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Thesis Abstract 

 
The main objective of this thesis is to investigate word learning from written context in 

early childhood, with a focus on the effects of book format, scaffolding features, and 

child characteristics. There is consensus that written language provides unique 

opportunities to foster children’s vocabulary development. Yet, early literacy 

experiences are rapidly changing, with e-books and digital reading environments 

becoming increasingly common. Prior research investigating the effect of book format 

on word learning in young children has reported inconsistent findings, as synthesised 

in a recent meta-analysis. Given the pivotal role of early vocabulary for later reading 

comprehension, academic achievement, employment, and well-being, it is critical to 

unpack the effects of book format, scaffolding features, and their interaction with child 

characteristics in shaping vocabulary acquisition from written context.  

Chapter 1 provides an introduction, thesis rationale, and an overview of the 

literature and theories relevant to the empirical work presented across chapters 2, 3, 

and 4. Chapter 2 reports a pre-registered study investigating the effects of book format 

and child characteristics on word learning via naturalistic shared reading. Chapter 3 

provides an in-depth evaluation of caregivers’ scaffolding during shared reading. The 

focus of this pre-registered study was to test the generalisability of the fine-tuning 

hypothesis, that is, whether caregivers adjust their communication to their child’s 

individual lexical knowledge and whether this adjustment supports children’s word 

learning in the context of shared reading. Caregivers’ scaffolding behaviour in print- 

and digital-based shared reading was also compared. Chapter 4 reports a pre-

registered study using a big data approach to investigate the associations between 

child and item characteristics, use of vocabulary scaffolds, and reading comprehension 

in a digital environment. Finally, Chapter 5 discusses the implications of these findings 

for theory and practice, along with the recommendations and directions for future 

research. 
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Chapter 1: Introduction 

 

Introduction and Thesis Rationale 

Word learning rates in early childhood are truly remarkable. It has been 

estimated that in the first five years of life, children learn on average one new word 

every one to two waking hours (Tomasello, 2003). This learning rate is even more 

impressive when we consider its steep growth: children learn on average only one new 

word per day in the first two years of life, but this learning rate steeply increases 

towards the end of the preschool period and continues to grow until the school years  

(Fenson et al., 1994; Tomasello, 2003). For instance, it has been estimated that 

preschool children know an average of 3,000 words, children in Grade 1 know an 

average 10,398 words, and children in Grade 3 know an average of 19,412 words 

(Anglin et al., 1993). Thus, vocabulary development is viewed as an outstanding feat of 

child development. But this is only one side of the story. Early vocabulary size is also 

characterised by marked individual differences (Fenson et al., 1994; Frank et al., 2021; 

Rowe, 2012), and these early differences are stable (Bornstein et al., 2018) and bear a 

profound and long-term impact on a range of developmental outcomes. For instance, 

vocabulary at age five is a unique predictor of academic achievement, employment, 

and well-being (Hoff, 2013; Law et al., 2009; Pace et al., 2019). For these reasons, a 

central topic in language acquisition is the investigation of the origins and nature of 

such individual differences. 

One important environmental factor associated with differences in early 

vocabulary is exposure to written language (Mol & Bus, 2011; Sénéchal et al., 2008). 

Early exposure to written language through shared reading with caregivers has been 

shown to explain 12% of the variance in pre-schoolers’ and kindergarteners’ 

vocabulary (Mol & Bus, 2011). The benefit of exposure to written language can be 

explained by its statistical properties. The language of children’s storybooks contains 

more unique word types than child-directed language and therefore provides unique 

opportunities for children’s vocabulary growth (Montag et al., 2015; Nation et al., 

2022). Written language is an important source for vocabulary development, yet it is 

increasingly acknowledged that early literacy experiences are rapidly changing. 

Portable digital media, and consequently digital books, are increasingly accessible to 
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young children (Hassinger-Das et al., 2020; Ofcom, 2019). These new book 

presentation formats bring opportunities, but also challenges, for children’s word 

learning (Furenes et al., 2021; Takacs et al., 2015). In this changing landscape, the 

overarching aim of this thesis is to investigate the factors that influence children’s 

word learning from written context during contemporary reading experiences which 

involve new media and affordances, while taking into account child characteristics. 

Below, I review the literature and theory that provide the framework for the three 

subsequent empirical chapters. In addition to advancing our theoretical understanding 

of the word learning process in young children, this work is intended to provide critical 

insights to inform early literacy policies and practice, and maximise learning 

opportunities for every child in today’s digital world. 

Literature Review  

Word Learning from Written Contexts 

Written Contexts. Prior research has estimated that reading a book per day 

with a child provides exposure to more than a million words by the age of five (J. A. R. 

Logan et al., 2019). As outlined here, one important motivation to study word learning 

from written contexts is that written language provides learning opportunities beyond 

talk (Nation et al., 2022). Several corpus studies have compared the lexical and 

syntactic properties of written and spoken language (Dawson et al., 2021; Montag, 

2019; Montag et al., 2015; Montag & MacDonald, 2015; Nation et al., 2022). When 

comparing the language of children’s books with child-directed language, Montag et al. 

(2015) found that the former comprised more unique words. Dawson et al. (2021) 

replicated and extended these findings by showing that the language of children’s 

books is characterised by words that are more abstract, acquired later in development, 

and more emotionally arousing compared to words in child-directed language. They 

are also more commonly nouns and adjectives, and they tend to be longer and more 

morphologically complex. Thus, there is strong evidence that written language 

substantially extends word learning opportunities for children, as it provides exposure 

to words that are unlikely to be encountered in spoken language. Written context also 

provides exposure to rare and complex sentence types, such as passive sentences and 

sentences containing relative clauses (Montag, 2019; Montag & MacDonald, 2015), 
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and syntax may, in turn, bootstrap the acquisition of new vocabulary (Rowland, 2013; 

Syrett et al., 2012; Tomasello, 2003). 

 Shared Reading. For young children, who have limited language and reading 

skills, word learning from written contexts happens through shared reading 

experiences with more knowledgeable adults. During shared reading, adults read the 

text aloud to the child and scaffold learning through extra-textual talk and non-verbal 

support – albeit adults shared reading styles can vary (Reese et al., 2003). In the 

context of shared reading, the following framework has been proposed to examine 

how young children process book information to extract word meanings (Sénéchal et 

al., 1995; Sénéchal & Cornell, 1993). First, children need to encode and maintain in 

memory a phonological representation of the novel word; second, they need to extract 

clues from the semantic, syntactic, and pictorial contexts to constrain memory search 

for potential meanings in the case of learning synonyms for known referents, and to 

facilitate the inferential process in the case of novel referents; third, children need to 

select and construct an appropriate meaning; then, they need to associate the inferred 

meaning with the phonological representation of the novel word; and finally children 

need to integrate and store the new knowledge with their existing knowledge base. 

This framework is particularly useful in making explicit the core processes involved in 

word learning from shared reading. It immediately becomes apparent that cognitive 

skills, including memory, attention, and prior knowledge, are crucial for children to 

learn new words from shared reading. I will return to this point when discussing the 

role of child characteristics in more detail in subsequent sections. Another theoretical 

framework that can usefully inform the study and interpretation of word learning from 

shared book reading is the dual-coding theory (Paivio & Csapo, 1973). According to the 

dual coding theory, image and verbal codes are independent and have an additive 

effect on recall and learning. In the context of shared reading, where children are read 

to while they are shown corresponding pictures through the storybook, the 

combination of image and verbal codes may be particularly helpful to support their 

learning of word forms and meanings.  

 Independent Reading. Word learning from written context in early childhood 

goes beyond shared reading. As schooling begins and children develop their reading 

skills, independent reading becomes an important source of word learning (Cain, 2007; 



 

 16 

Cain, Lemmon, et al., 2004; Tomasello, 2003). Word learning from independent 

reading differs substantially from shared reading. One notable difference is the 

reduction of multimodal supports in books designed for independent readers, where 

pictorial information is reduced or absent. Similarly, the multimodal scaffolding 

provided by caregivers is typically not available during independent reading. Therefore, 

the inferential load on the child becomes greater. Proficiency in reading skills, 

particularly reading comprehension, becomes critical to efficiently derive novel word 

meanings from the surrounding linguistic context (Cain et al., 2003; Cain, Lemmon, et 

al., 2004). Thus, well-designed digital media offer the promise to provide timely 

multimodal scaffolds and support word learning during independent reading for 

beginner readers. 

Book Format  

 Contemporary reading experiences involve new forms of reading on media 

such as iPads and tablets (Kucirkova, 2019). This has opened the debate on the 

effectiveness of these new book formats, relative to traditional print books. This 

debate can be situated within the broader context of the children and screens 

discussion (M. L. Allen et al., 2016; Bus et al., 2020; Hassinger-Das et al., 2020; 

Vulchanova et al., 2017). Children are seen as part of a natural experiment, surrounded 

by portable and easy-to-access digital media. Concerns about the effect of screens on 

child development have been raised since the introduction and popularity of television 

and computers, but the advent of iPads in 2010 has revived the discussion, since 

portable media can be used by children everywhere and anytime with much more 

flexibility (Hassinger-Das et al., 2020).  

There is increasing consensus that screen time is a poorly specified concept and 

that digital content and the context of (co-)use are important factors to consider when 

studying the effect of digital media on learning and development (Hassinger-Das et al., 

2020; Madigan et al., 2020). Accordingly, the displacement hypothesis, referring to the 

idea that interactions with digital media would interfere with other important activities 

for child development, including shared reading, is being reconsidered. Well-designed 

digital media are increasingly seen as extending educational opportunities and having 

the potential to enrich children’s learning environments (Bus et al., 2020; Kucirkova, 

2019). Yet more investigation, as well as partnerships between developmental 
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researchers and software developers, are needed to make this happen (Diprossimo et 

al., 2023; Hassinger-Das et al., 2020).  

