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Abstract 

 
Growing up in the digital era, young children are exposed to numerous educational 

applications and programs, some with well-designed curricula and others focused more on 

entertainment or game-like qualities. With the increasing popularity of mobile language-learning 

applications among young children, this dissertation raises a crucial question: do these learning 

materials actually enhance children’s acquisition of language? A total of 71 preschool-aged 

Mandarin-speaking children (Mage = 5.76, SDage = .59) participated in a one-week-long 

intervention study in Nanjing, China. Across a total of two visits, we assigned children to two 

experimental conditions to watch targeted English-learning animations focusing first on verbs, in 

one condition, and on possessives in the other. Children from each condition were encouraged to 

watch their condition-related animations as many times as they wanted between visits, along 

with a new take-home animation that was neither verb- nor possessive-focused. Children’s 

performance on target verb and possessive items (vocabulary and grammar) for both 

comprehension and production was measured after each animation viewing session, in addition 

to assessing general English verb tense and possessive marking. Overall, our results suggest that 

preschool-aged Mandarin-speaking L2 learners can benefit from targeted English-learning 

animations. Moreover, consistent with first language acquisition results in both English and 

Chinese, some target language categories appear to be easier to acquire than others (e.g., 

possessive grammar -’s > verb past tense grammar). In addition, comprehension measures for 

both vocabulary and grammar appear to be easier than production measures. Finally, our results 

demonstrate that standardized English tests that reflect children's general language knowledge 
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might not be sensitive enough to capture children’s limited exposure to targeted language-

learning materials. Moreover, different amounts of exposure might be acquired for successful 

learning of different target language categories in L2 depending on their difficulty (e.g., easy L1 

to L2 transfer facilitated learning of possessive -’s marking among Mandarin-speaking children). 

These findings not only demonstrate the potential for well-designed language-learning 

applications, and they also speak to a number of limitations, challenges, and future directions in 

how we might examine the efficacy of language-learning media. 
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Chapter I Introduction 

English is the most widely spoken non-native language in the world (Rao, 2019). Pre-

pandemic estimates by the British Council suggested that by 2020, one in four people across the 

globe, roughly two billion people, would be speaking English “at a useful level” (British 

Council, 2013, p.5). Whether this specific number has been reached or not, English has become a 

global lingua franca such that learning English as a non-native language has become essential 

for economic success and global reach at both a national and an individual level (Rao, 2019). 

Parents of young children are particularly interested in English-language learning (Rao, 2019; 

Xu et al., 2020). However, this rise in the demand for English-as-foreign-language instruction for 

young children has far exceeded the supply of qualified teachers with formal training or fluency 

to provide the best opportunities for students (Shin, 2008). 

One solution has been to develop educational materials and programs with newer 

technology (e.g., digital devices, web-based learning platforms) that allow instruction to reach 

individual users at low cost and with maximal convenience—literally, to put learning “in the 

hands” of learners. Following this trend, numerous applications (APPs) and programs have been 

developed worldwide for young second-language learners. One challenge, in addition to ensuring 

access to such technology, is that very few of the products have been examined for their efficacy 

in helping children actually learn a second language (Kokla, 2016; Martins & Booth, 2022). In 

fact, there are minimal findings regarding the efficacy of educational APPs in general on digital 

devices (e.g., tablets, mobile phones) or on traditional media platforms (e.g., TVs), and even 

fewer focused on the very youngest learners. 
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Do Digital Media Facilitate Early Child Development? 

For decades, there has been a scientific debate on whether digital media exposure 

enhances or hinders children’s social and/or cognitive development skills (e.g., Fisch, 2004a; 

Hassinger-Das et al., 2020; Hurwitz, 2019), including those important for school readiness (e.g., 

emotion regulation, literacy, and numeracy skills). One line of research examined the association 

between the quantity of media exposure (e.g., screen time) and early child development. The 

findings from this line of research are mixed in the efficacy of media exposure but show a rather 

consistent impact of age and viewing experience—whereas children younger than two or three 

years old rarely pay attention to or understand anything from screen media (Anderson & 

Pempek, 2005; Huston & Wright, 1983; Richert et al., 2010), preschoolers and older children 

demonstrate more variations in learning outcomes depending on how the media are used as 

educational tools (Puzio et al., 2022; Jing et al., 2023). 

For example, some scholars (e.g., Krcmar et al., 2007) suggested that without human 

interaction, prelinguistic children were not likely to learn new words from passive screen-

viewing (e.g., watching Teletubbies). In addition, a negative association was found between 

young children’s screen time consumption and early development, including executive 

functioning, expressive language, and motor development (van den Heuvel et al., 2019; Lin et 

al., 2015; Madigan et al., 2020). However, some researchers argued that young children could 

have positive learning results from media if they were exposed to well-designed educational 

programs embedded with pedagogical teaching strategies. For instance, Krcmar and colleagues 

(2007) found that vocabulary learning from television was possible for toddlers older than 22 

months if the target program was designed with live interaction (e.g., joint referencing by calling 

the child’s name) and child-oriented content. These features help children focus on the delivered 
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content and facilitate vocabulary development. Furthermore, in a longitudinal study comparing 

several popular real-life children’s TV programs, Linebarger and Walker (2005) found that 

children at 30 months of age showed more vocabulary learning and higher expressive language 

scores from watching Dora the Explorer, Blue’s Clues, Arthur, Clifford and Dragon Tales than 

from watching Teletubbies, a child TV program with a poor language model and less interactive 

viewing experience. This is to say, the quantity of media exposure alone does not offer a 

sufficient explanation for whether children can or cannot learn. Instead, the quality of media 

content should be considered when examining their learning efficiency (Gola et al., 2012). 

A growing body of research has started to pay attention to the quality of media with most 

examining television viewing with cross-sectional samples on children’s cognitive, vocabulary 

and literacy improvement or overall academic achievement (Espinosa et al., 2006; Ferguson & 

Beresin, 2017; Li & Brand, 2009; Stracker et al., 2018). These studies did not measure children’s 

screen time on mobile devices, nor did they capture the materials children now watch on these 

digital and portable devices (Viner, 2019). Additionally, many studies did not distinguish 

educational content from regular media content (Puzio et al., 2022).  

In the current era of digital natives and the post-COVID learning environment, there have 

been rapid increases in the number of educational APPs and programs being developed and used 

by children in and out of school, raising concerns about the educational values of these so-called 

“educational” APPs (Hirsh-Pasek et al., 2015). According to Common Sense Census of media 

(Rideout & Robb, 2020), children aged from zero to eight spend an average of two and half 

hours on screen media daily. These data were collected right before the start of the COVID-19 

pandemic, and it is reasonable to anticipate even higher amounts of screen time post-COVID. 

Thus, it is necessary to investigate the efficacy of current mobile educational APPs or programs 
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as this can help educators and parents choose the right programs for young L2 learners. 

Moreover, many educational language-learning APPs claim to follow the decades of research in 

the Science of Learning, as well as on First (L1) and Second language (L2) acquisition. Thus, 

examining how young children learn from these APPs will also advance our knowledge of how 

the Science of Learning principles really work in real-life language-learning products. Finally, 

this examination has the potential to increase the quality of educational APPs across media 

platforms. 

General Aims of the Current Study 

The overarching research question for this dissertation is whether preschool-aged 

children are able to learn English as a second language with brief exposure to targeted 

educational animations. If so, then what exactly can they learn? Is it vocabulary, grammar, or 

both? Do the animations facilitate comprehension only, production only, or both? To the best of 

our knowledge, few studies have rigorously manipulated viewing exposure among children. For 

those that did, home viewing experience outside of the laboratory was not well-controlled as it is 

difficult to monitor and measure this in today’s conditions unless specific content is given to the 

parents on a specific device (simply asking parents to estimate children’s general media exposure 

time does not account for types of media or the multiple devices and sources that children may 

be able to view). Moreover, very few studies have gone beyond an assessment of general 

language ability to examine item-specific learning that was targeted in the educational media. 

Furthermore, there is insufficient research on young children’s grammar and spoken language 

learning through educational media (Gola et al., 2012). This suggests a necessity for better 

experimental design and language measures as well as more in-depth data analyses when it 
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comes to examining whether a language-learning program is effective for the aspects of language 

that are targeted.  

The current study aimed to fill some of the gaps in the literature. Specifically, it was 

designed to focus on non-native English-speaking preschool-aged children’s comprehension and 

production of vocabulary and grammar in English. after viewing audiovisual media designed for 

L2 learners of English.  

The three main research questions and hypotheses are specified in Chapter II. In addition, 

Chapter II gives a brief overview of how children’s educational TV programs and targeted 

language-learning APPs adhere to various New Science of Learning principles. In addition, it 

presents empirical findings on children’s language learning through educational TV programs 

and APPs as well as on children’s development of their first and second language. The English-

learning animations selected for the current intervention study were designed to follow as many 

principles as possible from the New Science of Learning and these features are also presented 

and discussed in Chapter II. Chapter III proceeds to provide a brief overview of children’s 

language learning from a developmental-psycholinguistic perspective, which provides theoretical 

support for the hypotheses introduced later in the dissertation. Chapters IV and V provide 

detailed experimental design methodologies and analytical results for each research question. 

Chapter VI provides a general discussion for the current study and raises considerations for 

future research. 
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Chapter II How the New Science of Learning Principles Guide Language-Learning Media 

The science of learning aims to offer theoretical explanations for how people learn by 

synthesizing scientific work from psychology, education, cognitive science, and many other 

disciplines. It was first applied to real-life schooling in the early 20 century to prepare students 

for the industrialized economy (Sawyer, 2014). As researchers realized the flaws in traditional 

schooling methods of instructionism (e.g., rote learning),  the New Science of Learning was 

established in the 1970s. It encourages close interdisciplinary collaboration on children’s 

learning behaviors with additional empirical support from neuroscience and computer science. 

The New Science of Learning reveals children’s capabilities for statistical learning and analytical 

reasoning (Melzoff et al., 2009), and it advocates a learner-oriented learning experience, 

focusing on deeper conceptual understanding and scaffolding on learners’ prior knowledge 

(Swayer, 2014). 

Two of the most cited papers on the Science of Learning (Hirsh-Pasek et al., 2015; 

Melzoff et al., 2009) discuss both the foundation of the new learning science and the practical 

applications to real-life digital learning. This dissertation synthesizes their highlighted principles 

that should be considered when designing educational material for children as the following: (1) 

learning is computational, (2) learning is neuro-cognitively linking self and other, (3) learning is 

and should be social, (4) learning should be active, (5) engaging, (6) meaningful, (7) scaffolded 

and (8) goal-oriented. Take language learning as an example, the first three principles 

acknowledge a child’s capability to be a universal learner for learning any target language with 

an adequate amount of social interaction. The last six reveal the important pedagogical design 
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that can provide children with a successful language-learning experience through digital media in 

the 21st century. 

This chapter begins by reviewing the empirical literature on children’s language learning 

through educational programs or APPs to explicate the aforementioned principles. Although 

these studies have provided valuable insights into the ways in which media can facilitate 

children’s language learning, they are constrained by various limitations, including issues with 

target language measures and data analyses. Addressing these limitations is one of the driving 

forces behind the current dissertation.  

Empirical Studies with Language-Learning Media 

Principle 1: Learning is computational. 

According to Meltzoff et al. (2009), the computational skills infants are equipped with 

enable them to detect and apply patterns by utilizing frequency and probabilistic distribution in 

the language input. This affords infants the cognitive capacities to learn any language in their 

living environment. One of the most well-known studies by Saffran et al. (1996) demonstrated 8-

month-olds’ statistical learning ability on artificial word segmentation after two minutes of audio 

exposure. Fulkerson and Waxman (2007) showed that infants at 6 and 12 months were able to 

form conceptual object categories when the same novel word was used to name a set of distinct 

objects. Moreover, among multiple ambiguous word-reference situations (given audio and visual 

stimuli), Smith and Yu (2008) reported 12- and 14-month-old infants could take advantage of the 

statistical regularities in the exposed word-scene co-occurrences for rapid word learning. This 

experiment reflects children’s rapid lexical knowledge building in the early years, indicating 

their capability to accrue statistical evidence for successful word-meaning fast mapping from the 

overwhelming linguistic input in real life. Although children’s universal language learning 
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abilities narrow to their native language with age, Chen (2013) suggested this ability consistently 

assisted L2 word learning across 30-month-olds, young school-aged children and college 

students. In addition to lexical acquisition, Godfroid and Kim (2021) also provided evidence for 

statistical learning in implicit L2 morphosyntactic knowledge among adults with a mean age of 

24.  

When this principle is applied to language learning from media, we would expect 

children to extract linguistic regularities from the naturalistic language input in the media 

exposure. However, this does not suggest that children can learn a target language from any type 

of media with naturalistic language content—many studies, in fact, reported there was no 

positive association between children’s language learning and media exposure (Anderson & 

Pempek, 2005; Linebarger & Walker, 2005)—but suggests that quality educational media 

designed to assist language learning should provide sufficient linguistic structures for children to 

have a better and more efficient learning experience. This is because both children and adults can 

have better lexical acquisition when there are multiple word-referent pairs than a single or a few 

(e.g., 18 vs. 9 pairs in adults. Yu & Smith, 2007; Yu et al., 2007). Another related linguistic 

benefit applied in educational media could be having the visual representation and the sound of a 

target word occur at the same time to emphasize their association (Gogate et al., 2000) and 

having the same new words appear across multiple audio-visual examples (Silverman et al., 

2013). 

In a recent content analysis across five bilingual educational TV programs, Rivera Pérez 

et al. (2021) revealed various pedagogical approaches used for bilingual children’s English and 

Spanish learning. Compared to three other shows (i.e., Maya & Miguel, Handy Manny and 

Nina’s World), Dora the Explorer and Go, Diego, Go! appear to embed more vocabulary 
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learning cues (e.g., more visual presentation, repetition and various examples for new words) 

that theoretically facilitate children’s lexical development. Although numerous studies have 

provided evidence of lexical development through these real-life educational media (Comstock 

& Scharrer, 2010), they did not directly test how effective the pedagogical approaches adapted 

from the Science of Learning were. One of the important reasons was that most studies were 

correlational, measuring children’s vocabulary gains either by giving a standard vocabulary test 

or by collecting parents’ reports to reflect children’s general vocabulary improvement, not 

directly assessing the exact content children viewed (Gola et al., 2012). In other words, as we 

have a growing body of detailed content analysis for educational programs, which discuss 

specific learning targets, there is not much corresponding work done on the empirical side of the 

research. 

Principle 2: Learning is neuro-cognitively linking self and others. 

The second principle sheds light on children’s neurocognitive systems that can link the 

action of self and others, which enables children to adapt themselves to the complicated world 

they are born into by observing, learning and imitating real-life models. This ability is 

particularly important for language learning, which requires enormous tries to apply observed 

linguistic rules, hand gestures, facial and oral muscle coordination, as well as correcting 

grammar errors to become a native speaker of a target language (Meltzoff et al., 2009). 

Researchers like Möttönen et al. (2005) argue that there might be a mirror neuron system 

supporting language learning in Broca’s area and primary motor cortex. In their experiment, 

eight adults with a mean age of 24 showed related motor neuron activation by viewing 

articulatory gestures of speakers’ lip movements. Moreover, Imada and colleagues (2006) 



 10 

provided MEG evidence to support that infants’ Broca’s area could be activated when listening 

to human speech.  

It is not a difficult extension to assume that the same areas would be activated when 

children listen to and watch native speakers in cartoons, although it is possible that they may not 

show as much mirroring or selectively show the same neuro activity (e.g., show similar brain 

activity with the face of cartoon female faces than cartoon character faces) when watching 

cartoons vs. human facial movements (Yamanaka et al., 2022). Nevertheless, a number of 

researchers have pointed out that children as young as five months can perceive cartoon human 

faces as faces in both behavioral and neuroimaging experiments (Kobayashi et al., 2020; 

Yamanaka et al., 2022). Furthermore, Hyde et al. (2014) suggested that children between four to 

ten years old interacted with animated cartoon characters in a similar way as they would with 

real humans. This evidence implies the potential for children to learn a target language with 

animated human characters, apart from other benefits children can get from cartoons in 

general—attracting more interest and visual attention from children and facilitating knowledge 

learning, including lexical and grammar learning with autistic children (Bosseler & Massaro, 

2003; Kilicgun, 2015; Snyder & Mares, 2021; Valkenburg & Vroone, 2004). 

