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ABSTRACT OF THE DISSERTATION 

 

Language Experience and Toddlers’ Socially-Cued Word Learning 

 

by 

 

Christina Carol Schonberg 

Doctor of Philosophy in Psychology 

University of California, Los Angeles, 2018 

Professor Scott Pratt Johnson, Co-Chair 

Professor Catherine M. Sandhofer, Co-Chair 

 

A wide body of research has investigated the early cognitive and social-cognitive 

consequences of bilingualism, with mixed results. In some cases, bilingual children have been 

shown to attend more to social-pragmatic cues (e.g., eye gaze) than monolinguals (Brojde et al., 

2012; Yow & Markman, 2011), especially when social-pragmatic cues conflict with lower-level 

perceptual cues (e.g., proximity). Because attention to social-pragmatic cues is important for 

language learning (Brooks & Meltzoff, 2005), this dissertation investigated differences in 

monolingual and bilingual two-year-olds’ attention to social-pragmatic cues, and how this 

attention related to language acquisition. This study used a novel approach of combining 1) an 

eye-tracking word learning paradigm, 2) live-action social tasks, and 3) parent-report measures 

of vocabulary development with a longitudinal design to measure changes in children’s attention 

to social-pragmatic cues related to vocabulary growth over a 6-month period. 



 

iii 

 

Participants were observed at 24 months (T1) and 27 months (T2) of age. During each lab 

visit, participants first completed an eye-tracking word-learning task in which they saw videos of 

a model looking to one of two novel objects (visually salient or nonsalient) on a table and 

labeling it with a novel word. After these learning videos, participants were presented with three 

test trials that assessed their mapping of the novel word to the novel object. In addition to the 

eye-tracking task, participants completed three live-action social tasks that assessed their 

attention to an experimenter’s gaze cues. Also at T1 and T2, parents filled out MCDIs (a 

checklist of productive vocabulary) for their children; parents also completed follow-up MCDIs 

when their child was 30 months old (T3). 

At T1, children’s performance on both the eye-tracking and the social tasks reflected 

difficulty attending to social cues in the presence of other conflicting information (e.g., salience). 

There were no reliable differences in performance between monolinguals and bilinguals. In the 

eye-tracking task, children did not show evidence of learning across test trials; rather, they 

looked longer to the salient object, regardless of whether it had been labeled in the learning 

videos. In the live-action tasks, children’s performance was at chance for most tasks. At T2, 

children showed more evidence of learning in the eye-tracking task, changing their looking 

across test trials when different object labels were used (e.g., looking more to the target object 

when the label from the learning videos was used and looking less to the target object when a 

different novel label was used). Children’s performance on the live-action tasks also improved 

relative to T1. Furthermore, vocabulary size at T2 was predicted by T1 eye-tracking and live-

action task performance. At the time of writing, T3 vocabulary data were still being collected; 

future planned analyses are discussed. 
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In sum, this study showed that monolingual and bilingual infants attend similarly to 

information from social partners. Interestingly, the results also showed how easily infants’ 

attention could be drawn away from social cues, even though the 24-month-olds were 

experienced in engaging in joint attention with social partners. For both monolinguals and 

bilinguals, attention to social-pragmatic cues continues to be an important predictor of language 

development throughout the second year after birth. 
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Introduction 

In this dissertation, I investigate the interaction between visual attention and sensitivity to 

social-pragmatic cues, as well as how these factors affect monolingual and bilingual infants’ 

word learning. Visual attention and social-pragmatic cues have been shown to be important for 

language learning (e.g., Brooks & Meltzoff, 2005; Marchman & Fernald, 2008), and bilinguals 

seem to attend to their visual environments and use social-pragmatic cues differently than 

monolinguals do (e.g., Pons, Bosch, & Lewkowicz, 2015; Yow & Markman, 2011). 

In spite of the fact that a substantial number of children around the world grow up in 

bilingual environments, bilingual language development remains understudied. This research 

aims to broaden our understanding of how language develops when a child is growing up in a 

bilingual environment, with variable language input, as opposed to a monolingual environment. 

It bridges the research that has investigated bilinguals’ visual attention in infancy (e.g., Pons et 

al., 2015; Schonberg, Sandhofer, Tsang, & Johnson, 2014; Sebastian-Galles, Albareda-Castellot, 

Weikum, & Werker, 2012) with research showing social-pragmatic and cognitive differences in 

older monolingual and bilingual children (e.g., Bialystok & Feng, 2009; Brojde, Ahmed, & 

Colunga, 2012; Fan, Liberman, Keysar, & Kinzler, 2015; Groba, Houwer, Mehnert, Rossi, & 

Obrig, 2018; Yow et al., 2017; Yow & Markman, 2011, 2015). By using a combination of eye-

tracking, parent-report, and behavioral observation measures, this study examines the relation 

between social cue attention and vocabulary growth. Furthermore, this study aims to delineate 

the interacting developmental trajectories of language acquisition and differences in social-

pragmatic skills in monolingual and bilingual children. 

The primary focus of this study is one particular aspect of language development: how 

children learn the meanings of words. Specifically, this study investigates how children use 
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environmental and social cues to map labels to their referents, a process that has been long-

discussed as one of the primary challenges in language acquisition (Quine, 1960).  

Social-Pragmatic Cues 

Social-pragmatic cues are nonlinguistic social cues, such as eye gaze or pointing, that 

provide additional information about a speaker’s state of mind or intentions. These types of cues 

are useful in interpreting the meaning of speech. For example, if a speaker said, “Wow, look at 

that!” a conversation partner would find it helpful to use a social-pragmatic cue, such as the 

speaker’s gaze direction, to determine the referent of this otherwise ambiguous exclamation. 

Social-pragmatic theories of language acquisition hold that social partners in children’s 

environments (e.g., caregivers) are critical for language development. Social partners not only 

provide linguistic input from which children learn the phonetic and grammatical regularities of 

their language; in providing linguistic input, they teach children about the communicative 

functions and conventions of language (e.g., Tomasello, 1992). In this theoretical context, 

children’s learning and language acquisition is supported by their sensitivity to social-pragmatic 

cues from social partners (e.g., eye gaze, pointing; Csibra & Gergely, 2006). For example, 

experiments using this theoretical background have demonstrated the importance and 

development of joint attention, a process in which two people (such as an infant and an adult) 

attend to the same object. Indeed, engagement in joint attention and attention to social cues 

facilitates word learning (Axelsson, Churchley, & Horst, 2012; Baldwin et al., 1996) and is 

positively correlated with later language development (Brooks & Meltzoff, 2005; Carpenter, 

Nagell, Tomasello, Butterworth, & Moore, 1998). 

Social-pragmatic theories of language acquisition suggest that social-pragmatic cues help 

children narrow down the scope of a word’s possible referents. Indeed, children are so attuned to 
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social-pragmatic cues that they can use these cues to determine a new label’s referent before 

possible referents are even visible. For example, if a speaker indicates that an object is present 

(e.g., “There’s a toma in here! Let’s find the toma.”) but inaccessible (e.g., behind a locked 

door), children are nonetheless able to correctly map the label to the intended object (Akhtar & 

Tomasello, 1996; Baldwin, 1993; Tomasello & Akhtar, 1995). These findings suggest that that 

children use complex social information from a young age to guide their understanding of how 

labels map onto meanings. 

Visual Attention 

 In addition to social-pragmatic cues provided by social partners, characteristics of the 

visual environment, such as the number of objects present (which increases the ambiguity of a 

label), can also influence infants’ word learning. Studies using head-mounted cameras have 

shown that infants have a very different experience of the visual environment than do adults, due 

in part to their smaller bodies and shorter arms (Yoshida & Smith, 2008). As a result of these 

physical limitations, when an infant interacts with an object, it is likely that the object will take 

up a great deal of the visual field and occlude other objects; in contrast, adults typically have a 

wide range of objects in view at all times (Smith, Yu, & Pereira, 2011). Both infants and adults 

are most likely to map a label onto its intended referent when the referent takes up the majority 

of the visual field (Pereira, Smith, & Yu, 2014; Yurovsky, Smith, & Yu, 2013; Zhang, Yurovsky, 

& Yu, 2015). However, there are often multiple referents in the visual field, particularly when 

the infant is not physically holding an object. 

Within the visual environment, particularly when there are multiple possible referents 

present, allocation of the word-learner’s visual attention is key. Yurovsky and Frank (2017) used 

eye-tracking to show that visual attention in a social word learning paradigm changes with age. 
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They tested monolingual children cross-sectionally from 12 to 48 months of age by first showing 

them videos of a speaker looking to one of two objects and labeling the object (e.g., “Look at the 

wug! It’s a wug!”). After four learning videos, the infants saw test trials in which the two objects 

from the learning trials were shown side by side and an audio recording was played. They found 

that, in the learning trials, the youngest infants (12 months) had difficulty disengaging from the 

speaker’s face, whereas the older age groups (36-42 months) were better able to allocate more of 

their visual attention to the socially-cued target object. This difference in visual attention during 

learning seems to relate to performance on the test trials: in these trials, the youngest infants 

were slower and less accurate in looking to the target object after it was labeled, whereas the 

older infants looked to the target more quickly and at a rate higher than chance. These results 

show that although looking to the speaker’s face is important in determining their referent, 

looking to that referent is also important for correctly making the label-referent association; 

furthermore, children’s looking behavior during learning influences how well they retain the 

label-referent mapping at test. 

Object Features 

Object features are a particularly important environmental characteristic that influences 

visual attention. For example, younger infants use properties such as color, pattern, luminance, 

and contrast to differentiate objects (e.g., Kaldy, Blaser, & Leslie, 2006; Wilcox, 1999; Woods & 

Wilcox, 2006). In this study, the specific object feature of interest is salience (i.e., whether 

infants find an object visually interesting—salient—or boring—nonsalient), which has been 

found to influence older infants’ attention in word-learning tasks. 

In one word-learning study, Pruden, Hirsh-Pasek, Golinkoff, and Hennon (2006) used the 

interactive Intermodal Preferential Looking Paradigm (IPLP; see Hollich et al., 2000, for a 
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detailed description of the interactive IPLP) to investigate how 10-month-old monolinguals’ 

mapping of words to objects was influenced by both social-pragmatic cues and the objects’ 

salience. Infants first viewed learning trials in which one object was labeled by an experimenter, 

followed by test trials in which the two objects were presented side by side with no experimenter 

present. 

There were two conditions in this study: the coincidental condition, in which the social 

cue (eye gaze) coincided with object salience (i.e., the experimenter looked at the salient object), 

and the conflict condition, in which the social cue conflicted with object salience (i.e., the 

experimenter looked at the nonsalient object). In the learning phase of this study, the 

experimenter looked at the target object (determined by condition) and labeled it several times 

during one trial. After the learning phase, the child was presented with the two objects side by 

side and the experimenter (hidden from view) instructed the child to look to the object that had 

been labeled in the learning trial. Offline coding of videos of infants’ gaze behavior showed that 

in both the coincidental and the conflict conditions, 10-month-olds looked more to the salient 

object during the learning trial, indicating that they were not yet able to inhibit their attention to 

the salient object in order to follow the experimenter’s gaze to the nonsalient object. Similarly, 

during the test trials, infants looked more to the salient object than the nonsalient object when the 

label from the learning trials was used, regardless of whether they had been in the coincidental or 

the conflict condition. These results suggest that at 10 months, infants have difficulty using 

social cues to map a label to a nonsalient object when a salient competitor is present. 

Although infants initially have difficulty using social cues to attend to and map labels to 

nonsalient objects, their abilities to do this improve throughout the first two years after birth. 

Hollich et al. (2000) used the interactive IPLP to investigate the relative influence of object 
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salience and social cues on word-object mapping in 12-month-old, 19-month-old, and 24-month-

old monolingual infants, with the same conditions (coincidental and conflict) as Pruden et al. 

(2006). In the coincidental condition, all infants in this study looked correctly to the (salient) 

target object during both learning and test trials. In the conflict condition, however, a different 

pattern of results was found. During the learning trials, 12-month-olds did not follow the 

experimenter’s gaze (i.e., they did not look at the nonsalient object). In contrast, 19- and 24-

month-olds did follow the experimenter’s gaze to the nonsalient object in the conflict condition. 

During test trials in the conflict condition, 12-month-olds and 19-month-olds looked equally to 

the nonsalient target and the salient distracter (i.e., they did not show evidence of learning). Only 

the 24-month-olds correctly looked to the nonsalient target in the test trials of this condition. 

Research using the looking-while-listening paradigm (Fernald, Zangl, Portillo, & 

Marchman, 2008), which measures changes in infants’ dwell time to a target object over the 

course of a labeling phrase being heard, shows that children exhibit different patterns of gaze 

behavior to the objects before and after the label is said (Fernald, Marchman, & Weisleder, 2013; 

Marchman & Fernald, 2008). Many studies investigating infants’ changes in looking during 

labeling specifically examine looking during the entire post-label period of the trial or compare 

looking during the pre-label and post-label trial periods (Bion, Borovsky, & Fernald, 2013; 

Booth & Waxman, 2009; Houston-Price, Caloghiris, & Raviglione, 2010; Mather & Plunkett, 

2010). 

Using the looking-while-listening framework, Yurovsky and Frank (2017) used eye-

tracking to examine the specific patterns of infants’ visual attention in a word-learning study 

with similar coincidental and conflict conditions as Pruden et al. (2006) and Hollich et al. (2000). 

In this study, they investigated looking and word learning behavior in monolinguals of three age 
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groups: 12-18 months, 18-24 months, and 24-30 months. In both conditions, children looked 

more to the speaker’s face in the learning trials than to either of the objects, and they looked 

more to the target object than the distracter object—that is, at all ages, they were able to follow 

the speaker’s gaze to the correct target. In the coincidental condition, children correctly looked to 

the salient target at test. However, in the conflict condition, no children looked more to the 

nonsalient target at test; they looked equally to both objects. 

Overall, the results from different paradigms used by Pruden et al. (2006), Hollich et al. 

(2000), and Yurovsky and Frank (2017) show that in tests of word learning, infants younger than 

19 months of age tend to look more to objects that are visually salient (i.e., interesting to look at) 

than to objects that are nonsalient (i.e., uninteresting to look at), regardless of which object was 

labeled during learning. Nineteen-month-olds have some success in following the gaze of an 

experimenter to a nonsalient object. However, this gaze-following does not yet lead to forming 

an association between the nonsalient object and its label during test trials. Only at 24 months 

have infants been shown to use social cues to map a label onto a nonsalient object (Hollich et al., 

2000). This mapping seems to be fragile and may be paradigm-dependent, as 24-month-olds 

successfully mapped labels to nonsalient objects in a live-action paradigm (Hollich et al., 2000) 

but not when they had been exposed to the labels via video (Yurovsky & Frank, 2017). 

Language Background, Visual Attention, and Word Learning 

Because visual attention is so important in word learning, a growing amount of research 

has investigated the effects of language background on visual attention allocation in infancy. 

Language shapes attention and perception (e.g., Choi, McDonough, Bowerman, & Mandler, 

1999; Davidoff, 2001), and for bilingual infants, language may be particularly influential 

because they 1) have the additional challenge of differentiating and forming separate 
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representations of their two languages and 2) are (necessarily) exposed to proportionally less of 

each language than monolinguals. 

Language background seems to differentially influence bilingual infants’ visual attention 

depending on domain (among infants between 3-15 months old). For example, monolingual and 

bilingual infants show similar patterns of attention to non-social stimuli such as natural scenes 

(e.g., a beach; (Schonberg et al., 2014). However, monolingual and bilingual infants 

differentially attend to the eyes and mouth of a speaker’s face across the first year after birth 

(Pons et al., 2015). Pons et al. (2015) found that, when monolingual 4-, 8-, and 12-month-olds 

were shown videos of a speaker talking in either a native or a nonnative language, 4-month-olds 

looked more to the speaker’s eyes than the mouth (for both native and nonnative speech), 8-

month-olds looked more to the speaker’s mouth than the eyes (for both native and nonnative 

speech), and 12-month-olds looked more to the speaker’s mouth only when the speaker was 

producing nonnative speech. Bilinguals of the same ages showed different patterns of attention: 

regardless of whether the speech was native or nonnative, 4-month-olds looked equally at the 

eyes and mouth, and both 8- and 12-month-olds looked more at the mouth than the eyes. The 

variability inherent in a bilingual infant’s linguistic environment may encourage them to develop 

a heightened sensitivity to social information early in development, because they must 

differentiate their two languages as well as determine which speakers are associated with each 

language. 

Because of this linguistic variability, an adaptive word learning strategy for bilingual 

children could be to attend more closely to social-pragmatic cues than language-specific cues 

such as rhythmic structure or syntax. One reason that bilingual children may attend to social-

pragmatic cues more than monolinguals is that in a bilingual environment, these cues do not vary 
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in the way that language input does. A bilingual child is exposed to two languages that may 

differ among several dimensions including tonality, phonemic distinctions, and syllabic stress 

patterns. In contrast, social-pragmatic cues such as eye gaze and pointing are likely to be used in 

a consistent manner across languages. Social-pragmatic cues are used by both monolingual and 

bilingual children; however, as early as 30 months, bilingual children rely on social-pragmatic 

cues more than their monolingual peers (e.g., (Brojde et al., 2012). High rates of parental 

language mixing (i.e., inserting words from one language into a sentence that is primarily in 

another language) may lead to a stronger or earlier reliance on social-pragmatic cues, as these 

cues provide additional information about the topic or referent of conversation and could help 

children disambiguate the meanings of labels (see Byers-Heinlein, 2013). 

Increased attention to social-pragmatic cues could also indicate that bilingual children 

pay more attention to social partners in general. In addition to language variability within 

sentences at a linguistic level, bilingual children also experience language variability at a social 

level: for example, different people in their environments may speak different languages to them. 

In order to obtain responses from their conversation partner that will be most useful to their own 

language acquisition, a child can modify their language use (i.e., which language they are 

speaking), and bilingual children are more advanced than monolinguals in their understanding of 

different individuals’ linguistic knowledge. For example, Byers-Heinlein, Chen, and Xu (2014) 

found that, in the presence of a non-English speaker, monolingual children consistently map a 

novel label onto a previously-unnamed object, whereas bilingual children sometimes map the 

novel label onto a named object and sometimes map the novel label onto the previously-

unnamed object. Byers-Heinlein et al. interpret this finding to mean that bilingual children may 

have an understanding that the novel label may be the non-English speaker’s word for an object 
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that had already been named in English.  Thus, increased attention to social-pragmatic cues, in 

addition to directly benefitting bilingual children’s word learning, also indirectly does so. 

Although both monolingual and bilingual children readily use social-pragmatic cues in 

word learning and other tasks, evidence suggests that bilingual children may have a heightened 

sensitivity to social-pragmatic cues. Brojde et al. (2012) found that when monolingual and 

bilingual children were given either a social-pragmatic cue (eye gaze) or an object feature cue 

(shape, a feature that children in this age group find particularly salient [Landau, Smith, & Jones, 

1988]), both groups could identify the novel object for which the experimenter was asking. 

However, when conflicting social-pragmatic and object feature cues were given, monolingual 

children responded based on object feature cues, whereas bilingual children responded based on 

the social-pragmatic cue. Similarly, Yow and Markman (2011) asked monolingual and bilingual 

children to retrieve a toy from one of two boxes in front of the experimenter. When the 

experimenter was seated behind the empty box but looking at the box with the toy, monolinguals 

used the experimenter’s body position as a conflicting nonsocial perceptual cue and searched in 

the empty box; bilinguals, on the other hand, correctly followed the experimenter’s gaze to find 

the toy. Bilinguals also seem to perform favorably compared to monolinguals in measures of 

perspective-taking, recognizing that an experimenter’s knowledge differs from their own and 

following directions based on that knowledge instead of their own (Fan et al., 2015). 

Mixed Evidence for a Bilingual Advantage 

 The studies reviewed above suggest that bilingual children may be more attuned to cues 

from social partners than their monolingual peers. However, in the larger body of literature on 

bilingual cognition, there are mixed findings as to whether bilingual children show any 

advantages. Many studies suggest that bilinguals have an advantage over monolinguals in tasks 
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that involve processes such as switching, inhibition, and cognitive flexibility. These studies have 

found these positive effects of bilingualism across the lifespan, from infancy (e.g., Kovacs & 

Mehler, 2009; Poulin-Dubois, Blaye, Coutya, & Bialystok, 2011), throughout childhood (e.g., 

(Barac & Bialystok, 2012; Bialystok, 2015; Bialystok & Feng, 2009; Bialystok & Martin, 2004; 

Carlson & Meltzoff, 2008; Engel de Abreu, Cruz-Santos, Tourinho, Martin, & Bialystok, 2012; 

Friesen, Latman, Calvo, & Bialystok, 2015), and even in later adulthood (e.g., Bialystok, Craik, 

Binns, Ossher, & Freedman, 2014; Bialystok, Craik, & Freedman, 2007; Gold, Kim, Johnson, 

Kryscio, & Smith, 2013). 

In contrast, other studies using similar cognitive tasks have been unable to replicate these 

findings of a bilingual advantage (e.g., Gathercole et al., 2014; Hilchey & Klein, 2011; Paap & 

Greenberg, 2013). Gathercole et al. (2014) assessed the performance of bilinguals and 

monolinguals from age 3 through older adulthood (range: 57-90 years old) in a battery of tasks 

that assessed switching and flexibility; bilinguals did not outperform monolinguals at any age, on 

any task. Given that these studies of cognition have found conflicting results that seem to depend 

on the specific task used as well as broader social factors (e.g., how accepted bilingualism is in 

the location where the research was conducted), it is possible that studies of bilinguals’ attention 

to social-pragmatic cues are influenced by these factors as well. 