In this context, one of the research foci of this thesis was to compare word 

learning from print and digital books during shared reading. A relevant meta-analysis 

was published by another research group as this doctoral research was developed: this 

meta-analysis examined the effect of book format on word learning in children up to 8 

years of age and found no clear difference between print and digital format (Furenes 

et al., 2021). Such null findings do not have a straightforward interpretation, as is 

always the case in the framework of null hypothesis significance testing, and even 

more so when we consider that many studies are difficult to interpret as they lack the 

power to detect any meaningful effect due to small sample sizes. The inconsistent 

findings amongst studies invite further replications with sufficiently powered samples. 

This issue is addressed in the empirical study reported in Chapter 2.  

Scaffolding Features 

Caregiver Scaffolding. The multimodal nature of shared reading experiences is 

substantially extended by caregivers’ mediation. Caregivers provide verbal and non-

verbal support during shared reading, yet the reading style differs substantially 

between caregivers (Reese et al., 2003). In line with the notion of scaffolding (Wood et 

al., 1976) and zone of proximal development (Vygotsky, 1978), adults’ support 

facilitates children’s word learning from shared reading (for a meta-analysis see Flack 

et al., 2018). Prior research suggests that verbal scaffolds, including repetitions, 

definitions, and questions in extra-textual talk support children’s word learning from 

shared book reading (Blewitt et al., 2009; Flack et al., 2018; Lenhart et al., 2019). 

Gestures, including pointing and iconic gestures, have also been shown to support 

word learning from shared reading (Barnes et al., 2023; Flack et al., 2018; Flack & 

Horst, 2018),  

When considering the framework proposed by Sénéchal et al. (1995), it 

becomes apparent that pointing reduces the inferential load associated with 

identifying a new referent in the pictorial context by directing children’s attention; and 

repetitions and questions assist children in associating the new referent with its label. 

In line with the dual-coding theory (Paivio & Csapo, 1973), pointing may boost word 

learning by focusing attention on relevant pictorial information. Representational and 
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iconic gestures can support word learning by providing multimodal cues for word 

meanings. This is consistent with theories of embodied cognition (e.g., Sadoski & 

Lawrence, 2023; Smith & Gasser, 2005), which posit that mental representations, 

including word meanings, are grounded in sensory and sensorimotor experience. 

  Research on child-directed language in contexts different from shared reading 

can provide insights and help generate new hypotheses about the features of 

caregivers’ communication that support word learning in the context of shared 

reading. Here, of particular interest is the so-called fine-tuning hypothesis, according 

to which, caregivers adapt their communication to their children’s individual lexical 

knowledge in a way that supports their word learning (Leung et al., 2021). This 

hypothesis reflects an increasing interest in understanding the dynamic and interactive 

mechanisms that support children’s word learning and language development more 

broadly (Donnellan et al., 2023; Fusaroli et al., 2023; Leung et al., 2021; Shi et al., 

2022). This recent work can be situated within a relatively long tradition of research 

documenting that caregivers adapt their language when talking to children compared 

to adults (Fernald & Mazzie, 1991; Hills, 2013; Newport & Gleitman, 1984; Onnis et al., 

2008), and that the features of child-directed language change as children age 

(Huttenlocher et al., 2010). The important extension proposed by the fine-tuning 

hypothesis is that caregivers not only adapt their communication to the general 

linguistic level of their child, but also modulate it at a more fine-grained level as a 

function of their child’s knowledge of specific words. This modulation is expected to be 

particularly beneficial for children as it would provide just the right level of support to 

learn unknown words, in line with the scaffolding principle (Wood et al., 1976) and the 

notion of the zone of proximal development (Vygotsky, 1978). The generalisability of 

the finetuning hypothesis to the context of shared reading is tested in the study 

reported in Chapter 3. 

It is well established that word learning from shared reading is supported by 

adult mediation through verbal and non-verbal scaffolds. How book presentation 

format influences caregivers’ behaviours remains an open question. Prior research 

suggests that the book presentation format influences the quality of interactions 

during shared reading (Korat & Or, 2010; Munzer et al., 2019; Ozturk & Hill, 2020). For 

instance, digital books are associated with less communicative initiations, responses 
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and expanding talk by mothers (Korat & Or, 2010), and with lower social reciprocity 

between the parent-toddler dyads (Munzer et al., 2019). Chapter 3 reports a study 

exploring if, and how, book presentation format influences caregivers’ scaffolding.  

Digital Scaffolding. In addition to comparing the effects of print and digital 

books that only differ by digitation, the interactive affordances of digital media were 

also considered, as recommended by the third space theory (Kucirkova, 2017). 

According to this theoretical framework, the difference between media needs to be 

embraced rather than neglected (Kucirkova, 2017). It is important to consider that 

digital media and, consequently, digital texts afford novel opportunities to scaffold 

children’s understanding and learning (Dalton et al., 2011; Gonzalez, 2014; Proctor et 

al., 2007; Zou et al., 2021). For instance, multimodal support for the pronunciation and 

meaning of words can be provided through built-in scaffolds in digital texts (Dalton et 

al., 2011; Furenes et al., 2021; Gonzalez, 2014; Proctor et al., 2007; Yun, 2011). Despite 

the promise of these features, the evidence of their efficacy is mixed (Abraham, 2008; 

Furenes et al., 2021). This points to the importance of carefully investigating the 

factors that mediate their effectiveness. The cognitive theory of multimedia learning 

(Mayer, 2003) predicts that learning is optimised by well-designed materials consisting 

of words and pictures compared to words alone, and provides guiding principles for 

the design of multimedia material. Those principles include the multimedia effect, 

according to which learning is deeper with words and pictures than from words alone; 

the coherence effect, according to which learning is enhanced when extraneous 

material is excluded; and the spatial contiguity effect, which refers to the learning 

advantage derived from presenting printed words near rather than far from the 

corresponding images. Chapter 4 reports on a study investigating the uptake and 

effectiveness of multimodal scaffolding features to shed further clarity on the 

conditions under which built-in multimodal scaffolds are most effective. 

Child Characteristics  

Child characteristics are viewed as an important factor to consider when 

seeking to understand individual variation in language learning (Rowland, 2013). A 

careful consideration of learners’ characteristics is also critical when studying word 

learning from different media. Both the capacity model (Fisch, 2000) and the 

differential susceptibility to media effects model (Valkenburg & Peter, 2013) 
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underscore the importance of considering learners’ characteristics. The capacity model 

was developed to explain the mechanisms underlying children’s comprehension of 

educational content on television. It was informed by empirical evidence showing that 

the comprehension of television content is predicted by the amount of invested 

mental effort (Salomon, 1984). The capacity model highlights the critical role of 

children’s prior knowledge and working memory capacity in predicting comprehension 

and learning. The differential susceptibility to media effects model builds on prior 

microlevel media-effects theories, devoting particular attention to the individual 

media user. This model also emphasises the role of individual characteristics by 

assuming that media effects are conditional on certain user characteristics that act as 

moderators. Against this theoretical background, a common thread between the 

studies reported in the present thesis is the focus on child characteristics. 

There is evidence to suggest that prior vocabulary knowledge predicts 

children’s word learning from storybooks (e.g., Sénéchal et al., 1995). One possible 

explanation for the role of prior vocabulary knowledge is that the existing knowledge 

base and category knowledge facilitate the acquisition of new words (Borovsky et al., 

2016). In the context of shared reading, greater vocabulary knowledge also facilitates 

the understanding of the storyline, freeing up cognitive resources to encode new 

words as they appear.  

Visual attention has also been linked to word learning from shared book 

reading (O’Toole & Kannass, 2018). Visual attention has long been used as a proxy for 

engagement, therefore its effect on learning could be explained by enhanced 

engagement with the learning materials. Working memory, inhibitory control, and 

executive functions have been shown to predict children’s word learning in 

experimental settings (Baddeley et al., 1998; Gathercole et al., 1997, 1999; Kapa & 

Erikson, 2020), as well as in the shared reading context (Hadley et al., 2021). The role 

of working memory, particularly the phonological loop, is central to learning the 

phonological form of new words (Baddeley et al., 1998), as it provides a mechanism for 

the temporary storage of new phonological forms whilst more stable long-term 

representations are being formed. Inhibitory control is associated with word learning 

as it enables learners to suppress irrelevant targets and focus on relevant ones (Kapa & 

Erikson, 2020). Age and gender may also play a role in word learning from shared book 
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reading (Bergman Deitcher et al., 2019; Reich et al., 2019). Importantly, prior research 

underscores the importance of considering a range of child characteristics that may 

interact with the book format or scaffolding features to influence understanding and 

learning (Eng et al., 2019; Salmerón et al., 2021; Takacs et al., 2015). 

 Scaffolding features embedded in digital media can be made available to 

learners on an as-needed basis. In this scenario, the uptake of scaffolds relies on 

learners’ metacognitive awareness. Such metacognitive ability is likely to vary as a 

function of child characteristics, including ability level and age (Baker & Cerro, 2000; 

Kirby & Moore, 1987), gender (Sadeghi & Khezrlou, 2012; Tseng et al., 2006; Wu, 

2014), and degree of bilingualism (Abu Rabia, 2019). Child characteristics may also 

modulate the effectiveness of scaffolds (Yun, 2011). For instance, scaffolds may be 

more effective for beginner compared to advanced learners. 

Child characteristics of age, gender, and verbal/reading ability were considered 

in each of the experimental chapters and, additionally, working memory, visual 

attention, and executive functions were considered in Chapter 2. 

