et al.,

2021). In the current dataset, observed noun vocabulary is correlated with overall

CDI productive vocabulary (r “ .81, 95% CI r.68, .89s). Noun vocabulary and

overall vocabulary from the CDI were also extremely highly correlated (r “ .99, 95%

CI r.99, ą .99s).

3.3 Results

3.3.1 Analysis plan

First, we assess if there are gender differences in children’s early productions1. Then,

we turn to children’s language experience, asking if the language children hear varies

between boys and girls, as a potential explanation for differences in their productions.

This includes the diversity and overall quantity of nouns (i.e., word types and tokens),

the utterance types nouns occur in, and if mothers and fathers speak differently

to girls vs. boys. Finally, we assess if children’s talker status, rather than their

1 We report children’s language productions as observed by researchers in our audio- and video-
recordings here; see Appendix B.1 for analyses of parent-reported vocabulary (via the CDI).
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gender, affects their language input. While the specifics of our analysis plan were not

preregistered, our analyses of gender differences in word production are confirmatory,

as our directional a-priori hypothesis was that girls would show advanced language

relative to boys; our analyses of gender effects in the input and of talk onset are

exploratory.

Unless otherwise noted, all input type and token counts are square-root trans-

formed and all child-produced type and token counts are log-transformed to ensure

we meet the assumption of normal distributions for our statistical tests2. We report

non-transformed group means for interpretability.

3.3.2 Early productions

To determine if gender differences exist in infants’ early productions, we first analyzed

the age each infant first said a word (limiting analysis to concrete nouns) in our

recordings. The age of first spoken word in our recordings was about a month

earlier for female infants than for male infants (Mfemales=11.95 mos, Mmales=12.91

mos), but this difference was not statistically significant (tp40.00q “ ´1.56, p “ .128

Cohen’s d = -0.48, [-1.09, 0.14]; see Figure 3.1). Although this study primarily

focuses on nouns, we also assessed the age of onset for words of any lexical class

and found no difference in mean age, Mfemales=11.62 mos, Mmales=11.35 mos; p =

.710 by Wilcoxon test. This is likely due to the high variability in the age at which

children produce their first words and is limited by our sample size.

We next analyzed the number of types (i.e., unique words) and tokens (instances,

i.e., total word counts) that each infant produced in total across our recordings.

We found that female infants produced significantly more unique words (Mfemales =

28.33; Mmales = 11.09; tp37.67q “ 2.09, p “ .043, Cohen’s d = 0.64, [0.03, 1.24]).

2 Non-parametric statistics (e.g., Wilcoxon tests) over raw type and token counts find the same
pattern of results.
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Figure 3.1: Child noun productions by gender. Left panel shows age
in months of first noun observed in audio or video recordings. Center
and right panels show total noun types and tokens produced by children
in our corpus (with y-axes log-transformed due to skewness). Statistical
tests (which use log-transformed word counts) confirm a gender difference
for types but not tokens or age of first word. Black points represent means
with standard errors.

However, girls did not produce more speech overall (i.e., more instances of words;

Mfemales = 172.52; Mmales = 84.22; tp41.27q “ 1.18, p “ .245, Cohen’s d = 0.36,

[-0.24, 0.95]). See Figure 3.1. This suggests that girls in our sample are not more

talkative overall, but produce a greater variety of nouns than boys do.

To investigate vocabulary growth over time, we ran a set of mixed effects linear

regressions. We included only months 9–17, as no child produced a word in our

recordings before month 9. For both word types and word tokens, we compared

three models: (1) log(words produced) „ age in mos. + (1|subject); (2) log(words

produced) „ age in mos. + child gender + (1|subject); (3) log(words produced) „
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Figure 3.2: Child noun productions by gender. Left panel shows age
in months of first noun observed in audio or video recordings. Center
and right panels show total noun types and tokens produced by children
in our corpus (with y-axes log-transformed due to skewness). Statistical
tests (which use log-transformed word counts) confirm a gender difference
for types but not tokens or age of first word. Black points represent means
with standard errors.
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age in mos. * child gender + (1|subject). Model 1 (baseline) predicted word counts

with age in months as a fixed effect and infant as a random effect. We included

age as a fixed effect in order to test whether infant gender improves model fit above

and beyond the strong effect of age. We included a random effect of infant due to

the longitudinal nature of our study, i.e., our multiple measures within participant.

Model 2 adds child gender, and model 3 adds an interaction of child gender and age.

For word types, while infant gender was a significant predictor (βgender´male =

-0.15, t(42.00)= -2.22, p = .032), adding gender did not improve model fit over

baseline by model comparison (χ2=1.26, p = .261). However, adding an interaction

of age and gender significantly improved model fit (χ2=10.59, p = .001). Word

tokens, on the other hand, showed a different pattern. Neither infant gender (χ2=0,

p > .999) nor an interaction of age and gender (χ2=1.29, p = .256) improved model

fit. See Figure 3.2.

Thus, child word types were best predicted by model 3, which includes an inter-

action of child gender and age, while child word tokens were best predicted by model

1, which includes only child age and not gender. This suggests that female infants

showed a faster rate of vocabulary growth in our sample; the gender difference in

children’s productive vocabulary increases across 9–17 months.

3.3.3 Linguistic input

Having replicated previous results showing a gender difference in early vocabulary,

we turn to the language input. First, we analyzed how many words children heard, on

average, in their recordings. We found no gender differences in number of word types

(Mfemales = 146.40; Mmales = 138.91; tp40.19q “ 0.74, p “ .466, Cohen’s d = 0.22,

[-0.38, 0.81] ) or word tokens (Mfemales = 503.13; Mmales = 468.55; tp41.19q “ 0.77,

p “ .446, Cohen’s d = 0.23, [-0.37, 0.82]) in the children’s input. See Figure 3.3.

This suggests that parents are not speaking more to female infants than to male
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Figure 3.3: Mean number of noun types (left panel) and tokens (right
panel) heard by the infants. Each point represents one participant’s
mean word count across all months. Statistical tests used square root-
transformed values and y-axis is square root-transformed due to skew-
ness. Black points represent means with standard errors. Neither types
nor tokens in the input vary by gender.

infants overall.

Effects of parent gender

We find no interaction of parent and child gender on the number of word types (F(1,

83) = 0.35), p = .558) or tokens (F(1, 83) = 0.25 , p = .621) in the infants’ input.

See Figure 3.4.

The majority of children’s input in our naturalistic recordings comes from mothers

(62.72%, compared to 12.62% from fathers). This is consistent with prior work

(Bergelson et al., 2019; Johnson et al., 2014; Leaper et al., 1998), and our corpus

still contains a sizeable number of word types (4986 from mothers and 2526 from
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Figure 3.4: Mean number of nouns (type and token) heard by the infants
from each parent. Statistical tests used square root-transformed values
and y-axis is square root-transformed due to skewness. By both types
and tokens, infants hear more words from their mothers, and there is no
effect of child gender.

fathers) and tokens (165632 from mothers and 32315 from fathers) from each parent

to analyze.

Utterance types

Next, we examined the proportion of utterance types (declarative, imperative, ques-

tion, reading, singing, or short-phrase) that nouns occurred in. We find no gender

differences in the proportions of utterance types in children’s input, either before

talk onset, after talk onset, or overall (all ps > .05 by Wilcoxon test; see Figure 3.5).
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Figure 3.5: Proportion of utterance types in the input by child gender.

Attempted replication of previous findings

Prior studies (e.g., Huttenlocher et al., 1991) often assessed language input from

children’s mothers only. Therefore, in order for more direct comparisons to the

previous literature, we conducted two analyses using maternal input counts only. We

assessed the average number of words children heard from their mothers, and found

no gender difference in word types (Mfemales = 110.63; Mmales = 99.85; tp37.87q “

1.00, p “ .323) or word tokens (Mfemales = 333.53; Mmales = 290.08; tp40.23q “ 1.01,

p “ .320). Then, we assessed the numbers of words in questions and commands

that children heard from their mothers. Again, we find no differences in the average

proportion of commands (Mfemales = 7.40%, Mmales = 8.19%, W “ 231.00, p “ .816

by Wilcoxon test) or questions (Mfemales = 23.04%, Mmales = 24.71%,W “ 200.00,

p “ .339) addressed to boys and girls.
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3.3.4 Effect of talker status

Next, we assessed whether individual infants’ talk status (i.e., whether or not they

have said their first noun in our recordings) has an effect on the average number of

words they hear. Three infants (2 male, 1 female) did not produce a word in our

recordings and are excluded from this analysis. Excluding their own productions,

we found that infants heard more types and more tokens in their input after they

themselves began talking (averaged over pre-talk onset and post-talk onset months

for each infant; types: tp40q “ ´5.90, p ă .001, Cohen’s d = 0.92, [0.56, 1.30]; tokens:

tp40q “ ´6.19, p ă .001, Cohen’s d = 0.97, [0.60, 1.35]). On average, infants heard

129.95 word types in each month’s recordings (i.e., within the 4 hours of recordings

per month) before they started talking, compared to 157.48 word types after they

started talking. Similarly, we observed an increase in word tokens: infants heard an

average of 420.52 word tokens in each month’s recordings before they started talking,

compared to 558.43 word tokens after they started talking. 35 out of 41 infants heard

more word types and 36 out of 41 infants heard more word tokens in their input after

talk onset (both ps < .001 by binomial test). See Figure 3.7.

However, infants are necessarily older after they begin talking, compared to be-

fore. To determine whether the effect of talker status we found is simply an effect

of age, we next ran a set of models to assess the effects of both age and talk status

on input noun counts. We found a significant interaction of age and talk status for

both noun types and noun tokens; see Table 3.2 and Figure 3.6. Our model results

indicate that there is a significant effect of age after, but not before, talk onset.

