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Abstract 

Children learn language at incredible rates, and a plethora of research has examined the 

mechanisms and trajectories of young children’s language development. However, human 

language consists of more than words and syntax—it conveys meaning for the purpose of 

communicating with others. This dissertation centers on the following question: How do children 

learn to use language to communicate? To begin tackling this question, I consider the kinds of 

interactions that children engage in. First, I ask how parents play a role in scaffolding children’s 

communicative development by adapting the way they speak, both generally and specifically, to 

their children’s developmental level and knowledge (Chapters 1 and 2). I find that parents of 

children (ages 2-8) adjust the vocabulary as well as communicative strategies they use during 

cooperative games to ensure communicative success. Then, I ask how children might learn to 

communicate with peers, and the development of component skills required for adapting to 

others in conversation (Chapter 3). I find that while children as young as 4 are sensitive to what 

words are learned earlier or later (even when they themselves know all the words in question), 

they may not spontaneously adapt their language when communicating with another child. 

Finally, I present a theoretical framework of conversational adaptation, specifically considering 

how perspective-taking occurs (or fails to occur) in both adults and children. I hypothesize that 

in-the-moment processing demands is the key factor driving communicative success and failure 

in adults and children alike (Chapter 4). This dissertation seeks to understand the development of 

children’s communicative skill by examining the interactive contexts that children engage in, and 

aims to present a holistic picture of language learning—one that does not isolate the child from 

their environment, but one that considers the rich input that children receive through interactions 

that are designed for them.
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Introduction 

Children learn language at a surprisingly rapid rate, knowing thousands of words by the 

time they are toddlers. But language development goes beyond learning words and syntax, or even 

meaning. Language is interactive by nature, and learning language is learning to communicate. A 

wealth of prior research shows that caregiver input predicts children’s language development (e.g., 

Hart & Risley, 1995; Huttenlocher et al., 1991; Huttenlocher et al., 2010). Importantly, input 

during interactions, where language is directed to children, and where children engage in 

conversational turns, is a particularly powerful predictor for language learning outcomes (Romeo 

et al., 2018; Weisleder & Fernald, 2013). Even so, the majority of research on language 

development focus on specific aspects or characteristics of children’s linguistic input, and not the 

actual interactive contexts that children are in. In my dissertation, I aim to capture the rich 

communicative interactions that children engage in to uncover why certain environments are 

particularly helpful for children’s communicative development. The overarching question that I 

will seek to address in this dissertation is: How do children learn to communicate with others?  

One key component of communication is adaptation—to understand one another, 

conversational partners consider what the other person knows, and adjust accordingly. While 

adults adapt to others in conversation with relative ease, children often struggle to do so on a 

variety of referential tasks (e.g., Krauss & Glucksberg, 1977). One difficulty that children may 

face is making appropriate inferences about their partner’s knowledge—if they are unable to 

estimate another person’s knowledge, they may not see the need to make adaptations in 

communication. Alternatively, children may be sensitive to their conversational partners’ 

knowledge, but struggle to leverage that information during online communication. To date, many 
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studies have attempted to ask when children learn to communicate effectively with others, but few 

studies have investigated how children might gain this ability. 

In my dissertation, I will consider children’s communicative development in interactive 

settings. First, what role might parent-child interactions play in facilitating the development of 

children’s communicative abilities? Given the plethora of research showing the importance of 

caregiver input on language development, studying the interactions between parents and children 

is likely to shed light onto the ways in which these contexts support broader communicative 

development. Second, what might be some reasons for children’s apparent struggle to adapt to 

others? In this part of my dissertation, I will investigate children’s ability to make inferences about 

other’s knowledge, and to subsequently leverage those inferences to adapt to others in online 

communication. Taken together, the goal of my dissertation is to understand the contexts which 

may support children’s communicative development, as well as the developmental trajectory of 

children’s communicative skills. 

The Role of Parental Input in Children’s Language Development 

From birth (and even in utero), children are exposed to the language of their caregivers. 

Shortly after birth, children already recognize and prefer their mother’s voices and their native 

language (DeCasper & Fifer, 1980; Moon et al., 1993). As children develop, their caregivers 

continue to play a crucial role in shaping their language learning. The quantity and quality of 

caregiver input have been shown to predict children’s language development, with more recent 

works highlighting the importance of socially contingent language interactions (e.g., Romeo et al., 

2018). Why is parental input a potentially powerful predictor of children’s language learning? 

Even before children can produce language or participate in spoken conversation, their 

environments are full of linguistic input. Of all the linguistic content that children are exposed to, 
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some are directed at them. That is, language spoken directly to chcildren, or meant for children to 

hear. Many studies have concluded that it is child-directed speech, and not merely overheard 

speech, that predicts children’s language learning (e.g., Huttenlocher et al., 1991; Weisleder & 

Fernald, 2013). In a pivotal study by Hart and Risley (1995), researchers found that children from 

lower social economic status (SES) backgrounds receive reduced language input from their 

caregivers, potentially explaining later differences in children’s language development and other 

academic outcomes. The quantity and diversity of caregivers’ speech to children significantly 

predicts toddlers’ vocabulary, and mediates the effect of SES on language development, 

highlighting the importance of parental input on children’s learning (Huttenlocher et al., 2010). 

Weisleder and Fernald (2013) also found that greater amounts of child-directed speech correlated 

with expressive vocabulary development, mediated by language processing efficiency. In other 

words, children who encounter more child-directed speech may be more efficient at processing 

language, which in turn stimulates vocabulary growth.  

The aforementioned studies point to the power of child-directed speech and appear to 

suggest that quantity of children’s linguistic input correlates with language learning outcomes. 

What about the quality of language input? The above studies focus on the amount of speech 

produced by parents during parent-child interactions—how important is the interactive nature of 

language for facilitating children’s communicative development? Romeo et al. (2018) found that 

4- to 6-year-old children’s language exposure, specifically conversational turns between children 

and their parents, most significantly predicted language skills. This effect was mediated by 

differences in neural structures in children’s brains, suggesting that engaging in more 

conversational turns may lead to structural changes in certain subregions of the brain’s language 

area, which then facilitates language development. Importantly, Romeo et al.’s (2018) work 
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illustrates that child-directed speech may be powerful not simply because it is directed at the child, 

but because it often involves participation from the child.  

Language is interactive in nature, and language learning is necessarily more than just 

acquiring vocabulary and grammar—learning language is learning to communicate. It might be 

unsurprising, therefore, that contingency is a key feature of child-directed speech. Starting from 

infancy, children receive linguistic input that is adapted to them. Caregivers’ speech to 9-month-

olds are simplified when produced within 2 seconds of infants’ babbles, suggesting that parents 

may be engaging in proto-conversation by adapting the way they speak in response to their infants’ 

vocalizations (Elmlinger, Schwade, & Goldstein, 2019). Parents also produce certain words more 

frequently around the time their children acquire those specific words, indicating incredible 

sensitivity to children’s vocabulary development (Roy, Frank, & Roy, 2009). These studies 

suggest that parents are sensitive and responsive to their young children’s emerging language skills.  

How might parental responsiveness, or adaptation, facilitate children’s language 

development? It is possible that parents can leverage their extensive knowledge of their children’s 

developmental level to provide input that is optimal for them, thus scaffolding language learning 

(Vygotsky, 1978). The linguistic tuning hypothesis, proposed by Snow (1972), posits that child-

directed speech is helpful for language learning because of its adaptive nature. That is, parents 

adjust their language as their children develop, ensuring that input is tuned to an appropriate level 

for learning. In an observational study, Masur (1992) found that parents talk differently about 

objects that their children know versus those their children do not. For example, parents ask 

questions to elicit children’s labelling when talking about toys that their children are familiar with, 

but are more likely to label unfamiliar toys themselves (Masur, 1992). In Chapter 1 of this 

dissertation, I provide the first empirical test of the linguistic tuning hypothesis, and consider how 
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parents tune speech at both coarse and fine levels to their toddlers during an interactive 

communication game.    

Communication as Adaptation 

Thus far I have presented evidence that children’s language input is adapted to them, and 

that that adaptive nature of the language they hear may be helpful for their language learning. In 

this section, I venture one step further to consider communication in general as necessarily 

adaptive. That is, for anyone to communicate successfully with one another, adaptations must be 

made. The extent to which adjustments are made will depend on a variety of factors, such as the 

distance between two conversational partners’ knowledge, linguistic abilities, and so on. 

Communication is a collaborative, dynamic process involving at least two conversational 

partners. One line of thinking considers communication as coordination. Clark (1996) argues that 

when people converse with one another, they engage in joint actions, much as two people aiming 

to complete a manual task together. As individuals coordinate with one another, they can activate 

any shared knowledge, or common ground, to facilitate their communication. Many studies have 

investigated how common ground is built and modified over conversation, showing that adults 

seamlessly form and modify common ground (e.g., Brennan & Clark, 1996; Clark & Wilkes-Gibbs, 

1986). Even when referring to common objects, conversational partners engage in negotiation to 

form conceptual pacts, or temporary agreements on referent names (Brennan & Clark, 1996). For 

example, when referring to a shoe when multiple types are present, interlocuters may use names 

such as “loafer” to uniquely identify their intended referent. This conceptual pact persists even 

when the other types of shoes are removed, but not when a new conversational partner is 

introduced. Brennan and Clark interpret these findings to mean that conceptual pacts are partner-

specific and serve to facilitate efficient communication between partners. The conceptualization 
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of communication as adaptation follows from the idea that communication is a form of 

coordination. 

Coordination requires some form of understanding another person’s perspective, whether 

through estimation or through explicit questioning. Thus, successful coordination requires 

adaptation. Conversational partners can adjust the way they speak at the level of syntax, or even 

select specific words, in order to most effectively communicate with their partner. We can imagine, 

however, that adaptation varies across communicative settings. When speaking with a familiar 

peer, for example, we may need relatively few adjustments due to extensive shared knowledge, as 

well as relatively matched linguistic and cognitive abilities. On the other hand, when speaking 

with a young child that we meet for the first time, we would likely adapt more significantly to the 

child, such as by using simpler words, or speak about topics that likely interest children.  

A large body of work has investigated communicative perspective-taking in adults, and to 

a lesser extent, in children. This line of work often utilizes paradigms where two conversational 

partners differ in visual perspective—some objects in the environment are visible to one partner 

but not to the other. By creating asymmetries in visual perspective, researchers can ask how 

accurately and rapidly people consider their partner’s perspectives during referential 

communication. These studies show that even adults, under certain circumstances, commit errors 

in perspective-taking. However, the explanations for these errors differ widely. One account claims 

that considering other perspectives is effortful, and errors in perspective-taking arise from 

reverting to an egocentric “default” when there are time pressures, cognitive load, etc. (e.g., Keysar 

et al., 2000). A second account argues that we weight multiple perspectives incrementally and 

dynamically (Hanna et al., 2003), while a third account posits that conversational partners 

rationally consider the “division of labor” between partners based on repeated interactions (e.g., 
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Hawkins et al., 2021). I present each of these frameworks in detail in Chapter 4, and discuss the 

empirical findings associated with each account. While the specific findings and conclusions 

drawn by researchers differs, this body of work highlights the importance of perspective-taking, 

or adaptation, in communication—the effectiveness of our daily conversations rely upon our 

ability to adapt to one another. 

Communicative Development 

While specific experimental manipulations can lead to higher error rates in even adults’ 

perspective-taking, adults generally adapt to one another with relative ease (e.g., Clark & Wilkes-

Gibbs, 1986). However, many children struggle to adapt to peers in similar referential settings 

(e.g., Krauss & Glucksberg, 1977). In Krauss & Glucksberg’s studies, even older children (9th 

graders) had difficulty communicating about abstract shapes to their peers. Although some studies 

have shown that children can form referential pacts with each another in some situations, they do 

not do so reliably until middle childhood (e.g., Branigan et al., 2016). Importantly, adult feedback 

may play a role—the participants in Branigan et al.’s study were told whether they communicated 

successfully (i.e., whether the correct target object was selected by a conversational partner). 

Further, there is evidence suggesting that explicit adaptation from adults may facilitate successful 

referential communication. Krauss et al. (1966) found that even preschool-aged children could 

select the correct target when child-generated names for abstract referents were used by an 

experimenter. This finding indicates that one challenge children may face is in recognizing that 

another person’s perspective differs from theirs. 

Prior to interacting with peers, children’s early communicative exposures likely involve 

adults, often their caregivers. What roles might caregivers play in facilitating children’s ability to 

adapt to others? While parents may not always provide the same kinds of explicit feedback as 
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experimenters in Branigan et al.’s (2016) study, they may nonetheless provide scaffolding for their 

children’s communicative development. Parents, rather than adults in general, may be particularly 

able to provide relevant support to their children due to familiarity about their specific children’s 

developmental level. In Chapter 2 of this dissertation, I ask how parents and children form 

referential pacts with each other. I ask whether children, who struggle to communicate with peers, 

can successfully form referential pacts with the support of a caregiver. What strategies to parents 

use to facilitate referential success, and how does parent speech change over children’s 

development? In the same chapter, I also investigate children’s comprehension and production 

skills when removed from a scaffolded context, to explore the possible challenges leading to 

children’s struggles when communicating with peers. 

While parental scaffolding can provide a supportive context for young children’s early 

communicative development, there are also significant linguistic and cognitive skills that children 

acquire that likely support communication. For example, the development of children’s executive 

functioning and theory of mind is related to their communicative perspective-taking ability (Nilsen 

& Graham, 2009; Sidera et al., 2018). Preschoolers with greater inhibitory control exhibit less 

egocentric processing, suggesting that the ability to consider other perspectives may partially arise 

from an ability to inhibit one’s own perspective (Nilsen & Graham, 2009). Similarly, children’s 

theory of mind skills, or their ability to hold multiple perspectives in mind, are important for 

communicative success. Sidera et al found that 6- to 10-year-old children’s performance on a 

battery of theory of mind measures correlated with their cooperative success in a referential task.  

Taken together, these studies suggest that children’s communicative development is facilitated, at 

least in part, by their cognitive development. 



9 
 

What other skills must children have before they can adapt to their conversational partners 

effectively? One important ability may be estimating others’ knowledge. A crucial limitation in 

the current literature is that many studies ask how children overcome visual perspective differences 

in communication, but not how they address difference in knowledge states. Unlike differences in 

visual perspectives, mismatches in knowledge between individuals are not usually observable. 

How does sensitivity to differences in knowledge emerge in childhood, and how does this ability 

impact children’s communicative development? 

Prior research shows that young children have sensible intuitions about people’s general 

knowledge, and can attribute different levels of knowledge to infants, preschool children, and 

adults (Fitneva, 2010; Taylor, et al., 1991). For example, by age 5, children recognize that an adults 

and preschoolers, but not an infant, knows what an elephant is (Taylor et al., 1991). Children as 

young as 3 years old also distinguish between child-specific and adult-specific information and 

recognize that there are domains where children may be more knowledgeable than adults, such as 

information related cartoon characters or toys (Fitneva, 2010; VanderBorght & Jaswal, 2009). 

Young children also prefer to learn from people who they believe to be more knowledgeable, 

indicating that children’s inferences about others have important consequences for their 

subsequent interactions with them (VanderBorght & Jaswal). 

While children appear to be adept at estimating the general knowledge of others, very little 

is known about children’s inferences about other people’s specific knowledge. Why is this an 

important skill? Communication relies not only on general adaptation at the discourse level (e.g., 

choosing to talk about toys with children), but also on specific adaptations at the word level (e.g., 

using the word bird instead of peacock when speaking to a toddler). Some studies investigating 

children’s general knowledge inferences also include vocabulary items (e.g., Taylor et al., 1991), 
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but only test whether children can make broad distinctions (e.g., that a child knows happy but not 

hypochondriac). Children in Taylor et al.’s study could have used their own word knowledge to 

make judgments. That is, they may infer that other children also know words that they themselves 

know (e.g., happy). Thus, an open question remains as to whether children can make finer-grained 

estimates of another person’s vocabulary knowledge. 

 Interestingly, one study found that children have relatively accurate estimates of their own 

word learning (Walley & Metsala, 1992). Walley and Metsala found that children as young as age 

5 reliably recovered the order in which they learned various lexical items, and even made 

reasonable estimates for when they might learn certain words in the future. While this study did 

not ask children to make inferences about other children’s vocabulary knowledge, the results 

indicate that children have surprising metalinguistic knowledge. If children can maintain fine-

grained details and estimates of their own word learning, can they do the same for someone else? 

Some research shows that children may over-attribute knowledge (e.g., Birch & Bloom, 2003), 

and it is thus possible that children would over-estimate the vocabulary of a younger child. In 

Chapter 3 of this dissertation, I ask whether young children (ages 4-8) have accurate estimates of 

other people’s specific vocabulary knowledge. In an exploratory follow-up experiment, I ask 

whether children’s models of other people’s knowledge has consequences for communicative 

adaptation. 

Theories of Communicative Adaptation 

Currently, multiple frameworks for understanding communicative adaptations in adults has 

been proposed, but very little developmental work has engaged with these theories. Why is a 

theoretical framework that includes children important? First, children engage in conversations, 

much like adults. While children may lack some of the verbal and cognitive skills that adults have, 
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the processes by which communication occurs is likely to differ greatly between adults and 

children. A comprehensive theory of communication should therefore include developmental 

perspectives. Second, children provide an interesting opportunity to understand the factors that 

drive our communicative success, precisely because they are “poorer” conversationalists. By 

studying situations where children may struggle to take the perspectives of others, we may clarify 

and quantify the factors the ultimately drive our communicative adaptations. 

Communication is often successful, but even adults occasionally make errors in 

perspective-taking. A common thread in the current literature has been to investigate these errors 

as a way to shed light on the communicative process. In Chapter 4, I present discuss three existing 

frameworks of communicative adaptation (or communicative perspective-taking): two-step 

models, probabilistic models, and division-of-labor models (Hanna et al., 2003; Hawkins et al., 

2021; Keysar et al., 2000). Each of these models provides potential explanations for successful 

and unsuccessful perspective taking, and each lend support from certain empirical studies. 

However, none of these frameworks engage directly with developmental data, nor do they claim 

to make predictions about children.  

Therefore, in Chapter 4, I also propose a novel framework: an online computation account, 

which posits that the ease of communicative perspective-taking changes with the amount of in-

the-moment computation that speakers and listeners are required to do. Much of the information 

that we leverage in communication may actually be pre-computed, and thus easily accessed during 

online conversation, and these pre-computed models that we have of various conversational 

partners can lend itself to rapid conversational adaptation. The goal of my proposed framework is 

to provide a theory that has explanatory and predictive power for both adult and developmental 

empirical studies.  
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Overview of Chapters 

In Chapter 1, I present the first empirical test of the linguistic tuning hypothesis. Using an 

interactive communication game, I find that parents fine-tune their speech to their toddlers (ages 

2-2.5) in service of effective communication. When parents talk about animals that they believe 

their children know, they use shorter descriptions. On the other hand, when talking about animals 

they believe their children do not know, parents use longer descriptions, suggesting that they are 

providing additional information to facilitate children’s understanding. Further, I show that parents 

can also adjust their beliefs in real time, producing longer sentences when describing an animal 

that the child previously failed to recognize during the game. Finally, I find that parents use various 

strategies to communicate effectively with their children: they use more adjectives, more 

comparisons to other labels, and more basic level category labels when talking about animals that 

they think their children do not know.  

In Chapter 2, I ask how parents scaffold children’s (ages 4-8) referential abilities in a 

matcher-director task. I find that children as young as 4 can form referential pacts when interacting 

with their parents, and that parent speech during the cooperative communication task changes as a 

function of children’s age. Specifically, parents talk more to younger children, and ask more 

questions to younger children. These findings suggest that parents adapt to their children’s 

developmental level, and provide a supportive context for children as they learn to navigate the 

referential process. In two follow-up experiments, I and ask how children’s comprehension or 

production skills impact their referential abilities. I find that children do not appear to have trouble 

comprehending referential expressions, but may have difficulty generating informative 

descriptions of referents. 
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In Chapter 3, I ask whether children (ages 4-8) have accurate representations of other 

people’s specific vocabulary knowledge. Children were introduced to a younger fictional child and 

asked to estimate that child’s vocabulary. I find that even 4-year-olds make judgments that are in 

line with adult-reported estimates of age of acquisition (AoA). That is, children accurately infer 

that a younger child is likely to know words that are generally learned earlier (e.g., dog), and less 

likely to know words that are often learned later (e.g., lobster). There is also significant 

developmental change, such that 8-year-olds’ judgments of the younger child’s vocabulary 

knowledge more reliably reflected adult-reported AoA. Further, children largely appeal to 

linguistic reasons when asked why they made certain inferences about the younger child’s 

knowledge, suggesting that metalinguistic knowledge plays a role in children’s ability to infer 

others’ lexical knowledge. In an ongoing follow-up experiment, children (ages 4-8) are asked to 

communicate with a younger fictional child. Based on data from a partial sample, I find that 

children do not appear to modify their descriptions based on beliefs about the younger child’s 

knowledge. That is, despite accurately representing that a younger child may not know certain 

words (e.g., penguin), they do not adapt their speech accordingly. 

Finally, in Chapter 4, I present three existing theories of communicative adaptation, and 

evaluate their claims against adult and developmental data. I point out that a common missing link 

is that current theories lack direct predictions and explanations for developmental findings, and 

propose a comprehensive framework: an online computation account of communicative adaptation. 

I discuss how the proposed framework may explain the variance across both adult and 

developmental research, as well as its relevance to Chapters 1-3 of this dissertation.  
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Chapter 1. Parents adapt speech to their young children’s vocabulary knowledge 

In just a few short years, children master their native language. The quantity and quality of 

caregivers’ linguistic input, especially input that occurs during interactions, are powerful 

predictors of children’s language development (Hart & Risley, 1995; Huttenlocher, Waterfall, 

Vasilyeva, Vevea, & Hedges, 2010; Romeo et al., 2018; Rowe, 2012). Why is parental input so 

important to language learning? 