Aims 

The proposed study aims to answer three main questions. Because Hollich et al. (2000) 

and Yurovsky and Frank (2017) showed developmental differences in word-object mappings in 

monolingual 19- and 24-month-olds, the first question is whether monolingual and bilingual 

infants show different patterns of visual attention in a social-pragmatically-cued word 

learning task. Based on research showing differences in visual attention patterns of monolingual 
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and bilingual 12-month-olds in response to social stimuli (Pons et al., 2015), as well as research 

demonstrating monolinguals’ and bilinguals’ differential sensitivity to social-pragmatic cues 

between the ages of three and six years (Fan et al., 2015; Yow & Markman, 2011, 2015), it is 

logical to investigate differences in visual attention at these ages both as an extension of the 

infant research findings and as a potential precursor to the development of social-pragmatic cue 

sensitivity later in childhood. I expect that bilingualism may be beneficial for infants’ ability to 

attend to social-pragmatic cues, and this heightened attention may lead to different visual 

behavior relative to monolinguals. In addition, object salience may differentially affect word-

object mappings in monolinguals and bilinguals—that is, they may resolve the conflict between 

salience and social cues in different ways. When put into direct competition with social cues, 

object salience seems to drive word-object mappings for monolingual infants until approximately 

24 months of age (Hollich et al., 2000). If bilingual infants are more attuned to social cues than 

their monolingual peers, they may be more successful in attending to social cues over object-

level cues (i.e., salience) at a younger age in order to make the mapping intended by the speaker. 

Second, this study asks how sensitivity to social-pragmatic cues differs not only as a 

function of language background, but also as a function of social-communicative 

development in general. A small body of research suggests that there is a relation between a 

child’s behavior in a recorded social interaction (e.g., an eye-tracking task with social stimuli) 

and their behavior in live social tasks with an experimenter (e.g., Navab, Gillespie-Lynch, 

Johnson, Sigman, & Hutman, 2012). This research will further inform the field on the degree to 

which visual attention to a recorded social interaction relates to real-life, contingent measures of 

attention to social-pragmatic cues. 
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Finally, this study asks how word learning and attention to social-pragmatic cues 

change over time. Although previous studies have investigated developmental differences in 

word learning using a similar paradigm, they have been cross-sectional in nature (e.g., Hollich et 

al., 2000; Yurovsky & Frank, 2017). This study uses a longitudinal design in order to better 

examine the complex interactions between language background, word learning (both within and 

outside the lab), and attention to social-pragmatic cues. 

To address these questions, I collected data using three different measures: eye-tracking, 

a set of live-action social tasks, and the MacArthur-Bates Communicative Development 

Inventory (MCDI; Fenson et al., 1994). In the eye-tracking paradigm, which measured how 

infants use social and object-level information to learn words, infants viewed a series of word-

learning videos in which the speaker labeled one of two objects and used eye gaze to indicate the 

intended referent of the word. One of the objects consisted of multiple colors and textures and 

was interesting to look at (i.e., salient), whereas the other object was monochromatic in a drab 

color (i.e., nonsalient). There were four trial blocks: two blocks of coincidental trials (i.e., the  

model labeled the salient object) and two blocks of conflict trials (i.e., the model labeled the 

nonsalient object). To assess infants’ word-object mappings, test trials were shown after each set 

of learning trials. In these trials, objects were shown side by side and the label from the learning 

trials was played over speakers. Infants completed this task at 24 months (T1) and 27 months 

(T2) of age. 

In addition to the eye-tracking task, infants also completed a series of live-action social 

tasks at T1 and T2 designed to assess attention to social-pragmatic cues. At each timepoint, 

infants completed 1) a sticker-finding task, in which they had to correctly follow the 

experimenter’s eye gaze to find a hidden sticker (Yow & Markman, 2011); 2) a toy-naming task, 
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in which they had to use the experimenter’s eye gaze to map a novel label to a hidden object 

(Baldwin, 1993); and 3) a gaze-following task, in which they had to follow the experimenter’s 

gaze to a distal referent in the room (Mundy et al., 2003). 

Finally, the MCDI—a parent-report checklist of productive vocabulary—was used to 

assess infants’ productive vocabulary (in English, and, if they are bilingual, in their second 

language as well) at the time of participation in the eye-tracking and live-action social tasks (T1 

and T2). In addition, parents were sent the MCDI three months after the T2 lab visit to complete 

when the child was 30 months old (T3). By administering the MCDI at 3 time points over a six-

month period, I obtained a measure of vocabulary growth, which can then be related to social-

pragmatic cue sensitivity and performance on the word learning task.  

Hypotheses 

 I expected language background to differentially affect performance in the word learning 

task depending on the child’s age. Because of bilingual children’s documented sensitivity to 

social-pragmatic cues at 24 months (e.g., Brojde et al., 2012), I predicted that bilingual 24-

month-olds may be more successful than monolingual 24-month-olds in mapping the label to the 

nonsalient referent at T1. I expected both language groups to be able to map the label to salient 

referent at this time point. At T2 (27 months), I predicted that there would be fewer differences 

in monolinguals’ and bilinguals’ patterns of visual attention. Overall, though, performance was 

hypothesized to improve for both language groups between T1 and T2.  

In regard to the live-action social tasks, I did not expect overall group differences based 

on language background. The literature examining cognitive differences between monolingual 

and bilingual children is extensive, with some studies that find a bilingual advantage for 

cognitive tasks (e.g., Bialystok & Martin, 2004; Carlson & Meltzoff, 2008; see Bialystok, 2010 
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for review), and other studies that find no differences (e.g., Gathercole et al., 2014). Because two 

of the live-action social tasks did not require cognitive conflict resolution (an area in which 

bilinguals excel; see Bialystok, 2009 for review), I did not predict any main effects of language 

background in these tasks. For one live-action task, which did require conflict resolution, I 

hypothesized that bilinguals would outperform monolinguals, consistent with previous findings 

of performance on this task (Yow & Markman, 2011). Additionally, I predicted that performance 

on these tasks would improve between T1 and T2 for the majority of participants. 

I also predicted that each child’s MCDI, performance in the live-action tasks, and word 

learning in the eye-tracking task would be interrelated across the two time points. If sensitivity to 

social-pragmatic cues aids children in word learning, children who were better able to map the 

label to the nonsalient object at T1 should exhibit greater vocabulary growth over the course of 

the study than the children who had difficulty making this mapping. This study expands the 

current knowledge base by framing attentional sensitivity to social-pragmatic cues as a potential 

predictor of and mechanism underlying individual differences in bilinguals’ vocabulary 

development. 

Method 

Participants 

Fourteen monolingual (Mage at first participation = 24.62 months; 9 girls) and 21 bilingual 

(Mage at first participation = 24.43 months; 11 girls) infants have enrolled for the first timepoint 

of this study to date; data collection was ongoing at the time of writing, and the target final 

sample size (i.e., participants completing all three timepoints) is 20 monolinguals and 20 

bilinguals. Participants were recruited via a university participant database, flyers in local public 

spaces (e.g., libraries), and word of mouth. Infants who were consistently exposed to and spoke 
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only one language (less than 15% use of a second language, assessed via parent report) were 

classified as monolingual; infants who were consistently exposed to and spoke two languages 

(between 25-75% use of a second language, according to parent report) were classified as 

bilingual (e.g., Byers-Heinlein & Werker, 2009; Legacy et al., 2017; Pearson, Fernandez, 

Lewedeg, & Oller, 1997; Yow et al., 2017). Parents were given $30 for each lab visit and a t-

shirt for their child as compensation for their participation, as well as a $10 gift card for 

completing the follow-up vocabulary survey. 

Questionnaires 

During each lab visit (T1: 24 months; T2: 27 months), each child’s parents completed 

three questionnaires: a language background questionnaire, a demographic questionnaire, and the 

MacArthur-Bates Communicative Development Inventory: Words and Sentences (MCDI; 

Fenson et al., 1994). 

The language background questionnaire (Appendix A) assessed the child’s language 

experience by asking parents to indicate which languages the child hears, which languages the 

child speaks, and approximately how much of the day the child speaks each language. It also 

asked parents to indicate how often the child mixes languages within one sentence and how often 

the child switches from speaking one language to speaking the other. To classify children as 

bilingual or monolingual, parents’ answers to question 4 (languages spoken in the home) and 

question 6 (the percentage of the time the child uses each language) were used (see Byers-

Heinlein & Werker, 2009; Fan et al., 2015; Legacy et al., 2017; Singh et al., 2015; Yow et al., 

2017).The demographic questionnaire (Appendix B) asked parents to answer brief questions 

about their socioeconomic status (SES), including the education level of each parent in the 

household, the number of people living in the household, and the household’s annual income. 
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Obtaining a measure of SES allowed us to ensure that any group differences found between 

monolinguals and bilinguals were due to language exposure and not due to differences in SES. 

Finally, the parents completed the MCDI, which is a checklist that assesses a child’s 

productive vocabulary (Fenson et al., 1994). Parents of monolingual children completed the 

MCDI in English; parents of bilingual children completed the MCDI in both English and the 

child’s other language. In addition to completing the MCDI at both lab visits (T1 and T2), 

parents also completed this checklist when their child was 30 months old (T3), three months after 

their second lab visit. The MCDI was used to track changes in productive vocabulary during the 

course of the study. 

Eye-Tracking Task 

Stimuli and apparatus. Eye-tracker. An SR Eyelink 1000 eye-tracker collected eye 

movement data at a frequency of 500Hz and an approximate spatial accuracy of .5-1°. Stimuli 

were presented on a 22” ViewSonic VX226wm monitor. Each child sat on a parent’s lap 

approximately 60cm from the monitor. Sitting at this distance from the monitor ensured that the 

child was able to see all stimuli being presented while still being within the distance range 

required for the eye-tracker to track the child’s pupil (SR Research Ltd., 2008). Each infant’s 

point of gaze was calibrated by showing a dynamic attention-getter at five points around the 

screen in a crosshair pattern (top middle, bottom middle, center, left, and right); the calibration 

process was carried out twice in order to ensure calibration validity, as recommended by the 

manufacturer of the eye-tracker (SR Research Ltd., 2008).   

Task overview. In this task, infants viewed videos in which a female experimenter looked 

at and labeled one of two objects onscreen. There were four learning trials of this nature; specific 

areas of interest (AOIs) for infants’ looking behavior were the speaker’s face, the target object, 
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and the distracter object. Although prior research (Pons et al., 2015) found that monolingual and 

bilingual infants’ visual attention to the eyes and mouth differed in early infancy, in this study, 

the face as a whole is one AOI rather than being broken down into separate eye and mouth AOIs. 

In the Pons et al. study, the attentional differences were found when comparing infants’ viewing 

of native vs. nonnative speech; in this study, all speech is in English, a native language for all 

infants.  

Following the learning trials, there were three test trials in which the two objects from 

learning appeared side-by-side onscreen and a labeling phrase was played over speakers. AOIs 

during the test trials were the target object and the distracter object. 

Video stimuli. Sixteen 12-second video segments were used in this task. In each video 

clip, the same female model was seated at a table on which there were two novel objects, and she 

labeled one of the objects three times. Novel objects were created to look dissimilar to any 

everyday object with which a child may have familiarity. Using novel objects ensured that there 

were no differences in children’s familiarity with the objects due to individual differences in 

experiences they have had prior to coming into the lab. 

Four pairs of novel objects were used in the word learning task (e.g., Goldenberg & 

Johnson, 2015; see Figure 1). Each pair consisted of one salient object and one nonsalient object. 

In each learning video the model looked to the target object and said three labeling phrases 

(using the same label in each phrase). Target salience was manipulated within subjects. For each 

participant, the salient object was the target in two randomly-chosen pairs and the nonsalient 

object was the target in two randomly-chosen pairs. The novel labels used in this task were 

chosen such that they follow phonetic rules of English (e.g., “gazzer,” “modi”). Each label was 
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randomly assigned to one pair of novel objects; see Figure 1 for a complete set of stimuli and 

labels. Objects were classified as salient or nonsalient based on infants’ visual preferences. 

Salient Object Nonsalient object Label 

 

 
 

 

 
 

modi 

 

 
 

 

 
 

tever 

 

 
 

 

 
 

blicket 

 

 
 

 

 
 

gazzer 

Figure 1. The four object pairs and labels used in the word learning eye-tracking task. 

 

Procedure. The purpose of this task was to measure how children allocate their visual attention 

(e.g., how much they look to the model’s face and the objects) in a word-learning task and to 

examine how patterns of attention allocation relate to word learning. Each child was tested 

individually and sat on a parent’s lap for the duration of the study. To avoid potential parental 

influence, parents were instructed to keep their eyes closed for the duration of the study. The 

video segments described above were shown in a random order, with the constraint that no more 
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than two sets of learning videos with the same target type (i.e., salient or nonsalient) were shown 

consecutively. For each object pair, children viewed four learning phase videos followed by a 

test phase in which static images of the two objects were displayed. An attention-getter was 

displayed between each new set of objects, as well as between each trial of the test phase, in 

order to center the infant’s attention before a new trial began. 

Learning phase. Four 12 s video segments were shown in the learning phase for each 

object pair. In each segment, the model first looked directly at the camera and addressed the 

child (“Hi, baby!”), in order to indicate communicative intent and facilitate learning (e.g., Csibra 

& Gergely, 2006; Gliga & Csibra, 2009).  She then shifted her gaze to the target object. In each 

video segment, the target object was labeled three times in order to draw the child’s attention to 

that particular object (e.g., “Look at the dax! See the dax? It’s a dax!”). Across the four video 

segments shown for each object pair, the target object appeared twice on the left side of the 

screen and twice on the right side of the screen in order to control for any possible effects of side. 

A blank screen was displayed for 2 s between video segments. Video segments were 

counterbalanced across participants for whether the target was the salient or the nonsalient object 

and whether the target first appeared on the left or right side of the screen. A still image from one 

of the learning videos is shown in Figure 2. 



 

21 

 

 
Figure 2. A still image from a Salient Learning trial of the word-learning eye-tracking task. 

Test phase. The test phase consisted of three trials, each 7s in duration: a Learning Label 

trial, a Distracter Label trial, and a second Learning Label trial. Similar test trials have been used 

in previous studies of word learning (Hollich et al., 2000; Pruden et al., 2006; Yurovsky & 

Frank, 2017) and provide a more nuanced assessment of a child’s word learning than simply 

using one test trial. The different trial types indicate the strength of the association the child has 

between a label and its referent (Hollich et al., 2000; Yurovsky & Frank, 2017). The first 

Learning Label trial provides a baseline measure of how long the child looks to the target object 

(as indicated in the learning trials) when its label is played. The Distracter Label trial assesses 

whether looking to the distracter object increases (and, thus, looking to the target object 

decreases) when a previously-unheard label is used. The primary measure of interest in the 

second Learning Label trial is again the amount of time the child spends looking to the target 

object and whether there is a relative increase in looking to the target compared to the Distracter 

Label trial. 

In these test trials, the two objects from the learning videos were displayed side by side 

on a beige background, matching the background from the learning phase. In each trial, after 2s 
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of silence, an audio recording played, instructing the infant to look at a particular object (e.g., 

“Look at the dax!”). In the Learning Label test trials (i.e., the first and third test trials), the audio 

recording used the same label that had been used in the learning phase (e.g., “Look at the dax!”).  

In the Distracter Label trial (i.e., the second test trial), the audio recording used a label that the 

child had not previously heard (e.g., “Look at the wug!”).  Test trials were counterbalanced at the 

block level (Salient and Nonsalient) as to whether the target object appeared on the left or right 

side of the screen (e.g., if the target object was on the left side of the screen for the test trials of 

the first Salient block, the target would be on the right side of the screen for the test trials of the 

second Salient block). Test trials were presented in the same order (Learning Label, Distracter 

Label, Learning Label) for each test phase.  

Live-Action Tasks 

During the live-action tasks, the experimenter and child were seated across from each 

other at a table in a small, quiet room. The child’s caregiver was seated behind the child, so as 

not to cause distraction, and a second experimenter sat behind the child to code their responses in 

these tasks. There were four posters on the walls of the room (for the gaze-following task, 

described below): one to the child’s left, one to the child’s right, and two on the wall behind the 

child. The live-action tasks were always carried out in the following order: shape Stroop, sticker-

finding, and toy-naming; the gaze-following task was interspersed throughout these tasks, as is 

common in other assessments of children’s attention to social cues (e.g., Mundy et al., 2003). 

See Figure 3 for examples of social task setup. 

Prior to data collection, the sticker-finding and gaze-following tasks were piloted using 

pointing as the target social cue. However, pilot participants’ (N = 6) performance on these tasks 
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was at ceiling when pointing was used. Thus, to make the tasks more difficult, eye gaze was the 

only social cue used in the sticker-finding, toy-naming, and gaze-following tasks. 

Shape Stroop Task. The shape Stroop task is a variation of the classic Stroop task that is 

appropriate for use with 24-month-olds (Kochanska, Murray, & Harlan, 2000). In this version of 

the task, children must inhibit attention to a prominent feature of the stimuli (i.e., size) in order to 

correctly respond. This task is designed to assess cognitive flexibility and was included in this 

study as a measure of general cognitive development. 

 Materials. In this task, two sets of images were used. One set of images consisted of 

large colored line drawings of an apple, an orange, and a banana. The second set of images was 

identical to the first, with the addition that there was a small line drawing of a different type of 

fruit inside each larger line drawing (e.g., a small drawing of an apple inside the larger drawing 

of the banana). 

 Procedure. First, the experimenter showed the child one sheet of paper containing all the 

pictures that would be used in the task, pointing at each image individually and labeling it by size 

and type (e.g., “Here’s a big banana and a little banana”). After showing the child all the images 

to be used, the experimenter began the no-conflict phase. In each trial of this phase, the 

experimenter presented the child with a sheet of paper containing only the large images (banana, 

apple, and orange) and asked the child to put a sticker on one of the images (e.g., “Can you put a 

sticker on the big banana?”). If the child responded incorrectly, the experimenter corrected them 

before moving on to the next trial. There were three trials in this phase—one for each image 

type—and the order in which images were requested was randomized across children. 

 After the no-conflict phase was completed, the experimenter began the conflict phase. In 

each trial of this phase, the experimenter presented the child with a sheet of paper containing the 
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nested images (e.g., a small apple inside the large banana) and asked the child to put a sticker on 

the small image within each larger image (e.g., “Can you put a sticker on the little apple?”). 

Children’s incorrect responses were not corrected in this phase. As in the no-conflict phase, the 

conflict phase consisted of three trials and image order was randomized across children. 

 

   

Figure 3. Setup of the live-action social tasks. From left to right: Sticker-Finding (Experimenter 

Centered), Toy-Naming, Gaze-Following. 

Sticker-Finding Task. This task assessed children’s ability to follow the experimenter’s gaze to 

find a hidden sticker (adapted from Yow & Markman, 2011). In half of the trials, the 

experimenter’s gaze was the only cue as to where the sticker might be; in half of the trials, there 

was a conflict between cues, such that the experimenter sat directly behind one possible location 

but used eye gaze to indicate that the sticker was in the other possible location. 

Materials. Two boxes with lids (6” x 6”) and 1.5” stickers were used in this task. 

Procedure. To begin this task, the experimenter told the child that they were going to 

play a game about finding stickers. To train the child in the task procedure (i.e., opening the box 

to look for a sticker), the experimenter put one box on the table, opened the lid, placed a sticker 

inside, closed the lid, and asked the child to search for the sticker. After the child had 

successfully opened the box to search for the sticker, the experimenter carried out four trials. 

In all trials, the experimenter put a sticker in one box out of the child’s view and then 

placed both boxes on the table, about 20” apart. After putting both boxes on the table, the 
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experimenter said the child’s name, turned their head to look at the target box, and said “Can you 

find the sticker?” The experimenter maintained gaze on the target box until the child opened one 

of the boxes. If the child made no response, the experimenter repeated the question while 

maintaining gaze on the target box. Each child’s behavior was coded for 1) the first box they 

touched and 2) the first box they opened. After each trial, the experimenter said a neutral phrase 

to the child (“Okay! Let’s do another one!”) and proceeded to the next trial. 

In two of the trials, the experimenter’s body was centered between both boxes. In the 

other two trials, the experimenter’s body was biased to be positioned directly behind one box; in 

these trials, the target was always the other box (i.e., the box further from the experimenter). 

Trial order and target side was randomized across children. 

Toy-Naming task. This task assessed children’s ability to use an experimenter’s eye gaze to 

correctly map a label to a previously-unseen referent (adapted from Baldwin, 1993). 

Materials. 18 novel objects were created to be unique in their combinations of colors and 

materials so as not to be familiar to any of the participants. Medium-sized cylindrical containers 

(9.5” high, 5.5” in diameter) were used in this task to conceal the toys from the child’s view. 

Procedure. Prior to the beginning of this task, the experimenter put several novel objects 

in each canister, to minimize transition time between trials (pilot testing showed that children 

lost interest if too much time elapsed between trials). The novel objects were placed in the 

canisters out of the child’s view, so that the child did not know which objects were inside the 

canisters. At the start of the task, the experimenter put 3 canisters 6” apart on the table and 

placed a narrow tray in front of the canisters. The task consisted of six trials in total. In each trial, 

the experimenter looked into each canister and said something about its contents: for the target 

canister, the experimenter made three statements using a novel label (e.g., “There’s a modi in 
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here! It’s a modi. I see the modi”), and for the non-target canister, the experimenter made three 

statements that used no labels (e.g., “I see it! That one’s in here. It’s that one”). Then, the 

experimenter removed one object from each canister and placed it on the tray in front of its 

corresponding canister. The experimenter then pushed the tray toward the child and asked for the 

toy that had been labeled (“Can you give me the modi?”). If the child did not respond, the 

experimenter asked for the toy again. Regardless of which toy the child gave to the experimenter, 

the experimenter responded with a neutral statement (“Thank you!”), removed all the toys from 

the table, and proceeded with the next trial in the same way. Order of target locations was 

randomized across children, with the constraint that each canister (left, middle, and right) serve 

as the target location in two of the six trials. In each trial, the child’s behavior was coded for 1) 

the first toy they touched, and 2) the toy they gave to the experimenter. 