We found no interaction of talking status and gender on input word counts (types:

F(1, 77) = 0.09, p = .766; tokens: F(1, 79) = 0.11, p = .743), indicating that

caregivers are not talking more to their children based on talking status and gender.
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Noun types Noun tokens
(Intercept) 103.95˚˚˚ 350.24˚˚˚

p9.89q p42.53q
Age in mos. 3.02˚˚˚ 8.38˚

p0.86q p3.73q
Talk status ´36.22˚ ´198.50˚˚

p17.36q p75.96q
Age*Talk status 2.94˚ 18.75˚˚

p1.35q p5.90q
Num. obs. 521 520
Num. groups: subj 44 44
Var: subj (Intercept) 1554.38 27793.29
Var: Residual 1125.51 21277.49
˚˚˚p ă 0.001; ˚˚p ă 0.01; ˚p ă 0.05; ¨p ă 0.1

Table 3.2: Summary of mixed effects regressions predicting noun types
and tokens in infants’ input with age and talk status. Outliers (ą3SDs)
were excluded from analysis. We find a significant interaction of age and
talker status (i.e., whether or not the infant has said their first word) for
both noun types and noun tokens in the input.

3.4 Discussion

In this study, we investigated the effects of gender on children’s language input and

productions and aimed to disentangle the effects of age, gender, and talk status on

children’s language input. First, we replicated previous findings that infant girls

have more advanced language skills (particularly when operationalized as producing

more unique nouns) than boys at the same age. This difference appears small but

robust. However, contrary to previous findings, we did not see evidence for a gender

difference in language input. In our sample, girls did not hear more words than boys

overall, from either parent, or within particular utterance types. Instead, we find

that children’s language input was strongly linked to their talk status: regardless of

gender, infants heard more words once they themselves start talking.
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Figure 3.6: Noun types (left panel) and tokens (right panel) in infants’
input by age and talk status (i.e., whether or not the infant has said
their first word). Each point represents one participant’s word count each
month. For both noun types and tokens, we find a significant interaction
of age and talk status in input noun counts.

3.4.1 Gender differences in early productions

Female infants in our sample produced a significantly greater number of word types,

but not tokens, than male infants. We also found that as children get older, female

infants’ vocabularies grow more than male infants’. In other words, girls’ rate of

word learning was faster and the difference between male and female infants’ word

production increased with age.

This result replicates Huttenlocher et al. (1991) and suggests that the gender

difference in child language is not driven by ”chattiness” (which would be seen in

word tokens), but instead by productive vocabulary (word types). While boys may

vocalize more than girls pre-linguistically (Oller et al., 2020; Sung et al., 2013), this

gender difference in the number of vocalizations seems to disappear by the time

children are saying words. After talk onset, girls and boys appear to be similarly

vocal, but girls produce a greater variety of words. Our results are in line with
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Figure 3.7: Change in the average number of noun types (left panel)
and tokens (right panel) heard by the infants before and after they start
talking. Each line represents the difference in one child’s mean input after
they begin talking, compared to before. Thus, positive values represent
an increase in input counts after the child begins talking.

research that finds no gender differences in talkativeness (i.e., number of word tokens)

in adults (James, Drakich, & Tannen, 1993; Mehl, Vazire, Ramı́rez-Esparza, Slatcher,

& Pennebaker, 2007), despite a cultural stereotype that women are more talkative

than men (Kaplan, 2016, p. 155).

While our finding that girls produced more noun types was readily evident over

the course of year two, our results regarding first word production were less robust.

Namely, while the girls in our sample produced their first nouns a month earlier than

the boys on average, this difference was not significant. We attribute this to both

the challenges of estimating talk onset (both for parents and in observational data,

c.f., Moore et al., 2019), and to our limited sample size, which limited our ability to
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detect relatively small effects. Future work should use larger samples to determine

if there is a true effect of gender on the age of talk onset.

Although in our sample, we find the gender difference increases with age over

the first 1.5 years, other studies find that this gender difference may fade, or even

disappear, later in childhood. For example, Bornstein et al. (2004) found significant

gender differences across a variety of language assessments at ages 2 to 5 years, but

this difference disappeared in their study by age 6. However, other studies find evi-

dence for gender differences in language throughout the lifespan (e.g., Kaushanskaya,

Marian, & Yoo, 2011), so the duration of these differences remains unclear. That

said, whether these gender differences fade with age or not, the gender difference in

the incidence of language delays and disorders (Paul, 1993; Rescorla, 2011; Shriberg

et al., 1999) and the “gender gap” in literacy abilities in school-age children (OECD,

2015; Voyer & Voyer, 2014) remain important issues.

3.4.2 Potential sources of a female language advantage

Turning to children’s language input, we found little evidence for differences in lan-

guage input to male and female infants, at least as quantified here. This suggests

that the differences in early production may be independent of differences in the

input. What else might drive the gender difference we see in production?

Firstly, there may be other differences in parent-child interactions beyond the

notably simplistic word counts employed here, such as caregivers’ physical touch

(Lindahl & Heimann, 1997; Moss, 1967), visual contact (Lindahl & Heimann, 1997;

Moss, 1967), facial expressions (Booth, 2019; Kosiak, 2013), and sensitivity (Lindahl

& Heimann, 1997). These types of interactions may in turn foster early language

skills, though conclusions regarding this possibility await further research.

Relatedly, there may be differences in female infants’ early social and commu-

nicative abilities that in turn allow them to take better advantage of the language
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input they receive. For example, there is evidence that girls may engage in more so-

cial and communicative behaviors than boys, such as joint attention (Mundy et al.,

2007; Olafsen et al., 2006) and eye contact (Hittelman & Dickes, 1979; Lutchmaya,

Baron-Cohen, & Raggatt, 2002). In turn, these skills may help girls more readily

establish what the language around them refers to, supporting word-learning.

There may also be hormonal factors at play. A growing literature suggests that

sex hormones influence the development of language-related brain regions. Infants’

sex hormone levels are correlated with their early articulatory skills (i.e., early bab-

bling, Quast, Hesse, Hain, Wermke, & Wermke, 2016) as well as their language skills

later in childhood (Hollier et al., 2013; Schaadt, Hesse, & Friederici, 2015). In male

infants, testosterone levels at birth (which may affect language abilities via brain

lateralization, Lust et al., 2010; Whitehouse et al., 2012) are negatively related to

vocabulary at 2 years (Hollier et al., 2013) and are positively related to risk for lan-

guage delay at 3 years (Whitehouse et al., 2012). Relatedly, Friederici et al. (2008)

found that female newborns performed better at a phonological discrimination task

than male newborns, and that newborns’ testosterone levels were associated with

language organization in the brain. However, the neurodevelopmental literature in

this domain remains a bit mixed. For instance, in a recent literature review, Etchell

et al. (2018) concluded that the literature provides inconclusive evidence for the

association between brain structure and function and language outcomes, and for

sex differences in brain development.

3.4.3 Effect of child talk

While we did not find that language input varied by child gender, we did find that

infants heard more language from others once they themselves began talking. This is

in line with other recent research suggesting that in some contexts, caregivers adapt

their speech to their child’s language level, and caregivers’ child-directed speech is
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influenced by their children’s vocabularies (Huttenlocher et al., 2010; Leung et al.,

2021). Our longitudinal dataset, which critically captures the transition to talking,

leads to an intriguing possibility: prior results suggesting that parents talk differently

to girls and boys may simply reflect that parents speak more to their language-

advanced children, who are more likely to be girls.

3.4.4 Limitations

One limitation of the current study is that our sample was relatively homogeneous

(primarily White and highly educated), and our results therefore may not generalize

to other contexts or populations. However, studies with much larger and more di-

verse samples have similarly found gender differences in children’s early vocabularies

(Frank et al., 2021) but no gender difference in children’s early language input (e.g.,

Bergelson et al., 2019). Future cross-cultural work investigating potential gender

differences in children’s language input could shed light on gender-related differences

in children’s experiences across different populations.

Additionally, while our unique dataset allowed us to analyze children’s noun input

and productions within a single sample, there may be other ways that children’s

input and productions vary that are not captured in our operationalizations. For

example, previous research finds gender differences across a variety of language skills,

including phonological awareness (Lundberg, Larsman, & Strid, 2012) and syntactic

development (Bouchard, Trudeau, Sutton, Boudreault, & Deneault, 2009; Tse, Chan,

Kwong, & Li, 2002). However, the current study only analyzed infants’ productive

vocabulary. This may limit our conclusions about language abilities broadly, as

vocabulary may show a different pattern than other language skills.
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3.4.5 Conclusion

While speech- and language-relevant clinical diagnoses are more prevalent in boys

than in girls (Paul, 1993; Rescorla, 2011; Shriberg et al., 1999), the literature has

been mixed regarding gender differences in early language within typically-developing

infants and their ties to input. Our results from a unique corpus of child-centered

home recordings taken over 6-17 months let us investigate differences in what children

hear and say, within children, over time. Our findings confirm that girls have larger

productive vocabularies, independent of language exposure. Children’s own word

production, and not their gender, affected how much language input they received.

In turn, this supports the broader notion that children actively influence their own

language environment as they grow.
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4

How can we best predict children’s language skills
in preschool?

4.1 Introduction

Children’s language skills when they enter formal schooling affect their social, behav-

ioral, and academic outcomes. Children with poor language skills in kindergarten are

less likely to have reciprocal friendships (Chow, Broda, Granger, Deering, & Dunn,

2021), more likely to experience peer rejection (van der Wilt, van der Veen, van

Kruistum, & van Oers, 2020), and more likely to have behavioral problems (Yew &

O’Kearney, 2017). Furthermore, children’s language skills at kindergarten entry pre-

dict their later reading ability (Scarborough, 1998) and academic outcomes (Duncan

et al., 2007).

The present study asks how we can best predict children’s language skills before

entering formal schooling. A better understanding of the early predictors of language

skills may provide an entry point to figuring out the best ways to support children’s

language development and set them up for success when they enter school.
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4.1.1 Predicting language outcomes with children’s previous language skills

How well are children’s language skills in preschool predicted by their previous lan-

guage skills? Prior research has found that core language skill is stable from infancy

through preschool (Bornstein, Hahn, & Haynes, 2004; Bornstein, Hahn, & Putnick,

2016; Bornstein, Hahn, Putnick, & Pearson, 2018). That is, language skills in in-

fancy and toddlerhood predict children’s school-age language skills (Fish & Pinker-

man, 2003; Hohm, Jennen-Steinmetz, Schmidt, & Laucht, 2007; Lee, 2011). For

example, Fish and Pinkerman (2003) found that children’s vocabulary at 15 months

significantly predicted their language scores at kindergarten entry.