Interim Conclusions 

 This literature review highlights the important role of written language for 

children’s vocabulary development. Thus, understanding the factors that influence 

word learning from written context is essential, particularly, in the current digital 

ecology, where new reading media are increasingly common. The effects of book 

formats, scaffolding features, and their interaction with child characteristics are still 

poorly understood. This thesis aims to fill these gaps in our knowledge and provide 

further clarity on the complex interplay between child characteristics and new reading 

media and their affordances. 

Thesis Objectives  

Given the background discussed above, there were three aims of this thesis, 

each a focus of the three experimental chapters that follow. The first aim was to 

examine the effect of book presentation format (print vs. digital) on 4- to 5-year-old 

children’s word learning in the context of shared reading, addressing the contradictory 

findings of prior research (Chapter 2). The second aim was to examine caregivers’ 

scaffolding during shared reading with print and digital books and test the 

generalisability of the fine-tuning hypothesis, that is, the extent to which caregivers 



 

 22 

tailor input to their child’s individual lexical knowledge to support their word learning 

(Chapter 3). The third and last goal was to explore the association between the use of 

vocabulary scaffolding features embedded in a digital reading environment and its 

relation to 5- to 8-year-olds’ reading comprehension (Chapter 4).  

Methodological Considerations 

From a methodological standpoint, the studies reported below are 

characterised by high levels of ecological validity (Kihlstrom, 2021). Generalising these 

findings to real-life settings outside the laboratory is critical given their implications for 

early literacy policy and practice. To achieve this goal, different methodologies were 

employed. First, a semi-naturalistic paradigm where the caregiver, not the researcher, 

read the story to the child was developed and implemented in Chapters 2 and 3. By 

carefully controlling the reading material, book format and setting, a trade-off 

between experimental control and ecological validity was achieved. A novel big-data 

approach was implemented in Chapter 4 and extended the ecological validity of this 

work further. A big dataset of log files resulting from children’s interaction with a 

digital reading supplement in the classroom was analysed. This enabled the study of 

both the uptake and effectiveness of vocabulary scaffolds in real-life settings. Another 

important methodological choice that needs to be highlighted here is the inclusion and 

consideration, where possible, of different word types or word learning measures. I 

will return to this point in the General Discussion (Chapter 5). 
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Chapter 2: Word Learning via Naturalistic Shared Reading: 

Effects of Book Format (Print vs Digital) and Child 

Characteristics 

 

Linking Statement 

In this pre-registered study (OSF Project https://osf.io/6uem9/; Registration 

https://doi.org/10.17605/OSF.IO/ANCSX), the effect of book presentation format 

(print vs. digital) on 4- to 5-year-old children’s word learning in the context of shared 

reading was examined. This empirical chapter is foundational as it addresses the 

contradictory findings of prior research synthesised in recent meta-analyses (Furenes 

et al., 2021). To do so, a within-subjects design was used to minimise variation 

between participants, and a large sample of dyads (N = 100) was recruited to increase 

our statistical power relative to previous research. Further, having the same reader 

narrating the text across book formats enabled to rule out potential confounds 

identified in previous research. Finally, a semi-naturalistic paradigm was developed to 

support the generalisation of findings outside the laboratory. 

  

https://osf.io/6uem9/
https://doi.org/10.17605/OSF.IO/ANCSX
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Abstract 

Shared book reading provides unique opportunities to foster children's vocabulary 

development. Yet the factors contributing to word learning via naturalistic shared 

reading are still poorly understood, particularly, in relation to the effects of new media 

of story presentation. The present study examined the influence of book format (print 

vs digital) on young children’s word learning via naturalistic shared reading, with a 

focus on the role of individual differences in prior vocabulary knowledge and executive 

function. British English-speaking caregivers and their 4- to 5-year-olds took part in this 

pre-registered study (Ndyads = 100; child’s Mage = 57.7 months; 57% girls). In a cross-

sectional, within-subjects design, dyads read one of two custom storybooks in print, 

and the other one in digital format, with order of presentation counterbalanced across 

participants. Word learning was assessed with phonological recall, semantic recall, and 

semantic recognition tasks. There was no evidence of a main effect of book format 

across word learning measures. However, for semantic recognition, there was a 

significant cross-over interaction between book format and executive function: digital 

format was beneficial for children with higher executive function, and detrimental for 

children with lower executive function. Greater prior vocabulary knowledge led to 

better word learning, and boys were significantly more accurate than girls, across word 

learning tasks. Further, executive function significantly predicted semantic recall. 

Overall, these findings underscore the importance of considering individual differences 

and multiple outcomes when studying learning from different media. 

 

Keywords: word learning, shared book reading, digital media, vocabulary, executive 

function, individual differences 
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Public Significance Statement 

This study compared 4- to 5-year-olds’ word learning from print and digital books 

during shared reading with a caregiver. Cognitive skills that support attention and 

memory were more important for learning new words from digital than print books. 

Prior vocabulary knowledge was equally important for word learning from both media. 

These results demonstrate the importance of considering child characteristics to 

understand what influences learning from different media.  
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Introduction 

Developing breadth and depth of vocabulary in early childhood is vital for later 

reading comprehension, academic achievement, employment, and well-being (Hoff, 

2013; Law et al., 2009; Pace et al., 2019). Individual differences in early vocabulary are 

substantial (Rowe et al., 2012), demonstrating the importance of understanding which 

factors influence word learning. An important context for early word learning is shared 

book reading (Dowdall et al., 2020; Elley, 1989; Farrant & Zubrick, 2012). It has been 

estimated that a book per day provides exposure to approximately 1.4 million words 

by the age of five (J. A. R. Logan et al., 2019). Moreover, it has been documented that 

the language of storybooks is lexically and syntactically richer compared to spoken 

language (Montag, 2019; Montag et al., 2015; Montag & MacDonald, 2015). Therefore, 

exposure to storybooks, not only increases the quantity of exposure to language, but 

also the quality. This is particularly relevant since longitudinal work has indicated that 

input quality, such as the use of diverse and sophisticated vocabulary and 

decontextualized language with toddlers and pre-schoolers, explains unique variance 

in their vocabulary one year later (Rowe, 2012). 

Shared book reading episodes very often go beyond the verbatim reading of 

the text to the child. When reading a story to a child, caregivers can engage in a 

conversation, pose questions, relate the story content to the child’s experience, 

provide repetitions, point to target objects in the storybook, and/or recast the child’s 

production. This set of tutorial behaviours has been referred to as dialogic reading and 

has been shown to support word learning (Flack et al., 2018; Price & Kalil, 2019; 

Whitehurst et al., 1988). For instance, asking the child questions of increasing 

complexity about target words has been shown to facilitate the acquisition of 

elaborated word meaning (Blewitt et al., 2009). As such, the social interaction 

unfolding during shared book-reading episodes may be an important driver of word 

learning in naturalistic settings.  

Whilst much evidence underscores the critical role of shared book reading for 

early vocabulary development, a meta-analysis quantifying the effect of shared 

reading interventions on children’s language skills suggests limited effectiveness 

(Noble et al., 2019). As a result, recent work has pointed to the importance of 

understanding which factors contribute to word learning from shared reading to 
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inform and optimize the design of future interventions (Hadley et al., 2021). We review 

the literature on the effect of book format and child characteristics on word learning 

from shared reading, which are key factors considered in the present study. 

Effects of Book Format  

The emergence of new media for story presentation, such as iPads and tablets, 

has raised questions as to whether these new book formats are as effective as 

traditional print books in supporting vocabulary acquisition. Prior research has 

reported inconsistent findings with respect to the presence and direction of the effect. 

A meta-analysis examining the effect of book format on story comprehension and 

word learning in children up to 8 years of age, found lower story comprehension for 

screen compared to print (i.e., screen inferiority effect), which is in line with meta-

analytic evidence on adult readers (Delgado et al., 2018; Salmerón et al., 2023). The 

results for word learning were inconclusive (Furenes et al., 2021). Specifically, the 

digital format had a significant and positive effect on word learning but, when the 

authors imputed studies with small sample sizes due to asymmetry around the point 

estimate, the effect size reduced and was no longer significantly different from zero. 

This suggests no clear difference between print and digital format. Such null findings 

do not have a straightforward interpretation in the context of null hypothesis 

significance testing because the absence of evidence cannot be taken as evidence of 

absence.  

The findings of many studies are difficult to interpret, because they may lack 

the power to detect any meaningful effect; small sample sizes and between-subject 

designs are quite common across studies looking at the effects of book format. 

Another emergent issue affecting the interpretation of some previous studies arises 

from confounds in the experimental design; for example, in some studies, the reader 

of the print book (parent) differs from that of the digital book (voiceover). In such 

scenarios, it is not possible to tease apart any effect of the medium from that of the 

reader. Further, the majority of work comparing print and digital format to date has 

focused on a narrow sample of the world’s population, with most studies being 

conducted in the US, Canada, Israel, and the Netherlands (Furenes et al., 2021). Given 

that experiences with digital media are likely to differ across cultures, it is important to 

replicate findings in different cultural contexts.  
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Effects of Child Characteristics  

Child characteristics have not always been taken into account in prior research, 

but they play an important role in word learning and, more broadly, in learning from 

different media (e.g., Fisher, 2000; Valkenburg & Peter, 2013). For instance, prior 

vocabulary knowledge significantly predicts young children’s word learning from 

storybooks (Sénéchal et al., 1995) and visual attention has also been linked to word 

learning from shared book reading (O’Toole & Kannass, 2018). Working memory, 

inhibitory control, and executive functions predict young children’s word learning in 

experimental tasks (Baddeley et al., 1998; Gathercole et al., 1997, 1999; Kapa & 

Erikson, 2020). There has been less work exploring their role in word learning from 

shared reading (Hadley et al., 2021), but a consideration of these factors is critical to 

provide an accurate estimate of any unique or mediated effect of book format. How 

such child characteristics potentially interact with book presentation format to 

influence word learning was a focus of this study.  

