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ABSTRACT 

Blicking through video chats:  

The role of contingency in toddlers’ ability to learn novel verbs 

Sarah Roseberry  

Doctor of Philosophy 

Temple University, 2010 

Dissertation Advisory Committee Chair: Dr. Kathy Hirsh-Pasek 

 

 Language learning takes place in the context of social relationships. Yet, we know 

little about the mechanisms that link social interaction to word learning. This dissertation 

focuses on two aspects of that relationship, social contingency and eye gaze, and asks 

whether these cues may be a critical ingredient in the well established link between social 

support and language learning. Specifically, we investigate how toddlers learn novel 

verbs in one of three conditions. In one, training on four new words was conducted using 

live interaction. In the second, children were trained on the same words using a 

contingent screen condition (video-chat). Finally, in the third, they were taught the same 

words in a video condition that did not maintain social contingency (yoked video). 

Results suggest that children exposed to novel verbs via contingent screen condition 

learned these words to the same degree as children in the live condition and far exceeded 

their peers who were exposed to non-contingent video only. Analysis of looking patterns 

during training further suggests that children in contingent interactions rely on eye gaze 

during social interactions, which predicts language learning. Taken together, this 

dissertation begins to operationally define social cues and to illuminate the mechanism 

that links social interaction and language acquisition.  It also speaks to the literature on 
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learning through screen media as the first study to examine word learning through video 

chat technology.  
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CHAPTER 1 
INTRODUCTION 

 
 Children under three years of age do not learn words from video (Krcmar, Grela 

& Lin, 2007; Kuhl, Tsao & Liu, 2003; Robb, Rickert & Wartella, 2009; Roseberry, 

Hirsh-Pasek, Parish-Morris & Golinkoff, 2009; Scofield & Williams, 2009; Troseth, 

Strause, O’Doherty & Verdine, 2010; Zimmerman, Christakis & Meltzoff, 2007). 

Children do learn these same words in social interactions (Bloom, Lightbown & Hood, 

1975; Brandone, Pence, Golinkoff, & Hirsh-Pasek, 2007; Childers, & Tomasello, 2002, 

2006; Naigles, Bavin, & Smith, 2005; Roseberry et al., 2009; Tomasello & Farrar, 1986). 

Why? Here, we focus squarely on this question. Though these findings emerge from 

different literatures, one on screen media and one on language development, investigating 

the intersect gives us theoretical purchase on the mechanisms that underlie early word 

learning. In particular, we will suggest that a key difference between the contexts of 

screen media and live interaction rests on a medley of social cues, the most important of 

which is social contingency between the speaker and the learner. That social contingency 

will be the basis for speculations about the well-known correlations that link joint 

attention and intention to language outcomes.  

Empirical Demonstrations of Word Learning from Live Versus Video 

 Two cases illustrate the discrepancy between vivo and video as mediums for 

language learning. Kuhl and colleagues (2003) exposed 9-month-olds to a foreign 

language introduced through a speaker on video or by the same speaker live. Research 

suggests that children exposed to a second language will retain sound discriminations in 

both their native language and in a second language (e.g., Kuhl, Tsao, Liu, Zang & 

DeBoer, 2001; Werker & Tees, 1984). Would children experience the same benefits if 
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they only overheard the speech in a video display? The results were dramatic. The video 

display failed to confer this advantage, whereas children who heard the same speaker for 

the same amount of time in a live demonstration had the benefit of expanding their 

“phonemic repertoire.” Another example leads to the same conclusion, here with word 

learning. These researchers investigated children’s ability to learn “hard words” like 

verbs (Gleitman, Cassidy, Nappa, Papafragou & Trueswell, 2005), which are known to 

be more difficult to master than nouns (Gentner, 1982; Gentner & Boroditsky, 2001). 

Could children learn these verbs from mere exposure to televised displays? In a 

controlled experiment, using exactly the same words, presented exactly the same number 

of times, and with the same test conditions, 30-month-olds learned better when an 

experimenter was live than when she appeared in the screen condition (Roseberry et al., 

2009). Even though children older than three years gained some information from video 

alone, this learning was still not as robust as learning from live social interactions.  

 These studies are among many that offer compelling evidence that social or 

pragmatic cues are related to language outcomes (Childers & Tomasello, 2002, 2006; 

Hoff, 2006; Krcmar et al., 2007; Kuhl et al., 2003; Naigles, Bavin & Smith, 2005; 

Naigles, Hoff & Vear, 2009; Nelson, 1985, 2007). At the same time, however, they fail to 

tell us which of the many possible social cues are recruited to support language learning.  

 This lack of specificity is not uncommon in the literature that connects input cues 

to word learning. In its broadest sense, word learning involves the mapping between 

sound (or in sign language, gesture) and a referent, be it an object, an action, or an event. 

Since the time of Plato’s Cratylus, scholars have attempted to explain how children link 

word to world. In current parlance, and using the Emergentist Coalition Model’s 
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framework as a base (Hollich et al., 2000; Golinkoff & Hirsh-Pasek, 2008), children 

minimally attend to perception (e.g., the salience of the sound and of the referent), 

grammar (e.g., “he’s blicking), and social cues. But perceptual and grammatical cues can 

both be as evident in screen displays as they are in live interactions. Thus, the only input 

in the language model that clearly differentiates the live and screen contexts is social 

cues. Screen media is not as effective, indeed may be ineffective, in allowing children to 

establish joint reference or intent, in enabling children to follow eye gaze, and in 

providing contingent responses and feedback to children’s actions and behaviors. Which 

of these many social supports is responsible for the findings Kuhl, Roseberry and many 

others present? We simply do not know. There is, however, a rich literature that not only 

implicates the role of social cues in word learning, but also establishes the mechanisms 

that might be operative in vocabulary development.  

Focusing on the Definition of Social Cues 

 Kuhl (2007) hypothesizes two ways social cues may support language learning. 

First, social cues may increase children’s attention to the communicative learning 

situation. A live speaker may alert children to pay attention because the information 

being presented is directed to them. Second, social interactions may provide children with 

situation-specific information they need to solve the learning problem. In the case of 

word learning, informational social cues might direct children to map novel words to the 

correct referent. In fact, Bloom and Tinker (2001) called this the Principle of Reference, 

in which the adult acts as a pointer to the referent labeled by the word.  

 In a recent analysis of the development of communicative skills in infancy, Csibra 

(2010) posits a framework that may be useful for identifying the mechanisms linking 
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social cues to language. He argues that three factors signal to a child that an important 

communication is taking place: child directed speech, eye gaze that generates direct eye 

contact, and contingent reactivity to the infant’s behavior in a turn-taking manner. 

According to Csibra (2010), these three factors underlie all informative social interactions 

for children, and a second layer of meaning is added when the child can begin to interpret 

intentionality. In other words, child directed speech, eye gaze and social contingency 

provide a basic level of social information, which is later augmented by a higher order of 

social cognition known to be related to word learning. Included in the higher order social 

cues are joint attention, intentionality and shared intent. Although others suggest 

connections between various social cues (Baldwin, 1991; Bruner, 1981; Mundy, Block, 

Delgado, Pomares, VanHecke, & Parlade, 2007; Liszkowski, Carpenter, Striano & 

Tomasello, 2006; Tomasello, Carpenter & Liszkowski, 2007; Tomasello & Farrar, 1986; 

Woodward, 2009), Csibra (2010) provides the most detailed model to date.    

 Using the Csibra (2010) framework, we investigate the basic tenets of social 

cognition and how each is related to later word learning. Throughout the review, we will 

focus on those behaviors that distinguish language learning from screen media versus live 

contexts with an eye toward operationalizing the mechanism that underlies the 

relationship between social pragmatics and word learning.  

Csibra’s Core Principles of Social Cognition  

Child Directed Speech 

Child directed speech is the modification of language for young children. These 

modifications vary slightly by culture (Kitamura et al., 2001), but the American version is 

characterized by slower speech, word lengthening, repetition, longer vowel sounds, and 
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greater variation in frequency (Brand & Tapscott, 2007; Fernald & Kuhl, 1987; Garnica, 

1975; Golinkoff & Alioto, 1995; Grieser & Kuhl, 1988; Newport, Gleitman & Gleitman, 

1977; Papousek, Bornstein, Nuzzo & Papousek, 1990). Although the literature treats 

child directed speech as a social cue, there is evidence that it actually includes both 

perceptual (Cooper & Aslin, 1990; Fernald, 1985, 1989) and attentional aspects (Fernald 

& Kuhl, 1987; Landry, Smith & Swank, 2006; Ratner, 1984; Stern, Spieker & MacKain, 

1982). Perceptually, infants prefer this type of speech as early as two days after birth 

(Cooper & Aslin, 1990; Fernald, 1985), perhaps because the child directed speech is 

easier to differentiate from ambient noise in the environment (Fernald, 1989). Indeed, the 

perceptual features of child directed speech increase children’s sensitivity to phonological 

contrasts (Kuhl et al., 1997; Kuhl et al., 2003) and facilitate children’s ability to segment 

words within a stream of speech (Fernald & Mazzie, 1991). 

Child directed speech also captures and maintains young children’s attention 

(Fernald & Kuhl, 1987; Landry, Smith & Swank, 2006; Ratner, 1984). Modulations 

effectively tell children, “Hey, baby! Pay attention! This is for you!” Focusing the child 

on important aspects of their environment may help children learn language by directing 

their attention to the referent. Although a causal link between child directed speech and 

word learning has yet to be established (Csibra, 2010; Golinkoff & Alioto, 1995), 

heightened attention in general is known to increase language learning (Kuhl, 2007; 

Posner, 2004).  

As children get older, one could expand the definition of child directed speech to 

include characteristics such as more questioning (Chouinard, 2007) and longer sentences 
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(Snow, 1972). There is a rich literature linking these adaptations to later language, and to 

word learning in particular. 

Eye Gaze 

In infancy, eye gaze not only requires that children attend to the eyes of a social 

partner (Batki et al., 2000; Farroni, Csibra, Simion & Johnson, 2002), but also that they 

follow the speaker’s gaze (Carpenter, Nagell, Tomasello, 1998; Scaife & Bruner, 1975). 

Eye gaze following allows the speaker and learner to focus on the same referent. How 

much the infant knows about the content of eye gaze is a point of controversy, with some 

suggesting that infants merely follow head turns, not eye gaze (Corkum & Moore, 1998; 

Langton et al., 2000), and others indicating that infants use eye gaze as a beginning tool 

into intentionality (Baldwin & Moses, 1994; Baron-Cohen, 1991; Brooks & Meltzoff, 

2002, 2005). In an argument against the lean interpretation, there is some evidence that 

infants are remarkably sophisticated in their use of this social cue. For example, infants 

only follow an adult’s gaze when their eyes are open, not closed or blindfolded (Brooks 

& Meltzoff, 2002, 2005; see also Nurmsoo & Bloom, 2008), demonstrating that even 

young infants can distinguish between simple head turns informative eye gaze. This 

minimally indicates that children have some knowledge that speakers’ eyes are the key to 

reference.  

Language learning is supported by children’s ability to follow gaze direction. 

Novel labels typically refer to the referent in the speaker’s purview (Baldwin, 1993; 

Bloom, 2002; Tomasello, 1995) and in fact, when the referent of a novel word is 

ambiguous, children are more likely to check speaker gaze to determine the correct 

referent (Baldwin, Bill & Ontai, 1996). One recent study suggests that older infants use 
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eye gaze to label boring objects even when they would prefer to look at other interesting 

objects (Pruden et al., 2006). Further, joint attention, known to be a correlate of word 

learning and one discussed at length below, relies crucially on eye gaze (Akhtar & 

Gernsbacher, 2008).   

Contingency 

Contingency in social interactions is characterized by the synchrony achieved 

when “both conversational partners attempt to adjust the timing of their own 

communicative actions to the other’s communicative actions” (Csibra, 2010, p. 150). 

This synchrony must be prompt and “bear direct relevance to what the child is doing” 

(Tamis-LeMonda, Cristofaro, Rodriguez & Bornstein, 2006, p. 80; see also Bornstein et 

al., 2008; Troseth, Saylor, & Archer, 2006). For example, in a contingent interaction, the 

experimenter might draw attention to the child’s shirt by saying, “Wow! I really like the 

color of your shirt!” Once the child has focused on the shirt, the experimenter might say, 

“Can you tell me what color it is?” If the child responds with the correct color (e.g., red), 

the experimenter might say, “You’re right! I really like the color red!” In a non-

contingent interaction, the experimenter and child’s give-and-take would be decoupled 

such that the experimenter’s response occurs too soon, too late, or is even inappropriate 

to the situation. That is, if the child never responded to the experimenter’s questions, but 

the experimenter nevertheless said, “You’re right! I really like the color red!”, the 

interaction would no longer be synchronous.  

Studies of maternal responsiveness to infants find that caregivers universally 

exhibit similar levels of contingent responsiveness to their children, but that specific 

response types might vary by culture (Bornstein et al., 1992; Kartner, Keller & Yovsi, 
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2010; Kartner et al., 2008). In Western culture, mothers in one-on-one situations with 

their infants respond contingently nearly 70% of the time (Gros-Louis, West, Goldstein & 

King, 2006). These contingent verbal responses are critical to the beginnings of language, 

as infants as young as 9 months of age structure their own vocalizations to match the 

patterns modeled by contingent adults (Goldstein, King & West, 2003; Goldstein & 

Schwade, 2008). With older toddlers, contingent interactions are created when parents 

provide correction and expansion to child utterances, thereby teaching the child 

conventions and nuances of language (Chouinard & Clark, 2003; Clark & Clark, 1979; 

Demetras, Post & Snow, 1986; Farrar, 1992; Hirsh-Pasek, Treiman & Schneiderman, 

1984; Nelson, Camarata, Welsh, Butkovsky & Camarata, 1996; Snow & Ferguson, 

1977). Corrections occur in cases where children make errors in their speech that adults 

can subsequently correct in their responses (e.g., Child: “I want them cookies.” Parent: 

“Oh, you want those cookies?”). Expansions are similar, with the adult providing more 

information in their response than was contained in the child’s original utterance (e.g., 

Child: “I want those.” Parent: “Oh, you want those cookies?”). This conversational 

scaffolding allows parents to guide their prelinguistic children through the language 

learning process by initiating discussions, responding appropriately, providing immediate 

corrections, and elaborating when necessary (Akhtar & Tomasello, 2000; Carpenter et al., 

1998; Tomasello, 1992). As Phillips and Adam (2001) suggest, “beneficial child 

outcomes are most likely when caregivers are responsive, warm, and sensitive to the 

children and surround them with rich language” (p. 40; see also McCartney & Phillips, 

2006; Shonkoff & Phillips, 2001). Critically, non-contingent responses do not produce 

the same linguistic benefits.  
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Core Social Cues in Video Versus Live 

 How do these core social cues translate to screen media? In the case of child 

directed speech, the same modifications that occur in live interactions are possible to the 

same extent on video. Although one might argue that some of the perceptual cues from 

child directed speech would be diminished in video, many studies of child directed 

speech use pre-recorded audio to control for variations in stimuli (e.g., Brand & Tapscott, 

2007; Cooper & Aslin, 1994; Fernald & Kuhl, 1987; Golinkoff & Alioto, 1996), 

suggesting the children readily access child directed speech even when it does not come 

from a live source. This is also reflected in commercial programming, where actors 

frequently employ the modifications of child directed speech to engage young audiences 

(Anderson & Levin, 1976; Tracy, 2002). A second criticism may be that referents are not 

easily identifiable on video, but decades of research suggest that even infants can detect 

objects and actions on the screen (Baillargeon, Needham & DeVos, 1992; Goksun, Hirsh-

Pasek & Golinkoff, 2010; Hespos & Baillargeon, 2001; Pulverman, Golinkoff, Hirsh-

Pasek & Sootsman-Buresh, 2008; Wagner & Carey, 2005).   