However, while a large body of research documents stability in children’s language

abilities over time, there is also evidence that language difficulties are unstable over

the same age range. For example, most children who were “late talkers” catch up

to their peers and have typical language skills by the time they reach school (Dale,

Price, Bishop, & Plomin, 2003; Fernald & Marchman, 2012; Rescorla, 2011). At the

same time, some children who were not labeled “late talkers” as infants go on to have

language difficulties (Dale et al., 2003; Duff, Nation, Plunkett, & Bishop, 2015).

Summarily, these results suggest that children’s early language skills, even in in-

fancy and toddlerhood, are predictive of their language outcomes even years later,

although there are limits to our ability to predict specific children’s language out-

comes reliably.

4.1.2 Predicting language outcomes with children’s language input

We can predict children’s language skills with their previous language skills, but we

also know there are strong effects of children’s language experience. Do measures

of children’s language input improve our prediction of their language outcomes?

A large body of research demonstrates that children’s language experience, both in

quantity and quality, is predictive of their language skills (Anderson, Graham, Prime,
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Jenkins, & Madigan, 2021). With regards to input quantity, children who receive

more language input overall have better language skills (Huttenlocher, Haight, Bryk,

Seltzer, & et al, 1991; Huttenlocher, Waterfall, Vasilyeva, Vevea, & Hedges, 2010;

Rowe, 2012; Weisleder & Fernald, 2013).

Measures of input quality, on the other hand, refer to aspects of the words children

hear or aspects of parent-child interactions more broadly. For example, children who

have more back-and-forth conversations (or proto-conversations) with their caregivers

show better language development (Romeo et al., 2018). Such interactions may allow

children to practice language and get feedback from their caregivers. Children may

also benefit from reading books with their caregivers (Dowdall et al., 2020), which

can expose children to a wide variety of words (Montag, Jones, & Smith, 2015),

and from hearing words in isolation (Brent & Siskind, 2001), which may help them

segment words from fluent speech. Another aspect of input “quality” is referential

transparency (Bergelson & Aslin, 2017; Cartmill et al., 2013), or how readily apparent

the referent of a spoken word is in a child’s environment. Researchers theorize that

such learning instances, when children hear a word as they attend to an object,

can help infants form word-object mappings. On the other hand, children who hear

more commands are often found to have worse language skills (Creaghe, Quinn, &

Kidd, 2021; Newport, Gleitman, & Gleitman, 1977). Parents’ use of commands may

negatively affect language development as they re-direct, instead of follow, the child’s

behavior (Tomasello & Farrar, 1986; Tomasello & Todd, 1983), and may be related

to broader differences in parenting styles which affect language development (e.g.,

intrusive parenting, Pungello, Iruka, Dotterer, Mills-Koonce, & Reznick, 2009).

Critically, effects of children’s input may also persist over time: longitudinal

studies find that infants’ language input predicts language skills later in childhood

(Anderson et al., 2021; Bornstein et al., 2020; Duff, Reen, Plunkett, & Nation, 2015;

Vernon-Feagans, Bratsch-Hines, Reynolds, & Willoughby, 2020).
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Measuring children’s language input

Across the studies reviewed above, researchers employed a number of diverse meth-

ods to sample and quantify properties of children’s language input. Researchers must

consider how these various measurement methods may affect our conclusions (Bergel-

son, Amatuni, Dailey, Koorathota, & Tor, 2019). Historically, researchers have spent

significant amounts of time manually transcribing recordings of children’s language

experiences. This is a valuable endeavor, because manual annotations of language

samples can provide fine-grained details about the language children hear: the spe-

cific words, who says them, what types of sentences they occur in, what else is going

on in the environment concurrently. However, the process of collecting and manu-

ally transcribing long-form recordings (e.g., full 16-hour days) – which may be more

strongly related to children’s language outcomes (Anderson et al., 2021) – is labor-

intensive and difficult to scale up. Fortunately, developments in automatic speech

processing technology could enable researchers to collect data on children’s early

language input more quickly and easily. Such automated estimates can estimate the

quantity of speech that occurs within long-form recordings, but cannot provide fine-

grained details about it. For example, from manual transcriptions, researchers can

aggregate the lexical diversity or length of utterances in parental speech directed to

the target child, while automated speech analysis can provide only general estimates

of the number of words and conversations in a recording.

How well do automated speech estimates (such as those calculated by Language

ENvironment Analysis, the LENA Research Foundation, Boulder, CO) predict lan-

guage outcomes? A recent meta-analysis found that automated language estimates

(adult word, conversational turn, and child vocalization counts), as generated by the

LENA system, significantly predict language skills for children up to age 4 (Wang,

Williams, Dilley, & Houston, 2020). This provides evidence that automated lan-
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guage analysis software can provide useful metrics of children’s language input that

are related to their language skills.

However, while automated measures have been validated against manual mea-

surements, and these two measures are typically correlated (Cristia, Bulgarelli, &

Bergelson, 2020), these two methods do not typically aim to quantify exactly the

same aspects of the input and may lead to divergent results. For example, Anderson

et al. (2021) conducted a meta-analysis on the relationship between children’s lan-

guage skills and language input quantity – operationalized as the number of words

and utterances in parental child-directed speech (from manual transcriptions). They

found that the effect of input quantity was stronger for longitudinal studies (i.e.,

when input was measured at an earlier age than child language skills) than for con-

current studies (i.e., when input was measured at the same age as child language

skills). However, Wang et al. (2020) conducted a similar meta-analysis but found

conflicting results: the effect of LENA-estimated adult words and conversational

turns on children’s language skills decreased as the gap between input/recording and

test increased. This discrepancy provides evidence that the methods researchers em-

ploy to sample children’s language input may affect their conclusions. Analyzing the

effects of children’s language input, measured via both manual annotations and auto-

mated language analysis, on children’s language development within a single sample

over time may clarify the ways in which these two input metrics relate to language

development.

4.1.3 Combining language skills and input from infancy to predict preschool lan-
guage skills

Considering that both children’s previous language skills and their language input

are linked to their later language abilities, we plan to investigate if combining these

two data sources might provide a strong prediction of language outcomes. How do
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language input and language skills in infancy, combined, predict children’s language

skills in preschool? Rowe (2012) found that parental language input accounted for

additional variance in child vocabulary, even after controlling for earlier child vocab-

ulary. On the other hand, Jago (2020) found that language input predicts children’s

vocabulary at 24 months, but this effect goes away once controlling for children’s pre-

vious vocabulary. Therefore, the balance of home input and prior skill on predicting

children’s language skills remains unclear.

4.1.4 The present study

In this study, we ask: Does input predict children’s language outcomes, over and

above their previous language skills? In line with previous research, we expect that

children’s language skills in infancy, input in infancy, and input in preschool will each

correlate with core language skill in preschool (Anderson et al., 2021; Bornstein et

al., 2020; Fish & Pinkerman, 2003; Hohm et al., 2007). We predict that children’s

language input will improve our prediction of preschoolers’ core language skill, over

and above the effect of their prior language skills (Rowe, 2012).

The previous research leaves open if previous skills or language input will be

stronger predictors of children’s language outcomes. If children’s language input

predicts children’s later language abilities over and above their earlier language abil-

ities, this would highlight the importance of language input during the earliest stages

of children’s language learning, laying the foundation for the development of their

language skills for years to come. Alternatively, if children’s language input does

not improve our predictions, this would suggest that measures of children’s early

language skills are strong predictors of their later language outcomes and additional

information about their home learning environments is less important.

Our secondary question asks how different measurements of language input may

relate to language outcomes. We will use hand-annotated noun counts and auto-
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mated estimates of word counts measures to predict children’s language skills and

assess how the results differ between these two types of measurements. Researchers

face a trade-off between the feasibility of manually annotating vast amounts of lan-

guage samples and the fine-grainedness of the language data they can analyze. There-

fore, a comparison of how manual noun counts vs. automated estimates of language

input predict children’s language skills over time would be enlightening.

4.2 Method

This study is part of a larger longitudinal study on children’s language development

(SEEDLingS, Bergelson, 2016a, 2016b). Participants (N =44, 21 girls) were typically-

developing, English-learning children. Our sample is primarily non-Hispanic White

(93%, 2% Hispanic, 5% multiple races) and mothers were highly educated (75% had

a bachelor’s degree or higher).

4.2.1 Language input measures

Participants completed a daylong audio recording and hourlong video recording at

home each month from 0;6—1;5, plus an additional daylong audio recording at age

4;6, for a total of 13 audio and 12 video recordings per child.

In our infancy recordings (audios and videos 0;6—1;5), trained researchers man-

ually annotated instances of concrete nouns (e.g., apple, foot, bottle). We fur-

ther annotated several properties of each word when it occurred: the talker (i.e.,

who said the word), the type of utterance it occurred in (e.g., imperative, ques-

tion, short phrase), and whether the referent of the word was present and at-

tended to. We annotated varying lengths of the audio recordings across months,

so here we sample the annotations from the top 3 hours of each infancy audio

recording (determined by an algorithm that flags high-speech regions; see https:

//github.com/SeedlingsBabylab/audiowords). Therefore, the noun counts in the
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Table 4.1: Overview of measures used in current study. N shows the
number of participants (out of 44) that completed each measure.

Age Measure Assessment Method N

0;6-1;7 Noun tokens, noun types,
object presence, imperatives,
short phrases, reading

Manual annotation of at-home audio
and video recordings

44

0;6-1;7 Adult words per hour,
conversational turns per hour

LENA: Language ENvironment
Analysis of at-home audio recording

44

1;0 Productive vocabulary MCDI: MacArthur-Bates
Communicative Development
Inventories: Words & Gestures

41

1;6 Productive vocabulary MCDI: MacArthur-Bates
Communicative Development
Inventories: Words & Gestures

36

3;6 Language skill QUILS: Quick Interactive Language
Screener

34

3;6 Receptive vocabulary TPVT: NIH Toolbox Picture
Vocabulary Test

37

4;6 Core language skill CELF-P 2: Clinical Evaluation of
Language Fundamentals-Preschool,
2nd Edition

34

4;6 Adult words per hour,
conversational turns per hour

LENA: Language ENvironment
Analysis of at-home audio recording

33

present analyses are aggregated from 48 hours of recordings per child (12 hourlong

video recordings and 36 hours from daylong audio recordings). The following met-

rics of children’s noun input were aggregated and used as predictors in the analyses

below: noun types, noun tokens, the proportion of object presence (i.e., whether the

referent of the word is present), the proportion of nouns in imperative utterances,

the proportion of nouns in short phrases (ď 3 word utterances), and the proportion

of nouns that occurred in reading. Each of these input properties has been found to

predict children’s language development in prior work (see Section 4.3.3, Predicting

language outcomes with children’s language input).