Similar to the first principle, Principle 2 is created based on a plausible social-cognitive 

learning mechanism rather than a pedagogical feature that can be directly tested with large-scale 

real-life educational programs. As we move on to the rest of the principles that are more related 

to content design, we will introduce empirical studies on language learning with educational 

media. 

Principle 3: Learning is/should be social and interactive. 



 11 

Whereas Principles 1 and 2 acknowledge children’s inborn capacities and powers to learn 

enormous information from the world they are exposed to, the third principle we highlight here 

emphasizes the selective process of children’s learning. According to Meltzoff et al. (2009), 

children’s computational skills are not applied indiscriminately. Instead, they tailor their target 

learning (e.g., what and when) to the needs of real-life social interactions. In this learning 

process, social-cognitive skills, such as joint attention, social pointing and gestures, are 

fundamental for child development (Talbott et al., 2020; Tomasello, 2003). Children who have 

deficits in social functions (e.g., autistic children) were commonly reported to be delayed in 

multiple aspects of language development, including delays in vocabulary and overall literacy 

achievements (See a recent review by Hwang & Lee, 2022). In addition, there is a plethora of 

studies suggesting that children learn a language more efficiently when they are engaged in a 

certain level of social interaction with either a co-viewing partner or a teaching agent that can 

provide contingent feedback (Gola et al., 2012; Kirkorian et al., 2016; Richert et al., 2011; 

Roseberry et al., 2009; Roseberry et al., 2014). The younger the learner, the more essential roles 

of social interaction and clear communication play (Baldwin, 2000; Mares & Acosta, 2010). As 

children get older to preschool ages (between three and seven), they start to view screen content 

as different or unreal from reality and learn more from digital content if there is a credible source 

of information and if there is a good parasocial relationship with the on-screen characters, even if 

there is no contingent feedback (Fisch, 2004b; Richards & Calvert, 2017; Richert et al., 2011). 

As Hirsh-Pasek et al. (2015) proposed that social interactive features should be included 

in children’s learning with educational APPs, empirical studies on language learning with 

educational television have provided evidence to support this principle. For example, Chiong and 

Shuler (2010) reported significant vocabulary and literacy gains among children between three 
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and seven years old, who used the APPs Martha Speaks: Dog Party and SuperWhy! respectively. 

These two educational APPs both provided contingent feedback during children's play. For 

audio-visual programs that seemingly only involve watching, embedding pseudo interaction 

between the viewers and the onscreen character facilitates children’s learning (Calvert & 

Richards, 2014). This one-way active interaction from child viewers to onscreen characters, 

although might not be as effective or natural as two-way face-to-face interaction, still enhances 

children’s learning experience and helps build children’s parasocial relationships with TV 

characters. For example, by utilizing interactive techniques like having onscreen characters look 

at the audience, pause after asking a question, singing to the audience etc., Sesame Street, Blue’s 

Clues and Dora the Explorer made preschool-aged children feel closer to the main characters, 

which leads to more emotional and cognitive participation as well as improved comprehension as 

educational content is delivered on screen (Calvert et al., 2007; Crawley et al., 1999; Miron et 

al., 2001). 

Principle 4: Learning should be mentally active. 

Active learning is essential for knowledge-building for both adults and children. As 

defined in Hirsh-Pasek et al.’s article (2015), the active learning that should be applied to 

educational APPs is not only about making the learners do physical activities (e.g., clicking 

buttons, turning pages) but requires constant minds-on learning experience that involves 

“thinking and intellectual manipulation” (p. 8) on the spot of learning. Compared to traditional 

lecturing, where students passively listen to the lecture, the active learning approach that 

involves in-class activities and discussions leads to better conceptual understanding and 

examination scores among college students in the STEM areas (Freeman et al., 2010). Consistent 

with adult learners’ data, children who demonstrated chemical processes through drawing while 
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learning chemistry performed better than those who only read the same learning material 

(Fiorella & Zhang, 2018; Van Meter, 2001). 

When it comes to children’s learning with educational media programs, many studies 

were guided under the framework of the capacity model (Fisch, 2004a), with the assumption that 

children’s limited attentional capacity needs to be directed appropriately. Active learning was 

proposed as one way to help children comprehend media content with participatory cues 

embedded to break the fourth wall (Anderson et al., 2000; Piotrowski, 2014). Some researchers 

believe that by asking children content-related questions and giving them time to think before 

responding to the screen (e.g., Mister Roger’s Neighborhood, Blue’s Clues), children are offered 

an opportunity to actively rehearse the learning content, which increases their attention and 

mental effort invested in the educational content (Crawley et al., 1999). However, the empirical 

studies reported inconsistent results. For example, by showing preschoolers an episode from 

Dora the Explorer with or without participatory cues, Piotrowski (2014) showed there was no 

statistically significant difference between the two viewing groups on content comprehension, 

even though the children who received participatory cues indeed engaged more during viewing. 

Nevertheless, there is very little evidence supporting or against the effects of active learning in 

young children’s language learning through real-life educational media—the existing positive 

learning results in vocabulary learning through educational media (e.g., Sesame Street; Rice et 

al., 1990) are not sufficient to show it is the active participation children have during the viewing 

that contribute to the final language improvement. This is an inevitable and ongoing challenge 

researchers have to face because most child-centered educational programs combine multiple 

pedagogical features in curriculum design such that is impossible to tell them apart for individual 
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principal testing unless the experimenters strategically manipulate the viewing content (e.g., 

Piotrowski, 2014). 

Principle 5: Learning should be engaging and focused. 

While active learning provides learners with the steering wheel to learn how to drive, 

engagement in learning clears a path for them to focus on driving without getting distracted by 

irrelevant objects on the road. Compared to traditional books and lectures, modern technology 

and media enable more multi-channel information delivery (e.g., embedding audio, video, and 

interactive activities in learning). However, multiple studies suggest that adult learners can learn 

more deeply if they are exposed to essential learning materials without extraneous material 

(Mayer et al., 2001; Mayer et al. 2008). For child learners who have smaller cognitive capacities 

to focus, balancing between the amount of child-oriented entertainment and the level of on-task 

content is more challenging and important. For example, Kannass and Colombo (2007) showed 

that any type of distraction could significantly impair three-and-half-year-olds’ problem-solving 

skills. Although doing better with intermittent distractors, the four-year-olds still struggled in the 

tasks when exposed to continuous distraction.  

Furthermore, studies on children’s language learning with media showed that compared 

to foreground TVs, children did not learn from background TVs because they rarely paid 

attention or engaged in the content (Anderson & Pempek, 2005). With foreground screen 

viewing, Kuhl and colleagues (2003) demonstrated the variation in learning when children were 

exposed to different types of screen content. In their experiments, English-speaking infants only 

learned Mandarin phonetic units with a live Mandarin speaker but did not learn the target 

phonetic contrasts through prerecorded audio-visual or audio-only materials. It is possible that 

even when children paid attention to the latter two recordings, they did not focus on the target 



 15 

phonetic units but on something else in the video or audio. Thus, having an interactive live 

speaker could potentially guide their attention to the right place. Moreover, studies on literacy 

development with media showed that picture books with too many pop-ups did not result in 

better learning than traditional books, and it’s difficult for children to stay focused if there is no 

feedback given for their performance (Tare et al., 2010).   

Principle 6: Learning should be meaningful by linking the new to the old 

Whether a learner can acquire target knowledge immediately after a learning session or 

gradually over multiple sessions, the ultimate goal is to understand the learning content 

conceptually and to apply it to the real world. As a large set of memorized but disconnected facts 

do not suffice for a competent learner (Bransford et al., 1999; Hirsh-Pasek et al., 2005), it is 

important to make connections between the learning targets and learners’ existing knowledge. 

The two indicators of meaningful learning, according to Hirsh-Pasek et al (2005), are (1) the 

depth of processing the new information, which affects the learner’s retention of that piece of 

information (Craik & Tulving, 1975), and (2) how much the learner can apply it to solve novel 

problems (Chi & Wylie, 2014; Goldstone & Day, 2012). To take letter learning as an example, 

showing a target word over and over again to a child may enhance their memory of spelling that 

word, but it is not meaningful learning. It is also not as effective as having the child watch a TV 

character solving a missing-letter problem in a target word spelling task (Fisch, 2004a), which 

links children’s prior knowledge of a letter to a newly introduced target word. 

Furthermore, the old information in meaningful linking does not only include prior 

knowledge but also includes familiarity with onscreen characters and with the learning content 

(Barr & Linebarger, 2017; Calvert & Richards, 2014; Gola et al., 2013). Krcmar (2010) reported 

in a study with 6-24-month-olds that young children imitated more actions from a video of a 
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socially meaningful character (i.e., mom) than from a video of a stranger. Calvert et al. (2007) 

suggested that children who related themselves more to the main character Dora in Dora the 

Explorer, achieved higher divergent thinking scores after viewing a target episode from Dora. 

However, it is worth noting that the social meaningfulness featured in both studies did not show 

any significant benefits for children’s language and literacy-related learning. Children across all 

age cohorts in Krcmar’s study (2010) showed the same amount of target word comprehension 

from a video of their mom and from a video of a stranger. In Calvert et al.’s study (2007), 

children who identified themselves more with Dora did now show more understanding of the 

central storyline. This is an important note to researchers and educators, as learning different 

subjects from screen media may require a different pedagogical approach. It might not be always 

appropriate to apply screen-media learning models for other areas (e.g., simple imitation, 

divergent thinking) to language learning. 

Principle 7: Learning should be scaffolded.  

Principles 3, 4, 5 and 6 were systematically discussed by Hirsh-Pasek et al. (2005) and 

Hassinger-Das et al. (2020) as the four psychological pillars that can best facilitate children’s 

learning through educational media. However, learning could still be ineffective even when a 

child mentally actively participates and stays engaged in a meaningful and interactive learning 

session if the overall learning environment is not tailored to his/her learning level and pace. 

Hence Principle 7 emphasizes the structured and strategic assistance children can get throughout 

a target educational curriculum—scaffolding. The concept of scaffolding was originally 

discussed in Vygotsky’s Zone of Proximal Development theory (1978), which proposed that an 

ideal learning situation puts children in between what they can independently accomplish and the 

support of more capable others.  
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When adapted to teaching/learning in practice, scaffolding can be manifested through 

verbal prompts, interactive activity with guidance and tailored learning materials (Mamun & 

Wright, 2020; Salmon et al., 2007; Wasik & Jacobi-Vessels, 2017). The benefits of scaffolded 

learning have been widely explored in children learning science and language. For example, 

Pratt and colleagues (1992) reported that the fifth graders whose parents utilized more 

scaffolding skills in math tutoring outperformed those whose parents did not. Baldwin et al. 

(1996) showed that 18-month to 20-month toddlers who had an adult joining the object labeling 

activity had better word comprehension scores than those who only listened to labeling audios. 

Similar findings were demonstrated in Roseberry et al.’s study (2009), where children between 

30 and 42 months could only learn a novel verb presented by either a Sesame Street puppet or a 

real baby in a video when a live adult labeled the target verb with them. These studies 

highlighted the enormous support children could get from a scaffolding-focused partner. 

Apart from the assistance from a live co-viewer, scaffolding can be applied to curriculum 

design to facilitate teaching. Crawley et al. (2002) and Mares (2006) highlighted the importance 

of repetition in educational curriculum design—multiple exposures to the same target (e.g., 

viewing the same episode in Blue’s Clues and the same Disney film The Sword in the Stone, 

respectively) help children gradually understand but eventually master the content that they may 

not comprehend in the initial exposure. However, in Crawley et al’s (2002) study, children with 

more exposure to the Blue’s Clues episode appeared to only benefit in comprehending “series-

typical” content (e.g., Where does Steve keep the notebook? P. 269), not episode-specific 

content. Moreover, Mares’ study (2006) only revealed the facilitation of repetition on easy tasks 

(e.g., main character identification) but not complex ones (e.g., inferring a character’s emotions).  
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These data suggest the potential of scaffolded repetition in educational programs to 

overcome contingent-feedback-deficits and facilitate children’s learning from screen content, but 

they also reveal the caution of interpreting media learning results—preschool-aged children can 

learn (or not learn) differently from different types of screen content. Unfortunately, there is not 

enough empirical data on the effect of target repetition in language learning through educational 

media (Neuman et al., 2020), except for Linebarger and colleagues’ study (2013) on 

preschoolers’ vocabulary acquisition with Martha Speaks. Linebarger et al.’s data suggested that 

children’s expressive vocabulary (not receptive) improved after 25 times of target viewing or 

less, but exposure to more than 25 times resulted in lower vocabulary scores. 

Principle 8: Learning should be goal oriented with room for self-exploration. 

In Hirsh-Pasek et al. (2005) paper, the importance of having a learning goal was 

discussed together with scaffolding. Here we consider it a separate principle from Principle 7 to 

feature the discussion between self-exploration and guided learning experience. Many studies 

indicate that learning without any instruction may not be as effective as guided learning in 

learning strategies for problem-solving, conservation or programming concepts (see a literature 

review by Mayer, 2004). Moreover, with the examination across 164 studies (participants’ age 

range from children to adults) between discovery-based learning and explicit instruction-based 

learning, Alfieri et al.’s meta-analyses (2011) revealed that there were no benefits from 

unassisted discovery, and learners learn more with guidance (e.g., worked examples and explicit 

explanation). However, most of the studies with children in these meta-analyses focused on math 

and science domains or general problem-solving skills, not many examined children’s verbal 

skills. Nevertheless, among a variety of different domains, verbal and social skills appear to most 

benefit from explicit instruction. 
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Goal-oriented learning does not mean there should be no room for joyful self-exploration. 

Several studies (see a review by Zosh et al., 2018) emphasized the importance of using diverse 

strategies that embedded structured teaching with playful context—children were more 

motivated to learn when there was a good balance between direct instruction and entertainment 

(Diamond, 2012). Most children’s TV programs are designed to entertain the audience by having 

attractive characters doing fun activities that the target audience can relate to in real life. 

However, there is little guidance on how much instruction is optimal for teaching young children 

language with screen content, especially for grammar learning that involves more strict rules and 

patterns than vocabulary learning. 

How can the principles be explicitly applied to educational animations? 

Animations are widely used in children’s educational media not only because they attract 

more attention from preschool-aged children than real images (Valkenburg & Vroone, 2004), but 

also because they offer tighter control of pedagogical approaches in content design (Takacs, 

2015). For example, to emphasize a vocabulary learning target, kick, we can easily zoom in to an 

actor’s foot and a soccer ball for a close look at the action. Exaggerated expressions and 

reactions from characters can guide children to the target more directly (e.g., showing an 

exaggerated facial expression when tasting something sour). Moreover, entertaining elements 

that are impossible to shoot with real life object can be easily emphasized in the animation (e.g., 

flying superhero dolls). It is also more convenient to manipulate diversities in the content to help 

children relate to their personal or cultural backgrounds (e.g., showing food from various 

cultures on the same table). 

With such an appealing platform, how do we explicitly apply the principles synthesized 

from the Science of Learning to produce better educational program that teaches children 
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language? A number of developmental psychologists, language educators and curriculum experts 

have tried to do that—developing a series of English learning animations for child L2 learners 

between three and eight under the Age of Learning, Inc. In particular, the whole curriculum has 

adapted the scaffolding strategy to spread out common target vocabulary and grammars from 

easy to difficult. The overall learning path is created in modules of five episodes, culminating in 

a review episode that has an exciting activity with vocabulary and grammar from the previous 

episodes in the module (Principle 4—active, Principle 7—scaffolding). For each episode, there is 

clear learning objectives that cover target vocabulary and grammar at a proper level (Principle 

8—goal-oriented). Target words appear at least five times with different objects, subjects, 

speakers and/or different tenses (Principle 1—computational, Principle 7—scaffolding). Among 

the main characters, there is a teacher (Ms. Jones) who encourages the students in the animation 

and the audience to practice learning targets with positive feedback (e.g., Great job! Principle 

5—engaging). There are five student characters with different racial and ethnic backgrounds, 

personalities and proficiency levels, and their speech style and actions match their personalities 

(Principle 6—meaningful). As target terms are introduced in the episode, the characters 

occasionally talk to the audience, ask related questions and pause for answers (Principle 3—

social interaction). Multiple speakers are used for each target word to encourage generalized 

discrimination of phonemic information and facilitate target word learning (Principle 6—

meaningful; Principle 7—scaffolding).  