 Importantly, eye gaze and contingency are not as powerfully represented in screen 

media. Eye gaze, for example, is difficult to interpret from a video screen, especially if 

the referent of the gaze is off-screen and unavailable to viewers. One could argue that 

actors who look directly into the camera offer children the opportunity to align their gaze 

directly, as do actors in children’s programs like Mister Roger’s Neighborhood and 

Blue’s Clues (Anderson, Bryant, Wilder, Santomero, Williams & Crawley, 2000; Tracy, 

2002), but the utility of this type of eye gaze is controversial (Troseth et al., 2010).  

 The aspect of core social cognition that is absolutely not available in screen media 
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is contingency. Without real access to the child’s responses, it is impossible to build a 

contingent and responsive environment that expands on children’s language, looking or 

behavior. This becomes key in establishing the second tier of elements that are known to 

promote language. 

Csibra’s Second Tier Social Cognition 

Joint Attention  

One of the most studied and consistent findings in the early language learning 

literature is the connection between joint attention and language learning. Joint attention 

describes social interactions in which both partners focus their attention on a common 

object or event (Adamson, Bakeman & Deckner, 2004; Baldwin, 1991; Bruner, 1981, 

1983; Moll & Tomasello, 2007; Mundy, Block, Delgado, Pomares, VanHecke, & 

Parlade, 2007; Tomasello & Farrar, 1986). Some have operationalized joint attention as 

instances in which children and adults alternate their gaze between an object of interest 

and the social partner (Kasari, Freeman & Paparella, 2006; but see Akhtar & 

Gernsbacher, 2008). Children and parents talk more and learn more words during 

episodes of joint attention (Adamson et al., 2004; Baldwin, 1991; Carpenter et al., 1998; 

Delgado et al., 2002; Mundy & Gomes, 1998; Pruden et al, 2005; Smith & Ulvund, 2003; 

Tomasello & Farrar, 1984; Tomasello & Todd, 1983). Individual differences in children’s 

engagement in joint attention also predicts of later language, even after controlling for 

general cognitive ability (Mundy et al., 2007). 

Importantly, joint attention does more than simply direct children’s attention. 

Here, parents and children maintain common ground for an extended period of time 

(Clark, 1996; Tomasello, Carpenter, Call, Behne & Moll, 2007). Common ground is the 



 11	  

arena of shared attention created by responsive and synchronous interactions (Bornstein 

& Tamis-LeMonda, 1997; Isabella, Belsky & vonEye, 1989; Tomasello & Farrar, 1986). 

Children who share the focus of attention with their parent and who are engaged 

responsively and contingently are better able to learn language from these interactions. 

For example, Baldwin (1991), asked adults to label an object either when it was located 

within the common ground, or when it was not in the arena of shared attention. Infants 

aged 16- to 19-months were more successful at mapping labels onto objects when they 

were attending to the referent object (see also Dunham, Dunham & Curwin, 1993; Pruden 

et al., 2006; Tomasello & Farrar, 1986). Children with higher levels of joint attention at 

15 months are also better language speakers at 21 months of age (Tomasello & Farrar, 

1986) 

Intentionality 

Intentionality has been defined as a plan of action in pursuit of a particular goal 

(Bratman, 1989; Tomasello et al., 2007), with the caveat that understanding intentionality 

involves making inferences about things than cannot be learned associatively (Csibra, 

2010; Gergely, 2001; Tomasello, 1999). For example, there is a difference between 

young infants’ understanding of animate figures as things that can move by themselves 

and infants’ ability to interpret the intentions of the animate figures, like moving toward a 

goal in a rational manner. Sperber and Wilson (1986) suggest that infants understand 

intentionality when they ask themselves, “Why is the adult doing this for me?” and “Why 

is this relevant to our interaction?” When this occurs, children have a window into their 

partner’s intentions (c.f., the Principle of Relevance; Bloom & Tinker, 2001). Although 

primates have some measure of intentional understanding, Tomasello and colleagues 
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(2005) argue that humans’ ability to share intent, or socially coordinated plans to reach a 

mutual goal, is what distinguishes human social cognition. 

Language develops in concert with children’s ability to read other people’s 

intentions (Bloom & Tinker, 2001). When a parent says, “The dog is running”, the adult’s 

intent to label the running action does not assist language learning until the child 

understands that the adult is speaking with intent. Determining why the speaker’s 

intentions are relevant at a particular moment to the interaction helps children map word-

to-world (Bloom & Tinker, 2001; Sperber & Wilson, 1986; Tomasello et al., 2007). The 

process is cyclical, such that as children learn language, social partners are increasingly 

able to direct their attention to the relevant objects and events in their environment (see 

also Hamlin, Wynn & Bloom, 2007).  

One common task demonstrates the power of intentionality in word learning. In 

“discrepant labeling” situations, an experimenter labels an object when a child is 

attending to a different toy. To correct identify the referent, children must determine what 

the speaker intended to label. Children solve this task in the second year of life (Baldwin, 

1991, 1993; Baldwin, Bill & Ontai, 1996; Moore, Angelopoulos & Bennett, 1999; 

Brandone et al., 2007; Pruden et al., 1996), even when the only intentional cues are 

emotional signals, not eye gaze (Tomasello & Akhtar, 1995). The importance of 

intentionality is echoed by new data from children diagnosed with autism, a population 

known to suffer deficits in interpersonal understanding (Baron-Cohen, 1995). Parish-

Morris and colleagues (2007) found that intentional understanding was the biggest 

predictor of vocabulary for children with autism, but not for typically developing 

children. Thus, the more children understand a speaker’s intent, the better their language. 



 13	  

Tier 2 Social Cues in Video Versus Live 

 Establishing whether second level social skills are preserved in video is difficult. 

Screen media allows children to look at the speaker, but whether children are able to look 

between the speaker and an object on screen is unclear. Certainly this is not possible 

when the object of the speaker’s attention occurs off-screen, since without access to the 

fixation of the speaker’s eye gaze, joint attention is not likely.  

Some data suggests that children interpret a videotaped speaker’s intent by 21 

months of age (Poulin-Dubois & Forbes, 2002, 2006). Here, children used the 

experimenter’s gestures and eye gaze to distinguish between similar actions like pursue 

and wander. Each pair of actions was distinguishable only by whether the speaker 

intended to complete the action, indicating that children detected the experimenter’s 

intentions through video. 

Critically, what is missing in any example of joint attention and intentionality on 

video is the type of adaptive behavior that rests on the core social cognitions. Children 

cannot represent the first tier of social cues on video, particularly contingency. 

Accordingly, any aspect of social cognition that builds on these skills is also unavailable 

on video, at least to the degree with which it is accessible in live interactions. Thus, the 

ability to transmit any social cues through video rests on the pillars of child directed 

speech, eye gaze, and contingency. Of these, the two that distinguish screen media from 

live interactions are eye gaze and contingency.  

Introducing Video Chats 

 If there were a continuum linking screen media and live interactions, a new 

technology, video chat, offers the middle ground. Importantly, this new technology has 
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some features of video and some features of live interactions. As a video, it provides a 

two-dimensional screen. As an interaction, it is a platform for completely synchronous 

and contingent exchanges. To a slightly lesser degree, video chat offers some, though not 

perfect alignment and interpretation of eye gaze. Using eye tracking technology in 

conjunction with video chat allows us to examine eye gaze as well.  

Exploring this new technology speaks both to the television and language 

literatures by asking what may or may not facilitate children’s learning from screen 

media, as well as what social cues might be critical in live contexts.  

The Current Study 

 This dissertation is among the first to use video chats as a test of the social factors 

that facilitate children’s language learning. Building on previous research that compares 

learning from video to learning from live (Roseberry et al., 2009), we test the efficacy of 

contingency on language learning by asking two key questions. First, does language 

learning in video chats pattern like learning in live interactions or like learning from 

video? Second, if video chat mirrors live interaction, is social contingency the only 

factor? Does eye gaze also relate to learning?  

We investigated these questions using one particular case of language acquisition 

– verb learning. Verbs are the building blocks of grammar and the fulcrum around which 

a sentence is constructed. Despite their centrality, nearly thirty years of research 

demonstrates that verbs are significantly more difficult to learn than nouns (Gentner, 

1982; Gleitman et al., 2005). Evidence that verbs are particularly hard for children to 

learn comes from both naturalistic (Bloom, 2000; Bloom, Tinker & Margulis, 1993; 

Fenson et al., 1994; Naigles, Hoff & Vear, 2009; Naigles & Hoff-Ginsburg, 1998) and 
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laboratory settings (Childers & Tomasello, 2002, 2006; Golinkoff et al., 1996; Haryu et 

al., 2005; Imai et al., 2008; Imai, Haryu & Okada, 2005, 2006; Kersten & Smith, 2002; 

Merriman, Marazita & Jarvis, 1995; Meyer et al., 2003; Naigles, Bavin & Smith, 2005; 

Poulin-Dubois & Forbes, 2002, 2006; Roseberry et al., 2009), as well as from special 

populations, such as children with autism (Parish-Morris, Lyuster, Tager-Flusberg, Hirsh-

Pasek & Golinkoff, 2009) and children with down syndrome (Chapman, 2003; Hesketh 

& Chapman, 1998; Kay-Raining Bird & Chapman, 1994; Naigles, Fowler & Helm, 1995; 

but see McDuffie et al., 2007; Tager-Flusberg, 1992). Even though verbs are difficult to 

learn, the irony is that toddlers nevertheless have verbs in their vocabularies. Research is 

only beginning to uncover how children learn these hard words, so testing social cues 

with verb learning provides an especially strong test of the role of contingency in 

language acquisition. Further, there is reason to believe that social cues might be 

particularly important for determining reference in verbs because actions are dynamic, 

continuous and ephemeral. Social information aligned with perceptual and grammatical 

cues may help children determine the boundaries of these events.  

We hypothesize that if word learning relies on contingency and eye gaze, children 

will learn from video chats to the same degree that they do in live interaction. If eye gaze 

is critical beyond contingency, then children are not likely to learn as well during video 

chats, in which eye gaze is distorted, as they do in live interactions, where eye gaze is 

intact. Finally, if the two-dimensional aspect of screen media prevents children’s learning 

from videos, called the “video deficit” (Anderson & Pempek, 2005), then we hypothesize 

that children’s learning from video chats will mirror learning from a non-contingent 

video.   
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CHAPTER 2 
METHOD 

The current study tested the role of contingency and eye gaze as mechanisms that 

link social interactions and language learning. We taught children the meaning of novel 

verbs through three parallel training conditions: contingent video chats, contingent live 

social interactions, and non-contingent yoked video (Table 1). The yoked condition 

showed participants pre-recorded video of the experimenter communicating in a video 

chat with another child. This condition contained the same aspects of the video chat 

except that it broke the contingency between child and experimenter. This technique has 

been used successfully in previous studies (Murray & Trevarthen, 1986; Troseth, Saylor 

& Archer, 2006). All children, regardless of their training condition, participated in the 

same tests of verb learning. Thus, differences in language learning can be attributed to the 

type of training children experienced. We specifically asked two questions: 

1. Does language learning in video chats pattern like learning in live interactions or 

learning from videos?  

2. If video chat mirrors live interaction, is social contingency the only useful cue? 

Does eye gaze relate to learning?  

Table 1. Presence of contingency and eye gaze in each of the training conditions (video chats, live 
interactions, or yoked video).	  
 

 Contingent? Eye gaze? 

Video Chat Training  ? 

Live Interaction Training   
Yoked Video Training   
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Participants 

Forty-two children between the ages of 24- and 30-months (24 male, m = 26.60, 

range = 24.09 to 29.80) participated in the study. This age was chosen because 24-month-

olds show robust verb learning from social interactions (Childers & Tomasello, 2002, 

2006; Naigles, Bavin & Smith, 2005) but do not yet show evidence of verb learning from 

video displays (Krcmar, Grela & Lin, 2007; Roseberry, Hirsh-Pasek & Golinkoff, in 

prep). Of the full sample, 18 children participated in the video chat condition, 12 in the 

live interaction condition, and 12 in the yoked video condition. An additional 8 

participants were excluded from the current data set for fussiness (2), bilingualism (1), 

experimenter error (2), prematurity (2) and technical difficulties (1). All children were 

full-term and did not have any reported language delays. Participants were all English-

reared in monolingual households, but were racially representative of the census area 

surrounding the Temple Infant Lab.  

Children were recruited through the standard procedure at the Infant Lab. 

Families in the community were first identified through a commercially available list and 

then invited by letter and phone call to participate in studies. Follow-up calls detected 

interest from prospective families and scheduled appointments for children to participate 

in experiments.  

Design and Variables 

To address whether 1) language learning in video chats patterns like learning in 

live interactions or learning from video, and 2) whether social contingency is the only 

useful cue or if eye gaze also aids learning, the current study tested children’s novel verb 
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learning through three training styles (the independent variable): contingent video chats, 

contingent live interactions, and non-contingent yoked video (Figure 1).  

	  

 
	  

Figure	  1.	  Flow chart depicting the study design. The only difference between conditions was the mode of 
training (i.e., Live Training, Video Chat Training, or Yoked Video Training).	  
 

A variety of dependent variables were collected to address each research question. 

To determine whether language learning in video chats is similar to learning from live 

interactions or from yoked video (research question 1), we used a modified version of the 

Preferential Looking Paradigm (PLP; Hirsh-Pasek & Golinkoff, 1996; Figure 2).  