For each audio recording (0;6—1;5 and 4;6), we additionally have automated
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speech counts generated by the Language ENvironment Analysis (LENA) system

(Gilkerson et al., 2017; Xu, Yapanel, & Gray, 2009). We use the estimates of adult

word count (AWC) and conversational turn count (CTC) as our automated estimates

of language input. We calculated the number of adult words per hour and conversa-

tional turns per hour in order to account for differences in recording length (Mlength

= 14.07 hrs, SD = 2.42 hrs, range: 2.70 to 16.00 hrs). For our infancy recordings

(0;6—1;5), we took the average for each measure (adult words per hour and conver-

sational turns per hour) across all 12 recordings. For our preschool timepoint, we

used adult words per hour and conversational turns per hour.

4.2.2 Language skill measures

Our primary outcome measure for this study is the Clinical Evaluation of Language

Fundamentals-Preschool: 2nd Edition (CELF-P 2, Wiig, Secord, & Semel, 2004),

which children (n = 35) completed at age 4;6 (Mage = 4;10, SD = 52.6 days).

The CELF-P 2 is a standardized in-depth assessment of language skills (semantics,

morphology, and syntax) for children aged 3—6 years. It was designed to assess the

aspects of children’s language skills that are important for their transition into school

and is commonly used to identify children with language disorders. The CELF-P

2 provides a score for “core language skill” plus multiple subscales, including both

expressive and receptive skills and both language content and structure. It has

been found to be reliable and valid (Wiig et al., 2004). A recent comparison of

language assessments for children aged 4—11 years found the CELF-P 2 to have

high psychometric quality and concluded it was one of the best assessment options

for this age group (Denman et al., 2017). For the present analyses, we use children’s

core language score, which is an age-standardized (i.e., standardized to mean = 100

and SD = 15 for each 6-month age bin) overall composite score.

In addition to our primary outcome measure (CELF-P 2) at age 4;6, we collected
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multiple additional measures of children’s developing language skills at earlier time-

points. See Table 4.1 for an overview. Parents completed the MacArthur-Bates Com-

municative Development Inventories: Words and Gestures (MCDI, Fenson, 2007) on

behalf of their children every month from ages 0;6—1;5. This measure is a parent-

reported vocabulary checklist that asks parents if their child ”Understands” or ”Un-

derstands and Says” a list of early-learned words and phrases. In this study, we use

children’s productive vocabulary, as measured on the MCDI, at 1;0 and 1;6. We

selected these two timepoints because 1;6 was our final timepoint from infancy and

because 1;0 is the typical age that children say their first words, and accordingly,

children’s vocabularies in our sample were very limited before their first birthdays.

Families were invited to participate in two additional follow-ups1 when the chil-

dren were 3;6 and 4;6. Children completed the Quick Interactive Language Screener

(QUILS, Golinkoff, de Villiers, Hirsh-Pasek, Iglesias, & Wilson, 2017) and the NIH

Toolbox Picture Vocabulary Test (TPVT, Weintraub et al., 2013) at age 3;6 (n =

35, Mage = 3;7, SD = 20.7 days). The QUILS and TPVT are iPad-based assessments

of children’s receptive language skills. The QUILS assesses vocabulary, syntax, and

word learning skills for children aged 3—6 years, and we use children’s standardized

overall language scores. The TPVT is a vocabulary test for ages 3—99 years, and

we use the age-corrected scores for our analyses.

4.3 Results

4.3.1 Analysis plan

All analyses were conducted in R (Version 4.1.2, R Core Team, 2021) and this

manuscript was generated using papaja (Version 0.1.0.9997, Aust & Barth, 2020).

1 Children completed several additional assessments at the 3;6 and 4;6 follow-ups which are not
reported on in this paper. This includes the TPVT and the Renfrew Bus Story (Cowley & Glasgow,
1994) at age 4;6. We have chosen to analyze the CELF-P 2 as our primary outcome measure over the
TPVT for the current paper because it is a more comprehensive assessment of children’s language
skills. See Appendix C.1 for analysis of nonverbal cognitive measures at 3;6 and 4;6.
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First, we report analyses predicting children’s language outcomes in preschool

with their previous language skills. We calculated Spearman’s ρ (non-parametric

correlations, due to non-normally distributed data) to see which predictors were

independently related to our language outcome measure. Next, we selected the

predictors that were significantly correlated with preschool language and entered

them into a model to assess how children’s early language skills predict their language

outcomes in preschool.

Next, we predict children’s preschool language skills using measures of their lan-

guage input concurrently and from infancy. We conducted the same analyses as

described above using language input measures as predictors, to assess how language

input in infancy is associated with language outcomes in preschool.

Finally, we combine children’s earlier language skills and their language input to

predict their preschool language outcomes. Here we selected all predictors that were

significantly correlated with preschool language outcomes from both previous sets of

analyses: children’s language skills and language input. We then conducted stepwise

model comparison by AIC using the MASS package in R (Venables & Ripley, 2002)

to determine the overall best model for predicting preschool language skills.

4.3.2 Predicting language outcomes with children’s previous language skills

First, we assessed how well children’s earlier language skills predict their preschool

language outcomes. We found that three of our four earlier language measures were

correlated with 4;6 core language skill: CDI vocabulary at 1;6 (Spearman’s ρ = 0.54,

p = .002), QUILS language score at 3;6 (ρ = 0.63, p < .001), and TPVT vocabulary

at 3;6 (ρ = 0.44, p = .014). CDI vocabulary at 1;0 was not significantly correlated

(ρ = 0.28, p = .114). See Figure 4.1.

We then entered the three infancy and 3;6 language measures that individu-
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Figure 4.1: Correlations between core language skill (CELF-P 2) at age
4;6 and language skill measures from earlier timepoints: CDI at 1;0 and
1;6 (log-transformed), and QUILS and TPVT at 3;6. Non-parametric
Spearman’s correlations were used due to non-normally distributed data.
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ally correlated with preschool language into a single regression model2 predicting

preschool CELF scores (i.e., core language skill „ CDI vocabulary (1;6) + QUILS

language score (3;6) + TPVT vocabulary (3;6)). This model accounts for 48.12 %

of the variance in children’s preschool language outcomes (adjusted-Rˆ2 = 0.40,

F p3, 20q “ 6.18, p “ .004). Within this model, only CDI vocabulary at 1;6 remained

a significant predictor (b “ 0.06, 95% CI r0.00, 0.11s).

4.3.3 Predicting language outcomes with children’s language input

Next, we turned to children’s language input. Using the LENA-generated counts, we

found that neither adult words nor conversational turns per hour from infancy (adult

words: ρ = 0.11, p = .529; conversational turns: ρ = 0.08, p = .659) or concurrently

from preschool (adult words: ρ = 0.05, p = .804; conversational turns: ρ = -0.07, p

= .715) were correlated with preschool language skills. See Figure 4.2.

Using hand-annotated noun counts, we found that the majority of input metrics

were not related to preschool language (all ps > 0.05). The only hand-annotated

noun metric that significantly correlated is the proportion of imperatives, which is

negatively related to preschool language (ρ = -0.46, p = .006). See Figure 4.3. While

analyses of these six variables were planned based on the prior literature reviewed

above, using a more conservative approach and correcting for multiple comparisons

via a Bonferroni correction (i.e., lowering the significance threshold to 0.05/6 or

0.008), this result remains significant (p = .006).

We then ran a model predicting preschool language using the predictors which

were significantly correlated in the above analyses. This model, which includes only

the proportion of imperatives as a predictor (i.e., core language skill „ prop. impera-

tives (0;6-1;5)), accounts for 18.31 % of the variance in children’s preschool language

2 While many of the language skill measures are inter-correlated, this model does not have a
problem with multicollinearity (all VIFs ă 3).
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Figure 4.2: Correlations between core language skill (CELF-P 2) at age 4;6
and language input measures from LENA. Non-parametric Spearman’s
correlations were used due to non-normally distributed data.

outcomes (adjusted-Rˆ2 = 0.16, F p1, 32q “ 7.17, p “ .012).

4.3.4 Combining language skills and input from infancy to predict preschool lan-
guage skills

Finally, we built a model to predict preschoolers’ language outcomes with their lan-

guage input and earlier language skills. To determine the best model for predicting

CELF at age 4;6, we ran stepwise model comparison by AIC. We included as pre-

dictors those variables that were significantly correlated with preschool language
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Figure 4.3: Correlations between language input measures from noun an-
notations and core language skill (CELF-P 2) at age 4;6. Non-parametric
Spearman’s correlations were used due to non-normally distributed data.

(above). We started with the following full model: core language skill „ CDI vo-

cabulary (1;6) + QUILS language score (3;6) + TPVT vocabulary (3;6) + prop.

imperatives (0;6-1;5). The best model (as determined by model comparison) is:

core language skill „ CDI vocabulary (1;6) + QUILS language score (3;6). This

model accounts for 48.04 % of the variance in children’s preschool language out-

comes (adjusted-Rˆ2 = 0.43, F p2, 21q “ 9.71, p “ .001). Similar to our findings

above, CDI vocabulary at 1;6 is the only predictor that remained significant within
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Table 4.2: Regression table for best model predicting preschool language
skills. CDI represents parent-reported productive vocabulary on the
MCDI checklist at 1;6. QUILS represents the overall language standard
score on the QUILS at 3;6.

Predictor b 95% CI tp21q p

Intercept 63.13 [12.00, 114.27] 2.57 .018
CDI 0.05 [0.00, 0.10] 2.28 .033
QUILS 0.39 [-0.08, 0.86] 1.73 .097

this model (b “ 0.05, 95% CI r0.00, 0.10s). See Table 4.2.

4.4 Discussion

This study analyzed longitudinal data on children’s language input and language

skills to determine how best to predict their language outcomes in preschool. We

found that earlier measures of child language were nearly all (except for CDI vocab-

ulary at 1;0) predictive of children’s language outcomes at 4;6. On the other hand,

we found that the proportion of nouns in imperative utterances were the only input

predictor of children’s language outcomes; no other input measures were significant.