The evidence on the interplay between book format and child characteristics to 

date is scant and inconclusive. There may be benefits from a digital learning 

environment: Multimodal scaffolding features in digital reading are more effective for 

children with, or at risk for, low literacy skills (Diprossimo et al., 2023; Takacs et al., 

2015) or less developed attention regulation (Eng et al., 2019). However, poorer 

reading comprehension is found for reading on screen compared to print and reported 

to be more pronounced in children with lower reading skills (Salmerón et al., 2021). 

Thus, to understand any effect of book presentation format on word learning from 

shared reading, it is essential to consider a range of child characteristics that may 

interact with the format and influence learning. Age and gender may also play a role in 

word learning from shared book reading (Bergman Deitcher et al., 2019; Reich et al., 

2019) so were controlled in our analyses to provide unbiased estimates of any unique 

or mediated effect of book format. 

Methodological Considerations 

Much previous research has typically considered a single dimension of word 

learning by assessing semantic recognition with a classic four alternative forced-choice 

task. Yet, lexical representations of expressive vocabulary can include phonological, 

semantic, and morphological information (Hadley et al., 2016; Hadley & Dickinson, 



 

 30 

2020). An innovative feature of our study is the inclusion of different word learning 

measures that tap into both phonological and semantic representations. Particularly, 

definition or semantic recall tasks are used to assess the acquisition of word meaning 

along a continuum, thus providing a more fine-grain measure of word learning. 

Another important aspect to consider when studying the effect of book format on 

word learning is the trade-off between ecological validity and experimental control. 

Previous research has looked either at the effect of book format on the quality of 

interactions during shared reading in naturalistic settings (Korat & Or, 2010; Munzer et 

al., 2019; Ozturk & Hill, 2020) or focused on word learning outcomes in more 

controlled settings, such as when an experimenter reads the story to the child (O’Toole 

& Kannass, 2018). There is a well-documented role of adult mediation on children’s 

word learning from storybooks (Blewitt et al., 2009; Blewitt & Langan, 2016), and also 

the critical need to generalise these results to the real world to inform 

recommendations and guidelines for users of research (i.e., stakeholders such as 

parents and early years practitioners). For those reasons, we developed a paradigm 

where we carefully controlled what caregivers and children read and the format in 

which they read, but not how they read, thereby increasing the likelihood that our 

findings will generalise to real-life situations. 

The Present Study 

The present study was designed to address the critical gaps in our knowledge 

about the effect of book format on young children’s word learning from shared 

reading through the following research questions:  

1. Does book format (print vs. digital) influence young children’s world learning 

from naturalistic shared reading?  

2. Does book format interact with child characteristics (i.e., prior vocabulary 

knowledge and executive function) to influence word learning from naturalist 

shared reading? 

Previous research has reported contradictory findings (Furenes et al., 2021). If the 

screen inferiority effect (Delgado et al., 2018; Furenes et al., 2021) extends to word 

learning measures, there should be detrimental performance with the digital shared 

reading format. Previous research indicates that the effects of book format are 

conditional on a range of child characteristics (Diprossimo et al., 2023; Eng et al., 2019; 
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Salmerón et al., 2021; Takacs et al., 2015). We explored this possibility in our analyses. 

One mechanism through which book format may influence word learning is by 

differently taxing children’s cognitive resources. Handling and operating a digital 

device, albeit with adult support, and the potential novelty of the device itself, may 

distract children from the content of the story including the new vocabulary it 

introduces. This may have a detrimental effect on word learning, particularly in 

children with less developed executive function skills. 

Methods 

Participants 

British English-speaking caregiver-child dyads took part in this study. The 

sample size of Ndyads = 100 was decided a priori informed by previous high-powered 

studies (Reich et al., 2019) and the use of a within-subject design to further increase 

the power to detect a statistically significant and meaningful effect. Children were 

typically developing, as reported by their caregivers, and aged between 48 to 71 

months (Mage = 57.68; SD = 7.24; 57 girls). Participating caregivers were predominantly 

highly educated individuals, with 75% achieving an undergraduate degree or higher. 

Caregivers were aged 29 to 47 years (Mage = 37.76; SD = 3.93; 83 self-reported as 

women; 6 as men; 11 did not state). Eight additional participants were tested but 

excluded due to missing data on key variables (i.e., memory and word learning 

measures), following the protocol outlined in our pre-registration. According to 

caregivers’ reports, most of the children in our sample engaged in print-based shared 

reading activities daily (86%). A large proportion of children never engaged in digital-

based shared reading (68%). A detailed breakdown of children’s experiences with print 

and digital books, alone and in the shared reading context, and additional socio-

demographics are reported in Table S1 in the Supplementary Materials.  

Participants were recruited via the university database, social media 

advertisements, and flyers distributed in public book libraries in a middle-sized town in 

the North West of England. This was complemented by a snowball strategy, where 

participating caregivers were asked to share the study flyer their own social networks. 

Written informed consent was obtained from caregivers prior to data collection. 

Children received a book and caregivers received a travel reimbursement for their 

participation. This research has received ethical approval from the Ethics Committee of 
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the Faculty of Science and Technology, Lancaster University (reference number: FST-

2023-0791-SA-1). 

Measures 

Vocabulary 

 Children completed a standardised vocabulary assessment: the Word Classes 

subtest of the Clinical Evaluation of Language Fundamentals – Preschool-2 (CELF-P2; 

Wiig et al., 2004). Children are shown three to four pictures (e.g., apple, shoe, bread), 

while the experimenter names each picture aloud. Children are instructed to identify 

the two words that go together best (e.g., apple and bread) and explain how they go 

together (e.g., both are food). Children get 1 point for each correct response, summed 

to provide a receptive, expressive, and total vocabulary score. This assessment was 

selected to go beyond single recognition to capture the depth of prior vocabulary 

knowledge. 

Attention, Memory, and Executive Function 

Children completed the visual attention subtests of the Developmental 

Neuropsychological Assessments (NEPSY; Korkman et al., 1998). These subtests are 

designed to assess the speed and accuracy with which a child can focus selectively on 

and maintain attention to visual targets (e.g., animals, faces). Children are asked to 

mark with a crayon, as quickly and as accurately as possible, visual targets across two 

arrays containing both targets and distractors. An accuracy score is calculated by 

subtracting the number of non-target marked (commission errors) from the target 

marked correctly. The total score is determined using the accuracy score in 

conjunction with time taken to complete the task (speed). Different materials are used 

for different age groups, with difficulty increasing with age. For this reason, scaled (not 

raw) scores are reported and used in the analyses. 

Two researcher-developed measures of verbal working memory were 

administered based on the format of the measures used by Gathercole and colleagues 

(1992). In the forward digit span task, children were asked to repeat unique strings of 

numbers exactly in the same order as they heard them, starting from one digit. There 

were three trials at each level of difficulty, and testing ceased when the child got two 

out of three trials wrong. In the backwards digit span, children were instructed to 

repeat unique strings of numbers backwards. The same stopping rule was applied. 
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There were 2 practice trials to model behaviour before the test trials. Children got 1 

point for correctly repeated trials. The digit span has been used successfully in prior 

research with 4- to 5-year-olds and has appropriate test-retest reliability (r = .77, df = 

63, p < .001) (Gathercole et al., 1997). 

Caregivers completed the Behaviour Rating Inventory of Executive Function, 

Preschool Version (BRIEF-P; Gioia et al., 2003), which provides a measure of executive 

functions (inhibition, working memory, shifting, planning/organizing, and emotional 

control), in ecologically valid settings.  

Storybook materials 

Custom storybooks were developed to ensure that the storyline would be 

unfamiliar to all participants and that all target words would be of comparable salience 

in the storyline. This enabled us to carefully control the size of the book across formats 

(single page size: 126 x 113 mm; open book / iPad screen size: 126 x 226 mm). Two 

storybooks with embedded low-frequency words were created in print and digital 

format so that each book served as the digital condition for half of the participating 

dyads, and the print condition for the other half. These are available on OSF 

(https://osf.io/6uem9/?view_only=7bb996db9f7c4d54a7b3bf85723a0b16) under 

Creative Commons Attribution 4.0 International. Our plots featured a canonical 

Western structure of exposition, conflict, and resolution.  

In experimental settings, word learning is often measured using pseudo-words 

paired with novel objects. However, this approach did not represent a viable option 

because, in our study, the caregivers read aloud the book to the children; caregivers 

would struggle to read and explain pseudowords without significant prior training, 

limiting the ecological validity of our task. To measure word learning we, therefore, 

identified real words that were unlikely to be known by children in our age range. 

Selection involve a range of criteria: their frequency in the SUBLEX corpus of children’s 

tv programs (van Heuven et al., 2014); their age of acquisition (Kuperman et al., 2012); 

and by examination of the high-difficulty items in standardised vocabulary 

assessments, such as the British Picture Vocabulary Scale (BPVS; Dunn & Dunn, 2009) 

(see Lenhart et al., 2020 and Sarı et al., 2019 for a similar approach). The following 

animal names: myna, okapi, sloth, and tools: clamp, valve, and chisel were selected. 

We also included one word in each category more likely to be known by children (e.g., 

https://osf.io/6uem9/?view_only=7bb996db9f7c4d54a7b3bf85723a0b16
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toucan, screw) to support motivation and engagement with the storyline. We 

embedded three target words in each story. Each word was repeated three times 

across two successive pages (informed by Flack et al., 2018), and accompanied by an 

adjective describing a visible property on one occasion in the visual and scripted 

storyline. This was to promote the encoding of semantic features and reflect the rich 

semantic context in which words typically appear in storybooks. Psycholinguistic 

properties of target words and accompanying adjectives are reported in Table 1.  