Gaze-Following Task. This task assessed the child’s response to a bid for joint attention, which 

is another receptive social-pragmatic cue. Specifically, the gaze-following task assessed the 

child’s ability to follow the experimenter’s eye gaze to a target object that was not in the child’s 

direct line of sight. Because pilot testing showed that 24-month-olds performed at ceiling using 

the gaze-following task from the ESCS (Mundy et al., 2003), the task was modified to be slightly 

more difficult than the ESCS version of the task. 

Materials. Four 24x36” posters were used for the gaze-following task. 

Procedure. In the modified gaze-following task, the experimenter said the child’s name 

and tapped on their own nose to center the child’s attention on the experimenter. Then, the 

experimenter turned their head to look at one of the four posters in the room and indicated 

interest in the poster by saying “Hmm! Oooh. Oh!” with approximately 2s of silence between 

each exclamation. Importantly, the experimenter did not say words like “look,” “see,” or the 
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child’s name to get their attention. After the experimenter’s third vocalization, regardless of 

whether the child had looked at the target poster, the experimenter made a comment in reference 

to what was on the poster (e.g., “Did you see the shapes?”). 

In between trials of the other live-action tasks, the experimenter carried out one gaze-

following trial at a time. The order of the gaze-following trials throughout the live-action tasks 

was always Left, Left-Behind, Right-Behind, and Right (from the child’s perspective). The 

child’s response—i.e., whether they looked to the target poster after the experimenter’s first 

vocalization, and whether they looked at all—was recorded for each gaze-following trial. 

Results 

Analytic Plan 

 In this section, results are first presented and discussed cross-sectionally. At each 

timepoint, ANOVAs and t-tests were conducted to analyze the eye-tracking and live-action data; 

then, regressions relating these tasks are described. Next, analyses relating T1 task performance 

to T2 vocabulary are discussed. Then, multilevel analyses of the combined eye-tracking data 

from both timepoints are presented. Finally, descriptive information about vocabulary size at T3 

and vocabulary growth across the timepoints is discussed. 

Salience Manipulation 

 To ensure that infants perceived each pair of objects as differing in salience, infants’ test 

trial looking patterns during baseline (i.e., during the 2 s of silence prior to any labeling phrase) 

were analyzed separately for each of the four pairs of objects (Pomper & Saffran, 2018). In all 

cases, infants looked significantly more to one object than the other (smallest t = 2.657, largest p 

= .013). For three of the four object pairs, infants looked longer to the object defined by the 

experimenter as salient. For one pair of objects, infants looked significantly longer to the object 
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that had been defined by the experimenter as nonsalient; all analyses use infant-defined salience 

in determining which object was salient and which object was nonsalient (see Figure 4). 

Salient Object Nonsalient object t df p 

 

 
MpropDT: .564 (SD = .227) 

 

 
MpropDT = .343 (SD = .227) 

2.657 26 .013 

 

 
MpropDT = .580 (SD = .200) 

 

 
MpropDT = .324 (SD = .201) 

3.392 27 .002 

 

 
MpropDT = .665 (SD = .197) 

 

 
MpropDT = .234 (SD = .193) 

5.783 26 <.001 

 

 
MpropDT = .660 (SD = .152) 

 

 
MpropDT = .242 (SD = .151) 

7.299 26 <.001 

Figure 4. Infants’ baseline dwell times (i.e., before any audio was played) at test to the pairs of 

salient and nonsalient objects used in the study. Infants looked significantly more to the salient 

objects than the nonsalient objects. 

Cross-Sectional Analyses: 24 Months (T1) 

Sample and demographics. Twenty-seven participants participated at this time point (16 

girls; Mage = 24.38 months, SD = 0.39). See Table 1 for detailed information about the number of 

infants that complete each task at this time point. Fourteen infants were classified as monolingual 

(MEnglish exposure = 94.57%, SD = 5.97%; ML2 exposure = 5.36%; SD = 6.03%), and 13 infants were 

classified as bilingual (MEnglish exposure = 53.85%, SD = 16.97%; ML2 exposure = 46.15%; SD = 
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16.97%).  Parents of monolingual participants reported household income that was not 

significantly different from parents of bilingual participants1 (Mmonolingual = 5.15, SD = 1.77; 

Mbilingual = 4.08, SD = 1.88), t(23) = 1.465, p = .156. Similarly, average household size did not 

significantly differ between monolingual and bilingual participants (Mmonolingual = 4.07, SD = 

.829; Mbilingual = 5.54, SD = 1.51), t(18.355) = 1.127, p = .274. Finally, parents of monolingual 

participants did not report significantly different primary caregiver education2 (M = 9.961, SD = 

1.314) than parents of bilingual participants (M = 10.125, SD = .991), t(19) = 0.303, p = .765. 

See Table 2 for detailed demographic information of participants at T1. 

 

Table 1. Infants' task completion at T1 by language background 

 Total 

Number of 

Participants 

Eye-

tracking 

Shape 

Stroop 

Sticker-

Finding 

Toy-

Naming 

Gaze-

Following 

Monolingual 14 12 12 13 13 14 

Bilingual 13 10 9 12 12 12 

 

 

 

 

 

 

 

 

 

                                                 
1 Household income was coded corresponding to the income brackets from the demographic survey. Brackets were 

coded as follows: <$15,000 = 1; $15,000-45,000 = 2; $45,001-75,000 = 3; $75,001-105,000 = 4; $105,001-135,000 

= 5; $135,001-165,000 = 6; >$165,000 = 7 
2 Education was coded corresponding to the education levels from the demographic survey. Education was coded as 

follows: Some Elementary School = 1; Elementary School = 2; Some Middle School = 3; Middle School = 4; Some 

High School = 5; High School Diploma/GED = 6; Professional Certification/Technical Degree = 7; Some College = 

8; Associate’s Degree(s) = 9; Bachelor’s Degree(s) = 10; Master’s or Doctoral Degree(s) = 11 
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Table 2. Participants’ demographic characteristics at T1 

 Monolinguals (N = 13) Bilinguals (N = 13) 

Primary Caregiver Education   
High School Diploma/GED 7.69% 0.00% 

Professional Certification 0.00% 0.00% 

Some College 0.00% 12.50% 

Associate's Degree(s) 7.69% 0.00% 

Bachelor's Degree(s) 61.54% 50.00% 

Master's or Doctoral Degree(s) 23.08% 37.50% 

Income   
<$15,000 0.00% 8.33% 

$15,000-$45,000 7.69% 16.67% 

$45,001-$75,000 7.69% 8.33% 

$75,001-$105,000 30.77% 25.00% 

$105,001-$135,000 7.69% 25.00% 

$135,001-$165,000 7.69% 0.00% 

> $165,000 38.46% 16.67% 

Household Size (number of people living in home)  
3 28.57% 30.77% 

4 57.14% 38.46% 

5 7.14% 0.00% 

6 7.14% 15.38% 

7 0.00% 15.38% 

 

Vocabulary size. Monolinguals and bilinguals did not significantly differ in total 

vocabulary size (i.e., including bilinguals’ L2 vocabulary size; Mmonolingual = 346.86 words, SD = 

189.328; Mbilingual = 292.31 words, SD = 231.85), t(25) = 0.656, p = .518. However, monolingual 

infants knew significantly more words in English, assessed by the MCDI, than bilingual infants 

(Mmonolingual = 329.21 words, SD = 188.77; Mbilingual = 187.08 words, SD = 146.85), t(25) = 2.151, 

p = .04.  

Eye-tracking task. Exclusion criteria. For all eye-tracking analyses, individual trials in 

which an infant looked at the stimuli for less than 30% of the total trial length (12 s for learning 

trials, 7 s for test trials) were excluded from analysis. If more than 50% of an infant’s trials were 

excluded due to this criterion, or if after applying this exclusion criterion an infant had not 
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completed at least one Salient and at last one Nonsalient block, their data were excluded entirely 

(N = 4). 

Learning trials. First, to test for potential attentional differences based on the side of the 

target object, paired-samples t-tests for learning trials in the Salient and Nonsalient blocks were 

conducted. These tests showed nonsignificant differences in looking patterns regardless of 

whether the target object was on the left or right side of the screen (all ps > .05; largest t = 1.757; 

smallest p = .093). Thus, subsequent analyses collapse across learning target location. 

Additionally, initial omnibus analyses included infant gender as a variable of interest; no 

significant effects of gender were found (all ps > .05) and this variable was dropped from 

subsequent analyses. 

To investigate infants’ looking behavior during learning trials, a 2 (block type: salient, 

nonsalient) x 3 (Area of Interest (AOI): face, target, distracter) x 2 (language background: 

monolingual or bilingual) omnibus ANOVA was conducted. This analysis revealed a significant 

3-way interaction between block type, AOI, and language background, F(2, 40) = 5.223, p = .01.  

To follow up on this interaction, separate ANOVAs were conducted for looking during 

the Salient (coincidental) and Nonsalient (conflict) blocks. For Salient (coincidental) learning 

trials, a 2 (language background) x 3 (AOI) mixed ANOVA showed a significant language 

background x AOI interaction, F(2, 30) = 2.450, 3.428, p = .042, as well as a significant main 

effect of AOI, F(2, 40) = 90.609, p < .001. Follow-up t-tests (corrected for multiple 

comparisons) examining monolinguals’ looking behavior showed that monolingual infants 

looked significantly more to the speaker’s face (MpropDT = .540, SD = .13) than the target object 

(MpropDT = .264, SD = .10), t(11) = 4.365, p = .001; monolinguals also looked significantly more 

to the target object (MpropDT = .264, SD = .10) than to the distracter object (MpropDT = .081, SD = 
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.031), t(11) = 5.862, p < .001. Similarly, separate t-tests (corrected for multiple comparisons) 

examining bilinguals’ looking behavior during learning also showed greater looking to the 

speaker’s face (MpropDT = .626, SD = .16) than the target object (MpropDT = .151, SD = .09), t(9) = 

6.762, p < .001. However, in contrast to monolinguals, bilingual infants did not look 

significantly differently to the target object (MpropDT = .151, SD = .09) and the distracter object 

(MpropDT = .094, SD = .09), t(9) = 1.473, p = .175 (see Figure 5).  

 
Figure 5. Monolinguals’ and bilinguals’ mean proportion dwell time (DT) to the face, target, and 

distracter during learning trials in the Salient (coincidental) blocks at T1. Both groups of infants 

looked significantly more to the face than either of the objects. Monolinguals looked 

significantly longer to the target object than the distracter; bilinguals did not look significantly 

differently to the target and distracter. Error bars represent standard error. *** p < .001 

 

For the Nonsalient (conflict) learning trials, the same analysis was conducted, yielding a 

significant main effect of AOI, F(2, 40) = 43.484, p < .001, but no main effect of language 

background or language background x AOI interaction. As in the Salient condition, follow-up t-

tests (corrected for multiple comparisons) showed that infants looked significantly more to the 

speaker’s face (MpropDT = .568, SD = .195) than to the target object (MpropDT = .142, SD = .067), 
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t(22) = 8.807, p < .001. In contrast to the Salient condition, though, infants in the Nonsalient 

(conflict) condition did not look significantly differently to the target and distracter objects 

(distracter MpropDT = .140, SD = .138) during learning, t(22) = 0.051, p = .960 (Figure 6). 

Overall, infants’ looking during both types of learning trials was primarily to the 

speaker’s face. During the Salient (coincidental) learning trials, infants correctly looked more to 

the experimenter-cued target object than the distracter object; during the Nonsalient (conflict) 

trials, however, infants seemed to have more difficulty attending to the experimenter-cued target 

object due to the presence of the uncued salient competitor. 

 
Figure 6. Monolinguals’ and bilinguals’ mean proportion dwell time (DT) to the face, target, and 

distracter during learning trials in the Nonsalient (conflict) blocks at T1. Both groups of infants 

looked significantly more to the face than either of the objects. Target looking was not 

significantly different from distracter looking for either language group. Error bars represent 

standard error. *** p < .001 

 

Test trials. To examine infants’ looking behavior in Salient test trials, a 2 (language 

background) x 2 (AOI: target or distracter) x 3 (test trial: 1, 2, or 3) ANOVA revealed a 
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significant main effect of AOI, such that across trials, infants looked more to the target object 

(MpropDT = .612, SD = .176) than the distracter object (MpropDT = .349, SD = .164), F(1, 13) = 

10.288, p = .005 (Figure 7). No other significant main effects or interactions were found. 

 
Figure 7. Infants’ looking during Salient (coincidental) test trials at T1. Infants looked 

significantly more to the target (i.e., salient) object regardless of trial. Test 1 and Test 3 were 

Learning Label trials; Test 2 was the Distracter Label trial. Error bars represent standard error. 

 

Similarly, to examine infants’ looking behavior in Nonsalient (conflict) test trials, a 2 

(language background) x 2 (AOI: target or distracter) x 3 (test trial: 1, 2, or 3) ANOVA was 

conducted. This analysis revealed a marginally significant main effect of AOI, such that across 

trials, infants looked less to the target object (MpropDT = .407, SD = .144) than the distracter object 

(MpropDT = .545, SD = .148), F(1, 15) = 4.20, p = .058. That is, infants looked more to the salient 

distracter object than the nonsalient target object, even though the salient distracter had not been 

attended to by the speaker during learning trials (Figure 8). No other significant main effects or 

interactions were found. 
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Figure 8. Infants’ looking during Nonsalient (conflict) test trials at T1. Infants looked 

significantly more to the distracter (i.e., the salient object) during two of the three trials. Test 1 

and Test 3 were Learning Label trials; Test 2 was the Distracter Label trial. Error bars represent 

standard error. 
 

In addition to the above analyses, infants’ proportion looking to the target and distracter 

objects during individual test trials was compared to chance (i.e., .5; Yurovsky & Frank, 2017). 

Detailed results of the one-sample t-tests are presented in Table 3. During all three Salient 

(coincidental) test trials, infants looked to the target object significantly more than chance and to 

the distracter object significantly less than chance (all ps < .05). In contrast, infants’ looking to 

the target and distracter object during the Nonsalient (conflict) test trials differed across trial. 

Infants’ looking to the target and distracter objects did not differ from chance during the first 

Learning Label trial (i.e., test trial 1); infants looked to the target object significantly less than 

chance during the Distracter Label trial (i.e., test trial 2); and infants looked to the target object 

significantly less than chance, and the distracter object significantly more than chance, during the 

second Learning Label trial (i.e., test trial 3). 
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Table 3. Infants’ test looking during T1 compared to chance 

Block Type Trial Number AOI df t p Mean (SD) 

Salient 

(coincidental) 

Test 1 Target 20 3.179 .005 .647 (.213) 

 
Distracter 20 -5.344 <.001 .297 (.173)  

Test 2 Target 22 2.133 .044 .605 (.236)  
Distracter 22 -3.295 .003 .339 (.233)  

Test 3 Target 18 2.38 .029 .657 (.288)  
Distracter 17 -2.69 .016 .325 (.275) 

Nonsalient 

(conflict) 

Test 1 Target 22 -0.696 .494 .473 (.182) 

 
Distracter 21 0.543 .593 .517 (.147)  

Test 2 Target 22 -2.317 .03 .365 (.279)  
Distracter 22 1.709 .101 .601 (.283)  

Test 3 Target 18 -4.429 <.001 .320 (.177)  
Distracter 18 2.858 .01 .615 (.176) 

Note. Chance was defined as .5 for test trials. Standard deviations appear in parentheses. 

 

 Paired-samples t-tests comparing infants’ looking to the target and distracter objects 

within each trial corroborate the results yielded by the t-tests comparing looking to chance. 

Detailed t-test results can be found in Table 4. Overall, in the Salient (coincidental) test trials, 

infants looked significantly more to the target object than to the distracter object (all ps < .05). 

During the Nonsalient (conflict) test trials, infants did not look significantly differently to the 

target and distracter objects during the first Learning Label trial (i.e., test trial 1), but they looked 

more to the distracter object than the target object during both the Distracter Label trial (test trial 

2) and the second Learning Label trial (test trial 3). 
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Table 4. Paired-samples t-tests of infants’ test trial looking at T1 

Block Type and Trial Number AOI df t p 

Salient (coincidental) Target Distracter 
   

Test 1 .647 (.213) .297 (.173) 20 4.384 <.001 

Test 2 .605 (.236) .339 (.233) 22 2.8 .01 

Test 3 .657 (.288) .325 (.275) 17 2.396 .028 

Nonsalient (conflict) 
     

Test 1 .473 (.182) .517 (.147) 21 -1.067 .298 

Test 2 .365 (.279) .601 (.283) 22 -2.03 .055 

Test 3 .320 (.177) .615 (.176) 18 -3.738 .002 

 

Note. Standard deviations appear in parentheses. 

 To investigate changes in infants’ looking to the target object across trials and looking to 

the distracter object across trials, paired-samples t-tests were conducted (e.g., target looking 

during the first Learning Label trial vs. target looking during the Distracter Label trial). If infants 

learned the label for the object from the learning video, target looking should decrease during the 

Distracter Label trial relative to the Learning Label trials, and distracter looking should increase 

during the Distracter Label trial relative to the Learning Label trials. At this time point, however, 

there were no significant differences in infants’ looking to the target object across trials or the 

distracter object across trials (Table 5). 

Table 5. Tests of infants’ change in looking between test trials at T1 

Block Type Comparison AOI  df t p 

Salient 

(coincidental) Test 1 vs. Test 2 

Target 20 0.825 .419 

 
Distracter 20 -0.785 .442  

Test 2 vs. Test 3 
Target 18 -0.908 .376  
Distracter 17 0.371 .715 

Nonsalient 

(conflict) Test 1 vs. Test 2 

Target 22 1.793 .087 

 
Distracter 21 -1.381 .182  

Test 2 vs. Test 3 
Target 18 0.993 .334  
Distracter 18 -0.684 .503 
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In sum, infants at this time point attended primarily to the speaker’s face during the 

learning trials, regardless of whether the target was the salient or nonsalient object. At test, 

infants’ looking patterns suggested that their attention was captured more by object salience than 

by any associations they had made with the label used by the speaker during the learning trials. 

This is evidenced by the facts that 1) infants looked significantly more to the salient object 

during all Salient (coincidental) test trials and two of the three Nonsalient (conflict) test trials and 

2) infants’ attention to the target and distracter objects did not significantly change across test 

trials. 

Live-action tasks. At T1, two children did not complete any of the live-action tasks due 

to fussiness; one additional child did not complete the sticker-finding task but did complete the 

toy-naming and gaze-following tasks. Six children did not complete the Shape Stroop task at T1 

because this task was added to the battery a few weeks after data collection began. 

In order to test whether infants’ performance on each task was significantly different 

from chance, multiple one-sample t-tests were conducted (Table 6); after correcting for multiple 

comparisons, no performance on any task was significantly different from chance for that task. 

Additionally, a paired-samples t-test was conducted to compare infants’ performance on the 

sticker-finding task when the experimenter was centered between the two boxes vs. biased away 

from the target box. On the sticker-finding task, children performed marginally significantly 

better when the experimenter was centered between the two boxes (M = 1.33 trials correct, SD = 

.637) than when the experimenter was biased away from the target box (M = 1.00 trials correct, 

SD = .780), t(23) = 2.000, p = .057. 
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Table 6. Infants’ live-action task performance, relative to chance, at T1 

Comparison vs. chance df t p Mean (SD) 

Shape Stroop Task 20 -.847 .407 1.90 (.809) 

Sticker Task: Experimenter Biased 25 <0.001 >.999 1.00 (.764) 

Sticker Task: Experimenter Centered 24 2.563 .017 1.33 (.637) 

Sticker Task: Total Performance 24 1.193 .244 2.28 (1.173) 

Toy-Naming Task 24 0.7 .491 2.61 (1.143) 

Note. Chance performance for the Shape Stroop task is 1 (out of 3). Chance performance for the 

Sticker Task is a score of 1 (out of 2) for the Experimenter Biased and Experimenter Centered 

trial types and a score of 2 (out of 4) for total performance. Chance performance for the Toy-

Naming Task is a score of 2 (out of 6). Standard deviations appear in parentheses. 

 

 

  To test the effects of language background, independent-samples t-tests were conducted 

comparing monolinguals’ and bilinguals’ performance on each of the live-action tasks; there 

were no significant differences in task performance between these two groups (Table 7). 

Table 7. Comparisons of monolinguals’ and bilinguals’ live-action task performance at T1 

Task df t p 
Monolinguals – 

Mean Trials Correct 

Bilinguals – Mean 

Trials Correct 

Shape Stroop 19 -.299 .768 0.75 (1.06) 0.89 (1.05) 

Sticker-finding – 

Experimenter Biased 

23 <.001 >.999 1.00 (.913) 1.00 (.603) 

Sticker-finding – 

Experimenter Centered 

22 <.001 >.999 1.33 (.651) 1.33 (.651) 

Sticker-finding - Total 23 -0.214 .832 2.23 (1.36) 2.33 (.985) 

Toy-naming 23 1.4 .175 2.46 (1.05) 1.83 (1.19) 

Gaze-following (after 

first vocalization) 

23 -1.003 .326 1.38 (1.12) 1.83 (1.12) 

Gaze-following 

(looked at all) 

24 0.023 .982 2.43 (1.34) 2.42 (1.24) 

Note. Standard deviations appear in parentheses. 

 

Correlations among the live-action tasks—sticker-finding, toy naming, gaze following, 

and Shape Stroop—are shown in Table 8.. At T1, performance on one live-action task was not 

significantly correlated with performance on any other live-action task. As shown in Table 9, 

performance on the social live-action tasks at this time point was not significantly correlated with 
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English vocabulary size or total vocabulary size; however, Shape Stroop performance was 

significantly correlated with total vocabulary size. 

 

Table 8. Correlations among live-action tasks at T1 
 

Gaze 

following 

Sticker-finding (total) Toy naming Shape Stroop 

Gaze following . 
  