Overall, the best predictors of child language scores at 4;6 were child vocabulary at

1;6 and language scores at 3;6.

4.4.1 Effects of imperatives on language development

We found that the proportion of nouns infants heard in imperative utterances was

the only input metric associated with their language outcomes in preschool. Chil-

dren who heard more imperatives in infancy had lower language scores preschool,

which aligns with prior work showing that imperatives are negatively associated

with children’s language development (Creaghe et al., 2021; Newport et al., 1977).

Researchers have posited that imperatives may have this negative effect because

they redirect children’s attention and control their behavior (Newport et al., 1977;
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Tomasello & Farrar, 1986; Tomasello & Todd, 1983).

In line with this, some studies identify subtypes of imperative utterances where

the parent’s underlying goal differs (Akhtar, Dunham, & Dunham, 1991; Masur,

Flynn, & Eichorst, 2005). Akhtar et al. (1991) found that imperatives that followed

in on the child’s attention (e.g., “Put the block here”) – as opposed to imperatives

that redirected the child’s attention (e.g., “Look at this cow”) – positively correlated

with children’s language. Although we did not differentiate between these two types

of imperatives in this study, this work suggests that the effect of imperatives may be

due not to their syntactic structure, but instead to caregivers’ interactional styles.

Parents’ use of imperatives may relate to controlling or intrusive parenting behaviors

(Taylor, Donovan, Miles, & Leavitt, 2009). This suggests that parents’ imperatives

may be a signal of a broader feature of parenting behaviors and parent-child inter-

actions. However, the literatures on linguistic input and parenting styles are largely

separate, with few studies attempting to disentangle the effects of linguistic input

and more general parenting styles on language development. This is an intriguing

avenue for future research.

Additionally, our measure of imperatives in parents’ speech was the proportion

of nouns that occurred in imperative utterances and not the overall proportion of

all imperative utterances. For example, our measure doesn’t capture sentences like

“Hey, stop that,” but does capture “Let me put on your shoes,” and “Don’t steal my

glasses!” While children’s noun input is highly correlated with their overall input

(Bulgarelli & Bergelson, 2020), it is possible that imperative utterances with nouns

represent a different slice of children’s language experience than imperative utter-

ances more generally and may impact children’s language development differently.
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4.4.2 Lack of input effects on preschool language skills

Beyond the effect of imperatives, we did not find any other effects of children’s in-

put on their language outcomes, contrary to our hypotheses. Each of the language

input measures we considered in this study (types, tokens, object presence, impera-

tives, short phrases, and reading) has previously been found to relate to children’s

language learning. However, in this study, neither of the automated measures of

children’s input (LENA adult words and conversational turns) and no other noun

input measures were predictive of language outcomes. Moreover, our single signifi-

cant input predictor (imperatives) did not explain any additional variance once we

accounted for children’s earlier language skills. These results suggest that children’s

language input, at least as we measure it here, may not be strongly related to their

language outcomes in preschool.

Why did we not replicate other effects of language input on child language (An-

derson et al., 2021)? There may be effects of input that we do not capture in this

study do to limitations of our sample. Firstly, our sample includes 35 participants

who completed the preschool language outcome measure. This small sample size

likely limits our statistical power and we may be unable to detect small effects.

Secondly, our sample is fairly homogeneous (93% White, and 75% of mothers have

at least bachelor’s degree), and we therefore may have limited variability in the

preschool language outcomes we aimed to predict. Our sample did score highly on

the language outcome measure: Our participants’ average score on the CELF-P 2

was approximately one standard deviation above the average for the measure’s norm-

ing sample (our sample: M = 110, SD = 11.8, range: 86 to 137; norming sample:

M = 100, SD = 15). Despite this, we did have variability in language scores, as

scores ranged from approximately 1 SD below the norming sample mean to 2 SDs

above the norming sample mean. For this reason, we believe caution is warranted

77



in generalizing our results to a broader population, but we do not believe sample

variability was a problem for this analysis.

However, it may be that the effects of children’s language input on language

development are incredibly complex and sensitive to measurement differences. In that

case, variation in children’s language abilities may be easier to predict by measuring

children’s early language abilities directly.

4.4.3 Children’s vocabulary in infancy predicts their language skills in preschool

In this study, parent-reported vocabulary from infancy was the strongest predictor of

children’s language outcomes. In fact, children’s CDI productive vocabulary at 1;6

alone explains nearly 40% of the variance in children’s preschool language score. Our

results align with the literature that finds long-term stability in individual differences

in language abilities (e.g., Bornstein et al., 2016, 2018). Furthermore, this suggests

that very early vocabulary measurements, even from parental reports, have high

predictive value, while language input measures do not.

The finding has important implications for researchers and practitioners, as chil-

dren’s language abilities are considerably easier to measure than their language input

in infancy. To collect the language input measures used in this study, researchers had

to scheduled home visits with parents, then travel to participants’ homes to provide,

set up, and recollect recording equipment each month. Parents consented to having

researcher-supplied equipment record their interactions with their infants, and all

other goings-on, in their homes for several hours. After data collection, the four

hours of recordings we analyzed for each child each month took approximately 16

hours to annotate. In contrast, measuring language input was far less demanding for

both parents and researchers. The productive vocabulary measure used in this study

at 18 months was a parental report checklist, which takes parents no more than 30

minutes to complete (less for young infants), can be administered online, and is easy
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to score (DeMayo et al., 2021; Fenson, 2007). It is thus an important finding that

this easy-to-administer vocabulary checklist may provide us with a better signal of

children’s language development years down the road than their difficult-to-measure

language input, even at this young age. Researchers may not need to laboriously col-

lect detailed information about children’s language input, when simple measurements

of their vocabulary may suffice.

While this is good news for researchers, it leaves open the question of if and how

we should intervene to support language development in infancy. We have shown

that early language skills are very important, which may suggest that boosting chil-

dren’s language skills earlier in life (even in infancy) may be important to supporting

children’s language before they enter formal schooling. At the same time, the results

presented here suggest that interventions to increase parents’ child-directed speech

(e.g., Suskind et al., 2016) may not be the most effective way to do so in the long-

term. While outside of the scope of the present work, future work should investigate

how we can support children’s language development in early infancy in order to set

children up for success before they enter school.

4.4.4 Conclusion

We found that the best predictor of children’s language skills before school entry was

their earlier language skills. Measures of children’s language environment, which

have been found to predict language skills (Anderson et al., 2021), did not add any

predictive power over children’s own language skills at an earlier age. Strikingly, we

found that parental report of children’s productive vocabulary at 18 months predicted

over a third of the variability in children’s standardized language scores three years

later. While children’s language input may be important, our results suggest that

children’s language skills even in infancy can more easily and accurately predict their

language skills before they enter kindergarten.
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5

General Discussion

This dissertation explored children’s early language input using multiple methods in

a single longitudinal sample. Across three studies, I found that children’s language

input in infancy varied by child age and talk status, but not gender, and had few

effects on children’s language outcomes three years later.

5.1 Summary of studies

5.1.1 Chapter 2

In Chapter 2, I examined the development of children’s word comprehension in in-

fancy. Infants’ word comprehension improves rapidly during the second year (Fer-

nald, Perfors, & Marchman, 2006), as they figure out the right extensions for words

in their lexicon (Bergelson & Aslin, 2017). Does infants’ language input across this

age range change to support these developments in word comprehension? Prior work

has not investigated the development of children’s word comprehension in relation

to their exposure to those same words in their home environment.

In this study, infants completed the same eye-tracking experiment three times,

at ages 0;6, 1;0, and 1;6. This experiment tested infants’ comprehension of common
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nouns in two contexts: when the distractor was semantically related vs. semantically

unrelated to the target. I found that infants’ performance improved significantly

over time in both conditions, demonstrating improved noun comprehension overall,

as well as increased semantic precision between ages 0;6 and 1;6. Then, I conducted

a corpus analysis to examine children’s exposure to the tested words in their home

environments across this same age range. I found that their at-home exposure to the

tested words increased over time; this effect was statistically significant but small in

magnitude.

These small changes in infants’ language input are unlikely to explain their sub-

stantial gains in word comprehension over this timespan. Instead, their cognitive and

social developments, in concert with their language input, may aid word learning.

5.1.2 Chapter 3

In Chapter 3, I investigated gender differences in early language development. Prior

research suggests that both children’s language input and language productions differ

by gender. For example, girls say their first words earlier and say more unique words

(i.e., have larger productive vocabularies) than boys (Kimura, 1999; Lange, Euler,

& Zaretsky, 2016). However, the literature is inconclusive about the mechanism

of this gender difference. Girls may have an input advantage: some studies have

found that girls hear more words, more questions, and fewer directives from their

caregivers (Cherry & Lewis, 1976; Clearfield & Nelson, 2006; Huttenlocher, Haight,

Bryk, Seltzer, & et al, 1991), and such differences may benefit children’s language

development (Rowe, Leech, & Cabrera, 2017). If girls hear privileged language input,

this could cause the observed difference in their language skills. However, children’s

language skills can also influence their language input and, because girls may have

better language skills, this could confound gender differences in the input. This study

aimed to disentangle the effects of child age, talk status (i.e., whether infants have
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begun talking), and gender on their language input.

In this study, I tested whether the age at which infants said their first word, the

number of words infants said (by type and token), or the number of words infants

heard (by type and token) differ by gender. I replicated previous findings that

girls have an early word production advantage but no differences in language input

compared to boys. Additionally, I analyzed how many words children heard before

and after they said their first word and found that children hear more words once

they’ve begun talking, regardless of gender.

These results suggest that differences in language input do not drive gender dif-

ferences in early language production. Instead, children receive more language input

after they begin talking. I suggest that this could explain the sometimes-observed

gender difference in children’s language input.

5.1.3 Chapter 4

Chapter 4 investigated how we can best predict children’s language skills in preschool.

Prior work finds that both children’s language input and language skills in infancy

predict their later language outcomes (Bornstein et al., 2020; Duff, Reen, Plunkett,

& Nation, 2015; Fish & Pinkerman, 2003; Hohm, Jennen-Steinmetz, Schmidt, &

Laucht, 2007). Does combining language skills and input from infancy improve our

prediction of preschool language skills?