Table 1 lists research studies or papers that discuss empirical evidence of L1 and/or L2 

acquisition to support the Science of Learning principles. Also included are studies assessing 

children’s language learning through educational media or APPs for each principle, as well as 

how the ABCmouse Early Learning Academy adapted or did not adapt these principles in their 
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curriculum design. Please note that Table 1 does not include an exhaustive list of studies but 

provides some key examples. 

It is important to note, moreover, that although this series of English as a second 

language animations embedded as many principles as it could in its design, there are still 

restrictions and limitations to what was accomplished. For example, with pre-made animations, 

there is no contingent interaction between the audience and the characters, nor is there live 

feedback from the teacher. However, for the purpose of this dissertation, the aim is not to test a 

specific principle but to examine whether preschool-aged children can benefit from targeted 

language learning animations that are equipped with many pedagogical strategies in a short time 

of exposure.
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Table 1 The New Science of Learning principles and how they are applied to research on language learning and educational media 

Science of learning 
principles  Evidence from empirical studies What’s applied/not applied to ABCmouse animation series? 

  L1 & L2 acquisition Language learning from TV/APPs Applied Not applied 

Principle 1 
Learning is 
computational 

Infants/young 
children 

Statistical learning based on the frequency 
and probabilistic distribution of the linguistic 
input. 

- Universal listener to language-specific 
phonetic discrimination (Kuhl et al., 
2006) 

- Word segmentation (Romberg & 
Saffran, 2010; Saffran et al., 1996) 

- Object categorization (Fulkerson & 
Waxman, 2007) 

- Word learning in general benefits from 
learning the targets multiple times 
with a variety of accompanying words 
and objects (Waxman & Klibanoff, 
2000). 

N/A All characters have native English-speaking 
actors pronouncing words clearly and at a 
pace appropriate to the level of English 
abilities. 
 
Type and Token frequency of target words 
are controlled. 
 
Target words appear at least five times. 
 
Target words appear with different 
grammatical subjects and objects, subjects, 
speakers and/or in different tenses (for 
verbs) 

 

 Older 
children/adults 

Statistical learning in L2 acquisition 
- Auditory and visual statistical learning 

contribute to implicit L2 grammatical 
knowledge (Godfroid & Kim, 2021). 

Statistical learning in artificial vocabulary 
learning 

- Adult learners were capable of 
learning artificial words with cross-
situational learning strategy (Yu & 
Smith, 2007) 

N/A Target words are presented with different 
exemplars and in different contexts to 
facilitate cross-situational mapping 

N/A 

      

Principle 2 
Learning is neuro-
cognitively linking self 
and other 

Infants/young 
children 

MEG evidence: being exposed to a target 
language activates multiple language areas in 
the brain: listening to speech activates the 
auditory area but also activates Broca’s area 
related to speech production (Imada et al., 
2006). 

N/A N/A N/A 

 Older 
children/adults 

Adults showed language related motor neuron 
activation in Broca’s area and primary motor 
cortex by viewing articulatory gestures of 
speakers’ lip movements (Möttönen et al, 
2005). 

N/A N/A N/A 
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Principle 3 
Learning is/should be 
social and interactive 

Infants/young 
children 

The responsiveness of a caregiver predicts 
infants’ vocalization in general (Dunst et al., 
2010). 
 
Children (18-24 months) showed vocabulary 
gain after 10-day with an interactive robot 
(Movellan et al., 2009) 
 
Children (24-36 months) improved word 
learning from a video with contingent 
feedback (Kirkorian et al., 2016) 
 
Children can learn L2 from social interaction 
with… 

- Non-human interactive robots (Tanaka 
et al., 2007) 

- Live speakers (Kuhl, 2007) 
- Speaker on-screen (Troseth et al., 

2006) 
 

Social interaction between 
children and on-screen characters 
(Elmo and viewers) helps with 
language learning in general 
(Calvert & Richards, 2014) 
 
Children (3-7 years) showed 
vocabulary and literacy gains with 
APPs Martha Speaks and 
SuperWhy!, which provided 
contigent feedback during learning 
(Chiong & Shuler, 2010). 

The characters talk to the audience, ask 
questions and pause for answers. 
 
Ms. Jones and the children in the animations 
occasionally “break the fourth wall” by 
prompting a question or offer an 
opportunity for the audience to respond to 
the screen. 
 
Speakers include both the teacher and five 
child characters. 

No contingent interaction with 
a character 
 
No interaction with real 
humans 
 

 Older 
children/adults 

Adult learners learned L2 vocabulary the 
most when they had in-game social 
interactions with native speakers compared to 
those who did not (Rankin et al., 2009) 

N/A N/A N/A 

      

Principle 4 
Learning should be 
mentally active 

Infants/young 
children 

Children (3-5 years) resulted in higher 
vocabulary gains when they had to actively 
talk about the stories in their reading 
compared to those who only received silent 
listening. (Hargrave & Sénéchal, 2000) 

N/A 
 

N/A Although the characters in the 
animation occasionally interact 
with the audience by asking 
them to practice along the way, 
there is no way to tell if the 
audience is fully mind-on. 

 Older 
children/adults 

College students learning English as a second 
language improved more on English 
communication skills by participating in 
multiple English related activities compared 
to their counterparts that only studied English 
in a traditional manner (Hung, 2015).  

 N/A N/A N/A 

      

Principle 5 
Learning should be 
engaging and focused 

Infants/young 
children 

Children (18-22 months) learned novel labels 
less well when the picture books had 
manipulative features (e.g., animals moving 
by touching) compared to the traditional 
picture book (Tare, 2010) 

Children learned (3-5 years old) 
more story understanding and 
narrative skills from educational 
TV programs with a narrative 
(e.g., Pinky Dinky Doo, Big Red 

Ms. Jones encourages the students 
(characters) to practice and provides 
positive feedback when they respond. 
 

There is no live or contingent 
feedback responding to 
children who are watching and 
speaking to the video  
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Showing a direct and immediate contrast 
between learners’ error and the correct 
version by recasting is considered as one of 
the most effective types of feedback in L2 
acquisition studies (Nicholas et al., 2001)  

Dog) that could guide children’s 
attention to the target elements 
than those without narrative 
embedded (e.g., Zoboomafoo) 
(Linebarger & Piotrowski, 2009) 

Ms. Jones frequently expands and recasts 
child characters incomplete or fragmented 
sentences. 
 

 Older 
children/adults 

N/A N/A N/A N/A 

      

Principle 6 
Learning should be 
meaningful by linking the 
new to the old 

Infants/young 
children 

Young children’s vocabulary learning should 
include words that appear to their interests 
and that are common in everyday world 
(Alexious & Konstantakis, 2009). 

L1 Greek L2 English (4-5 years 
old) children showed significant 
receptive vocabulary improvement 
by watching Dora the Explora 
whose target word list include 
many commonly used English 
words in real life (Kokla, 2016). 

Characters in the animations have different 
personalities and ethnic backgrounds. Their 
speech style and actions reflect their 
personalities and are consistent and 
predictable across episodes. 
 
The target word occurs in settings that 
involve child characters’ real-life activities 
either in the classroom (e.g., bringing dishes 
from home) or outside (e.g., planting in the 
garden) 

N/A 

 Older 
children/adults 

University-ESL students’ reading 
comprehension skills benefit from reading 
materials that build on their prior cultural 
background knowledge (Johnson, 1982) 

Children learn target word spelling 
more effectively when watching 
the character from The Electric 
Company solving a word spelling 
problem with a previously learned 
letter (Fisch, 2004a). 
 
Muslim and Buddhist ESL 
students (university level) 
outperformed the religion-neutral 
students in L2 comprehension 
after watching 20-minute TV 
broadcast on Islam and Buddhism 
(Markham, 2001). 

N/A N/A 

      

Principle 7 
Learning should be 
scaffolded 

Infants/young 
children 

Children (18-20 months) performed better at 
word comprehension when they had an adult 
in the labeling activity (guiding them learn), 
when compared to those who only listened to 
the labeling audio (Baldwin et al., 1996). 
 
Children (30-42 months) learned novel verbs 
from a video better when a live adult labeled 
the target verbs with them (Roseberry et al., 
2009) 

Children (2-5 years old) showed 
great improvement in expressive 
vocabulary after repeatedly 
reviewing the target content in 
Blue’s Clues (Anderson et al., 
2000). 
 
Children (3-8 years) benefited 
from using digital e-books with 
adult scaffolding on language and 

The overall curriculum builds on previous 
episodes that are created in modules of five 
episodes, culminating in a review episode 
that has an exciting activity which uses 
vocabulary and grammar from the previous 
episodes in the module. 
 
Ms. Jones presents new vocabulary and 
grammar in settings that are familiar to 
children and scaffolds the complexity of 

N/A 
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literacy development (Savva, 
2020) 

each lesson, with capstone lessons at the 
end of every module of five lessons. 
 
Multiple speakers are used for each target 
word to encourage generalized 
discrimination of phonemic information and 
facilitate target word recognition. 
 
 

 Older 
children/adults 

Children benefited from repeated readings 
that helped them gradually understand the 
same target content than being read a variety 
of books with the same info (Horst et al., 
2011) 
 
Reinforcing mastery of content once it has 
become familiar is good for children’s long-
term learning. Once they learn a new concept, 
encountering them in different context may 
help (Fisch & Truglio, 2001) 
 

Children show improved reading 
skills by watching Blue’s Clues 
with familiar characters and 
previously mastered goals 
(Crawley et al., 2002) 

The same six characters and teachers are 
used in all episodes with only occasional 
visits from other characters (e.g., Ms. Jones’ 
family members, Zoe the zookeeper). 
 
Target words are first “sprinkled” in 
episodes prior to the episode in which they 
are taught and frequently appear in 
subsequent episodes as part of the 
scaffolding for new target words. 
 

N/A 

      

Principle 8 
Learning should be goal-
oriented with room for 
self-exploration 

Infants/young 
children 

N/A N/A Each episode and each module has clear 
learning objectives that cover target 
vocabulary and grammar at a proper level. 

N/A 

 Older 
children/adults 

Children (4-6 graders) with low performance 
in reading benefited from guided instruction 
in story reading (Carnie & Kinder, 1985). 
 
 

L1 Japanese L2 English learners 
(13 years) showed improvement in 
extensive reading when their self-
directed learning behavior was 
assisted with goal-oriented reading 
application (Li et al., 2021) 

N/A N/A 

Note. The seven principles listed are adapted from Meltzoff et al. (2009) and Hirsh-Pasek et al. (2015) papers. The empirical studies selected from the literature are roughly divided into “infants/young children” and 
“older children/adults” based on whether the participants were literate, namely able to read and write. 
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Chapter III What Do We Know About L1 and L2 Acquisition? 

Comprehension vs. Production 

It is natural to assume that children must understand a word before they can use it in a 

conventional manner (Bloom, 1974). Numerous empirical studies have also provided evidence to 

show that infants are able to identify the meaning of most words before being able to say them 

(e.g., Fernald et al., 2008). Moreover, recent studies (Bergelson, 2020; Bergelson & Swingley, 

2015) have demonstrated that infants start to understand words in their native language around 

six months of age, suggesting a few months gap between early word comprehension and 

production. Similarly, in the literature on children’s L2 vocabulary development, comprehension 

is generally achieved earlier than production, and receptive knowledge tends to improve faster 

than expressive knowledge (Fan, 2000; Kokla, 2016). 

It is worth noting, however, that multiple studies in first language learning through 

audiovisual and digital media provide the opposite results. For example, Linebarger et al. (2003) 

found that preschool-aged children improved their expressive vocabulary, not receptive 

vocabulary, after viewing 16 target episodes in Martha Speaks. When assisted with various co-

viewing techniques from parents, Strouse et al. (2013) showed that three-year-old children 

significantly improved their expressive vocabulary but not their general receptive vocabulary. As 

Neuman et al. (2020) suggested in their paper, these mixed findings could reflect different 

learning processes between comprehension and production. Thus, researchers should assess both 

aspects of learning when examining the efficacy of certain pedagogical approaches used in 

educational media.  
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Vocabulary vs. Grammar 

Early vocabulary learning or lexical development involves fast-mapping of visual and 

acoustic stimuli. Essentially, the big challenge for young children to learn the meaning of a word 

in spoken language, which is often referred to as Quine’s problem (1960), is to identify the 

correct association between the phonological information (i.e., what they hear) and the visual 

representation (i.e., what they see). For instance, when an adult holds an apple and says to an 

infant, this is an apple or [ðɪs ɪz ən ˈæpəl], ideal fast-mapping occurs when the infant maps the 

sound of “apple” or [ˈæpəl] to the fruit apple in the adult’s hand, not the color of the apple, and 

not other phonetic information [ðɪs] or extraneous information in the environment. Numerous 

studies have shed light on the multiple factors that facilitate children’s early vocabulary learning 

from a social and input perspective. For example, child-directed speech or motherese (Ferguson, 

1964) features an exaggerated acoustic pattern with high pitch, simplified sentence structure, 

pause and stress on the target element(s) in the speech, as well as eye contact, which guides 

children’s attention to the learning target (Dominey & Dodane, 2004; Falk, 2003). Moreover, 

social gestures like pointing direct children to the target visual reference without overwhelming 

them with complex surroundings (Goldin-Meadow, 2007). 

Nouns vs. Verbs  

Despite the assistance children receive from their social environment, lexical 

development itself encounters distinct theoretical challenges. There has been a long-standing 

debate on early noun and verb learning among children (Waxman et al., 2013). Many researchers 

consider nouns learning to be more stable and concrete in visual representation than verbs 

(Hollich et al., 2000). Therefore, children benefit from this noun advantage in fast-mapping and 

can learn nouns more easily than verbs (e.g., Gentner, 2006). Although this claim was challenged 
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in verb-rich languages, such as Korean and Chinese (Choi & Gopnik, 1995; Tardif et al., 1999), 

where children could learn verbs equally as well as nouns, it is robustly supported by empirical 

evidence among children speaking noun-friendly languages, including English (Bornstein et al., 

2004; Kim et al., 2000). Nonetheless, novel verb-learning studies with preschool-aged children 

suggest that repetition of focused examples performed by fewer actors facilitates children’s 

acquisition of verbs, even in English (Maguire et al., 2008). This finding also aligns with 

learning theory on children’s relational category formation—children learn better with fewer 

variabilities during the exposure phase when it comes to identifying target relations in an event 

(Casasola, 2005). At the same time, visual variability is considered an important pedagogical tool 

for aiding both early noun- and verb-learning among preschoolers (Twomey et al., 2013; 

Twomey et al., 2014). To date, it is still unclear as to whether nouns and verbs are learned 

through similar mechanisms or whether there are differences in the cues that benefit nouns, 

verbs, and other parts of speech. 

Grammatical Development  

Compared to lexical development, grammatical acquisition begins relatively late around 

the second year of life or not until children are able to combine words (Brown, 1973; Hagan et 

al., 2008). According to L1 and L2 empirical data on grammatical acquisition, native speakers 

need five to seven years to fully master the common rules governing the use of morphemes, and 

second language learners may need much more practice, if not in a lifetime, to achieve native-

like proficiency level (Jia & Fuse, 2007; Marinis & Chondrogianni, 2010). Further, cross-

linguistic data demonstrated an interesting learning pattern that children do not acquire 

morphemes in their native language all at once but follow a consistent order within the language 

or within a group of similar languages (Baron et al., 2018; Fenson et al., 2007; Huang et al., 
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2022; Xanthos et al., 2011). The early vs. late order of acquisition could be explained by a 

combination of linguistic features possessed by a grammatical morpheme, such as whether or not 

it is obligatory, the clearness of form-meaning mapping or regularity of its form across different 

grammatical or semantic variations (see Slobin,1982 for a more detailed discussion). To take 

English as an example, present progressive -ing and possessive -’s were reportedly acquired 

earlier than other morphemes such as regular past tense -ed (Brown 1973; Lahey et al., 1992; 

Fenson et al., 2007). That could be due to the fact that -ing and –’s are obligatory for marking an 

ongoing action and possession in English. They both have a straightforward form-meaning 

association and are regular, with no exceptions for specific words. On the contrary, the past tense 

-ed is less obligatory when certain syntactic rules are applied (e.g., cry in he did not cry), and 

many common verbs are marked in irregular past tense form (e.g., flew for fly, went for go). 