 

Sticker-finding 

(total) 

-.292 . 
 

 

Toy-naming -.176 .152 .  

Shape Stroop .319 .248 -.280 . 

 

Table 9. Correlations among social live-action task performance and vocabulary at T1 
 

Gaze following Sticker-finding (total) Toy naming Shape Stroop  

English MCDI -.018 -.004 -.154 .395  

Total MCDI -.064 .115 -.213 .535*  

 

Note. * p < .05. 

Regressions relating tasks. Several OLS regressions were conducted to investigate the 

relation between eye-tracking task performance, live-action task performance, language 

background, and vocabulary at T1. For ease of interpretation, eye-tracking proportions were 

converted to percentages (i.e., multiplied by 100) for these analyses. Eye-tracking outcome 

variables included 1) looking to the target object during the first test trial, 2) the change in 

looking to the target between the first and second test trials, and 3) the change in looking to the 

target between the second and third test trials. Separate regressions were conducted for the 

Salient (coincidental) and Nonsalient (conflict) blocks because infants’ looking patterns were 

found to be different between these blocks. Furthermore, it was hypothesized that looking during 

the Nonsalient (conflict) blocks specifically may be related to performance on the live-action 

social tasks because mapping the label to the intended target requires infants to attend to social 
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information (i.e., eye gaze) more heavily than object-level information (i.e., salience). 

Vocabulary outcome variables were 1) English MCDI score and 2) Total MCDI score. Language 

background (categorical: monolingual or bilingual; continuous: difference in percent exposure to 

L1 and L2) and performance on live-action tasks (gaze following, sticker-finding, and toy-

naming) were included only as predictors in the analyses. To be included in these analyses, 

children had to provide both eye-tracking and live-action task data at this timepoint. Due to this 

requirement, the sample size was small (N < 25). Thus, separate regressions using different 

combinations of predictors were conducted, because an analysis using all predictors of interest 

simultaneously would have resulted in an overfit model. None of the models tested were 

significant; tables for each model can be found in Appendix C. 

Discussion: T1 

 At T1, infants’ looking in the eye-tracking task was largely driven by social information 

(i.e., the speaker’s face and gaze), when present, and object salience. As expected, infants looked 

primarily to the speaker’s face during learning trials, and they did follow the speaker’s gaze cue 

to look to the target object during these trials (though during Nonsalient/conflict blocks, infants’ 

looking to the target and distracter objects did not significantly differ).  

At test, infants’ looking was driven by object salience: infants consistently looked to the 

salient object, regardless of whether it had been the speaker’s target during a given block of 

trials. During Salient (coincidental) test trials at T1, infants did look to the target object 

significantly more than the distracter object (and significantly more than chance). However, this 

pattern of looking does not necessarily indicate learning, because infants’ looking did not change 

between different trial types (i.e., Learning Label and Distracter Label trials). If infants had 

associated the target object with the label from the learning trials, they should have decreased 
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target looking and increased distracter looking when they heard a different label (i.e., during the 

Distracter Label trials). This pattern was found in the Nonsalient test trials as well: infants’ 

looking did not significantly change across trial types, and infants generally looked more to the 

distracter object (i.e., the salient object) than the target object during the test trials. 

Contrary to predictions, bilingual infants were not more attuned to the social-pragmatic 

cues used in this task than monolingual infants: specifically, they did not show any evidence of 

being better able to map the label to the target object during Nonsalient (conflict) trials than 

monolinguals. The salience-driven looking at this time point (when infants were 24 months old) 

is consistent with previous findings that infants have difficulty mapping labels to nonsalient 

objects when a salient competitor is present (Hollich et al., 2000; Pruden et al., 2006; Yurovsky 

& Frank, 2017). As in Yurovsky & Frank (2017), infants in this study did follow the speaker’s 

gaze to the intended target during the Nonsalient learning trials, such that their target looking 

accounted for about 14% of their total looking during these learning trials. If infants’ attention 

had been completely salience-driven during the learning trials in the Nonsalient (conflict) blocks, 

they would have looked significantly longer to the distracter object than the target object, but this 

was not the case—infants did not show a difference in looking to the target and distracter 

objects. This lack of difference suggests that infants were incorporating the gaze cue provided by 

the experimenter to at least some extent. However, during test, infants still looked primarily to 

the salient distracter. These findings suggest that young word-learners rely heavily on social cues 

to associate a label with the intended referent, and they may need more experience with socially-

cued object-label pairings before that association becomes established. 

In the live-action tasks, children performed above chance in the Experimenter Centered 

trials of the Sticker-Finding Task; performance in all other tasks was at chance. Performance did 
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not vary by language background (monolingual vs. bilingual), and performance among tasks 

(Sticker-Finding, Gaze-Following, Toy-Naming) was not significantly correlated. Live-action 

task performance was also uncorrelated with any measures of language development or English 

exposure. 

Overall, infants had difficulty using experimenters’ gaze cues to map labels to objects (in 

the eye-tracking and Toy-Naming tasks) or find hidden objects (in the Sticker-Finding task) at 

this time point. Rather, infants’ attention was dominated by nonsocial cues such as salience in 

the eye-tracking task and the experimenter’s body position (a perceptual, nonsocial cue; Yow & 

Markman, 2011) in the Sticker-Finding task, resulting in no evidence of learning in the eye-

tracking task and chance performance on the live-action social tasks. 

Cross-sectional analyses: 27 Months (T2) 

 Sample and demographics. Eighteen participants (12 girls) provided data at T2 (Mage = 

27.37 months, SD = 0.486). See Table 10 for detailed information about the number of infants 

that completed each task at this time point. Of the 18 participants, 11 were monolingual (MEnglish 

exposure = 95.0%, SD = 5.0%; ML2 exposure = 4.1%; SD = 4.9%) and 7 were bilingual (MEnglish exposure 

= 58.57%, SD = 14.64%; ML2 exposure = 41.43%; SD = 14.64%). Monolingual and bilingual infants 

did not significantly differ in mean household income (Mmonolingual = 5.09, SD = 1.70; Mbilingual = 

4.14, SD = 2.04), t(16) = 1.07, p = .301, mean parent education (Mmonolingual = 10.23, SD = .786; 

Mbilingual = 9.21, SD = 2.10), t(7.086) = 1.224, p = .260, or mean household size (Mmonolingual = 
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6.20, SD = .632; Mbilingual = 6.86, SD = .690), t(15) = 2.032, p = .06. See Table 11 for 

participants’ detailed demographic information at T2. 

Table 10. Infants’ task completion at T2 by language background 

 Total 

Number of 

Participants 

Eye-

tracking 

Shape 

Stroop 

Sticker-

Finding 

Toy-

Naming 

Gaze-

Following 

Monolingual 11 11 10 11 9 11 

Bilingual 7 5 6 7 7 7 

 

Table 11. Participants’ demographic characteristics at T2 

Demographic Characteristic Monolinguals (N = 11) Bilinguals (N = 7) 

Primary Caregiver Education   
Some High School 0.00% 14.29% 

High School Diploma/GED 9.09% 0.00% 

Professional Certification 0.00% 0.00% 

Some College 0.00% 0.00% 

Associate's Degree(s) 0.00% 0.00% 

Bachelor's Degree(s) 54.55% 57.14% 

Master's or Doctoral Degree(s) 36.36% 28.57% 

Income   
<$15,000 0.00% 14.29% 

$15,000-$45,000 0.00% 0.00% 

$45,001-$75,000 18.18% 28.57% 

$75,001-$105,000 36.36% 14.29% 

$105,001-$135,000 0.00% 14.29% 

$135,001-$165,000 9.09% 14.29% 

> $165,000 36.36% 14.29% 

Household Size (number of people living in home)  
3 0.00% 0.00% 

4 0.00% 0.00% 

5 10.00% 0.00% 

6 60.00% 28.57% 

7 30.00% 57.14% 

8 0.00% 14.29% 

 

Vocabulary size. Total vocabulary size (i.e., including bilinguals’ vocabulary size in L2 

in addition to English) did not significantly differ between monolinguals and bilinguals 
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(Mmonolingual = 505.18 words, SD = 187.99; Mbilingual = 512.14 words, SD = 365.93), t(8.049) = 

0.047, p = .964. However, monolingual infants knew significantly more words in English, 

assessed by the MCDI, than bilingual infants (Mmonolingual = 479.09 words, SD = 164.16; Mbilingual 

= 278.43 words, SD = 156.40), t(16) = 2.573, p = .025. 

Eye-tracking task. Exclusion criteria. For all eye-tracking analyses, individual trials in 

which an infant looked at the stimuli for less than 30% of the trial length (12 s for learning trials, 

7 s for test trials) were excluded from analysis. If more than 50% of an infant’s trials were 

excluded due to this criterion, or if after applying this exclusion criteria an infant had not 

completed at least one Salient (coincidental) and at last one Nonsalient (conflict) block, their 

data were excluded entirely (N = 1). 

Learning trials. First, to test for attentional differences based on the side of the target 

object, paired-samples t-tests for learning trials in the Salient (coincidental) and Nonsalient 

(conflict) blocks were conducted. These tests showed nonsignificant differences in looking 

patterns regardless of whether the target object was on the left or right side of the screen (all ps > 

.05; largest t = 1.494, smallest p = .157); thus, subsequent analyses collapse across target 

location (i.e., left or right). Additionally, initial omnibus analyses included infant gender as a 

variable of interest; no significant effects of gender were found (all ps > .05) and this variable 

was dropped from subsequent analyses. 

To investigate infants’ looking behavior during learning trials, a 2 (block type: salient or 

nonsalient) x 3 (AOI: face, target, distracter) x 2 (language background) omnibus ANOVA was 

conducted. This analysis revealed a significant main effect of AOI, F(2, 28) = 52.293, p < .001, 

as well as a significant block type x AOI interaction, F(2, 28) = 3.346, p = .050. 
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To follow up on this interaction, infants’ looking behavior during Salient and Nonsalient 

learning trials was analyzed separately. For the Salient (coincidental) learning trials, a 2 

(language background) x 3 (AOI: face, target, distracter) mixed ANOVA revealed a significant 

main effect of AOI, F(2, 28) = 24.686, p < .001; no main effect of language or language x AOI 

interaction was found. Follow-up t-tests investigating the main effect of AOI showed that infants 

looked significantly longer to the speaker’s face (MProp. DT = .453, SD = .172) than to the target 

object (MProp. DT = .196, SD = .093), t(15) = 4.816, p < .001, and they looked significantly longer 

to the target object (MProp. DT = .196, SD = .093) than to the distracter object (MProp. DT = .101, SD 

= .058), t(15) = 4.621, p < .001 (Figure 9). 

 
Figure 9. Monolinguals’ and bilinguals’ mean proportion dwell time (DT) to the face, target, and 

distracter during learning trials in the Salient (coincidental) blocks at T2. Both groups of infants 

looked significantly more to the face than either of the objects, and significantly more to the 

target than to the distracter. Error bars represent standard error. *** p < .001 

 

For the Nonsalient (conflict) learning trials, the same analyses were conducted. Similar to 

the Salient learning trials, a 2 (language background) x 3 (AOI: face, target, distracter) ANOVA 
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showed a significant main effect of AOI, F(2, 28) = 65.887, p < .001, such that infants looked 

significantly longer to the speaker’s face (MProp. DT = .495, SD = .151) than to the target object 

(MProp. DT = .134, SD = .058), t(15) = 9.422, p < .001. However, in contrast to the Salient learning 

trials, infants did not look significantly differently to the target and distracter objects in the 

Nonsalient (conflict) learning trials, t(15) = 0.164, p = .872 (Figure 10). 

Overall, infants’ looking during the learning trials at this time point mirror the effects 

found at T1. Infants looked the most to the speaker’s face during both Salient (coincidental) and 

Nonsalient (conflict) blocks. In the Salient (coincidental) blocks, infants looked significantly 

more to the target object than the distracter object, but in the Nonsalient (conflict) blocks, 

infants’ looking to the two objects did not significantly differ. 

 
Figure 10. Monolinguals’ and bilinguals’ mean proportion dwell time (DT) to the face, target, 

and distracter during learning trials in the Nonsalient (conflict) blocks at T2. Both groups of 

infants looked significantly more to the face than either of the objects but did not differ in their 

target and distracter looking. Error bars represent standard error. *** p < .001 

Test trials. To examine infants’ looking behavior across test trials in the Salient 

(coincidental) blocks, a 2 (language background) x 2 (AOI: target or distracter) x 3 (test trial: 1, 
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2, or 3) ANOVA was conducted. This test revealed a significant main effect of AOI, F(1, 7) = 

7.831, p = .027, such that infants looked significantly more to the target object (MProp. DT = .577, 

SD = .123) than the distracter object (MProp. DT = .389, SD = .095; see Figure 11). No significant 

interactions or main effects of language background or trial number were found. 

 
Figure 11. Infants’ looking during Salient (coincidental) test trials at T2. Infants looked 

significantly more to the target (i.e., salient) object in the first test trial. Test 1 and Test 3 were 

Learning Label trials; Test 2 was the Distracter Label trial. Error bars represent standard error. 
 

Similarly, to examine infants’ looking behavior across test trials in the Nonsalient 

(conflict) blocks, a 2 (language background) x 2 (AOI: target or distracter) x 3 (test trial: 1, 2, or 

3) ANOVA was conducted. There were no significant main effects of language background, 

AOI, or trial, and no significant interactions were found (all ps > .05). That is, infants’ looking to 

the target and distracter objects was not significantly different across trials, nor did it vary by 

trial or language background (Figure 12). 
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Figure 12. Infants’ looking during Nonsalient (conflict) test trials at T2. Infants looked 

significantly more to the distracter (i.e., salient) object than the target object in the second test 

trial. Test 1 and Test 3 were Learning Label trials; Test 2 was the Distracter Label trial. Error 

bars represent standard error. 

In addition to the above analyses, infants’ proportion looking to the target and distracter 

objects during individual test trials was compared to chance (i.e., .5; Yurovsky & Frank, 2017). 

Detailed results of the one-sample t-tests are presented in Table 12. During the Salient 

(coincidental) test trials, infants looked to the distracter object significantly less than chance 

during the first Learning Label trial (i.e., test trial 1); otherwise, looking did not significantly 

differ from chance in any test trial in this block.  Similarly, infants’ looking to the target and 

distracter object during the Nonsalient (conflict) test trials were largely consistent across trials. 

Infants’ looking to the target and distracter objects did not differ from chance during the first 

Learning Label trial (i.e., test trial 1); infants looked to the target object significantly less than 

chance and to the distracter object marginally significantly more than chance during the 

Distracter Label trial (i.e., test trial 2); and infants’ looking to the target and distracter objects did 

not differ from chance during the second Learning Label trial (i.e., test trial 3). 
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Table 12. Infants’ test looking during T2 compared to chance 

Block Type Trial Number AOI df t p Mean (SD) 

Salient 

(coincidental) 

Test 1 Target 14 1.677 0.116 .635 (.311) 

 
Distracter 14 -3.085 0.008 .305 (.245)  

Test 2 Target 14 -0.281 0.783 .478 (.310)  
Distracter 13 -0.002 0.998 .499 (.263)  

Test 3 Target 9 1.123 0.29 .581 (.228)  
Distracter 9 -1.249 0.243 .409 (.231) 

Nonsalient 

(conflict) 

Test 1 Target 14 -1.725 0.107 .394 (.239) 

 
Distracter 15 1.022 0.323 .567 (.261)  

Test 2 Target 15 -3.167 0.006 .334 (.210)  
Distracter 15 2.105 0.053 .618 (.224)  

Test 3 Target 11 -1.978 0.074 .389 (.194)  
Distracter 11 0.401 0.696 .531 (.275) 

Note. Standard deviations appear in parentheses. 

 

Planned paired-samples t-tests comparing infants’ looking to the target and distracter 

objects within each trial corroborate the results yielded by the t-tests comparing looking to 

chance. Detailed t-test results can be found in Table 13. During the first Salient (coincidental) 

test trial, infants looked significantly more to the target object than to the distracter object; during 

subsequent test trials, infants’ looking to the target and distracter objects did not significantly 

differ. During the Nonsalient (conflict) test trials, infants did not look significantly differently to 

the target and distracter objects during the first or second target label trials (i.e., test trials 1 and 

3), but they looked significantly more to the distracter object than the target object during the 

Distracter Label trial (test trial 2). 
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Table 13. Paired-samples t-tests of infants’ test trial looking at T2 

Block Type and Trial Number AOI df t p 

Salient (coincidental) Target Distracter  
  

Test 1 .635 (.311) .305 (.245) 14 2.354 0.034 

Test 2 .478 (.310) .499 (.263) 13 -0.389 0.704 

Test 3 .581 (.228) .409 (.231) 9 1.187 0.266 

Nonsalient (conflict) 
     

Test 1 .394 (.239) .567 (.261) 14 -1.231 0.239 

Test 2 .334 (.210) .618 (.224) 15 -2.674 0.017 

Test 3 .389 (.194) .531 (.275) 11 -1.116 0.288 

 

Note. Standard deviations appear in parentheses. 

 

To investigate changes in infants’ looking to the target object across trials and looking to 

the distracter object across trials (e.g., target looking during the first Learning Label trial vs. 

target looking during the Distracter Label trial), paired-samples t-tests were conducted. If infants 

learned the label for the object from the learning video, target looking should decrease during the 

Distracter Label trial relative to the Learning Label trials, and distracter looking should increase 

during the Distracter Label trial relative to the Learning Label trials. At this time point, there 

were no significant differences in infants’ looking to the target object across trials or the 

distracter object across trials (Table 14). 

Table 14. Tests of infants’ change in looking between test trials at T2 

Block Type Comparison AOI df t p 

Salient 

(coincidental) Test 1 vs. Test 2 

Target 13 1.735 .106 

 
Distracter 12 -2.252 .044  

Test 2 vs. Test 3 
Target 9 -0.737 .480  
Distracter 9 0.509 .623 

Nonsalient 

(conflict) Test 1 vs. Test 2 

Target 14 0.85 .410 

 
Distracter 15 -0.665 .516  

Test 2 vs. Test 3 
Target 11 -1.06 .312  
Distracter 11 1.546 .150 
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 In sum, infants’ looking at T2 was similar to their looking at T1. During learning trials, 

they primarily looked to the speaker’s face; in the Salient (coincidental) blocks, they looked 

significantly longer to the target object than the distracter object, but in the Nonsalient (conflict) 

blocks, their looking between the target and distracter did not differ. At test, their looking to the 

target and distracter objects was similar and did not significantly change across trials, suggesting 

that they had not formed any stable associations between the label and referent from the learning 

trials. 

Live-action tasks. At T2, one child did not complete any of the live-action tasks due to 

fussiness. An additional child completed the sticker-finding and gaze-following tasks but refused 

to complete the toy-naming task. 

In order to test whether infants’ performance on each task was significantly different 

from chance, multiple one-sample t-tests (corrected for multiple comparisons) were conducted 

(Table 15); after correcting for multiple comparisons, no performance on any task was 

significantly different from chance for that task. Additionally, a paired-samples t-test was 

conducted to compare infants’ performance on the sticker-finding task when the experimenter 

was centered between the two boxes vs. biased to one side. Infants did not perform significantly 

differently whether the experimenter was centered between the two boxes (M = 1.35 trials 

correct, SD = .702) or biased away from the target box (M = 1.41 trials correct, SD = .795), t(16) 

= 0.293, p = .773.  
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Table 15. Infants’ live-action task performance, relative to chance, at T2 

Comparisons vs. chance df t p Mean (SD) 

Shape Stroop Task 15 0.808 .432 1.25 (1.24) 

Sticker Task: Experimenter Biased 16 2.135 .049 1.41 (.795) 

Sticker Task: Experimenter Centered 17 2.062 .055 1.33 (.686) 

Sticker Task: Total Performance 17 2.204 .042 2.67 (1.28) 

Toy-Naming Task 15 0.745 .468 2.25 (1.34) 

 

Note. Chance performance for the Shape Stroop task is 1 (out of 3). Chance performance for the 

Sticker Task is a score of 1 (out of 2) for the Experimenter Biased and Experimenter Centered 

trial types and a score of 2 (out of 4) for total performance. Chance performance for the Toy-

Naming Task is a score of 2 (out of 6). Standard deviations appear in parentheses. 

 

To test the effects of language background, independent-samples t-tests were conducted 

comparing monolinguals’ and bilinguals’ performance on each of the live-action tasks; there 

were no significant differences in task performance between these two groups (Table 16). 

Table 16. Comparisons of monolinguals’ and bilinguals’ live-action task performance at T2 

Task df t p 
Monolinguals – 

Mean Trials Correct 

Bilinguals – Mean 

Trials Correct 

Shape Stroop 14 .612 .550 1.40 (1.26) 1.00 (1.26) 

Sticker-finding – 

Experimenter Biased 

15 0.230 .945 1.40 (.699) 1.43 (.976) 

Sticker-finding – 

Experimenter Centered 

16 0.078 .363 1.45 (.522) 1.14 (.900) 

Sticker-finding - Total 7.933 0.211 .838 2.73 (.905) 2.57 (1.81) 

Toy-naming 14 1.243 .234 1.89 (1.17) 2.71 (1.50) 

Gaze-following (after 

first vocalization) 

16 0.445 .663 2.18 (1.47) 1.86 (1.57) 

Gaze-following 

(looked at all) 

16 0.165 .871 2.55 (1.51) 2.43 (1.40) 

Note. There was unequal variance between the monolinguals and bilinguals in their total sticker-

finding scores; degrees of freedom and statistics reported account for this unequal variance. 

Standard deviations appear in parentheses. 

 

Correlations among live-action tasks—gaze following, sticker-finding, toy naming, and 

Shape Stroop—at T2 are shown in Table 17. At this time point, performance was not 

significantly correlated among tasks, all ps > .05. As shown in Table 18, there was a significant 
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correlation between total vocabulary size and performance on the gaze-following task at T2, 

r(16) = .575, p = .012. There were no other significant correlations between vocabulary size or 

exposure and performance on the live-action tasks. 