To answer this question, I ran a series of linear regressions to predict children’s

language outcomes in preschool using measures of their earlier language abilities and

language input. Children’s language skills were measured in infancy and toddlerhood

using a parent-report vocabulary checklist (MCDI) and standardized experimenter-

administered receptive language assessments (QUILS and TPVT). Children’s lan-

guage input in infancy was measured in at-home recordings at ages 0;6-1;5, and in-

put metrics were aggregated from hand-annotated noun data and automated speech
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metrics.

As expected, I found that measures of children’s early language skills were nearly

all associated with later language skills. However, contrary to my hypotheses, I

found that only one measure of children’s language input – the proportion of nouns

they heard in imperative utterances – was related to their language skills. No other

metric of infant noun input and none of the automated speech counts were related

to preschool language skills. Furthermore, the effect of imperatives disappeared once

I accounted for children’s earlier language skills. Overall, the strongest predictor of

children’s language skills at age 4;6 was their vocabulary at 1;6.

These results suggest that children’s earlier language skills predict their later

language skills, and in-depth data about their home language exposure does not

further improve our predictions. More research is needed to investigate these input

effects in larger samples and broader populations and examine how different measures

of children’s language input and language skills affect our conclusions.

5.2 Cross-cutting themes and directions for future research

After summarizing the results presented in this dissertation, I now consider cross-

cutting themes and implications for future research that emerged from this work.

5.2.1 Effects of child language skills on their language input

In Chapter 2, I found that infants’ language input changed between ages 0;6 and

1;5. Infants heard the tested words more often, from more talkers, and more often

when the object was present as they aged. However, these age effects on language

input were small in magnitude. On the other hand, the effect of child talk status

on language input found in Chapter 3 was quite large. The seemingly-discrepant

findings between these two chapters are likely due to the variability in the age when

children say their first words. In our sample, children said their first word as early as
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age 0;9, while some children still had not said their first word as of our last recording

at age 1;5. Therefore, we may not see a strong overall effect of age because children

start talking at different ages. It stands to reason that the small effect of age found

in Chapter 2 could be driven by children’s growing language abilities and not simply

by child age.

This finding lends support to a growing literature that suggests children’s lan-

guage skills (here, whether or not they’ve said their first word) influence their parents’

child-directed speech. Previous studies have demonstrated that parents are sensitive

to children’s word knowledge in structured in-lab interactions (e.g., George, Bulgar-

elli, Roe, & Weiss, 2019; Leung, Tunkel, & Yurovsky, 2021). Using our longitudinal

corpus of child input and productions that spans the before and after the onset

of talking, Chapter 3 extends these findings to children’s naturalistic home input

on a larger scale. This study is an essential step towards understanding children’s

influences on their own learning environments (Snell, 2008). Future work should

investigate how children’s language input does and doesn’t change with age and how

these changes may stem from, cause, or interact with differences in child language

skills. Furthermore, more work is needed to investigate the details of how children

influence their own language environments by evoking caregiver speech.

5.2.2 Effects (and non-effects) of language input on child language development

Chapters 2 and 3 investigate how children’s language input affects their concurrent

language development. Although these input metrics have been found to predict

language skills in prior work, they are not associated with age- or gender-based

differences in children’s language skills in this study. Similarly, Chapter 4 finds very

few input effects on children’s long-term language development.

In Chapter 4, the one aspect of children’s early language environments that pre-

dicted their language skills was imperative utterances: infants who heard more imper-
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atives in infancy had lower standardized language scores three years later. This is in

line with prior work: Imperative utterances (e.g., “Eat your dinner!” or “Watch me”)

have previously been found to negatively predict children’s language skills (Creaghe,

Quinn, & Kidd, 2021; Newport, Gleitman, & Gleitman, 1977). Imperative utterances

may have a negative effect because they (attempt to) redirect the child’s attention

(Tomasello & Farrar, 1986), instead of following in on the child’s attention (Akhtar,

Dunham, & Dunham, 1991).

No other input measures used in this dissertation (e.g., noun types and tokens,

referential transparency, reading, conversational turns) were predictive of child lan-

guage in this sample. However, each of these measures has been found to relate to

children’s language learning in previous studies. For example, Anderson, Graham,

Prime, Jenkins, and Madigan (2021) conducted a meta-analysis and found that,

across 52 studies, language input quality and quantity were significantly associated

with children’s language abilities. Due to the existing literature documenting the

effect of children’s language input on their language skills, it would be premature

to conclude that other aspects of children’s language input do not impact language

development based on these results. Instead, it is worth considering factors that

could affect the association between language input and development.

5.2.3 Measuring child language input

One factor that may explain conflicting results regarding the association between

language input and development is how children’s language input is measured. Using

different methods of measuring children’s language input can give vastly different

results and lead to varying conclusions. While some measurement differences may

be a matter of precision (e.g., number of unique words from a child’s mother directed

to the target child versus the estimated total number of adult words), others may

be theoretically important. For example, the inclusion of only child-directed speech
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versus all environmental speech (i.e., including speech not directed at the target

child, such as conversations between two adults in the room) in language samples

can affect researchers’ conclusions (Dailey & Bergelson, 2021). Dailey and Bergelson

(2021) found that children from low-socioeconomic status families heard less child-

directed speech, but not less speech overall, than their higher-socioeconomic status

peers. Critically, these differences can impact the results researchers find in their

studies, and therefore the conclusions we can draw about language development are

at stake.

In addition, the length and format of the home language recordings can affect

the representativeness of our language samples. For example, Bergelson, Amatuni,

Dailey, Koorathota, and Tor (2019) quantified language in daylong audio recordings

and hourlong video recordings and found that one-hour video recordings contained

significantly more speech than average one-hour segments of a daylong audio record-

ing. Instead, one-hour video recordings were more analogous to the highest-speech

hour of a daylong audio recording. If such samples are incorrectly assumed to rep-

resent a typical hour of children’s home experience and are extrapolated, this would

lead to vast overestimations of the amount of language children hear on a daily basis

(as in Hart & Risley, 1995; see Dailey & Bergelson, 2021). While varying language

sampling methods (e.g., audios or videos, short or long recordings) are valuable,

researchers should consider that they may provide different information about chil-

dren’s language experience (Bergelson et al., 2019).

Manual annotation or transcription of daylong files is time- and labor-intensive

and is not feasible for many researchers. For example, a single hour of audio takes an

estimated 8 hours for a trained researcher to transcribe. Given how difficult manual

transcriptions are, researchers who collect long-form recordings to capture represen-

tative samples of children’s language environments often turn to other methods of

quantifying the language in their recordings. A popular option for automatically
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measuring speech in long-form audio recordings is Language ENvironment Analysis

(LENA). The LENA system uses proprietary algorithms to automatically process

the audio data and estimate the number of adult words, conversational turns, and

child vocalizations that occur. In Chapter 4, I compare how hand-annotated noun

counts and LENA’s automated speech counts from infancy predict children’s later

language outcomes. I found that none of LENA’s automated speech counts (adult

words, conversational turns, or child vocalizations) were related to child language,

while one metric of hand-annotated noun counts was. Furthermore, while LENA

can estimate the quantity of adult speech and adult-infant “conversations,” the only

input metric that was associated with child speech – imperative utterances – can

only be hand-annotated. If I had only had access to LENA’s more coarse-grained

metrics of language input quantity, I would have concluded that children’s language

experience was not related to their language outcomes. This highlights the differ-

ences between shorter samples of language input with more fine-grained annotation

and longer samples of language input with more coarse-grained metrics. Automated

speech measures are valuable for cases where manual annotation or transcription are

not possible or not worth the investment, yet they are not as fine-grained as manually

generated data and cannot capture all aspects of the input.

Summarily, researchers’ decisions about their language sampling methods – audio-

or video-recordings, short or long recordings, manual transcriptions or automated

speech analysis, how to operationalize “input” – can change their results and the

conclusions they draw. This can lead to conflicting results in the literature, as well

as theoretical debates, such as the importance of child-directed speech specifically

for language learning (Golinkoff, Hoff, Rowe, Tamis-LeMonda, & Hirsh-Pasek, 2019;

Sperry, Sperry, & Miller, 2019). Therefore, carefully considering the measurements

we use to capture variability in children’s language experience is critical.
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5.2.4 Limitations

One limitation of the current work is the sample size. Although this unique longi-

tudinal study provides rich, dense data about these children’s language experience

and development, our sample of 44 participants may limit our ability to detect small

effects. Due to the longitudinal nature of this study, our sample of participants who

returned at age 4;6 (three years after participating in the original study in infancy)

for the preschool follow-up (Chapter 3) is even smaller (n=35). As discussed in

Chapter 3, we are likely statistically underpowered to detect small effects. A re-

cent meta-analysis calculated the effect of language input quality (operationalized

as vocabulary diversity and syntactic complexity) and quantity (operationalized as

number of words/tokens/utterances) on language skills for children ages five and un-

der (Anderson et al., 2021). Across 52 studies, (Anderson et al., 2021) found that

input quality and quantity were both significantly associated with children’s lan-

guage skills, with pooled effect sizes of Pearson’s r = 0.33 and r = 0.20, respectively.

To evaluate whether I could have detected relationships with a similar effect size

here, I conducted a post-hoc sensitivity power analysis. Based on a sample size of

44, α = 0.05 and power = 0.8, the minimum detectable effect size for our sample

is ρ = 0.36. With our smaller follow-up sample size of 35, the minimum effect size

we could detect rises to 0.39. These minimum-detectable effect sizes are both larger

than the meta-analytic effect sizes of r = 0.2 and 0.33 calculated by Anderson et al.

(2021). This suggests that our sample size is likely insufficient to detect the small

(but perhaps still robust) effects of language input. Our results should be interpreted

in light of this.

While this limitation is common in infant language research, where studies are

often underpowered (Bergmann et al., 2018; Oakes, 2017), several seminal studies

in the field of language development had smaller samples still (e.g., Bloom, 1970, N
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= 3; Nelson, 1973, N = 18; Carpenter, Nagell, Tomasello, Butterworth, & Moore,

1998, N = 24). The value in these smaller-scale studies often lies in the tradeoff

between the number of participants and the depth of information we can collect

from each participant. Detailed annotations of large samples of children’s home

environments (as we have reported here) allow us to investigate the language data

available to children and move closer to understanding early language development

at scale. That said, future work with larger samples and meta-analytic methods may

shed light on smaller effects than we can adequately test in this study.