Similarly, in Mandarin Chinese, grammatical morphemes that carry more salient linguistic 

features appear to be acquired earlier than those that do not (e.g., possessive marker de vs. 

progressive aspect marker zheng4; Huang et al., 2022). 

Whereas early vocabulary learning in a spoken language involves mapping between 

sounds and visual representations of an object or action, grammar learning requires the capacity 

to understand the relation between elements in a dynamic event, in which the mapping is more 

ambiguous and challenging (Golinkoff & Hirsh-Pasek, 2008). However, the current literature has 

not provided enough age-appropriate pedagogical guidance for teaching grammar, especially for 

child second-language learners. Adolescents and adults can benefit more from explicit analytic 

strategies, whereas children learning a second language draw more on implicit learning with 

many exposures (DeKeyser, 2018). Thus, the traditional approach to teaching adult learners (e.g., 

direct translation, grammatical explanations in L1, subtitles) may not be effective for children. 
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Instead, one approach is to adapt how children learn their first language to teach L2 grammar. In 

order to do this, child-directed speech would be important (Fernald et al., 1989) as would the 

addition of  more linguistic cues and perceptual salience to the target relation (e.g., showing the 

result of a target action to emphasize the target verb; Brandone et al., 2007). 

As pointed out by Gola and colleagues (2012), studies examining children’s grammatical 

acquisition and educational media input are scarce and face several limitations, some of which 

include not having a direct assessment of the viewing content and examining screen content too 

generally. Moreover, most existing research involves correlational studies that do not suggest a 

positive outcome of learning grammar from media (Selnow & Bettinghaus, 1982). It is prudent, 

therefore, to withhold judgment about whether grammar can or cannot be learned from media 

until future experimental research has been conducted.  

L1 Transfer in L2 Morphosyntax Acquisition 

The role of L1 influence on L2 grammatical acquisition has been studied extensively, 

with numerous theoretical perspectives and empirical data. One line of research explores why 

some L2 learners of English across different language backgrounds have persistent difficulties in 

the use of certain grammatical morphemes such as past tense and articles (Zdorenko & Paradis, 

2008). One possible explanation is that it is more likely for a learner to experience difficulty in 

learning a target grammatical form in L2 if there is no equivalent construction in their native 

language (Luk & Shirai, 2009). For example, Japanese and Korean speakers can acquire the 

English possessive marker -’s (as in mom’s apple) rather easily (Izumi & Isahara, 2004; Pak, 

1987), but it is very difficult for Spanish speakers to master this same grammatical feature 

(Andersen, 1978; Dulay & Burt, 1974). It is possible that marking possession in Japanese with a 

morpheme no and in Korean with a morpheme uy is similar to the use of -’s in English (e.g., 
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mom-no apple, mom-uy apple) and therefore facilitates the acquisition, but because Spanish lacks 

an equivalent grammatical form, the acquisition is hindered.  

Mandarin Chinese and Cantonese Chinese both have a straightforward possession 

marking system similar to Japanese and Korean. One would expect the native speakers of 

Mandarin and Cantonese to acquire the possessive marker -’s early in learning English. 

However, the expected phenomenon was only observed in Cantonese speakers (Mace-Matluck, 

1979) but not in Mandarin speakers (Dulay & Burt, 1974). 

Overall, L1 transfer on L2 grammar learning has variations across both morpheme types 

and learners with the same L1 background. Acquisition of the article system in English appears 

to be the most affected by L1 (e.g., Hawkins et al., 2006; Ionin, 2004), whereas the effect of L1 

transfer on other types of grammatical construction is inconsistent. Moreover, Zdorenko and 

Paradis (2008) argued that the L1 transfer that exists in adults’ learning might not be as strong in 

young children. Nevertheless, past tense learning in the above studies was consistently reported 

to be relatively late across Japanese, Korean, Spanish, Mandarin and Cantonese speakers, 

regardless of whether a similar concept exists in learners’ native language. Finally, we are unable 

to explain why the findings of L1 transfer have discrepancies among similar languages (e.g., 

possessive learning in Mandarin and Cantonese). In order to do this, more longitudinal and more 

experimental studies are needed to reduce the effect of individual differences in cross-sectional 

correlational studies.  

Despite the mixed evidence for L1 transfer on L2 grammatical acquisition, for the 

purpose of the current dissertation, I am interested in whether Mandarin-speaking preschoolers 

who have mastered possessive marking in Mandarin could learn the equivalent in English. 

Similarly, I am interested in whether the same children, who have no past tense marking system 
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in Mandarin, could learn this new grammatical construction and thereby benefit from targeted 

language-learning animations. 

Specific Research Questions and Predictions 

Research question 1: Are Children Able to Learn Language from “Educational” Media? 

The first aim of the current study is to investigate whether preschool-aged children at a 

very early stage of learning English as a foreign language can learn the target language (i.e.., 

specific vocabulary and grammar at comprehension or production level) from minimal exposures 

(a single viewing of two 4-minute episodes at Time 1, further home viewing, and a second 

viewing session with another two 4-minute episodes one week later) to immersive English-

language animations. In addition, we will examine whether exposure to these animations 

provides more generalized gains in English morphosyntax over the one-week video-viewing 

intervention. The current study is distinguished from studies investigating the relationship 

between second language acquisition and general media use because the current study has a 

particular focus on targeted language-teaching materials with clear teaching and learning 

objectives (e.g., learning verbs and possessives) that were developed following general principles 

of the Science of Learning (Hirsh-Pasek et al., 2015) and language-learning research.  

Research question 2: What Exactly Can Children Learn from Targeted English Learning 

Animations? 

The second aim of the current study is to examine whether the manipulation of specific 

target items (verbs vs. possessives) corresponds to performance gains in these same items, versus 

more general gains. We also examine both comprehension and production measures for both 

vocabulary and grammar. 
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Based on what the literature has suggested (e.g., Paradis, 2011), we hypothesize that 

children will perform better on vocabulary than grammar. We also expect that they will perform 

better on comprehension measures than on production measures. Past research on children 

learning English as both a first and a second language (e.g., Gentner, 1982; Jones et al., 1991; 

Schmidt, R. 1992) has also found that children tend to perform better on object words (common 

nouns) than action words (verbs) and on grammatical marking of possessives and the present 

progressive than either prepositions or past tense marking (Jia & Fuse, 2007; Paradis, 2005 ). 

To ensure that we were able to test the effects of both word type and specific grammatical 

features, we introduced an experimental manipulation in which half the children viewed episodes 

which focused on Verbs and their tenses during the first phase of the experiment, and the other 

half viewed Possessive- (and Noun-) focused episodes during the first phase. Each group then 

received the opposite condition in the follow-up phase one week later so that we were able to 

examine immediate exposure effects between groups, with order counterbalanced, and conduct 

an additional within-subjects comparison which also had order counterbalanced for each word 

type. 

Thus, in addition to the target-item assessment, we are also interested in the effects of our 

manipulation (exposure to Verbs vs. Possessives at Time 1) on general morphosyntax measures 

of English (e.g., whether having been exposed to tense markings with kick also helps children 

gain performance improvement in general English verb tense marking, possessives, and other 

measures of English grammar). 

As we assessed children’s language performance immediately after they watched a target 

set of animations, we expected children to have better performance on the target language items 

that appeared in the animation than those that were not yet introduced at Time 1. For example, 



 34 

for children in the Verb condition that was exposed to verb-focused animations at Time 1, we 

expected them to outperform children in the Possessive condition on the verb items but to not do 

as well as children in the Possessive condition on the possessive items. In addition, we expected 

to see the children in the Verb condition to have higher scores on the target verb items than on 

the possessive items. Conversely, we expected children in the Possessive condition to do better 

on possessive items than on verb items. Finally, with extra condition-related target exposure at 

home, we expected children in the verb condition would have improved performance on verb 

items from Time 1 to Time 2. 

Exploratory Research question 3: Does Exposure Frequency Affect Children’s Learning from 

Targeted English Learning Animations? 

As has been discussed in L1 and L2 acquisition studies (Bohman et al., 2010; Jia & Fuse, 

2007; Paradis, 2011; Scheele et al., 2010), the frequency of linguistic input contributes to 

children’s language development, even if it does not solely predict it. Therefore, the third aim of 

the current study is to examine the role of target viewing frequency on target language-learning 

outcomes. Specifically, we were interested in examining whether children who had extra target 

exposure at home would perform better on all target items when compared to those who had no 

extra exposure outside of the laboratory. We expected children with home viewing to outperform 

non-viewers on the target items at Time 2. For example, with more time watching the verb-

focused animation at home, home-viewers in the verb condition should have more improvement 

on the verb items than the non-viewers in the same condition.
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Chapter IV Methodologies  

Participants 

Children 

71 children (aged between 4.78 and 6.73 years, Mage = 5.76, SDage = .59; male = 37, 

female = 34) participated in the current study and were recruited at Tai Ping Xiang kindergarten 

in Nanjing, China, by five Nanjing Normal University graduate research assistants who had rich 

experience teaching and working with children on a regular basis. All children were fluent 

monolingual Chinese speakers and were at a very early stage of learning English as a second 

language. According to caregivers’ reports, most children had some type of exposure to English 

through media or classes, but their overall English skills were rather minimal. 

37 children (Mage = 5.76, SDage = .53; male = 21, female = 16) were randomly assigned to 

the possessive-focused condition and 34 to the verb-focused condition (Mage = 5.75, SDage = .66; 

male = 16, female = 18). These two experimental conditions decided the animation viewing 

sequence in the study. Specifically, children in verb-focused condition would watch verb-

focused animations first in Session 1 and possessive-focused animations later in Session 2. 

Children in the possessive-focused condition would watch the same animations but in a reversed 

order. 

Caregivers 

71 caregivers were asked to fill out two questionnaires on both media use in Chinese and 

English, as well as demographic information in the family before children’s animation 
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intervention began. It was reported that the education level for both fathers and mothers was 

from technical high school to Ph.D. degree (with the median for both a 4-year college degree). 

Animated English-learning materials 

There were seven episodes of four-minute-long animations chosen from ABCmouse.com 

Early Learning Academy (ABCmouse ELL), which is a digital education program for children 

aged 3-8 created by Age of Learning, Inc. According to Age of Learning’s website, their English 

learning curriculum provides “a developmentally appropriate immersive English language 

environment” and “teaches English as their second language in the same natural sequence as 

children learn their native language” (https://www.ageoflearning.com/products). In the current 

study, we carefully chose two episodes for warm-up activities, two episodes for verb vocabulary 

and verb grammar training, two episodes for possessive vocabulary and possessive grammar 

training and one episode for watching at home only. Appendix A, B and C document the target 

vocabulary and grammar in each training and take-home episode, including type and token 

frequency of each target word and grammatical forms (Appendix A), detailed time stamps for 

each target in all episodes (Appendix B), as well as the target learning objectives from the 

ABCmouse ELL curriculum design (Appendix C). 

Warm-up animations 

The Hello video (Episode 1 of 100) and Robot (Episode 2 of 100) video were used as two 

warm-up videos that did not include any target vocabulary or grammar. They were played at the 

beginning of each lab session before children were asked to do any English assessments. In the 

Hello video, a female teacher, Ms. Jones, and six international children introduce themselves to 

each other by asking “what’s your name?” and answering “my name is…” After the Hello video, 
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the examiners introduced themselves in English and asked for the participating child’s name. In 

the Robot video, a robot brought in by one of the children joins Ms. Jones in teaching the same 

children how to say different parts of face, such as nose, mouth, eyes. After this video, the 

examiners interacted with children by asking them how to say parts on their face. Regardless of 

children’s condition, the Hello video was only played in the first lab session and the Robot video 

was only played in the second lab session. 

Verb-focused animations 

Episode 17 and Episode 41 from the ABCmouse ELL animation series were chosen as 

the verb-focused videos. Appendix A and B give lists of action words in different verb forms. 

For example, in Episode 17, Ms. Jones teaches the children how to draw and she uses the verb 

draw multiple times—in future tense (e.g., today we will draw), present tense (e.g., yes, you can 

draw), past tense (e.g., you drew very beautiful pictures) and infinitive form (e.g., what would 

you like to draw?). In Episode 41, Ms. Jones teaches the children how to say kick, throw, hit, 

catch -- in future tense (e.g., I will catch the ball), present tense (e.g., I can kick the soccer ball), 

past tense (e.g., I kicked the soccer ball) and present progressive -ing (e.g., I am throwing the 

baseball). Given that there are no subtitles but only phonetic information in the linguistic input, 

we added how many times a child would hear a target verb in its bare sound form (e.g., /drɔ/ for 

draw) and in its -ing /ɪŋ/ form (e.g., /ˈdrɔɪŋ/ for drawing). Note that in both verb-focused videos, 

possessive pronouns—my and our—also occur a few times, and we counted each as possessive 

exposure in the final analysis. 

Possessive-focused animations 
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Episode 12 and Episode 15 from the ABCmouse ELL animation series were chosen as 

the possessive-focused videos. These two episodes emphasize the use of possessive grammar -’s, 

such as in brother’s, David’s, as well as possessive pronouns such as my, your, his, her. In 

Episode 12, Ms. Jones introduces her family to her students (e.g., This is my father) and in 

Episode 15, the students show each other their drawings (e.g., his dog, my dog, her flowers). 

Appendix A demonstrates the token frequency for each possessive pronoun and grammar form. 

Note that the verb draw occurs twice in its present tense in Episode 15, and we counted each as 

verb exposure in the final analysis. 

Take-home animations 

Episode 52 was chosen as a “swing episode” for children to watch at home after their first 

lab visit. The plot of this episode is about Ms. Jones taking the whole class out to plant seeds in a 

garden. There are multiple possessive pronouns (e.g., my, our, your) and verbs in different 

grammatical forms: future tense (e.g., We will plant our seeds), present tense (e.g., Can you dig a 

hole?), past tense (e.g., We planted the seeds), present progressive (e.g., We are planting the 

seeds), infinitive (e.g., We need to dig a hole for your seeds) and gerund form (e.g., This is 

digging). The amount of exposure to possessives and verbs is 17 and 20 times, respectively. 

Child language measures 

Multiple language measures in Chinese and English were used to test children’s language 

proficiency under both the Possessive and Verb conditions. Prior to the experiment, we measured 

children’s general language proficiency on vocabulary and morphosyntax in both Chinese and 

English. Table 1 shows the overall performance of these pre-tests separated by possessive and 



 39 

Verb condition. In addition, Welch’s t tests suggest that at the base level (i.e., prior to our study), 

there were no significant differences in the children’s performance between the two conditions. 

General vocabulary measure.  

A reduced version of the 5th edition of Peabody Picture Vocabulary Test (Dunn, 2019) 

was used for testing children’s vocabulary in English with 52 items in total. For each item, 

children were shown four pictures, three of which were distractors, and were asked to point to 

the picture they think we are asking for (e.g., show me ball). A Chinese version of the PPVT 

vocabulary test was also given to test children’s vocabulary comprehension in Chinese (Lu & 

Liu, 1998) with 125 items in total. For both the Chinese and the English PPVT, assessment 

ended as soon as a child made five consecutive errors. Cronbach’s alpha shows the reliability of 

this measure is a = .81. Note that we only measured children’s general English and Chinese 

vocabulary once (at Time 1) to get the baseline of children’s vocabulary comprehension in both 

languages.  

General Morphosyntax measure.  