The way we speak to children is markedly different from the way we speak to adults. Child-

directed speech differs from adult-directed speech on various dimensions, such as acoustics, 

prosody, syntactic structure, and content (e.g., Cooper & Aslin, 1990; Newport, Gleitman, & 

Gleitman, 1977; Snow, 1972). Crucially, child-directed speech changes over development, with 

sentences getting longer, more complex, and less acoustically variable (e.g., Huttenlocher et al., 

2010; Liu, Tsao, & Kuhl, 2009; Phillips, 1973). The linguistic tuning hypothesis suggests that this 

changing nature of child-directed speech is what allows it to be such a powerful driver of language 

development (Snow, 1972). If parents tune their speech to children’s developmental level, 

increasing the complexity of input at the same rate that children are developing their linguistic 

knowledge, input may always be at the optimal level of complexity to support language learning 

(Vygotsky, 1978).  

How precisely do parents tune their speech? One possibility is that caregivers coarse-tune: 

adjusting complexity of their speech generally using a holistic sense of their children’s developing 

linguistic abilities. Over and above this coarse-tuning, parents might fine-tune their speech, taking 

into account not only children’s global linguistic development, but their specific knowledge of 

smaller units of language, such as lexical items. Fine-tuning would provide a particularly powerful 

and efficient vehicle for scaffolding language acquisition because of its specificity. To date, the 
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only evidence for fine-tuning comes from observational studies (Masur, 1997; Roy, Frank, & Roy, 

2009). Here, we present the first experimental evidence for fine-tuning. 

Children and their parents played a reference game in which the parent’s goal was to guide 

their child to select a target animal from a set of three. Parents tuned the amount of information in 

their utterances not just to the average difficulty of each animal word, but to their prior estimates 

of their individual child’s knowledge of that animal. Further, parents sensitively adapted over the 

course of the game, providing more information on subsequent trials when they discovered that 

their child did not know an animal. Together, these results show that parents leverage their 

knowledge of their children’s language development to fine-tune the linguistic information they 

provide.  

1.1. Experiment 1.1: Testing the fine-tuning hypothesis in parents’ speech to their 

toddlers 

1.1.1. Methods 

Participants 

Toddlers (aged 2-2.5 years) and their parents were recruited to achieve a planned sample 

of 40 parent-child dyads. A total of 48 parent-child pairs were recruited, but data from 7 pairs were 

dropped from analysis because of failure to complete the experiment as designed. The final sample 

consisted of 41 children aged 24 mo.; 5 days to 29 mo.; 20 days (𝑀 = 26 mo.; 0 days), 21 of whom 

were girls. A total of 48 parent-child pairs were recruited, but data from 7 pairs were dropped from 

analysis because of failure to complete the experiment as designed. Of the 7 pairs that were 

dropped, 5 children fussed out, 1 had an older sibling interfering with the study, and 1 was a twin 

(only the twin who participated first was included). The final sample consisted of 41 children aged 

24 mo.; 5 days to 29 mo.; 20 days (𝑀 = 26 mo.; 0 days), 21 of whom were girls. 
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Stimuli 

Eighteen animal images were selected from the Rossion and Pourtois (2004) image set, a 

colorized version of the Snodgrass and Vanderwart (1980) object set. Animals were selected based 

on estimates of their age of acquisition (AoA) for American English learners, using information 

from parent reports on Wordbank (Frank, Braginsky, Yurovsky, & Marchman, 2017) and 

retrospective self-report estimates from adults (Kuperman, Stadthagen-Gonzalez, & Brysbaert, 

2012). Half of the animals were chosen to have an early AoA (15-23 months), and the other half 

were chosen to have a late AoA (25-32 months). Each trial featured three animals, all from either 

the early AoA or late AoA category.  

A modified version of the MacArthur-Bates Communicative Development Inventory Short 

Form (CDI; Fenson et al., 2007), a parent-reported measure of children’s vocabulary, was 

administered before the testing session via an online survey. The selected animal words were added 

to the standard words, producing an 85-word survey. Two of the animal words–one in the early 

AoA (pig) and one in the late AoA category (rooster)–were accidentally omitted, so trials for those 

words were not included in analyses as we could not obtain individual-level estimates of children’s 

knowledge.  

 

 

 

 

 

 

 

 

Figure 1.1 A parent-child pair playing the interactive game in 

Experiment 1.1 



17 
 

Design and Procedure 

Each parent-child pair played an interactive reference game using two iPads (Figure 1.1). 

Children began with two warm-up trials in which they tapped on circles that appeared on the iPads. 

Following these warm-up trials, children and their parents moved on to practice and then 

experimental trials. On each trial, three images of animals were displayed side by side on the 

child’s screen, and a single word appeared on the parent’s screen. Parents were instructed to 

communicate as they normally would with their child, and to encourage their child to choose the 

object corresponding to the word on their screen. The child was instructed to listen to their parent 

for cues. Once the child tapped on an animal, the trial ended and a new trial began. There were 36 

experimental trials, such that each animal appeared as the target twice. Trials were randomized for 

each participant, with the constraint that the same animal could not be the target twice in a row. 

Practice trials followed the same format as experimental trials, with the exception that images of 

fruit and vegetables were shown. All sessions were videotaped for transcription and coding. 

Data Analysis 

Our primary quantity of interest was the amount of information that parents provided in 

each of their utterances. To approximate this, we measured the length of parents’ referring 

expressions–the number of words they produced on each trial before their child selected an animal. 

Length is an imperfect proxy for information, but it is easy to quantify and theory-agnostic. 

Because utterance length is highly right-skewed (i.e., most utterances are short), we log-

transformed length in all analyses. However, to facilitate interpretability, we show raw utterance 

length in our figures. Subsequently, utterances were manually coded for the following: (1) Use of 

an animal’s canonical label (e.g., “leopard”), (2) Use of a descriptor (e.g., “spotted”), (3) Use of a 

comparison (e.g., “like a cat”), (4) Use of a superordinate level category label (e.g., “bird” for 
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peacock), and (5) Use of a subordinate level category label (e.g., “Limelight Larry,” a fictional 

character from a children’s book, for peacock). Parent utterances irrelevant to the game 

(e.g., asking the child to sit down) were not analyzed. Children’s utterances were coded when 

audible, but were not analyzed. Our second source of data was the vocabulary questionnaire that 

parents filled out prior to participation. Parents indicated whether their child produced each of the 

85 words on the survey. In addition to analyzing parents’ judgments for the animals in the task, 

we also computed the total number of words judged to be known for each child as a proxy for total 

vocabulary. 

All analyses were done using mixed-effects models. In all cases we began with maximal 

random effects structures and pruned random effects until the models converged. We removed 

interaction terms before removing main effects, and opted to keep the most theory-relevant random 

effects when only a subset of main effects could be kept.  

1.1.2. Results 

We begin by confirming that our a priori divisions of animals into early and late age of 

acquisition (AoA) in the study design were reflected in parents’ survey judgments, and that 

children were able to follow parents’ references to select the correct target animal on each trial. 

After this, we show that parents fine-tune their referring expressions, producing more information 

in their references to animals that they think their individual children do not know. Further, parents 

updated their tuning over the course of the experiment, producing more information on subsequent 

references to animals they thought their children knew after observing evidence to the contrary 

(i.e., children made an incorrect selection). 
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Target animal difficulty 

We first confirm that the early AoA animals were more likely to be marked “known” by 

the parents of children in our studies. As predicted, parents judged that their children knew 94% 

of the animals in the early AoA category, and 33% of the animals in the late AoA category, which 

were reliably different from each other (𝛽 = -6.48, 𝑝 < .001, 𝑑 = -3.57 [-4.48, -2.67]).  

Selection accuracy 

On the whole, parents communicated effectively with their children, such that children 

selected the correct target on 69.05% of trials, reliably greater than would be expected by chance 

(33%, 𝛽 = 2.07, 𝑝 < .001, 𝑑 = 1.14 [0.93, 1.36]). Children were above chance both for animals 

that parents thought they knew (𝑀 = 75.08%, 𝛽 = 2.61, 𝑝 < .001, 𝑑 = 1.44 [1.18, 1.70]), and for 

animals that parents thought their children did not know (𝑀 = 55.19%, 𝛽 = 1.23, 𝑝 < .001, 𝑑 = 

0.68 [0.52, 0.84]). Thus, parents successfully communicated the target referent to children, even 

when parents thought their children did not know the name for the animal at the start of the game. 

Was this accuracy driven by children’s knowledge or parents’ referring expressions? 

Because we did not measure children’s knowledge of each animal directly, we used parents’ 

estimates of children’s knowledge as a proxy to answer this question. We fit a mixed-effects 

logistic regression predicting children’s accuracy on each trial from children’s total estimated 

vocabulary, parent-reported knowledge of the target animal, and the (log) length of parents’ 

expressions. We found that children with bigger vocabularies were more accurate in general (𝛽 = 

0.40, 𝑝 = .001, 𝑑 = 0.22 [0.09, 0.36]), and that children were less accurate for animals whose 

names parents thought they did not know (𝛽 = -1.86, 𝑝 < .001, 𝑑 = -1.02 [-1.46, -0.58]). Longer 

referring expressions were associated with greater accuracy for animals that parents thought their 
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children did not know (𝛽 = 0.46, 𝑝 = .025, 𝑑 = 0.25 [0.03, 0.47]), but not for animals that parents 

thought their children knew (𝛽 = -0.40, 𝑝 = .007, 𝑑 = -0.22 [-0.38, -0.06]). 

Thus, longer referring expressions were associated with more successful communication 

for animals that parents thought their children did not know, but not for animals that parents 

thought they knew. This suggests that parental tuning contributed to children’s success. We next 

ask whether parents tuned the lengths of their utterances appropriately, producing longer 

expressions for animals they believe their children do not know. 

Tuning 

If parents calibrate their referring expressions to their children’s linguistic knowledge, they 

should provide more information to children for whom a simple bare noun (e.g., “leopard”) would 

be insufficient to identify the target. Parents did this in a number of ways: with one or more 

adjectives (e.g., “the spotted, yellow leopard”), with similes (e.g., “the one that’s like a cat”), and 

with allusions to familiar animal exemplars of the category (e.g., “Limelight Larry,” a fictional 

peacock from a children’s book). In many of these cases, parents would be required to produce 

more words (see below for further qualitative analyses). Thus, we first analyzed the (log) length 

of parents’ referring expressions as a proxy for informativeness. 

When do parents produce longer referring expressions? One possibility is that parents tune 

at the coarsest level, using more words when speaking to children with smaller vocabularies. This 

was not the case–the total number of words parents thought their children knew did not reliably 

affect the length of their referring expressions (𝛽 = -0.02, 𝑝 = .595, 𝑑 = -0.17 [-0.79, 0.45]). A 

second possibility is that parents have a sense for how difficult each animal is in general, and tune 

coarsely to this. Our analyses confirmed this coarse-tuning: parents said reliably fewer words for 

animals that more children were reported to know (𝛽 = -0.17, 𝑝 = .034, 𝑑 = -1.19 [-2.26, -0.09]); 
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Figure 1.3). Finally, parents could fine-tune their referring expressions to their children’s 

individual knowledge, over and above the average difficulty of each animal. Our analyses 

supported this conclusion: parents used reliably fewer words to refer to animals that they thought 

their individual child knew (𝛽 = 0.25, 𝑝 = .003, 𝑑 = 0.98 [0.34, 1.61]); Figure 1.3). Thus, parents 

fine-tuned the amount of information in their referring expressions, calibrating the amount of 

information they provided to their children’s knowledge, even after accounting for the average 

difficulty of the target animal. 

In addition, because each animal appeared as a target twice, we asked whether parents 

tuned their referring expressions over successive appearances. We found that parents used fewer 

words on the second appearance of each animal (𝛽 = -0.08, 𝑝 = .044, 𝑑 = -1.06 [-2.07, -0.03]). 

This effect is shown in Figure 1.3: the mean length of referring expression is lower on the second 

appearance when compared to the first (Figure 1.3). However, the difference in utterance length 

between animals they thought their children knew versus didn’t know was smaller on their second 

appearance (𝛽 = -0.14, 𝑝 < .001, 𝑑 = -0.17 [-0.22, -0.12]; Figure 1.3). Why might that be? One 

possibility is that parents obtain information from the first appearance of each animal: they may 

have thought their child knew “leopard,” but discovered from their incorrect choice that they did 

not. If so, they might provide more information the second time around. 

To test this prediction, we fit a model predicting the (log) length of parents’ referring 

expressions from appearance type (first, following correct, following incorrect), whether the parent 

thought their child knew the animal prior to the experiment, and their interaction between 

appearance type and prior belief. Relative to their utterances on an animal’s first appearance, 

parents produced shorter referring expressions on an animal’s second appearance following both 

correct responses (𝛽 = -0.14, 𝑝 = .036, 𝑑 = -0.12 [-0.23, -0.01]) and incorrect responses (𝛽 = -
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0.28, 𝑝 = < .001, 𝑑 = -0.22 [-0.34, -0.11]). As before, parents produced shorter utterances for 

animals they thought their child knew (𝛽 = -0.31, 𝑝 = < .001, 𝑑 = -0.92 [-1.43, -0.41]). When 

children were correct on an animal’s first appearance, parents’ referring expressions on its second 

appearance did not differ in length based on whether they thought their child knew the animal prior 

to the experiment (𝛽 = -0.02, 𝑝 = .771, 𝑑 = -0.02 [-0.13, 0.10]). However, when children were 

incorrect on an animal’s first appearance, and parents thought they knew the animal prior to the 

experiment, they produced reliably longer referring expressions on its second appearance (𝛽 = 

0.43, 𝑝 = < .001, 𝑑 = 0.24 [0.13, 0.35]; Figure 1.3). 

As we predicted, when parents thought their children knew an animal, but then observed 

evidence to the contrary, they provided more information in their referring expressions to help 

children make the correct selection the second time. However, we did not find the opposite pattern: 

when children were successful for animals that parents thought they did not know, parents did not 

update their beliefs. Why should parents update their beliefs in one direction but not the other? 

One likely explanation comes from parents’ linguistic tuning itself. Parents’ goal in this task is to 

produce a referring expression that allows their children to select the target animal whether or not 

they know its canonical label. Consequently, when children select correctly on these trials, parents 

cannot know how their child arrived at the correct target. For example, if a parent said “spotted 

leopard” and their child was correct, they could not know whether their child succeeded because 

they actually knew the word “leopard,” or instead because the word “spotted” was sufficiently 

informative. 

Together, these two sets of analyses suggest that parents tune their referring expressions 

not just coarsely to how much language their children generally know, nor their knowledge about 

how hard animal words are on average, but finely to their beliefs about their individual children’s 
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knowledge of specific lexical items. Further, when parents discover that they have incorrect beliefs 

about their children’s knowledge of an animal, they update these beliefs in real-time and adjust 

subsequent references to the same animal. 

 

 

 

 

 

 

 

 

 

Figure 1.2 Parents produced longer referring expressions to communicate 

about animals that children were generally less likely to know. 

Figure 1.3 (A) Parents produced longer referring expressions for animals they thought 

their child did not know (first appearance). (B) When children chose the correct animal, 

parents continued to produce longer expressions for animals they thought their children 

did not know (left). However, if parents thought their child knew an animal, and they 

chose incorrectly, parents produced longer expressions on its second appearance (right). 
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Content of referring expressions 

 Parents produced reliably longer referring expressions when trying to communicate 

about animals that they thought their children did not know. How did parents successfully refer to 

animals that their children did not know? As a post-hoc descriptive analysis, five qualitative 

features of referring expressions were coded: (1) Use of the animal’s canonical label (e.g., 

“leopard”), (2) Use of a descriptor (e.g., “spotted”), (3) Use of a comparison (e.g., “like a cat”), 

(4) Use of a superordinate level category label (e.g., “bird” for peacock), and (5) Use of a 

subordinate level category label (e.g., “Limelight Larry” for peacock). Because the rates of usage 

of each of these kinds of reference varied widely (e.g. canonical labels were used on 94.48% of 

trials, but subordinates were used on 1.21% of trials), we fit a logistic mixed effects model 

separately for each reference kind, estimating whether it would be used on each trial from whether 

the parent thought their child knew the animal. 

Canonical labels were used on almost all trials, and did not differ in frequency between 

animals parents thought their children did not know (𝑀 = 94.68%) and animals they thought their 

Figure 1.4 Proportion of trials on which parents used comparison, descriptors, superordinate 

category labels, and subordinate category labels in their referring expressions. 
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children knew (𝑀 = 93.43%, 𝛽 = 0.43, 𝑝 = .216, 𝑑 = 0.23 [-0.14, 0.61]). Parents thus produced 

canonical labels even when they thought their children did not know these labels. One plausible 

explanation for this is that the target animal on each trial was identified in writing for the parent, 

activating the canonical label and thus lowering the cost of retrieving and producing it (Wingfield, 

1968). Another possibility is that this reflects parents’ general tendency to produce basic-level 

category labels when talking to children (e.g., Blewitt, 1983). Finally, it could have been produced 

for implicitly or explicitly pedagogical reasons even though it was not referentially necessary. We 

expand on this possibility in the Discussion below. 

Comparisons were used reliably more for animals parents believed their children did not 

know than for animals they thought their children knew (𝛽 = 2.29, 𝑝 = .001, 𝑑 = 1.26 [0.49, 

2.04]), as were descriptors (𝛽 = 3.09, 𝑝 < .001, 𝑑 = 1.71 [1.07, 2.35]) and superordinate category 

labels (𝛽 = 3.01, 𝑝 = .026, 𝑑 = 1.66 [0.20, 3.12]). Subordinates were used less for animals parents 

thought their children did not know than for animals they thought their children knew (𝛽 = -2.19, 

𝑝 = .025, 𝑑 = -1.21 [-2.26, -0.15]). Thus, parents used a variety of strategies to refer to animals 

that they believed their children do not know, but the use of descriptors was the most prominent 

(Figure 1.4). These descriptors are particularly apt to facilitate children’s learning, connecting 

parents’ fine-tuning for reference with their children’s language acquisition. 

1.1.3. Discussion 

Parents have a wealth of knowledge about their kids, including about their linguistic 

development (Fenson et al., 2007). In this study, we asked whether parents leverage this 

knowledge to communicate successfully with their children. When playing a referential 

communication game, parents drew on their knowledge of their children in three ways: (1) parents 

produced longer, more informative referring expressions for animals that children generally learn 
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later, (2) over and above this coarse-tuning, parents fine-tuned information to their individual 

children’s knowledge of specific animals, and (3) when children did not know an animal that 

parents thought they did, parents subsequently produced longer referring expressions for that 

animal. Further, this tuning was associated with more successful communication: children were 

more likely to correctly select animals whose names parents thought they did not know if parents 

produced more informative referring expressions. 

These data are consistent with prior evidence of coarse-tuning in child-directed speech, but 

importantly provide the first experimental evidence for fine-tuning at the lexical level. When 

communicating with their children, parents not only take into account the average difficulty of 

each animal word, but they also rely on (and update) their estimates of their individual child’s 

knowledge of those animals. Coarse-tuning and fine-tuning may be distinct adaptations that 

happen independently at different timescales, but our data suggest an intriguing alternative 

possibility: parents’ coarse-grained estimates of their children’s language development may be 

built hierarchically. That is, parents may use estimates of their children’s knowledge of specific 

lexical and syntactic items to form their general representations of their children’s overall language 

development. Hierarchical representations are a powerful vehicle for maximizing both speed and 

generalizability of learning, and they may play the same role here, allowing parents to efficiently 

track and use their knowledge of their children’s language development (Tenenbaum et al., 2011). 

While parents’ speech to children is unlikely to reflect an explicit goal to teach, it is 

nonetheless goal-oriented: parents want to communicate successfully (Bruner, 1983). The 

reference game was conducted in a laboratory, but similar communicative pressures structure the 

daily conversations between children and their parents (Tamis-LeMonda et al., 2017). When 

talking about animals that they thought their children did not know, parents used referring 
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expressions rich with descriptors and comparisons, as in previous observational studies (Blewitt, 

1983; Masur, 1997; Mervis & Mervis, 1982). These strategies facilitate communication–parents 

use what they think their children know (e.g., color words) in order to communicate about animals 

they think their children do not know. Because communication and learning are intertwined, these 

same strategies may work in the service of language acquisition (Yurovsky, 2018). While parents 

produced rich descriptions to help their children select unfamiliar animals, they almost always 

produced the canonical label as well. These referring expressions are thus an ideal opportunity to 

learn the relationship between the referent, its label, and its important identifying features. We did 

not independently measure children’s knowledge of each animal, so we cannot determine whether 

they learned any new animals while playing the game. The relationship between referential 

strategies and ultimate learning is a promising direction for future work. 

Parents fine-tune language to their children’s knowledge to communicate successfully. In 

the service of proximal communicative goals, they may also provide children with input that 

ultimately accelerates learning. Focusing on the interactive and communicative nature of language 

captures a more complete picture of language development: while children bring powerful learning 

mechanisms to language acquisition, these mechanisms are supported by a linguistic environment 

designed for their success. Our evidence suggests that parents are highly sensitive to their toddler-

age children’s vocabulary knowledge, and tailor language for their specific children. How does 

this type of tailoring or adaptation change as children develop, and begin to actively participate in 

conversation with caregivers? In Chapter 2, I examine the role that parents play in scaffolding 

children’s communication skills. What types of support to parents provide during referential 

communication, and how does it change over children’s development? 
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Chapter 2. Parents scaffold the formation of conversational pacts with their children 

Children don’t just learn the sounds, words, and structures of their native language—they 

learn how to use language to communicate (E. V. Clark, 2009; Hockett & Hockett, 1960). While 

we often think of words as having fixed meanings, and referents as having fixed labels, this is an 

oversimplified view (Elman, 2009; Wojcik et al., 2022). The same referent can be called different 

labels in different contexts, and the same word may take on new ad hoc meanings with different 

partners. For example, the same entity can be referred to as a dog, a pug, an animal, or just Max 

(Brown, 1958). 

Effectively navigating this vast space of referential choice requires conversational partners 

to be sensitive to common ground. We produce and interpret language for each other in light of 

our shared history, and expect others to do the same (Bruner, 1985; H. H. Clark, 1996). 