Another limitation of this work is its focus on a single population of children.

This study includes monolingual, American English-learning children in primarily

upper-middle-class families. The experience of these children is not that of the

majority of children worldwide. While these studies remains extremely valuable as

an in-depth exploration of these children’s language development, the results from

this dissertation should not be generalized to other populations. How children’s

language input affects language development and interacts with child language level

in different communities and cultures remains unclear. Still, some evidence suggests

that children in such cultures may also affect their own language input. For example,

children in some cultures, such as the Kaluli of Papua New Guinea or the K’iche’

Mayan in Guatemala, are rarely directly addressed in infancy, before they are able

to speak (Casillas, Brown, & Levinson, 2020, 2021; Cristia, Dupoux, Gurven, &

Stieglitz, 2019; Lieven, 1994). Their language input, therefore, changes dramatically

once they begin talking – a more extreme version of the pattern seen here in middle-

class American children. Even within Western populations, research on bilingual

language development provides another potentially fruitful avenue for expanding our

understanding of language input. Infants growing up in bilingual environments have

significantly less exposure to each of their languages than monolingual infants. By

investigating bilingual language development, researchers can investigate the effects
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of input within-child by assessing children’s language input and skills in their two

languages (Pearson, Fernandez, Lewedeg, & Oller, 1997). Future research should

expand investigations on input effects cross-culturally to assess how child language

input facilitates and interacts with child language skills in diverse populations.

5.2.5 How can we support all children’s language development?

Understanding the effects of early language input is critical, not just for theory de-

velopment but also for practice and policy issues. Children’s early language abilities,

even in infancy and toddlerhood, are predictive of later language abilities and so-

cial, behavioral, literacy, and academic outcomes (Bleses, Makransky, Dale, Højen,

& Ari, 2016; Botting & Conti-Ramsden, 2008; Dickinson & McCabe, 2001; Petersen

et al., 2013). For example, Morgan, Farkas, Hillemeier, Hammer, and Maczuga

(2015) found that 2-year-olds with larger vocabularies went on to have better read-

ing skills and fewer problem behaviors when they were starting kindergarten three

years later. Furthermore, children’s language skills at kindergarten entry predict

their later academic outcomes (Duncan et al., 2007). Therefore, boosting children’s

language development before formal schooling can benefit children long-term. How

can we support children’s language development, particularly in at-risk groups?

The results presented in this dissertation suggest that other factors beyond chil-

dren’s language input are as – if not more – important to their language development.

Additionally, it is unclear how malleable children’s language input is; interventions

encouraging parents to talk with their children more often fail to change parent

child-directed speech in the long term (McGillion, Pine, Herbert, & Matthews, 2017;

Suskind et al., 2016). Differences in language input are also likely correlated with

other factors about children’s environments, such as their family’s socioeconomic sta-

tus (Dailey & Bergelson, 2021), which can, in turn, be related to myriad other factors

like housing stability, food security, and parental mental health (Jyoti, Frongillo, &
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Jones, 2005; Linver, Brooks-Gunn, & Kohen, 2002; Mayberry, Shinn, Benton, &

Wise, 2014; Yeung, Linver, & Brooks-Gunn, 2002; Ziol-Guest & McKenna, 2014).

Considering these points, parenting interventions designed to increase parents’ child-

directed speech (e.g., Suskind et al., 2016) early in childhood may not be the most

effective way to support children’s language development.

If not input, what are other targets for interventions to support early language

development in infancy? More research is needed to uncover language development

interventions that will be effective for diverse populations. Broad supports for fami-

lies and children (Pace, Luo, Hirsh-Pasek, & Golinkoff, 2017), especially those at-risk

for language difficulties, may be part of the solution. Potential supports include in-

creasing families’ access to resources such as books (Ramos & Krashen, 1998; Robin-

son, Larsen, & Haupt, 2010) and formal childcare (Drange & Havnes, 2019; Geoffroy,

Cote, Dionne, Zelazo, & Boivin, 2010). For example, Geoffroy et al. (2010) found

that attending formal childcare (e.g., center-based preschool) attenuated the gap in

school readiness between children from high- and low-resource homes. Additionally,

improved screening methods (such as in primary care settings) could help parents

and practitioners identify children with language difficulties earlier and more easily,

and therefore more children could benefit from early intervention. Going further,

interventions to directly reduce child poverty (e.g., Baby’s First Years, Noble et al.,

2021) may benefit children’s language development in low-income families. While

outside of the scope of the present work, future work must elucidate other ways to

support children’s language development before they enter formal schooling.

5.3 Conclusion

This dissertation investigated children’s early language input, how that input influ-

ences language abilities over time, and how children’s own development may affect

that input. I found that infants’ comprehension of familiar nouns improved and be-
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came more semantically precise from 0;6 to 1;6 (Chapter 2). I also found that girls

had significantly larger productive vocabularies than boys even in infancy, but this

difference was not explained by a gender difference in their language input (Chapter

3). Instead, I found that children’s language input increased slightly with age from

0;6 to 1;6, with a large increase at the point they started talking (Chapters 2 and

3). Finally, I found that children’s early language skills were the best predictors of

their later language skills, and their early language input was only weakly predictive

of language outcomes (Chapter 4).

Together, these studies suggest that children’s age, gender, and own language

development history may better explain variation in child language skills than lan-

guage input. These results pave the way for an exciting research program exploring

the true importance of children’s language input on language development.
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Appendix A

Supplemental Analyses for Chapter 2

This appendix reports several supplemental analyses of infants’ home linguistic ex-

posure and their in-lab word comprehension.

A.1 Home linguistic exposure supplement: Input statistics of all nouns

In the main text, we report analyses of the input statistics of the 16 words we tested

in our in-lab word comprehension task. Here, we report parallel analyses of the

input statistics, not limiting to the 16 tested words and instead analyzing all words

annotated in our corpus (concrete object nouns, e.g., hand, apple, shoe).

First, we assessed whether the five input properties (types, tokens, short phrases,

object presence, and reading) changed with age using model comparison (see 2.3.3

Home linguistic exposure). For each metric, we ran two linear mixed effect models:

a baseline model with a fixed effect of recording type and a random effect of subject

(i.e., input metric „ recording type + (1|subject)), and a second model, which adds

an effect of the child’s age in months (i.e., input metric „ age in mos. + recording

type + (1|subject)). We then assess if adding child age improves model fit.

93



Table A.1: Summary of mixed effects regressions predicting our five input metrics (not limiting to tested
words). The maximum number of observations was 1056, but outliers (ą3SDs) were excluded from analysis.
For proportion of reading, the age term was omitted because it was not justified by model comparison.

Word types Word tokens Obj. presence Prop. short phrases Prop. reading
(Intercept) 69.87˚ 175.99˚ 0.43˚ 0.07˚ 0.07˚

r60.29; 79.46s r142.61; 209.37s r0.39; 0.47s r0.05; 0.09s r0.06; 0.09s
Recording type [video] ´33.25˚ ´98.32˚ 0.03˚ 0.01˚ 0.00

r´36.60;´29.90s r´110.43;´86.22s r0.01; 0.05s r0.00; 0.02s r´0.01; 0.02s
Age in mos. 2.43˚ 9.74˚ 0.011˚ 0.003˚

r1.94; 2.91s r7.98; 11.50s r0.009; 0.014s r0.002; 0.004s
Num. obs. 1042 1041 1054 1034 1039
Num. groups: subj 44 44 44 44 44
Var: subj (Intercept) 630.37 7246.44 0.007 0.001 0.002
Var: Residual 760.04 9925.47 0.023 0.004 0.010
˚ represents p ă .05 .
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For both word types and word tokens, adding the child’s age in months improved

model fit over baseline (types: χ2=90.52, p < .001; tokens: χ2=112.64, p < .001).

See Figure A.1. Child age in months also improved model fit for the proportion of

object presence (χ2=57.29, p < .001) and short phrases (χ2=14.13, p < .001) in the

input. See Figure A.2.

For each of these models, age in months had a positive effect on the input metric.

That is, children heard a greater quantity and variety of words as they got older from

6–17 months. They also heard words more often in short phrases, and more when

the labeled object was present. See Table A.1. For example, our models estimate

that children heard 9.74 additional word tokens and 2.43 additional word types each

month (across 4 hours of annotated recording data).

Adding child age did not improve model fit for words in reading (χ2=0, p > .999),

suggesting that children’s exposure to nouns in reading did not change significantly

across 6–17 months. See Figure A.2.

These results are largely parallel to our findings for the specific subset of nouns

we tested in our experiment. The only difference we see is that the proportion of

short phrases does seem to increase significantly with age across all words, a pattern

we did not see when looking only at the tested words. This may be due to statistical

power: here we analyze 262671 tokens (all nouns in the input), compared to the main

text where we analyzed 47770 tokens (only tested words).

A.2 Word comprehension supplement: Item- and subject-level anal-
yses

In the main text, we report analyses of in-lab word comprehension using the mean

proportion of target looking, corrected for baseline preference, aggregated by sub-

ject and condition. In this appendix, we report our results using alternate ways of

aggregating the data for thoroughness.
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Figure A.1: Frequency of all nouns in home recordings (left panel: 3 hours
of audio per child per month; right panel: 1 hour of video per child per
month) across months 6-17. Top row represents noun tokens and bottom
row represents noun types. Black dots represent means with 95-percent
bootstrapped CIs. Outliers (>3SD from mean) are excluded from plots
and statistical analyses.

First, we ran item analyses over item-level means (i.e., aggregating at the item

level, instead of across subjects). At each of the three timepoints, the item mean was

higher on unrelated trials than on related trials (see Table A.2). Across all months

and conditions, the majority of item-level means were positive. At 6 months, 9 and

10 items (out of 16) had positive means on related and unrelated trials, respectively;

this was not statistically different than chance (both p > .1 by binomial test). At

12 months, more item means were positive than would be expected by chance for

unrelated, but not related, trials. By 18 months, nearly all item-level means were

positive (ps < .001 by binomial test). See Table A.2.
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Figure A.2: Properties of all nouns in home recordings across months 6-17.
Panels are divided by recording type (left: audios, right: videos). Rows
show proportion of object presence, proportion of words in isolation/short
phrases, and proportion of reading. Black dots show means with 95-
percent bootstrapped CIs. Outliers (>3SD from mean) are excluded from
plots and statistical analyses.
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Table A.2: Summary of item analyses. Left columns show the mean
proportion of target looking, corrected for baseline preference, over items.
Right columns show the count of items (out of 16 total items) with a
positive mean target looking.