Introduction/Salience Phase 

Live Training 1 
Interaction 

Video	  Chat	  Training	  1	  	   Yoked	  Video	  Training	  1	  

Live	  Training	  2 Video	  Chat	  Training	  2 Yoked	  Video	  Training	  2 

Test Phase 1 

 

Test Phase	  2 

Production	  Test Phase 
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Figure 2. The traditional Preferential Looking Paradigm (Hirsh-Pasek & Golinkoff, 1996). 

The PLP is based on data suggesting that children trained to label an action with a 

novel word will demonstrate their newly acquired knowledge in a visual multiple-choice 

task. For example, a child might be trained that the novel verb blick refers to bouncing up 

and down. At test, the child would see a split screen video wherein the action from 

training (e.g., bouncing) appears on one side of the screen and a new action (e.g., 

dancing) appears on the other half of the screen. When the child hears, “Where is 

blicking?” they should direct their gaze to the trained action. The length of time children 

look toward the matching action is recorded and converted to a percentage of looking 

time. Importantly, we establish that children do not have an a priori preference for either 

test clip through a Salience Phase at the beginning of the study. Here, the dependent 

variable is comprehension, as measured by percentage of gaze duration to each side of 

the split screen (Table 2). 
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Table 2. List of the research questions and corresponding dependent variables. 

Research Question Dependent Variables When is DV collected? 
1 Does learning from video 

chats pattern like learning 
from live interactions or 
learning from video? 

• Direction and duration of 
eye gaze to the matching 
vs. non-matching screen 

• Production of novel verb 
and corresponding action 

• Children’s responsiveness 
(i.e., vocalizations, 
pointing in response to 
questions) to contingent 
interactions 

• PLP Test Phase 
 
 

• Production Test Phase 
 
• Training Phase 

2 If learning from video chats 
mirrors live interactions, is 
social contingency the only 
useful cue? Does eye gaze 
relate to learning?  

• Looking time to Areas of 
Interest during training 

• Number of fixations to 
Areas of Interest 

• Training Phase 

• Training Phase 

 

A second measure of language learning was collected after the PLP test of word 

learning. In this Production Test, children were prompted to produce the novel verb and 

corresponding action. The dependent variables for this task are the percentage of children 

who demonstrated the target action with the correct toy and the percentage of children 

who produced the novel verb.  

Finally, to determine if children treat video chats as contingent interactions, we 

measured the quantity of children’s behavioral responses to the experimenter during 

training (i.e., vocalizations, pointing in response to questions; the dependent variable). 

Previous research has shown that children respond to contingency (Troseth et al., 2006), 

but not to non-contingent interactions (Goldstein, King & West, 2003; Goldstein & 

Schwade, 2008). If children regard the video chat as a synchronous social situation, they 

should contribute to the contingent interaction through vocalizations and pointing 

responses.  
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	   To uncover which aspects of training (e.g., focus on experimenter’s eye gaze) are 

related to language learning (research question 2), we also collected eye-tracking data to 

determine where children looked during screen-based training (i.e., video chat and yoked 

video training). Eye tracking data was not available for the live interaction training 

phases because of technical limitations. Attention to various aspects of the interaction not 

only illuminates the focus of children’s attention during language acquisition, but may 

also predict successful word learning (Akhtar & Gernsbacher, 2008; Carpenter, Nagell & 

Tomasello, 1998; Mundy et al., 2007). The dependent variables here are percentage of 

looking time and number of fixations to five specific areas of interest (full screen, 

experimenter’s face, eyes, mouth, referent object; see Coding). 

Apparatus 

Video-based portions of the current study (i.e., everything except the Live 

Interaction Training Phases and the Production Test Phase) used a Tobii X60 eye tracker 

to collect eye gaze data during video exposure. This model of eye tracker is non-invasive. 

Tobii software was programmed to automatically record videos of the stimulus on the 

computer screen, the child during the study, and most importantly, the location of the 

child’s eye gaze on the computer monitor.  

Children’s eye gaze was recorded through a sensor box positioned in front of the 

computer screen. This captured eye gaze within a virtual rectangle of space, or a “hot 

zone” of eye gaze detection (Figure 3). The dimensions of this zone were 20 cm by 15 cm 

by 40 cm. As long children’s eyes remained in this area, the Tobii system successfully 

recorded eye gaze. This allowed children some freedom of movement, which maximized 

data collection. To position children’s eyes in the “hot zone”, children sat on their 



 22	  

parent’s lap in a chair approximately 80 cm from the edge of the computer table. The 

height of the chair was adjusted for each participant dyad so children’s eyes were located 

90 cm to 115 cm above the ground on the vertical dimension and in the middle of the 

sensor bar’s 40 cm horizontal dimension. Before the study began, a gauge appeared on 

the screen to confirm that the child’s eyes were properly centered in the “hot zone.”  

All conditions used overhead fluorescent lighting to facilitate gaze capture and 

parents wore opaque sunglasses to prevent the eye tracker from detecting their gaze 

instead of the child’s. 

 

Figure	  3.	  Tobii eye tracker set-up. Children were seated on their parent’s lap such that their eyes remained 
in the eye tracker’s “hot zone.” This configuration is a slight modification of the traditional PLP set-up 
shown in Figure 2.	  

Children’s fixations were calibrated through a short child-friendly video of an 

animated cat accompanied by a ringing noise in each of five standardized locations on the 

screen (top left corner, bottom left corner, top right corner, bottom right corner, and 

center). When the child looked to each location, the eye tracker automatically adjusted 

the gaze measurement for that child. The experimenter advanced the calibration video 
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after the child fixated on the each point on the screen. At the end of calibration, the 

experimenter pressed a button to begin the first phase of the study.  

Throughout the experiment, children’s gaze toward videos on the screen was 

recorded at a rate of 1 data point per second. Videos of the participant and the stimulus on 

the computer screen were both recorded at 30 frames per second. Without further 

specification, the eye tracking data provides an index of how long the child looked at the 

entire screen. The benefit of eye tracking data, however, is that the experimenter can 

identify certain regions of particular interest to the research question. These regions, 

called “Areas of Interest” (AOIs), are typically defined after data collection and allow 

measurement of looking duration and frequency to any area within the stimuli. The 

particular parameters used to identify AOIs in the current study are detailed below in the 

Coding section.  

Stimuli 

Each child was trained and tested on four novel verbs throughout the current 

study (Table 3). All four referent actions were transitive, meaning they required an object 

or character to perform them. The referent actions were labeled with nonsense words to 

ensure that none of the children had prior knowledge of the verbs to be trained and tested.  

Table 3. Description of the novel verbs and their English equivalents. 

Novel Verb English 
Equivalent 

Description 

Blicking Bouncing Adult moves a doll up and down on knee 
Twilling Swinging Adult holds a doll in arms and rotates from side to side 
Frepping Shaking Adult moves a toy in hand from side to side rapidly 
Meeping Turning Adult turns a dial on a toy 

 

To train children on each of the novel verbs, an experimenter performed the 

referent action with the designated prop while labeling the action with the novel verb 
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(Figure 4). For example, meeping refers to turning a dial on an object. When the 

experimenter performed meeping for the child, she said,  

“Look at what I can do with this toy! I’m meeping it! Do you see me meeping the 

toy? Wow, I’m meeping it! Watch me meeping the toy! I’m meeping it. I am 

meeping the toy! Would you like to see that again? Let me show you one more 

time. Cool! I’m meeping it! Do you see me meeping the toy? Wow, I’m meeping 

it! Watch me meeping the toy! I’m meeping it. I am meeping the toy!”  

Each novel verb was uttered 12 times in full grammatical context. The script was the 

identical for each action, except for the particular novel verb (i.e., blicking, twilling, 

frepping, meeping) and whether “toy” or “doll” was used to describe the object 

demonstrating the action (Appendix C).  

 

Figure 4. The objects used during the Training Phases and their novel verb pairings.  
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 All verbs were tested using video clips edited from Sesame Beginnings 

(Hassenfeld, Nosek & Clash, 2006a; 2006b). Each test clip required children to extend 

their knowledge of the novel verb to a new actor and object performing the action. For 

example, an experimenter demonstrated meeping during training by turning the rotors on 

a toy helicopter, but the test clip of meeping showed Elmo’s dad turning the dial on an 

old-fashioned radio. Although the rotors and radio dial were perceptually similar, and the 

experimenter and Elmo’s dad made similar turning motions, children nevertheless had to 

extend their knowledge of meeping to a new actor performing the action (i.e., from a 

human actor to a puppet actor) and to a new object (i.e., from a helicopter to a radio). 

Procedure 

 Upon participants’ arrival at the Infant Lab, parents completed several consent 

forms and questionnaires and then children participated in the experimental procedure.  

Measures 

In addition to General Consent and Permission to Videotape consent forms 

(Appendix A), parents of children in the current study completed two additional 

questionnaires, the MacArthur Communicative Development Inventory (MCDI) and a 

Child Video and Computer History Questionnaire (Appendix B). 

MacArthur Communicative Development Inventory (MCDI) 

The MacArthur-Bates Communicative Developmental Inventory (MCDI) was 

used to collect vocabulary data for all children. The MCDI is a reliable and valid parent 

report that assesses language and communication development in children ages 8 to 30 

months (Fenson et al., 1994). The toddler version of this questionnaire was used in the 

current study, as it is appropriate for children between 19 and 30 months of age. The 



 26	  

short form for toddlers includes 100 words: nouns (52%), verbs (18%), adjectives and 

adverbs (15%), and pronouns, prepositions, and sound effects (15%).	  Because this 

dissertation	  examines	  toddlers’ ability to learn verbs, we included an additional checklist 

of relational terms (i.e., verbs and prepositions) that was drawn from the long form of the 

MCDI. This list contained 103 verbs and 26 prepositions. This additional list has been 

used in previous research of verb learning (Maguire, 2004; Song, 2009). For each word, 

parents were instructed to indicate whether their child produces the word. Two measures 

were derived from this inventory. First, we tallied the total number of words (in all form 

classes) as an approximation of the child’s current vocabulary (total vocabulary). Second, 

we summed the number of verbs and prepositions the child produces. This total 

represents the number of relational terms in the child’s vocabulary (relational 

vocabulary). Both the total vocabulary and the relational vocabulary were used in data 

analysis to determine whether children with higher vocabularies are more likely to learn 

the novel verbs.	  

Child Video and Computer History Questionnaire 

Recent evidence suggests that the quantity (Zimmerman, Christakis & Meltzoff, 

2007) and quality (Fenstermacher et al., 2010; Linebarger & Piotrowski, 2009) of 

children’s media exposure is related to their cognitive and social gains from video. 

Although a causal relationship has yet to be established, two of the current conditions use 

screen media to train and test language learning, so it is imperative to understand 

children’s history with screen media (i.e., television, videos, computers). We developed a 

short questionnaire about children’s viewing habits. This questionnaire asked parents to 

provide the number of televisions/computers in their household and to estimate the 
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number of hours per week children spend with a variety of media activities (i.e., watching 

television, watching videos, playing games on the computer, video chatting, etc.). Finally, 

parents were asked to list their child’s favorite television programs and videos. For the 

purposes of data analysis, we were particularly interested two aspects of this data. First, is 

children’s media exposure related to their ability to learn from screen media? Second, for 

children in the video chat condition, does familiarity with video chatting relate to 

children’s engagement and ability to learn from this medium? 

Experimental Procedure 

All children participated in a six-phase experiment designed to test the role of 

contingency as a mechanism of social interactions during language learning. The six 

phases always occurred in the same order and consisted of the Introduction/Salience 

Phase, Training Phase 1, Testing Phase 1, Training Phase 2, Testing Phase 2, Production 

Test Phase, with training style as the only between-subjects variable (Table 4). 

Importantly, each child only experienced one mode of training during the experiment. 

That is, a child in the video chat condition participated in a video chat interaction during 

both Training Phase 1 and Training Phase 2.	  Each child learned four verbs throughout the 

study.  

Introduction Phase  

In the Introduction Phase, a character (e.g., Cookie Monster) appeared first on 

one side of the screen and then on the other side for 6 seconds each. The left/right 

presentation order was counterbalanced. This introduction ensured that toddlers expected 

to find information on both sides of the screen. The video clips used during the 

Introduction Phase were not included in any other phase of the study.  
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Table 4. Order of phases for the current study. 

Trial Type Audio  Left screen Center screen Right screen 
Center Hey, what's up here! smiling baby 

Look over here! Auntie Nani dancing   Introduction Phase 
Look over here!   Auntie Nani dancing 

Center Hey, what's up here! smiling baby 

Verb A Hey, what's going on up 
here? Dad blicking Elmo 

Mom rocking Cookie 
Monster 

Verb B Hey, what's going on up 
here? Elmo climbing on box Prairie Dawn frepping box 

Verb C Hey, what's going on up 
here? Elmo's Dad twilling Elmo Big Bird hugging bear 

Salience Phase 
(counterbalanced 
and separated by 
centers) 

Verb D Hey, what's going on up 
here? 

Cookie Monster carrying 
plane Elmo's Dad meeping radio 

Training Phase 1: Verbs A & B (presentation counterbalanced, training style determined by study) 
Center Hey, what's up here! smiling baby 

"Where is blicking? Can you find 
blicking? Look at blicking!" Dad blicking Elmo 

Mom rocking Cookie 
Monster 

"Where is blicking? Can you find 
blicking? Look at blicking!" Dad blicking Elmo 

Mom rocking Cookie 
Monster 

"Now find glorping! Where is 
glorping? Look at glorping!" Dad blicking Elmo 

Mom rocking Cookie 
Monster 

Verb A 

"Find blicking again! Where is 
blicking? Look at blicking!" Dad blicking Elmo 

Mom rocking Cookie 
Monster 

"Where is frepping? Can you find 
frepping? Look at frepping!" Elmo climbing on box Prairie Dawn frepping box 
"Where is frepping? Can you find 
frepping? Look at frepping!" Elmo climbing on box Prairie Dawn frepping box 
"Now find hirshing! Where is 
hirshing? Look at hirshing!" Elmo climbing on box Prairie Dawn frepping box 

Test Phase 1             
(order of verbs 
counterbalanced; 
separated by 
centers) 

Verb B 

"Find frepping again! Where is 
frepping? Look at frepping!" Elmo climbing on box Prairie Dawn frepping box 

Center Hey, what's up here! smiling baby 

Training Phase 2: Verbs C & D (presentation counterbalanced, training style determined by study) 
Center Hey, what's up here! smiling baby 

"Where is meeping? Can you find 
meeping? Look at meeping!" 