There were 8 types of grammatical markings that we measured in English morphosyntax: 

possessive ’s, simple present, copula, negation, present progressive -ing, past progressive -ing, 

past tense, and passive form. Before testing each grammatical form, we provided two 

demonstration items to familiarize children with the prompting format (e.g., Examiner: Look, this 

is a doctor, and this is the doctor’s watch… This is a lady, and this is the… Child: lady’s watch). 

Colored pictures were used for each testing item and the examiners were trained to point to the 

exact object or part when and where they were supposed to (e.g., pointing to the lady’s watch 

when saying lady’s watch). There were 2 testing items for each grammatical form, except for 
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possessive and past tense (the main foci of the study), where we added a third item with made-up 

words (e.g., dap’s scarf, the boy gorbed). Finally, we tested children’s general English 

morphosyntax twice—once at the beginning of the first lab session and after the English 

vocabulary measure, and once during the second lab session after the warm-up video Robot. To 

balance the difficulty level for items, we created two alternative forms of the English 

morphosyntax test: half of the children were tested with Form A in the first lab session and Form 

B in the second; the other half were tested in reversed order. As with the vocabulary measures, 

assessment ended if/when a child made five consecutive errors. Cronbach’s alpha shows the 

reliability of this measure is a = .70. Please refer to Table 2 for the total scores and detailed 

scores for each grammar type.  

The Chinese morphosyntax measure was made in the same format as the English version. 

Based on the common grammar categories in Chinese, there were six types of grammar 

measured in the study: possessive de (4 items), negation mei2/bie2/bu4 (6 items), present 

progressive zai4/zheng4zai4 (3 items), aspect marker le/guo4 (4 items), classifiers (6 items), 

active ba3 and passive bei4 form (4 items). Again, assessment ended if/when a child made five 

consecutive errors. Cronbach’s alpha shows the reliability of this measure is a = .75. According 

to the longitudinal study in Huang et al.’s work (2022), Chinese-speaking children developed 

most of their grammatical markers before 6 years old. Hence, we expected these children to 

achieve a high level of proficiency in the Chinese morphosyntax test, and only measured their 

Chinese morphosyntax once. Please refer to Table 1 for descriptive statistics on this measure. 

Target-Item test.  

As soon as children finished watching the assigned pair of animations, a Target-Item test 

was given to test the immediate learning effect. The items were divided into vocabulary (18 
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items) and grammar sections (6 items for past tense grammar, 6 items for possessive grammar). 

For each item, there were pictures (i.e., cropped screenshots) from the four training animations to 

help children remember the scene or object. For comprehension questions, the child was asked to 

point to the correct picture (e.g., show me kicking) from a set of four pictures. For production 

items, children were prompted to answer a question (e.g., what did Sara do to the baseball?). To 

balance the difficulty level of items in the grammar section, we created two alternative forms 

(Form A and Form B) for this Target-Item test. Half of the children who were given Form A on 

the English morphosyntax test were also tested with Form A version of Target-Item test in the 

first session and Form B in the second session. The other half were tested in reverse order. 

The scoring for Target-Item test was not based on how many items the children got 

correct but based on the following variables of interest: (1) receptive items (i.e., possessive 

pronouns and verbs). (2) productive items (i.e., verbs, verb past tense grammar, possessive 

pronouns, possessive grammar –’s). All receptive items were given with an instruction: now we 

are going to look at some pictures together, and you are going to help me find the pictures I am 

looking for. All productive items were asked with a prompt in the same format as the general 

English morphosyntax test (Ms. Jones was drawing a picture. Now she is done. What did she do? 

She...). Cronbach’s alpha shows the reliability of this measure is a = .79. Table 3 shows the 

means and standard deviations of the overall and detailed scores for Target-Item test by time and 

condition.  

Procedure 

All 71 children were invited to a child-friendly and quiet activity room at the preschool 

they went to for two one-hour-long lab sessions. In the first session, after a short interaction in 

Mandarin with an examiner who was also a native speaker of Mandarin, each child was given 
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vocabulary and grammar tests in Mandarin. After the Mandarin tests, the examiner played the 

warm-up video—Hello, in which Ms. Jones and her six students introduce each other with their 

names. This episode ended with all six student characters looking at the camera and asking for 

the audience’s name. Children who participated in this study were able to respond with their 

name to the examiner’s question “What is your name?”. After the Hello video, the examiner 

measured the child’s proficiency in English vocabulary and morphosyntax.  

Following the language assessments in English, the animation intervention began: each 

child was randomly assigned to either the Verb condition (N = 34) or the Possessive condition 

(N = 37). The children in the Verb condition watched two verb-focused animations that 

emphasized both target verbs and past tense grammar while the children in the Possessive 

condition watched two possessive-focused animations that emphasized both possessive pronouns 

and possessive grammar –’s. Finally, the Target-Item test was given to examine whether there 

was an immediate learning effect on both target vocabulary and grammar items. The first session 

ended with all children taking three animations home with them—two were the exact animations 

they watched with the examiner (e.g., Verb condition got verb-focused animations) and the other 

one was a new video (Episode 52—the swing episode) that included both past tense and 

possessive grammar. We asked the caregivers to record and report how many times their children 

watched each animation at home before the second session. 

There was one-week interval between the two lab sessions. At the beginning of the 

second session, each child was shown the second animated episode of the series, which 

introduced a comic character “Robot” and parts of the face (e.g., nose, mouth, etc.). For warm-up 

purposes, the robot video did not contain any of the target vocabulary or grammar. Immediately 

after this, we re-assessed children’s general English morphosyntax. This post-test allowed us to 
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understand whether there were any long-term effects on English morphosyntax from the video 

exposure as well as to control for any external exposure that may have improved performance for 

children who did not receive the target animation. After this general post-test, each child was 

given two more target animations to watch. However, this time, the children in the Verb 

condition watched the two possessive animations that the children in the Possessive condition 

watched in the first session, and vice versa. In other words, the difference between the Verb 

condition and possessive condition in the study was the watching sequence among verb and 

possessive animations. The Target-Item test was given again to examine the immediate learning 

effect (Appendix D demonstrates an overall design of the current study). 

In summary, the current study first measured children’s general language performance in 

vocabulary and grammar in both English and Chinese prior to the animation intervention. We 

then gave two experimental conditions 4 animations to watch with reversed viewing sequence 

between verb focused and possessive focused animations and tested their immediate learning 

effect each time. Children from each condition were encouraged to watch their assigned 

animations as many times as they wanted at home with a new take-home animation before their 

second lab session. Figure 1 demonstrates the overall design of the study. 

Analytical plan 

The first research question—Are children able to learn language from “educational” 

media? is the most general question of this study. The answer to this question focuses on 

children’s learning of target English vocabulary and grammar, as well as their improvement in 

general English language knowledge, as measured by the morphosyntax test, after a week-long 

animation intervention. In other words, would preschool-aged Mandarin-speaking children who 

initially had very minimal knowledge of English show improved performance at Time 2, relative 
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to Time 1, after viewing the animations, without considering the order of target exposure 

condition or the amount of exposure children had to the videos? 

The second research question—What exactly can children learn from targeted English 

language-learning animations? puts the focus on what English language knowledge children can 

learn from the animations. Based on the vocabulary and grammar emphasis in the training 

videos, we divided the target language learning into six main categories: (1) verb vocabulary 

comprehension, (2) verb vocabulary production, (3) verb past tense grammar production, (4) 

possessive grammar -’s comprehension, (5) possessive pronoun production, and (6) possessive 

grammar -’s production. We first examined this with Time 1 data, where we expected that 

children in the Verb condition (exposed to verbs, but not possessives at Time 1) would do better 

(a)  on verb items than children in the Possessive condition would do on the same items 

(between-subjects comparison); and (b) on verb items than they would on possessive items 

(within-subjects comparison); and). We expected the opposite to hold true for children in the 

Possessive condition. Namely, children in the Possessive condition (exposed to possessives, but 

not verbs at Time 1) would do better (a) on possessive items than children in the Verb condition 

would do on the same items (between-subjects comparison); and (b) on possessive items than 

they would on verb items (within-subjects comparison). 

Because we ultimately exposed children to both types of items over the course of the one-

week intervention, we also examined their performance on each target type as a function of their 

exposure condition over the two training sessions. In order to do this, we computed a set of linear 

mixed-effects models (LMMs) with random subjects and random testing forms in R with lme4 

(Bates et al., 2015) and emmeans (Lenth, 2023) package to examine whether condition (Verb vs. 

Possessive condition), test time (first lab session vs second lab session) and target language 
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category contributed to any testing score improvement from Time 1 to Time 2 while controlling 

for children’s age and initial English vocabulary score. Furthermore, because the training videos 

included many more verb tense forms (e.g., present progressive, past progressive, etc.) than verb 

simple past tense, we also examined whether and how much children improved for all verb tense 

items, in addition to possessive items, on the general test of English morphosyntax. We expected 

that the children in the Verb condition would show greater improvement on the verb tense items, 

whereas the children in the Possessive condition would improve more on the possessive items. 

The last research question—Does target exposure frequency matter? takes home viewing 

data into consideration. We divided children from each condition into two groups—viewers, with 

extra target exposure at home between the two lab sessions, and non-viewers, with no parentally-

reported extra target exposure and compared their learning results at Time 2. We again computed 

a set of linear mixed-effects models with random subjects and random testing forms in R to 

examine the exposure effect on both the Target-Item test and the general English morphosyntax 

test. Although these analyses are only exploratory, we also used the number of episodes parents 

reported as a predictor and discuss the potential and limitations of this approach.
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Chapter V Results 

 In this section, we will tackle each of the three research questions with the above-

mentioned analytical plans. In these analyses, we used linear mixed-effects models (LMM) 

instead of traditional linear models for multiple reasons. The main benefit for computing a LMM 

is that this type of modeling can handle inter-dependent datasets (i.e., in our study, each 

participant provided multiple data points from different language tests and was assessed by two 

alternative forms for each test) to account for by-subject and by-item variation in the analyses 

(Cnaan et al., 1997). This allows us to control random effects due to individual differences (the 

children varied widely in both their initial Mandarin- and English-language abilities) and 

unintentional design bias from alternative forms or versions of a test. 

Demographic factors and performance on language measures 

Children’s age, maternal education, and general language scores in English and Chinese 

are presented in Table 2 for the whole sample as well as the subsamples for each viewing 

condition. As can be seen in Table 2, children did not differ on the initial language measures in 

the two conditions. Children’s age was strongly and positively correlated with both English and 

Chinese vocabulary (Pearson’s r = .37, p < .001 and r = .46, p < .001, respectively). Age was also 

moderately correlated with general English morphosyntax pre-test (Time 1) total scores (r = .29, 

p < .05) and Target-Item test total pre- (Time 1) and post- (Time 2) scores (r = .27, p < .05 with 

pre-test, r = .25, p < .05 with post-test). Mother’s education level was positively correlated with 

children’s general English morphosyntax Time 1 score (r = .32, p <. 04). In addition, children’s 

English vocabulary at Time 1 (prior to the intervention) was significantly correlated with all 
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language tests at both Time 1 and Time 2, including Chinese vocabulary and morphosyntax (r = 

.39, p < .001 and r = .34, p < .001, respectively), English morphosyntax (r = .55, p < .001 and r = 

.47, p < .001, for Time 1 and Time 2, respectively), and Target-Item test (r = .59, p < .001 and r 

= .44, p < .001, for Time 1 and Time 2, respectively). Therefore, further analyses control for 

children’s age and general English vocabulary when examining the efficacy of the animation 

intervention. In addition, considering that the children’s English proficiency in this sample was 

very low, and their score improvement from Time 1 to Time 2 could be minimal, we use less 

conservative Tukey’s HSD instead of the Bonferroni correction method for multiple pairwise 

comparisons to be more sensitive to and better capture significant differences in performance 

(Saville, 2015). 
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Table 2 Demographics and pre-test results for children’s English and Chinese vocabulary and 
grammar 

Research question 1: Are children able to learn language from “educational” media? 

As can be seen in Table 3, children showed significantly better performance on all 

comprehension items but not all production items after viewing the animations. In order to 

examine these effects more closely, we ran separate LMMs to analyze all children’s (regardless 

of their viewing condition) comprehension and production scores for both target vocabulary and 

Variables All Children Possessive Condition Verb Condition 

Sample (N) 71 37 34 

Females (N) 34 16  18 

Father Education (median) 

(Technical high school - PhD) 
4-year college 4-year college 4-year college 

Mother Education (median) 

(Technical high school - PhD) 
4-year college 4-year college 4-year college 

Age (4.78 – 6.73 years) 5.76 (.59) 5.76 (.53) 5.75 (.66) 

English Morphosyntax 

(Max = 18, % correct) 
.08 (.12) .09 (.13) .07 (.11) 

Chinese Morphosyntax 

(Max = 27, % correct) 
.90 (.07) .91 (.06) .88 (.07) 

English Vocabulary 

(max = 52, % correct) 
.36 (.18) .34 (.18) .37 (.19) 

Chinese Vocabulary 

(max = 125, % correct) 
.65 (.15) .67 (.13) .63 (.17) 

Note. Welch’s t-test was computed to compare between verb and possessive conditions for each of the 
scores listed above prior to the animation intervention. There were no significant differences between the 
two conditions. 



 49 

grammar. As mentioned above, age and initial English vocabulary at Time 1 were controlled as 

fixed effects whereas participants and testing forms (Form A vs. Form B) were controlled as 

random effects (see Table 3 LMM test statistics for Time 1 and Time 2 comparisons). 

Table 3 Target-Item Test raw mean (SD) percent correct scores across all children (N = 71) 

 

Comprehension of target vocabulary and grammar 

There was a significant performance improvement in comprehension of both target object 

noun and target verb vocabulary from Time 1 to Time 2, as can be seen in Table 3 and Figure 1. 

In addition, the average accuracy for object nouns (M = .51, SD = .28 at Time 1; M = .61, SD = 

.26 at Time 2), was higher than for verbs (M = .26, SD = .24 at Time 1; M = .38, SD = .27 at 

Variables Time 1 Time 2 LMM test statistics p values 

Comprehension Items 

Object nouns .51 (.28) .61 (.25) F(1, 69) = 7.57   p < .01  

Prepositions .35 (.38) .46 (.40) F(1, 69) = 5.31    p < .05 

Possessive grammar -’s .41 (.33) .56 (.30) F(1, 69) = 8.99    p < .01 

Verbs vocabulary .25 (.23) .37 (.26) F(1, 69) = 13.49    p < .001  

     

Production Items 

Possessive pronouns .05 (.05) .10 (.10) F(1, 69) = 5.31    p < .05  

Possessive grammar -’s .15 (.29) .25 (.36) F(1, 69) = 5.90   p < .05  

Verbs vocabulary .06 (.14) .13 (.24) F(1, 69) = 11.01    p < .01  

Verb past tense grammar  .02 (.06) .03 (.08) F(1, 69) = 1.72    p = .19  

Note. Linear mixed-effects models with random subjects and random test forms were computed for 
examining testing time effect for each section while controlling for children’s age, initial general 
English vocabulary. 
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Time 2) at both Time 1 (Δb = .25, t(1064) = 6.36, p < .001). and Time 2 (Δb = .23, t(1064) = 5.95, p 

< .001). 

Among grammar items, possessive grammar -’s and prepositions (in and on) both showed 

significant improvement from Time 1 to Time 2 (F(1, 69) = 8.99, p < .01 for possessive grammar -

’s; F(1, 69) = 5.31, p < .05 for prepositions).  In addition, the comprehension of possessive -’s (M = 

.41, SD = .33 at Time 1; M = .56, SD = .30 at Time 2) was not significantly different from that of 

prepositions (M = .35, SD = .38 at Time 1; M = .46, SD = .40 at Time 2) at both time points. 

Production of target vocabulary and grammar 

As can be seen in Table 3 and Figure 2, summing across conditions, children’s 

production of possessive pronouns (M = .05, SD = .05 at Time 1; M = .10, SD = .10 at Time 2) 

and verb vocabulary (M = .06, SD = .14 at Time 1; M = .13, SD = .24 at Time 2), both showed 

significantly higher scores on the Target-Item tests from Time 1 to Time 2 (F(1, 69) = 11.01, p < 

.01 for verb vocabulary; F(1, 69) = 5.31, p < .05 for possessive pronouns). In addition, children’s 

Figure 1 Children's comprehension scores of target vocabulary and grammar at Time 1 
and Time 2 
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performance on verb vocabulary items did not show any statistical differences from that on the 

possessive pronoun items at both time points. 