Mean prop. target looking Count of positive item means

Age in mos Related Unrelated Related Unrelated

6 0.01 0.03 9/16 (56%) 10/16 (62%)
12 0.04 0.04 10/16 (62%) 13/16 (81%)
18 0.10 0.15 15/16 (94%) 16/16 (100%)

Table A.3: Summary of subject-level analyses. Left columns show the
number of participants with a positive mean target looking by age and
trial type. Right columns show the p-values by binomial test.

Count of positive subject means Binomial test p-value

Age in mos Related Unrelated Related Unrelated

6 21/41 (51%) 32/41 (78%) ą .999 ă .001
12 19/34 (56%) 25/34 (74%) .608 .009
18 30/37 (81%) 36/37 (97%) ă .001 ă .001

Next, we analyzed subject-level means (see Table A.3). At both 6 and 12 months,

a majority of participants attained positive subject means (i.e., showed increased

target looking) on unrelated trials, but not on related trials. By 18 months, the

majority of participants showed increased target looking in both conditions (both ps

< .001 by binomial test). See Table A.3

Taken together, these item-level and subject-level results suggest a similar pattern

to the results reported in the main text. Across our dataset, we find a strong effect

of trial type, with infants showing better word comprehension on unrelated trials

than related trials. 6-month-old infants consistently struggle on related trials, while

demonstrating nascent word comprehension on unrelated trials By 18 months, infants

show robust word comprehension in both trial types. Interestingly, these item- and
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subject-level analyses both found that 12-month-olds were significantly above chance

on unrelated trials, but not on related trials, although the effect of trial type was not

significant when directly tested (see main text). This may indicate that 12-month-

olds retain some sensitivity to semantic relatedness (as we had hypothesized), but

this effect is weaker than we see at 6 or 18 months.
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Appendix B

Supplemental Analyses for Chapter 3

B.1 Gender differences in parent-reported productive vocabulary

This appendix contains supplemental analyses of gender differences in parent-reported

productive vocabulary (CDI) from Chapter 2.

The age of first word, according to parent report on the CDI, was about a month

earlier for male infants than for female infants (Mmales=11.33 mos, Mfemales=12.20

mos), but this difference was not statistically significant (tp37.96q “ 1.16, p “ .252;

see Figure B.1. This is the opposite trend as we see in our researcher-observed data,

where we found that female infants said their first word about a month earlier than

male infants, on average (see Section 3.3.2, Early Productions in the main text).

We did not find that children’s productive CDI vocabulary varied by gender

(tp41.76q “ 1.43, p “ .161), contrary to our strong hypotheses. In our sample, girls

were reported to produce an average of 87.05 words, compared to 51.65 words for

boys. See Figure B.1. This is contrary to the robust gender difference found in a

large international database of CDI data, Wordbank (Frank et al., 2021). Across the

Wordbank database, the median productive vocabulary for girls (at 18 months on
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Figure B.1: Child productions by gender according to parent report
(CDI). Left panel shows the age of first word as reported by parents
on the CDI by child gender, and right panel shows the CDI productive
vocabulary by gender (y-axis log-transformed). Black points show means
with standard errors.

Words & Gestures) is 68 and for boys is 40 (Frank et al., 2017). This is directly in line

with the vocabularies of children in our sample, where we find a median vocabulary

of 68 for girls and 31 for boys.

Here again, our analysis is underpowered due to our sample size (N = 44). A

post hoc power analysis revealed that based on our observed effect size (r = 0.25

as calculated from our Wilcoxon test), an N of 130 would be needed to obtain

statistical power of 0.80. Therefore, we believe that the gender difference we find in

CDI productive vocabulary in our sample is in line with the literature, despite our

lack of statistical significance.
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Appendix C

Supplemental Analyses for Chapter 4

This appendix reports supplemental analyses of the relation between children’s lin-

guistic and nonverbal cognitive skills.

C.1 Relation of language and nonverbal cognitive skills

Prior research suggests that children’s nonverbal cognitive skills may be associated

with their concurrent and later language skills (Bohlmann, Maier, & Palacios, 2015;

Gooch, Thompson, Nash, Snowling, & Hulme, 2016; Weiland, Barata, & Yoshikawa,

2014). For example, executive functions, such as inhibitory control, may aid chil-

dren’s sentence comprehension by helping them overcome misinterpretations of am-

biguity (Novick, Trueswell, & Thompson-Schill, 2005). Working memory, on the

other hand, affects the processing of environmental stimuli (Baddeley, 2003), and

therefore children with better working memory skills may be able to process speech

more efficiently.

Here, we tested whether measures of children’s nonverbal cognitive skills improve

our predictions of their language outcomes in preschool. We hypothesized that chil-
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dren’s language skills would be associated with measures of their nonverbal cognitive

skills. However, the prior literature leaves open whether nonverbal cognitive skills

will better predict preschool language than earlier measures of language skills.

C.1.1 Measures of nonverbal cognitive skills

In addition to the language assessments reported in the main text, children completed

multiple nonverbal cognitive assessments at the 3;6 and 4;6 follow-ups. At age 3;6,

participants completed the NIH Toolbox Picture Sequence Memory Test (PSMT,

Zelazo et al., 2013) and the Minnesota Executive Function Scale (MEFS, Carlson

& Zelazo, 2014). These assessments test children’s working memory and executive

function skills, respectively. At age 4;6, participants completed two subtests (Block

Design and Matrix Reasoning) of the Wechsler Preschool & Primary Scale of Intel-

ligence, 4th Edition (WPPSI-IV, Wechsler, 2012). These subtests assess children’s

visuospatial abilities and abstract reasoning.

C.1.2 Predicting language outcomes with children’s language input, language skills,
nonverbal cognitive skills

The analyses reported here parallel the analyses reported in the main text, with the

addition of our four nonverbal cognitive measures.

First, we tested if preschool core language skill was correlated with concurrent and

earlier measures of nonverbal cognitive skills. We ran zero-order correlations between

our measures of nonverbal cognitive skills (executive function, working memory, block

design, and matrix reasoning) with preschool language ability. We found that neither

measure at 3;6 (working memory: Pearson’s R = 0.35, p = .092; executive function:

R = 0.22, p = .234) was significantly related to language skill at 4;6, but both

concurrent measures at 4;6 were (block design: R = 0.50, p = .003; matrix reasoning:

R = 0.47, p = .005). See Figure C.1.

Then, we selected all predictors that were significantly correlated with preschool

103



R = 0.35, p = 0.092

90

100

110

120

130

75 100 125 150

Working memory @ 3;6 (NIH Toolbox PSMT)

C
E

LF
 c

or
e 

la
ng

ua
ge

 s
ki

ll 
@

 4
;6

R = 0.22, p = 0.23

90

100

110

120

130

80 90 100 110 120 130

Executive function @ 3;6 (MEFS)

R = 0.5, p = 0.0026

90

100

110

120

130

8 12 16

WPPSI−IV Block Design @ 4;6

C
E

LF
 c

or
e 

la
ng

ua
ge

 s
ki

ll 
@

 4
;6

R = 0.47, p = 0.0048

90

100

110

120

130

5 10 15

WPPSI−IV Matrix Reasoning @ 4;6

Figure C.1: Correlations between core language skill (CELF-P 2) at age
4;6 and nonverbal cognitive measures from ages 3;6 (top row) and 4;6
(bottom row). R values show Pearson’s correlations with p-values. Lines
indicate linear models with 95-percent confidence intervals in gray.

language outcomes from this supplemental analysis and in the main text, and put

them into a single regression model (i.e., core language skill „ CDI vocabulary (1;6)

+ QUILS language score (3;6) + TPVT vocabulary (3;6) + prop. imperatives (0;6-

1;5) + WPPSI-IV block design (4;6) + WPPSI-IV matrix reasoning (4;6)). We

then conducted stepwise model comparison by AIC using the MASS package in

R (Venables & Ripley, 2002) to determine the overall best model for predicting

preschool language skills.

The best model (as determined by model comparison) is: core language skill „

104



Table C.1: Regression table for best model predicting preschool language
skills with children’s language input, language skills, nonverbal cognitive
skills. CDI shows productive vocabulary on the CDI at age 1;6. QUILS
represents overall standard score on the QUILS at 3;6. WPPSI matrix
reasoning shows standard score on the WPPSI-IV matrix reasoning sub-
test at 4;6.

Predictor b 95% CI tp20q p

Intercept 52.97 [4.52, 101.43] 2.28 .034
CDI 0.05 [0.00, 0.09] 2.06 .053
QUILS 0.38 [-0.05, 0.82] 1.84 .081
WPPSI matrix reasoning 1.09 [0.03, 2.16] 2.14 .045

CDI vocabulary (1;6) + QUILS language score (3;6) + WPPSI-IV matrix reasoning

(4;6). See Table C.1. This model accounts for 57.69 % of the variance in children’s

preschool language outcomes (adjusted-Rˆ2 = 0.51, F p3, 20q “ 9.09, p “ .001). This

model is nearly the same as the one reported in the main text, with the addition

of matrix reasoning (WPPSI-IV) at age 4;6. However, unlike the model reported

in the main text, here only WPPSI-IV matrix reasoning at 4;6 (b “ 1.09, 95% CI

r0.03, 2.16s) remains a significant predictor. CDI vocabulary at 1;6 is no longer a

significant predictor, although the effect is marginal (p “ .05, see Table C.1). This

finding suggests that children’s nonverbal cognitive skills are significantly related to

their concurrent language skills in preschool.

It is worth noting, however, that our nonverbal cognitive measures that signifi-

cantly relate to 4;6 core language are the only concurrent measures we considered in

this study. We do not find evidence that nonverbal cognitive measures can predict

later language scores longitudinally in our sample, as our measures at 3;6 are not

related to language at 4;6. However, this result highlights the relationship between

linguistic and non-linguistic skills, and future research may further investigate the

predictive value of children’s early nonverbal skills.
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