Conversations are thus an ongoing cooperative process; even simple referential expressions are 

established collaboratively. When the meaning of an utterance is initially unclear, or when an 

intended referent does not have a singular conventional label, interlocutors will engage in 

negotiation, arriving at a shared conversational pact about how to think and talk about the intended 

referent (H. H. Clark & Wilkes-Gibbs, 1986; Haber et al., 2019; Hawkins et al., 2020). 

These pacts are temporary agreements about referent names, and adults fluently form, 

revise, and track them over time with different partners. For instance, Brennan and Clark (1996) 

showed that adults will use the contextually appropriate level of specificity for a referent 

(e.g. “loafer” rather than “shoe” when another shoe is present), carry it forward into a new context 

with the same conversational partner even when the initial competitor is removed, then revert to 

“shoe” when a new partner is introduced. Conversational pacts are thus partner-specific, 
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suggesting that pacts are formed for the purpose of in-the-moment communicative success 

(Brown-Schmidt, 2009; Brown-Schmidt et al., 2015). 

While adults readily form conversational pacts with one another, children struggle 

substantially both to establish and to deploy conversational pacts with peers. In one set of studies, 

Krauss and Glucksberg (1977) asked pairs of age-matched children to play a director-matcher 

game that required them to refer to novel objects (see also Glucksberg et al., 1966; Glucksberg & 

Krauss, 1967; Krauss & Glucksberg, 1969). Across repeated interactions with the same novel 

objects, 5- and 6-year-old children showed very little evidence of pact formation: The matcher’s 

accuracy in selecting the correct referent remained low, and the director did not reduce the length 

of their referential expressions as adults do. Older children showed some improvement on both 

measures, but even 10- and 11-year-olds were less successful than a comparison group of adults. 

These results are perhaps surprising, given that children engage in conversation much earlier, and 

are able to track at least some aspects of partner-specific common ground (Akhtar et al., 1996; 

Yoon et al., 2021). 

Why, then, do children struggle to collaboratively construct conversational pacts with one 

another? In order to succeed in establishing reference, an utterance must solve several basic 

problems. First, there is an absolute problem of lexical meaning: the utterance must be recognized 

as a good enough literal description of the target object for the listener to identify it as applicable. 

Second, there is a relative problem of informativity: it must be recognized as a poorer description 

for other potential referents (distractors) in the context than it is for the referential target. Third, 

establishing reference requires work beyond the single-utterance level; mutual understanding must 

be monitored and maintained at the discourse level. That is, it is not enough to produce applicable 

and informative descriptions, interlocutors must be able to signal whether or not they actually 
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understand one another in order to resolve misunderstandings. Thus, developmental problems in 

pact formation could stem from three potential sources of difficulty: 

Utterance-level comprehension: One possibility is that children are unreliable listeners 

who are unable to identify the intended target even given a sufficiently informative utterance. In 

order to identify the target of an utterance, children need to be able to determine whether the 

information in it is a good description of each potential referent. Children may thus struggle to 

identify the relevant and informative components of a complex utterance like “the shoe with the 

brown laces” and take interpretive shortcuts. For example, they may think that any referent that 

matches a part of the utterance like “shoe” is good enough and guess (Speer, 1984). 

Utterance-level production: Alternatively, the primary source of difficulty may lie on the 

production side. Children may generate referential expressions that are either overly idiosyncratic 

or insufficiently informative for their conversational partner to correctly identify the intended 

referent (Beal, 1988; Beal & Flavell, 1983). Idiosyncracies may arise for novel objects, such as 

those studied by Krauss and Glucksberg (1977), due to difficulty identifying which features to 

refer to without a prior history of hearing adults talk about the target object. For familiar objects, 

conventional labels may provide a good default, but conventional labels can be insufficient in more 

challenging contexts, such as when a shoe should be called a “loafer” because of the presence of 

other shoes (Brennan & Clark, 1996; Goldberg & Ferreira, 2022; Koranda et al., 2022). Insufficient 

informativity is also consistent with evidence suggesting that young children may struggle to 

determine which referential expressions are more or less informative in context (Beal & Flavell, 

1982), even for idiosyncratic expressions they themselves produced at an earlier time (Asher & 

Oden, 1976; Robinson & Robinson, 1977). 
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Discourse-level interaction: Finally, the difficulty may lie beyond the level of single 

utterances, implicating the interactive discourse processes that link together production and 

comprehension. For example, children may experience no more or less difficulty in production or 

comprehension than adults, but struggle to notice and actively signal to their partners that they 

have not understood each other. Adults readily use back-channels and other vocal affirmations to 

signal that they have understood a potentially ambiguous utterance, and will ask clarifying 

questions when they feel they have been unable to understand (H. H. Clark & Wilkes-Gibbs, 1986; 

Schegloff, 2007). However, young children may have trouble explicitly initiating these speech acts 

when necessary, and errors may persist preventing pacts from getting off the ground (Anderson et 

al., 1994; Beal, 1987). 

In a series of three studies, we investigate the contributions of these three sources to 

previously observed difficulties in referential pact formation among US children. Our investigation 

begins with the observation that, even if young children are known to struggle to form pacts with 

one another, they nevertheless spend many hours in conversation with parents and other caregivers. 

It is possible that adults, themselves fluent conversationalists, are doing something to support the 

formation of conversational pacts when talking with their children that children are not able to do 

with one another; thus, successes or failures in the parent-child setting may shed light on the 

sources of previously reported failures in the child-child setting. 

In Experiment 3.1, we adapted the classic tangram director-matcher paradigm developed 

by H. H. Clark and Wilkes-Gibbs (1986) to examine conversational pact formation among parent-

child dyads. We found that even 4-year-old children and their parents can successfully coordinate 

on pacts, but for these youngest children, parents both provide significant interactional support and 

are the original source of most of the labels that go on to constitute successful pacts. The rest of 
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the paper aims to disentangle the contributions of children’s comprehension and production skills. 

In Experiment 3.2, we isolated the role of comprehension processes by asking naive adults and 

children to identify the target reference given the utterances originally produced in our parent-

child interactions. In Experiment 3.3, we isolated the role of production by asking children and 

adults to describe familiar and novel objects in different contexts. We found that comprehension 

is relatively constant across development, but younger children produce both more lexically 

idiosyncratic and less context-sensitive labels. These findings suggest that impaired production 

may prevent pacts from taking root in pairs of young children, but when adults are able to provide 

enough interactional scaffolding, even very young children are able to adapt and establish common 

ground. 

2.1. Experiment 2.1: Forming pacts in an interactive communication game 

In our first experiment, we explore whether children may be able to coordinate on 

conversational pacts with adult partners, even as numerous studies have revealed difficulties with 

peers. Adults may provide children with a model of informative referential expressions, and 

actively seek clarification when children’s utterances are ambiguous (E. V. Clark, 2018; Nikolaus 

et al., 2022). It is clear from existing studies that children are receptive to explicit coaching from 

experimenters. For example, Deutsch and Pechmann (1982) showed that repeated clarification 

questions eventually elicited unambiguous descriptions from 6- and 9-year-olds and, to a lesser 

extent, from 3-year-olds. A more recent training study by Matthews et al. (2007) replicated this 

finding in 2- to 4-year-olds, and further showed transfer to a different communication task. But it 

is unclear whether, or how, adults spontaneously provide such feedback in the course of natural 

adult-child conversations, and whether such processes actually enable the formation of pacts 

(rather than generically increasing informativeness). 
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One possibility is that caregivers naturally adopt some of the interactive strategies 

developed by experimenters in these training studies: pointing out when references are 

insufficiently informative, asking for clarification about targeted features, and helping children to 

re-conceptualize referential targets within the expressiveness of their developing vocabulary. In 

this study, we asked parents and their 4-, 6-, and 8-year-old children, as well as control pairs of 

adults, to play an adapted version of Krauss and Glucksberg’s (1969) director-matcher game. We 

examined (1) whether parents’ contributions enable conversational pacts to form at all, (2) what 

strategies parents use to scaffold pact formation if so, and (3) whether the nature of these pacts 

changes over development as children become more adult-like users of language. 

 

Figure 2.1 (A) We divided a set of ambiguous tangram figures into two sets of referential targets. 

(B) A parent (orange) and child (blue) played a reference game where these figures were presented 

as stimuli. On each trial, the director (here, the parent) was asked to refer to the target figure 

(privately highlighted in a box) so that the matcher (here, the child) could guess it. (C) Each 

tangram appeared as the target once per black, and each dyad played the game for four blocks, 

alternating roles on each trial. 
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2.1.1. Methods 

Participants 

Children (ages 4, 6, and 8) and their parents were recruited from a database of families in 

the local community to achieve a planned sample of 60 parent-child pairs (20 per age group). A 

total of 75 children and their parents participated. Data from 12 pairs were dropped due to failure 

to complete the study, leaving a final sample of 63 pairs. For comparison, adult participants were 

also recruited from a Psychology Department subject pool to achieve a planned control sample of 

20 adult-adult pairs. 

 

 

Figure 2.2 (A) Accuracy and (B) number of dialogue exchanges per trial, broken out by whether the 

child (dark grey) or the adult (light grey) was the director. Error bars are 95% CIs. The drop in 

accuracy for 8-year-olds is likely an artifact of a small set of children losing interest in the task. 
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Stimuli 

Twelve solid black images of tangrams were normed on Amazon Mechanical Turk for 

pairwise similarity. Each of the 60 participants made 22 pairwise similarity judgments on a scale 

from 1-100. Based on these similarity ratings (𝑀 = 42.3, 𝑆𝐷 = 26.1), the ten most dissimilar 

tangrams were selected for use as stimuli (Figure 2.1). 

Design and Procedure 

Pairs of participants were brought into the lab to play a cooperative director-matcher game. 

They were seated in front of iPads at opposite ends of a table, with a divider preventing them from 

seeing each other’s screens. Participants were told that they would take turns playing director and 

matcher roles. The director’s task was to describe the target image, privately indicated by a blue 

border, and the matcher’s task was to select one of the images on their screen based on the 

director’s description (Figure 2.1). Before beginning the experiment, participants played six 

practice trials with images of common fruits and vegetables. 

The experiment consisted of four repetition blocks of ten trials each (Figure 2.1). Each 

tangram was the target once per block. We constructed the trial sequence to ensure that participants 

both alternated roles from trial to trial and alternated roles for each target from block to block. For 

each participant pair, we randomly divided the tangrams into two sets of five: the adult was 

assigned one set to describe on the first block, and the child was assigned the other set. These sets 

were interleaved on the first block, such that players alternated roles. On each subsequent block, 

these sets were swapped such that each tangram was described by each participant exactly twice 

over the course of the experiment. 

On each trial, the target tangram appeared with a foil selected from the set of nine other 

tangrams. Targets appeared with different foils on different repetition blocks. To ensure that the 
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game would not be too difficult for young children, tangrams most similar to the target (based on 

similarity norms) did not appear as foils. To discourage participants from using spatial language 

(e.g. “left side”), the target and foil were shown in randomized order across the two iPads. When 

the matcher selected an image, it became colorful and a pleasant sound played. Importantly, neither 

the matcher nor director received feedback about accuracy: the same sound played whether the 

selection was correct or not. 

Pre-processing 

Sessions were videotaped and subsequently transcribed using Datavyu (2014), an open-

source coding program. Each video was transcribed and checked by two different coders. 

Utterances were manually coded as part of a trial or unrelated to the game (e.g., “sit down please”), 

and unrelated utterances were removed before analysis. 

2.1.2. Results and Discussion 

We characterized developmental differences using three measures of communicative 

behavior. First, we examined accuracy to evaluate whether children were able to succeed at the 

reference game in collaboration with their parents. Second, we examined conversational turn-

taking behavior to evaluate how interactive dialogue may contribute to success. Third, we 

examined the number of words produced by each partner on each turn to evaluate the efficiency 

of pacts. 

Performance 

We began by analyzing task performance across age groups. Because pairs of adults were 

consistently at ceiling throughout the task, we focused on the performance of parent-child pairs. 

We constructed a mixed-effects logistic regression predicting whether the matcher successfully 

chose the correct referent on each trial. The model included fixed effects whether the parent or 
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child was the director, (numeric) age, and repetition block. It also included random intercepts for 

each tangram and pair of participants, and random effects of repetition block and director for each 

pair of participants. 

Initial accuracy was well above chance for all age groups, indicating that even young 

children can succeed in this referential task with their parents. We also found a significant main 

effect of age (𝛽 = 0.34, 𝑡 = 2.99; 𝑝 = .003): Pairs with younger children performed significantly 

worse than pairs with older children. Critically, however, accuracy improved significantly over the 

four repetition blocks for all groups (𝛽 = 0.49, 𝑡 = 3.48, 𝑝 < .001; Figure 2.2). Such improvement 

for 4-year-olds contrasts with previous results showing no improvement in accuracy with pairs of 

kindergarteners (age 5, Krauss & Glucksberg, 1969). Intruigingly, accuracy was lower when 

children were the directors (𝛽 = -0.38, 𝑡 = -2.18; 𝑝 = .030), suggesting a potential asymmetry in 

performance across roles. 

Interactive dialogue 

If the ability of children of different ages to successfully establish reference depends on 

interactive scaffolding provided by their parents, we would expect additional dialogue exchanges 

for younger children. We quantified dialogue exchanges by counting the total number of distinct 

turns of continuous speech on each trial and constructed a mixed-effects model predicting the 

(continuous) number of exchanges with the same effect structure reported in the previous section. 

Consistent with previous work, and replicated in our adult control condition, we found a significant 

main effect of repetition: Fewer dialogue turns were required on later trials [𝛽 = -0.07, 𝑡 = -3.13; 

𝑝 .003; H. H. Clark and Wilkes-Gibbs (1986)]. In line with our predictions, we also found a 

significant main effect of age (𝛽 = -0.14, 𝑡 = -3.47; 𝑝 < .001). Pairs with 4-year-old children took 
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roughly one additional turn at each point in the experiment than pairs with older children, who 

more closely resembled pairs of adults (Figure 2.2). 

The increased levels of interactivity between parents and younger children provides an 

interesting contrast with previous studies showing decreased interactivity between peer dyads of 

younger children (Anderson et al., 1994). These lengthier exchanges parent-child exchanges may 

reflect efforts by parents to provide and elicit additional clarification or confirmation, or may 

simply reflect attentional difficulties. As a rough estimate of the content of parents’ responses 

when their child was the director, we counted the number of question marks in the transcript1. We 

found 44.37% of responses to 4-year-olds contained question marks, compared to lower rates of 

27.57% and 31.01% in 6- and 8-year-olds, respectively (𝜒2(2) = 22.68, 𝑝 < .001). 

 

Reduction in length of referential expression 

A key signature of successful communication among adults is an increase in efficiency 

over repeated reference (H. H. Clark & Wilkes-Gibbs, 1986). As pairs form conceptual pacts, they 

 
1 Because questions were not always annotated with a question mark, this represents a lower 

bound on the true estimate of questions. 

Figure 2.3 Total number of words in referential expressions produced by children and parents 

over the course of interaction. 
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are able to communicate the same meaning using fewer words. Our control sample of adults 

replicated this classic effect (𝛽 = -0.23, 𝑡 = -6.21, < .001). Here, we asked whether parents and 

children of different ages spontaneously reduce their referential expressions in the same way. We 

define referential expressions as all utterances produced by the director on a given trial, up until a 

selection is made by the matcher. Because the total number of words produced on a trial is 

correlated with the number of dialogue exchanges examined above (𝑟 = 0.60), we constructed a 

normalized efficiency measure that controls for additional turns. Specifically, we defined 

efficiency as the total number of words produced by the director divided by the number of dialogue 

exchanges on that trial. 

Because participants in each pair alternated roles, each participant served as the director 

twice for each tangram. This structure allowed us to examine how each participant changed their 

language when they were the director (Figure 2.3). Using a mixed-effects model, we predicted the 

(log) number of words per exchange on each trial, including fixed effects of age, repetition block, 

and speaker identity (parent vs. child) as well as all of their interactions. We also included random 

intercepts at the tangram-level and maximal random structure at the dyad level (i.e. intercept, 

slopes for repetition block and speaker identity, and their interaction; Barr et al. (2013)). All 

variables were centered to allow interpretation of lower-order terms as effects at the average level 

of the other terms. We found significant main effects of repetition block (𝛽 = -0.13, 𝑡 = -6.21, 𝑝 

< 0.001), speaker identity (𝛽 = 0.15, 𝑡 = 7.09, 𝑝 < 0.001), and age (𝛽 = -0.05, 𝑡 = -2.06, 𝑝 = 

0.043). All else being equal, directors used fewer words over subsequent repetitions, children used 

fewer words than their parents, and pairs with older children used fewer words than pairs with 

younger children. However, these main effects were clarified by several interactions of interest. 
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First, while parents on average used more words as director than their children did, we 

found a significant interaction with the child’s age (𝛽 = -0.04, 𝑡 = -3.15, 𝑝 = 0.003). This gap 

between parent and child utterance length was largest at age 4 but nearly disappeared by age 8. 

Second, we found that parents reduced their utterance length over time more strongly than children 

did, holding age group constant (𝛽 = -0.03, 𝑡 = -3.74, 𝑝 < 0.001). Third, having older children in 

a pair supported stronger reduction overall, (𝛽 = -0.04, 𝑡 = -3.80, 𝑝 < 0.001). An intriguing final 

question is whether the rate of reduction changes over the course of development: are 4-year-olds 

able to become more efficient as common ground is built in the same way 8-year-olds do? Because 

parents of different age groups display roughly similar slopes of reduction, this question is 

addressed by a 3-way interaction. We found that this interaction was not significant (𝛽 = 0.01, 

𝑡 = 1.81, 𝑝 = 0.075), although our sample was likely underpowered to detect this higher-order 

interaction. 

Where do pacts come from? 

Our results so far demonstrate that children are able to converge on increasingly accurate 

and efficient pacts with their parents. What might allow children to coordinate with their parents 

but not with their peers (Krauss & Glucksberg, 1977)? A classical explanation is that children are 

rigid and lack the ability to adapt to their partner: they have a strong preference for a particular 

idiosyncratic description and are not sensitive to the possibility that their partner may not 

understand it (e.g., “this one looks like mommy’s dress’’). Under this hypothesis, children fail with 

other children because they each stubbornly continue to use mutually incomprehensible 

expressions, and only succeed with their parent as a result of the parent’s flexibility. 
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Another possibility is that young children may be able to adapt successfully but are simply 

unable to generate good enough initial candidate labels to get the process off the ground. In this 

case, pairs of children may fail because neither partner can generate good enough labels to start 

the pact-formation process, while children and parents succeed because parents seed the first good 

candidate label. Each of these accounts make different predictions about who is adapting to who: 

do pacts originate with children, or with adults? We distinguish these accounts by quantitatively 

analyzing the natural-language transcripts. 

For each word in the final description of a tangram, we checked whether it had appeared 

in an earlier referential expression for that tangram. We noted the first trial where it appeared, and 

Figure 2.4 (A) Probability of words used on final round first occurring with child or parent. (B) 

Complexity of language used by different age groups estimated from words’ average age of 

acquisition. Error bars are 95% CI. 
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who was director when it was produced2. The proportion of words originating with the child and 

parent is shown in Figure 2.4. We observed an asymmetry: the words used by children on the final 

repetition were more likely to have originated with their parents than the words used by parents 

were to originate with their children. In addition, this gap appeared to close with older groups, with 

parents more likely to adopt words introduced by older children. 

We tested this hypothesized interaction using a mixed-effects logistic model predicting 

whether each word appearing on the final repetition for each tangram was introduced by the current 

director or by their partner. We included fixed effects of age group and the speaker identity (parent 

or child), as well as random intercepts for each pair of participants and each tangram. We found a 

significant main effect of speaker identity, with the words used by children more likely to originate 

with their partner than the words used by parents, (𝛽 = 0.37, 𝑡 = 4.76, < .001). Additionally, we 

found a weak but significant interaction between speaker and age, indicating that this asymmetry 

was smaller for older children (𝛽 = -0.10, 𝑡 = -2.19, 𝑝 = .028). Thus, parents—especially parents 

of younger children—appear to be the source of the words that persist in successful conceptual 

pacts. 

How do pacts differ across ages? 

Given that the labels used by younger children tend to originate with their parents, it is 

tempting to conclude that adaptation for these pairs is entirely one-sided. However, the resulting 

pacts may have nonetheless been shaped by children. In particular, we suggest that even though 

young children may not be able to supply good initial labels, they may serve as “simplifiers” or 

 
2 To match different forms of the same word (e.g. “jumping” vs. “jumped”) we first lemmatized 

each word. We also filtered out stop words (“the”, “with”), as well as common words that were 

not part of the pacts (“person”, “box”), and excluded words that appeared for the first time on the 

final repetition of each target. 
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“filters” that constrain the complexity of the resulting pact, since it must pass through their 

comprehension and production system (Hudson Kam & Newport, 2005). We tested this hypothesis 

by asking about the linguistic complexity of the pacts developed in each age group. To estimate 

the complexity of individual words, we used self-reported age of acquisition (AoA) estimates 

(Kuperman et al., 2012). Our assumption, based on Kuperman et al.’s work, is that more complex 

words are harder to acquire, and thus have later ages of acquisition (AoA). To estimate the 

complexity of referential expressions as a whole, we simply averaged the AoAs of all the words 

they contained 3 . In all age groups, parents produced more linguistically complex referential 

expressions than children, but as children get older, both their expressions and their parents’ 

become more linguistically complex over repetitions of the same tangram (like adults) (Figure 

2.4). 

We confirmed this observation with a mixed-effects model including all possible 

interactions of age, person (child vs. parent), and repetition number, and maximal random effect 

structure as before. We found significant main effects of age (𝛽 = 0.06, 𝑡 = 2.49, 𝑝= 0.016), and 

person (𝛽 = 0.15, 𝑡 = 4.59, 𝑝 < 0.001), but not repetition (𝛽 = 0.03, 𝑡 = 1.55, 𝑝 = 0.127). All else 

being equal, pairs with older children produced more complex utterances, and parents produced 

more complex utterances than children. Further, we found a significant interaction between age 

and repetition number, suggesting that later repetitions became more complex for dyads with older 

children (𝛽 = 0.03, 𝑡 = 2.76, 𝑝 = 0.008). This interaction may be driven by reduction processes, 

as more distinctive words tend to persist as common words are dropped (Hawkins et al., 2020). 