 
Table 1 Frequency and Age of Acquisition of Target Words and Accompanying 
Adjectives 

 
Story A  Story B  
Frequency AoA  Frequency  AoA 

Target words      

okapi 2.23 11.22 clamp 2.71 10.89 

sloth 3.38 8.37 valve 3.31 10.78 

myna 2.23 9.5 chisel 2.93 10.53 

toucan 3.71 8.69 screw 3.82 6.65 

Adjectives      

striped 3.08 4.65 wooden 4.34 5.89 

furry 4.62 5.72 shiny 4.32 5.05 

dark 5.28 3.74 sharp 4.82 6.11 

colourful 4.82 4.89 pointy 4.63 7.39 

 

Note. Frequency of SUBLEX. Values lower than 3.5 are considered infrequent in the 

corpus. AoA = Age of Acquisition. 
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The selection of target words was further validated via a checklist designed 

after The MacArthur Communicative Development Inventories (CDI; Fenson et al., 

1993). Before the shared reading activities, caregivers completed the vocabulary 

checklist as a proxy for their child’s receptive and expressive knowledge of each target 

word (see Shi et al., 2022 for similar approach). Caregivers' responses are depicted in 

Figure 1 and show that the selected target words were largely unknown by children in 

our age range. 

 

Figure 1 Caregivers’ Ratings of their Child Target Word Knowledge 

  

Note. Caregivers’ ratings of their child a) receptive word knowledge and b) receptive 

and expressive word knowledge by target word, colour coded. 
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Word learning assessments 

Phonological and semantic aspects of word learning were assessed after the 

shared reading episodes. A five-minute delay was introduced to assess retention (in 

line with Hartley et al., 2020). Phonological recall was measured with a picture naming 

task (Adlof et al., 2021; Blewitt et al., 2009; Hargrave & Sénéchal, 2000). This word-

learning measure taps into children’s ability to recall the phonological form of a target 

word upon presentation of the corresponding visual depiction. As such, this task 

probes children’s learning of the association between the phonological form of a word 

and its meaning. Pictures of target words were shown either on screen or on paper of 

identical size (126 x 226 mm), congruent with the book format (print or digital) in 

which the words were introduced during the shared reading. The researcher then said, 

“Tell me what this is called”. Similar to Blewitt et al., (2009) the pictures were different 

from those in the books, this was done to assess children’s generalisation to different 

pictures, and thus learning of word meanings beyond the association between a 

phonological form and a specific picture. Familiar words (dog, cat; pencil, spoon) were 

interspersed among the targets to maximise the opportunity for children to experience 

success during testing. Each correct response for a target word was assigned 1 point. 

To assess semantic recall, children were asked to describe what they knew 

about a word. This word-learning measure taps into children’s deeper representation 

of word meaning, and learning the association between the phonological form of a 

word and its meaning. This task also requires the metalinguistic ability to reflect about 

one’s language knowledge. We adopted the child-friendly procedure used in previous 

research (Blewitt & Langan, 2016). Children were introduced to a stuffed animal 

named ‘‘Toby.” and told that ‘‘Toby does not know very many words.”. For each target 

word, children were asked ‘‘Can you tell Toby what a [target] is?” After their initial 

responses, follow-up prompts were given such as ‘‘What else can you tell Toby about a 

[target]?” and continued until children could add no more information. Children were 

familiarised with the task via practice trials with familiar words (e.g., dog, cat, spoon, 

pencil). For each word, children receive 1 point for each unit of relevant information 

provided (e.g., object function, physical properties). Inter-rater reliability was 

computed via an intra-class correlation (ICC) analysis with absolute agreement (ICC = 

.95) (representing excellent agreement, Cicchetti, 1994). 
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To assess semantic recognition, children were asked to identify referents of the 

target words in a multiple-choice task (see Blewitt et al. 2009 and O’Toole & Kannass 

(2018 for a similar approach). This word-learning measure taps into children’s learning 

of the association between the phonological form of a word and its meaning. This task 

is less demanding compared to those presented above as it does not require a verbal 

response, but simpler recognition via pointing. Children were asked to ‘‘Find the 

[target, e.g., clamp]” on a page of four pictures. Each page depicted the target item 

and three distractors: an item from the same superordinate category as the target, an 

item from the story, and an item from the same superordinate category as another 

story word. It is worth noting that children can apply different strategies to identify the 

referent, including mutual exclusivity, that is, excluding those items whose label they 

already known. As before, target words were represented by different pictures from 

those presented in the story. There were practice trials using familiar non-target words 

(e.g., dog, cat, spoon, pencil). For each target item, children received 1 point for a 

correct response. Chance level in this task was 25%. 

Procedure 

Dyads were invited to the University Infant and Child Study Centre. The study 

took place in an observation room that enabled non-intrusive audio and video 

recording of caregiver-child shared reading interactions. After greeting the 

participating dyad and establishing a rapport, the experimenter administered the first 

subtest of the visual attention assessment (NEPSY; Korkman et al., 1998) to the child, 

while the caregiver completed the vocabulary checklist of the target words. 

Subsequently, caregiver-child dyads were instructed to read the two books. Dyads 

received the following instructions: “I would like you to read together as you would do 

at home. Please take your time, I will be back when you are finished”. The dyads sat on 

a sofa and were left alone in the observation room. The experimenter observed and 

video-recorded the shared reading interactions from the control room.  

Each dyad read a book presented on paper and a different book presented on 

an iPad, with the order of presentation counterbalanced across participants. After the 

shared reading activity, the child was administered the second subtest of the visual 

attention assessment, the target vocabulary learning measures, and a picture 
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sequence task1, while caregivers completed the BRIEF-P (Gioia et al., 2003). Children 

completed the standardised vocabulary assessment and the working memory 

assessments, either after a short break (n = 71) or within 12 days from the first visit (n 

= 29), depending on child compliance and dyad availability.  

Analytic Plan 

Statistical Models 

We fit separate Generalized Linear Mixed Models (GLMM; (Baayen et al., 2008) 

for each word learning measure (i.e., phonological recall, semantic recall, and semantic 

recognition). We specified binomial error structure and logit link function for binary 

outcomes (i.e., phonological recall, semantic recognition), and Poisson family for count 

data (i.e., semantic recall). The full random effect structure supported by the data was 

included in the models (Matuschek et al., 2017). Convergence issues were addressed 

according to a stepwise procedure: first by increasing the number of iterations, then 

using different optimisers, and, as a last step, by simplifying the random effect 

structure. 

Research Question 1. To investigate the effect of book format (print vs. digital) 

on word learning, we compared a model (M1) including our test predictor (book 

format) with a model (M0) lacking our test predictor but being otherwise identical. 

Both models controlled for prior vocabulary knowledge, executive function, age, and 

gender2, all entered as fixed effects, to estimate any unique effect of book format, 

above and beyond other established predictors of word learning. 

(M0) Word Learning ~ Prior Vocabulary Knowledge + Executive function + Age + Gender 

+ Random Effects 

(M1) Word Learning ~ Book Format + Prior Vocabulary Knowledge + Executive function 

+ Age + Gender + Random Effects 

Research Question 2. To investigate the interaction of book format and child 

characteristics (prior vocabulary knowledge and executive function) on word learning, 

we compared a model (M2) including the interaction terms of interests with a model 

(M1) lacking these interaction terms but being otherwise identical. Both models also 

 
1 The picture sequence task is analysed and discussed in separate manuscript. 
2 Here we use the term gender in line with the previous literature and to acknowledge the fact that 

language literacy development is embedded in a socio-cultural context. Strictly speaking however, we 

classed our child participants based on caregiver reported biological sex. 
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controlled for age and gender, specified as fixed effects, to conduct a stringent test of 

the hypothesized interactions. 

(M2) Word Learning ~ Book Format*Prior Vocabulary Knowledge + Book 

Format*Executive function + Age + Gender + Random Effects 

Transformations 

Our independent variable (IV) was categorical with two levels: print and digital. 

The IV was dummy-coded with print as the reference category. Age in months was z-

transformed to facilitate the interpretation of model coefficients and to ease model 

convergence. There were moderate to high correlations between our measures of 

visual attention, forward digit span, backward digit span, and global executive function 

(see Table S2, Supplementary Materials). In this context and given the debated 

dimensionality of executive function in the pre-school years (Kapa & Erikson, 2020; 

Lerner & Lonigan, 2014; Montroy et al., 2019; Scionti & Marzocchi, 2021), we 

conducted a Principal Component Analysis (PCA) to assess the dimensionality of these 

measures. We adopted the procedure detailed by James et al (2021). Analyses were 

conducted in R with the package psych (Revelle, 2023). First, we checked the Kaiser-

Meyer-Olkin measure of sampling adequacy. The overall Kaiser-Meyer-Olkin value for 

the data was 0.61, which is classified as mediocre (Kaiser, 1974). Then, we performed a 

PCA. A single executive function component emerged according to Wayne Velicer’s 

Minimum Average Partial (MAP) criterion, and by retaining eigenvalues > 1. The 

proportion of variance explained by this component was 47%. As expected, loadings 

were positive for visual attention (.70), forward digit span (.74) and backward digit 

span (.80), and negative for global executive function (-.46), which provides an index of 

dysfunction, with higher scores indicating poorer executive skills. Given the extraction 

of a single component for executive function, a single score resulting from our four 

executive function measures was used in subsequent analyses.   