Cookie Monster carrying 
plane Elmo's Dad meeping radio 

"Where is meeping? Can you find 
meeping? Look at meeping!" 

Cookie Monster carrying 
plane Elmo's Dad meeping radio 

"Now find wezzling! Where is 
wezzling? Look at wezzling!" 

Cookie Monster carrying 
plane Elmo's Dad meeping radio 

Verb C 

"Find meeping again! Where is 
meeping? Look at meeping!" 

Cookie Monster carrying 
plane Elmo's Dad meeping radio 

"Where is twilling? Can you find 
twilling? Look at twilling!" Elmo's Dad twilling Elmo Big Bird hugging bear 
"Where is twilling? Can you find 
twilling? Look at twilling!" Elmo's Dad twilling Elmo Big Bird hugging bear 
"Now find spulking! Where is 
spulking? Look at spulking!" Elmo's Dad twilling Elmo Big Bird hugging bear 

Test Phase 2             
(order of verbs 
counterbalanced; 
separated by 
centers) 

Verb D 

"Find twilling again! Where is 
twilling? Look at twilling!" Elmo's Dad twilling Elmo Big Bird hugging bear 

Center Hey, what's up here! smiling baby 

Production Test: Verbs A, B, C & D 
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Salience Phase 

During the Salience Phase, children saw previews of the exact test clips to be 

shown in the Test Phase. Measuring looking time to this split-screen presentation before 

training allowed detection of a priori preferences for either of the paired clips. Lack of an 

a priori preference in the Salience Phase indicates that children had no natural preference 

to look at one video clip or the other. This assures that differences in looking time during 

the Test Phase are due to the effects of the Training Phase. Because each child was 

trained on four novel verbs, the Salience Phase presented four 6-second test clips; one for 

each of the novel verbs. Each of the four trials in the Salience Phase was separated by a 

3-second centering trial designed to recall the child’s attention to the center of the screen. 

The order of presentation of the salience videos for each verb was counterbalanced.  

Training Phases 

Children participated in a series of two Training and Testing Phases. To most 

effectively train and test four novel verbs, each Training Phase presented two novel verbs 

and the child was immediately tested on those verbs in the subsequent Testing Phase. The 

remaining two verbs paired and presented in the second Training and Test Phases. 

Training and testing of novel verbs was divided into two segments based on pilot data 

suggesting that children lost focus on the task when four verbs were presented serially. 

Presentation and testing order were counterbalanced across participants such that each 

verb appeared in both the first and second training and test positions.  

Video chat training. Children assigned to the video chat Training Phases sat on 

their parent’s lap in front of a 32.5-inch computer monitor equipped with a high-quality 

web cam (Logitech Quickcam Vision Pro) and an external microphone (Logitech USB 
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Desktop Microphone). The web cam was attached to the computer monitor at the top 

center of screen and was angled slightly downward to capture video of the child’s head 

and torso. The stand-alone microphone was placed on the desk to the right of the 

computer monitor and was calibrated to clearly capture the child’s speech. During the 

video chat sessions, the child interacted with an experimenter (Experimenter 1) seated in 

another room, in front of a 21.5-inch iMac computer with a built-in camera and 

microphone. Both computers were equipped with Skype, a video chat software that 

connects users via the Internet. Using Skype software, the experimenter and participant 

communicated with each other in real time as the computers transmitted audio and video 

back and forth. This provided the basis for a contingent interaction. Although the child 

was seated on their parent’s lap, the parent wore opaque sunglasses throughout the 

experiment and was instructed not to participate in the interaction.  

Since the video chat format necessitated that Experimenter 1 and the participant 

be in different rooms, the video chat training sessions required the assistance of a second 

experimenter, Experimenter 2, to operate the participant’s computer. Experimenter 2 was 

with the child and the parent throughout the experiment; Experimenter 1 video chatted 

with the child during the two Training Phases and was also responsible for conducting the 

Production Test Phase at the end of the study.  

Immediately following the Introduction and Salience Phases, Experimenter 2 

initiated a Skype call with Experimenter 1. Once the call was answered, Experimenter 2 

started recording the events with the Tobii eye tracker (see Coding), maximized the 

Skype screen and hid all of the Skype toolbars. When this process was complete, the 

child’s computer monitor contained a full-screen video of Experimenter 1 and nothing 
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else. Experimenter 2 then signaled to Experimenter 1 that the Training Phase could 

begin. 

The Video Chat Training Phases used a fixed script to ensure that all participants 

received the same verbal information (see Appendix C). Experimenter 1 began the video 

chat training by greeting the child by name, asking a question related to the child’s initial 

time in the laboratory playroom (e.g., “Did you like playing with the Legos?”), and by 

inviting the child to play a short game. The game consisted of the experimenter posing 

questions to the child, such as, “Can you point to your eyes? Where are your eyes?” 

Experimenter 1 responded contingently to the child after asking the questions, such that if 

the child successfully pointed to his or her eyes, Experimenter 1 would clap her hands 

and say “Great job! You pointed to your eyes!” If the child did not immediately respond, 

Experimenter 1 would prompt the child, saying, “I can see your eyes, can you point to 

them for me?” If the child remained unresponsive after 3 prompts, Experimenter 1 

acknowledged the lack of response moved to another question (e.g., “That was a tricky 

question. Let’s try another one.”). This warm-up procedure was meant to establish the 

experimenter as a trusted source of information for the child and to demonstrate the 

interactive nature of video chat (Sabbagh & Baldwin, 2001; Scofield & Behrend, 2008; 

Troseth, Saylor & Archer, 2006). After 60 seconds, as measured by a timer on the 

experimenter’s computer, Experimenter 1 transitioned from the warm-up period to the 

actual training session.  

To begin training the novel verbs, the experimenter said, “I have some fun toys to 

show you. Would you like to see some cool toys?” For each of the novel verbs presented 

during a training session, the experimenter produced the prescribed toy or doll and 
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performed the action for 60 sec. while labeling it 12 times in full grammatical syntax. By 

way of example, for the verb twilling, the experimenter introduced the baby doll to the 

child (“Wow! Look at this baby doll! She has on pink pants and a pink and white striped 

shirt.”) and then swung the doll back and forth in her arms while saying,  

“Look at what I can do with this doll! I’m twilling the doll! Do you see me 

twilling the doll? Wow, I’m twilling the doll! Watch me twilling the doll! I’m 

twilling her. I am twilling the doll! Would you like to see that again? Let me show 

you one more time. Cool! I’m twilling her! Do you see me twilling the doll? 

Wow, I’m twilling her! Watch me twilling the doll! I’m twilling her. I am twilling 

the doll!”  

At the conclusion of the demonstration, the experimenter repeated the process for the 

second novel verb in the Training Phase. The order of verb presentation was 

counterbalanced. 

The entire Training Phase lasted approximately 3 minutes: One minute for the 

initial warm-up game and one minute to present each of two novel verbs. 

Live interaction training. Children assigned to live interaction training moved 

from their parent’s lap to a chair opposite Experimenter 1 at a child-sized table to begin 

the Training Phase (Figure 5). The parent remained in the chair in front of the computer 

during the live interaction, still wearing opaque sunglasses and oriented away from the 

experimenter and child. The table was located in the same room to reduce time between 

phases and because children in the other training conditions did not experience more than 

one laboratory room during the study. In contrast to the video chat training, which 
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required two experimenters, Experimenter 1 conducted the entire experiment for children 

in the live interaction condition.  

 

Figure	  5.	  Room configuration for the Live Interaction Training. An additional child-sized table and chairs 
were placed in the corner of the room with the toys hidden in an opaque container. The parent remained in 
the chair in front of the computer during the live interaction.	  

Live interaction Training Phases used the common script (see Appendix C). As in 

the other training conditions, the experimenter began by greeting the child by name, 

asking questions relevant to the child’s playroom experience, and inviting the child to 

play a short game demonstrating the contingent nature of the live interaction. After this 

initial sequence, the experimenter presented the two novel verbs in counterbalanced 

order.   

 Both verbs were presented as in the video chat condition. The props needed to 

perform the actions were hidden in an opaque container next to the table. Experimenter 1 

retrieved the toys as necessary and then placed them back into the basket. Thus, 

children’s exposure to the toys was limited to the one-minute demonstration of the novel 

verb, as in the other training conditions.  
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Again, the entire Training Phase was approximately three minutes in length: one 

minute for the warm-up game and two minutes total for the presentation of both novel 

verbs.  

Yoked video training. Children assigned to yoked video training were seated on 

their parent’s lap in front of the computer monitor during the training session, just as in 

the video chat condition. These children were trained on the novel verbs through 

exposure to a non-contingent video. Yoked videos were used to give children the exact 

experience – minus contingency – of video chats. Videos were extracted from eye tracker 

recordings of previous video chat trainings. Yoked videos were selected to be 

representative of counterbalanced verb presentation order as well as total length of 

training. Within the video, the training session was identical to the other conditions: a 

one-minute warm-up period followed by two minutes of novel verb training that 

contained 12 presentations of each novel verb in full syntax.  

The critical aspect of yoked video training is that children did not actually 

experience a contingent interaction with the experimenter in the video. Although the 

experimenter was behaving contingently, the synchronous responses were directed 

toward the child with whom the experimenter originally video chatted, not the child in 

the yoked video condition. Thus, the experimenter’s responses were predetermined and 

did not change, regardless of how the child tried to interact with the experimenter.  

Test Phases 

Following each Training Phase, children participated in a Test Phase that 

examined their knowledge of the verbs.  
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The video-based Test Phases consisted of four trials per verb and was identical 

for all children, regardless of the type of training they received. All four test trials for a 

particular verb were presented sequentially, followed by four test trials for the second 

trained novel verb. Thus, each Test Phase contained eight total test trials. In each of the 

trials, a split-screen simultaneously presented two novel clips. One of the clips displayed 

the same action that children saw during the Training Phase (e.g., blicking). The other 

clip showed a different action, never before seen or named (e.g., Mom rocking Cookie 

Monster). Importantly, and a strength of this design, all conditions required children to 

extend their knowledge of the novel verb to a new actor and a new instantiation of the 

event.  

Of the four Test Trials for a given verb, trials 1 and 2 were designed to examine 

children’s ability to generalize the trained verb to an action performed by a novel actor 

(e.g., from experimenter to puppet). In this Extension Test, pre-recorded audio asked 

children to find the action labeled by the novel verb. For example, if children were 

trained that the novel verb blicking referred to bouncing up and down on the knee, one 

test clip might show Elmo’s dad bouncing Elmo up and down on his knee (the matching 

action) and the other clip might show Cookie Monster’s mom rocking Cookie Monster 

(the non-matching action). The audio asked children, “Where is blicking? Can you find 

blicking? Look at blicking!”,  If children learned the target verb, they should look at the 

matching action, or Elmo’s dad bouncing Elmo, during each of the first two test trials. 

Test Trials 3 and 4, the Stringent Test, provided an additionally strong test of 

word learning by asking whether children have truly mapped the novel verb to the 

particular novel action (Hollich et al., 2000). Here, we examine whether children will 
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accept any new verb for the action presented during training or whether children know 

that only the trained verb should label the trained action. Based on the theory of mutual 

exclusivity (Markman, 1989), children should prefer attaching only one verb to any given 

action. Thus, Test Trial 3, the new verb trial, asked children to find a novel action that 

was not labeled during training (“Where is glorping? Can you find glorping? Look at 

glorping!”; glorping, spulking, hirshing, and wezzling were terms used for non-trained 

verbs). If children learned the target verb (e.g., blicking), they should not look toward the 

action previously labeled blicking during the new verb trial, and should look instead 

toward the non-matching action (e.g., Cookie Monster’s mom rocking Cookie Monster). 

That is, if children thought that the blicking action had already been named, they should 

infer that glorping must refer to the other, non-matching action. Test Trial 4, the recovery 

trial, asked children to renew their attention to the trained action (e.g., Elmo’s dad 

bouncing Elmo) by asking for it again by name (“Where is blicking? Can you find 

blicking? Look at blicking!”).  

In sum, children who learned a novel verb should look more toward the matching 

action during the Extension Test (trials 1 and 2), look away from the matching action in 

Test Trial 3 (the new verb trial), and resume looking to the matching screen during Test 

Trial 4 (the recovery trial). This v-shape in visual fixation time during the Extension Test, 

Test Trial 3 and Test Trial 4 forms a quadratic pattern of looking (Figure 6).   
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Figure 6. Expected quadratic pattern for the Stringent Test of verb learning. 

Counterbalancing determined which verb was tested first and second in each Test 

Phase. After both novel verbs were tested, the second series of Training and Test Phases 

repeated (Table 4).  

Finally, after children participated in the second Test Phase, Experimenter 1 

probed children’s ability to spontaneously produce the novel verb in conjunction with the 

matching action. Offering one of the toys at a time, the experimenter asked the child, “Do 

you remember what we did with this toy?” If the child produced the target action and the 

novel verb, the experimenter moved on to the next toy. If the child either performed the 

action or uttered the verb, the experimenter probed the child for the other element, “Do 

you remember what we called that/did with that?” Finally, if the child did not 

spontaneously produce the target action or the novel verb, the experimenter probed the 

child three times over the course of 15 seconds. If the child was still unresponsive, the 

experimenter moved on to the next toy. This Production Test Phase was videotaped for 

offline coding. The ability to produce a novel verb after training is considered a difficult 

task (Childers & Tomasello, 2002, 2006), and would provide evidence of robust learning. 
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Coding 

Each dependent variable was associated with a particular research question (Table 

5). 

Table 5. Summary of Independent and Dependent Variables. Eye tracking data was not collected during 
Live Interaction training. 
 

 Direction and 
Duration of 
Eye Gaze 

Production 
Test of verb 

learning 

Children’s 
Responsiveness 

to Training 

Percentage 
Looking Time 

to AOI’s 

Number of 
Fixations to 

AOI’s 
 PLP Test Production 

Test Training Phase Training Phase Training Phase 

Video Chat      

Live 
Interaction      

Yoked Video      

 

Research Question 1: Does learning from video chats  

pattern like learning from live interactions or learning from videos? 

 Research question 1 generated three dependent variables. First, the direction and 

duration of eye gaze during the PLP Test Phase determined whether children succeeded 

in the Extension and Stringent Tests of verb learning. Second, children were given the 

opportunity to produce the novel verbs and corresponding actions during the Production 

Test Phase. Third, children’s behavioral responses to the experimenter during the 

Training Phase were quantified. 