The production of possessive grammar -’s also improved from Time 1 to Time 2 (M = 

.15, SD = .29 at Time 1; M = .25, SD = .36 at Time 2), F(1, 70) = 5.90, p < .05,  but the .01 

accuracy score improvement on the production of verb past tense was not statistically significant 

(M = .02, SD = .06 at Time 1; M = .03, SD = .08). In fact, production of verb past tense appeared 

to be the most difficult target for children to learn among all target items.  

Despite the significant improvement for possessive grammar -’s from Time 1 to Time 2 

on the Target-Item test, children did not show improvement on the general English 

morphosyntax test (M = .15, SD = .29 at Time 1; M = .21, SD = .34 at Time 2),  nor on the 

subset of verb past tense items (M = .01, SD = .04 at Time 1; M = .01, SD = .05 at Time 2), as 

can be seen in Table 2a. Similar to the Target-Item test, children’s verb past tense grammar 

production on the general English morphosyntax test received the lowest score among all general 

English grammar items, suggesting it was more difficult for Mandarin-speaking children to learn 

than the possessive grammar -’s. Nonetheless, we also examined improvement on verb tense 

marking more generally, since the verbs that children were exposed to occurred in multiple 

tenses (Appendix B) and there were more exposures in other tenses, combined, than past tense 

per se, even though past tense grammar was the target of the Verb condition videos. When 

looking at all verb tenses combined, we found a Time effect (F(1, 69) = 7.35, p < .01; marginal R2 

= .24, conditional R2 = .64), indicating there was a performance improvement on verb tense 

marking among all children from Time 1 (M = .04, SD = .10) to Time 2, (M = .07, SD = .11). 



 52 

Research question 2: What exactly can children learn from targeted English-learning 

animations? 

In the analyses for this question, we looked at the results separated by the two viewing 

conditions to examine three things: (1) the specific effects on items that received the most input 

in each condition, and (2) the overall effect of the intervention by condition (Time 1 Target-Item 

test vs. Time 2 Target-Item test). In addition, we restrict our focus to six target types: verb 

comprehension, verb production, verb past tense grammar production, possessive -’s 

comprehension, possessive pronoun production, and possessive grammar -’s production. 

Detailed results can be found in Table 5 and Figure 3. 

Verb condition vs. Possessive condition (at Time 1) – between-subjects comparisons 

For this analysis, we controlled the fixed effects of age and children’s initial English 

vocabulary, initial general possessive and verb past tense grammar, and the random effects of 

Figure 2 Children's production scores of target vocabulary and grammar at Time 1 and 
Time 2 
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subjects and testing forms. With the emmeans package (Lenth, 2023) in R, we were able to 

compare estimated beta values for multiple pair-wise comparisons between target language 

categories. 

Verb measures. At Time 1, when comparing between viewing conditions, we found a 

significant effect of the type of measure (F(2, 138) = 61.27, p < .001), but not the effect of viewing 

condition (F(1, 64) = .15, p = .67). The marginal model effect size R2 = .42 and the conditional 

effect size R2 = .50. According to the LMMs, children’s performance on verb items had the same 

pattern across conditions. For example, in both conditions, children had significantly higher 

scores for verb comprehension than verb production and verb past tense production (Verb 

condition: b(verb comprehension) – b(verb production) = .19, t(138) = 5.89, p < .001; b(verb comprehension) – b(verb past 

tense production) = .23, t(138) = 7.17, p < .001. Possessive condition: b(verb comprehension) – b(verb production) = 

.20, t(138) = 6.35, p < .001; b(verb comprehension) – b(verb past tense production) = .23, t(138) = 7.42, p < .001). 

Furthermore, children in both conditions performed statistically the same in verb production and 

verb past tense production. 

Possessive measures. For children's performance on the possessive items, we again 

found a significant effect of the target possessive measure (F(2, 138) = 43.33, p < .001), but there 

was no condition effect (F(1, 64) = 2.36, p = .13). The marginal model effect size R2 = .38 and the 

conditional effect size R2 = .42. Possessive comprehension received the highest scores in both 

conditions (Verb condition: b(possessive comprehension) – b(possessive pronoun production) = .29, t(138) = 5.09, p < 

.001; b(possessive comprehension) – b(possessive -’s production) = .18, t(138) = 3.16, p < .01. Possessive condition: 

b(possessive comprehension) – b(possessive pronoun production) = .43, t(138) = 7.77, p < .001; b(possessive comprehension) – 

b(possessive -’s production) = .33, t(138) = 5.98, p < .001). There was no significant difference between 
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children’s performance in possessive pronoun production and possessive grammar -’s production 

in both conditions. 

Zero exposure vs. two-episode exposure (at Time 1) – within-subjects comparisons 

For this analysis, we controlled the fixed effects of age and children’s initial English 

vocabulary, initial general possessive and verb past tense grammar, and the random effects of 

subjects and testing forms. With the lmerTest package (Kuznetsova et al., 2017) in R, we were 

able to compare estimated beta values for multiple pair-wise comparisons between target 

language categories for each Condition. Means and Standard Deviations for each measure, as 

well as within-subject comparisons across measures, are presented in Table 4 for each condition. 

Verb condition. At Time 1, within the Verb condition, there was a significant main 

effect of the target language category (F(5, 165) = 13.86, p < .001) with a marginal effect size R2 = 

.32 (include fixed effects only) and conditional effect size R2 = .34 (including both fixed and 

random effects). Verb comprehension and possessive -’s comprehension had statistically the 

highest scores among all six target types, as shown in Table 4. However, verb comprehension 

and possessive comprehension were not statistically different from each other.  Moreover, there 

were no differences amongst Verb or Possessive Production, or Verb or Possessive grammar, 

and this was contrary to expectations. However, as mentioned above, verbs received the lowest 

scores on the pretest and the English morphosyntax test. Thus, it is not clear whether the 

animation intervention was not successful for verbs from these data or whether the overall low 

levels of performance for verbs made it impossible to see improvement from looking at Time 1 

and this condition alone. 

Possessive condition. At Time 1, within the possessive condition, we again found a 

significant main effect of the target language category (F(5, 180) = 32.54, p < .001) with a marginal 



 55 

effect size R2 = .48 (include fixed effects only) and conditional effect size R2 = .54 (including 

both fixed and random effects). Children in the possessive condition showed the best 

performance for possessive -’s comprehension. Verb comprehension and possessive grammar -’s 

production received the second-highest scores and were not significantly different from each 

other. The lowest scores were obtained for possessive pronoun production, verb production and 

verb past tense grammar, none of which were significantly different from each other. 

In summary, our analyses suggested that compared to production, comprehension items 

are relatively easier to learn from targeted language learning animation, which mirrors the 

overall learning results in the current and previous studies. For example, the possessive condition 

showed improvement for possessive comprehension, relative to verb comprehension, and 

possessive grammar, relative to verb grammar.  Scores in the Verb condition were less clear, 

with no significant differences in the verb items vs. possessive items, even though verb 

categories received lower scores on the overall English morphosyntax test given before the 

animations were shown. 

 

Figure 3 Children's performance scores of target vocabulary (red) and grammar (blue) at Time 1 by conditions 
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Table 4 Multiple pairwise comparisons of correct percentage scores among target language categories in 
verb and possessive condition 

 

Time 1 vs. Time 2 Comparisons by Condition 

In addition to looking at the immediate exposure conditions, we also looked at the 

difference in children’s performance at Time 1 and Time 2. According to our model, there was a 

significant time effect (F(1, 758) = 36.35, p < .001), target language category effect (F(5, 758) = 

101.16, p < .001) and a significant interaction between time and condition (F(1, 758) = 5.21, p < 

Time 1 Verb condition (N = 34)  Time 1 Possessive condition (N = 37) 

Target category Mean (SD)  Target category Mean (SD) 

Possessive -’s comprehension .34 (.31)a  
Possessive -’s comprehension .48 (.33)A 

Verb vocabulary comprehension .25 (.23)a,b    

   Verb vocabulary comprehension .25 (.22)B 

Possessive -’s production .16 (.27)b,c  Possessive -’s production .15 (.31)B,C 

Verb vocabulary production .06 (.16)c    

Possessive pronoun production .05 (.05)c  Verb vocabulary production .05 (.12)C,D 

Verb past tense Production .02 (.06)c  Possessive pronoun production .05 (.05)C,D,E 

     

   Verb past tense production .02 (.07)E,F 

Note. Means of target categories that are statistically different have different superscripts. Items that share a 
superscript with at least one common letter are not statistically different using the Tukey HSD correction method for 
multiple pairwise comparisons. Comparisons for the Verb condition are indicated with lower case letters and 
comparisons for the Possessive condition are indicated with upper case letters. 
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.05). The marginal model effect size R2 = .38 (fixed effects only) and the conditional effect size 

R2 = .50 (fixed and random effects combined).  

Note that Table 5 provides basic LMM statistics with which we only examined the time 

effect for specific morphosyntactic categories on the general test of English morphosyntax given 

before the videos were shown at Time 1 and Time 2. Figures 4 and 5 show children’s 

performance (correct percentage scores) for Time 1 and Time 2 by condition for the target items 

on the Target-Item test. 
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Table 5 General English morphosyntax raw mean (SD) percent correct scores by condition 

Variables Pre-test Post-test LMM test statistics p values 

Possessive Condition (N = 37) 

Possessive -’s .13 (.27) .24 (.36) F(1, 35) = 4.87  p < .05 

Simple present1  .11 (.24) .20 (.32) F(1, 35) = 3.43  p = .07 

Copula  .10 (.22) .03 (.11) F(1, 35) = 5.29 p < .05 

Negatives  .09 (.25) .07 (.24) F(1, 35) = .26 p = .61 

Present progressive1 .05 (.14) .09 (.19) F(1, 35) = 2.59  p = .12 

Past progressive1 .03 (.12) .05 (.13) F(1, 35) = .62 p = .44 

Past1 .01 (.05) .01 (.05) F(1, 69) = .00 p = 1.00 

Passive .05 (.16) .09 (.20) F(1, 70) = 1.05 p = .31 

Verb tenses .05 (.10) .09 (.12) F(1, 35) = 5.71 p < .05 

Total .07 (.13) .10 (.13) F(1, 34) = 3.47  p = .07 

Verb condition (N = 34) 

Possessive -’s .18 (.32) .17 (.31) F(1, 32) = .02 p = .88 

Simple present1  .09 (.23) .15 (.23) F(1, 32) = 2.29  p = .14 

Copula  .08 (.16) .04 (.11) F(1, 63) = .1.78 p = .19 

Negatives  .10 (.21) .07 (.17) F(1, 32) = .86  p = .36 

Present progressive1 .04 (.19) .06 (.20) F(1, 32) = .32 p = .58 

Past progressive1 .01 (.06) .01 (.06) F(1, 63) = .00  p = 1.00 

Past1 .00 (.03) .01 (.06) F(1, 63) = .19  p = .66 

Passive .03 (.12) .04 (.13) F(1, 32) = .11  p = .74 

Verb tenses .04 (.10) .06 (.10) F(1, 32) = 2.17 p = .15 
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Possessive vs. Verb condition on Target-Item test 

Among six target language categories on the Target-Item test, children in the possessive 

condition (Figure 4) had statistically significant performance gain for verb comprehension items 

only (t(758) = -.2.90, p < .01) after the intervention. Although possessive comprehension items did 

not appear to improve from the intervention, children’s scores on these items remained the 

highest at both Time 1 (M = .48, SD = .33) and Time 2 (M = .53, SD = .32) and were 

significantly higher than the verb comprehension items at Time 1 (Table 4) followed by verb 

comprehension scores (M = .25, SD = .22 at Time 1; M = .39, SD = .23 at Time 2). Possessive 

Total .07 (.12) .07 (.10) F(1, 33) = .12  p = .73 

Note. 1. Welch’s t-test was computed to compare pre-tests between verb and possessive conditions for 
each of the scores listed above. There were no significant differences between the two conditions prior 
to the animation intervention. 2. Linear mixed-effects models with random subjects and random test 
forms were computed for examining testing time effect for each grammar section while controlling for 
children’s age, initial general English vocabulary. 
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pronoun production, verb production and verb past tense production were reported to have the 

lowest scores at both Time 1 and Time 2 and were not statistically different from each other.  

Figure 4 Possessive condition performance scores of six target language categories at Time 1 and Time 2 

On the other hand, children in the Verb condition (Figure 5) had increased scores on 

different target language categories compared to the possessive condition. Higher scores were 

observed for possessive comprehension items (t(758) = -5.19, p < .001), possessive grammar -’s 

production items (t(758) = -2.94, p < .01) as well as verb production items (t(758) = -2.39, p < .05). 

Similar to the possessive condition, possessive comprehension items and verb comprehension 

items received the higher scores than other target items at both Time 1 (M = .34, SD = .31 for 

possessive comprehension; M = .25, SD = .23 for verb comprehension) and Time 2 (M = .60 SD 

= .28 for possessive comprehension; M = .35, SD = .28 for verb comprehension). Verb past tense 
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production and possessive pronoun production were statistically no different from each other 

receiving the lowest scores at both Time 1 and Time 2. 

Figure 5 Verb condition performance scores of six target language categories at Time 1 and Time 2 

Possessive vs. Verb condition on general English morphosyntax test 

As English past tense grammar had the lowest score on the Target-Item test, the score for 

this grammar category on the general English morphosyntax test was also very low – essentially 

at floor. Consistent with the performance on the Target-Item test, both conditions had no 

significant improvement on verb past tense grammar production. In addition, we have not found 

any significant learning effect from Time 1 to Time 2 for overall verb tense marking (all verb 

tense items combined) or possessive grammar -’s. 



 62 

Research question 3: Does relative exposure frequency affect children’s learning from 

English language learning animations? 

There was a week-long period between the children’s two lab visits, in which parents 

were asked to show children three episodes of condition-related animations at home (i.e., Verb 

condition should watch two verb-focused videos and a neutral video. Possessive condition 

should watch two possessive-focused videos and a neutral video) and log how many times each 

animation episode was viewed. Among 71 children, only 44 home-viewing reports were 

collected: 68 % of the children in the Verb condition watched an average of 12.83 condition-

related episodes (SD = 10.48) and 57% in the possessive condition watched an average of 13.76 

episodes (SD = 10.35). It was not clear whether the rest of the children did not have any 

exposure to the target episodes, or whether their parents simply forgot to monitor and report. 

Next, we computed another set of LMMs to compare children’s performance in target 

vocabulary and grammar measures at Time 2. We were particularly interested in whether 

children in each condition with extra target exposure at home would perform better on the target 

language categories than those who had no extra exposure at all. In these LMMs, we controlled 

for age and initial English vocabulary as fixed effects, and participants and alternative testing 

forms as random effects. Our aim was to test the effects of home exposure and target language 

categories and their interaction.  

Viewers vs. non-viewers in the Verb condition at Time 2 

Overall, the results from the LMM for the Verb condition showed there was a significant 

effect of target language category (F(2, 64) = 19.93, p < .001) and a significant interaction between 

the target category and home-viewing exposure (F(2, 64) = 3.78, p < .05). However, the main 

effect of home-viewing exposure was not significant (F(1, 30) = 3.91, p = .06). The marginal 
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model effect size R2 was .35 (fixed effects only) and the conditional effect size R2 was .65 (fixed 

and random effects combined). 

Target verb vocabulary and grammar measures (within-subjects). It is interesting to 

note that within the viewer group in the Verb condition, we observed a clear pattern of 

significant learning differences—children performed the best on the verb comprehension items, 

followed by verb production (b(verb comprehension) - b(verb production) = .20, t(64) = 4.20, p < .001) with 

verb past tense grammar showing the lowest performance (b(verb production) - b(verb past tense) = .18, t(64) 

= 3.75, p < .01). In the non-viewer group, the Verb condition children showed no performance 

differences across the three verb measures. 