No other effects were significant, indicating that parents’ utterances remained a constant level of 

 
3 We first removed any words in a list of 174 stop words like “at” and “me” from the  package 

(Feinerer et al., 2008) 
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complexity above children’s even as children’s utterances became more complex. These results 

suggest that pact formation depends not only on parental input, but on children as well—pacts may 

originate from parents, but children control their complexity. 

2.2. Experiment 2.2: Comprehension 

Our first experiment found that young children are able to coordinate on referential pacts 

with their parents. Even four-year-old children readily adopted the labels introduced by their 

parents and interactively refined their descriptions in response to spontaneous parent-initiated 

repair. Overall, four- to eight-year-old children and their parents exhibited patterns similar to 

adult pairs in terms of reduction in length of referring expressions and turns. Yet these findings 

alone do not resolve the puzzle of why younger children struggle so much with their peers. What 

are the underlying reasons for children’s difficulties? 

One possibility is that the difficulty lies primarily in the process of comprehension. That 

is, children might be poor listeners. They may be unable to understand or accommodate their 

partner’s description when it does not align with their own way of conceptualizing a tangram, 

preventing uptake of a pact. In this case, parent-child dyads’ communicative success in our 

reference game may be due to parents’ ability to align to their children’s points of view, such that 

children can accurately select the intended referent based on their parent’s descriptions. Another 

possibility is that the root of the difficulty primarily lies in production. In other words, children 

may have difficulty generating sufficiently descriptive referring expressions on their own, given 

their limited vocabulary and other processing constraints, but are able to recognize a good 

description when they hear it, and adopt that description going forward. Further, children may 

have difficulty recognizing that their expressions are not informative enough for their 

conversational partner. 
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In Experiment 2, we explicitly tested the first of these two hypotheses. We provided 

naive children and adults with the descriptions produced by participants in Experiment 1 and 

evaluated how well they were able to interpret them. If comprehension is the root of the 

difficulty forming pacts, we might expect that naive children as comprehenders would be equally 

unable to interpret all referring expressions (regardless of whether they were originally produced 

by adults or children) while naive adults as comprehenders would have no difficulty. Conversely, 

if naive children are able to understand the referring expressions produced by parents (though not 

necessarily those by children), then we may expect the source of the difficulty to lie elsewhere. 

2.2.1. Methods 

Participants 

We recruited 355 adults from Amazon Mechanical Turk. Data from 24 participants were 

dropped due to failure to complete the study, leaving a final sample of 331 adults. Additionally, 

we planned to recruit a sample of 200 children (ages 4 to 8) from a school and a museum in the 

local community. However, because of the COVID-19 pandemic, we were forced to terminate data 

collection early with only 78 children (ages 4-8). Data on race and ethnicity were not collected, 

but we expect our participants to reflect the racial/ethnic makeup of the Chicagoland area. 

Stimuli 

To conceal the identity of the original speaker, the first author and four research assistants 

produced new audio recordings by reading the Experiment 1 game transcripts in a uniform vocal 

style. All recordings were done by female native English speakers. To examine the extent to which 

pacts became more opaque over time, we used utterances from the first and fourth (final) round of 

the reference game. We removed disfluencies and isolated the speaker’s original referring 

expression on each trial (i.e., we excluded additional information provided in response to the 
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listener’s questions or prompting). This process produced unique audio stimuli, two for each item 

of each game from Experiment 1. These stimuli were broken into 118 unique ‘item sets’ containing 

10 recordings each, such that each tangram appeared as the target once in each set. On each trial, 

the target tangram appeared alongside its foil from the corresponding trial in Experiment 1. The 

stimuli sets were designed such that all participants encountered 5 utterances generated by a parent 

and 5 by a child, and 5 utterances from the first round and 5 from the final round. 

Procedure 

Participants were placed in the role of the listener and presented a sequence of 10 audio 

recordings — a single referring expression for each target tangram, in a randomized order. 

Participants were instructed to click the intended referent based on the audio they hear. On each 

trial, two tangram images were displayed side by side (left and right order randomized). At the 

beginning of each trial, the audio recording played once. To reduce possible learning effects, 

participants did not receive any feedback after their response. Before participants began the 

experiment, we ensured their audio was working. We did not allow participants to proceed past 

the consent page without clicking a ‘play’ button that asked them to “type the number 86 into the 

box.” Additionally, to detect participants who were not following instructions, we included an 

attention check which simply asked people to click ‘the one on the left’. Child participants 

provided verbal consent prior to the start of the experiment, and parents provided written consent. 

Children’s version of the experiment did not include the initial ‘play’ button and attention check. 

While children completed the task independently, an experimenter was nearby to ensure that the 

audio was working. We measured accuracy and response time, measured as the time interval 

between the completion of the audio recording and the response. Participants were not allowed to 

respond prior to the completion of the audio recording. 
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Design 

We used a 2 × 2 factorial design manipulating the age of the producer (parent vs. child) 

and comprehender (adult vs. child). The age of the producer was a within-subjects manipulation 

while the age of the comprehender was an across-subjects manipulate: each comprehender was 

exposed to utterances originally produced by both adults and children. We predicted that if children 

struggle to form conceptual pacts primarily due to comprehension difficulties, then adult 

comprehenders should be highly accurate across the board (regardless of whether the referring 

expression was originally produced by an adult or child), while child comprehenders should 

uniformly struggle. 

2.2.2. Results 

Children and adults comprehend descriptions at similar levels 

To test whether age effects in reference game performance may be attributed to 

comprehension difficulties, we compared the extent to which a naive group of children and adults 

were able to determine the referent of the same expressions. We focus primarily on accuracy, as 

response times are not directly comparable between the web interface (for adults) and lab interface 

(for children; see Supplemental). We constructed a mixed-effects logistic regression model 

predicting trial-by-trial accuracy, including a fixed effect of comprehender group (child vs. adult) 

and random intercepts and slopes for each source game4. We found no significant difference in 

overall accuracy across groups, (adult accuracy = 0.87, 95% CI = [0.86, 0.88], child accuracy = 

0.85, 95% CI = [ 0.83, 0.88], 𝑡 = 1.49, 𝑝 = 0.14, see Figure 2.5). Consistent with this finding, 

 
4 Because we terminated data collection early, we do not have child comprehension data for all 

audio clips, preventing us from including random slopes at this finer level of granularity. All 

behavior within a game is causally intertwined, so we believe this coarser level of grouping is 

most natural. 
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there was no support in a nested comparison for a model with an effect of comprehender group 

over an intercept-only model, 𝜒2(3) = 2.28, 𝑝 = 0.52.5 

Which descriptions are easier to comprehend? 

Next, we examine which features of the descriptions may affect downstream 

comprehension. We consider two specific hypotheses. First, we predicted that descriptions 

produced by adults will be easier for everyone to comprehend, overall, than descriptions produced 

by children in the same dyad. Second, we predicted that descriptions produced earlier in the game 

will be easier to comprehend than descriptions produced later in the game, consistent with prior 

 
5 Because null hypothesis significance testing is unable to provide positive evidence for the null 

hypothesis, we also ran a Bayesian regression using the brm package. We used the Savage-

Dickey method and found a Bayes Factor of 9.5, indicating moderate support in favor of the null 

hypothesis 𝑏 = 0. We used a weakly informative student-𝑡 prior on the coefficient with degrees 

of freedom 𝜈 = 5 and scale 𝑠 = 2.5, following Gelman et al. (2008), but this result was robust 

to other choices. 

Figure 2.5 Results for Experiment 2. Both naive adults (left) and children (right) were able to 

more accurately interpret referring expressions originally produced by parents (orange) than 

children (blue) in Experiment 1. No overall difference was observed across the two comprehender 

groups. Error bars are 95% confidence intervals. 
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findings that pacts are not always transparent to eavesdroppers (Schober & Clark, 1989). Because 

we found no overall differences in comprehension group in the previous section, we collapse 

across both adult and child comprehenders for the following analyses. 

To test these predictions, we fit a logistic mixed effects model predicting accuracy as a 

function of the person who produced the description (parent vs. child), the age of child in the pair 

(ages 4, 6, 8), and the phase of the game where it was produced (early vs late). We also include 

random intercepts for each target and participant ID; a more complex model adding interactions 

was not justified, 𝜒2(4) = 4.35, 𝑝 = 0.36. How does age of speaker influence comprehension of 

descriptions? We first find that parents’ descriptions are more accurately comprehended across the 

board 𝑏 = −0.40, 𝑧 = −8.16, 𝑝 < .001. This is in line with our predictions, suggesting that 

parents in Experiment 3.1 provided more informative descriptions of the tangrams than did 

children. Additionally, we find that older children (and parents of older children) provided more 

accurately comprehended descriptions than younger children, 𝑏 = 0.19, 𝑧 = 3.82, 𝑝 < .001 

(Figure 2.5). Concerning our second hypothesis, however, we found no significant effect of 

experiment phase, 𝑏 = 0.00, 𝑧 = 0.04, 𝑝 = 0.96 . In other words, final-round descriptions of 

tangrams do not appear to contain meaningfully less information for guessing the target. 

2.2.3. Discussion 

In Experiment 3.2, we asked whether children’s struggles to form conceptual pacts with 

others are due to comprehension-side difficulties. Surprisingly, however, we found no difference 

between naive adults and children’s ability to comprehend referential expressions generated by 

participants in Experiment 3.1. Although children may not necessarily be worse at comprehending 

utterances, our data did reveal that referential expressions originally generated by younger children 

were less accurately comprehended by naive adults and children alike. That is, both adults and 
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children were less likely to find the intended referent after hearing a description originally 

produced by a 4-year-old child. 

If children’s referential expressions are difficult for naive listeners to comprehend, and 

late-stage utterances were no more or less comprehensible that early-stage ones, then what 

contributed to communicative success among parent-child dyads in Experiment 3.1? One likely 

explanation for parents’ higher accuracy in the interactive game is that they were able to actively 

seek clarification from children in order to select the correct referent when children’s utterances 

were ambiguous. In our comprehension task, audio recordings comprised only of initial 

expressions for each round — any further exchanges and clarification were removed. This 

mechanism is also consistent with our observation that parents are more likely to ask questions 

when their young children were directors. From these findings, we might infer that 4-year-old 

children’s success in our interactive task (Experiment 1) relied on some degree to their parents’ 

ability to overcome any idiosyncratic or ambiguous descriptions generated by young children. 

Taken together, then, our findings suggest that children’s difficulty forming pacts may lie outside 

their comprehension processes and point toward possible developmental changes in children’s 

ability to produce sufficiently informative descriptions. 

2.3. Experiment 2.3: Production 

In Experiment 2.2, we found that naive children and adults were able to comprehend 

referential expressions equally well. Contrary to a classical view that young children are rigidly 

fixating on a single way of conceptualizing the tangram, even young children seemed relatively 

flexible in their ability to accommodate different descriptions. That is, to the extent that children 

contributed to poorer group performance in Experiment 2.1, their contribution is not well-

explained by the comprehension hypothesis. At the same time, however, we found some evidence 
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consistent with the production hypothesis: messages originally produced by children were 

somewhat less comprehensible for listeners of any age (as indexed by slower reaction times and 

lower accuracy). 

While this source effect is intriguing, it is difficult to disentangle the original messages 

from the interactive parent-child context in which they were produced. For example, it is possible 

that children were receiving interactive scaffolding that prompted them toward more 

comprehensible expressions. Or, conversely, it is possible that children were relying on their 

parents to take on more of the division of labor of interpretation (Hawkins et al., 2021) and were 

thus producing expressions that are less comprehensible to naive audience than they were actually 

capable of. In Experiment 3, we remove the interactive context to more directly assess children’s 

ability to produce referential expressions for novel tangram objects in different contexts. 

We used a 2x2 design aiming to tease apart two related explanations for poor production 

performance. First, to assess the extent to which production difficulties stem from pragmatic 

reasoning (i.e., the ability to recognize that an accessible label is not sufficiently informative in 

context), we manipulate whether the distractor in context is more or less similar to the target. 

Second, to assess the extent to which production difficulties stem from impoverished lexical priors 

(i.e., the ability to access candidate labels for a given referent), we manipulate whether the target 

objects are familiar photographs or novel tangram shapes (see Horton & Gerrig, 2002). To the 

extent that children fail to produce context-sensitive utterances for familiar objects with accessible 

labels, we may expect that pragmatic reasoning is the primary bottleneck on performance. To the 

extent that there is greater overall variance in the utterances produced by children, we may expect 

that lexical priors play a larger role. 
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2.3.1. Methods 

Participants 

We recruited 100 adult participants from Amazon Mechanical Turk. All participants gave 

informed consent prior to the start of the study and were compensated 60¢. We also recruited 60 

children aged 4 to 8 years old (𝑀 = 6.35) to participate in the study. Data on race and ethnicity 

were not collected, but participants were recruited from a database of families that generally reflect 

the racial/ethnic makeup of the Chicagoland area. The study was conducted online over Zoom. 

Parents provided informed written and verbal consent, and children provided verbal consent. 

Families were compensated $5 for their participation.  

Stimuli and Design 

We used 37 pictures of familiar objects and 37 pictures of tangrams. Familiar objects were 

drawn from an image set used by Degen et al. (2020). We used eight different basic-level 

categories that we expected to be familiar to children: bears, birds, cars, candy, dogs, fish, shirts, 

Figure 2.6 Objects in Experiment 3 could appear in isolation (A), in 

a far context (B), or in a close context (C). 
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and tables. Tangrams were drawn from a publicly royalty free set available on 

https://www.1001freedownloads.com/. 

For both familiar objects and novel tangrams, trials were divided into three types: isolation 

trials in which a single target object was presented (Figure 2.6A), far trials in which a target was 

paired with a competitor of the same type but with low semantic overlap (Figure 2.6B), and close 

trials in which the target was paired with a competitor with high semantic overlap (Figure 2.6C). 

For familiar objects, close trials involved two objects in the same basic-level semantic category 

(e.g., Pug and German Shepherd), and far trials involved two objects in different basic-level 

categories (e.g., Pug and Rabbit). For novel tangrams, close and far competitors were determined 

on the basis of their degree of labeling overlap with target in a norming experiment. In this norming 

experiment, we asked adult participants to produce labels for a number of tangrams in isolation. 

We used naming agreement–the proportion of responses that were the same for two tangrams–to 

estimate their semantic similarity (see Zettersten & Lupyan, 2020), and then constructed close and 

far contexts based on high or low similarity, respectively.  

Adults provided labels for a total of eight familiar objects and eight novel tangrams. Each 

object appeared three times: once in isolation, once in a close context, and once in a far context. 

All trials of a single type were presented in a single block (e.g., six trials in a row of ‘familiar’ 

objects in ‘close’ contexts), and the six blocks were presented in random order across participants. 

Children provided labels for the same eight familiar and novel objects. To maintain children’s 

attention for the duration of the experiment, they gave responses only in the close and far 

conditions and not in the isolation condition. Children’s productions in all conditions were typed 

into a text box in real time by an experimenter during their participation. 

https://www.1001freedownloads.com/
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Children also participated in an additional task designed to measure individual differences 

understanding ambiguity in comprehension (Beal & Belgrad, 1990; Markman, 1977), as failures 

to judge the informativity of others’ expressions may be implicated in failures to produce 

appropriately informative utterances of one’s own in the close condition (e.g., saying “bear” when 

both the target and distractor are bears). In this condition, children were told that they would hear 

a label produced by another child, and that they should indicate whether this label adequately 

identified the target object. Three of the trials were far trials in which an unambiguously incorrect 

label was provided to the child (e.g. “table” to distinguish between a pug and a rabbit), three of the 

trials were close trials in which an unambiguously correct label was provided (e.g. “polar bear” to 

distinguish between a polar bear and a grizzly bear), and three were close trials in which an 

ambiguous label was provided (e.g. “dog” to distinguish between a husky and a dalmatian). 

Children responded verbally (“yes” it is adequate or “no” it is not) and an experimenter selected 

the corresponding button on the screen. 

Procedure 

After giving informed consent, adults read an introduction screen informing them that they 

would be doing an experiment in which they saw one or two pictures on the screen at a time. One 

of these objects would be in a blue box, and they should describe this object as best as they could 

by typing one or two words into a text box. At the start of each block, they would be told whether 

they would see one picture (isolation), or two pictures (close and far), and reminded that they 

should type in a description that would help another participant identify the target with a blue 

border. Adults then completed all blocks in random order. 

After parents gave consent and children assented to participate, children were told that they 

would see pictures and be asked to describe them. Children then completed several warm-up trials 
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to introduce them to the game. On the first trial, they saw a picture of a red apple. On the next trial, 

they saw a pear with a blue border around it and the same apple and were asked to describe the 

object in the blue box. Then, the experimenter indicated that they would close their eyes on the 

next trial so that they wouldn’t see what children saw. On this trial, children saw a white mug with 

a blue border around it and a white plate. While the experimenter’s eyes were closed, the child was 

encouraged to describe the object in the blue box so that the experimenter could identify it. Once 

children provided a description, the blue border disappeared, and the experimenter opened their 

eyes. The experimenter then identified the object based on children’s descriptions, and revealed 

the blue box again to verify whether they selected the correct target. 

The same procedure was repeated for three more trials with the following image pairs: a 

red purple ball and a plant; a white rose and a red rose; a round wooden table and a rectangular 

wooden table. The latter two trials contained object pairs where both objects shared a basic level 

category label (i.e., “flower” and “table”). These two trials served to subtly indicate to children 

that referential ambiguity is possible. If children did not uniquely identify the target (e.g., just 

saying “flower”), the experimenter would indicate that the child’s expression was ambiguous, and 

the experimenter would not select the correct target. While these trials provided feedback about 

ambiguity to the children, the experimenter did not suggest alternate descriptions or examples of 

unambiguous expressions. After these warm-up trials, children were told that they would continue 

to play the labeling game and that their responses would be shown to another person who did not 

know which one was in the blue border. In contrast to adults, children always began with a block 

of familiar objects in either the close or far condition. They always completed the manipulation 

check block last. 
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Preprocessing 

We cleaned the text input using a uniform rubric across the combined data set. First, we 

manually corrected typos and removed stop words (e.g., determiners like ‘a’, ‘the’). Second, we 

lemmatized all entries to remove spurious differences between tenses and plurals of the same root 

form. The measures we use in analysis consider edit distance, which may be aritifically inflated 

due to word order (e.g., the edit distance between “running person” and “person running” would 

be high, despite conceptual and semantic similarity between the descriptions). As such, we 

manually cleaned the data to remove similar phrases or structures across descriptions (e.g., if a 

participant repeats “a person who is…” on every trial, we removed that phrase). We use the 

manually cleaned data for our analyses, but pre-cleaned, lemmatized data can be found on our OSF 

page (https://osf.io/vkug8/). Third, we removed spaces and collapsed multiple words together into 

a single token (e.g., ‘German Shepherd’ was tokenized to ‘germanshepherd’). While adult 

participants typed in their own responses, children’s responses were entered by an experimenter. 

When children’s descriptions were overly long, experimenters prompted children to simplify them 

by asking, “Can you say that in one or two words?”. Children were only prompted once, regardless 

of whether they simplified their expression. 

2.3.2. Results 

We focus on two primary hypotheses. First, could children be failing to take into account 

the referential context when deciding what to say, leading to more ambiguous or underinformative 

referring expressions? Second, could children simply have more uncertainty over possible 

acceptable labels for novel objects, making retrieval challenging (Cycowicz et al., 1997; Lachman 

et al., 1974)? These hypotheses are not mutually exclusive. Indeed, the corresponding mechanisms 

https://osf.io/vkug8/
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– pragmatic reasoning and lexical priors – are both implicated in recent production models 

(Hawkins et al., 2022; e.g., Murthy et al., 2022). 

Children are differentially sensitive to referential context 

To test our first hypothesis, we examine the extent to which the same participant produces 

different utterances across the far vs. close contexts. We begin by considering a simple ‘exact 

match’ criterion, coding an item as 1 if the participant used the same label for that item in both 

contexts and 0 if they used different labels. This criterion is conservative in the sense that it will 

miss a number of near- or partial-matches, giving a lower-bound for overlap. We model the binary 

variable of context overlap using a mixed-effects logistic regression. We include fixed effects for 

age cohort (child vs. adult) and target type (familiar vs. novel), as well as their interaction. To 

control for the fact that longer utterance strings are less likely to exactly match by chance, we also 

include a term for the average length of the close and far labels for that speaker and item. The most 

complex random effects structure that converged only included random intercepts at the participant 

level. 

Figure 2.7 (A) Context-sensitivity for children and adults. Children were twice as likely to give 

the same description for familiar objects than tangrams across contexts, while adults equally 

modulated their descriptions for both target types. (B) Nameability for children and adults. 

Children produced more variable labels for tangrams than adults. Error bars are 95% CIs. 
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We found a significant interaction between age group and target type, 𝑏 = −1.09, 𝑧 =

−5.63, 𝑝 < .001 (see Figure 2.7). Although adults displayed similar rates of context-sensitivity 

for familiar and novel objects (familiar: 𝑚 = 0.35, novel: 𝑚 = 0.35), children were nearly twice 

as likely to provide the exact same label across contexts for a familiar object (familiar: 𝑚 = 0.34; 

novel: 𝑚 = 0.60). Similar results were obtained using ‘softer’ measures like edit distance, which 

is the number of edits required to turn one string into the other, 𝑏 = 0.18, 𝑧 = 3.80, 𝑝 < .001. In 

other words, while adults appropriately modulated their utterances across contexts, children often 

produced the same description for familiar targets across contexts, even when it was not sufficient 

to distinguish the target from the distractor. 

Familiar objects elicit less variable names 

The previous section suggests that children have difficulty recognizing the referential 

ambiguity of a canonical label like “dog” in a context where there are multiple dogs. In other 

words, children’s production may be constrained by limitations in their pragmatic reasoning. But 

why would insensitivity to pragmatic context be limited to familiar objects? One possibility is that 

children have a less stable prior over possible names for the novel tangram images due to lower 

‘codability’ or ‘nameability’ (Hupet et al., 1991; Zettersten & Lupyan, 2020). Their variability 

across contexts could be driven less by pragmatic reasoning and more by “sampling variation” 

(Bonawitz et al., 2014; Denison et al., 2013). 