Table 17. Correlations among live-action tasks at T2 
 

Gaze-following Sticker-finding (total) Toy-naming Shape Stroop 

Gaze-following . 
  

 

Sticker-finding 

(total) 

.352 . 
 

 

Toy-naming .074 .302 .  

Shape Stroop .300 -.089 -.093 . 

 

Table 18. Correlations among live-action task performance and vocabulary at T2  
Gaze-following Sticker-finding (total) Toy-naming Shape Stroop 

English MCDI .408 .165 .346 .475 

Total MCDI .575* .322 -.252 .292 

 

Note. * p < .05. 

 

Regressions relating tasks. Several OLS regressions were conducted to investigate the 

relation between eye-tracking task performance, live-action task performance, language 

background, and vocabulary at T2. For ease of interpretation, eye-tracking proportions were 

converted to percentages (i.e., multiplied by 100) for these analyses. Eye-tracking outcome 

variables included 1) looking to the target object during the first test trial, 2) the change in 

looking to the target between the first and second test trials, and 3) the change in looking to the 

target between the second and third test trials. Separate regressions were conducted for the 

Salient (coincidental) and Nonsalient (conflict) blocks using the same reasoning employed in the 

T1 analyses: looking during the Nonsalient (conflict) blocks specifically may be related to 

performance on the live-action social tasks because mapping the label to the intended target 

requires infants to attend to social information (i.e., eye gaze) more heavily than object-level 
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information (i.e., salience). Vocabulary outcome variables were 1) English MCDI score and 2) 

Total MCDI score. Language background (categorical: monolingual or bilingual) and 

performance on live-action tasks (gaze following, sticker-finding, and toy-naming) were 

included only as predictors in the analyses. 

To be included in these analyses, children had to provide both eye-tracking and live-

action task data at this timepoint. Due to this requirement, the sample size was small (N < 15). 

Thus, separate regressions using different combinations of predictors were conducted, because 

an analysis using all predictors of interest simultaneously would have resulted in an overfit 

model. Tables for each model can be found in Appendix E (bilingualism as a categorical 

predictor) and Appendix F (bilingualism as a continuous predictor); the significant models are 

discussed below. 

Salient (coincidental) blocks. First, the model examining infants’ change in percent 

looking to the target object between test trial 2 and test trial 3 was found to be significant (Table 

E3), F(3, 6) = 19.718, p < .01, R2 = .908. Predictors included in this model included 1) percent 

looking to the face during learning (B = 1.916, SE = .293, β = 0.978, t = 7.232 p < .001), 2) 

percent looking to the target object during learning (B = 1.044, SE - .625, β = 0.226, ns), and 3) 

performance on the sticker-finding task (B = -20.948, SE = 4.935, β = -0.598, t = -4.244, p < 

.01). That is, for every 1% increase in infants’ looking to the face during learning, there is a 

1.916% increase in the difference between infants’ target looking in test trial 2 and test trial 3 

(i.e., infants show a larger change in target looking between these two trials); for every 1-unit 

increase in infants’ sticker-finding task performance, there is a 20.948% decrease in the 

difference between infants’ target looking in test trial 2 and test trial 3 (i.e., infants who do better 

on the sticker-finding task show a smaller change in target looking between these two trials). 
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A model examining infants’ percent looking to the target object during the first Learning 

Label trial (i.e., test trial 1) was also found to be significant (Table E4), F(4, 8) = 9.541, p < .01, 

R2 = .827. Predictors included in this model included 1) percent looking to the face during 

learning (B = -1.092, SE = .300, β = -0.602, t = -3.635, p < .01), 2) percent looking to the target 

object during learning (B = 3.084, SE = .583, β = 0.807, t = 5.294, p < .01), 3) performance on 

the toy-naming task (B = 12.601, SE = 4.553, β = 0.460, t = 2.768, p < .05), and 4) categorical 

language background (B = -30.224, SE = 10.906, β = -0.497, t = -2.771, p < .05). That is, for 

every 1% increase in infants’ looking to the face during learning, there is a 1.092% decrease in 

infants’ looking to the target during the first Learning Label trial; for every 1% increase in 

infants’ looking to the target during learning, there is a 3.084% increase in infants’ looking to the 

target during the first Learning Label trial. For every 1-unit increase in infants’ toy-naming task 

performance, there is a 12.601% increase in infants’ looking to the target during the first 

Learning Label trial. Finally, for bilinguals (coded as ‘1’, or a 1-unit increase in language 

background), there is a 30.224% decrease in looking to the target object during the first Learning 

Label trial, relative to monolinguals. This model was also found to be significant when 

bilingualism was included as a continuous predictor, F(4, 8) = 8.821, p < .01, R2 = .815; 

Bbilingualism = .449, SEbilingualism = .174,  βbilingualism = .517, t = 2.589, p = .032 (Table F4).  

Nonsalient (conflict) blocks. The model examining infants’ percent looking to the target 

object during the first Learning Label trial (i.e., test trial 1) was found to be marginally 

significant (Table E10), F(2, 12) = 4.827, p = .029, R2 = .446. Predictors included in this model 

included 1) percent looking to the target object during learning (B = .781, SE = .988, β = 0.177, 

ns) and 2) performance on the sticker-finding task (B = -13.421, SE = 5.048, β = -0.596, t = -
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2.659, p < .05). That is, for every 1-unit increase in infants’ sticker-finding task performance, 

there is a 13.421% decrease in infants’ looking to the target during the first Learning Label trial. 

A similar predictive relationship was found for the model examining infants’ change in 

percent looking to the target between the first Learning Label trial and the Distracter Label trial 

(i.e., test trial 1 and test trial 2; Table E11), F(2, 12) = 3.851, p = .051, R2 = .391. Predictors 

included in this model were 1) percent looking to the target object during learning (B = .367, SE 

= 1.264, β = 0.068, t = .291, ns) and 2) performance on the sticker-finding task (B = -16.566, SE 

= 6.458, β = -0.603, t = -2.565, p < .05). That is, for every 1-unit increase in infants’ sticker-

finding task performance, there is a 16.566% decrease in infants’ change in looking to the target 

between the first and second test trials (i.e., infants who do better on the sticker-finding task 

show a smaller change in target looking between these two trials).  

Vocabulary outcomes. Separate models predicting 1) English MCDI score, and 2) Total 

MCDI score were conducted including the following predictors: 1) mean percent looking to the 

target object at test, 2) gaze-following score, 3) sticker-finding score, and 4) toy-naming score. 

Neither model was statistically significant.  

Discussion: T2 

 At T2, performance on both the eye-tracking and live-action tasks was largely similar to 

performance in T1. In the eye-tracking task, infants looked primarily to the speaker’s face during 

the learning trials and followed the speaker’s gaze to the target object. At test, infants’ looking 

did not significantly change across test trials (Table 10). However, there is some evidence at this 

time point to suggest that infants were better able to disengage from the salient object relative to 

T1. For example, in the Salient (coincidental) test trials, infants at T2 looked significantly more 

to the target than to the distracter during the first Learning Label trial, but their looking to the 
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target and distracter objects was not significantly different during the Distracter Label trial. This 

pattern suggests that they may have slightly shifted their attention more to the distracter object 

during the Distracter Label trial. During the Nonsalient (conflict) test trials, infants’ looking to 

the target and distracter objects was not significantly different during either of the Learning 

Label trials; however, infants looked significantly more to the distracter object than the target 

object during the Distracter Label trial. Although the changes across trials were not statistically 

significant, infants’ looking does appear to change more across trials than at T1 (see Figures 7 

and 8, compared to Figures 11 and 12).  

These differences in looking are specific to these instances and cannot be considered 

robust evidence of learning; nevertheless, they do suggest that infants are improving in their 

ability to attend to a speaker’s intended referent in the presence of other possible referents. Based 

on the mean proportion dwell time allocated to the target and distracter objects, infants did 

decrease their target looking and increase their distracter looking during the Distracter Label test 

trials relative to the Learning Label test trials; this is consistent with the predictions that looking 

behavior should change in this way if the infant mapped the learning label to its intended 

referent. Relative to T1, infants do show more evidence of learning at this timepoint, evidenced 

by these changes in looking across the different test trials. 

 Infants’ performance in the live-action tasks at T2 was also slightly higher than at T1, 

such that performance on the Sticker-Finding task was above chance in both the Experimenter 

Biased and Experimenter Centered trials. However, Toy-Naming task performance was not 

significantly different from chance. As at T1, monolinguals and bilinguals did not significantly 

differ in their live-action task performance. Performance among the live-action tasks at T2 was 



 

59 

 

not significantly correlated; however, total MCDI was significantly associated with performance 

on the Gaze-Following task at this time point. 

 Overall, it seems that infants at T2 improved in their ability to use experimenter-provided 

social cues to learn labels for objects (in the eye-tracking task) and find hidden objects (in the 

Sticker-Finding task), relative to T1. At this time point, both monolingual and bilingual infants 

were better able to ignore conflicting nonsocial cues, such as the salient distracter object in the 

Nonsalient eye-tracking trials and the experimenter’s body position during the Experimenter 

Biased Sticker-Finding task trials, and instead attend more to the social cues being provided. 

Predicting T2 Vocabulary from T1 Tasks 

 To examine the degree to which T1 task performance (that is, sensitivity to social-

pragmatic cues) was predictive of total vocabulary size at T2, a series of multiple regressions 

were conducted. Predictors included percent target looking during test trials in the eye-tracking 

task (collapsed across both Learning Label test trials and Salient/Nonsalient block types), and 

performance on the Toy-Naming, Sticker-Finding, and Gaze-Following tasks. In the first step of 

each model, T1 MCDI was entered in as a control. The second step of each model tested the 

effects of target looking during test trials and performance on one of the live-action tasks. 

Separate models were run for each live-action task due to the small sample size (see Appendix H 

for regression tables). Toy-Naming (Table H1) and Sticker-Finding (Table H2) task performance 

were both positive predictors of vocabulary size at T2, over and above the effects of T1 

vocabulary size; Gaze-Following performance was not significantly associated with T2 

vocabulary size (Table H3). 

 To test the specific prediction that performance in the Nonsalient (conflict) blocks of the 

eye-tracking task at T1 would be predictive of vocabulary size at T2, models using only 
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Nonsalient target looking as a predictor were also tested (Tables H4-H6). However, T1 

Nonsalient target looking was not found to significantly predict T2 vocabulary size. 

Multilevel Models 

In addition to the cross-sectional aggregate analyses of eye-tracking data described 

above, multilevel linear models were also tested, using infants’ percent target dwell time as the 

outcome measure (see Appendix G). Data were analyzed using RStudio (RStudio Team, 2015) 

and the packages lme4 (Bates, Mächler, Bolker, & Walker, 2015), lmerTest (Kuznetsova, 

Brockhoff, & Christensen, 2017), and r2glmm (Jaeger, 2017). Predictors initially included in the 

models were block type (Salient vs. Nonsalient), trial type (learning, test: learning label, or test: 

Distracter Label), language background (monolingual vs. bilingual), gender (male vs. female), 

and timepoint (T1 vs. T2)3, as well as relevant interactions between these variables. In all 

models, the reference language group was Monolingual, the reference block type was 

Nonsalient, and the reference trial type was Learning (i.e., estimates for other levels of these 

variables are in comparison to these levels). The comprehensive random-intercept model was 

specified as follows: 

PercentTargetDT ~ Blocktype +  Trialtype +  Language +  Timepoint 
+  Gender +  Blocktype ∗ Trialtype +  Blocktype ∗ Trialtype
∗ Language +  Timepoint ∗ Blocktype +  Timepoint
∗ Trialtype +  Timepoint ∗ Blocktype ∗ Trialtype 
+  (1|Subject) 

 

In the first set of analyses, to equate between learning trials (which had 3 AOIs: face, 

target, and distracter) and test trials (which had 2 AOIs: target and distracter), percent target 

                                                 
3 Because eye-tracking data were only collected at two time points, time could not be included as its own level in the 

model; thus, timepoint is analyzed as a subject-level predictor. 
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dwell time during learning trials was recalculated in the following manner to exclude face 

looking (Yurovsky & Frank, 2017): 

% 𝑇𝑎𝑟𝑔𝑒𝑡 𝐷𝑇 =
𝑇𝑎𝑟𝑔𝑒𝑡 𝐷𝑇

𝑇𝑜𝑡𝑎𝑙 𝐷𝑇 − 𝐹𝑎𝑐𝑒 𝐷𝑇
∗ 100 

The ICC of the null model (PercentTargetDT ~ (1|Subject)) was .077, indicating that there was 

slightly more variability in target looking between different infants, relative to the total 

variability in target looking (within + between infants). After the comprehensive random-

intercept model was tested, predictors with a 95% CI including 0 were removed from the model, 

resulting in the following model, pseudo-R2 = .116 (Jaeger, 2017; Johnson, 2014; Nakagawa & 

Schielzeth, 2013); see Table G1 for fixed-effect coefficient estimates: 

PercentTargetDT ~ Blocktype ∗ Trialtype +  Trialtype ∗ Language 
+  Blocktype ∗ Language +  (1|Subject) 

 

Next, the model was revised to include random slopes in addition to random intercepts, pseudo-

R2 = .124; see Table G2 for fixed-effect coefficient estimates: 

PercentTargetDT ~ Blocktype ∗ Trialtype +  Trialtype ∗ Language 
+  Blocktype ∗ Language
+  (1 +  Blocktype + Trialtype|Subject) 

 

A deviance change test comparing these two models (Table G3) showed that the random-slopes-

and-intercepts model resulted in significantly lower deviance (i.e., a better fit) than the random-

intercepts model, χ2(9) = 61.402, p < .001. Because language background (and its associated 

interactions) was not a statistically significant predictor in the random-slopes-and-intercepts 

model, an alternative model without language background was tested; however, the model 

including language background was the better fit, χ2(4) = 16.211, p = .003 (Table G4). 

 In the random-slopes-and-intercepts model, the estimates of the Intercept, Salient block 

type, Salient * Test: Learning Label, and Salient * Test: Distracter Label fixed effects were 
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statistically significant (Table G2). The intercept, 39.423 (SE = 3.928), indicates that a 

monolingual infant viewing a Learning trial in a Nonsalient block is predicted to look to the 

target object for about 39.42% of the trial (excluding face looking). There was no significant 

change in predicted percent target dwell time for bilinguals, relative to monolinguals, ps > .05. 

For monolinguals viewing Salient Learning trials (relative to Nonsalient Learning trials), the 

predicted percent target dwell time increases to 52.757% (39.423+13.334). Relative to Learning 

trials, there was no significant change in percent target dwell time for monolinguals viewing 

Distracter Label or Learning Label test trials in the Nonsalient blocks, ps > .05. However, the 

significant Salient * Test: Learning Label and Salient * Test: Distracter Label interactions show 

that in Salient blocks, the difference in percent target dwell time between the Learning and 

Learning Label test trials is 7.764% (8.100-.336) higher, and the difference in percent target 

dwell time between the Learning and Distracter Label test trials is 12.009% (12.345-.336) 

higher, relative to the differences between these trial types in the Nonsalient blocks. That is, 

there was a greater change in target looking between learning and test trials in the Salient 

(coincidental) blocks than in the Nonsalient (conflict) blocks.  

 Because the presence of a face is inherently part of the Learning trials, a second set of 

analyses were conducted; in these analyses, the same models were tested, but learning and test 

trials were not equated. Percent target dwell time was calculated in the following manner for all 

trial types: 

% 𝑇𝑎𝑟𝑔𝑒𝑡 𝐷𝑇 =
𝑇𝑎𝑟𝑔𝑒𝑡 𝐷𝑇

𝑇𝑜𝑡𝑎𝑙 𝐷𝑇
∗ 100 

 

The ICC of the null model (PercentTargetDT ~ (1|Subject)) was .01, which is quite small and 

indicates that multilevel analysis may not be necessary. As in the first set of models, after the 

comprehensive random-intercept model was tested, predictors with a 95% CI including 0 were 



 

63 

 

removed from the model, resulting in the following model, pseudo-R2 = .401; see Table G5 for 

fixed-effect coefficient estimates: 

PercentTargetDT ~ Blocktype ∗ Trialtype +  Trialtype ∗ Language 
+  Blocktype ∗ Language +  (1|Subject) 

 

Next, the model was revised to include random slopes in addition to random intercepts, pseudo-

R2 = .399; see Table G6 for fixed-effect coefficient estimates: 

PercentTargetDT ~ Blocktype ∗ Trialtype +  Trialtype ∗ Language 
+  Blocktype ∗ Language
+ (1 +  Blocktype + Trialtype|Subject) 

 

A deviance change test comparing these two models (Table G7) showed that the random-slopes-

and-intercepts model resulted in significantly lower deviance (i.e., a better fit) than the random-

intercepts model, χ2(9) = 93.692, p < .001. Because language background (and its associated 

interactions) was not a statistically significant predictor in the random-slopes-and-intercepts 

model, an alternative model without language background was tested (Table G8), specified as: 

PercentTargetDT ~ Blocktype ∗ Trialtype +  (1 +  Blocktype

+ Trialtype|Subject) 

A deviance change test comparing the full vs. parsimonious random-slopes-and-intercepts 

models showed that the two models did not significantly differ in deviance (i.e., fit), χ2(4) = 

7.002, p = .136 (Table G9). Thus, the more parsimonious model is interpreted. In this model, all 

fixed-effects predictors were significant. The intercept—infants’ percent target dwell time during 

Nonsalient Learning trials—was 14.300 (SE = 1.941). Relative to Nonsalient (conflict) Learning 

trials, infants’ percent target dwell time increased by 6.448% in Salient (coincidental) Learning 

trials. In this model, there was a significant difference in infants’ looking to the target during test 

trials relative to the Learning trials. Specifically, in the Nonsalient blocks, infants’ percent dwell 

time to the target object during the Learning Label test trials increased by 27.277%, and infants’ 
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percent dwell time to the target object during the Distracter Label test trials increased by 

21.056%, relative to the Nonsalient Learning trials. Furthermore, there were significant Salient * 

Test: Learning Label and Salient * Test: Distracter Label interactions. Specifically, in Salient 

blocks, the difference in percent target dwell time between the Learning vs. Learning Label test 

trials is 39.317% (27.277+12.040) higher, and the difference in percent target dwell time 

between the Learning and Distracter Label test trials is 37.321% (21.056+16.265) higher, relative 

to the differences between these trial types in the Nonsalient blocks. That is, there was a greater 

change in target looking between learning and test trials in the Salient blocks than in the 

Nonsalient blocks. 

Summary 

In sum, both sets of multilevel analyses yielded largely similar results: infants’ overall 

target looking was higher during the Salient (coincidental) blocks compared to the Nonsalient 

(conflict) blocks, and this effect was particularly pronounced during test trials. In the second set 

of analyses, main effects of trial type were found, such that target looking increased in test trials 

relative to learning trials; this can be attributed to the fact that infants primarily looked to the 

face during learning trials. Because these analyses did not directly contrast test trials with each 

other (i.e., Learning Label vs. Distracter Label), a separate model was tested using only test trial 

data; pseudo-R2 = .110 (Table G10): 

PercentTargetDT ~ Blocktype +  Trialtype +  (1 +  Blocktype + Trialtype|Subject) 

This model showed that, although percent target looking was higher during the Salient 

(coincidental) blocks than the Nonsalient (conflict) blocks, there was no difference in percent 

target looking between the Learning Label and Distracter Label trials. That is, infants’ target 

looking did not change depending on the label that was used. 
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 Overall, the findings of the mixed-effects analyses are consistent with the ANOVA and t-

test results reported earlier in this section. At both T1 and T2, infants’ looking did not 

significantly change across test trials, and infants generally spent more time looking to the salient 

object, regardless of whether it was the target or distracter in a given block of trials. 

T1-T3 Vocabulary Growth 

 To date, nine participants (seven monolingual, two bilingual) have provided T3 

vocabulary information (Mage at T3 = 30.65 months). Over the six-month course of the study, 

infants acquired an average of 290.67 new words (SD = 141.82). Individual growth trajectories 

are shown in Figure 13. Overall, these infants’ mean total vocabulary sizes were 259.44 words at 

T1 (SD = 143.72), 421.55 words at T2 (SD = 198.99), and 550.11 words at T3 (SD = 221.84). 

 
Figure 13. Infants’ individual vocabulary growth trajectories between T1 and T3. 

 

General Discussion 

 The primary aims of this study were to investigate 1) monolinguals’ and bilinguals’ 

visual attention in a socially-cued word-learning paradigm, 2) the relation between visual 

attention in a socially-cued eye-tracking task and performance in live-action social tasks, and 3) 

how performance on these eye-tracking and social tasks relates to word learning over time. 
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Aim 1 

First, at both T1 and T2, monolinguals and bilinguals did not show meaningful 

differences in their visual attention in the eye-tracking word-learning task. At T1, specifically 

during learning trials in the Salient block, monolinguals did differ from bilinguals in that they 

looked significantly more to the target object than distracter object, whereas bilinguals did not. 

However, this difference in visual attention during learning did not impact attention at test:  

monolinguals and bilinguals both looked significantly more to the target object than the 

distracter object during Salient test trials. At T2, monolinguals and bilinguals did not differ in 

their attention to the target or distracter (or face, where applicable) during any trials in any block. 

 At both timepoints, infants’ looking in the eye-tracking task was primarily driven by 

salience. At T1, infants’ looking to the target and distracter objects did not significantly change 

across test trials; rather, infants preferred to look at the salient object, regardless of whether it 

had been the target or distracter. At T2, infants showed some signs of improvement from T1, 

evidenced by their decreased target looking and increased distracter looking during the Distracter 

Label test trials in both the Salient (coincidental) and Nonsalient (conflict) block types. 

However, infants still did not show reliable looking to the target object during the Learning 

Label test trials, which suggests that their association between the label and target from the 

learning trials was tenuous at best. 