Direction and Duration of Eye Gaze During PLP Test 

Eye tracking data was coded for the Salience and Test Phases and is based on 

children’s gaze direction and duration to each side of the split screen. Traditionally, PLP 

studies have simply coded children’s gaze to the left and to the right sides of the screen 

(e.g., Brandone et al., 2007; Roseberry et al., 2009). With the additional specificity 



 39	  

afforded by the Tobii system, we can also examine children’s looking to the smaller 

video clips embedded in each side of the screen (Figure 7). For the current analyses, we 

define the Areas of Interest, or AOI’s, as the left and right 50% of the screen and as the 

specific video clip (21% of the total area of the screen; Table 6). Reliability between 

these two measures not only validates the results of previous PLP studies, but also offers 

confirmation that children’s eye gaze in the current study was properly calibrated. 

 

Figure 7. Examples of AOI’s during the Test Phase. Outlines demarcate the two sets of AOI’s: split screen 
(50% left side, 50% right side), and video clips only (21% each).  

Table 6. Size (in percentage of total screen) of Training and Test Phase AOI’s. For AOI’s that varied by 
participant, standard deviations are given. 

Size of AOI's                                            
(% of Total Screen) 

Training Phase 
Full Screen 100% 
Experimenter's Face 27.18% (s = 5.86) 
Experimenter's Eyes 3.25% (s = 1.1) 
Experimenter's Mouth 2.15% (s = 0.77) 
Referent Action 28.69% (s = 5.26) 

Test Phase 
Split Screen 50% 
Video Clips Only 21% 
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During the Salience Phase, we hypothesize 50% looking to either side of the 

screen, or no a priori preference to one test clip over another. In contrast, the Test Phase 

yields specific predictions. Here, children were asked to find the action defined by the 

trained verb (e.g., “Find blicking!”). If children learned the verb, they should look longer 

to the matching action as opposed to the non-matching action. The only exception is Test 

Trial 3, the new verb trial, in which children who learned the novel verb should look 

toward the non-matching action (Figure 6). If children do not learn novel words, their 

gaze patterns should reflect the chance rate of 50% looking time to either test clip. Eye 

tracking results of gaze direction and duration during these test trials will be used to 

calculate the percentage of time children look to either side of the screen.  

Production of Novel Verbs 

 The Production Test Phase was videotaped and coded off-line by a trained coder 

blind to experimental condition. The experimenter noted whether children correctly 

performed the target action with the toy and whether they vocalized the novel verb (see 

Appendix D). A second coder reviewed all videos of the Production Test off-line and 

scored children’s action productions and vocalizations. Reliability between the coders 

was high, r > .985. Children received one point if they performed the correct action or 

made the correct vocalization, two points if they provided both the novel verb and the 

referent action, and zero points if they did not complete either task.  

Behavioral Responses to the Experimenter During Training 

If children treated video chats as contingent social interactions, we hypothesized 

that they would participate in the synchrony by responding to the experimenter’s 
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questions. Responses might occur verbally and by gesturing or pointing. We coded 

children’s behavioral responses during the Training Phase, particularly during the warm-

up period when the experimenter attempted to engage the child. To the extent that video 

chats approximate social interactions, we anticipated that children would react similarly 

to the video chat and to the live interaction, but demonstrate fewer behavioral responses 

when watching the yoked video. Two trained coders blind to the hypotheses viewed 

videos of the Training Phases off-line and coded behaviors according to specific criteria 

(Table 7). Reliability between coders was high, r > .997. Similar behavioral coding has 

been used successfully in other studies that vary method of presentation (Troseth, Saylor 

& Archer, 2006). 

Table 7. System for coding child interactions during the Training Phases. 

Behavior Description Code 
Verbal and behavioral 
response 

Vocalizes and produces the desired response (i.e., pointing) 
following an experimenter request 

3 

Partial response Produces one modality of response to a request (i.e., 
vocalizing or pointing)  

2 

Responds after 
prompting 

Only responds to the experimenter after 2 or more prompts 1 

No response Does not respond to the experimenter during the experiment 0 
 

Research Question 2: If learning from video chats mirrors live interactions,  

is social contingency the only useful cue or does eye gaze relate to learning?  

Two dependent variables are associated with the second research question. To 

investigate what types of information children recruit from contingent interactions to 

learn novel words (and what type of information children attempt to harness from non-

contingent interactions), we coded children’s looking time toward specific aspects of the 

Training Phase as well as the number of fixations children made on each area. 
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Looking Time to AOIs 

To investigate the percentage of looking time to specific Areas of Interest (AOIs) 

during training, we first coded overall attention to the Training Phases. For children in 

the video chat and yoked video conditions, data was coded by the Tobii eye tracker. For 

children in the live interaction condition, eye tracking data was not available, so data was 

coded off-line by a trained coder. A second coder re-coded 25% of the attention measures 

for the live interaction training to establish reliability. Attention to the Training Phase is 

simply defined by the amount of time the child looked toward the experimenter or the 

action (as opposed to the wall or door of the room, for example).  

Further exploration of the particular focus of children’s attention during each part 

of the Training Phase was supported by eye-tracking data for children whose training 

occurred on the screen (i.e., video chat and yoked video conditions). Eye tracking data 

was not collected for children in the live interaction training condition. To examine 

patterns of looking, we defined five AOI’s for each novel verb training: full screen to 

gauge general attention, experimenter’s face, experimenter’s eyes, experimenter’s mouth, 

and the referent action of the novel verb (Figure 8). Because the video feed for each 

child’s training session was unique (with the exception of the yoked videos, which 

included some repetitions), AOI’s were individually defined for each verb presentation to 

each child. 



 43	  

 

Figure 8. Examples of AOI’s during the Training Phase. Outlines demarcate the five AOI’s: full screen, 
experimenter’s face, experimenter’s eyes, experimenter’s mouth, referent action of the novel verb. 

Importantly, videos of the training sessions are dynamic, but current Tobii 

software does not support dynamic AOI’s. In order to capture movement over time with 

static AOI’s, a trained coder watched the videos, marked the extremities of movement, 

and then used these measurements to define the AOI’s (Table 6). This resulted in AOI’s 

that were larger than their target. For example, the AOI for the experimenter’s eyes had 

to be large enough to capture small movements to the left or right, so the AOI extends in 

each direction beyond the actual region of the eyes. The degree of overcompensation was 

determined by the amount of movement in the video. Furthermore, AOI’s for a particular 

child overlapped in many cases (see Figure 8). That is, if the experimenter passed the toy 

in front of their face while demonstrating the target action, the AOI for the toy and the 

AOI for the face would overlap. These are limitations of eye tracking software.  

The specified AOI’s were used to determine total fixation to each area during 

training. Looking times to each AOI were converted to percentages of total looking time.  
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Number of Fixations to AOIs 

Using the same AOIs described above, we also tabulated the number of fixations 

children made to each AOI. This measure differs from the percentage of looking time to 

each AOI because it measures how often children alternate their gaze between specific 

areas, such as the experimenter’s face and the object that performs the target action. It 

may be the case that looking between the experimenter and the target action indicates that 

the child is using the experimenter’s social cues to learn the novel verb (Baldwin, 1993; 

Brooks & Meltzoff, 2002; Tomasello, 1995) and there is some evidence linking gaze 

alternations to language learning (Carpenter et al., 1998; Mundy et al., 2007). 
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CHAPTER 3 
RESULTS 

 This dissertation investigated the effect of social contingency on children’s ability 

to learn language. We compared language learning from video chat interactions, live 

interactions, and yoked videos to ask 1) does language learning in video chats pattern like 

learning in live interactions or learning from videos?, and 2) whether social contingency 

is the only useful cue, or whether eye gaze aids learning. After several preliminary 

analyses, the results of the current study are organized by research question.  

Preliminary Analyses 

The goal of the preliminary analyses was to establish null effects of several 

variables for which we hypothesized no difference of training condition: reliability 

between two types of split-screen coding, salience preferences, gender, total time of 

training phases and child attention during training.  

Looking during the Salience Phase and the Test Phase was analyzed two ways: 

once considering looking directed only toward the video clips (21% of the screen size 

each) and once accounting for all looks to the left side and to the right side of the screen 

(50% of the screen each; Figure 6). Agreement between these two measures was high, r = 

.998, p < .001, suggesting that children’s eye gaze was well calibrated and that traditional 

PLP coding would have produced similar results in the current study. All further split-

screen analyses were conducted using the more conservative criterion of percentage 

looking time toward the video clips only (21% of the screen each).  

To determine potential effects of gender and whether children had an a priori 

preference for either test clip during the Salience Phase, a preliminary 2 (gender) X 4 

(percentage looking to the matching action during salience for each novel verb: blicking, 
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frepping, twilling, meeping) multivariate analysis of variance (MANOVA) was 

conducted. No gender effects emerged, p > .50, and results indicated no bias toward 

either test clip for the novel verbs blicking, frepping, and twilling, ps > .17, but did reveal 

a significant a priori preference for the non-matching video clip for the novel verb 

meeping, p = .05 (Figure 9). That is, children looked significantly less toward the video 

clip that would be labeled meeping during training. Importantly, because children 

preferred the non-matching action, it is still possible to demonstrate learning. If PLP test 

trials find that children look longer toward meeping despite their initial preference toward 

the non-matching action, we can conclude that the Training Phase was sufficiently 

powerful to overcome children’s natural preference and produce in word learning.  

 

Figure 9. Test of a priori preferences during the Salience Phase. No gender differences emerged, but 
children looked longer toward the non-matching action for meeping, as indicated by the significantly 
shorter looking compared to the null preference value of 50%, p = .05. Error bars reflect the standard error 
of the mean. ^ p = .05. 

 The final preliminary analysis asked whether attention to training and the duration 

of training phases differed across conditions. A one-way ANOVA compared children’s 

attention to training and length of training by condition (i.e., video chat, live interaction, 

	  	  	  ^	  	  	  	  	  ^	  
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yoked video). No group differences were found for either children’s attention to training, 

F(2, 42) = .01, p > .05, or in length of training F(2, 42) = .07, p > .05. Together, these 

analyses indicate that group-level differences at test cannot be attributed to time spent in 

training. 

Research Question 1: Does learning from video chats  

pattern like learning from live interactions or learning from videos? 

 To determine whether learning from video chat more closely resembled learning 

from live interactions or learning from videos, we examined each of the three dependent 

variables in turn (direction and duration of eye gaze, production of novel verbs, 

behavioral response to the experimenter during training; Table 5). 

Direction and Duration of Eye Gaze 

 During the PLP Test Phase, children were asked to demonstrate their knowledge of 

the novel verbs first by extending the novel label to a new actor performing the action 

(Extension Test of verb learning) and then by using the principle of mutual exclusivity to 

resist applying a second novel label to the previously named action, followed by 

returning to look at the “matching” action when the original word is mentioned (Stringent 

Test of verb learning).  

Extension Test of Verb Learning  

In Test Trials 1 and 2, children were asked to find the matching action when they 

heard the novel verb. Since these trials were identical, data from Test Trials 1 and 2 were 

averaged for each of the verbs. Using the mean of two test trials increases the reliability 

of children’s responses. Each child learned four novel verbs and because previous studies 

have found an order effect such that children learn verbs better later in the experiment 
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(Roseberry et al., 2009), a 3 (training type: video chat, live interaction, yoked video) X 2 

(verb order: Training/Testing Phase 1, Training/Testing Phase 2) analysis of variance 

(ANOVA) was used to determine the effect of training style and verb order on learning. 

Results indicate a main effect of training style, F(2,42) = 11.45, p < .001, ηp
2 = .43, but no 

main effect of verb order, p > .05, ηp
2 = .03, and no interaction effect, p > .05, ηp

2 = .17. 

This suggests that training condition impacted children’s ability to learn novel verbs and 

that learning was not affected by verb order. Further analyses considered all verbs 

regardless of order.  

  To decipher the effect of different training styles, we conducted planned paired-

sample t-tests comparing children’s looking times to the matching action versus the non-

matching action for each type of training. After Bonferroni corrections for multiple 

comparisons, results indicated that children who were trained through video chats and 

live interactions looked significantly longer toward the matching action, t(17) = 7.77, p < 

.01, and t(11) = 5.87, p < .01, respectively. These mean looking times were also 

significantly greater than chance (50%), ps < .01, did not differ from each other, t(28) = 

.109, p > .05, and were supported by the number of children who looked longer toward 

the matching action in each condition (video chats: N=15/18; live interactions: N=8/12 

children). In contrast, children trained through yoked video looked equally to either side 

of the screen, t(11) = .05, p > .05 (N=5/12 children looked longer toward the matching 

action; Figure 10). Thus, children only learned the novel verbs after video chat or live 

interaction training, but not when they were trained with yoked video. This result is 

especially impressive as children overcame an initial salience preference to the non-

matching screen to successfully extend the novel verb to the correct action at test.  



 49	  

	    

Figure 10. The Extension Test of Verb Learning. Children trained via video chat and live interaction 
looked significantly longer toward the matching action at test, p < .01, whereas children trained through 
yoked video performed at chance, looking equally to either side of the screen, p > .05. Error bars represent 
the standard error of the mean. ** p < .01. 

This Extension Test provides evidence that children trained via video chat and live 

interactions learned novel verbs. We hypothesized that the Stringent Test would detect 

robust learning when children succeeded in the Extension Test. Accordingly, we further 

analyzed looking patterns only for conditions in which children successfully extended the 

novel verb; video chat and live interaction training conditions.  

Stringent Test of Verb Learning 

The Stringent Test of verb learning is composed of three data points: the 

composite score of Test Trials 1 and 2 (the Extension Test as analyzed above), Test Trial 

3, the new verb trial, and Test Trial 4, the recovery trial. This strong test of verb learning 

specifically examined whether a quadratic pattern emerged from the three measures 

(Figure 6).  

Data were analyzed using a repeated measures ANOVA with training type (video 

chat or live interaction) as the between-subjects factor and a series of three data points 
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(extension test, new verb trial, recovery trial) as the within-subjects factor. A significant 

quadratic pattern emerged both for children who were trained via video chat, F(1,17) = 

32.44, p < .001, ηp
2 = .66, and for children who were trained with live interaction, F(1,11) 

= 14.03, p < .01, ηp
2 = .56, indicating that children with contingent training (either via 

video chat or live interaction) learned the novel verbs, even by the standards of the strong 

test of verb learning (Figure 11). Furthermore, paired samples t-tests with Bonferroni 

corrections revealed that children in the video chat condition looked equally to both sides 

of the screen in Test Trial 3, t(17) = 1.86, p > .05, but looked significantly longer toward 

the matching screen in Test Trial 4, t(17) = 7.79, ps < .01. The same pattern emerged for 

children in the live interaction condition, t(11) = 1.76, p > .05, and t(11) = 3.50, p < .05, 

respectively. Finally, percentage looking during the Stringent Test did not differ between 

the video chat and live interaction conditions, ps < .01. Thus, after contingent training 

(either live or via video chat), children succeeded in the Extension Test, showed no 

preference in the new verb trial, and again preferred the matching screen in the recovery 

trial. 
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Figure 11. The Stringent Test of Verb Learning. Children trained via video chat and live interaction 
succeeded at the Stringent Test of verb learning as they looked longer toward the matching action during 
the Extension Test, looked away during the new verb trial and then resumed looking to the matching action 
during the recovery trial. Error bars represent the standard error of the mean. ** p < .01. 