We test this hypothesis by examining the distribution of labels at the population level. First, 

we hypothesize that both adults and children will produce a fairly narrow, high-agreement range 

of labels for familiar objects, yielding highly concentrated distributions. Second, we hypothesize 

that children will use a broader range of different labels for tangrams than adults, yielding a less 

concentrated distribution with less agreement among different children. We considered several 
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measures of concentration, but we focus primarily on the proportion of unique labels to total labels, 

which is simple and interpretable.6 For example, suppose that from a pool of forty participants, 

twenty said ‘bird’, ten said ‘dancer’, and the other ten said something unique. Then we would have 

𝑝𝑢𝑛𝑖𝑞 = 12/40 = .3. Meanwhile, if all forty participants chose different labels, we would have 

𝑝
𝑢𝑛𝑖𝑞

= 40/40 = 1; and at the other extreme, if all forty participants chose the same label, we 

would have 𝑝𝑢𝑛𝑖𝑞 = 1/40 = 0.025. 

Because population agreement metrics necessarily aggregate over individual participants 

for each target, we construct our mixed-effects regression model at the item level. Given our 

findings of differential context-sensitivity in the previous section, we limit this analysis to the ‘far’ 

condition where the distribution of adult and children labels are more comparable (aggregating 

across close and far yields qualitatively similar results). We predict agreement as a function of age 

group (adult vs. child) and target type (familiar vs. tangram), including random intercepts at the 

target level. First, we observe a main effect of target type, with less agreement on tangram labels 

for all participants, 𝑏 = −0.16, 𝑡(15.08) = −7.98, 𝑝 < .001. This is in line with our hypothesis 

that agreement would be higher for familiar objects with commonly-known canonical labels. 

Importantly, however, we also find a significant interaction with age group, 𝑏 = 0.06 , 

 
6 In principle, the most appropriate metric of spread across labels would be the information 

theoretic quantity of entropy: 𝐻(𝑋) = ∑ 𝑝𝑖𝑖 𝑙𝑜𝑔𝑝𝑖. However, our empirical distributions are 

highly sparse, with many labels appearing only once. Our estimates of entropy are therefore 

somewhat sensitive to the choice of statistical estimator (e.g. how much to regularize with 

pseudo-counts) while being less numerically interpretable. However, we find a similar 

qualitative effects of interest for reasonable choices, $b=$0.03, 𝑡(13.52)= 3.47, 𝑝 = 0.00 using 

the Schurmann-Grassberger estimator. Alternative metrics include “modal agreement” (Brodeur 

et al., 2010, 2014), the proportion of participants that produce the most common label, and 

Simpson’s diversity index (Majid et al., 2018; Majid & Burenhult, 2014; Simpson, 1949), which 

can be interpreted as the probability that two independently sampled labels will match. 
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𝑡(13.88) = 5.79, 𝑝 < .001. The labels produced by different children in our sample agree with 

one another about as much as adults’ agree for familiar targets (𝑚 = 0.20 for children and 𝑚 =

0.24 for adults). However, children as a group produce a much more variable set of labels for 

novel tangrams than adults do (𝑚 = 0.64 for children and 𝑚 = 0.46 for adults). 

Children’s understanding of referential ambiguity predicts production 

Children are generally less sensitive to referential context than adults, but what contributes 

to these differences? Given that children are more likely to produce the same label across contexts 

for familiar objects, it is unlikely that vocabulary knowledge accounts for most of the difference 

between children and adults. One factor that may influence children’s performance is the 

recognition of referential ambiguity. That is, children who understand that ambiguous referring 

expressions are not sufficiently informative for a partner should show more context sensitivity in 

our production task. To assess that children understand the goal of the task, and to aid in our 

interpretation of any potentially ambiguous responses that children give in earlier trials, we 

included a manipulation check condition for children. We first report children’s responses to all 

three check trial types. Then, we turn to analyze how responses to ambiguous check trials (e.g., 

“dog” to distinguish between a husky and a dalmatian) predicts children’s context sensitivity on 

the production task. 

For all check trials, children were asked to respond yes or no as to whether a provided label 

uniquely identifies one picture out of two. If children are sensitive to informativity of referential 

expressions, they should respond yes to close trials with unambiguous and correct labels (e.g., “red 

flower” which distinguishes a rose from a lily), no to far trials where the provided labels were 

unambiguous and incorrect (e.g., “table” which fails to distinguish between a pug and a rabbit), 

and also no to close trials with ambiguous expressions (e.g., “dog”, which fails to distinguish 
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between a husky and a dalmatian). First, we found an overall effect of age, where children’s 

accuracy on the check trials increased in older cohorts, 𝑏 = 0.12, 𝑡(166.65) = 4.29, 𝑝 < .001. 

Second, we found that children typically responded as expected to the unambiguous trials. That is, 

they typically responded no to the incorrect trial (89.64% correct), and yes to the unambiguous 

trial (97.07% correct). Ambiguous trials were more challenging. Across all ages, children made 

more errors on ambiguous trials (56.06% correct) relative to incorrect trials, 𝑏 = 0.67 , 

𝑡(116.00) = 2.87, 𝑝 = .005) and unambiguous trials, 𝑏 = 1.07, 𝑡(116.00) = 4.57, 𝑝 < .001. 

These findings suggest that children, regardless of age, understood that that goal of the task was 

to describe a target picture (and not, for instance, to simply say anything). 

To assess whether recognition of referential ambiguity correlated with performance on the 

production task, we focused specifically on children’s performance on the ambiguous check trials. 

On these trials, children were asked whether a given description was sufficient for distinguishing 

a target from its distractor. We predicted that children who could recognize ambiguity on these 

trials would also be more likely to produce informative descriptions. We fit a mixed-effects model 

Figure 2.8 Children’s performance on ambiguous manipulation check trials predicted their 

context sensitivity (measured by exact matches in descriptions between close and far contexts) for 

familiar objects, but not for tangrams. Note that there were only three ambiguous manipulation 

check trials, thus only four possible accuracy rates 
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predicting children’s context sensitivity, as measured by ‘exact match’ overlap, from their 

performance on the ambiguous trials and target type (familiar vs. tangram), with random effects 

of participant and age. We found a significant interaction between accuracy on the ambiguous 

trials and target type, such that children who were more accurate on the ambiguous check trials 

were more likely to modulate their descriptions based on context for familiar items, 𝑏 =

0.24, 𝑡(112.87) = 2.98, 𝑝 = .003 . In other words, children who were more sensitive to 

referential ambiguity were less likely to produce the same descriptions for familiar items across 

close and far contexts (Figure 2.8). 

2.3.3. Discussion 

In Experiment 2.3, we asked whether difficulty in production may explain why young 

children struggle to form referential pacts with peers. Comparing adult and child responses on our 

production task revealed that children were not as sensitive to referential context, providing 

descriptions that did not always distinguish the intended referent from its distractor (e.g., saying 

“table” when there were both a dining table and a picnic table). Importantly, this effect was found 

on trials containing familiar items that children are likely to have accessible labels for, so these 

results were unlikely to be explained by simple vocabulary constraints. 

Why might children struggle to modulate their descriptions for familiar objects? One 

possibility is that the basic level category label of a familiar object (e.g., “table”) is too salient, and 

children have difficulty suppressing this label in favor of a more informative description. While 

we cannot infer whether children were considering alternative descriptions during our task, we did 

find that children, compared to adults, produced less variable descriptions for familiar objects, 

concentrating on the same canonical labels. Further studies probing the alternatives that children 
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consider, or testing the salience of various object labels, could provide a stronger test of this 

possibility. 

Another possibility is that children are not sensitive to referential ambiguity. Indeed, prior 

work shows that children may not know which expressions are more informative (e.g., Beal & 

Flavell, 1982; Robinson & Robinson, 1977). Our experiment provides further evidence for a direct 

link between recognizing referential ambiguity and generating appropriately informative 

expressions based on context. Children who were able to recognize that a given ambiguous 

expressions would be not helpful were more likely to show context sensitivity in their own ability 

to generate descriptions for familiar objects. By the same token, failure to recognize that a 

description is ambiguous would likely lead to communicative breakdown—young children may 

not know to ask for clarification when necessary. 

If children do not reliably produce (or identify) helpful descriptions, how did they succeed 

in Experiment 2.1? The success we observed in parent-child pairs may be attributed to the 

supportive context that parents provided. Interactive behaviors such as requesting more specific 

information or following up with specific questions could provide children with feedback that their 

expressions are not working, and suggest stronger possibilities. Communicating with parents, who 

have specific knowledge about their children, as well as abundant experience interacting with their 

children, may be especially helpful for facilitating young children’s referential abilities. Further 

research comparing parents to other adults (who have less specific knowledge about a particular 

child) will provide insight into whether parents play a unique role above and beyond adults in 

general. 
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2.4. General Discussion 

Successful communication crucially depends on the ability to establish common ground 

and coordinate on conversational pacts with partners. A deep literature of developmental work 

going back to Krauss and Glucksberg (1977) has revealed startling failures to coordinate even 

among older children who are otherwise highly competent users of language. These failures have 

presented a persistent puzzle for theories of social and cognitive development, raising a number of 

possible explanatory mechanisms. Here, we turned to parent-child interactions for insight. 

Surprisingly, even young children were able to successfully form conversational pacts with 

parents. Whatever obstacles arise in peer communication are to some extent resolved through 

interactive parental scaffolding; parents of younger children engaged in more conversational turns, 

asked more questions, produced longer referential expressions, and adopted less complex labels. 

We then conducted two additional studies to disentangle the contribution of comprehension and 

production processes, determining that production is likely to present the root problem that 

parental scaffolding is constructed to overcome. 

Our studies contribute to the debate over why children may struggle to form referential 

pacts with peers. One classic family of explanations implicates theory of mind development: 

children may fail to take their partner’s perspective into account and stubbornly produce 

idiosyncratic descriptions that are not meaningful to anyone else (Krauss & Glucksberg, 1977). 

Another family of explanations implicates sensitivity to informativeness in context: children may 

be focused on generating an appropriate standalone label for the target while neglecting to consider 

whether it might also apply to distractors and lead to confusion (Speer, 1984). Our study introduces 

a third possibility. Young children may be unable to generate a good enough label on their own, 

due to weak lexical priors for what to call the most informative features of unfamiliar objects. 
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Once presented with a good-enough label from a parent, however, they are flexible enough to 

readily adopt and use it themselves. 

An important limitation of our study is our reliance on existing empirical data documenting 

failures in child-child communication, rather than more directly comparable data replicating these 

failures in the same paradigm we used to study parent-child communication. It is possible that our 

paradigm differs in some important parameter from those used in prior work and pairs of children 

would, in fact, succeed at forming conversational pacts in our variant. For example, our task uses 

contexts containing only two images per trial, whereas classic studies used contexts of six or more. 

This choice could reduce cognitive load in our variant, allowing child-child pairs to perform as 

well as our parent-child pairs. At the same time, there are several reasons to believe that pairs of 

children would still struggle in our variant, including the production failures we independently 

observed in Experiment 2.3 and the observation than younger children relied more heavily on 

parent-generated descriptions in Experiment 2.1. Further experiments are necessary to replicate 

classic child-child phenomena under our paradigm, or replicate our parent-child phenomena under 

classic paradigms. 

Taken together, these studies contribute to the growing understanding of parental 

scaffolding in language development more broadly. As children encounter novel concepts and 

situations they do not yet have words to describe, they must be particularly attuned to the 

distribution of labels that appear to be acceptable to competent speakers. Beyond the benefits of 

child-directed speech (ManyBabies Consortium, 2020) and careful tailoring of labels to the child’s 

vocabulary (Leung et al., 2021), adults may spontaneously adopt some of the higher-order 

discourse strategies examined in training studies (Matthews et al., 2007). These more interactive 

forms of scaffolding go beyond a single utterance to draw attention to sources of ambiguity and 
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expose the need to actively check for mutual understanding. The everyday process of parents and 

children trying to understand one another may in this way not only scaffold the formation of 

conversational pacts, but of communicative development more broadly. 
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Chapter 3. A Closer Look at Communicative Perspective-Taking: Children’s Estimates 

of Other’s Specific Knowledge 

In the Introduction and Chapters 1-2, I have conceptualized communication as an adaptive 

process. Successful communication relies on making adjustments based on our listeners, and 

Chapters 1 and 2 provide evidence that parents sensitively adapt their speech according to their 

children’s developmental level. In Chapter 2, I began to explore possible challenges that young 

children face when communicating with others, and suggest that children may have particular 

difficulty with producing informative referring expressions. In Chapter 3, I examine another aspect 

related to children’s communicative-perspective-taking. Namely, the ability to make accurate 

estimates about another person’s knowledge.  

Representing another person’s vocabulary knowledge is potentially important even for 

daily conversation: Imagine visiting the zoo with your friend and their 2-year-old. As you walk by 

the peacocks, you hear your friend say, “Do you see those blue birds?” Immediately, you know 

that your friend is talking to their child and not you. If they were talking to you, saying “peacock” 

would be perfectly clear; however, “blue bird” might be a better description for a child who has 

never seen a peacock before. Even when talking about the same object, we use different words 

depending on what we think our conversational partners know and don’t know. In service of 

effective communication, we can leverage our models of other people’s knowledge to design 

speech that is suited for our partner.  

The fluency of our everyday conversations depends on exactly this kind of adaptation. A 

large body of work has documented the variety of ways in which adults take their communicative 

partners’ knowledge into account (e.g., Clark & Murphy, 1982; Brown-Schmidt & Hanna, 2011). 

For example, when re-telling a story to someone who has heard it before, adults reduce the amount 
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of information they give, but not when re-telling the story to a new partner (Galati & Brennan, 

2010). Adults can adapt even to partners who are quite different from them, as in the case of parents 

and their children. Parents leverage their fine-grained models of their children’s vocabularies and 

use this knowledge in spontaneous communication, as demonstrated in Chapter 2 (e.g., using “blue 

bird” to describe a peacock; Leung, et al., 2021). Taken together, these studies show that adults 

tailor their speech according to their conversational partner’s knowledge, their previous 

interactions, and general metalinguistic knowledge. 

In comparison, children may be less flexible in their ability to adapt to communicative 

partners. In studies that explicitly highlight their conversational partner’s knowledge, children can 

use this knowledge to guide their word choices (Baer & Friedman, 2018). However, other studies 

have shown that children struggle to adapt to their communicative partners in more naturalistic 

conversational settings (e.g., Krauss & Glucksberg, 1977). In children’s everyday interactions, 

effective listener design requires them to spontaneously reason about their partner’s knowledge 

and adjust their speech accordingly. In this chapter, I directly probe one crucial component of 

listener design: the ability to infer a partner’s vocabulary knowledge. 

Adults can make graded and surprisingly accurate relative estimates of when a word is 

generally learned. Kuperman et al. (2012) asked adult participants to report the age at which they 

understood a given word and obtained judgments for 30,000 English words. These judgments were 

then directly compared with age of acquisition data, i.e., the typical age that a given word is 

actually learned (hereafter referred to as AoA). While adults typically overestimate the absolute 

age at which they learned a given word, the estimated order in which words are acquired is intact 

(Kuperman et al., 2012). This metalinguistic knowledge could allow adults to make reasonable 
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inferences about what different individuals (e.g., a young child) might know and adapt their speech 

accordingly. 

Can children use this same kind of information to predict what words a younger child might 

know? Very few studies have investigated children’s estimates of other people’s specific 

vocabulary knowledge, but there is some evidence suggesting that even young children may have 

surprising metalinguistic knowledge (Walley & Metsala, 1992). Children as young as 5 years old 

accurately estimated the order in which they acquired words. More incredibly, they were sensitive 

to the order in which they might acquire new words (Walley & Metsala, 1992). That is, when 

asked when they expect to learn an unknown word, children might be able to appeal to their own 

lexical and metalinguistic knowledge to make sensible judgments. Even so, reasoning about 

another person’s specific lexical knowledge could be difficult for young children. Children often 

over-attribute knowledge to others, especially knowledge they themselves already have (Birch & 

Bloom, 2003; Ghrear et al., 2021). This bias to over-attribute knowledge could hinder children’s 

ability to reason about a younger child’s knowledge: they may have trouble inhibiting their own 

vocabulary knowledge to correctly identify something that a younger child does not know. 

However, there is evidence that even preschool age children can make nonegocentric 

knowledge judgments in some situations. When asked about variety of general knowledge skills, 

young children are sensitive to the fact that children and adults possess different levels of 

knowledge (Fitneva, 2010; Taylor et al., 1991). In a series of experiments, Taylor et al. (1991) 

found that 4- and 5-year-old children recognized what facts are known by adults but not children 

(e.g., What a certain plant looks like), as well as facts that children may know but babies may not 

(e.g., What a certain shape is called). Children do not simply believe that adults always know more 

than children—they are sensitive to the types of knowledge that each group may possess. In 
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Fitneva’s (2010) study, 4- to 6-year-old children attribute certain child-specific knowledge to 

children only (e.g., names of cartoon characters), indicating that they do not have a general belief 

that adults are necessarily more knowledgeable than children in all circumstances. While these 

studies sometimes include vocabulary items (e.g., Taylor et al., 1991), they test whether children 

make broad distinctions between different people’s knowledge, such as an infant not knowing any 

words, a child knowing simple words (e.g., happy), and an adult knowing complex words (e.g., 

hypochondriac). 

Why is it important to examine children’s ability to estimate other people’s specific lexical 

knowledge? The broader question I hope to address in this chapter (and this dissertation) is how 

children become fluent conversationalists like us. Because communication relies on adaptation, it 

is important to understand how children navigate the process of adapting to others. Further, many 

studies indicate that children struggle to coordinate with others (usually peers) in referential 

communication (e.g., Krauss & Glucksberg, 1977). To what extent to children’s difficulties come 

from errors in estimating others’ knowledge? In Chapter 2, I found that children may have general 

cognitive and linguistic limitations that lead to production difficulties: young children have a hard 

time generating helpful descriptions of objects. Beyond their own limitations, however, it is 

possible that children have additional difficulty making fine-grained judgments about vocabulary 

knowledge. They may realize that adults are more likely to know words like hypochondriac 

(Taylor et al., 1991), but they may not distinguish between words that are generally acquired 

relatively close together: for example, children may not recognize that a 4-year-old is more likely 

than a 2-year-old to know the word lobster. If children struggle to identify the lexical items that 

someone else knows or does not know, communicative adaptation may not occur. 
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If children do make sensible estimates of others’ vocabulary knowledge, can they use these 

estimates to adapt to others? One possibility is that, like adults, children make use of their models 

of others to design speech for effective communication. Indeed, one study by Baer and Friedman 

(2018) found that children as young as 5 modify the types of information they provide based on 

their listener’s knowledge state. When talking about a familiar object, such as an umbrella, children 

provided general information (e.g., “umbrellas are used in the rain”) to naïve listeners, but specific 

information (e.g., “this umbrella has polka dots”) to knowledgeable listeners. On the other hand, 

children appear to have difficulty coordinating multiple perspectives in communication (e.g., 

Krauss & Glucksberg), and may not spontaneously adapt to others without explicit feedback.  

Thus far I have discussed two skills relevant to communicative adaptation: 1) the ability to 

estimate another person’s specific knowledge; 2) the ability to leverage models of others’ 

knowledge to design suitable speech. Do young children have each of these skills, and how do 

these skills development across early and middle childhood? In this chapter, I first ask whether 

children can infer another child’s specific vocabulary knowledge to make word-level predictions 

consistent with normative AoA. One study suggests that children as young as 5 can accurately 

estimate the age and order in which they learned a variety of words (Walley & Metsala, 1992), but 

can they reason about other children’s vocabulary knowledge? In Experiment 1, 4- to 8-year-old 

children were introduced to a younger fictional child, and asked to make judgments about the target 

child’s knowledge of various familiar words. Even 4-year-old children made judgments that 

matched the estimated order of acquisition, such that they judged the fictional child to be more 

likely to know early-acquired words and less likely to know late-acquired words. Compared to 

younger children, older children’s judgments more reliably recovered the order of acquisition. In 

Experiment 2, which is ongoing, 4- to 8-year-old children are asked to communicate with a 
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younger fictional child. The key question is whether children will spontaneously adapt their speech 

based on beliefs about the younger child’s lexical knowledge. Our current exploratory analysis of 

a partial sample indicates that children may not spontaneously adapt to the younger child, even 

when the younger child’s lexical knowledge is explicitly provided. 

3.1. Experiment 3.1: Children’s estimates of other’s vocabulary knowledge 

3.1.1. Methods 

Stimuli 

To create a coherent game that would be enjoyable for children, we selected stimuli from 

a single domain (animals). Our stimuli consisted of 15 animal words, along with corresponding 

images of each animal. We pulled all animal images (n = 45) from a normed image set (Rossion 

& Pourtois, 2004; recoloring of Snodgrass & Vanderwart, 1980). To ensure our stimuli spanned a 

range of ages of acquisition (AoAs), we ranked the animal words from earliest to latest AoA, using 

adult estimates from Kuperman et al. (2012), and split the words into five bins. In order to select 

animal images that are recognizable and typically identified by a single name, we chose the three 

animals from each AoA bin with the highest naming agreement according to a naming task with 

children (Cycowicz, Friedman, Rothstein, & Snodgrass, 1997). 

The resulting animal words, ordered by estimated AoA, were dog, duck, cat, pig, fish, turtle, 

zebra, elephant, snake, penguin, gorilla, owl, raccoon, leopard, and lobster. Although adult AoA 

estimates for these words range from 2.5 to 7.5 years old (Kuperman et al., 2012), all of these 

animal words are generally acquired by age 3 according to parent-reported estimates of children’s 

vocabulary knowledge (Frank et al., 2017). Because the youngest children in our study were 4 

years old, we expected all participants to know these animal words. Children were also provided 
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with the canonical labels for all animals at the beginning of the study, in order to ensure that all 

children knew what each animal was called. 