Viewers vs. non-viewers in the possessive condition at Time 2 

According to the results of LMM for the Possessive condition, there was only a 

significant effect of the target language category only (F(2, 70) = 28.37, p < .001). The marginal 

model effect size was R2 = .38 (fixed effects only) and the conditional effect size was R2 = .50. 

This suggests the children in the Possessive condition did not benefit from extra target exposure 

at home for possessive -’s comprehension, possessive pronoun production, or possessive -’s 

production. 

Target possessive vocabulary and grammar measures (within subjects). Overall, 

children with and without home viewing performed the best on possessive comprehension items 

(e.g., b(possessive -’s comprehension) - b(possessive pronoun production) = .45, t(70) = 5.52, p < .001 for viewers; 

b(possessive -’s comprehension) - b(possessive pronoun production) = .45, t(70) = 4.84, p < .001 for non-viewers). In 

both groups, possessive pronouns and possessive -’s production were not statistically different 

from each other. 
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Chapter VI General Discussion  

 As decades of research in Science of Learning (Benassi et al., 2014; Hirsh-Pasek et al., 

2015) inspires and guides educators and curriculum experts to develop language learning 

programs with the support of modern technology, children around the world have the potential to 

access to more high-quality second language learning resources outside of school. The current 

study examined one English-learning program that fall into this design category and carried out a 

one-week-long intervention experiment with 71 preschool-aged Mandarin-speaking children in 

China. Our overarching question was whether young learners are able to learn English as a 

second language from targeted language-learning animations. In this section, we will summarize  

our findings for each research question, as well as discuss the contributions and limitations of the 

current study. 

RQ1: Are children able to learn language from “educational” media? 

By comparing children’s Time 1 and Time 2 performances, we found that children 

improved on multiple target language categories, including all the target comprehension items 

(e.g., verb vocabulary and possessive grammar -’s) and most target production items (e.g., verb 

vocabulary, possessive pronoun vocabulary and possessive grammar -’s). Verb past tense 

production was the only language category that did not show significant improvement from Time 

1 to Time 2 (see Table 3). This suggests, for both vocabulary and grammar, young Mandarin-

speaking children are able to improve comprehension skills from targeted English language-

learning animations. This does not only apply to object-noun vocabulary but also to verb 

vocabulary, which has been argued to be extremely difficult to learn from passive exposure (e.g., 
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Imai et al., 2008). Moreover, targeted grammar exposure also appears to be effective for 

children’s grammar comprehension (e.g., possessive grammar). As far as production skills are 

concerned, the current study showed children’s capability of learning both vocabulary and 

grammar, although past tense grammar, one of the most difficult grammatical categories for both 

first- and second-language learners of English (as discussed in Dulay & Burt, 1974;  Krok & 

Leonard, 2015) did not improve from Time 1 to Time 2. 

RQ2: What exactly can children learn from targeted English-learning animations? 

In the analyses for the second research question, we examined children’s target learning 

by the two viewing conditions. Contrary to our predictions, neither the Verb nor the Possessive 

items showed condition-specific effects. Instead, both conditions showed very similar patterns 

for verb and possessive test items. More specifically, both conditions showed better performance 

on verb comprehension than verb production and verb past tense production. In addition, both 

conditions showed better performance on possessive comprehension than possessive pronoun 

and possessive grammar production. These patterns are consistent with the findings in the 

within-subjects analysis for Time 1 exposures and performance. 

As can be seen in Table 4, children in the Verb condition did not align with what we 

predicted. Instead of showing improved performance for verbs, children in this condition did 

equally well on both possessive -’s comprehension and verb comprehension at Time 1). Children 

in the possessive condition, however, showed a relatively clearer learning pattern that fit our 

prediction. Namely, children in this condition had the best scores on the possessive -’s 

comprehension score, with scores for the rest of the categories following a similar order to those 

in the verb condition. 
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These findings suggest two main things. First, overall, comprehension measures show 

more effective learning from language-learning animations than production measures. Second, 

for these Mandarin-speaking children, possessive grammar -’s appears to be less challenging to 

learn, even when compared to verb vocabulary learning. This could also be explained by the 

similarities between possessive grammar -’s in English and its equivalent grammatical 

morpheme de in Mandarin-Chinese (Huang et al., 2022). The possessive morpheme de in 

Mandarin was also found to be one of the earliest markers to be acquired among Mandarin 

speakers (Chao, 1968; Erbaugh, 1992). Note also that -’s in English is also one of the first 

morphemes to be learned by children learning English as a first language (Brown, 1971; Fenson 

et al., 2007). 

In addition to looking at the immediate learning results, we also compared children’s 

performance from Time 1 to Time 2. In the next set of analyses, we looked at three factors: (1) 

viewing condition, (2) testing time and (3) target language categories. Although there were no 

main effects for viewing condition, our model suggests that the children who participated in the 

one-week-long intervention improved over time (testing time effect), that the improvement 

varied by target category, and that the time effects differed between conditions (time x condition 

effects), which can be seen in the comparison between Figures 1 and 2. Although there was no 

condition effect at Time 1, children in the Verb condition appeared to have benefited more from 

this one-week-long intervention as we observed improved performance on three different target 

categories (possessive comprehension, possessive grammar -’s production and verb production) 

for children in the Verb condition. Children in the possessive condition, in contrast, only showed 

a time effect on one target category—verb comprehension, which reflected their immediate 

exposure to verb target items from the videos they were shown at the Time 2 laboratory visit.  
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One possible explanation for such contrast might be related to the interaction between 

how difficult a target is to learn and when we measure a target. From the previous analyses, we 

argued that Mandarin-speaking children might feel more intuitive or easier to learn possessive 

grammar -’s because a similar form for possessive marking exists in Mandarin, whereas verb 

tense marking in English is relatively more complex and there is little transfer from the relatively 

simpler marking of verb aspect in Mandarin (Paradis et al., 2016; Yang & Lyster, 2010). Thus, 

when the Verb condition watched possessive-focused animations at Time 2, they showed 

learning effects on target possessive items, especially for possessive -’s comprehension and 

possessive -’s production as well as sustained learning for verb vocabulary items. Possessive 

pronouns are a relatively new concept for Mandarin-speaking children (these are marked with 

personal pronouns and the general possessive marker “de”) and thus may take more exposures or 

a longer duration of exposure to show improvement than was possible after the two possessive-

focused episodes shown at Time 2. Nonetheless, this immediate learning pattern was aligned 

with what we observed in the Possessive condition at Time 1—after watching the possessive-

focused videos, children in the Possessive condition performed better on possessive -’s 

comprehension and production than possessive pronoun production. Furthermore, it is not clear 

to us why the Verb condition only showed improvement on verb production items but not on 

verb comprehension and verb past tense production. It’s possible that the amount of target verb 

exposure at home facilitated children’s learning of verb vocabulary production, but was not 

enough to support effective verb past tense grammar. Mandarin-speaking children have 

consistently been reported to struggle to learn past tense in English (e.g., Jia & Fuse, 2007; 

Cameron & Lee, 1999). In addition, although the immediate exposure to target verbs at Time 1 
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helped children with verb comprehension, the delayed measure could have impacted children’s 

performance even when they had extra target exposure at home.  

The same argument can be used to explain why the Possessive condition only showed 

significant improvement in the verb comprehension items from Time 1 to Time 2. Consistent 

with the immediate learning results observed in the Verb condition at Time 1, the Possessive 

condition also showed an immediate learning effect on verb comprehension items after watching 

the verb-focused videos at Time 2, indicating that verb comprehension learning from targeted 

animation was easier than verb production items. However, it is not clear again why there was no 

improvement for all three possessive categories. It could be due to it was a delayed assessment, 

or the children did not have enough target exposure at home between the two lab visits. To 

examine this possibility, we must look at children’s home-viewing data for further analysis. 

 Nevertheless, for children’s grammar learning, it is difficult to conclude whether the Verb 

condition truly learned the possessive -’s production because the general English morphosyntax 

test tells a different story showing no significant improvement in possessive -’s production (see 

Figure 3). This further highlights the importance of assessing children’s learning in multiple 

ways to avoid misleading or biased intrastation from one test. When we compared all 71 

children’s performance on the general test of English morphosyntax where the testing pictures 

and the testing targets were not from the animation, there were no significant learning results for 

either possessive grammar -'s or verb past tense production (Table 2a). However, when we 

examined the effects of home viewing, we did find improvement for children who watched the 

Verb condition videos at home, as described below. 



 69 

RQ3: Does media exposure frequency affect children’s learning? 

To better answer the role of target exposure frequency, we further examined children’s 

home-viewing data. First, we compared the children with extra target exposure at home (home-

viewers) with those who did not (non-viewers) within each condition at Time 2. We expected 

children who viewed more target animations at home would perform better on the target 

language categories (e.g., in the verb condition, home-viewers would do better on verb items 

than the non-viewers). Consistent with our prediction, the viewers in the verb condition showed 

better performance, but on the verb vocabulary comprehension items only. In contrast, home-

viewer and non-viewer children in the Possessive condition did not show any performance 

differences. These findings suggest that children might benefit from more target exposure, but 

the effect varies across target language categories. In our study, the more verb exposure children 

had, the better they performed on verb vocabulary comprehension, but possessive exposure did 

not appear to help with their possessive learning. 

 We then took a step further to analyze the effect of target exposure frequency by counting 

the exact number of episodes home-viewers had at home. Within a sub-sample of 45 children 

whose parents submitted viewing data, we found that the more verb exposure children had 

overall, the better they learned verb tense marking. This relation was even more salient for 

general possessive -’s marking (see Figure 4a). However, for the Possessive condition, the total 

amount of target possessive exposure children had did not appear to have an effect on the general 

English morphosyntax measures of possessive -’s marking or verb tense marking (see Figure 4b). 

Nonetheless, it is important to interpret these findings with caution because they may suffer from 

reduced-power analysis—the number of children we had for each condition was below 25 (N = 

24 for the Verb condition and N = 21 for the Possessive condition). 
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Furthermore, this sub-sample also provided slightly different learning results for the Verb 

condition if we compared it with the full-sample (home-viewer and non-viewer combined) 

analysis done for RQ 2. From the analysis of RQ2, children in the verb condition showed 

improvement for verb production only among all three verb items. However, the same analysis 

with home-viewers only showed the verb condition improved on not only verb production but 

also verb comprehension. This difference might be due to the possibility that children who had 

home-viewing data were generally more motivated to learn English hence they showed more 

learning on the target categories from the training videos. Nevertheless, we did not observe a 

different learning pattern of possessive items between the home-viewer-only possessive 

condition and the all-children possessive condition. 

Interestingly, when we compare all 71 children’s performance on the general test of 

English morphosyntax where the testing pictures and the testing targets are not from the 

animation, there were no significant learning results for either possessive grammar -'s or verb 

past tense production (Table 2a). This finding could either suggest that the general test English 

morphosyntax itself did not capture children’s learning of possessive grammar -’s production or 

that the children were not able to apply the possessive grammar knowledge to the more general 

English test. 

Future directions 

Examining whether an APP has educational value is essentially examining whether the 

pedagogical instruction utilized in the APP is effective. This type of examination requires 

bridging two lines of research—learning material content analysis and empirical data analysis. 

The former analyzes the pedagogical elements in the target educational content and the latter 
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gathers real-world data from learners. However, to the best of our knowledge, there is a lack of 

communication between the two in the current literature. 

On the one hand, several studies have conducted detailed content analyses of some 

popular bilingual shows teaching English as L2 (e.g., Dora the Explorer, Go, Diego, Go!, Maya 

& Miguel, Handy Manny, Nina’s World) by examining implicit and explicit vocabulary-learning 

cues as well as pedagogical strategies of L2 instruction (e.g., noun tokens, common daily rote 

phrases, L1-L2 language order, audio-video synchronization, target word repetition, and 

translation equivalent). These content analyses demonstrated a wide range of differences in 

pedagogical instruction of L2 vocabulary learning. For example, it was reported that Dora the 

Explorer and Go, Diego, Go! provided more receptive and expressive participation opportunities 

for children compared to the others, and Handy Manny was reported to have the most verbal 

definitions of target words (e.g., Rivera Pérez et al., 2021; Wong & Neuman, 2019). With respect 

to more general learning principles, an APP is most likely to promote learning from children if 

the educational program includes cognitively active learning experiences and opportunities to 

engage with meaningful content. Social interaction and goal-oriented learning guidelines are also 

important (Hirsh-Pasek et al., 2015). A recent study by Meyer et al. (2021) developed a coding 

scheme based on these principles to evaluate APP quality. Surprisingly, the study revealed that 

more than half of the top educational APPs (free and paid) in the Google Play, Apple APP stores 

as well as the most popular APPs used by preschoolers in their study did not meet the 

requirements of what the Science of Learning suggests.  

On the other hand, very few studies examining the efficacy of language learning media 

provide empirical evidence at the same detailed level as those content analysis studies. Most of 

the empirical studies were focused on rather general language gains or did not measure content-
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related learning outcomes. Without fine-grained analyses matching assessment to specific 

curricular goals, little is known about whether any pedagogical approach plays an effective role 

in facilitating children’s L2 acquisition. 

Fortunately, we have seen increasing attention paid to educational APPs over the years, 

among which language learning is reported to be one of the most popular learning topics 

(Madigan et al., 2020). This line of research, however, has suffered several critical weaknesses in 

the study design and analysis method and thus is not able to provide consistent and reliable 

results. We suggest that future research should focus on the following. 

Be more specific in testing target-item learning 

Learning is a rather broad, abstract, and complex concept. An educational APP can have 

educational value but provide no effective target learning at the same time. For example, a child 

may learn color words in an APP designed to teach them how to count but fails at counting after 

using it. Likewise, a child may incidentally learn some numerical knowledge in a video targeted 

at animal words but is not able to match target animal pictures with the right names after 

watching the video. Therefore, examining the efficacy of a language learning program is not just 

a question of whether, how much, how fast a child can learn, but most importantly what can be 

learned under the provided pedagogical instruction. 

 Social-cognitive skills (e.g., emotion regulation, theory of mind, risky behaviors) can 

have a wide variety of definitions and be tested in various forms and situations, measuring basic 

language skills is relatively more straightforward. For instance, to test children’s understanding 

of the word apple, we need to represent an apple instead of a pear as a testing target. Similarly, a 

child who does not mark third person singular in a required linguistic context would not be 

considered to have mastered such grammar. Unfortunately, most language programs or APPs 
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research with learning data have not achieved a decent level of specificity in terms of matching 

learning stimuli and testing items. For instance, many studies consider “effective language 

learning” as improved performance on the total score of standardized measures only. This type 

of analysis does not offer in-depth explanation of what aspects of the learning material is 

effective or useful beyond a rough correlation.  

Our study results have shown how sensitive children could be to testing items with and 

without familiar context (e.g., familiar characters in the animation viewing test vs. random 

people characters in the general English morphosyntax test). If the current study were to test 

possessive grammar -’s in the general English morphosyntax test only, we would not discover 

that children in the Verb condition could understand and produce possessive -’s when children 

were given familiar scenes from the animation, even though they were not able to apply such 

rule to general language use. 

More advanced statistical modeling 

As important as experimental design, advanced data analysis methods can help us with 

uncontrollable random factors in the design that might impact learning results, especially when 

the amount of learning is limited. In the current study, all the children were at a very low 

proficiency level of English. The learning outcomes were positive, but in some cases quite 

minimal. Proper advanced modeling (e.g., mixed-effects modeling) allows us to detect even 

small improvements among children with low proficiency by controlling both random and fixed 

effects at the same time. The results could be very different in traditional linear models. 

In the current literature, studies rarely take advantage of the power of mixed-effects 

modeling. Paired samples t-tests are commonly used to report post-pre learning outcomes even in 

complex longitudinal studies (e.g., Bang & Collins, 2020; Kokla, 2016). More surprisingly, not 
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many studies even utilize multiple linear regression to control for important cofounding variables 

such as children’s language proficiency prior to any intervention and target language exposure 

outside of lab. As our study suggests, after a short period of target intervention, young L2 

learners are capable of learning both vocabulary and grammar, researchers should not 

underestimate the impact of daily media exposure in the target language. 