Inference Criteria 

To evaluate the significance of the contribution of our predictors, whilst 

avoiding multiple testing (Forstmeier & Schielzeth, 2011), we compared our full 

models with null models lacking our test predictors but being otherwise identical using 

the likelihood ratio test. The significance of the beta coefficients was indicated by p < 

.05. Null hypothesis significance testing was complemented by an examination of odds 
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ratios (to provide an index of the strength of the relationships between our predictors 

and outcome) and relative confidence intervals in the case of logistic models. Marginal 

effects were plotted to provide straightforward visualization of predicted probabilities 

for the results of the more complex models (Lüdecke, 2018). Significant interaction 

terms accompanied by improvement in the model fit, as indicated by a significant 

likelihood ratio test, indicated the presence of conditional effects. In case of a 

discrepancy between the significance of the likelihood ratio test and that of model 

coefficients, the confidence intervals of model coefficients were inspected for 

symmetry and wideness to inform the interpretation. Marginal R2 is reported to 

illustrate the proportion of variance explained by the fixed effects, while conditional R2 

is reported to illustrate the variance explained by both the fixed and random effects.   

Implementation 

 The models were implemented in R version 4.1.3 (2022-03-10) with the 

function glmer of the R package lme4 (version 1.1- 33) (Bates et al., 2015). Predicted 

probabilities were computed using the function ggpredict of the R package ggeffects, 

version 1.3.2 (Lüdecke, 2018).  

Transparency and Openness 

Our research questions, hypotheses, design, sample size, and analytic plan 

were pre-registered prior to data collection on the Open Science Framework (OSF; 

https://osf.io/6uem9/?view_only=7bb996db9f7c4d54a7b3bf85723a0b16; 

https://osf.io/ancsx/?view_only=2dcb04be82564e40a3ce9f8d36856dc3). Any 

deviation from the pre-registration is detailed in this manuscript. Fully anonymised 

data and analyses scripts are available on the project’s OSF repository.  

Results 

Descriptive statistics 

Reading time across conditions was the same: On average, the print reading 

condition lasted 4 minutes and 33 seconds, and the digital reading condition 4 minutes 

and 34 seconds. On average, children correctly labelled 25% of the items in the 

phonological recall task; produced .87 units of meaningful information per item in the 

semantic recall task; and correctly identified 72% of the items in the semantic 

https://osf.io/6uem9/?view_only=7bb996db9f7c4d54a7b3bf85723a0b16
https://osf.io/ancsx/?view_only=2dcb04be82564e40a3ce9f8d36856dc3
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recognition task (chance level of 25%). The means and standard deviations of our 

outcome measures grouped by condition (book format) are reported in Table 2.  

 

Table 2 Mean and Standard Deviations of Word Learning Outcomes by Book Format 

 Phonological recalla Semantic recallb Semantic Recognitiona 

Book format M SD M SD M SD 

Print 0.25  0.44 0.84 1.28 0.71 0.45 

Digital 0.25 0.44 0.89 1.41 0.74 0.44 

 

a binary outcome (0 incorrect, 1 correct. Range: 0 - 1) 

b count outcome (number of meaningful units of information provided per target 

word. No upper limit; Range in the data: 0 - 7) 

 

There were no obvious differences in phonological recall across book formats; 

in contrast, for semantic recall and semantic recognition, the mean accuracy in the 

digital condition was higher than that in the print condition. The means, standard 

deviations, and correlations between our quantitative predictors (collapsed over book 

format) and outcomes are reported in Table 3.  
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Table 3 Means, Standard Deviations, and Correlations with Confidence Intervals 

Variable M SD 1 2 3 4 5 

        
1. Age  
(months) 

57.77 7.24           

                
2. Vocabulary  
(scaled score) 

10.15 2.81 .03         

      [-.04, .10]         
               
3. Executive function 
(factor component) 

0.00 1.00 .48** .22**       

      [.43, .53] [.15, .28]       
                
4. Phonological Recalla 0.25 0.44 .07* .10** .09*     
      [.00, .14] [.03, .16] [.02, .15]     
                
5. Semantic Recallb 0.87 1.35 .09* .19** .12** .46**   
      [.02, .17] [.12, .27] [.04, .19] [.40, .51]   
                
6. Semantic Recognitiona 0.72 0.45 .01 .15** .08* .28** .23** 
      [-.06, .08] [.08, .22] [.02, .15] [.22, .34] [.16, .30] 
                

Note. M and SD are used to represent mean and standard deviation, respectively. Values in square brackets indicate the 95% confidence 

interval for each correlation. The confidence interval is a plausible range of population correlations that could have caused the sample 

correlation (Cumming, 2014). * indicates p < .05. ** indicates p < .01.  

a binary outcome (0 incorrect, 1 correct. Range: 0 - 1) 

b count outcome (number of meaningful units of information provided per target word. No upper limit; Range in the data: 0 - 7) 
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The correlations indicate significant, but weak, correlations between child 

characteristics and word learning measures. The means and standard deviations of our 

outcome measures grouped by gender are reported in Table S3, in Supplementary 

Materials. Accuracy by target word across word learning measures is depicted in figure 

S1, in the Supplementary Materials. 

Preliminary analyses were conducted to check for the presence of any possible 

order effects on word learning, both in terms of book format (print or digital presented 

first) and story presentation (story A or B presented first). Order effects were not 

found for any of the word learning outcomes. There was no order effect on 

phonological recall (format:  = .02, SE = .16,  p = .88; story:  = .12, SE = .16,  p = .48), 

sematic recall (format:  = .07, SE = .19,  p = .70; story:  = .24, SE = .19,  p = .19), nor 

semantic recognition (format:  = .17, SE = .21,  p = .41; story:  =  - 0.07, SE = .21,  p = 

.75). 

Confirmatory Analyses 

Phonological Recall 

Model results are reported in Table 4.  
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Table 4 Results of the Models Estimating the Effect of Book Format, Child Characteristics, and Their Interaction, on Phonological Recall 

   
M0 

Phonological Recall 
M1 

 
M2 

Predictors Estimate SE CI p Estimate SE CI p Estimate SE CI p 

(Intercept) -2.00 0.34 -2.68 – -
1.33 

<0.001 -2.01 0.35 -2.70 – -
1.31 

<0.001 -2.16 0.49 -3.11 – -
1.21 

<0.001 

Vocabulary  0.07 0.03 0.01 – 0.14 0.017 0.07 0.03 0.01 – 0.14 0.017 0.09 0.04 0.00 – 0.18 0.045 

Executive 
Function 

0.14 0.10 -
0.05 – 0.33 

0.147 0.14 0.10 -
0.05 – 0.33 

0.147 0.14 0.13 -
0.11 – 0.40 

0.265 

Age (months) 0.10 0.09 -
0.08 – 0.28 

0.297 0.10 0.09 -
0.08 – 0.28 

0.297 0.10 0.09 -
0.08 – 0.28 

0.298 

Gender [M] 0.34 0.17 0.01 – 0.66 0.045 0.34 0.17 0.01 – 0.66 0.045 0.34 0.17 0.01 – 0.66 0.045 

Book format 
[digital] 

    
0.01 0.16 -

0.31 – 0.33 
0.949 0.31 0.66 -

0.99 – 1.61 
0.642 

Book format 
[digital] * 
Vocabulary 

        
-0.03 0.06 -

0.15 – 0.09 
0.645 

Book format 
[digital] * 
Executive 
Function 

        
-0.01 0.17 -

0.34 – 0.33 
0.975 

Random Effects 
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σ2 3.29 3.29 3.29 

τ00 0.00 child_ID 0.00 child_ID 0.00 child_ID 

τ11 0.00 child_ID.book_format 0.00 child_ID.book_format 0.00 child_ID.book_format 

ρ01       

N 100 child_ID 100 child_ID 100 child_ID 

Observations 807 807 807 

Marginal R2 / 
Conditional R2 

0.034 / NA 0.034 / NA 0.034 / NA 
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The likelihood ratio test comparing the model (M1) with the test predictor of 

interest with the model (M0) lacking the test predictor, indicated no significant main 

effect of book format on phonological recall (χ2 = .004, df = 1, p = .95). Similarly, the 

comparison of the model (M2) including the interaction between book format and 

child characteristics with the model (M1) lacking these interaction terms, indicated no 

evidence of interactions between book format and child characteristics on 

phonological recall (χ2 =.228, df = 2, p =.89). In sum, there was no evidence for any 

unique or mediated effect of book format on phonological recall.  

 There was evidence of a significant positive effect of prior vocabulary 

knowledge and gender on phonological recall across all models. Greater prior 

vocabulary knowledge significantly predicted phonological recall, as indicated by the 

positive sign of the respective coefficient, and boys were significantly more accurate 

than girls. Odds ratios are reported in Table S4, Supplementary Materials. 

Semantic Recall 

Model results are reported in Table 5.  
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Table 5 Results of the Models Estimating the Effect of Book Format, Child Characteristics, and Their Interaction, on Semantic Recall 

  
 
M0 

Semantic Recall 
M1 

 
M2 

Predictors Estimate SE CI p Estimate SE CI p Estimate SE CI p 

(Intercept) -2.01 0.35 -2.68 – -
1.33 

<0.001 -1.99 0.35 -2.68 – -
1.31 

<0.001 -2.18 0.40 -2.97 – -
1.38 

<0.001 

Vocabulary 0.12 0.03 0.06 – 0.18 <0.001 0.12 0.03 0.06 – 0.18 <0.001 0.14 0.04 0.07 – 0.21 <0.001 

Executive 
Function 

0.23 0.09 0.05 – 0.42 0.014 0.23 0.09 0.05 – 0.41 0.015 0.18 0.11 -
0.03 – 0.39 

0.097 

Age (months) 0.07 0.09 -
0.10 – 0.24 

0.435 0.07 0.09 -
0.10 – 0.24 

0.439 0.07 0.09 -
0.10 – 0.24 

0.396 

Gender [M] 0.47 0.16 0.16 – 0.78 0.003 0.47 0.16 0.16 – 0.78 0.003 0.50 0.16 0.18 – 0.81 0.002 

Book format 
[digital] 

    
-0.02 0.15 -

0.31 – 0.26 
0.868 0.40 0.39 -

0.36 – 1.15 
0.307 

Book format 
[digital] * 
Vocabulary 

        
-0.03 0.03 -

0.10 – 0.03 
0.331 

Book format 
[digital] * 
Executive 
Function 

        
0.11 0.09 -

0.08 – 0.29 
0.246 

Random Effects 
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σ2 0.98 0.98 0.94 

τ00 0.33 child_ID 0.41 child_ID 0.35 child_ID 

τ11 0.64 child_ID.book_format 0.65 child_ID.book_format   

ρ01 0.17 child_ID -0.46 child_ID   

ICC 0.25 0.34 0.27 

N 95 child_ID 95 child_ID 95 child_ID 

Observations 676 676 676 

Marginal R2 / 
Conditional R2 

0.151 / 0.365 0.136 / 0.426 0.163 / 0.392 
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Similar to phonological recall, the likelihood ratio test comparing the model 

(M1) with the model (M0) indicated that there was no significant main effect of book 

format on semantic recall (χ2 = .028, df = 1, p = .87), and the likelihood ratio test 

comparing the model (M2) with the model (M1) did not support the presence of 

significant interactions between book format and child characteristics on semantic 

recall (χ2 =2.10, df = 2, p =.35).   