Participants 

We pre-registered a planned sample of 60 children ages 4-8, with 12 children per year-wise 

age group. Due to over recruitment, our final sample included 62 children (12 4-year-olds, 13 5-

year-olds, 13 6-year-olds, 12 7-year-olds, 12 8-yearolds). Based on a pre-registered exclusion 

criterion, children who failed to answer all of the questions were excluded and replaced (an 

additional 6 children). Families were recruited online, primarily through a US University database 

of families who have expressed interest in doing research or previously participated. Children 

completed this study over Zoom, interacting with a live experimenter who navigated a slide-style, 

animated Qualtrics survey. 

A separate sample of 30 adults were recruited via Amazon Mechanical Turk. The adult 

sample provides a simple test that our task elicits robust inferences about the target child’s lexical 

knowledge, and that these inferences correspond to extant AoA data. Adult participants completed 

the same task using Qualtrics, with minor modifications as described below. 
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Procedure 

Introduction. Children were shown a picture of a child named “Sam” (see Figure 3.1). 

Children were anchored to Sam’s knowledge of various familiar skills, specifically some skills 

that Sam has acquired (e.g., coloring), and some that Sam has not yet acquired (e.g., reading). 

Children were then specifically anchored to Sam’s possible word knowledge in a nonanimal 

domain. They were given an example of one word Sam knows (car), and one word that Sam does 

not know (piano). This introduction was intended to ensure that children understand there are 

things Sam does not know yet (even things children themselves likely know, such as how to read).  

Trial structure. On each trial, children were shown a drawing of a familiar object or animal 

(Rossion & Pourtois, 2004). The experimenter first labeled the object (e.g., “Look, it’s [an 

elephant]!”), and then asked about the target child’s knowledge (e.g., “Do you think Sam knows 

Figure 3.1 Trial structure. The experimenter labeled the animal, then asked the child “Do you 

think Sam knows that this is called an elephant?” Based on their response, children were then 

asked to provide a confidence judgment on a 3-point scale (a little sure, medium sure, very sure). 

Confidence judgments were recoded into the 6-point scale shown here. 
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that this is called [an elephant]? Yes or no?”). Based on their response, children were then asked a 

contingent follow-up question: “How sure are you that Sam [knows/doesn’t know] that this is 

called [an elephant]–a little sure, medium sure, or very sure?” All questions were presented with 

accompanying pictures of thumbs [up/down] of varying size (see Figure 3.1). Children as young 

as 3 are able to engage in uncertainty monitoring and report their confidence, although these skills 

do develop in the preschool years (Lyons & Ghetti, 2011). Children’s responses to these two items 

were recoded onto a 1-6 scale from 1–very sure Sam doesn’t know to 6–very sure Sam knows 

(Figure 3.1). Our two-step question structure allowed us to collect a gradient response while 

maintaining simplicity, as young children may struggle to comprehend a 6-point scale. 

The experimenter provided no evaluative feedback on any trials, but did offer consistent 

neutral feedback (e.g., repeating the child’s answer or saying “Okay!”). When a child failed to 

respond within about 5 seconds or offered a noncanonical response (e.g., saying “Maybe”), the 

experimenter acknowledged the child’s answer and then repeated the question with the possible 

responses. If a child did not answer after the question was repeated, the experimenter moved on 

and marked the trial as no response. These were considered “incomplete” sessions and these 

participants were not included in the final sample. 

Familiarization trials. Children first completed two nonanimal familiarization trials, one 

for an early-acquired word (ball) and one for a late-acquired word (artichoke). These trials 

followed the trial structure described above and were intended to help familiarize children with 

the structure of the questions and scales. These trials were always asked first and in a fixed order. 

Animal trials. Children were then shown 15 trials of the same form (see example trial in 

Figure 3.1). For the 15 animal trials, trial order was randomized across participants to control for 

any potential order effects in children’s responses.  
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Explanations. After completing the final animal trial, children were asked an open-ended 

explanation question about their final judgment (e.g., “Why do you think Sam [knows/doesn’t 

know] that this is called [an elephant]?”). Because the trial order was randomized, the explanations 

concerned different animal words across participants. 

Final check questions. Children were asked two questions about Sam’s skill knowledge, 

one early-acquired skill (going up and down stairs) and one very late-acquired skill (driving a car). 

These questions again followed the general trial structure described above. The skill knowledge 

items were included as an additional check that children at all ages were able to use the scale 

appropriately, in case young children failed to differentiate animal words based on AoA. Lastly, 

children were asked to report how old they thought Sam was. This question was intended to assess 

another aspect of children’s belief about Sam. Sam’s photo and skill knowledge were intended to 

indicate toddlerhood. 

Adult procedure. Adult participants completed a minimally adapted version of the same 

task online via Qualtrics. Unlike children, adults were simply presented with the full 6-point scale 

(1–very sure Sam doesn’t know to 6–very sure Sam does know). Additionally, the task was 

administered asynchronously, so adult participants did not interact with an experimenter or receive 

any feedback during the task. Otherwise, the adult task was identical to the child task described 

above. 

3.1.2. Results 

Familiarization trials 

Two familiarization items (ball and artichoke) were included to help children get 

accustomed to the general trial structure. We report children’s responses on these familiarization 

items here. We used a mixed effects model using the lme4 package in R (Bates, Mächler, Bolker, 
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& Walker, 2015), predicting children’s knowledge judgments from the item with a random effect 

of participant. 

Overall, children were significantly more likely to report that Sam knows the word ball 

(mean = 4.65) than that Sam knows the word artichoke (mean = 1.87, b = 2.77, t = 10.6, p < .01). 

Analyzing judgments separately for each age group, 4-year-olds did not significantly differentiate 

the two familiarization items (b = 0.17, t = 0.21, p = .83). All other age groups significantly 

differentiated the two familiarization items (ps < 0.05). 

Skill knowledge 

As an initial check that children at all ages were able to use the scale appropriately and 

infer knowledge in an easier case, we included two questions about the target child’s skill 

knowledge. Note that the two skill items (going up and down stairs and driving a car) are in line 

with children’s own knowledge. That is, children should be able to answer these questions 

appropriately even if they are reasoning egocentrically about their own knowledge. 

Overall, children differentiated the target child’s skill knowledge on these two items. We 

used a similar mixed effects structure predicting children’s knowledge judgments from the item 

with a random effect of participant. Children were significantly more likely to report that the target 

child knows how to go up and down stairs (mean = 4.1) than that the child knows how to drive a 

car (mean = 1.4, b = 2.69, t = 10.29, p < .01). Analyzing judgments separately for each age group, 

even 4-year-olds significantly differentiated the two skill items (b = 2.33, t = 4.31, p < .01). 
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Figure 3.2 Comparing adult AoA estimates (in years, taken from Kuperman et al., 2012) and 

children’s judgments on our 6-point scale (1 = very sure Sam doesn’t know; 6 = very sure 

Sam knows). The black lines show 95% confidence intervals for each item. The shaded region 

shows the confidence interval based on a linear regression estimated from the raw data. 

Figure 3.3 Children’s and adults’ judgements about the target child’s word knowledge across 

development, compared with adult AoA estimates (in years, taken from Kuperman et al., 2012). 

Each point represents 1 of the 15 word items, with black lines showing 95% percent confidence 

intervals for each item. The shaded region shows the confidence interval based on a linear 

regression estimated from the raw data. 
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Judgments of vocabulary knowledge 

Our primary analyses compare knowledge judgments on our 6-point scale to AoA 

estimates from adults (taken from Kuperman et al., 2012). Data were analyzed using a 

preregistered mixed effects model. We predicted knowledge judgments from adult AoA estimates, 

including random effects for participant and word. 

We expected that overall, children’s judgments would recover the ordinal shape of age of 

acquisition data for these items. That is, children would infer that the target child is most likely to 

know early-acquired words, and least likely to know late-acquired words. As a result, we expected 

a negative relationship between judgments of the target child’s lexical knowledge and adult AoA 

estimates.  

First, analyzing adults responses on our task, we saw the predicted negative correlation 

between AoA and adults’ judgments of the target child’s knowledge (Figure 3.3, b = -0.63, t = -

8.71, p < .01). This confirmed that our task elicited reliable predictions from adults, and that adults’ 

inferences about the target child’s knowledge match predictions from AoA estimation tasks 

(Kuperman et al., 2012). 

Do children’s judgments about another child’s vocabulary knowledge also reflect a 

sensitivity to which words are learned earlier or later? Overall, we found a significant negative 

correlation between AoA and children’s judgments (b = -0.65, t = -8.29, p < .001). As a group, 

children were more confident that the target child would know an early-acquired word (e.g., dog), 

and also more confident that the target child would not know a late-acquired word (e.g., lobster, 

see Figure 3.2). 

We then asked whether children develop sensitivity to Sam’s vocabulary knowledge, with 

older children’s judgments recovering word-level AoA data more closely. We used the same 
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mixed effects model but included an effect of age and an interaction between AoA and age. We 

again found a reliable main effect of AoA (b = -0.65, t = -8.29, p < .001), a main effect of age (b 

= 0.55, t = 3.68, p < .001) and a significant interaction between the two (b = -0.14, t = -5.1, p 

< .001). As predicted, older children’s judgments were more adult-like, such that they more 

robustly reflected adult estimates of the order of acquisition (Figure 3.3). 

 

 

 

 

 

 

 

 

 

To test the robustness of children’s intuition at each age, we ran the model separately for 

each pre-determined year-wise age group (Figure 3.4). We found a significant negative correlation 

between AoA and children’s judgments at all age groups (with the smallest effect in 4-year-olds: 

b = -0.33, t = -3.01, p = .01). That is, even 4-year-old children judged that late-acquired animal 

words were less likely to be known by the target child. Interestingly, judgments from the older two 

age groups of children were more closely correlated to data from Kuperman et al. (2012) than were 

adult participants’ judgments (Figure 3.4). This appeared to be primarily driven by a greater 

willingness to judge Sam as moderately or very unlikely to know late-learned animal words, 

Figure 3.4 Coefficient estimates of the effect of age of acquisition on 

children’s and adults’ knowledge judgments. Points indicate means, 

error bars indicate 1 standard deviation. 
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whereas adults were less sure about these same judgments (Figure 3.3). We return to this finding 

in the Discussion. 

Target child age 

At the end of the study, participants were asked to guess the target child’s age. While the 

familiarization phase included information about the child’s language and skill knowledge, no age 

was explicitly given. Looking at children’s responses, the median response was that the target child 

was 3 years old. Looking at adult’s responses, the median response was that the target child was 4 

years old. 

Explanations 

As an exploratory analysis, we examined the reasons children gave for why the target child 

would or would not know a given word. While children sometimes offered spontaneous 

explanations throughout the study, our analysis focused on the explanations elicited after the final 

animal trial. The explanations were divided into 6 categories: Language, Experience, Location, 

Age, Unsure, and Other. 

Language includes explanations that explicitly appealed tolanguage properties. Experience 

includes explanations that appealed to real-world experience with the referent.  Location includes 

explanations that specifically referenced a particular place the animal is associated with. Age 

includes explanations that referenced a particular age or general age group. Any child that failed 

to answer the explanation question or expressed ignorance was coded as giving an explanation of 

Unsure. Explanations that did not fall into any of the above categories were coded as Other. Note 

that coding was not mutually exclusive, so explanations could be coded as including multiple 

categories. See Table 1 for examples of each category. Figure 3.5 shows the proportion of children 

who gave each type of explanation. 
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To understand how children’s explanations may change over development, we divided 

participants into older (6-8 years old) and younger children (4-5 years old). Unsurprisingly, Unsure 

explanations were much more common in younger children (44%) when compared to older 

children (8.33%). Language explanations were used by the highest proportion of children overall 

(27.27%). Do older children account for all of those explanations? Although more of the older 

children appealed to Language explanations (30.56%), these explanations were also common in 

younger children (24%). Thus, while young children were more likely to offer no explanation, the 

explanations they did offer seemed to rely on factors similar to older children’s explanations. 

 

 

 

 

 

 

 

 

3.1.3. Discussion 

Young children are capable of inferring others’ general knowledge, but are they also 

sensitive to another person’s specific knowledge? We asked 4- to 8-year-old children to estimate 

another child’s knowledge of lexical items and found that children as young as 4 are sensitive to a 

younger child’s vocabulary knowledge. 

Figure 3.5 Children’s explanations for why they think the target child knew or didn’t know an 

animal word. Categories are not mutually exclusive. 
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Our findings highlight that young children have robust metalinguistic knowledge (Walley 

& Metsala, 1992), and can use that knowledge to make highly specific inferences about other 

people’s vocabularies. The animal words used in our study are generally learned within a 6-month 

period, yet young children still distinguished early-acquired words from late-acquired words in 

this set. Prior studies have shown that children are sensitive to broad differences in vocabulary 

knowledge of infants, young children, and adults (Taylor et al., 1991). Our study further 

demonstrates that children readily make specific, word-level predictions about the language 

knowledge of another child. 

Surprisingly, children’s judgments of another child’s knowledge did not just approach 

adults’ judgments over development. Compared to adults, the oldest children in our study gave 

more accurate judgments as measured by their correlation with an external measure of age of 

acquisition (Kuperman, et al., 2012). While older children and adults were both highly confident 

that a young child would know early-acquired animals, adults were less confident that a young 

child would not know the late-acquired animals. It is possible that children are more accurate in 

their judgments because they better remember learning the animal words (see also Walley & 

Metsala, 1992), but our findings do not support this account, since older children were more 

accurate than younger children. Alternatively, adults’ caution in asserting that the target child did 

not know the late-acquired animals could have reflected their difficulty in estimating the child’s 

age. In line with this account, adults judged Sam to be a year older than children did on average. 

In future work, we plan to explore these possibilities by asking children and adults to make 

vocabulary judgments about children of multiple ages.  

How are children in our study making estimates about other people’s knowledge? 

Children’s own explanations suggest that they use various cues to make their estimates. Overall, 
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language-related explanations were most common, and even preschool age children appealed to 

this explanation. However, such explanations are difficult to interpret, and the mechanisms 

underlying children’s knowledge estimates are outside the scope of the current study. Future work 

should more directly probe the features underlying this inference—to see if children are relying on 

their own uncertainty, word length (and other linguistic information), features of the referent itself, 

or other cues.  

3.2. Experiment 3.2: Do children spontaneously adapt to a conversational partner? 

In Experiment 3.1, we found that children as young as 4 are sensitive to other people’s 

vocabulary knowledge, judging that a younger child would be more likely to know early-acquired 

animal words, and less likely to know late-acquired ones. While there is significant development 

in the accuracy of estimates between ages 4 and 8, our findings nonetheless indicate that young 

children have surprisingly fine-grained and reliable representations of other people’s lexical 

knowledge. Can they leverage these representations during communicative instances to adapt to 

their conversational partners?  

At least one study has shown that by age 5, children selectively talk about general or 

specific characteristics of an object based on their partner’s knowledge state (Baer & Friedman, 

2018). In Baer and Friedman’s study, experimenters told children about their partner’s knowledge 

before each trial, thus removing the need for real-time inferences to be made. Further, children in 

that study were not asked to distinguish between differences in specific lexical knowledge, but 

rather knowledge about categories or object groups. In Experiment 3.2, I ask whether children can 

use their real-time inferences of another person’s vocabulary knowledge to adapt their descriptions 

of familiar animals. 
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3.2.1. Methods 

Stimuli 

The stimuli for Experiment 3.2 are identical to those used in Experiment 3.1, except that 

fish and leopard were removed. The reason for removing two items was to shorten the number of 

trials to ensure that children stay engaged and complete the entire experiment. 

Participants 

We preregistered a planned sample of 60 children ages 4-8. At the time of writing, 15 

participant responses have been partially transcribed and analyzed.  

Procedure 

Experiment 3.2 is being conducted asynchronously. All information and instructions are 

prerecorded, and a slide-style Qualtrics survey is hosted on the Princeton and NYU Discoveries in 

Action Lab (PANDA). Children are introduced to a fictional younger child, “Sam,” in the same 

manner as in Experiment 4.1. However, instead of providing ball and piano as examples of words 

Sam knows and does not know (respectively), children are told that Sam knows duck and penguin. 

As such, for duck and penguin trials, children do not need to make real-time inferences about 

Sam’s knowledge. 

To familiarize children with “communicating” with Sam, children were played an audio of 

“Sam” saying hello (“Hi, I’m Sam”), and encouraged to greet Sam. Children are told when to 

speak, and how to press a button to relay the message to Sam. During the task, children are 

reminded to press the button whenever they have finished speaking.  

After greeting Sam, children were told that they need to help Sam place stickers into a 

sticker book. Participants are told that they have the list with the correct orders, and that they must 

guide Sam to select the correct stickers. Prior to the task, and at the beginning of each trial, children 



86 
 

are told that Sam cannot see the images on children’s screens, and that they must verbally tell Sam 

what sticker to find. 

Inference and no-inference trials. On all trials expect duck and penguin, children would be 

required to make real-time inferences about Sam’s knowledge of that particular animal. For duck 

and penguin trials, children are reminded at those specific trials about Sam’s knowledge or 

ignorance. The no-interference trials mimic the procedure of Baer and Friedman’s (2018) study, 

where children are explicitly told their partner’s knowledge state. On all trials, children hear “This 

is the sticker that Sam needs to find next. Remember, Sam can’t see what’s on your screen, so you 

need to use your words to help Sam find that sticker. Ok, here’s Sam. Now it’s your turn to talk to 

Sam. Remember to press the button to send the message to Sam when you’re done talking!” On 

no-inference trials, children also hear “Look! This is a [penguin]. Sam [doesn’t know] that this 

animal is called a [penguin].” 

AoA trials. After the 10 communication trials, children were asked to give judgments about 

Sam’s word knowledge of the same 10 animals. To shorten the length of the experiment, children 

were only asked to give binary (yes or no) judgments, rather than the two-step scale used in 

Experiment 4.1. The AoA trials served two purposes: 1) to investigate any adaptation or 

A B 

Figure 3.6 Example trials. (A) On inference trials, children are not told whether Sam knows the 

animal. (B) On no-inference trials, children are reminded whether Sam knows or does not know 

the animal. 



87 
 

modification of speech based on children’s specific estimates of Sam’s knowledge; 2) as a 

manipulation check to ensure that children remembered that Sam knows duck but not penguin. 

3.2.2. Preliminary Results and Discussion 

Data collection for Experiment 3.2 is still ongoing, and I will briefly discuss preliminary 

findings here. As a first step in uncovering whether children engage in communicative adaptation, 

we transcribed participants’ speech during the duck and penguin trials only. These trials most 

closely mirror prior work by Baer and Friedman (2018), and do not require children to make real-

time inferences. Thus, communicative adaptation may be more likely, as children are not burdened 

with the additional cognitive load of making inferences.  

Contrary to our expectations, children of all ages in this partial sample do not appear to 

modify their speech regardless of Sam’s knowledge. That is, even when explicitly reminded that 

Sam does not know what a penguin is, children do not adjust their descriptions in response. While 

there are variations between children in how they communicate with Sam, there is little within-

subject difference between duck and penguin trials. Currently, due to the exploratory nature of 

these preliminary analyses, adaptation is coded based on researcher judgment. 

If our preliminary findings persist, what might they mean? Since children are predicted to 

adapt more on no-inference trials, it is likely that children in our sample also do not adapt on 

inference trials. One possibility is that, despite a sophisticated ability to make fine-grained 

estimates about another person’s vocabulary knowledge, children lack the ability to leverage that 

in real time during communicative settings. Given that children do not appear to adapt even when 

their partner’s knowledge is provided, it may be that children are unable to generate alternative 

descriptions of the animals. This account would be in line with the findings from Experiment 2.3: 

children overwhelmingly used the same label when asked to uniquely identify familiar objects, 



88 
 

regardless of context (e.g., saying “dog” when there is a dog and a rabbit on the screen, as well as 

when there are two dogs present). Children may have trouble hindering the most salient label for 

a given animal and fail to adapt to a less knowledgeable partner. 

A second interesting possibility is that live interaction facilitates communicative adaptation. 

The asynchronous nature of Experiment 3.2 means that participants do not receive any feedback 

from “Sam,” which likely departs from children’s daily interactions with others. Further, 

participants are not told whether Sam has correctly selected any of the stickers. Future studies 

should utilize live interactions, either with genuine participants, confederates, or even prerecorded 

responses from an actor child, to more closely mimic the communicative instances that children 

engage in every day.  
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Chapter 4. What facilitates communicative perspective-taking? An online computation 

account of communication 

Successful communication requires that conversational partners understand one another. 

What allows conversations to be successful? Various models of communication have been 

proposed to account for the factors that drive communicative success (and errors). These models 

are formulated and tested using data from adults, but adults are not the only people who 

communicate—even young children engage in conversation with those around them. While a wide 

range of studies in communication has been done with both adults and children, theoretical work 

has thus far focused on adults. Developmental work can be critical not only for understanding how 

children develop communicative abilities, but also in informing our theories about communication. 

A comprehensive framework of conversation should explain and make plausible predictions not 

only about communication in adults, but in children as well.  In this paper, I discuss three models 

of communication, and evaluate them against data from adult and developmental work. Further, I 

propose an online computation account of communication. Under this model, information required 

for perspective-taking is either computer in the moment, or pre-computed. As such, perspective-

taking is facilitated by the amount of information that is already stored and easily retrieved (i.e., 

pre-computed), and potentially hindered by the amount of information that is new and must be 

considered during online processing (i.e., in the moment). 

Three Models of Communication 

Conversation involves at least one speaker and one listener, who each have communicative 

pressures that may dictate how they produce and/or interpret information. Further, each 

conversational partner has their own (literal and figurative) perspective. Successful 

communication thus relies on perspective-taking—speakers and listeners account for each other’s 
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pressures and knowledge in order to effectively convey their messages. How does perspective-

taking occur in conversation? One possibility is that perspective-taking occurs late in processing. 