Conclusions and Limitations 

In summary, our study suggests that preschool-aged Mandarin-speaking L2 learners can 

benefit from targeted English learning materials that are embedded with good pedagogical 

instruction for both vocabulary and grammar acquisition for both comprehension and production. 

Consistent with findings in both first and second language acquisition (e.g., Acarlar & Johnston, 

2011; Fan 2000; Kokla, 2016; Slobin, 1982), some target language categories appear to be easier 

to acquire than others. For instance, possessive –’s grammar appeared to be easier for Mandarin-

speaking children to acquire, whereas verb past tense grammar received no performance 

improvement during our one-week-long intervention. In addition, comprehension measures for 

both vocabulary and grammar appear to be easier for preschool-aged children to demonstrate 

their learning, at least when exposed to animations that did not involve interaction or further 

practice. More generally, standardized English tests that reflect children’s general language 

knowledge might not be sensitive enough to capture children’s learning from targeted language 

learning materials.  

 There are a few limitations in this study that also need to be mentioned. The first 

limitation comes from the disadvantage of using an existing commercial product. While polished 

commercial APPs offer great user experience and pretty animations, we have very little control 

of the learning stimuli. For example, amongst the verbs that were taught, there were more 
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irregular (draw, throw, catch, put, hit, dig) than regular past tense verbs (kick, plant) in the verb-

focused episodes and verb-possessive-balanced (take-home) episodes. Morpho-phonologically 

speaking, there is quite a variation—irregular past tense verbs change differently in sounds (draw 

vs. hit) and regular past tense verbs seem to have rules for how -ed should sound (kicked vs. 

planted). Not only that, the number of times a target verb is presented in past tense form varies. 

Even though the frequency could be treated as fixed effects in a mixed-effects model, it would 

have been ideal to control the frequency difference between the target verbs—for instance, 

manipulating the frequency to reflect real life language use frequency. This is and will continue 

to be a big disadvantage for researchers when examining the efficacy of a real-life learning 

product by using the actual product. A possible solution could be involving research experts in 

the curriculum development and animation design process, allowing them to conduct studies and 

collect data along the way. Another potential solution requires researchers to work closely with 

statisticians in order to tweak statistical models in a way that supports fine-grained data analyses. 

With advanced statistical knowledge, we might be able to tear complex features apart and 

pinpoint what matters the most in early second language learning. 

The second limitation in the current study is the low rate of parental home-viewing 

reports. By losing nearly 38% of the data in a sample of 71 children with two conditions, we lost 

statistical power in the third analysis. In fact, it is common to have low quality parental report. 

Linebarger and Piotrowski (2009) discussed in their longitudinal TV intervention study that the 

response rate from parents to report children’s at-home TV viewing habits was still quite low 

after multiple attempts, and they eliminated these data from the final analysis. Although many 

language learning APPs have built-in progress tracking feature that automatically records 

learners’ login times, learning time as well as what has been viewed, we rarely see studies take 
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advantage of such technology for research purposes. Nevertheless, having access to these data 

not only allows us to have more reliable and accurate learning monitoring outside of labs, but 

also helps with the pressure to rely on parents for at-home exposure data. 

Lastly, it was unfortunate that we did not manage to collect data for the general English 

vocabulary test at Time 2, and we eventually only used the pre-test for controlling children’s 

initial English vocabulary. Ideally, it would be interesting to see how learning target vocabulary 

and grammar from the animation would impact children’s general English vocabulary. 

Nonetheless, we hope this study will shed light on the complexity of second/foreign language 

learning through media in everyday settings, the challenge of monitoring young learners’ target 

exposure during the targeted intervention and the sensitivity of children’s learning outcomes to 

how and when we measure the targeted/general English knowledge. We would further encourage 

researchers to manipulate learning conditions as well as potential influential factors more 

rigorously during intervention experiments in the future, while also providing better control of 

children’s language exposure outside of the laboratory. 
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Appendix: Tables and Figures 

 

Appendix Table 1 Summary table of target vocabulary and grammar 

Target Type Type frequency Token frequency Episode 
Possessive ’s  6 14 P1, P2 
 Brother’s  6 P1 
 David’s  1 P1 
 Raj’s  4 P2 
 Carmon’s  1 P2 
 Ken’s  1 P2 
 Lina’s  1 P2 
Possessive pronouns  4 61 P1, P2, V1, V2, Home 
 My  36 P1, P2, V2, Home 
 Our  11 V1, Home 
 Your  6 P2, Home 
 Her  4 P2 
 His  4 P2 
Past tense (irregular)  4 11 V1, V2, Home 
 Drew  6 V1 
 Threw  1 V2 
 Hit  2 V2 
 Dug  2 Home 
Past tense (regular)  2 4 V2, Home 
 kicked  3 V2 
 planted  1 Home 
Verb stems  7 34 V1, V2, Home 
 draw  11 V1 
 Put  4 Home 
 Kick  4 V2 
 throw  4 V2 
 Hit  3 V2 
 plant  3 Home 
 Dig  5 Home 
Verb -ing form  6 9 V1, V2, Home 
 drawing  1 V1 
 kicking  1 V2 
 throwing  2 V2 
 digging  3 Home 
 putting  1 Home 
 planting  1 Home 
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Appendix Table 2 Table of time stamps for each target 

Target Grammar category Type Episode 
My brother’s children (1:03) Possessive ’s Brother’s P1 
I am my brother’s…? (2:42) Possessive ’s Brother’s P1 
Jenny is my brother’s…? (3:10) Possessive ’s Brother’s P1 
My brother’s daughter (3:17) Possessive ’s Brother’s P1 
David’s son (3:35) Possessive ’s David’s P1 
My brother’s (3:41) Possessive ’s Brother’s P1 
My brother’s son (3:45) Possessive ’s Brother’s P1 
Raj’s picture (1:54) Possessive ‘s Raj’s P2 
Raj’s dog (2:08) Possessive ‘s Raj’s P2 
Raj’s dog (2:19) Possessive ‘s Raj’s P2 
Raj’s dog (2:48) Possessive ‘s Raj’s P2 
Carmon’s flowers (2:50) Possessive ‘s Carmon’s P2 
Ken’s robot (3:09) Possessive ‘s Ken’s P2 
Lina’s robot (3:16) Possessive ‘s  Lina’s P2 
Bird’s nest (0:55) Possessive ’s Bird’s 54 
Bird’s home (0:58) Possessive ’s Bird’s 54 
Bird’s nest (2:20) Possessive ’s Bird’s 54 
My family (0:54) Possessive pronouns My P1 
My father (0:56) Possessive pronouns My P1 
My mother (0:58) Possessive pronouns My P1 
My brother (1:01) Possessive pronouns My P1 
My brother’s children (1:03) Possessive pronouns My P1 
My father (1:11) Possessive pronouns My P1 
My mother (1:15) Possessive pronouns My P1 
My father (1:29) Possessive pronouns My P1 
My father (1:33) Possessive pronouns My P1 
Mr. Jones is my…? -Father (1:39) Possessive pronouns My P1 
My father (1:42) Possessive pronouns My P1 
My mother (1:49) Possessive pronouns My P1 
My mother (1:51) Possessive pronouns My P1 
This is my…? – mother (2:01) Possessive pronouns My P1 
My brother (2:12) Possessive pronouns My P1 
My name is David (2:19) Possessive pronouns My P1 
He is my…? – brother (2:25) Possessive pronouns My P1 
My brother (2:31) Possessive pronouns My P1 
My sister (2:34) Possessive pronouns My P1 
My sister (2:36) Possessive pronouns My P1 
My brother’s (2:42) Possessive pronouns My P1 
My children (2:49) Possessive pronouns My P1 
My daughter (3:03) Possessive pronouns My P1 
My brother’s (3:10) Possessive pronouns My P1 
My brother’s (3:16) Possessive pronouns My P1 
My son (3:25) Possessive pronouns My P1 
My brother’s (3:41) Possessive pronouns My P1 
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My brother’s (3:45) Possessive pronouns My P1 
My class (3:50) Possessive pronouns My P1 
His dog (2:10) Possessive pronouns His P2 
My dog (2:15) Possessive pronouns  My P2 
Your picture (2:35) Possessive pronouns Your P2 
Her flowers (2:45) Possessive pronouns Her P2 
His dog (2:53) Possessive pronouns His P2 
Her flowers (2:54) Possessive pronouns Her P2 
His robot (3:13) Possessive pronouns His P2 
Her robot (3:18) Possessive pronouns Her P2 
My girl (3:25) Possessive pronouns My P2 
Her princess (3:28) Possessive pronouns Her P2 
His dinosaur (3:29) Possessive pronouns His P2 
My butterfly (2:24) Possessive pronouns My V1 
Our butterfly pictures (2:36) Possessive pronouns Our V1 
Our class (3:26) Possessive pronouns Our V1 
My foot (1:25) Possessive pronouns My V2 
Our garden (0:24) Possessive pronouns Our Home 
Our garden (0:29) Possessive pronouns Our Home 
My garden (0:33) Possessive pronouns My Home 
Your garden (0:37) Possessive pronouns Your Home 
My garden (00:39) Possessive pronouns My Home 
Our garden (00:41) Possessive pronouns Our Home 
Our seeds (1:21) Possessive pronouns Our Home 
Our seeds (1:26) Possessive pronouns Our Home 
Your seeds (1:39) Possessive pronouns Your Home 
Your seeds (1:49) Possessive pronouns Your Home 
Our seeds (1:57) Possessive pronouns Our Home 
Our seeds (2:19) Possessive pronouns Our Home 
My seeds (2:25) Possessive pronouns My Home 
Your seeds (2:30) Possessive pronouns Your Home 
Your seeds (2:39) Possessive pronouns Your Home 
Our seeds (2:53)  Possessive pronouns Our Home 
Our garden (3:26) Possessive pronouns Our Home 
I kicked the soccer ball (0:58) Past tense (regular) Kicked V2 
You kicked the ball (1:12) Past tense (regular) Kicked V2 
I kicked the ball with my foot (1:24) Past tense (regular) Kicked V2 
We planted the seeds (2:49) Past tense (regular) Planted Home 
I drew a picture (0:41) Past tense (irregular) Drew V1 
I drew a butterfly (2:21) Past tense (irregular) Drew V1 
Ken drew a caterpillar (2:53) Past tense (irregular) Drew V1 
You drew very beautiful pictures (3:04) Past tense (irregular) Drew V1 
I really like the pictures that you drew 
(3:10) Past tense (irregular) Drew V1 

We drew beautiful butterflies (3:23) Past tense (irregular) Drew V1 
You threw the ball (2:11) Past tense (irregular) Threw V2 
You hit the baseball very far (3:23) Past tense (irregular) hit V2 
I hit the baseball (3:28) Past tense (irregular) hit V2 
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We can put the seeds in the holes we dug 
(2:23) Past tense (irregular) dug Home 

Can you put your seeds in the hole you 
dug (2:31) Past tense (irregular) dug Home 

Can you draw something for… (2:18) Present tense Draw P2 
You can draw, too (2:23) Present tense Draw P2 
Today we will draw (0:22) Future tense Draw  V1 
Draw (0:24) Present tense Draw  V1 
I’m going to draw a picture (0:27) Future tense Draw  V1 
What would you like to draw? (0:48) infinitive Draw  V1 
What would you like to draw? (1:04) infinitive Draw  V1 
Today we will draw butterflies (1:13) Future tense Draw  V1 
To draw pictures… (1:20) infinitive Draw  V1 
What can you do with… -draw (2:08) Present tense Draw  V1 
Yes, you can draw (2:12) Present tense Draw  V1 
Let’s draw a butterfly (2:14) Present tense Draw  V1 
We’ve learned the words for draw (3:15) Present tense Draw  V1 
Can you kick the soccer ball (1:04) Present tense kick V2 
I can kick the soccer ball (1:06) Present tense kick V2 
I can throw the ball (2:00) Present tense throw V2 
Can you throw the ball (2:15) Present tense throw V2 
I can throw the baseball (2:33) Present tense throw V2 
Hit the ball (2:52) Present tense Hit  V2 
You can hit the ball (2:56) Present tense Hit  V2 
I can hit the baseball (3:04) Present tense Hit  V2 
I can throw the baseball (3:12) Present tense throw V2 
Kick the ball to me (3:32) Present tense kick V2 
I can kick the soccer ball (3:39) Present tense kick V2 
We will plant our seeds (1:21) Future tense plant Home 
Where will we plant our seeds (1:26) Future tense plant Home 
We need to dig a hole for your seeds 
(1:38) infinitive dig Home 

Can you dig a hole (1:47) Present tense dig Home 
I can dig a hole (1:52) Present tense dig Home 
Let’s all dig holes (1:56) Present tense dig Home 
I like to dig (2:04) infinitive dig Home 
Now we can plant our seeds (2:19) Present tense plant Home 
We can put the seeds in the holes we dug 
(2:23) Present tense put Home 

Can you put your seeds (2:30) Present tense put Home 
Please put your seeds in the dirt (2:39) Present tense put Home 
I can put it in the dirt (3:13) Present tense put Home 
Now, I am drawing (0:31) Progressive -ing drawing V1 
I am kicking (0:56) Progressive -ing kicking V2 
I am throwing the ball (2:02) Progressive -ing throwing V2 
I am throwing the baseball (2:07) Progressive -ing throwing V2 
This is digging (1:40) gerund digging Home 
I am digging a hole (1:43) Progressive -ing digging Home 
That is enough digging (2:09) gerund digging Home 
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I am putting my seeds (2:25) Progressive -ing putting Home 
We are planting the seeds (2:44) Progressive -ing planting Home 

 

Appendix Table 3 Table of curriculum target objectives by ABCmouse ELL 

Episode # Target vocabulary Word type Total frequency 
P1 (ep 12) brother target-people 12 
P1 (ep 12) daughter target-people 6 
P1 (ep 12) father target-people 8 
P1 (ep 12) mother target-people 8 
P1 (ep 12) sister target-people 4 
P1 (ep 12) son target-people 7 
P1 (ep 12) very good target-other 4 
P1 (ep 12) also bonus words 1 
P1 (ep 12) family bonus words 1 
P1 (ep 12) fix bonus words 1 
P1 (ep 12) he bonus words 2 
P1 (ep 12) help bonus words 1 
P1 (ep 12) honey bonus words 1 
P1 (ep 12) introduce bonus words 1 
P1 (ep 12) meet bonus words 2 
P1 (ep 12) screen bonus words 1 
P1 (ep 12) who bonus words 2 
P2 (ep 15) he target-pronoun 5 
P2 (ep 15) I target-pronoun 6 
P2 (ep 15) She target-pronoun 9 
P2 (ep 15) her target-possesive adjective 4 
P2 (ep 15) his target-possesive adjective 4 
P2 (ep 15) my target-possesive adjective 2 
P2 (ep 15) dog target-noun 8 
P2 (ep 15) robot target-noun 4 
P2 (ep 15) dinosaur bonus words 1 
P2 (ep 15) draw bonus words 2 
P2 (ep 15) give bonus words 1 
P2 (ep 15) nice bonus words 1 
P2 (ep 15) princess bonus words 1 
P2 (ep 15) too bonus words 1 
V1 (ep 17) draw target-verb 16 
V1 (ep 17) butterfly target-noun 7 
V1 (ep 17) crayon target-noun 4 
V1 (ep 17) paper target-noun 7 
V1 (ep 17) pencil target-noun 10 
V1 (ep 17) picture target-noun 7 
V1 (ep 17) caterpillar bonus words 2 
V1 (ep 17) great work bonus words 1 
V1 (ep 17) our bonus words 2 
V1 (ep 17) really bonus words 1 
V1 (ep 17) take bonus words 1 
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V2 (ep 41) catch target-verb 4 
V2 (ep 41) hit target-verb 5 
V2 (ep 41) I can [action] the [ball]. target-verb 9 
V2 (ep 41) kick target-verb 8 
V2 (ep 41) throw target-verb 7 
V2 (ep 41) ball target-noun 20 
V2 (ep 41) baseball target-noun 11 
V2 (ep 41) soccer target-noun 6 
V2 (ep 41) far bonus words 1 
V2 (ep 41) outside bonus words 1 
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Appendix Figure 1 Overall study design using verb condition as an example. 
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