 In line with the results reported for phonological recall, there was a significant 

positive main effect of prior vocabulary knowledge and gender on semantic recall 

across models (Table 6). Greater prior vocabulary knowledge significantly predicted 

semantic recall, as indicated by the positive sign of the respective coefficient, and boys 

were significantly more accurate than girls. Different to the results for phonological 

recall, there was evidence for a significant main effect of executive function on 

semantic recall in both M1 and M2 models. 

Semantic recognition 

 The effect of book format on semantic recognition was examined using the 

same model fitting process and comparison as before. Model results are reported in 

Table 6. 
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Table 6 Results of the Models Estimating the Effect of Book Format, Child Characteristics, and Their Interaction, on Semantic Recognition 

  
 
M0 

Semantic Recognition 
M1 

 
M2 

Predictors Estimate SE CI p Estimate SE CI p Estimate SE CI p 

(Intercept) -0.48 0.38 1.23 – 0.26 0.200 -0.57 0.39 1.33 – 0.18 0.138 -0.63 0.47 1.55 – 0.29 0.178 

Vocabulary 0.12 0.04 0.06 – 0.19 <0.001 0.13 0.04 0.06 – 0.19 <0.001 0.13 0.04 0.04 – 0.22 0.004 

Executive Function 0.23 0.12 0.00 – 0.47 0.053 0.22 0.12 0.01 – 0.46 0.063 0.07 0.14 0.20 – 0.34 0.609 

Age (months) -0.10 0.11 0.32 – 0.12 0.365 -0.10 0.11 0.32 – 0.12 0.372 -0.10 0.11 0.32 – 0.12 0.372 

Gender [M] 0.65 0.21 0.25 – 1.06 0.002 0.66 0.21 0.25 – 1.06 0.001 0.66 0.21 0.26 – 1.06 0.001 

Book format [digital] 
    

0.17 0.19 0.20 – 0.54 0.362 0.27 0.64 0.98 – 1.51 0.672 

Book format [digital] 
* 
Vocabulary 

        
-0.01 0.06 0.13 – 0.12 0.920 

Book format [digital] 
* 
Executive Function 

        
0.35 0.18 0.00 – 0.69 0.047 

Random Effects 

σ2 3.29 3.29 3.29 

τ00 0.22 child_ID 0.22 child_ID 0.22 child_ID 

τ11 0.28 child_ID.book_format 0.26 child_ID.book_format 0.16 child_ID.book_format 
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ρ01 0.25 child_ID 0.51 child_ID 0.75 child_ID 

ICC 0.06 0.06 0.06 

N 100 child_ID 100 child_ID 100 child_ID 

Observations 802 802 802 

Marginal R2 / 
Conditional R2 

0.068 / 0.126 0.070 / 0.128 0.080 / 0.138 
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The likelihood ratio test indicated no significant main effect of book format on 

semantic recognition (χ2 = .828, df = 1, p = .36), and there was no evidence of 

interactions between book format and child characteristics on semantic recognition (χ2 

= 3.99 df = 2, p =.14). However, the results of the more complex model (M2) supported 

the presence of a significant interaction term between book format and executive 

function as illustrated by the model coefficient. Further, R2 was larger in M2 compared 

to M1 (Table 6). 

To inform our interpretation, we examined whether the confidence interval of 

the significant interaction term was too wide or asymmetrical, which would suggest 

giving more weight to the results of the likelihood ratio test (Field et al., 2012, p.72). As 

this was not the case, we followed a data-driven approach and pruned the 

nonsignificant interaction between book format and vocabulary in a follow-up model 

(M3). We then contrasted the model (M3) containing only the interaction between 

book format and executive function against a model (M1) lacking this term but being 

otherwise identical. The results of the likelihood ratio test supported the presence of a 

significant interaction between book format and executive function (χ2 =3.98, df = 1, p 

=.05). Further, the coefficients of M3 confirmed the presence of a significant 

interaction between book format and executive function as well as main effects of 

vocabulary and gender (see output for M3 in Table S6, Supplementary Materials). In 

sum, there was a strong indication that book format interacted with executive 

function, but not with vocabulary knowledge, for semantic recognition. To guide 

interpretation of the interaction, predicted probability plots were generated (Fig. 2). 
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Figure 2 Predicted Values of Semantic Recognition by a) Vocabulary Knowledge and b) 

Executive Function, Across Book Formats 

 

 

For children with higher executive function skills, digital-based shared reading 

had a positive effect on semantic recognition compared to print-based shared reading, 

while the opposite was true for children with lower executive function. Looking at this 

interaction from another perspective, the effect of executive function on semantic 

recognition was stronger in the digital condition, compared to the print condition, 

while prior vocabulary was a strong determinant of semantic recognition across both 

book formats. 

We note that there was a significant positive main effect of prior vocabulary 

knowledge and gender on semantic recognition across models. Greater prior 

vocabulary knowledge significantly predicted semantic recognition, as indicated by the 

positive sign of the respective coefficient. Further, boys were significantly more 

accurate than girls in the semantic recognition task. Odds ratios are reported in Table 

S5, in the Supplementary Materials. 
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Discussion 

Our primary aim was to investigate evidence for any unique and mediated 

effects of book format (print vs. digital) on word learning from shared book reading in 

4- to 5-year-old children. This study advances our understanding of word learning from 

naturalistic shared reading in several ways. Our results suggest that book format 

influenced only certain aspects of word learning and that this was conditional on child 

characteristics. Specifically, digital-based shared reading led to better semantic 

recognition in children with higher executive function, and lower semantic recognition 

in children with lower executive function. Further, children with greater prior 

vocabulary knowledge and boys were significantly more accurate across word learning 

measures. Lastly, executive function uniquely contributed to semantic recall. We 

discuss each of these findings as well as their implications for theory and practice. 

Similar to the meta-analysis by Furenes et al. (2021) we did not find evidence of 

a main effect of book format on word learning from shared reading in young children. 

However, for semantic recognition, there was evidence that book format interacted 

with executive function. One could interpret these findings in relation to the cognitive 

theory of multimedia learning, which emphasises the importance of reducing cognitive 

load to optimise learning (Mayer, 2003; Mayer & Moreno, 2003). In the context of the 

present study, handling and operating the digital device, albeit with caregiver support, 

may have led to an increase in cognitive load, which was particularly detrimental for 

children with immature executive function (Courage, 2019). At the physiological level, 

adults reading on screen compared to print present with overactivity in the pre-frontal 

cortex, a brain region strongly implicated in executive functions (Honma et al., 2022). 

This supports the interpretation that the digital format may have posed greater 

demands on executive functions.  

Children with higher executive function benefitted from the digital format, 

suggesting that once executive function is sufficiently developed, the digital format 

may bring some advantages. A possible explanation for such an advantage can be the 

relative novelty of digital-based shared reading for our sample (see Table S1, 

Supplementary Materials). This may have boosted children’s interest in the activity 

and, in turn, learning (Flewitt et al., 2015; O’Toole & Kannass, 2018). Prior research 
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indeed suggests that children who rarely use a tablet, learn more from the digital 

format, but the opposite is true for weekly tablet users (Reich et al., 2019). 

There was a significant and positive main effect of prior vocabulary knowledge 

on word learning, in line with a wealth of prior research (Sénéchal et al., 1995). Thus, 

regardless of format, prior vocabulary is an important determinant of word learning 

from shared reading. These findings relate to the so-called Matthew Effects, referring 

to rich-get-richer and poor-get-poorer processes (Stanovich, 1986). Children with 

larger vocabulary are better equipped to understand the story and therefore have 

more cognitive resources available to process new words as they encounter them. 

Further, their existing knowledge base and category knowledge can facilitate the 

acquisition of new words in toddlers (Borovsky et al., 2016). 

In line with accumulating evidence (Hadley et al., 2021; Kapa & Erikson, 2020), 

we found that executive function predicted semantic recall after controlling for prior 

vocabulary knowledge. This further confirms that higher-level cognitive functions are 

particularly important in the acquisition of word meanings as assessed with a 

definition task. From a theoretical perspective, this is in line with theories that 

emphasise the crucial role of broader social-cognitive skills in word learning and 

language acquisition (Tomasello, 2003), and also with models of reading 

comprehension that recognise the role of higher-level cognitive skills and processing 

resources (Cain, Oakhill, et al., 2004; Y.-S. G. Kim, 2020). 