This account, proposed by Keysar (2007), posits that speakers default to considering their own 

perspectives, and only incorporate partner perspectives after monitoring. Hanna, Tanenhaus, and 

Trueswell (2003) offer a second account, arguing that perspective-taking is probabilistic. Listeners 

consider multiple sources of information during communication, adjusting their weighting to 

ultimately determine the most likely meaning of a speaker’s utterance. Finally, a third model 

proposed by Hawkins, Gweon, and Goodman (2021) begins to unify these accounts by considering 

how both speaker and listener pressures and perspectives influence communication. This resource-

rational model posits that conversational partners divide the “labor” of communication amongst 

themselves. Speakers and listeners each consider their own and their partner’s pressures and 

perspectives, and determine the most efficient weighting of each perspective. 

How well do current theories explain data from developmental studies? The empirical basis 

for current theories of communication lies largely in adult data. To my knowledge, only one 

developmental study directly engages with existent models of communication (Nadig & Sedivy, 

2002). A developmental perspective is crucial not only because it can inform our understanding of 

how children learn to communicate effectively with others, but also because it provides a “special” 

case for which to test our theories of communication. Children regularly interact with other 

conversational partners, but their communicative contexts differ from those of adults. First, 

children do not yet have the cognitive and linguistic capabilities of more fluent speakers. While 

both production and comprehension are likely influenced by children’s own developmental level, 

children may be especially constrained when it comes to production. Second, children often 
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interact with others that are significantly more knowledgeable and communicatively competent 

than they are, creating an interactive context that is highly asymmetric. 

Developmental Findings 

Many developmental studies have asked when children acquire certain communicative 

skills, but a more important question may be how children’s developmental trajectories can lend 

insight into current theories of communication. Specifically, how might developmental work aid 

our understanding of how and when perspective-taking occurs in language processing? One 

perplexing feature of current developmental data is the apparent contradictions in results—while 

some studies show that children struggle massively in communicative contexts, others have shown 

that they readily account for other’s perspectives in communication. How do existent theories of 

communication explain these discrepancies across studies, and what are the factors driving 

children’s success and difficulties in communication? 

 Children appear to struggle with a variety of communication tasks even through middle 

childhood, possibility due to an inability to coordinate differing perspectives between themselves 

and their conversational partners (e.g., Krauss & Glucksberg, 1977). In a series of studies, Krauss 

& Glucksberg (1977) tested children’s ability to communicate with peers in director-matcher tasks, 

where participants took turns guiding their partner to select an abstract object while not being able 

to see one another. The authors found not only that preschool-age children performed poorly on 

director-matcher tasks, but that even older children made significant and consistent errors. One 

possibility for why children struggle in these tasks is that they are incapable of identifying 

sufficiently informative expressions (Asher & Oden, 1976; Robinson & Robinson, 1977). 

Alternatively, communicative failure may arise when children do not offer sufficient feedback to 

their partner or ask for clarification when necessary (Anderson, Clark, & Mullin, 1994). Yet 
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another possibility is that the difficulty of describing abstract shapes, which are often used in 

director-matcher tasks, interferes with children’s ability to communicate effectively. 

On the other hand, various studies have shown that children can and do communicate 

effectively with others by accounting for shared knowledge and partner perspective in language 

production and comprehension (Branigan, Bell, & McLean, 2016; Nadig & Sedivy, 2002). Even 

preschool children keep track of difference in visual perspectives between themselves and their 

conversational partners, such that they reliably fixate on a correct referent when a distractor is 

present but not visible to the partner, and are less likely to use disambiguating adjectives to 

describe an object when a distractor is hidden from their partners’ view (Nadig & Sedivy, 2002). 

This study suggests that children, at least when interacting with an adult, can reliably account for 

others’ perspectives in communication. Branigan et al. (2016) examined children’s ability to 

coordinate with peers in a director-matcher task, and found that by 8-10 years of age, children form 

referential pacts with others, a well-studied phenomenon in adults (see Clark & Wilkes-Gibbs, 

1986). Furthermore, children’s referential pacts are partner-specific, such that children adjust 

referential expressions when a new conversational partner is introduced. What might be driving 

children’s success in these studies? One factor may be theory of mind, or the ability to reason 

about others’ mental states, perspectives, and beliefs. One study found that children’s performance 

on theory of mind tasks predicted communicative efficacy in a director-match tasks, suggesting 

that these abilities may co-develop in childhood (Sidera, Perpiña, Serrano, & Rostan, 2016). 

Executive functioning, specifically inhibitory control, also predicts children’s perspective-taking 

abilities in communication, likely due to the need to inhibit one’s egocentric perspective when 

considering a partners’ referential expressions (Nilsen & Graham, 2009). 
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How do we explain the differences in empirical data? While factors such as age of 

participants and task difficulty likely contribute to some variability in children’s communicative 

success, little work has addressed the potential theoretical implications of current findings. What, 

if any, current theories can account for children’s (and adults’) selective success in perspective-

taking? In the following sections, I consider how current frameworks of communication may 

explain developmental and adult data, with particular focus on how these frameworks account for 

the apparently contradictory results from developmental work. 

Account 1: Two-Step Models of Communication 

 One account of communication posits that language production occurs in two stages. 

Specifically, this theory posits that the initial stage of language processing in egocentric, and other 

perspectives are incorporated after monitoring (Horton & Keysar, 1996; Keysar, Barr, Balin, & 

Brauner, 2000). Under this model, speakers appeal first to egocentric perspectives, which may 

arguably be sufficient in many situations—we often share our partners’ perspectives, and thus no 

additional information about others’ beliefs may be necessary for effective communication. This 

account is appealing due to its simplicity, as well as computational efficiency. If relying on 

egocentric perspectives leads to communicative success most of the time, it would be unnecessary 

and inefficient for others’ perspectives to be taken into consideration. 

 Studies of perspective-taking in both children and adult indicate that egocentrism can 

interfere with and hinder communication. Numerous studies show that children struggle to adapt 

to partners in communicative tasks (e.g., Krauss & Glucksberg, 1977), and some of these 

difficulties may arise from an inability to inhibit their egocentric perspectives (Nilsen & Graham, 

2009). Even more compelling evidence comes from work with adults. In a matcher-director task 

where most items were in shared visual ground (i.e., both partners could see these item), but some 
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were in privileged ground (i.e., only one partner could see these items), adults were as likely to 

look at an object in privileged ground than in shared ground when both matched the description 

given by the director (Keysar et al., 2000). That is, even though an object was hidden from the 

speaker, and thus could not plausibly be the referent, listeners still considered the hidden object as 

the possible referent. This surprising result indicates that egocentric perspectives are not ignored 

and may interfere with language comprehension. Similar errors, or failure to inhibit one’s own 

perspective, are found in language production. In one study, speakers engaged in egocentric 

processing when under time pressure, producing over-informative expressions when describing 

objects to their partner (Horton & Keysar, 1996). Crucially, speakers were less likely to be over-

informative when there was no time pressure, suggesting that the pressure may have disrupted 

their language processing and led them to rely on the egocentric “default.” 

 The two-step account provides an intuitive way of understanding communicative errors 

and failures. In the existence of factors such as cognitive load or distractions, language processing 

is disrupted and does not progress to the perspective-taking stage. This account appears to offer a 

satisfying and plausible explanation for children’s failure in various communication tasks. Given 

that children’s cognitive capacities may be more limited than adults’, any communicative task may 

be more difficult for children to navigate. Thus, the failures of children to coordinate successfully 

with a partner even into middle childhood (e.g., Krauss & Glucksberg, 1977) might be because 

children fail to reach the effortful stage of perspective-taking, instead reasoning solely from their 

egocentric perspective. Communicative performance does improve with age, improved executive 

functioning, and more sophisticated theory of mind, all of which are plausible under an 

“egocentric-first” account. As children develop, their improving cognitive capabilities means that 
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tasks become less difficult, and while they may still suffer from the egocentric “default” from time 

to time, they are nonetheless more reliable communicators than younger children.  

 How does this two-step model account for evidence showing that young children do rapidly 

take others’ perspectives into account? One way to explain children’s success would be that certain 

communicative tasks are easier. For example, describing common household objects is likely 

easier than describing abstract shapes. Thus, the cognitive load of the task at hand may not impede 

children’s perspective-taking abilities. However, simply claiming that all of these experiments are 

necessarily “easier” is not a particularly satisfying explanation. Furthermore, Nadig and Sedivy’s 

(2002) study offers compelling evidence that perspective-taking occurs early on in processing, 

even for 5- and 6-year-old children, which does not fully lend support to the two-step model’s 

argument that incorporate others’ perspectives is necessarily effortful and late-occurring. 

Account 2: Probabilistic Models of Communication 

 A more nuanced theory proposed by Hanna, Tanenhaus, and Trueswell (2003) posits that 

while egocentric perspectives are not completely ignored, other perspectives are also taken into 

account at the earliest moments of language processing. In their study, Hanna et al. (2003) 

investigated the time course of perspective-taking using eye tracking. In two experiments, 

participants were paired with a confederate speaker to play a communication game in which the 

speaker instructed the participant to pick up an object (e.g., a martini glass). Importantly, 

participants were aware that certain objects were in privileged ground, i.e., that only the 

participants saw or knew about those objects. For example, in one condition, the experimenter 

mislabeled an object that only the participant had visual access to. As such, participants were aware 

that the speaker had an incorrect representation of that object. The crucial analysis in this set of 

experiments was to compare eye tracking data between privileged ground and shared ground 
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conditions. Privileged ground trials involved objects that only the participant could see, whereas 

shared ground trials involved objects visible to both partners. Hanna et al. (2003) found that while 

participants were slower to fixate on the target object in the privileged ground condition than in 

the shared ground condition, they were faster in the privileged ground condition compared to an 

ambiguous trial. Crucially, participants fixated more on the correct target than the object in 

privileged ground, even when the object in privileged ground was a better match for the speaker’s 

description. That is, eye tracking data revealed that adults rapidly account for other’s perspectives 

in language processing, even though egocentric perspectives are not completely ignored.  

 This view of perspective-taking in communication might reconcile the seemingly 

contradictory results in the developmental literature. Under this account, incorporating a partner’s 

perspective is not an “all-or-nothing” process. Rather, information is processed in real-time, and 

each partner’s perspective is weighed during language processing. Importantly, while the account 

claims that multiple sources of information are available and can be taken into account early on in 

processing, it does not claim that individuals necessarily adapt to others’ perspectives in 

communication. That is, egocentric errors can and do occur, but the reason it occurs is not due to 

disruption in language processing.  

 This framework of incremental processing may help explain the wide range of empirical 

results in the field. In reviewing and re-analyzing multiple eye-tracking studies, Brennan and 

Hanna (2009) found varying time-courses of perspective-taking across studies. While some studies 

showed perspective-taking at very early stages of language processing (180-300ms; Brown-

Schmidt, 2008; Brown-Schmidt, 2009), others showed slower time-courses (e.g., 900-1200ms; 

Metzing & Brennan, 2003). This wide range of response times in perspective-taking appears to 

lend support for an incremental processing account, rather than an “all-or-nothing” account. If 



97 
 

there is an egocentric “default” that individuals fall back on when perspective-taking is disrupted, 

one might expect a more uniform time-course across situations for when other perspectives are 

taken into account. On the other hand, the incremental processing account would predict variability 

in time-courses of perspective-taking, as the time needed to incorporate and weigh different 

sources of information varies based on the communicative contexts that individuals are in. 

 A probabilistic processing account may also be more suitable for understanding the mixed 

results in studies with children. On the one hand, children as young as 5 may be able to account 

for differences in visual perspective in both language comprehension and production, suggesting 

an early-emerging and sophisticated ability to keep track of multiple perspectives (Nadig & Sedivy, 

2002). On the other hand, some evidence suggests that even 9th-graders struggle to coordinate with 

peers on matcher-director tasks involving novel shapes (Krauss & Glucksberg, 1977). The 

probabilistic processing account predicts that multiple perspectives are available to conversational 

partners, but whether they are fully incorporated or ultimately used depends on the weights of each 

perspective. Under this probabilistic model, children’s errors arise not from complete disruption 

of the language processing system, but due to factors influencing the computation of which 

perspective to weigh more heavily in any given context. For example, some paradigms may bias 

children to weigh their own perspectives more heavily, and potentially lead to more egocentric 

errors. 

Account 3: Resource-Rational Models of Communication 

Thus far, the models discussed have focused on communicative instances, often at the level 

of disambiguating meaning in a sentence. However, conversations are much more than disjointed 

sentences pieced together. How do conversational partners dynamically adapt to one another 

throughout the course of an interaction? A recent framework proposed by Hawkins, Gweon, and 



98 
 

Goodman (2021) posits that conversational partners are resource-rational—speakers and listeners 

weigh the relative benefits and costs of adapting to their partners, in relation to what they expect 

their partners to do. As such, conversational adaptation can be seen as a division of labor between 

speakers and listeners: when a speaker expects a listener to weigh their own perspective heavily, 

speakers may then contribute more effort to adapt to this listener. In two experiments, Hawkins et 

al. (2021) found that conversational partners dynamically adjust the degree of perspective-taking 

they engage in, based on their partner’s behavior. This view of communicative adaptation provides 

a holistic view of communication—speakers and listeners each consider the costs and benefits of 

perspective-taking, ultimately to minimize effort while maximizing communicative success. 

Under this account, communicative errors arise when speakers and listeners are misaligned in how 

much effort they expect the other to contribute. Crucially, speakers and listeners can account for 

these misalignments and adjust over time to reduce errors. 

A similar model of communication was put forth by Ryskin, Stevenson, & Heller (2020). 

The authors investigated how speakers and listeners weight own and partner perspectives, and 

found that speakers weighted their own perspective more, whereas listeners weighted partner 

perspectives more. This asymmetry may suggest that speaking is more cognitively taxing than 

listening, and thus warrants accommodations from the listener. In line with Hawkins et al.’s (2021) 

framework, Ryskin et al.’s (2020) study suggests that speaker and listener perspectives are 

considered by both parties, but the specific weighting may depend on which party is “carrying the 

burden” of communication. In director-matcher paradigms where speakers are required to consider 

multiple objects in an array, while calculating (potentially) mismatched perspectives, listeners (or 

matchers) may be expected to carry more of the communicative load by adapting to the speaker. 
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A key strength of the “division of labor” framework is that it considers both the listener 

and speaker and allows for weights to shift dynamically over the course of communication. 

Conversation is inherently cooperative, and a model that accounts for both listener and speaker 

behavior may be more capable of capturing observed empirical data than a model that only focuses 

on one conversational partner. This line of work provides a promising avenue to understanding 

children’s developing communicative abilities. A “division of labor” model of communication 

may help explain why children succeed in communicating with adults, especially familiar adults, 

but not with peers. Taking parent-child pairs as an example, parents may weight the child’s 

perspective more heavily to scaffold successful communication. Children, who interact with their 

parents constantly, may have an expectation that they will be understood. Parents and children 

may have success in communication because they are aligned in their expectations with regards to 

the division of labor. More generally, adults may be able to communicate effectively with children 

because they are broadly aware of children’s cognitive and linguistic abilities, and assume a greater 

role in supporting communicative success. Some support for this account comes from Glucksberg, 

Krauss, and Weisberg (1966), who showed that preschool children succeeded in director-matcher 

tasks when adult experimenters used the labels children generated for the novel referents. Here, 

the “labor” of communication falls mostly on the adult, who intentionally reused children’s 

(idiosyncratic) labels in order to support communicative success. Under this framework, children’s 

failure to communicate with peers about novel referents could be due to misaligned expectations 

of their own and their partner’s efforts. 

Limitations of Current Models of Communication 

Thus far, I have discussed three theoretical frameworks for understanding perspective-

taking in communication, and how each of these theories may explain data from both adult and 
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child studies. A two-step model offers intuitive explanations as to why errors may arise in 

communication, but this model provides little nuance. An incremental processing model may 

better capture the wide variance in the time-courses of perspective-taking in communication but 

lacks predictive precision. Finally, a resource-rational model provides a framework for 

understanding how speakers and listeners coordinate multiple perspectives, and is a promising 

avenue to understanding the dynamic nature of human communication. However, an outstanding 

question remains: What drives the incorporation (or failed incorporation) of multiple perspectives? 

The two-step model makes binary predictions—either individuals will take common 

ground into consideration, or not. Thus, this model cannot make nuanced predictions, and may 

rely on a priori assumptions to make certain predictions. For example, a task may appear more 

difficult and cognitively tasking than it actually is. A researcher reasoning from a two-step 

framework may thus predict a high rate of egocentric errors. If the data turn out to show that 

participants rarely made egocentric errors, the researcher could simply conclude that the task was 

not actually difficult. Therefore, with the exception of experiments designed to specifically test 

this theory, the two-step account may not offer insight into many of the other studies of 

communication. 

 While more nuanced, and better able to capture the existing data, the incremental 

processing theory also lacks predictive precision. The model appears to better explain the variance 

in results across studies, and may be a better description of the processes underlying perspective-

taking in communication. However, due to its descriptive nature, it is unclear how this model 

should make predictions for new studies. Hanna et al.’s (2003) experiments cleverly showed that 

multiple sources of information are available to individuals even early on in processing, but their 
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theory does not make claims about which sources of information should be weighted more heavily, 

and whether all sources of information are available on the same timescale.  

 Finally, the resource-rational model is perhaps the most comprehensive theory thus far. It 

explicitly considers both speaker and listener pressures, and view these pressures as dynamic. This 

model of communication suggests that both speakers and listeners weight each other’s perspectives 

during online communication. Importantly, speakers and listeners rationally adjust how much of 

the perspective-taking “labor” they take on while maintaining successful communication. This 

model could predict the variance in communicative success (seen in both adults and children) but 

is largely agnostic to the mechanism that leads to certain divisions of labor. 

 Importantly, none of the discussed here have directly engaged with developmental 

questions. Above, I have considered how each model may account for existent developmental data, 

but very few studies approach children’s communication from a theoretical perspective. To that 

end, existent theories are also largely agnostic regarding predictions about children. Further, the 

three discussed models focus on when communication is successful (or not) but not on what drives 

success. Frameworks that rely on situational factors may be especially difficult to test on children 

due to the challenge of identifying the underlying reason for children’s communicative struggles: 

it is not always clear whether children simply lack the cognitive or linguistic capabilities to 

communicate, or if there are situational factors (similar to those facing adults) that are driving their 

perspective-taking.  

An Online Computation Account of Communication 

 I propose a potentially unifying account of communication that focuses on in-the-moment 

computation as a key factor guiding perspective-taking and adaptation in conversation. In the 

present framework, in-the-moment computation refers to any information that speakers and 
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listeners must incorporate during the conversation to communicate effectively with each other. For 

example, for an individual to refer to an object correctly for their listener, their in-the-moment 

computation may include the total number of possible referents in their visual field. Additionally, 

where visual perspectives differ, the speaker must also compute what their partner sees. In line 

with some of the above theories, my framework predicts that the complexity of the environment 

(e.g., how many possible referents there are), as well as whether interlocuters share the same 

perspective, should influence computational load and thus perspective-taking behavior.  

A crucial component of the proposed account is that in-the-moment computational load 

does not necessarily increase with sheer amount of information. In some cases, complex and rich 

information about a partner can be pre-computed, thus allowing for rapid perspective-taking. 

While online processing pressures exist in all communicative contexts, much of the computational 

load can be relieved if a considerable amount of relevant information is already computed. One 

way that information might be precomputed is through prior interactions. If conversational partners 

have already established shared ground, this shared information may be immediately available 

because it has already been computed before. For example, when a speaker engages with a listener 

who they have not met before, they may need to estimate the listener’s knowledge in the moment 

to convey a message successfully. However, when the same speaker engages with a familiar 

listener, the speaker may simply retrieve pre-computed information about this listener’s 

knowledge. Therefore, in many cases, perspective-taking may appear to occur rapidly and even 

automatically.  

A similar model of online perspective-taking has been proposed by Galati and Brennan 

(2006; see also Brennan & Hanna, 2009). The authors posit that some communicative contexts are 

computationally easier to process, and thus allows speakers and listeners to spontaneously account 
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for each other’s perspectives. In these contexts, Galati and Brennan (2006) propose that 

interlocuters may build “one-bit models” of their partner, leveraging one key piece of information 

that allows them to readily compute another partner’s perspective. For example, whether a partner 

shares visual access to the same objects (Nadig & Sedivy, 2002), or whether a partner is hearing a 

story for the first time (Galati & Brennan, 2006). In these situations, one (often binary) “bit” of 

information is particularly relevant when considering the partner’s perspective, which facilitates 

quick computations of and immediate adaptations to partner perspectives.  

 The online computation account is arguably a more generalizable version of one-bit models, 

in that it offers explanations for a wide range of empirical results. A key difference between the 

one-bit models and the online computation account is that one-bit models focus on amount of 

information rather than amount of computation. While conceptualizing information as “bits” is a 

plausible explanation for how listeners and speakers seemingly adapt spontaneously to one another 

in conversation, this framework relies on the assumption that all types of information are equally 

effortful computationally. That is, as long as the relevant information is one “bit,” it should not 

matter whether that information itself is easy or difficult to compute. Consider two types of 

information: the age of a partner and the visual perspective of a partner. While each of these can 

be construed as one “bit,” it seems unlikely that incorporating another person’s visual perspective 

(possibly of multiple objects) is as easy as considering whether they are a child or an adult. Thus, 

one-bit models may offer a broad explanation for why perspective-taking is easier in some 

situations than others, but fails to fully address the gradient time-courses found across multiple 

studies. On the other hand, focusing on the amount of computation required (regardless of amount 

of information) may be more appropriate for both understanding the existing data and making 

plausible predictions for communicative behavior. As such, one-bit models could be considered 
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one instantiation of the online computation account—when only one piece of information needs 

to be computed in-the-moment, the low computational demand facilitates rapid perspective-taking. 

 The amount of computation required during a communicative interaction is no doubt 

influenced by the amount of information that an individual needs to consider. However, it need 

not necessarily be the case that more complex information always requires more computation in 

the moment. Under certain conditions, such as with abundant prior experience with the same 

communicative partner, it may be possible to quickly compute and account for the partner’s 

perspective. As such, some communicative situations may require individuals to consider a great 

amount of information, but computational effort can still be low if these pieces of information have 

already been encountered before. One line of work that fits well into this framework is research 

on parent-child communication. Evidence shows that parents are highly sensitive to their own 

children’s specific vocabulary knowledge and can leverage their complex models of their 

children’s knowledge in spontaneous communication (Masur, 1997; Leung et al., 2021). These 

findings suggest that some amount of information in communicative interactions can be pre-

computed, and thus accounting for a partner’s different perspective (or knowledge) can be 

spontaneous and relatively effortless. 