 The two questionnaires collected in conjunction with the current study, the MCDI 

and the Video and Computer History Questionnaire, were both hypothesized to relate to 

children’s ability to learn verbs. With regard to the MCDI, we hypothesized that the 

larger a child’s vocabulary, the better their ability to learn a new verb. Results of a 

Pearson’s correlation do not support this conjecture, either for the total MCDI score r = 

.212, p > .05, or the relational MCDI score, r = .187, p > .05 (see Appendix E). Similarly, 

the number of hours children spend per week with screen media (television or computer) 

did not relate to their ability to learn novel verbs, r = -.11, p > .05. Finally, history with 

video chats was unrelated to verb learning for children who were trained via video chat, r 

= -.049, p > .05, perhaps because only 5 children in the entire sample were reported to 

have used video chat (see Appendix F). In sum, no variables from the parent-report 

measures were predictive of children’s ability to learn novel verbs. 

Production of Novel Verbs 

 In addition to measuring verb learning through a visual multiple-choice task, 

children were also given the opportunity to perform the target actions and produce the 

correct verb with each of the toys. Children’s responses were classified as “vocalization 

and action”, “vocalization” or “action”, or “neither response.” The number of correct 

responses were tallied and then converted to percentages of all children who produced a 

given response. The modal response during the Production Test Phase was 0, or no 

response (Table 8). When children responded at all to prompting, they only produced the 

matching action, never the uttering the novel verbs. Without the accompanying novel 
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verb, it is unclear whether children would have produced the matching actions in the 

absence of training, so we conclude that children did not succeed in the production test of 

verb learning.  

Table 8. Data from the Production Test Phase. None of the children produced the novel verbs.  
 

Novel 
Verb 

% vocalization 
and action %vocalization % action 

blicking 0% 0% 0% 
frepping 0% 0% 24% (n=10) 
meeping 0% 0% 9% (n=3) 
twilling 0% 0% 2% (n=1) 

   

Behavioral Responses to the Experimenter During Training 

 Children’s responsiveness during training was used to determine whether children 

treated video chats as contingent interactions, as compared to their behaviors toward live 

interactions and yoked video. A repeated measures ANOVA was conducted with the 

between-subjects factor as training condition (video chat, live interaction, yoked video) 

and the within-subjects factor as children’s responsiveness during the first and the second 

Training Phases. Results indicate a main effect of training condition, F(2,39) = 80.37, p < 

.001, ηp
2 = .81, but no effect of order of training phase, p > .05, suggesting that each child 

responded similarly during both training phases. Additionally, no interaction emerged, p 

> .05. Planned comparisons with Bonferroni adjustments confirmed that children in the 

live interaction and video chat training produced more behavioral responses during both 

training phases than children in the yoked video condition, ts > 6.42, ps < .01. 

Interestingly, children in the live interaction responded marginally more than children in 

the video chat condition, but only during the first Training Phase, t(28) = 2.7, p = .07; 

both groups produced equivalent behavioral responses during the second Training Phase, 
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p > .05. This may indicate that children required time to acclimate to the video chat 

paradigm.  

 To investigate the potential relationship between children’s behaviors during 

training and their ability to learn a verb, Pearson’s correlations were computed for the 

measure of responsiveness and percentage of looking at the matching action during the 

Extension Test, Test Trial 3 and Test Trial 4, controlling for type of training. After 

Bonferroni corrections, child responsiveness during training showed only a trend toward 

significance as related to success on the Extension Test, r = .27, p = .08. Thus, we do not 

find strong evidence that children’s behaviors are related to verb learning beyond training 

condition.  

Research Question 2: If learning from video chats mirrors live interactions, 

is social contingency the only useful cue or does eye gaze relate to learning? 

 The second research question sought to uncover the specific aspects of contingent 

interactions that facilitated language learning. Specifically, we hypothesized that 

children’s attention to the experimenter’s eye gaze would be important. We capitalized 

on eye tracking technology to investigate this question by quantifying looking times and 

number of looks to five AOIs during training. Because preliminary analyses (as reported 

above) found no group-level differences in total attention to training, the analyses 

reported here seek to explore the patterns of looking during training, rather than raw 

attention during training. Eye tracking measures during training were available for 

children trained via video chat or yoked video, so the following analyses consider only 

these two groups (Table 5).  
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Looking Time to AOIs 

 To investigate how children allocated their attention during training, we measured 

the percentage of time children attended to each AOI. The five AOI’s generated per 

training session were the full screen, the experimenter’s face, mouth, eyes, and the target 

action. Importantly, the AOI for target action also captured children’s interest in the 

object itself, not just the target action. We calculated percentages of looking time for the 

four specialized areas (all AOI’s except the full screen) by dividing children’s total 

fixation duration to each AOI by their attention to the full screen. Note that percentages 

of looking time will not sum to 100% because the AOIs are not mutually exclusive. For 

example, the AOIs for the experimenter’s eye and mouth are necessarily embedded in the 

AOI for the experimenter’s face. Additionally, the AOIs for the Experimenter’s face and 

the Target Action frequently overlap to accommodate dynamic movement during 

training. Thus, any look that occurred in the overlapping region of the two AOIs will be 

counted as a look in each category. 

 In general, children spent the majority of time looking at the experimenter’s face 

(M = 49%, SD = 11) and the target action (M = 59%, SD = 11) during training (Table 9).  

 
Table 9. Percentage Looking Time to each AOI during the Training Phase. Note that percentages of 
looking time are not mutually exclusive due to embedded or overlapping AOI’s.  
 

Area of Interest     
(AOI) 

Percentage of 
Looking Time 

Experimenter's Face 49% (SD = 11) 
Experimenter's Eyes 13% (SD = 12) 
Experimenter's Mouth 20% (SD = 13) 
Target Action 59% (SD = 11) 
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A 2 (training style: video chat or yoked video) X 4 (AOI: experimenter’s face, mouth, 

eyes, target action) ANOVA was used to detect differences in percentage of looking time 

between groups. Results did not reveal a significant effect of training group, p > .05, 

suggesting that children in video chat training and yoked video training looked equally 

long at each AOI.  

 Even though allocation of looking did not differ on the group level, individual 

differences in eye gaze during training may be related to children’s performance at test. 

We conducted Pearson’s correlations for percentage looking time to each AOI and 

looking time during the Extension Test, Test Trial 3 and Test Trial 4, controlling for 

training type. After Bonferroni corrections for multiple comparisons, several significant 

correlations emerged.  

 First, the percentage of children’s looking time directed toward the 

experimenter’s eyes was significantly correlated with looking time during the Extension 

Test, r = .65, p < .05. This suggest that the more a child focused on the experimenter’s 

eyes during the Training Phase, the longer they looked toward the matching action 

during the Extension Test of verb learning. Interestingly, children in yoked video training 

who looked longer toward the experimenter’s eyes during training (as determined by a 

median split) still did not learn the novel words in the Extension Test, p > .05. 

 Next, the percentage of time children spent looking at the target action during 

training was positively correlated to looking time during Test Trial 3, r = .50, p < .05, but 

negatively correlated to looking time during Test Trial 4, r = -.51, p < .05. Interestingly, 

although the correlation is not significant, we also find a negative relationship between 

looking toward the target action and the Extension Test, r = -.41, p = .10. This indicates 
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that children who focused on the target action during training show less verb learning. 

Yet, it may also have been the case that children attended to the object that performed the 

target action and not the referent action itself. Note, however, that the AOI for the Target 

Action showed the greatest amount of overlap with the other AOI’s. This result is 

discussed below in terms of technological limitations.  

Number of Fixations to AOIs 

 Although no differences emerged in looking time to each AOI between children 

trained with video chat and children trained with yoked video, it is possible that children 

in different training groups had distinct patterns of looking. That is, maybe the quantity 

of gaze alternations differed between groups. We used fixation counts to each AOI to 

determine how often children looked back and forth between the different areas. Fixation 

counts were considered in raw form. A 2 (training style: video chat or yoked video) X 4 

(AOI: experimenter’s face, mouth, eyes, target action) ANOVA was conducted with 

fixation count as the dependent variable. Results indicate a main effect of group, F(1, 29) 

= 5.25, p < .05, and Bonferroni-adjusted planned contrasts confirm that children in the 

yoked video training group had a reliably larger number of fixation counts for each AOI, 

ts > 2.73, ps < .05 (Figure 12). This pattern of looking suggests that children in yoked 

video training made more frequent switches between AOI during training as compared to 

children in video chat training. It is interesting to note that total looking time did not 

differ between groups, and percentage of looking time to each AOI was also the same for 

each group. Thus, the difference in fixation count indicates that children in the yoked 

video condition alternated their gaze more frequently between each AOI, spending less 

time looking at any particular AOI on each visit. 
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 Again, to explore the possibility that individual differences in fixation counts 

would relate to children’s looking time at test, we conducted Pearson’s correlations for 

the number of fixations to each AOI and looking time during the Extension Test, Test 

Trial 3 and Test Trial 4. Results yielded no significant correlations, ps > .05.  

 

 

Figure 12. Fixation counts to each AOI during the Training Phase. Error bars represent the standard error 
of the mean. In each case, children in yoked video training amassed significantly more fixation counts to 
each AOI. * p < .05. 
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CHAPTER 4 
DISCUSSION 

 Discussions of young children’s ability to learn from live interactions but not 

from screen media appears repeatedly in the literature (e.g., Bloom et al., 1975; Childers 

& Tomasello, 2002, 2006; Krcmar et al., 2007; Kuhl et al., 2003; Naigles et al., 2005; 

Roseberry et al., 2009; Zimmerman et al., 2007). This dissertation used a new 

technology, video chats, to begin to understand this dichotomy. We posed two questions. 

First, does language learning in video chats pattern like learning from live interactions or 

learning from video? Second, if video chats mirrors live interactions, is social 

contingency the only useful cue or does eye gaze also relate to learning? 

 We found that video chats facilitated toddlers’ language learning to the same 

degree as live interactions. Children who learned in these contingent environments not 

only extended novel words to new instances of the action, but also resisted applying a 

second novel label to the same action (the Stringent Test of learning). Additionally, 

children treated video chats contingently by verbally and behaviorally responding to the 

experimenter, just like children in the live interaction. In contrast, yoked video training 

yielded no evidence of language learning. Children were passive learners in this non-

contingent condition, not attempting to interact with the videotaped experimenter at all. 

Parent reported vocabulary was unrelated to children’s success in this word learning task, 

perhaps because of the small sample size in the current study, or because we investigated 

the processes of language learning whereas the MCDI is a measure of language content. 

Although none of the children succeeded in the Production Test, we hypothesized this 

would be a difficult test of word learning. Previous studies suggest that children require 

distributed training over several days or weeks to accomplish such a task (Childers & 
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Tomasello, 2002, 2006).  

 Our results also indicate that contingency is not children’s only cue for language 

learning. Children who attended to the experimenter’s eyes during training learned the 

novel words better. This is consistent with previous findings that eye gaze following 

promotes language learning (Baldwin, 1991, 1993; Baldwin et al., 1996;	  Brooks & 

Meltzoff, 2002, 2005;	  Dunham et al., 1993). We further hypothesized that children who 

alternate looks between the experimenter’s eyes and the target action would be better 

word learners (e.g., Akhtar & Gernsbacher, 2008; Carpenter et al., 1998; Mundy et al., 

2007), but this was not supported by the data. In fact, children in the yoked video 

condition failed to learn words, but made more frequent looks to each AOI. Importantly, 

overall looking time did not differ between training groups, meaning that children in the 

yoked video condition made more, but shorter, looks to each area of interest. This could 

be interpreted as children’s general confusion in a non-contingent situation. That is, 

toddlers might have been quickly scanning the screen for helpful cues, but failing to find 

them. Such an interpretation complements Baldwin and colleagues’ (1996) finding that 

children are more likely to consult speaker eye gaze when there is ambiguity in the 

referent. Finally, an unexpected correlate of word learning emerged. The more children 

looked toward the target action (or object) during training, the less word learning they 

demonstrated. This finding is contradictory to others in the literature (Brandone et al., 

2007; Gentner & Boroditsky, 2001; Gillette et al., 1999; Kersten & Smith, 2002; Ma et 

al., 2009; McDonough et al., in press) and we interpret it as an artifact of the large, 

overlapping AOI’s used for the target action (see Limitations).  

 In sum, we find that socially contingent interactions facilitate toddler’s word 
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learning and that children’s attention to eye gaze may predict this skill. This research has 

important implications for theories of language learning as well as for children’s screen 

media. 

Revisiting Csibra’s Framework 

 These findings are particularly interesting given Csibra’s (2010) recent analysis of 

communicative environments. His model posits that child directed speech, eye gaze, and 

social contingency are foundational aspects of social interactions. In environments 

structured by these cues, children recognize that the interactions contain important 

information. Our findings add to the empirical evidence that sensitive and responsive 

interactions foster language learning (e.g., Phillips & Adam, 2001) and indicate that even 

toddlers benefit from the same rich social contexts that foster communication in infancy. 

Although we did not manipulate child directed speech, this social cue was present in each 

training condition – including in the yoked condition. Given that children in the yoked 

video condition did not learn language, even with access to child directed speech, it is 

unlikely that this cue conferred much benefit for word learning besides maintaining child 

attention (Stern et al., 1982).  

 Csibra’s second tier of social cognition suggests that children add joint attention 

and intentionality to these same interactions. According to this model, higher order social 

cues allow children to access the content or meaning of social environments. The current 

study did not test children’s use of joint attention or intention. Yet, children used the 

content of the interactions to learn novel verbs, which indicates that children employed 

second tier social cognition during contingent interactions. It is likely that children 

attempted to use social referencing or understood the experimenter’s intent to label the 
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target action. Importantly, children’s use of joint attention or intentionality does not alter 

the core findings, that social contingency and eye gaze create a rich environment in 

which children can use joint attention and intentionality. 