These findings extend previous studies of infants’ word learning based on social cues and 

object salience. Pruden et al. (2006) found that salience attracts infants’ attention in a word-

learning context as early as 10 months; the findings of this study show that salience continues to 

attract infants’ attention long after infants have begun to produce their first words. In contrast to 

the results of Hollich et al. (2000)—that 24-month-olds were able to map a label to a nonsalient 
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object—this study found that although 24-month-olds could follow a speaker’s gaze to a 

nonsalient object, they could not retain an object-label association (consistent with Yurovsky & 

Frank, 2017). The most likely reason for these findings is the methodological differences 

between these studies. Whereas Hollich et al. (2000) used a live-action paradigm, in which 

infants played with both objects prior to the learning and test phases, Yurovsky and Frank (2017) 

used an eye-tracker. It is possible that infants’ familiarity with the objects used in Hollich et al.’s 

methods contributed to infants being better able to associate labels with those objects. In 

contrast, infants in the eye-tracking studies did not play with the objects before the learning and 

test phases of the eye-tracking task. 

Another possible explanation for infants’ relatively poor performance on the eye-tracking 

task is that, in contrast to learning from a live experimenter, infants have more difficulty learning 

from videos (e.g., DeLoache et al., 2010; Krcmar, 2011; Strouse & Troseth, 2014; see Courage 

& Setliff, 2010 for review). However, social-pragmatic cues have been found to direct attention 

in both live and prerecorded social interactions. For example, infants engage in joint attention 

and gaze following in response to both live-action stimuli and pre-recorded stimuli presented on 

a screen (e.g., Gredebäck, Fikke, & Melinder, 2010; Hofsten, Dahlström, & Fredriksson, 2005; 

Theuring, Gredebäck, & Hauf, 2007), indicating that this ability becomes quite robust through 

the first year after birth. Navab et al. (Navab et al., 2012)) investigated the relation between 

infants’ joint attention in an eye-tracking video-viewing task and their joint attention in a live 

action task with an experimenter. They found that performance on the eye-tracking task 

(specifically, the infant’s accuracy in shifting their gaze towards the same object that the model 

in the video looked at) was positively correlated with performance on the live measure of joint 

attention (specifically, the infant’s accuracy in finding the target of the experimenter’s point). 
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These findings suggest that both live-action and eye-tracking paradigms are appropriate for 

measuring joint attention and sensitivity to social-pragmatic cues in infants. Furthermore, as 

discussed below, infants had difficulty with the live-action tasks as well; in this way, infants’ 

performance in the eye-tracking task is consistent with their performance in the live-action tasks 

and does not differ based on whether tasks were video-based or live. 

The literature on the cognitive and social-cognitive consequences of bilingualism is 

mixed. Many studies have found evidence that bilinguals are better than monolinguals at 

resolving cognitive conflicts (such as in rule-switching or inhibition tasks; e.g., Bialystok & 

Martin, 2004; Carlson & Meltzoff, 2008) and attending to social-pragmatic cues (e.g., Brojde et 

al., 2012; Yow et al., 2017; Yow & Markman, 2015). However, other work has found no 

differences in performance between monolinguals and bilinguals in similar tasks (Gathercole et 

al., 2014; Paap & Greenberg, 2013). At present, these results support the idea that the cognitive 

and social-cognitive differences that have been previously found between monolinguals and 

bilinguals are not universal, but rather depend on additional characteristics such as the specific 

task or the city/country in which the study was conducted. 

 If the present results hold after data collection is completed, they would be inconsistent 

with previous findings that bilinguals pay more attention that bilinguals pay more attention to 

social-pragmatic cues than monolinguals (e.g., Brojde et al., 2012; Yow & Markman, 2011): 

bilinguals and monolinguals seemed to be equally attuned to social-pragmatic cues, both in the 

eye-tracking tasks and live action tasks (discussed below). In this case, the eye-tracking results 

would be consistent with some prior work showing no differences in monolinguals’ and 

bilinguals’ visual attention (e.g., Schonberg et al., 2014). The eye-tracking results would suggest 

that if there are any differences in how bilinguals and monolinguals use social-pragmatic 
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information to learn new words, these differences do not stem from differences in visual 

attention.  

 On the other hand, if the present results change and become consistent with predictions 

after data collection is completed, this study will lend additional support to the hypothesis that 

bilinguals have a heightened sensitivity to social-pragmatic cues relative to monolinguals. This 

study would extend results of previous work by showing that in addition to perceptual features 

such as object shape (Brojde et al., 2012) and experimenter’s body position (Yow & Markman, 

2011), object salience is another property that can differentially affect monolinguals’ and 

bilinguals’ attention when put into conflict with a social-pragmatic cue. If the eye-tracking 

results show that bilinguals are better able to attend to the nonsalient object than monolinguals, 

this would suggest that visual attention could be one mechanism by which bilinguals obtain more 

(or different) social-pragmatic information relative to monolinguals. Furthermore, this study 

would be the first to link bilinguals’ social-pragmatic cue attention with their word learning and 

could provide more insight as to how bilinguals solve the problem of referential intent while 

simultaneously learning two languages.  

Aim 2 

The second aim of this study was to examine how attention to eye gaze in the eye-

tracking task (as measured by word-learning performance) relates to performance on live-action 

tasks that also required attention to eye gaze. Several regression models using performance on 

different live-action tasks as potential predictors of target dwell time in the eye-tracking task 

were conducted; at T1, there was no predictive relationship between live-action and eye-tracking 

task performance (cf. Navab et al., 2012). At T2, though, performance on the Toy-Naming Task 

was found to be a positive predictor of eye-tracking task performance (Table E4), and 
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performance on the Sticker-Finding Task was found to be a negative predictor of eye-tracking 

task performance (Tables E3, E10). Both the eye-tracking and Toy-Naming tasks require 

attending to a speaker’s gaze in order to learn the label for an object and remember the name of 

the object through a short delay; this ability seems to transfer between live-action and 

prerecorded (i.e., eye-tracking) tasks. The reasons underlying the negative relation between 

Sticker-Finding and eye-tracking task performance are a bit more puzzling. One possibility is 

that although these tasks require attention to a speaker’s eye gaze, the actual demands and goals 

of the tasks are different, such that opening a box to find a sticker does not necessarily require 

the same cognitive processes as learning a label for a new object. Because data collection is still 

ongoing, it is also important to note that the two models in which Sticker-Finding task 

performance negatively predicted eye-tracking task performance included one data point that 

may later be classified as an outlier; when this data point is removed, the models no longer 

significantly fit, and Sticker-Finding task performance is no longer a negative predictor. 

 Interestingly, there were no differences between monolinguals and bilinguals in 

performance on any of the live-action tasks, which contradicts the hypothesis that bilinguals may 

be more attuned to social-pragmatic cues due to their variable linguistic environments. A 

previous study using the Sticker-Finding Task found that bilinguals outperformed monolinguals 

as young as age 2 (Yow & Markman, 2011); however, the infants in this study were slightly 

younger than the infants in prior research (this study: 24 and 27 months old; Yow & Markman: 

Mage = 33 months old). It is possible that this task was too difficult for children at this age, 

evidenced by their chance performance in both the Experimenter Centered and Experimenter 

Biased trials, and as a result, monolinguals and bilinguals performed similarly. Although 
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bilinguals have been found to succeed on this task by age 3-4, it is not until age 5 that 

monolinguals reliably succeed (Yow & Markman, 2011). 

Aim 3  

The third aim of this study was to investigate how attention to social cues, in both the 

eye-tracking and live-action tasks, relates to vocabulary growth and changes over time. The 

multilevel analyses of infants’ eye-tracking performance showed that timepoint was not a 

significant predictor of performance; that is, infants’ visual attention to the target object was not 

significantly different between T1 and T2. This finding is also supported by the cross-sectional 

analyses, which showed that infants exhibited similar patterns of looking at T1 and T2 (e.g., 

attending primarily to the speaker’s face during learning trials; attending more to the salient 

object than the nonsalient object). Likewise, infants’ performance on the live-action tasks was 

similar at T1 and T2, in that they performed at chance on these tasks. 

 However, there was a significant correlation between infants’ performance on the Gaze-

Following Task and their total vocabulary size at T2. Furthermore, there was a predictive 

relationship between T1 task performance and T2 vocabulary size. Specifically, infants’ 

performance on the Toy-Naming Task and their looking to the target in the eye-tracking task at 

T1 predicted their total vocabulary size (i.e., English + L2 for bilinguals) at T2. These findings 

suggest that, although eye-tracking and live-action task performance may not be related to each 

other, they independently contribute to children’s word learning between the ages of 24 and 27 

months. This finding is consistent with previous work illustrating the relationship between 

children’s joint attention at 6 months and later receptive vocabulary at 18 months (Brooks & 

Meltzoff, 2005), and extends this work by showing that this relation applies not only to receptive 

vocabulary but to productive vocabulary as well. 
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Theoretical Considerations 

 More broadly, this study provides further support for social-pragmatic theories of 

language development. These theories posit that children are attuned to information from social 

partners, and attention to this information supports their language acquisition. Bloom (2000) 

describes children’s theory of mind as being integral to their early word learning. In this context, 

theory of mind should be considered as another way to describe children’s social-pragmatic 

understanding, rather than the more specific construct often tested in preschoolers through false-

belief tasks. Although infants are able to learn associatively (e.g., learning the meaning of a word 

through repeated experience with a word-object pairing), Bloom argues that theory of mind must 

play a strong role in language development as well. In ostensive naming situations, as well as in 

linguistic interactions more generally, infants are not always attending to the object being named; 

if associative learning was the only mechanism underlying language development, young word-

learners would make many more mapping errors than they do. 

 Bloom (2000) provides extensive evidence supporting the idea that social-pragmatic 

understanding is a key part of language acquisition. From a young age, children attend to a 

speaker’s intent; for example, if a “speaker” is inanimate, or if a speaker’s action is accidental 

rather than goal-directed, children show little learning. The fact that children attend to a 

communicative partner’s intent, and not just their gaze, suggests that they have a sophisticated 

understanding of social-pragmatic cues. Further evidence for children’s social-pragmatic 

understanding providing additional support for language acquisition (i.e., beyond word-object 

co-occurrences) comes from studies of children’s word learning when a social partner is in 

another room and unable to engage in joint attention. Although children can learn from 

overheard speech (Akhtar, 2005; Floor & Akhtar, 2006), in this context, children do not associate 
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the label they hear from the person in another room with an object in their environment, even if 

they are attending to the object as they overhear the label (Baldwin et al., 1996). 

 Another way in which children use pragmatics when acquiring language is evidenced 

through their use of the mutual exclusivity bias. Here, it is theorized that children understand that 

their social partners use words intentionally to communicate efficiently, resulting in the bias to 

assume that there is roughly a one-to-one mapping of words to objects in the world. As such, 

mutual exclusivity could be considered one way in which children use theory of mind to learn. 

This bias extends even beyond word learning; Bloom (2000) reviews evidence showing that 

children use their understanding of adults’ knowledge states to figure out a speaker’s referent 

based on a fact about the object or description of one of its properties. Interestingly, the mutual 

exclusivity bias can interfere with other social-pragmatic cues: when an experimenter says a 

novel word and uses eye gaze to indicate a target, familiar object for which a child already 

knows the word (e.g., a shoe), children often choose the novel competitor object as the 

experimenter’s referent—preferentially using mutual exclusivity over the social-pragmatic cue of 

eye gaze (Woodward & Markman, 1998). 

Social-pragmatic understanding is bidirectional. Although most research on the role of 

these cues in language development has focused on children’s understanding of these cues, there 

is also evidence that adults are attuned to children’s attention when deciding to label objects 

(e.g., Golinkoff, 1986). Adults’ sensitivity to children’s attention is indeed important for word 

learning: higher rates of adults’ object labeling and engagement in joint attention with their child 

are related to faster rates of child word learning (e.g., Akhtar, Dunham, & Dunham, 1991).  

The framework established for this project—a longitudinal investigation of children’s 

attention to social cues and its relation to lab-based and real-world word learning—will provide 
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valuable insight into processes underlying children’s word learning when data collection is 

complete. Smaller-scale, separate studies have previously investigated monolinguals’ and 

bilinguals’ sensitivity to social cues in live settings (e.g., Brojde et al., 2012; Yow et al., 2017; 

Yow & Markman, 2011, 2015), monolinguals’ and bilinguals’ visual attention when viewing 

various types of stimuli (e.g., Pons et al., 2015; Schonberg et al., 2014), effects of object salience 

on word learning (Hollich et al., 2000; Pruden et al., 2006; Yurovsky & Frank, 2017), and cross-

sectional changes in monolinguals’ visual attention during word learning (Yurovsky & Frank, 

2017), but this study is the first to combine all of these measures to examine longitudinal 

changes in social attention, vocabulary development, and the interaction between these variables. 

Furthermore, this study uses a novel approach of integrating standard analyses used for eye-

tracking in developmental psychology (e.g., ANOVA, t-test) with multilevel analyses, which are 

better at handling missing data (a common issue in eye-tracking with infants) but rarely used in 

developmental eye-tracking studies. Thus, this study is innovative in both its methodological and 

analytical techniques. 

Because this study combined and adapted so many measures, extensive piloting was 

necessary before longitudinal data collection could begin. Pilot testing at the beginning of the 

project showed that all of the originally-proposed live action tasks from the ESCS (Mundy et al., 

2003) were too easy for children in this age range, and the new tasks (included in the present 

study) needed to be developed and tested. In addition, the eye-tracking task also required a series 

of pilot tests and revisions to make sure that the stimuli were developmentally appropriate and 

would hold the attention of children at this age; issues that arose with the Developmental Subject 

Pool participant recruitment database during the initial stages of the project significantly delayed 
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both the piloting of the eye-tracking task and the recruitment of the longitudinal sample. 

However, data collection is projected to be completed by the end of 2018. 

Conclusion 

 In sum, this study shows that monolingual and bilingual infants attend similarly to 

information from social partners, both in live-action and eye-tracking contexts. Interestingly, the 

results also show how easily other features in the visual environment (e.g., object cues) can shift 

infants’ attention away from these social cues, even though by the age of 24 months, infants are 

experienced in engaging in joint attention with social partners. Although the live-action and eye-

tracking tasks did not relate to each other, they were both uniquely predictive of vocabulary 

growth, suggesting that these social tasks tap into different aspects of social language learning. 

For both monolinguals and bilinguals, attention to social-pragmatic cues continues to be an 

important predictor of language development throughout the second year after birth. 
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Appendix A: Language background questionnaire 

Language Background Survey Today’s date: ________________________ 

 

Please fill out the following information regarding your child. You are free to leave out any 

information you are not comfortable sharing. 

 

1) Child’s name: ____________________________________________ 

 

2) Child’s date of birth: _______________________(month)  ________(date)   

_______________(year) 

 

3) Language(s) spoken by child: 

__________________________________________________________________ 

 

4) Language(s) spoken at home: 

__________________________________________________________________ 

 

5) Do you consider your child to be bilingual?   Yes  /  No 

 

6) In the past month, what percentage of the day would you estimate that your child used each 

of the language(s) listed in #3 and #4? For example, if your child speaks English and Spanish, 

60% of the day may be spent speaking English and 40% of the day may be spent speaking 

Spanish. 

 

 

7) Please answer the following questions if your child speaks more than one language. 

• Some children mix words from their languages in the same sentence frequently (e.g., “I ate a 

manzana [apple]”). In the past month, how true was this for your child? 

Circle one: Often true Sometimes true Seldom true Never true 

 3 2 1 0 

• Some children also switch from speaking one language to another (e.g., talk to Grandma 

in Spanish, and then talk to Dad in English). How true is this for your child?  

Circle one: Often true Sometimes true Seldom true Never true 

 3 2 1 0 

• Some children start sentences in English and then switch to speaking their other language. 

In the past month, how true was this for your child? 

Circle one: Often true Sometimes true Seldom true Never true 

 3 2 1 0 

• Some children start sentences in their other language and then switch to speaking English. 

In the past month, how true was this for your child? 

Circle one: Often true Sometimes true Seldom true Never true 

 3 2 1 0 
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Appendix B: Demographic questionnaire 
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Appendix C: T1 OLS Regressions with Bilingualism as a Categorical Variable 

 

Predicting Test Trial Looking (Salient Blocks) 

 

Table C1. Looking During Learning, Sticker-Finding Task Performance, and Language 

Background as Predictors of Salient Target Looking During Test Trial 1  

Percent Looking to Target (Test Trial 1) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) -0.218 -0.218  

Percent looking to target (learning) -0.042 0.02 0.169 

Sticker-finding score -0.61 -0.193 -0.139 

Bilingual (categorical) -0.316   

F 0.228 0.289 0.305 

R2 .066 .058 .039 

ΔR2  -.007 -.019 

ΔF  0.1 0.287 

Note. N = 18. 

 

 

Table C2. Looking During Learning, Sticker-Finding Task Performance, and Language 

Background as Predictors of the Change in Salient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) -0.439 -0.44  

Percent looking to target (learning) -0.253 -0.358 -0.057 

Sticker-finding score -0.027 -0.005 0.103 

Bilingual (categorical) 0.176   

F 0.405 0.462 0.088 

R2 .111 .09 .012 

ΔR2  -.021 -.079 

ΔF  0.301 1.208 

Note. N = 18. 

 

Table C3. Looking During Learning, Sticker-Finding Task Performance, and Language 

Background as Predictors of the Change in Salient Target Looking Between Test Trials 2 and 3  

Change in Percent Looking to Target 

(Test trial 2 - Test trial 3) 
 

Model 1 Model 2 Model 3 
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Variable β β β 

Percent looking to face (learning) -0.517 -0.605  

Percent looking to target (learning) -0.862 -0.724 -0.329 

Sticker-finding score 0.436 0.305 0.502 

Bilingual (categorical) -0.269   

F 2.153 2.757 2.478 

R2 .439 .408 .276 

ΔR2  -.031 -.132 

ΔF  0.61 2.676 

Note. N = 16. 

 

Table C4. Looking During Learning, Toy-Naming Task Performance, and Language 

Background as Predictors of Salient Target Looking During Test Trial 1  

Percent Looking to Target (Test Trial 1) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) -0.021 -0.014  

Percent looking to target (learning) 0.216 0.272 0.283 

Toy-naming score -0.405 -0.413 -0.415 

Bilingual (categorical) -0.083   

F 0.704 0.979 1.573 

R2 .178 .173 .173 

ΔR2  -.005 .000 

ΔF  0.073 0.001 

Note. N = 18. 

 

Table C5. Looking During Learning, Toy-Naming Task Performance, and Language 

Background as Predictors of the Change in Salient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) -0.347 -0.365  

Percent looking to target (learning) -0.073 -0.211 0.073 

Toy-naming score -0.299 -0.279 -0.328 

Bilingual (categorical) 0.208   

F 0.742 0.869 0.806 

R2 .186 .157 .097 

ΔR2  -.029 -.06 

ΔF  0.46 0.995 

Note. N = 18. 
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Table C6. Looking During Learning, Toy-Naming Task Performance, and Language 

Background as Predictors of the Change in Salient Target Looking Between Test Trials 2 and 3  

Change in Percent Looking to Target 

(Test trial 2 - Test trial 3) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) -0.846 -0.808  

Percent looking to target (learning) -0.889 -0.877 -0.22 

Toy-naming score 0.161 0.161 0.056 

Bilingual (categorical) -0.019   

F 1.561 2.268 0.292 

R2 .362 .362 .043 

ΔR2  .000 -.319 

ΔF  0.004 5.995 

Note. N = 16. 

 

Table C7. Looking During Learning, Gaze-Following Task Performance, and Language 

Background as Predictors of Salient Target Looking During Test Trial 1  

Percent Looking to Target (Test Trial 1) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) -0.109 -0.102  

Percent looking to target (learning) 0.005 0.037 0.112 

Gaze-following score 0.126 0.134 0.154 

Bilingual (categorical) -0.045   

F 0.145 0.20 0.282 

R2 .040 .039 .034 

ΔR2  -.001 -.004 

ΔF  0.018 0.07 

Note. N = 17. 

 

Table C8. Looking During Learning, Gaze-Following Task Performance, and Language 

Background as Predictors of the Change in Salient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) -0.427 -0.464  

Percent looking to target (learning) -0.261 -0.42 -0.077 
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Gaze-following score 0.027 -0.017 0.071 

Bilingual (categorical) 0.225   

F 0.554 0.585 0.094 

R2 .137 .105 .012 

ΔR2  -.032 -.093 

ΔF  0.515 1.561 

Note. N = 17. 

 

Table C9. Looking During Learning, Gaze-Following Task Performance, and Language 

Background as Predictors of the Change in Salient Target Looking Between Test Trials 2 and 3  

Change in Percent Looking to Target 

(Test trial 2 - Test trial 3) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) -0.786 -0.798  

Percent looking to target (learning) -0.767 -0.833 -0.242 

Gaze-following score -0.084 -0.107 0.043 

Bilingual (categorical) 0.088   

F 1.532 2.173 0.456 

R2 .338 .334 .061 

ΔR2  -.004 -.273 

ΔF  0.074 5.324* 

Note. N = 17. 

 

 

Predicting Test Trial Looking (Nonsalient Blocks) 

 

Table C10. Looking During Learning, Sticker-Finding Task Performance, and Language 

Background as Predictors of Nonsalient Target Looking During Test Trial 1  

Percent Looking to Target (Test Trial 1) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) -0.28 -0.351  

Percent looking to target (learning) 0.299 0.302 0.435† 

Sticker-finding score -0.229 -0.218 -0.292 

Bilingual (categorical) 0.232   

F 2.278 2.617 2.478 

R2 .378 .329 .226 

ΔR2  -.049 -.103 
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ΔF  1.175 2.467 

Note. N = 20. 