 The online computation framework is similar to and compatible with the incremental 

processing account in some ways, in that perspective taking is not an “all-or-nothing” process, and 

that information required for perspective taking is available to conversational partners immediately 

(and even before an interaction begins). By introducing in-the-moment computational effort as a 

parameter that constrains or facilitates perspective taking, our framework seeks to further 

understand how and when perspectives are taken into account in communication. More 

importantly, the goal of the present framework is not only to capture and explain existing data, but 
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to make clear and specific predictions about how adults and children account for others’ 

perspectives in conversation. A key contribution of this framework is that it extends to more 

naturalistic situations of communication. Describing objects that are partially obscured from a 

partner makes up very little of our daily interactions with others—rather, the common ground that 

we must consider in conversation often includes other aspects of our partners’ knowledge.  

 In the following sections, I will show how the proposed online computation account offers 

explanations for some of the communicative phenomena described above. I will show that the 

online computation account can be applicable to data from both the adult and developmental 

literature. Additionally, I will propose predictions that this account makes regarding perspective-

taking in online communication. 

How does the online computation account explain current adult data? 

 The adult literature on communicative perspective-taking has yielded a wide range of 

results, which has led to varying conclusions about the nature and time-course of perspective-

taking. One merit of the online computation account is its potential to explain and provide insight 

into why different experiments should yield seemingly contrary results. When is perspective-

taking easy and seemingly automatic, and when is it effortful and slow? The online computation 

account posits that in-the-moment computational load drives the ease (and difficulty) of online 

perspective-taking. 

 One line of work shows that even adults “fail” to rapidly account for another’s visual 

perspective in referential communication tasks, and these results have been used to support 

arguments for an egocentric “default” in language processing and production (e.g., Horton & 

Keysar, 1996; Keysar et al., 2000). However, these results are also in line with an online 

computation account. In Horton and Keysar’s (1996) study, the main manipulation was time 



106 
 

pressure—the authors posited that if egocentric processing precedes perspective-taking, then time 

constraints would disrupt perspective-taking abilities. Adults did appear to produce more 

egocentric references when under time pressure, but this outcome need not have been due to an 

egocentric default. A theory positing an encapsulated egocentric stage in language processing 

should not only predict that earlier processing is more likely to be egocentric, but that there should 

be a set time “limit” for when an individual can and cannot make use of other perspectives. As 

discussed above, the varying eye-tracking data from multiple studies does not suggest a consistent 

time-course for when perspective-taking can occur. It is thus possible that the observed results 

were due to disruption in computation—the time pressure demands may have hindered individuals’ 

abilities to complete the necessary computations and weighting of perspectives. 

 The online computation account also predicts that there should be changes in perspective-

taking behavior over time, depending on the communicative and referential context. Some 

paradigms discussed above required a new computation on each trial (e.g., Horton & Keysar, 1996). 

If the possible set of referents changes from moment-to-moment, individuals will need to re-

compute their own perspective and their partner’s perspectives in-the-moment. Therefore, while 

practice may lead to slightly better performance due to familiarity with the task, the computational 

load does not change over time. On the other hand, some director-matcher paradigms do not 

require completely new computations on each trial (e.g., Keysar et al., 2000). Our account predicts 

that when computations must be done from scratch, time spent with the same partner should not 

significantly decreased the computational load, and thus perspective-taking behaviors should stay 

relatively the same over time. However, when listeners and speakers engage in conversation about 

the same visual scene for an extended period of time, their perspectives (whether shared or not) do 

not need to be re-computed on each trial. Our theory predicts that over time, individuals will exhibit 
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fewer errors in perspective-taking because partner perspectives become established in common 

ground and are pre-computed, rather than computed from scratch during each conversational turn. 

 How well does the prediction that multiple interactions with the same partner will reduce 

errors map onto empirical data? Using data from prior studies, we can explore whether 1) 

maintaining the same context (e.g., visual array of objects) and 2) interacting with the same 

individual over time reduce perspective-taking errors. Our theory predicts that communicative 

contexts requiring new computations may hinder perspective-taking due to high computational 

load. In one study, Keysar et al. (2000) tested perspective-taking behaviors when an array of 

objects changed from trial-to-trial, as well as when the array remained the same. When directly 

comparing the two experiments, there was no evidence that maintaining the same array reduced 

the overall error rates. However, since trial level data are not available, it is unclear whether error 

rates changed over time. While the authors did not find differences in overall error rates between 

experiments with a changing or static display, it is possible that participants in the static context 

improved their perspective-taking over time. Alternatively, it could be that the complexity of the 

visual array required even more trials before individuals could fully incorporate their partner’s 

perspective into their precomputation. In a recent study, Hawkins et al. (2021) found evidence for 

multiple interactions leading to a decrease in perspective-taking errors. Using a modified paradigm 

from Keysar et al. (2003), Hawkins et al. (2021) replicated the finding that individuals make errors 

in perspective-taking when a distractor is present in privileged ground. Crucially, Hawkins et al. 

(2021) found that error rates decreased as the number of interactions with the same partner 

increased. That is, over time, individuals adopted more of their partner’s perspective relative to 

their own. The online computation account proposes that this pattern of results arises from a 

reduction in computational load—repeated interactions with the same partner in the same 
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communicative contexts allows for partner perspectives to become precomputed, thus lessening 

in-the-moment computation. 

 The online computation account’s predictions also extend to naturalistic conversations. 

Our daily interactions often involve people who we have encountered before, and a general theory 

of communication should extend to these situations. While laboratory studies often use 

confederates, or pair participants with strangers, parent-child interaction studies may provide a 

special case study for understanding perspective-taking and adaptation in natural conversation. 

Parents and young children differ greatly in their knowledge and linguistic abilities, thus 

adaptation to one another could be particularly difficult. At the same time, parents and children 

communicate with each other constantly. The online computation account predicts that repeated 

interactions with the same partner can facilitate precomputation, as knowledge about the partner 

increases. Parents should thus be well-adapted to their children and able to rapidly take their 

perspective in communication, despite the great distance between the two parties’ abilities and 

knowledge. Indeed, both observational and experimental studies show that parents adjust their 

speech according to their beliefs about their children’s vocabulary (Masur, 1997; Leung et al., 

2021). While response times were not measured in either of these studies, parents appeared to 

spontaneously produce sentence structures or content that depended on what they believed their 

children knew. In Leung et al. (2021), the parent-child game had a clear communicative goal—

parents were instructed to help their children find a target animal amongst a set of three. While 

time pressure was not a variable, experimenters noticed that parents likely experienced some 

pressure to communicate quickly, due to young children’s eagerness to engage with the iPads used 

in the game. Thus, while the effect of time pressure was not explicitly measured, Leung et al.’s 
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(2021) study shows that parents rapidly account for their children’s knowledge, and tailor their 

speech accordingly.  

How does the online computation account explain current developmental data? 

 Children’s ability to communicate with others has been studied using a wide range of 

paradigms. While many of these studies aimed to understand when certain competencies emerge, 

few studies focus on the theoretical implications of children’s successes and failures in various 

communicative tasks. Developmental research on communication is not only important for our 

understanding of children’s trajectories, but can also inform our theories for communication. The 

online computation account seeks to capture and make predictions not only about how adults 

communicate, but also how children do so (or fail to do so). This theoretical framework can also 

bring together multiple lines of work and shed light onto the broader picture of children’s 

communicative development. In the following section, I will show how the online computation 

account might explain seemingly contradictory findings in the developmental literature. 

 While a classic set of studies by Krauss and Glucksberg (1977) showed that even teenage 

children struggle to coordinate with their partner on a communicative task, a number of studies 

have shown that young children are able to adapt to their conversational partner’s perspective in 

both comprehension and production (e.g., Nadig & Sedivy, 2002; Branigan, Bell, & McLean, 

2016). One factor that could be driving the differences in results across studies is the stimuli. 

Whereas children in Krauss and Glucksberg’s (1977) study were asked to talk about abstract 

shapes to one another, participants in Nadig and Sedivy’s (2002) experiment were communicating 

about familiar objects. The complex stimuli in Krauss and Glucksberg’s (1977) may have 

increased children’s cognitive and computational load during the study, hence impacting 

communicative performance. Additionally, differences in experimental paradigm may contribute 
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to in-the-moment computational pressure. In eye-tracking tasks, participants can see which objects 

are occluded from their partners during online production and comprehension. While this may still 

require some computation during processing, information about what is and is not occluded is 

immediately available to participants. On the other hand, matcher-director tasks similar to Krauss 

and Glucksberg’s (1977) require participants to be separated by a divider. The inability to see a 

conversational partner may lead to increased difficulty in simulating the partner’s perspective and 

could impact communicative perspective-taking: 1) speakers may simply forget that the partner’s 

perspective is different, and thus neglect to engage in perspective-taking, or 2) the computational 

load is increased when conversational partners are not visible to one another, hence hindering 

perspective-taking behavior. Both of these effects would be particularly pronounced in children, 

who may already be struggling with the cognitive and computational demands of the task.  

 One interesting finding from multiple studies is that children’s performance on 

communicative tasks improves when they receive feedback (Branigan et al., 2016; Krauss & 

Glucksberg, 1977; Matthews et al., 2007). In matcher-director tasks that involve multiple rounds 

of communicating about the same novel referents, children’s accuracy improved over time when 

given feedback from the experimenter (Branigan et al., 2016; Krauss & Glucksberg, 1977). This 

pattern of results is in line with adult data (e.g., Hawkins et al., 2021), and is consistent with the 

online computation account’s prediction that accuracy should increase over multiple interactions 

with the same partner. Since both Branigan et al. (2016) and Krauss and Glucksberg’s (1977) 

studies used novel referents and required conversational partners to be obscured from one another, 

adult feedback about performance may have been necessary to help children communicate 

successfully with one another. Experimenter feedback may have reduced the in-the-moment 

computational demands during the task, and provided children with the key information (i.e., 
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whether their communication on a prior round was successful) they need to adapt to their 

conversational partners. 

Predictions Made by the Online Computation Account 

 While potentially compatible with the online computation account, the developmental 

studies discussed above do not allow for a clear distinction between computational and cognitive 

load. That is, much of the developmental findings could be explained by an alternative account 

that cognitive load drives communicative perspective-taking, where perspective-taking occurs 

more quickly when cognitive pressures are lower. While online computational load is likely tied 

to general cognitive demands, the online computation account predicts that certain conditions 

would allow for rapid perspective-taking, irrespective of cognitive load. Specifically, when some 

sources of information are pre-computed, they can be leveraged easily during online 

communication, thus translating into rapid perspective-taking. For example, the online 

computation account would predict that children interacting with a stranger would struggle more 

to engage in perspective-taking, when compared to children interacting with a familiar partner. 

Evidence showing that children’s error rates gradually decrease over time when interacting with 

the same partners (and increase when a new partner is introduced) may lend some support to this 

argument (Branigan et al., 2016; Krauss & Glucksberg, 1977), but further research should 

specifically probe the effect of prior interaction on perspective-taking behavior in online 

conversation. 

The online computation account also predicts, similar to Galati and Brennan’s (2006) one-

bit models, that children can rapidly adapt to their conversational partners when the necessary 

computations are simple. Do children adjust their speech according to their conversational partners? 

One study by Shatz and Gelman (1973) suggests that children do so at a surprisingly young age. 
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By age 4, children describing a toy to an adult used longer sentences than when describing the 

same toy to a 2-year-old. This result most directly lends support to the idea of one-bit models: in 

the study, the relevant piece of information that the 4-year-old speakers needed to compute was 

whether their listener was an adult or a younger child. Children could then leverage their general 

understanding of adults’ and young children’s abilities to communicate effectively. As discussed 

in previous sections, the online computation account can be seen as a generalized version of one-

bit models, and thus may also glean support from Shatz and Gelman’s (1973) findings. It is 

important to note that the children in Shatz and Gelman’s (1973) study interacted with unfamiliar 

2-year-olds, and not their own siblings. To test the plausibility of the online computation account, 

future work should compare children’s interactions with familiar versus unfamiliar younger 

children. If children do form rich models of their social partners, and can leverage those models in 

online communication, perspective-taking behavior should arise more quickly when children are 

interacting with their own siblings than with unfamiliar children, even if adaptation to the listener 

is seen in both cases.   

The online computation account differs from many current frameworks of communicative 

perspective-taking in that it gives precise, gradient predictions for behavior. Specifically, the 

online computation account suggests that ease of perspective-taking relies on how much 

information can be pre-computed. As such, amount of prior interaction with a partner is a key 

factor influencing perspective-taking behavior. Further, the model predicts similar behavior 

patterns in children and adults. While there may be differences in cognitive and linguistic abilities 

between adults and children, the overarching driver of perspective-taking is online computational 

load. Take a parent-child pair talking to each other about abstract shapes: while children may 

struggle to describe the shapes, they may succeed in communicating with their parent because of 
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their wealth of prior interactions. Children and parents know the common knowledge that they 

share, as well as the idiosyncratic behaviors and perspectives each other has, and can thus rapidly 

take the other’s perspective. A parent may quickly identify an abstract shape that their child is 

describing, but the same description uttered by someone else’s child may not be processed as 

quickly. While no studies directly test the effect of prior interaction on perspective-taking in 

children, our model may help explain the seemingly contradictory results in the field, particularly 

in the developmental literature. Our account predicts that children will struggle the most with 

unfamiliar partners, but that accuracy will improve over multiple interactions, and these 

predictions are supported by some studies (e.g., Krauss & Glucksberg, 1977). On the other hand, 

our account predicts that children should succeed in communicating with familiar partners. In line 

with this prediction, Leung et al. (2020) find that even 4-year-olds can succeed at a matcher-

director task involving novel shapes when interacting with their parents. Further studies could 

contrast children’s interactions with familiar and unfamiliar adults, as well as the effects of 

continued interaction (i.e., child interacts with the same adult throughout the session) on 

communicative perspective-taking. 

Concluding Remarks and Suggested Future Directions 

In the final portion of this chapter (and dissertation), I consider the findings from Chapters 

1-3 from the perspective of the proposed online computation account and provide some future 

directions for testing the proposed account. In Chapter 1, I found that parents maintain a highly-

specific model of their children’s vocabulary knowledge, and spontaneously recruit that model to 

design speech for effective communication. In Chapter 2, I show that parents and children adapt 

to one another in various ways when coordinating with each other in a referential task, and show 

that production (but not comprehension) constraints may be an underlying cause of children’s poor 
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referential skill. Finally, in Chapter 3, I show that young children can make fine-grained judgments 

about a younger child’s vocabulary knowledge, but they are unable to leverage those 

representations during real-time communication. 

One of the key findings in Chapter 1 is that parents not only utilize their complex 

representations of their children’s vocabulary during communication, they can also make real-time 

adjustments. This suggests that our interactions with others likely make use of both precomputed 

models of the other person, as well as online computations of the other person’s perspective. 

Chapter 1 provides some insight into how these different types of computations interact. Beyond 

producing language tailored to their children based on prior knowledge, parents also adjusted their 

speech in real time. Specifically, if a child responded incorrectly on a trial where parents originally 

believed their child knew the animal, parents used longer referring expressions to describe that 

animal when it appeared again in the study. That is, parents did not merely rely on their extensive 

prior knowledge of their children, but made in-the-moment adaptations where necessary. While 

precise response times were not measured in this study, the online computation theory would 

predict slower response times for trials where parents made in-the-moment adjustments. Future 

studies could use speech onset times (or other measures of response time) to investigate how 

precomputation and online computation differentially effect language processing in 

communication. 

In Chapter 2, I examined the conversational patterns of parents and children during a 

cooperative reference game. Similar to Chapter 1, I find evidence that parents leverage their 

knowledge of their children’s developmental level to scaffold referential success. Parents of 4-

year-olds spoke significantly more than parents of 6- and 8-year-olds, suggesting that parents are 

modulating the amount of information they provide, presumably in service of communicative 
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success. Importantly, Chapter 2 also allows us to consider the models that children may have of 

their parents. Because children are interacting with a familiar partner (a caregiver), they already 

have expectations for the conversational dynamic. Further, based on their extensive prior 

interaction, children may be able to assume that their parents understand them. Indeed, both parents 

and children were very accurate at selecting the target during the study, indicating that both parents 

and children understood each other. Interestingly, I find that parents are more likely to provide 

referential expressions that ultimately become reused—that is, parents are the initiators of 

referential pacts. This suggests that children willingly take up the expressions used by their parents, 

rather than stubbornly continue with their own descriptions. It is possible that children, when faced 

with a difficult referential task, reduce their computational load by adapting to their parents. 

Because children are clearly very familiar with their caregivers, a remaining question is whether 

children are equally likely to adapt to an unfamiliar adult. Is children’s willingness to reuse their 

parents’ expressions a product of their many prior repeated interactions, or is the adaptation purely 

to minimize computational load?  

In Chapter 3, I remove the supportive parental context to ask about children’s models of 

others’ lexical knowledge, and whether they can use those models during real-time communication. 

I find that even 4-year-old children have surprisingly accurate estimates of a younger child’s 

vocabulary knowledge, and the ability to infer other’s vocabulary develops significantly from ages 

4 to 8. However, analysis of a partial sample of data indicates that children do not modify speech 

based on their beliefs about a younger child’s vocabulary. Even more surprisingly, children do not 

adapt even when explicitly told about the younger child’s knowledge/ignorance. What does this 

mean from the perspective of the online computation account? The account predicts that children 

would be more likely to make adaptations when knowledge information is given, because no real-
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time inferences need to be made. However, it is possible that the cognitive load required to generate 

an alternative description is still too high. An interesting future direction would be test the impact 

of live feedback and repeated interactions. That is, if young children receive real-time feedback 

that their conversational partner does not know something, will they make adjustments when they 

refer to the same object again? The online computation account predicts that with more repeated 

interaction and feedback, children should be more likely to adapt to their partners—this is because 

information can become pre-computed over time. Further, feedback can serve as an additional 

source of information, strengthening children’s beliefs about their conversational partner’s 

knowledge. Another possible direction would be to provide children with partners on more 

“extreme” ends of knowledge or ignorance, to test whether children are capable of any linguistic 

adaptation. For example, if children are introduced to an alien, who has never encountered any 

objects on earth before, how will children decide to describe various items? The online 

computation account predicts that children should be more likely to adapt in these “extreme” 

situations, because the relative computations are simple—the alien should not know any labels, as 

opposed to a child who might know some, but not other, labels. 

The proposed online computation account should be tested empirically. An important area 

of study may be to conduct studies with similar paradigms for both adults and children to compare 

the two populations. Currently, developmental work on communicative perspective-taking often 

lacks theoretical grounding. Most studies are interested in when children can (or cannot) 

communicate effectively with others, rather than why they may succeed or struggle to take others’ 

perspectives. By applying the proposed theoretical framework onto developmental studies, we can 

deepen our understanding of the developmental trajectory of communicative ability, as well as 

examine the factors underlying successful communication in both adults and children. 
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Future studies may wish to quantify the predictions made by the online computation 

account. The online computation account predicts that more repeated interactions should lead to 

greater facilitation of perspective-taking due to more information being pre-computed. However, 

empirical data will help clarify how each additional repeated interaction builds upon prior 

interactions, and the time-course at which in-the-moment computations become precomputations. 

One question we may ask is: how granular is the proposed online computation account? Can we 

find differences in communicative perspective-taking when comparing individuals who have had 

10 repeated interactions as opposed to 5? A second interesting question is: when does information 

move from in-the-moment computation to precomputation? If information is presented at the 

beginning of an interaction, can it become pre-computed later within the same interaction? Indeed, 

a finding that multiple studies converge upon is that conversational partners become “better” at 

communicating over time (e.g., Hawkins, et al., 2021). For example, in referential settings, 

selection accuracy usually increases over time. This is in line with an online computation account, 

and further experiments designed specifically to compare perspective-taking (and not task fluency, 

etc.) over time can shed light onto how information becomes pre-computed and thus more easily 

retrieved for perspective-taking purposes.  

Communication, more often than not, is successful—that is, people seemingly take one 

another’s perspectives with relative ease. A rich body of work has documented this phenomenon 

of perspective-taking in communication, and several theories have been proposed to capture this 

behavior. Existing frameworks focus on explaining empirical data in adults, and are often 

constrained to particular experimental paradigms. The online computation account proposed in 

this paper provides a comprehensive framework for understanding communicative perspective-

taking in both adults and children. The key claim of this account is that perspective-taking is 
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contingent upon in-the-moment (or online) computational load. Information that must be 

accounted for during online communication, such as the complexity of the visual environment or 

new information about a conversational partner, directly influences an individual’s ability and 

propensity to take their partner’s perspective. In contrast to in-the-moment computations, some 

information may be pre-computed. These precomputations can occur when conversational partners 

engage in repeated interactions, thus building pre-existing knowledge about one another. The 

differentiation between in-the-moment computations and precomputations is crucial because it has 

the potential to explain the incredible variability in empirical data. Rather than attributing all 

differences to paradigmatic differences or complexity of stimuli, the proposed account offers a 

novel and interesting explanation for why people succeed—and fail—to communicate in a variety 

of situations. Further, this account can be applied to both adults and children, and provides a 

framework both for evaluating current work and designing future studies. 

Children begin to participate in conversations within the first few years of life, yet their 

communicative skills develop significantly over childhood. In this dissertation, I have shown that 

parents play an important role in scaffolding children’s communicative development by adapting 

their language (at the word-level and discourse-level) to children’s developmental level (Chapters 

1 and 2). Further, while children may face challenges in generating informative descriptions of 

objects, they have sensible intuitions about even the specific words other people may know 

(Chapters 2 and 3). By focusing on the interactive contexts that children engage in and by 

investigating both the successes and struggles they face, this dissertation paints a holistic picture 

of children’s communicative development. As children’s own developing linguistic and cognitive 

skills support their emerging ability to engage in communicative adaptation, they also actively 

participate in rich interactive environments where input is adapted to them. 
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