Social Mechanisms of Language Learning 

 Of the possible mechanisms that facilitate young children’s language acquisition, 

the current study highlights the role of social contingency and the possibility that eye 

gaze also contributes to word learning. We find that these social supports provide the 

critical and distinguishing cues that differentiate learning through live interactions and 

the inability to learn from video. By adding contingency and some eye gaze to video, 

children showed strong evidence of language learning. This has important implications 

for the roles contingency and eye gaze in language learning and adds to our 

understanding of the toolkit for language learning.  

Contingency in Language Learning 

 Video chat technology allowed us to compare learning from contingent screen 

media to learning from contingent live interactions and non-contingent video. The results 

unequivocally suggest that contingency facilitates language learning. Children showed 

strong evidence of language learning in both of the contingent conditions (i.e., video chat 

and live interaction) but not in the non-contingent condition (i.e., yoked video). How did 

contingency help children learn? 

One benefit of contingency may be the trust it establishes between the speaker 

and the child (Koenig & Harris, 2005; Sabbagh & Baldwin, 2001; Scofield & Behrend, 

2008). In the current study, a warm-up period began training and allowed children to 

distinguish between reliable and unreliable speakers. The experimenter asked the child 
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questions (e.g., “Can you point to your shirt?”), praised the child for a correct answer 

(e.g., “That’s right! Great job!”), corrected the child for incorrect answers (e.g., “Your 

shirt is not red. It’s yellow with stripes on it!”), and offered child-specific hints as 

prompts (i.e., “I can see your shirt. It looks like it has an animal on it. What kind of 

animal is it?”). Although this interaction proved beneficial for children in contingent 

training conditions, children in non-contingent yoked video training likely experienced 

the opposite effect. When children understood that the experimenter’s questions and 

responses did not depend on the child, the experimenter effectively proved herself 

unreliable. 

Importantly, the current study manipulated social contingency. Here, the speaker 

and child were synchronous to one another in their behaviors and responses. This differs 

from temporal synchrony, in which a speaker provides the novel verb label in conjunction 

with the matching action (Brand & Tapscott, 2007; Tomasello & Barton, 1994). This 

contingency, termed acoustic packaging (Hirsh-Pasek & Golinkoff, 1996), has been 

shown to facilitate children’s language learning (Tomasello & Barton, 1994). Our results 

inform the relative impact of temporal and social contingency. Whereas temporal 

synchrony existed in all three training conditions, only social contingency was present in 

the training conditions that facilitated word learning.  

It is likely that temporal contingency and social contingency frequently co-occur, 

but it may be possible to test the effect of temporal contingency in the absence of social 

contingency. Here, researchers might ask whether contingent interactions delivered via 

telephone would facilitate learning. In this paradigm, children would have access to 

temporal contingency, but without the benefit of non-verbal cues that are present in social 
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contingency. There is some evidence suggesting that children are unable to determine the 

speaker’s intent without non-verbal cues (Baldwin et al., 1996), so it may be that social 

contingency is best for language learning. 

Eye Gaze in Language Learning 

 An eye tracking analysis of children’s looking during video-based training 

revealed that children who looked longer at the experimenter’s eye gaze also learned the 

novel words better. This supports a multitude of previous research that attention to eye 

gaze is beneficial for language learning (e.g., Baldwin et al., 1996; Brooks & Meltzoff, 

2002, 2005; Nurmsoo & Bloom, 2008), and suggests that children may have engaged in 

joint reference with the experimenter during word learning (Baldwin, 1991; Tomasello & 

Farrar, 1986). These findings, however, should be qualified by the characteristics of 

experimenter eye gaze in the current design.  

 In the video chat and yoked video training conditions, the experimenter’s eye 

gaze did not align with the child’s. During video chats, eye gaze was distorted due to the 

relative placement of the camera and the computer screen. Whereas the camera was 

located at the top of the screen, the experimenter directed her eye gaze to the video of the 

child. This allowed the experimenter to respond contingently to the child, but also meant 

that the child’s video appeared as if the experimenter’s eyes were cast downward. Thus, 

video chats presented children with distorted, yet synchronous eye gaze whereas yoked 

video only contained distorted gaze. Given these caveats, why did eye gaze facilitate 

language learning? 

 One possibility is that eye gaze served only to engage children in the task, and did 

not offer any information about the word learning problem. This explanation is unlikely 
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with aligned eye gaze (Brooks & Meltzoff, 2002, 2005), but perhaps distorted eye gaze 

only served an attentional function. Although attention did not differ between the video 

chat and yoked video conditions, it is possible that unmeasured indices of engagement, 

like arousal, would have shown group differences (Kuhl, 2007). A second explanation is 

that children compensate for distorted eye gaze. Although infants show a preference to 

direct, as opposed to averted eye gaze (Blass & Camp, 2001; Hood et al., 2003; Farroni et 

al., 2007), little is known about how toddlers might correct for mismatches in gaze 

alignment. Finally, a rich interpretation is that children understood the intention of the 

experimenter to make eye contact and thereby accepted the “failed” attempt. Just like 

children are able to imitate actions after seeing numerous failed attempts to complete the 

action (Meltzoff, 1995), children may have recalibrated their interpretations of the 

experimenter’s eye gaze based on where they thought the experimenter intended to look.  

 The commonality in these explanations is that none can account for children’s 

differential learning from video chat and yoked video. Distorted eye gaze affected both 

conditions equally, indicating that eye gaze alone cannot account for children’s language 

learning. This is a departure from decades of research on joint attention, in which 

children’s ability to reference eye gaze and the target referent yields word learning 

(Adamson et al., 2004; Baldwin, 1991; Bruner, 1981, 1983; Moll & Tomasello, 2007; 

Mundy et al., 2007; Tomasello & Farrar, 1986). Yet, some researchers advocate the 

consideration of other social cues as aspects of joint attention. Akhtar and Gernsbacher 

(2008), for example, “recommend against assuming that gaze alternation is the only, or 

even the best, means of signaling shared reference” (p. 62). They suggest including 

information from other sensory modalities (i.e., tactile, vocal and auditory) into our 
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understanding of joint attention. In this broader definition of shared reference, eye gaze 

may fit as one of the many cues through which children engage in joint attention and 

learn language.   

Combining Contingency and Eye Gaze 

 Given that both contingency and eye gaze emerged as social cues for language 

learning, does either cue outweigh the other? It is possible to develop a profile of social 

cues for training condition. Live interactions, for example, maintained social contingency 

and alignment of eye gaze. Video chats were contingent and contained synchronous, 

albeit distorted eye gaze. Finally, yoked videos were not contingent and contained 

asynchronous, distorted eye gaze.  

 The results of the current study clearly separate the training conditions into the 

two that facilitated language learning (live interactions and video chats) and the one that 

did not (yoked video). The unifying element of the conditions that supported word 

learning is social contingency. Even though eye gaze may have been one tool that 

children used, social contingency emerges as the most influential word learning tool in 

the current study. Critically, we do not discount the possibility that children accessed 

multiple social cues, but the underlying mechanism of this interaction appears to be social 

contingency. 

 There are several ways future experiments might separate social contingency from 

eye gaze. In an extension of work by Meltzoff and Brooks (2008; Brooks & Meltzoff, 

2002, 2005), the experimenter might wear sunglasses during the training session. 

Although this would disrupt the infant’s ability to use eye gaze, the experimenter would 

still be able to respond contingently to the child. Given the power of social contingency 
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demonstrated in the current study, we predict that children would also learn language 

from an experimenter in sunglasses.  

A Social Toolkit for Language Learning 

 A critical finding that emerges from this study is that social cues do not occur in 

isolation. Even when we used video chat technology to disentangle social contingency 

from other cues, we still find hints that children use eye gaze to learn words. This 

supports models of language learning that rely on multiple cues (see also Golinkoff & 

Hirsh-Pasek, 2008; Hollich et al., 2000). In Csibra’s (2010) framework, for example, he 

argues that the core social cues, child directed speech, eye gaze and contingency, function 

in concert to create the optimal learning environment. He suggests, “the fact that these 

signals can come from multiple modalities ensures that if any of them is blocked because 

of environmental circumstances (occluders, noise, etc.), or disabilities of either the infant 

or the parents (e.g., blindness), further channels may still be available for identifying 

ostension” (Csibra, 2010, pp. 153). Our data offer partial support for this aspect of 

Csibra’s framework. Although our findings support the core social cues for language 

learning, we did not find evidence of the compensatory effect Csibra mentions above. In 

the yoked video condition, for example, contingency and eye gaze were unavailable to 

children, yet we did not find evidence that child directed speech elevated learning to the 

degree of the other conditions.  

 A second theory of language learning, the Emergentist Coalition Model 

(Golinkoff & Hirsh-Pasek, 2008; Hollich et al., 2000), also posits that children use 

multiple cues to learn words. Here, perceptual, grammatical, and social cues all impact 

the language learning process, but at different points in time. For example, early word 
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learners may rely primarily on perceptual cues, preferring to label objects or actions they 

find interesting, whereas older learners attend more to social and then grammatical cues 

to learn language (Brandone et al., 2007; Pruden et al., 2006).  

 The current study did not test the breadth of cues included in the Emergentist 

Coalition Model, but we have found evidence that corroborates Csibra’s framework. If 

empirical evidence continues to support the two-tiered framework of social interactions, 

an interesting implication for the Emergentist Coalition Model is that social cues appear 

to be available to young children from early infancy, even if they cannot use them in 

service of language learning (as in the Emergentist Coalition Model) until later in 

development. 

 One area of research that has successfully integrated contingency and eye gaze is 

robots. Children are often unable to learn from nonhuman objects (Hofer, Hauf, & 

Aschersleben, 2005; Woodward, 1998), but recent evidence suggests that adding 

contingency to nonhuman agents causes infants to interpret their actions intentionally 

(Gergely & Csibra, 2003; Johnson, 2000; Johnson, Booth & O’Hearn, 2001; Johnson, 

Slaughter & Carey, 1998) and perhaps even learn language from them (Baldwin, 1993; 

but see O’Connell, Poulin-Dubois, Demke & Guay, 2009). Interestingly, when robots 

exhibit contingent behavior and respond as if they are in a contingent interaction, children 

begin to follow the robot’s eye gaze and even learn language (Meltzoff, Kuhl, Movellan, 

& Sejnowski, 2009; Movellan, Eckhardt, Virnes, & Rodriguez, 2009;	  Rusk, Resnick, 

Berg, & Pezalla-Granlund, 2008). Despite the mounting evidence that favor of socially 

contingent robots, one recent study found no evidence of language learning from robots, 

even when the robot engaged in a contingent interaction with the child or with another 
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experimenter (O’Connell et al., 2009). Given the mixed evidence, additional studies are 

needed to determine how influential social contingency is in social interactions. 

Recommendations for Children’s Media 

We began this dissertation by contrasting findings from the language learning and 

children’s media literatures. The missing link may be that toddlers do not learn from 

video alone because video is not socially contingent like live interactions. In addition to 

uncovering contingency as a possible mechanism for children’s learning, we also 

replicated the finding that children younger than three years do not learn language from 

video alone (Krcmar et al., 2007; Kuhl et al., 2003; Robb et al., 2009; Roseberry et al., 

2009).  

Interestingly, years of research demonstrate robust learning from video with 

children older than three years (Reiser, Tessmer & Phelps, 1984; Rice & Woodsmall, 

1988; Singer & Singer, 1998). The dual representation hypothesis may account for this 

developmental shift in children’s ability to learn from video, suggesting that toddlers 

have trouble using symbols, like television, as a source of information (DeLoache, 1987; 

Troseth & DeLoache, 1998). In a recent test of this hypothesis, we disguised the 

television as a “Magic Machine” that could bring Sesame characters to life. Children who 

were convinced that the events on the screen were actually occurring live did not have to 

access the second layer of representation to understand the symbolic aspect of video. 

Indeed, children who believed the premise of the Magic Machine learned novel verbs as 

early as 24 months of age, a full 12 months earlier than they learned from traditional 

video (Roseberry et al., in prep). Similar to contingent video chat interactions in the 
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current study, convincing children that the events on video were realistic and occurring 

live helped children under three years to learn from screen media.  

Critically, children are adept at distinguishing real contingency from other 

interactions. Video training in the current study presented toddlers with a yoked video 

taken from a previous interaction between the experimenter and another participant. 

Here, the experimenter asked questions to the original child on the other side of the 

screen, waited for a response, and then offered feedback. Importantly, this interaction was 

not contingent with the child in the yoked video training, even though it contained many 

contingent-like behaviors. We call this pseudo-contingency. Our results indicate that 

pseudo-contingency did not result in language learning and that toddlers did not treat 

these interactions contingently. This has important implications for the children’s media. 

Many children’s television shows have attempted to incorporate pseudo-contingent 

interactions into their shows by posing questions to the unseen audience, waiting for an 

answer, and then responding (Anderson et al., 2000; Fisch & McCann, 1993). For 

example, the host of Blue’s Clues will often address the camera (i.e., “Do you see a 

clue?”), pause for a few seconds, and then respond (i.e., “There it is! You’re right!”; 

Tracy, 2002). The results of the current study provide strong evidence that children as 

young as 24 months are able to distinguish pseudo-contingency from actual contingent 

interactions. Thus, media that uses this type of interaction may not be an educational tool 

for young children.  

As the entertainment industry becomes more technologically advanced, the ability 

to incorporate contingency into media would circumvent the problem of dual 

representation for toddlers and would transform passive viewing experiences into 
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contingent learning situations. To the extent that media might one day allow children to 

interact contingently with characters on the screen, opportunities for children’s learning 

from media would increase exponentially. Thus, children’s learning from media may not 

be a product of the medium per se (i.e., video chat, video or live interaction), but rather 

the type of interaction children experience from the media (see Roseberry et al., in prep). 

Limitations 

 The biggest limitation of the current study is the small sample size. Although the 

clear data mitigate this concern, we have addressed this issue by reporting the number of 

children who showed particular patterns of response in addition to reporting the statistics 

of the analysis. Nevertheless, small sample size is a concern that is best solved by 

replication in future studies. 

 A second limitation is the eye tracking technology used to conduct this 

dissertation research. For example, current eye tracking software does not allow 

researcher to define dynamic areas of interest within videos. To gather looking time to 

moving areas of interest, we had to define AOI’s to be large enough to encompass the 

entire action throughout the entire video. In the case of eye gaze, this was not a major 

factor since the experimenter’s eyes moved only subtly throughout the video. Yet, in the 

case of the target action during training, the AOI’s covered an average of 28.69% of the 

screen. Because this AOI was so large, it frequently overlapped other AOIs. In fact, we 

suspect that this lack of specificity in defining the AOI for the target action resulted in the 

unexpected negative correlation between looking at the target action and learning 

language. Advances in eye tracking technology are needed to fully examine these 

relationships. 
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Finally, the Skype software used for the video chat interactions also contained 

idiosyncrasies. Not only is eye gaze distorted in video chat technology, but also time 

delays in video or audio transmission occasionally disrupt the synchronicity of video 

chatting. Thus far, one child was discarded for a five-second video and audio delay. Until 

technology perfects service between video chatting computers, the current results only 

apply to fluid and synchronous video chat interactions. Additional advances in alignment 

between speaker and listener eye gaze will enhance learning opportunities from this 

medium. 