 

Table C11. Looking During Learning, Sticker-Finding Task Performance, and Language 

Background as Predictors of the Change in Nonsalient Target Looking Between Test Trials 1 

and 2  

Change in Percent Looking to Target (Test 

trial 1 - Test trial 2) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) -0.141 -0.231  

Percent looking to target (learning) 0.148 0.15 0.239 

Sticker-finding score -0.211 -0.197 -0.245 

Bilingual (categorical) 0.297   

F 1.054 0.864 0.887 

R2 .219 .139 .094 

ΔR2  -.08 -.045 

ΔF  1.536 0.836 

Note. N = 20. 

 

Table C12. Looking During Learning, Sticker-Finding Task Performance, and Language 

Background as Predictors of the Change in Nonsalient Target Looking Between Test Trials 2 

and 3  

Change in Percent Looking to Target (Test 

trial 2 - Test trial 3) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) 0.272 0.183  

Percent looking to target (learning) 0.097 0.086 0.037 

Sticker-finding score -0.111 -0.106 -0.087 

Bilingual (categorical) 0.363   

F 0.531 0.158 0.044 

R2 .162 .038 .007 

ΔR2  -.124 -.031 

ΔF  1.627 0.391 

Note. N = 16. 

 

Table C13. Looking During Learning, Toy-Naming Task Performance, and Language 

Background as Predictors of Nonsalient Target Looking During Test Trial 1 
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Percent Looking to Target (Test Trial 1) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) -0.3 -0.397  

Percent looking to target (learning) 0.282 0.248 0.434 

Toy-naming score 0.09 0.011 0.141 

Bilingual (categorical) 0.245   

F 1.892 2.132 1.627 

R2 .335 .286 .161 

ΔR2  -.049 -.125 

ΔF  1.124 2.798 

Note. N = 20. 

 

Table C14. Looking During Learning, Toy-Naming Task Performance, and Language 

Background as Predictors of the Change in Nonsalient Target Looking Between Test Trials 1 

and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) -0.267 -0.36  

Percent looking to target (learning) -0.003 -0.035 0.133 

Toy-naming score -0.191 -0.267 -0.15 

Bilingual (categorical) 0.235   

F 0.962 1.003 0.501 

R2 .204 .158 .056 

ΔR2  -.046 -.103 

ΔF  0.864 1.951 

Note. N = 20. 

 

Table C15. Looking During Learning, Toy-Naming Task Performance, and Language 

Background as Predictors of the Change in Nonsalient Target Looking Between Test Trials 2 

and 3  

Change in Percent Looking to Target (Test 

trial 2 - Test trial 3) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) 0.201 0.092  

Percent looking to target (learning) -0.018 -0.079 -0.111 
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Toy-naming score -0.166 -0.285 -0.314 

Bilingual (categorical) 0.308   

F 0.563 0.405 0.602 

R2 .17 .092 .085 

ΔR2  -.078 -.007 

ΔF  1.033 0.096 

Note. N = 16. 

 

Table C16. Looking During Learning, Gaze-Following Task Performance, and Language 

Background as Predictors of Salient Target Looking During Test Trial 1  

Percent Looking to Target (Test Trial 1) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) -0.315 -0.399  

Percent looking to target (learning) 0.15 0.127 0.295 

Gaze-following score -0.033 -0.049 0.026 

Bilingual (categorical) 0.283   

F 1.629 1.552 0.822 

R2 .289 .215 .084 

ΔR2  -.074 -.131 

ΔF  1.675 2.843 

Note. N = 21. 

 

Table C17. Looking During Learning, Gaze-Following Task Performance, and Language 

Background as Predictors of the Change in Salient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) -0.243 -0.343  

Percent looking to target (learning) -0.216 -0.244 -0.1 

Gaze-following score -0.499 -0.518 -0.454 

Bilingual (categorical) 0.338   

F 2.634 2.325 2.165 

R2 .397 .291 .194 

ΔR2  -.106 -.097 

ΔF  2.817 2.326 

Note. N = 21. 

 

Table C18. Looking During Learning, Gaze-Following Task Performance, and Language 

Background as Predictors of the Change in Salient Target Looking Between Test Trials 2 and 3 
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Change in Percent Looking to Target 

(Test trial 2 - Test trial 3) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) 0.055 -0.032  

Percent looking to target (learning) -0.114 -0.169 -0.159 

Gaze-following score -0.654** -.657* -.647** 

Bilingual (categorical) 0.39   

F 4.076* 3.286t 5.289* 

R2 .576 .431 .43 

ΔR2  -.145 -.001 

ΔF  4.097 0.019 

Note. N = 17. 

* p < .05, ** p < .01 

 

 

Predicting Vocabulary from Eye-Tracking and Live-Action Task Performance 

 

Table C19. Predictors of English Vocabulary Knowledge  
English MCDI 

Variable β 

Percent looking to target (test) 0.043 

Gaze-following score -0.198 

Sticker-finding score -0.048 

Toy-naming score 0.052 

F 0.096 

R2 .041 

Note. N = 14. Percent looking to target (test) was calculated by finding the mean of infants’ 

percent looking to the target in test trials 1 and 3 (i.e., test trials in which the label from the 

learning videos was used), in both the salient and nonsalient blocks. 

 

Table C20. Predictors of Total Vocabulary Knowledge  
Total MCDI 

Variable β 

Percent looking to target (test) -0.322 

Gaze-following score -0.121 

Sticker-finding score -0.02 

Toy-naming score -0.049 

F 0.196 

R2 .089 
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Note. N = 14. Total MCDI was calculated by summing infants’ English MCDI and L2 MCDI 

scores (where applicable). Percent looking to target (test) was calculated by finding the mean of 

infants’ percent looking to the target in test trials 1 and 3 (i.e., test trials in which the label from 

the learning videos was used), in both the salient and nonsalient blocks. 
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Appendix D: T1 OLS Regressions with Bilingualism as a Continuous Variable 

 

Predicting Test Trial Looking (Salient Blocks) 

 

Table D1 

Looking During Learning, Sticker-Finding Task Performance, and Language Background as 

Predictors of Salient Target Looking During Test Trial 1  
Percent Looking to Target 

(Test Trial 1) 

Variable β 

Percent looking to face (learning) -0.208 

Percent looking to target (learning) -0.014 

Sticker-finding score -0.194 

Bilingual (continuous) 0.075 

F 0.216 

R2 0.062 

Note. N = 18. 

 

 

Table D2 

Looking During Learning, Sticker-Finding Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 

Variable β 

Percent looking to face (learning) -0.464 

Percent looking to target (learning) -0.271 

Sticker-finding score -0.002 

Bilingual (continuous) -0.192 

F 0.424 

R2 0.115 

Note. N = 18. 

 

Table D3 

Looking During Learning, Sticker-Finding Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 2 and 3  

Change in Percent Looking to Target 

(Test trial 2 - Test trial 3) 

Variable β 

Percent looking to face (learning) -0.611 

Percent looking to target (learning) -0.72 

Sticker-finding score 0.301 
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Bilingual (continuous) -0.012 

F 1.896 

R2 0.408 

Note. N = 16. 

 

Table D4 

Looking During Learning, Toy-Naming Task Performance, and Language Background as 

Predictors of Salient Target Looking During Test Trial 1  
Percent Looking to Target 

(Test Trial 1) 

Variable β 

Percent looking to face (learning) -0.018 

Percent looking to target (learning) 0.303 

Toy-naming score -0.054 

Bilingual (continuous) -0.054 

F 0.691 

R2 0.175 

Note. N = 18. 

 

Table D5 

Looking During Learning, Toy-Naming Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 

Variable β 

Percent looking to face (learning) -0.388 

Percent looking to target (learning) -0.042 

Toy-naming score -0.349 

Bilingual (continuous) -0.294 

F 0.876 

R2 0.212 

Note. N = 18. 

 

Table D6 

Looking During Learning, Toy-Naming Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 2 and 3  

Change in Percent Looking to Target 

(Test trial 2 - Test trial 3) 

Variable β 

Percent looking to face (learning) -0.87 

Percent looking to target (learning) -0.805 

Toy-naming score 0.136 
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Bilingual (continuous) -0.129 

F 1.621 

R2 0.371 

Note. N = 16. 

 

Table D7 

Looking During Learning, Gaze-Following Task Performance, and Language Background as 

Predictors of Salient Target Looking During Test Trial 1  
Percent Looking to Target 

(Test Trial 1) 

Variable β 

Percent looking to face (learning) -0.103 

Percent looking to target (learning) 0.061 

Gaze-following score 0.142 

Bilingual (continuous) -0.043 

F 0.145 

R2 0.04 

Note. N = 19. 

 

Table D8 

Looking During Learning, Gaze-Following Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 

Variable β 

Percent looking to face (learning) -0.472 

Percent looking to target (learning) -0.27 

Gaze-following score 0.033 

Bilingual (continuous) -0.273 

F 0.633 

R2 0.153 

Note. N = 19. 

 

Table D9 

Looking During Learning, Gaze-Following Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 2 and 3  

Change in Percent Looking to Target 

(Test trial 2 - Test trial 3) 

Variable β 

Percent looking to face (learning) -0.825 

Percent looking to target (learning) -0.644 

Gaze-following score -0.03 
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Bilingual (continuous) -0.322 

F 1.907 

R2 0.389 

Note. N = 17. 

 

 

Predicting Test Trial Looking (Nonsalient Blocks) 

 

Table D10 

Looking During Learning, Sticker-Finding Task Performance, and Language Background as 

Predictors of Nonsalient Target Looking During Test Trial 1  
Percent Looking to Target 

(Test Trial 1) 

Variable β 

Percent looking to face (learning) -0.302 

Percent looking to target (learning) 0.312 

Sticker-finding score -0.197 

Bilingual (continuous) -0.211 

F 2.21 

R2 0.371 

Note. N = 20. 

 

Table D11 

Looking During Learning, Sticker-Finding Task Performance, and Language Background as 

Predictors of the Change in Nonsalient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 

Variable β 

Percent looking to face (learning) -0.18 

Percent looking to target (learning) 0.161 

Sticker-finding score -0.174 

Bilingual (continuous) -0.222 

F 0.854 

R2 0.185 

Note. N = 20. 

 

Table D12 

Looking During Learning, Sticker-Finding Task Performance, and Language Background as 

Predictors of the Change in Nonsalient Target Looking Between Test Trials 2 and 3  

Change in Percent Looking to Target 

(Test trial 2 - Test trial 3) 
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Variable β 

Percent looking to face (learning) 0.247 

Percent looking to target (learning) 0.114 

Sticker-finding score -0.06 

Bilingual (continuous) -0.344 

F 0.484 

R2 0.15 

Note. N = 16. 

 

Table D13 

Looking During Learning, Toy-Naming Task Performance, and Language Background as 

Predictors of Nonsalient Target Looking During Test Trial 1  
Percent Looking to Target 

(Test Trial 1) 

Variable β 

Percent looking to face (learning) -0.32 

Percent looking to target (learning) 0.291 

Toy-naming score 0.061 

Bilingual (continuous) -0.241 

F 1.918 

R2 0.338 

Note. N = 20. 

 

Table D14 

Looking During Learning, Toy-Naming Task Performance, and Language Background as 

Predictors of the Change in Nonsalient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 

Variable β 

Percent looking to face (learning) -0.296 

Percent looking to target (learning) 0.001 

Toy-naming score -0.225 

Bilingual (continuous) -0.201 

F 0.909 

R2 0.195 

Note. N = 20. 

 

Table D15 

Looking During Learning, Toy-Naming Task Performance, and Language Background as 

Predictors of the Change in Nonsalient Target Looking Between Test Trials 2 and 3 
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Change in Percent Looking to Target 

(Test trial 2 - Test trial 3) 

Variable β 

Percent looking to face (learning) 0.179 

Percent looking to target (learning) 0.002 

Toy-naming score -0.19 

Bilingual (continuous) -0.303 

F 0.573 

R2 0.172 

Note. N = 16. 

 

Table D16 

Looking During Learning, Gaze-Following Task Performance, and Language Background as 

Predictors of Salient Target Looking During Test Trial 1  
Percent Looking to Target 

(Test Trial 1) 

Variable β 

Percent looking to face (learning) -0.324 

Percent looking to target (learning) 0.184 

Gaze-following score -0.026 

Bilingual (continuous) -0.295 

F 1.686 

R2 0.296 

Note. N = 21. 

 

Table D17 

Looking During Learning, Gaze-Following Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 

Variable β 

Percent looking to face (learning) -0.269 

Percent looking to target (learning) -0.188 

Gaze-following score -0.496 

Bilingual (continuous) -0.289 

F 2.345 

R2 0.37 

Note. N = 21. 

 

Table D18 

Looking During Learning, Gaze-Following Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 2 and 3 
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Change in Percent Looking to Target 

(Test trial 2 - Test trial 3) 

Variable β 

Percent looking to face (learning) 0.036 

Percent looking to target (learning) -0.074 

Gaze-following score -0.645** 

Bilingual (continuous) -0.373 

F 3.832* 

R2 0.561 

Note. N = 17. 

* p < .05, ** p < .01 
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Appendix E: T2 OLS Regressions with Bilingualism as a Categorical Variable 

 

Predicting Test Trial Looking (Salient Blocks) 

 

Table E1 

Looking During Learning, Sticker-Finding Task Performance, and Language Background as 

Predictors of Salient Target Looking During Test Trial 1  

Percent Looking to Target (Test Trial 1) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) 0.098 0.077  

Percent looking to target (learning) 0.271 0.26 0.251 

Sticker-finding score 0.107 0.095 0.114 

Bilingual (categorical) 0.152   

F 0.223 0.232 0.344 

R2 .082 .06 .054 

ΔR2  -.022 -.005 

ΔF  0.244 0.063 

Note. N = 15. 

 

 

Table E2 

Looking During Learning, Sticker-Finding Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) 0.458 0.472  

Percent looking to target (learning) -0.155 -0.15 -0.201 

Sticker-finding score -0.455 -0.449 -0.325 

Bilingual (categorical) -0.093   

F 0.981 1.397 0.582 

R2 .304 .295 .096 

ΔR2  -.008 -.200 

ΔF  0.107 2.832 

Note. N = 14. 

 

Table E3 

Looking During Learning, Sticker-Finding Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 2 and 3 
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Change in Percent Looking to Target 

(Test trial 2 - Test trial 3) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) 0.98** 0.978***  

Percent looking to target (learning) 0.232 0.226 0.081 

Sticker-finding score -0.593** -.598** -0.285 

Bilingual (categorical) 0.014   

F 12.347** 19.718** 0.411 

R2 .908 .908 .105 

ΔR2  .000 -.803 

ΔF  0.009 52.302 

Note. N = 10. 

 

Table E4 

Looking During Learning, Toy-Naming Task Performance, and Language Background as 

Predictors of Salient Target Looking During Test Trial 1  

Percent Looking to Target (Test Trial 1) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) -0.602** -0.403  

Percent looking to target (learning) .807** .713** .663* 

Toy-naming score .460* 0.252 0.209 

Bilingual (categorical) -.497*   

F 9.541** 5.832* 5.046* 

R2 .827 .66 .502 

ΔR2  -.166 -.158 

ΔF  7.681* 4.187 

Note. N = 13. 

 

Table E5 

Looking During Learning, Toy-Naming Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) -0.193 0.063  

Percent looking to target (learning) 0.424 0.299 0.309 

Toy-naming score 0.441 0.243 0.242 
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Bilingual (categorical) -0.626   

F 1.503 0.617 1.015 

R2 .462 .188 .184 

ΔR2  -.274 -.004 

ΔF  3.568 0.038 

Note. N = 12. 

 

Table E6 

Looking During Learning, Toy-Naming Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 2 and 3  

Change in Percent Looking to Target 

(Test trial 2 - Test trial 3) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) 0.8 0.722  

Percent looking to target (learning) 0.476 0.492 0.504 

Toy-naming score 0.029 0.137 -0.061 

Bilingual (categorical) 0.255   

F 3.058 4.207 0.964 

R2 .803 .759 .278 

ΔR2  -.044 -.481 

ΔF  0.665 7.998 

Note. N = 8. 

 

Table E7 

Looking During Learning, Gaze-Following Task Performance, and Language Background as 

Predictors of Salient Target Looking During Test Trial 1  

Percent Looking to Target (Test Trial 1) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) 0.107 0.084  

Percent looking to target (learning) 0.344 0.336 0.32 

Gaze-following score 0.323 0.321 0.325 

Bilingual (categorical) 0.149   

F 0.491   

R2 .164 .143 .136 

ΔR2  -.091 -.007 

ΔF  0.259 0.087 

Note. N = 15. 
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Table E8 

Looking During Learning, Gaze-Following Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) 0.316 0.332  

Percent looking to target (learning) 0.18 0.182 0.122 

Gaze-following score 0.498 0.492 0.519 

Bilingual (categorical) -0.094   

F 1.208 1.722 1.697 

R2 .349 .341 .236 

ΔR2  -.009 -.105 

ΔF  0.12 1.589 

Note. N = 14. 

 

Table E9 

Looking During Learning, Gaze-Following Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 2 and 3  

Change in Percent Looking to Target 

(Test trial 2 - Test trial 3) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) 0.892 0.804  

Percent looking to target (learning) 0.503 0.404 0.189 

Gaze-following score -0.212 -0.045 -0.001 

Bilingual (categorical) 0.323   

F 2.874 3.455 0.13 

R2 .697 .633 .036 

ΔR2  -.063 -.598 

ΔF  1.047 9.779* 

Note. N = 10. 

* p < .05 

 

 

Predicting Test Trial Looking (Nonsalient Blocks) 

 

Table E10 

Looking During Learning, Sticker-Finding Task Performance, and Language Background as 

Predictors of Nonsalient Target Looking During Test Trial 1 
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Percent Looking to Target (Test Trial 1) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) 0.267 0.142  

Percent looking to target (learning) -0.053 0.126 0.177 

Sticker-finding score -0.607* -0.59* -.596* 

Bilingual (categorical) 0.364   

F 3.255 3.163 4.827* 

R2 .566 .463 .446 

ΔR2  -.102 -.017 

ΔF  2.358 0.354 

Note. N = 15. 

* p < .05 

 

Table E11 

Looking During Learning, Sticker-Finding Task Performance, and Language Background as 

Predictors of the Change in Nonsalient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target (Test 

trial 1 - Test trial 2) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) 0.028 -0.074  

Percent looking to target (learning) -0.052 0.095 0.068 

Sticker-finding score -0.619 -0.605 -0.603* 

Bilingual (categorical) 0.298   

F 2.168 2.401 3.851† 

R2 .464 .396 .391 

ΔR2  -.069 -.005 

ΔF  1.282 0.087 

Note. N = 15. 

* p < .05 

† p = .051 

 

Table E12 

Looking During Learning, Sticker-Finding Task Performance, and Language Background as 

Predictors of the Change in Nonsalient Target Looking Between Test Trials 2 and 3  

Change in Percent Looking to Target (Test 

trial 2 - Test trial 3) 
 

Model 1 Model 2 Model 3 
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Variable β β β 

Percent looking to face (learning) -0.381 -0.386  

Percent looking to target (learning) -1.009 -0.958 -0.748 

Sticker-finding score -0.66 -0.613 -0.553 

Bilingual (categorical) 0.193   

F 2.306 3.053 3.246 

R2 .569 .534 .419 

ΔR2  -.035 -.115 

ΔF  0.564 1.968 

Note. N = 13. 

 

Table E13 

Looking During Learning, Toy-Naming Task Performance, and Language Background as 

Predictors of Nonsalient Target Looking During Test Trial 1  

Percent Looking to Target (Test Trial 1) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) 0.22 0.145  

Percent looking to target (learning) 0.252 0.329 0.394 

Toy-naming score 0.22 0.095 0.075 

Bilingual (categorical) 0.015   

F 0.705 0.881 1.302 

R2 .239 .209 .191 

ΔR2  -.03 -.018 

ΔF  0.35 0.224 

Note. N = 14. 

 

Table E14 

Looking During Learning, Toy-Naming Task Performance, and Language Background as 

Predictors of the Change in Nonsalient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) -0.031 -0.136  

Percent looking to target (learning) 0.449 0.555 0.494 

Toy-naming score -0.453 -0.342 -0.323 

Bilingual (categorical) 0.306   

F 0.775 0.826 1.233 
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R2 .256 .199 .183 

ΔR2  -.058 -.015 

ΔF  0.698 0.193 

Note. N = 14. 

 

Table E15 

Looking During Learning, Toy-Naming Task Performance, and Language Background as 

Predictors of the Change in Nonsalient Target Looking Between Test Trials 2 and 3  

Change in Percent Looking to Target (Test 

trial 2 - Test trial 3) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) -0.344 -0.352  

Percent looking to target (learning) -0.346 -0.337 -0.394 

Toy-naming score -0.313 -0.259 -0.041 

Bilingual (categorical) 0.102   

F 0.464 0.718 0.747 

R2 .271 .264 .176 

ΔR2  -.006 -.088 

ΔF  0.043 0.72 

Note. N = 10. 

 

Table E16 

Looking During Learning, Gaze-Following Task Performance, and Language Background as 

Predictors of Salient Target Looking During Test Trial 1  

Percent Looking to Target (Test Trial 1) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) 0.152 0.057  

Percent looking to target (learning) 0.432 0.592 0.623 

Gaze-following score 0.375 0.459 0.476 

Bilingual (categorical) 0.217   

F 1.093 1.37 2.213 

R2 .304 .272 .269 

ΔR2  -.032 -.003 

ΔF  0.461 0.039 

Note. N = 15. 

 

Table E17 

Looking During Learning, Gaze-Following Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 1 and 2 
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Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) -0.022 -0.113  

Percent looking to target (learning) 0.283 0.436 0.374 

Gaze-following score 0.187 0.267 0.233 

Bilingual (categorical) 0.208   

F 0.382 0.421 0.613 

R2 .132 .103 .093 

ΔR2  -.029 -.010 

ΔF  0.34 0.126 

Note. N = 15. 