Despite these limitations, video chatting technology was used in the current study 

because it afforded the opportunity to disentangle contingency from other social cues. To 

our knowledge, the current study is the first to use video chats to teach toddlers language. 

Researchers in other domains have used video chatting with children of various ages to 

investigate the possibility of virtual play dates among school-aged children (Yarosh et al., 

2010; Yarosh et al., 2009), and the utility of video chats for maintaining attachments to 

caregivers across virtual space (Tarasuik et al., 2010). Video chats have provided adults 

with a platform for foreign language learning (Bearden, 2000; Kinginger, 1998; 

Matthews, 1998; Perez, 2003; Tudini, 2003; Wang, 2004), and a recent study of adults in 

a contingent video-based interaction found activation of the social cognition and reward 

areas of the brain (Redcay, Doddell-Ferrer, Pearrow, Mavros, Kleiner, Gabrieli et al., 

2010). This dissertation provides some of the first evidence to suggest that toddlers may 

also benefit from using video chat interactions to learn language, perhaps even a foreign 

language.  
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Conclusions 

 Although social support facilitates toddlers’ language learning, the mechanisms 

that underlie social cues have been grossly understudied. This dissertation takes the first 

step toward uncovering the critical aspects of live interactions. In so doing, the findings 

also provide the missing link between contrasting findings of children’s ability to learn 

from social interactions, but inability to learn from video. We find that socially 

contingent interactions, like those in video chats and live interactions, provided toddlers 

with sufficient social information to learn language. The results of this study not only 

address contingency as a mechanism of social cues, but also highlight other social cues 

that children recruit for language learning, such as eye gaze. Finally, we suggest that the 

future of children’s learning, whether from live interactions or from children’s media, 

should rely on the power of social contingency.  
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APPENDIX A 
CONSENT FORMS 

 
Subject # ________       DOB_____________ 
Study ___________       Age _____________ 
         Condition _________ 

CONSENT FORM 
Project Title: Verb learning through video chats	  

Investigators: Kathy Hirsh-Pasek, Ph.D., Professor, Dept. of Psychology, 267-468-8610 
          Sarah Roseberry, B.A., Graduate Student, Dept. of Psychology, 267-468-8610 
 
 Welcome to the Temple Infant Laboratories at Ambler. Please take a moment to 
fill out this consent form so that your child can participate in the research. This research 
study examines how children use social cues to learn verbs. Video chats may offer 
children the social information that they need to learn novel verbs. An experimenter will 
teach your child novel verbs through a video chat, live interaction, or video and then we 
will measure whether children learned the verbs. From your child’s responses, and those 
of other children’s, we will try to piece together how it is that children use social cues to 
learn verbs. Your child’s responses and name will always be kept confidential. All results 
will be tallied at the group level rather than by individual response. Subject data will be 
stored for three (3) years after the completion of the study. If at any time, you or your 
child would like to stop the experiment, let us know. You are free to quit at any point 
during the experiment. You may be called in the future to participate is a similar study, 
but participation is not mandatory at that time. There are no known risks associated with 
this study beyond the risks of everyday life.  
 Let me take this moment to thank you and your child for joining us in the exciting 
process of scientific discovery. If you have any questions about language development or 
about this experiment in particular, please give me a call: (267) 468-8610. If you would 
like further information regarding the rights of a research subject, you may contact 
Richard Throm at (215) 707-8757. 
________________________________________________________________________ 
 
I, _______________________________(name), agree to let my child 
______________________(child’s name) participate in this study of social language 
development with Kathy Hirsh-Pasek and Sarah Roseberry. As part of the research, I 
agree to allow my child to be videotaped and understand that the videotape will be used 
for research and educational purposes only. My name and my child’s name will be kept 
confidential at all times. 
 
Signature ____________________________           date ______________ 
 
_________________________________  _____________ 
Principle Investigator Signature   date 
 
_________________________________  _____________ 
Authorized Representative Signature   date 
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Subject # ______ 
Study _________ 

 
 

CONSENT FORM: PERMISSION TO VIDEOTAPE 

 
Project Title: Verb learning through video chats 
 
Investigators: Kathy Hirsh-Pasek, Ph.D., Dept. of Psychology, 267-468-8610 
          Sarah Roseberry, B.A. Dept. of Psychology, 267-468-8610 
 

I give Sarah Roseberry permission to videotape my child and me during my 
child’s participation in this study. I understand that the videotape will only be used as part 
of the research project at Temple University. I understand that the videotape will be used 
for several months for data analysis purposes only. Subject data will be stored for three 
(3) years after the completion of the study. I have already given written consent for my 
child’s participation in this research project. At no time will my name or my child’s name 
be used. I understand that I can withdraw my permission at any time. Upon my request, 
the videotape will no longer be used. I understand that I will not be paid for being 
videotaped or for the use of the videotape.  
 
If you have further questions, please feel free to ask during your visit or contact me by 
phone (above) or by mail at: Temple University, Department of Psychology, 
Philadelphia, PA 19122.  If you would like further information regarding the rights of a 
research subject, you may contact Richard Throm at (215) 707-8757. 
 
This form will be placed in my records and will be kept at the Temple Infant Lab by 
Sarah Roseberry. 
 
 
 
 
Parent(s) Signature___________________________  Date______________                    
 
 
 
 
 
 
______________________________  _____________ 
Principle Investigator Signature   date 
 
_________________________________  _____________ 
Authorized Representative Signature   date 
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APPENDIX B 
MEASURES 
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Additional Word List 
Please check off all words that your child SAYS: 
 
VERBS: 
 
______ bite 
______ build 
______ catch 
______ climb 
______ cry 
______ drink 
______ dump 
______ find 
______ get 
______ have 
______ hit 
______ jump 
______ lick 
______ love 
______ pick 
______ pull 
______ ride 
______ see 
______ sing 
______ slide 
______ stand 
______ swim 
______ taste 
______ tickle 
______ walk 
______ wish 

______ blow 
______ bump 
______ chase 
______ close 
______ cut 
______ drive 
______ eat 
______ finish 
______ give 
______ hear 
______ hold 
______ kick 
______ like 
______ make 
______ play 
______ push 
______ rip 
______ shake 
______ sit 
______ smile 
______ stay 
______ swing 
______ tear 
______ touch 
______ wash 
______ work 

______ break 
______ buy 
______ clap 
______ cook 
______ dance 
______ drop 
______ fall 
______ fit 
______ go 
______ help 
______ hug 
______ kiss 
______ listen 
______ open 
______ pour 
______ put 
______ run 
______ share 
______ skate 
______ spill 
______ stop 
______ bring 
______ carry 
______ clean 
______ cover 
______ draw 

______ dry 
______ take 
______ think 
______ wait 
______ watch 
______ write 
______ feed 
______ fix 
______ hate 
______ hide 
______ hurry 
______ knock 
______ look 
______ paint 
______ pretend 
______ read 
______ say 
______ show 
______ sleep 
______ splash 
______ sweep 
______ talk 
______ throw 
______ wake 
______ wipe 

 
PREPOSITIONS AND LOCATIONS: 
 
______ about 
______ away 
______ by 
______ inside/in 
______ off 
______ over 
______ up 
______ above 
______ back 

______ down 
______ into 
______ on  
______ there 
______ with 
______ around 
______ behind 
______ for 
______ next to 

______ on top of 
______ to 
______ at 
______ beside 
______ here 
______ of 
______ out 
______ under 
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Study: _____    Subject #: _____   Date: ___ / ___ / ___ 

Condition: _____   Age: ___ / ___    Experimenter: _____ 

 
Child Video and Computer History Questionnaire 

 
Dear Parents, 
 As we explore what children are able to learn from different technologies, it is 
useful for us to know which of these technologies your child is exposed to at home. 
Please take a moment to complete the following questionnaire and let us know if you 
have any questions. Your answers are most helpful! 
 
------------------------------------------------------------------------------------------------------------ 
 
1. Do you have a television in your home?  ______ YES  ______ NO   
 
 If YES, how many?  __________  
 
2. How many hours per week does your child watch television programming? 
 __________ 
 
3. What is your child’s favorite television program?
 __________________________________ 
 
4. How many hours per week does your child watch videos? __________ 
 
5. What is your child’s favorite video? 
_____________________________________________ 
 
6. Do you have a computer in your home?   ______ YES  ______ NO 
 
 If so, how many? __________ 
 
7. How many hours per week does your child use the computer? __________ 
 
8. For which of the following activities does your child use the computer? 
 

Activities Uses? Hours per week 
Watching videos   
Listening to music   
Playing games   
Video chatting/conferencing   
Word processing   
Other:    
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APPENDIX C 
EXAMPLE SCRIPT FOR TRAINING PHASES 

 
CONDITION 1 

Training Phase 1 
 
Introductory Exercise (1 min.) 
 
Greet child   Hi (child’s name)! How are you? 
    I’m so glad you came to visit us today.  

Did you have fun in the playroom?  
Did you like playing (toy)? 

 
Establish interaction  Would you like to play a game? 

I’m going to ask you some easy questions and then you can  
point to the answer. Does that sound like fun? Ok, 
let’s play. 

 
(ask the child to find the following items; always respond by 
demonstrating that you can see what they do) 

Nose 
    Ears 
    Shirt 

 
Transition Guess what?! I have some toys I’d like to show you. Would you 

like to see some cool toys?  
 
Novel Verb Training (2 min.) 

(perform action, look between child and action) 
 

Verb 1 - Frepping        
Hey! Look at this! Look at me frepping it! I’m frepping it! I am frepping it! 
Wow! Look over here! Do you see me frepping it? I’m frepping it!  
Can you watch me frepping it? I’m frepping it. Look, I’m frepping it. I am 
frepping it! Cool, watch this! Look at me frepping it! I’m frepping it, I am 
frepping it! 

 
Verb 2 - Blicking 

Hey! Look at this! Look at me blicking the baby! I’m blicking him! I am blicking 
him! Wow! Look over here! Do you see me blicking the baby? I’m blicking him!  
Watch me blicking him! I’m blicking him. Look, I’m blicking him. I am blicking 
him! Cool, watch this! Look at me blicking him! I’m blicking him, I am blicking 
the baby!  
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CONDITION 1 
Training Phase 2 

 
Introductory Exercise (1 min.) 
 
Greet child   Hi (child’s name)! Did you like that movie? 
     
Establish interaction We get to play another game right now.  

Would you like to play? 
Just like last time, I’m going to ask you some easy  

questions and you can point to the answers. Ok? 
     

(ask the child to find the following items; always respond by 
demonstrating that you can see what they do) 
    Eyes 

Hair 
Shoes 

 
Transition Guess what?! I have two more toys to show you. Would you like to 

see more fun toys?  
     
Novel Verb Training (2 min.) 

(perform action, look between child and action) 
 

Verb 1 - Meeping        
Hey! Look at this! Look at me meeping it! I’m meeping it! I am meeping it! 
Wow! Look over here! Do you see me meeping it? I’m meeping it!  
Can you watch me meeping it? I’m meeping it. Look, I’m meeping it. I am 
meeping it! Cool, watch this! Look at me meeping it! I’m meeping it, I am 
meeping it! 

 
Verb 2 - Twilling 

Hey! Look at this! Look at me twilling the baby! I’m twilling him! I am twilling 
him! Wow! Look over here! Do you see me twilling the baby? I’m twilling him!  
Watch me twilling him! I’m twilling him. Look, I’m twilling him. I am twilling 
him! Cool, watch this! Look at me twilling him! I’m twilling him, I am twilling 
the baby! 
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APPENDIX D 

PRODUCTION TEST CODING SHEET 
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APPENDIX E 
MCDI DATA 

 
 

MacArthur CDI Score Mean SD Range 
Total Vocabulary M = 159.97 SD = 68.82 29 to 229 

Relational Vocabulary M = 86.19 SD = 43.46 7 to 129 
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APPENDIX F 
CHILD VIDEO AND COMPUTER HISTORY QUESTIONNAIRE DATA 

 

Television History 

Do you have a television in your home? Yes – 100% 
No – 0% 

How many televisions do you own? M = 2.52 SD = 1.12 range = 1 to 5 
How many hours per week does your 
child watch television programming? M = 7.21 SD = 6.58 range = 0 to 30 

 
What is your child’s favorite program? 

Top 3 Responses: 
          Sesame Street (N = 28) 
          Dora the Explorer (N = 12) 
          Mickey Mouse Clubhouse (N = 12) 
Other Responses: 
          Caillou (N = 9)                 Barney (N = 3) 
          Little Einsteins (N = 7)    Wow Wow Wubbzy (N = 1) 
          Max & Ruby (N = 6)        It’s A Big Big World (N = 1) 

Video History 
How many hours per week does your 
child watch videos? M = 1.93 SD = 2.38 range = 0 to 11 

 
What is your child’s favorite video? Top 3 Responses: 

          Elmo’s World (N = 13) 
          Finding Nemo (N = 7) 
          Dora (N = 4) 
 
Other Responses: 
          Up (N = 2)                         Cars (N = 2) 
          Kung Fu Panda (N = 1)     Your Baby Can Talk (N = 1) 
          Princess Diaries (N = 2)      Little Einsteins (N = 1) 

Computer History 

Do you have a computer in your home? Yes – 100% 
No – 0% 

How many computers do you own? M = 2 SD = 0.86 range = 0 to 4 
How many hours per week does your 
child use the computer? M = 1.23 SD = 2.3 range = 0 to 15 

Of children who engage in activity,  
time spent per week For which of the following activities 

does your child use the computer? 

# of children who 
use computer for 
activity Mean SD Range 

Watching Videos 38% M = 1.13 SD = 0.55 0.33 to 2 
Listening to Music 19% M = 2.62 SD = 3.47 0.33 to 10 
Playing Games 31% M = 2.19 SD = 4.28 0.33 to 15 
Video Chatting 12% M = 0.68 SD = 0.56 0.17 to 1.5 
Word Processing 0% n/a n/a n/a 
Other 
          Watching sibling play on computer 
          Watching YouTube 

 
N = 1 (2%) 
N = 1 (2%) 

 
1 hr/wk 
1 hr/wk 

 
n/a 
n/a 

 
n/a 
n/a 

 