 

Table E18 

Looking During Learning, Gaze-Following Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 2 and 3  

Change in Percent Looking to Target 

(Test trial 2 - Test trial 3) 
 

Model 1 Model 2 Model 3 

Variable β β β 

Percent looking to face (learning) -0.283 -0.295  

Percent looking to target (learning) -0.632 -0.6 -0.494 

Gaze-following score -0.068 -0.027 -0.081 

Bilingual (categorical) 0.099   

F 0.687 1.004 1.173 

R2 .282 .273 .207 

ΔR2  -.008 -.067 

ΔF  0.083 0.734 

Note. N = 12. 

 

 

Predicting Vocabulary from Eye-Tracking and Live-Action Task Performance 

 

Table E19 

Predictors of English Vocabulary Knowledge  
English MCDI 

Variable β 

Percent looking to target (test) 0.122 

Gaze-following score 0.271 

Sticker-finding score 0.128 
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Toy-naming score -0.31 

F 0.599 

R2 .210 

Note. N = 14. Percent looking to target (test) was calculated by finding the mean of infants’ 

percent looking to the target in test trials 1 and 3 (i.e., test trials in which the label from the 

learning videos was used), in both the salient and nonsalient blocks. 

 

Table E20 

Predictors of Total Vocabulary Knowledge  
Total MCDI 

Variable β 

Percent looking to target (test) -0.022 

Gaze-following score 0.483 

Sticker-finding score 0.116 

Toy-naming score 0.047 

F 0.711 

R2 .240 

Note. N = 14. Total MCDI was calculated by summing infants’ English MCDI and L2 MCDI 

scores (where applicable). Percent looking to target (test) was calculated by finding the mean of 

infants’ percent looking to the target in test trials 1 and 3 (i.e., test trials in which the label from 

the learning videos was used), in both the salient and nonsalient blocks. 
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Appendix F: T2 OLS Regressions with Bilingualism as a Continuous Variable 

 

Predicting Test Trial Looking (Salient Blocks) 

 

Table F1 

Looking During Learning, Sticker-Finding Task Performance, and Language Background as 

Predictors of Salient Target Looking During Test Trial 1  
Percent Looking to Target 

(Test Trial 1) 

Variable β 

Percent looking to face (learning) 0.132 

Percent looking to target (learning) 0.295 

Sticker-finding score 0.078 

Bilingual (continuous) -0.167 

F 0.229 

R2 0.084 

Note. N = 15. 

 

 

Table F2 

Looking During Learning, Sticker-Finding Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 

Variable β 

Percent looking to face (learning) 0.446 

Percent looking to target (learning) -0.164 

Sticker-finding score -0.439 

Bilingual (continuous) 0.073 

F 0.963 

R2 0.3 

Note. N = 14. 

 

Table F3 

Looking During Learning, Sticker-Finding Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 2 and 3  

Change in Percent Looking to Target 

(Test trial 2 - Test trial 3) 

Variable β 

Percent looking to face (learning) .982** 

Percent looking to target (learning) 0.232 

Sticker-finding score -.596* 
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Bilingual (continuous) -0.01 

F 12.333** 

R2 0.908 

Note. N = 10. 

 

Table F4 

Looking During Learning, Toy-Naming Task Performance, and Language Background as 

Predictors of Salient Target Looking During Test Trial 1  
Percent Looking to Target 

(Test Trial 1) 

Variable β 

Percent looking to face (learning) -.678** 

Percent looking to target (learning) .698** 

Toy-naming score .475* 

Bilingual (continuous) .517* 

F 8.821** 

R2 0.815 

Note. N = 13. 

 

Table F5 

Looking During Learning, Toy-Naming Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 

Variable β 

Percent looking to face (learning) -0.378 

Percent looking to target (learning) 0.3 

Toy-naming score 0.467 

Bilingual (continuous) 0.784 

F 2.261 

R2 0.564 

Note. N = 12. 

 

Table F6 

Looking During Learning, Toy-Naming Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 2 and 3  

Change in Percent Looking to Target 

(Test trial 2 - Test trial 3) 

Variable β 

Percent looking to face (learning) 0.868 

Percent looking to target (learning) 0.552 

Toy-naming score 0.041 
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Bilingual (continuous) -0.298 

F 3.018 

R2 0.801 

Note. N = 8. 

 

Table F7 

Looking During Learning, Gaze-Following Task Performance, and Language Background as 

Predictors of Salient Target Looking During Test Trial 1  
Percent Looking to Target 

(Test Trial 1) 

Variable β 

Percent looking to face (learning) 0.148 

Percent looking to target (learning) 0.398 

Gaze-following score 0.346 

Bilingual (continuous) -0.215 

F 0.559 

R2 0.183 

Note. N = 15. 

 

Table F8 

Looking During Learning, Gaze-Following Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 

Variable β 

Percent looking to face (learning) 0.295 

Percent looking to target (learning) 0.153 

Gaze-following score 0.489 

Bilingual (continuous) 0.114 

F 1.221 

R2 0.352 

Note. N = 14. 

 

Table F9 

Looking During Learning, Gaze-Following Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 2 and 3  

Change in Percent Looking to Target 

(Test trial 2 - Test trial 3) 

Variable β 

Percent looking to face (learning) 0.879 

Percent looking to target (learning) 0.489 

Gaze-following score -0.116 
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Bilingual (continuous) -0.171 

F 2.303 

R2 0.648 

Note. N = 10. 

 

 

Predicting Test Trial Looking (Nonsalient Blocks) 

 

Table F10 

Looking During Learning, Sticker-Finding Task Performance, and Language Background as 

Predictors of Nonsalient Target Looking During Test Trial 1  

Percent Looking to Target (Test Trial 1) 

Variable β 

Percent looking to face (learning) 0.292 

Percent looking to target (learning) -0.065 

Sticker-finding score -.647* 

Bilingual (continuous) -0.364 

F 3.159† 

R2 0.558 

Note. N = 15.  

* p < .05, † p = .064. 

 

Table F11 

Looking During Learning, Sticker-Finding Task Performance, and Language Background as 

Predictors of the Change in Nonsalient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 

Variable β 

Percent looking to face (learning) 0.03 

Percent looking to target (learning) -0.038 

Sticker-finding score -0.645 

Bilingual (continuous) -0.253 

F 1.976 

R2 0.441 

Note. N = 15. 

 

Table F12 

Looking During Learning, Sticker-Finding Task Performance, and Language Background as 

Predictors of the Change in Nonsalient Target Looking Between Test Trials 2 and 3 
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Change in Percent Looking to Target 

(Test trial 2 - Test trial 3) 

Variable β 

Percent looking to face (learning) -0.386 

Percent looking to target (learning) -0.977 

Sticker-finding score -0.632 

Bilingual (continuous) -0.055 

F 2.025 

R2 0.536 

Note. N = 12. 

 

Table F13 

Looking During Learning, Toy-Naming Task Performance, and Language Background as 

Predictors of Nonsalient Target Looking During Test Trial 1  
Percent Looking to Target 

(Test Trial 1) 

Variable β 

Percent looking to face (learning) 0.186 

Percent looking to target (learning) 0.29 

Toy-naming score 0.07 

Bilingual (continuous) -0.096 

F 0.616 

R2 0.215 

Note. N = 14. 

 

Table F14 

Looking During Learning, Toy-Naming Task Performance, and Language Background as 

Predictors of the Change in Nonsalient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 

Variable β 

Percent looking to face (learning) -0.102 

Percent looking to target (learning) 0.523 

Toy-naming score -0.363 

Bilingual (continuous) -0.079 

F 0.571 

R2 0.203 

Note. N = 14. 

 

Table F15 
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Looking During Learning, Toy-Naming Task Performance, and Language Background as 

Predictors of the Change in Nonsalient Target Looking Between Test Trials 2 and 3  

Change in Percent Looking to Target 

(Test trial 2 - Test trial 3) 

Variable β 

Percent looking to face (learning) -0.379 

Percent looking to target (learning) -0.306 

Toy-naming score -0.163 

Bilingual (continuous) 0.221 

F 0.524 

R2 0.295 

Note. N = 10. 

 

Table F16 

Looking During Learning, Gaze-Following Task Performance, and Language Background as 

Predictors of Salient Target Looking During Test Trial 1  
Percent Looking to Target 

(Test Trial 1) 

Variable β 

Percent looking to face (learning) 0.127 

Percent looking to target (learning) 0.495 

Gaze-following score 0.42 

Bilingual (continuous) -0.145 

F 1.005 

R2 0.287 

Note. N = 15. 

 

Table F17 

Looking During Learning, Gaze-Following Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 1 and 2  

Change in Percent Looking to Target 

(Test trial 1 - Test trial 2) 

Variable β 

Percent looking to face (learning) -0.078 

Percent looking to target (learning) 0.388 

Gaze-following score 0.248 

Bilingual (continuous) -0.072 

F 0.298 

R2 0.107 

Note. N = 15. 
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Table F18 

Looking During Learning, Gaze-Following Task Performance, and Language Background as 

Predictors of the Change in Salient Target Looking Between Test Trials 2 and 3  

Change in Percent Looking to Target 

(Test trial 2 - Test trial 3) 

Variable β 

Percent looking to face (learning) -0.303 

Percent looking to target (learning) -0.575 

Gaze-following score 0 

Bilingual (continuous) 0.101 

F 0.691 

R2 0.28 

Note. N = 12. 
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Appendix G: Multilevel Model Coefficient Tables 

 

Table G1. Random-Intercepts Model Predicting Percent Looking to Target, Controlling For 

Learning Trials 

Predictor Estimate Std. Error df t value p 

Intercept 39.233 2.732 40.626 14.359 <.001 

Salient 13.289 2.558 934.396 5.195 <.001 

Test: Distracter Label 0.076 3.921 934.274 0.019 .985 

Test: Learning Label 1.976 3.066 934.092 0.645 .519 

Bilingual -5.792 4.016 39.049 -1.442 .157 

Salient*Test: Distracter Label 11.381 4.877 934.732 2.334 .020 

Salient*Test: Learning Label 7.967 3.783 934.946 2.106 .036 

Bilingual*Salient -6.793 3.383 937.876 -2.008 .045 

Bilingual*Test: Distracter Label -1.916 5.057 936.345 -0.379 .705 

Bilingual*Test: Learning Label 6.262 3.865 934.411 1.620 .106 

Note. This model was specified using the formula PercentTargetDT ~ 
Blocktype*Trialtype + Trialtype*Language + Blocktype*Language+ 
(1|Subject). The reference language group is Monolinguals, reference block type is 

Nonsalient, and reference trial type is Learning. Statistically significant effects are in bold. 

Pseudo-R2 = .116. 

 

Table G2. Random-Slopes-and-Intercepts Model Predicting Percent Looking to Target, 

Controlling For Learning Trials 

Predictor Estimate Std. Error df t value p 

Intercept 39.423 3.928 20.707 10.037 <.001 

Salient 13.334 3.577 26.769 3.728 <.001 

Test: Distracter Label -0.336 6.822 22.764 -0.049 .961 

Test: Learning Label 1.600 4.027 28.300 0.397 .694 

Bilingual -7.150 5.810 20.455 -1.231 .232 

Salient* Test: Distracter Label 12.345 4.637 899.909 2.662 .008 

Salient* Test: Learning Label 8.100 3.569 886.294 2.270 .020 

Bilingual*Salient -6.430 5.065 22.117 -1.270 .217 

Bilingual* Test: Distracter Label -1.682 9.780 19.746 -0.172 .865 

Bilingual* Test: Learning Label 8.474 5.548 20.860 1.527 .142 

Note. This model was specified using the formula PercentTargetDT ~ 
Blocktype*Trialtype + Blocktype*Language + Trialtype*Language + (1 + 
Blocktype + Trialtype |Subject). The reference language group is Monolinguals, 

reference block type is Nonsalient, and reference trial type is Learning. Statistically significant 

effects are in bold. Pseudo-R2 = .124. 

 

Table G3. Deviance Change Test of Random-Intercepts vs. Random-Slopes-and-Intercepts 

Models (Controlling For Learning Trials) 

Model df AIC BIC -2LL Deviance χ2 χ2 df p 
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Random-Intercepts 12 9025.9 9084.4 -4501.0 9001.9 

61.402 9 <.001 Random-Intercepts-

and-Slopes 

21 8982.5 9084.8 -4470.3 8940.5 

 

 

Table G4. Deviance Change Test of Random-Slopes-and-Intercepts Model With vs. Without 

Language (Controlling For Learning Trials) 

Model df AIC BIC -2LL Deviance χ2 χ2 df p 

Without Language 17 8990.7 9073.5 -4478.4 8956.7 
16.211 4 .003 

With Language 21 8982.5 9084.8 -4470.3 8940.5 

Note. The “With Language” model is the model described in Table G2: PercentTarget ~ 
Blocktype*Trialtype + Blocktype*Language + Trialtype*Language + (1 + 
Blocktype + Trialtype |Subject). The “Without Language” model was specified as 

PercentTarget ~ Blocktype*Trialtype + (1 + Blocktype + 
Trialtype|Subject). Although none of the predictors involving Language in the “With 

Language” model were individually statistically significant, the “With Language” model fits 

significantly better than the “Without Language” model. 

 

Table G5. Random-Intercepts Model Predicting Percent Looking to Target, Not Controlling For 

Learning Trials 

Predictor Estimate Std. Error df t value p 

Intercept 13.287 2.000 47.902 6.642 <.001 

Salient 9.735 2.122 932.860 4.587 <.001 

Bilingual 2.641 2.932 45.301 0.901 .372 

Test: Distracter Label 25.928 3.253 932.623 7.972 <.001 

Test: Learning Label 28.037 2.543 932.401 11.024 <.001 

Salient*Bilingual -7.932 2.805 938.165 -2.828 .005 

Salient*Test: Distracter Label 15.735 4.045 933.315 3.890 <.001 

Salient*Test: Learning Label 12.301 3.138 933.671 3.920 <.001 

Bilingual*Test: Distracter Label -10.712 4.194 935.942 -2.554 .011 

Bilingual*Test: Learning Label -2.329 3.206 932.867 -0.727 .468 

Note. This model was specified using the formula PercentTarget ~ 
Blocktype*Trialtype + Trialtype*Language + Blocktype*Language + 
(1|Subject). The reference language group is Monolinguals, reference block type is 

Nonsalient, and reference trial type is Learning. Statistically significant effects are in bold. 

Pseudo-R2 = .401. 

 

Table G6. Full Random-Slopes-and-Intercepts Model Predicting Percent Looking to Target, Not 

Controlling For Learning Trials 

Predictor Estimate Std. Error df t value p 

Intercept 13.993 2.607 20.653 5.366 <.001 

Salient 9.261 3.024 26.188 3.062 .005 

Test: Distracter Label 24.831 5.969 22.119 4.160 <.001 

Test: Learning Label 26.913 4.128 25.001 6.520 <.001 
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Bilingual 0.579 3.851 20.237 0.150 .882 

Salient*Test: Distracter Label 16.352 3.744 896.997 4.368 <.001 

Salient*Test: Learning Label 12.041 2.879 883.869 4.183 <.001 

Salient*Bilingual -6.646 4.303 22.107 -1.545 .137 

Bilingual*Test: Distracter Label -8.499 8.607 19.667 -0.987 .335 

Bilingual*Test: Learning Label 1.264 5.862 20.949 0.216 .831 

Note. This model was specified using the formula PercentTargetDT ~ 
Blocktype*Trialtype + Blocktype*Language + Trialtype*Language + (1 + 
Blocktype + Trialtype |Subject). The reference language group is Monolinguals, 

reference block type is Nonsalient, and reference trial type is Learning. Statistically significant 

effects are in bold. Pseudo-R2 = .399. 

 

Table G7. Deviance Change Test of Random-Intercepts vs. Random-Slopes-and-Intercepts 

Models (Not Controlling For Learning Trials) 

Model df AIC BIC -2LL Deviance χ2 χ2 df p 

Random-Intercepts 12 8657.3 8715.7 -4316.6 8633.3 

93.692 9 <.001 Random-Intercepts-

and-Slopes 

21 8581.6 8683.9 -4269.8 8539.6 

 

 

Table G8. Parsimonious Random-Slopes-and-Intercepts Model Predicting Percent Looking to 

Target, Not Controlling For Learning Trials 

Predictor Estimate Std. Error df t value p 

Intercept 14.300 1.941 24.427 7.367 <.001 

Salient 6.448 2.437 34.591 2.645 .012 

Test: Distracter Label 21.056 4.700 30.042 4.480 <.001 

Test: Learning Label 27.277 3.139 34.590 8.688 <.001 

Salient*Test: Distracter Label 16.265 3.738 898.878 4.351 <.001 

Salient*Test: Learning Label 12.040 2.878 886.164 4.183 <.001 

Note. This model was specified using the formula PercentTargetDT ~ 
Blocktype*Trialtype + (1 + Blocktype + Trialtype |Subject). The reference 

block type is Nonsalient, and the reference trial type is Learning. All predictors were statistically 

significant. Pseudo-R2 = .388. 

 

 

Table G9. Deviance Change Test of Full vs. Parsimonious Random-Slopes-and-Intercepts 

Models (Not Controlling For Learning Trials) 

Model df AIC BIC -2LL Deviance χ2 χ2 df p 

Full Model 21 8581.6 8683.9 -4269.8 8539.6 
7.002 4 .136 

Parsimonious Model 17 8580.6 8663.4 -4273.3 8546.6 

Note. The Full Model is the model described in Table G6: PercentTarget ~ 
Blocktype*Trialtype + Blocktype*Language + Trialtype*Language + (1 + 
Blocktype + Trialtype |Subject). The Parismonious Model is the model described in 

Table G8: PercentTarget ~ Blocktype*Trialtype + (1 + Blocktype + 
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Trialtype|Subject). There is no significant difference in deviance of the two models; 

therefore, the parsimonious model is preferred. 

 

Table G10. Random-Slopes-and-Intercepts Model Predicting Percent Looking to Target During 

Test Trials 

Predictor Estimate Std. Error df t value p 

Intercept 36.91575 3.855172 19.86822 9.575643 <.001 

Salient 20.2442 4.539444 21.81664 4.459622 <.001 

Learning Label 3.600431 4.815405 21.76247 0.74769 0.463 

Note. This model was specified as PercentTarget_Test ~ Blocktype + Trialtype + 
(1 + Blocktype + Trialtype |Subject). The reference block type is Nonsalient, and 

the reference test trial type is Distracter Label. Significant predictors are in bold. Pseudo-R2 = 

.110.  
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Appendix H: Predicting T2 Vocabulary From T1 Tasks 

 

Table H1. Vocabulary, target looking, and toy-naming performance as predictors of T2 Total 

MCDI  
Model 1 Model 2 

Variable B SE β B SE β 

T1 MCDI 1.167 0.156 0.958** 0.974 0.077 0.8** 

Target looking (test) 
   

-5.446 1.082 -0.3* 

Toy-Naming 
   

42.269 15.66 0.166+ 

F 55.624** 
  

118.289**  
 

R2 0.918 
  

0.992 
  

ΔR2 
   

0.074 
  

Note. N = 7 
+

 p < .1, * p < .05, ** p < .01 

 

 

Table H2. Vocabulary, target looking, and sticker-finding performance as predictors of T2 Total 

MCDI  
Model 1 Model 2 

Variable B SE β B SE β 

T1 MCDI 1.167 0.156 0.958** 0.976 0.051 0.802*** 

Target looking (test) 
   

-4.68 0.697 -0.26** 

Sticker-finding 
   

29.269 0.176 0.176* 

F 55.624** 
  

255.224*** 
  

R2 0.918 
  

0.996 
  

ΔR2 
   

0.079 
  

Note. N = 7 

* p < .05, ** p < .01, *** p < .001 

 

 

Table H3. Vocabulary, target looking, and gaze-following performance as predictors of T2 Total 

MCDI  
Model 1 Model 2 

Variable B SE β B SE β 

T1 MCDI 1.167 0.156 0.958** 1.111 0.104 0.912** 

Target looking (test) 
   

-5.555 1.734 -0.3* 

Gaze-following 
   

-23.301 18.13 -0.13 

F 55.624** 
  

52.976** 
 

R2 0.918 
  

0.981 
  

ΔR2 
   

0.064 
  

Note. N = 7 

* p < .05, ** p < .01, *** p < .001 
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Table H4. Vocabulary, nonsalient target looking, and toy-naming performance as predictors of 

T2 Total MCDI  
Model 1 Model 2 

Variable B SE β B SE β 

T1 MCDI 1.279 0.101 0.98*** 1.295 0.102 0.991*** 

NS target looking (test) 
   

-271 191.66 -0.113 

Toy-Naming 
   

-16.5 26.562 -0.05 

F 160.718*** 
  

54.851***  
 

R2 0.958 
  

0.971 
  

ΔR2 
   

0.012 
  

N = 9 

*** p < .001 

 

Table H5. Vocabulary, nonsalient target looking, and sticker-finding performance as predictors 

of T2 Total MCDI  
Model 1 Model 2 

Variable B SE β B SE β 

T1 MCDI 1.279 0.101 0.98*** 1.298 0.106 0.994*** 

NS target looking (test) 
   

-244 196.91 -0.102 

Sticker-finding 
   

-1.26 17.252 -0.006 

F 160.718*** 
  

50.859*** 
  

R2 0.958 
  

0.968 
  

ΔR2 
   

0.01 
  

N = 9 

*** p < .001 

 

Table H6. Vocabulary, nonsalient target looking, and gaze-following performance as predictors 

of T2 Total MCDI  
Model 1 Model 2 

Variable B SE β B SE β 

T1 MCDI 1.279 0.101 0.98*** 1.274 0.133 0.976*** 

NS target looking (test) 
   

-234 192.32 -0.098 

Gaze-following 
   

6.845 22.769 0.03 

F 160.718*** 
  

51.752*** 
 

R2 0.958 
  

0.969 
  

ΔR2 
   

0.01 
  

N = 9 

*** p < .001 
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