An unexpected finding was that boys outperformed girls on all word learning 

measures. This gender effect was small to medium sized (with OR ranging from 1.4 to 

1.98), but reliable, across word learning measures. Girls are typically reported to 

outperform boys in language and literacy development measures (Eriksson et al., 2012; 

Frank et al., 2017; S. Logan & Johnston, 2010), an effect that is small, but reliably found 

across cultural contexts (Eriksson et al., 2012). Some researchers have pointed to the 

importance of understanding in which specific contexts gender differences are 

observed (Bergman Deitcher et al., 2019; S. Logan & Johnston, 2010). For instance, it 

has been reported that boys outperform girls in word learning from shared reading of 

informational, but not narrative, texts (Bergman Deitcher et al., 2019). Boys in our 

sample were not significantly older, nor had higher verbal ability or executive function. 
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Therefore, characteristics of our setting and task may explain the advantage of boys in 

word learning, an area of inquiry that deserves further investigation.  

Implications and practical significance 

 From a theoretical perspective, these findings align with the capacity model 

(Fisch, 2000) and the differential susceptibility to media effect model (Valkenburg & 

Peter, 2013), which highlight the need to take individual differences into account when 

studying learning from different media. There are several strengths of our study 

design, as noted in the Methods, to endorse these findings as robust and reliable. 

These include: our use of a within-subjects design and large sample to enhance 

statistical power relative to previous research; our use of the same reader to narrate 

the text; three outcome measures to assess both phonological and semantic features 

of word learning, and a semi-naturalistic paradigm to support generalisation to real-

world settings. Of course, these findings still require replication. If found, one obvious 

conclusion is that the use of print-based reading materials should be favoured amongst 

children with still immature executive functioning, and potentially also in 

developmental conditions characterised by poor executive function. 

Limitations and future directions 

This study comes with limitations and suggestions for future research, in 

addition to those already noted. First, we note that only a relatively small sample of 

books and word types was included in this study’s materials. Whilst this is a common 

feature in the shared reading literature, it is important that future studies incorporate 

different books and word types to increase the generalisability of findings beyond 

specific sets of stimuli. In this context, sharing e-books under a Creative Commons 

license, as we have done, may help researchers working under different time 

constraints to efficiently adapt existing materials to their research needs, and thus 

include larger sets of stimuli in future studies.  

Another limitation concerns the relatively short time scale across which 

learning was assessed. Learning novel words and their meanings happens across 

multiple exposures over time, which should be the aim of future work. These findings 

are also limited to the cultural context of our participating sample, which was recruited 

within travelling distance of our child assessment labs. Further investigation is needed 

to generalise these findings to different cultural contexts, especially considering that 
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these results may vary as a function of experience with digital media. Age and gender 

differences were not the focus of this study but clearly deserve further investigation 

given the findings reported here. Finally, a different, yet complementary area of 

research, concerns the investigation of the affordances of digital books that open up 

new opportunities to scaffold understanding and learning. For instance, it is critical to 

investigate how e-book features can be designed to support parental mediation during 

shared reading (Troseth et al., 2020). This might be usefully informed by research on 

the role of built-in scaffolds to support understanding and learning during independent 

reading in beginning readers (Diprossimo et al., 2023). 

Conclusions 

Shared book reading provides unique opportunities to boost children’s 

vocabulary knowledge, which lays the foundation for later educational and social 

outcomes. Our findings provide the first empirical evidence for an interplay between 

book format and executive function, suggesting that the effect of book format is not 

the same for all children. Considering the changing landscape of children’s early 

literacy experiences, it is critical to build the evidence base to inform 

recommendations and guidelines around early literacy practices. This study adds to the 

evidence base by showing that when we consider different measures of word learning, 

we observe book format-related differences in learning that are contingent on child 

characteristics. These findings underscore the importance of considering multiple 

measures of word learning as well as individual differences both in future studies, and 

when developing guidelines for users of research. 
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Chapter 3: Caregivers’ Fine-Tuning and its Effects on Children’s 

Word Learning During Shared Book Reading 

 

Linking Statement 

In this pre-registered study (OSF Project https://osf.io/g9dw8/; Registration 

https://doi.org/10.17605/OSF.IO/4CM73), an in-depth analysis of caregivers’ 

scaffolding was conducted. The rich corpus of video recordings of caregiver-child 

shared reading interactions collected in the context of the study reported in Chapter 2 

was used. This enabled the examination of book-format-related differences in 

caregivers’ scaffolding. The generalisability of the fine-tuning hypothesis was 

examined, that is, caregivers’ ability to tailor scaffolds to their child’s individual lexical 

knowledge to support word learning. This study is a natural complement to the study 

reported in Chapter 2, as it explores in detail the contribution of caregivers’ scaffolding 

to children’s word learning, and also how scaffolding is affected by different reading 

media. 
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Abstract 

This study tested the generalisability of the fine-tuning hypothesis to word learning in 

the context of shared reading. Caregivers’ behaviour in two storybook presentation 

formats (print, digital) was also compared. English-speaking dyads were videotaped 

during shared reading (Ndyads= 78, mostly White; Caregiver Mage = 37.69 years, 74 

women; Child Mage = 57.74 months, 43 girls; Data collected in the UK in 2023). Before 

shared reading, caregivers completed a vocabulary checklist to assess their children’s 

knowledge of the target words embedded in the storybooks. Word learning was 

measured after shared reading. Caregivers adjusted verbal, but not gestural, scaffolds 

to their children’s reported lexical knowledge. Fine-tuning predicted semantic recall. 

Overall, caregivers provided significantly fewer scaffolds with digital compared to print 

books.  

Keywords: word learning, fine-tuning, child-directed language, scaffolding, gesture, 

digital media, shared book reading. 
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Introduction 

Children learn new words at an incredible rate. Their vocabulary acquisition is 

enhanced by the rich multimodal cues provided by caregivers in play and conversation, 

and extended through encounters with written language during shared reading 

(Hadley & Dickinson, 2019; Masek et al., 2021; Montag et al., 2015; Tomasello, 2003). 

In recent years, there has been an increasing interest in understanding the dynamic 

and interactive mechanisms that support children’s word learning and language 

development (Donnellan et al., 2023; Fusaroli et al., 2023; Leung et al., 2021; Shi et al., 

2022). This recent work highlights the importance of understanding the ecological 

niche in which language development unfolds, and suggests that studying young 

children as isolated learners will provide, at best, an incomplete account of the 

mechanisms that support their language learning.  

Caregivers consistently adapt their language when talking to children compared 

to adults (Fernald & Mazzie, 1991; Hills, 2013; Newport & Gleitman, 1984; Onnis et al., 

2008). Both the prosodic and syntactic properties of child-directed language have been 

shown to support word learning in young children (Graf Estes & Hurley, 2013; Ma et 

al., 2011; Schwab & Lew-Williams, 2016). Crucially, the properties of child-directed 

language change as children age (Huttenlocher et al., 2010). This adaptive and flexible 

nature of caregivers’ input is proposed to support children’s language learning, by 

providing them with input at the appropriate level of complexity (Snow, 1972), a view 

which is in line with the scaffolding principle (Wood et al., 1976) and the notion of the 

zone of proximal development (Vygotsky, 1978). What is not known is whether 

caregivers adapt their communication to their children’s general linguistic knowledge, 

or modulate it at a more fine-grained level, as a function of their children’s knowledge 

of specific words. The focus of this study was to examine caregivers’ communicative 

modulations during shared reading with their 4- to 5-year-olds, and its influence on 

children’s learning of the meanings of unknown words.  

Fine-Tuning and Word Learning 

The fine-tuning hypothesis proposes that caregivers adapt their communication 

to their children’s individual lexical knowledge in a way that supports their word 

learning (Leung et al., 2021). For instance, Leung et al. (2021) showed that caregivers 

adjust the length and content of their referring expressions to their two-year-olds’ 
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individual lexical knowledge during a tablet-based reference game. Specifically, 

caregivers provided longer referring expressions for words they thought their children 

did not know. Longer referring expressions predicted children’s accuracy only for 

words that caregivers thought their children did not know, suggesting that caregivers’ 

fine-tuning contributed to children’s success in the reference game. The content of 

referring expressions also differed by word knowledge: Caregivers provided more 

comparisons, descriptors, and superordinate category labels for unknown compared to 

known words, while the opposite was true for subordinate category labels. In a study 

of toy-play interactions, Donnellan et al. (2023) found that caregivers’ questions asking 

and pointing gestures were also adapted to 3- to 4-year-olds’ individual lexical 

knowledge and supported vocabulary acquisition. Specifically, asking more questions 

for unknown compared to known words supported immediate word learning, while 

pointing more towards known than unknown words supported immediate word 

learning.  

There is therefore emerging evidence suggesting that caregivers fine-tune their 

verbal and gestural behaviours to their child’s individual lexical knowledge to support 

word learning (Donnellan et al., 2023; Leung et al., 2021). To the best of our 

knowledge, only two studies have investigated caregivers’ verbal and gestural fine-

tuning and its effects on children’s word learning. Our study focuses on another semi-

naturalistic interaction that supports word learning. Whether these recent findings 

from other contexts would readily generalise to shared reading remains unexplored 

and deserves further investigation. 

Shared Reading and Scaffolding Word Learning  

Shared reading is an important context for word learning for several reasons. 

First, the language of storybooks is lexically richer than conversation and therefore 

provides learning opportunities beyond child-directed language (Montag et al., 2015). 

Second, adults’ mediation supports word learning from shared reading (for a meta-

analysis see Flack et al., 2018). Repetitions, definitions, and questions in extra-textual 

talk have been shown to support 3-to 6-year-olds’ word learning from shared book 

reading (Blewitt et al., 2009; Flack et al., 2018; Lenhart et al., 2019). In line with 

embodied cognition accounts of word learning (e.g., Sadoski & Lawrence, 2023; Smith 

& Gasser, 2005), gestures have also been shown to support learning (Barnes et al., 
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2023; Flack et al., 2018; Flack & Horst, 2018). Deictic gestures such as pointing 

facilitate 3.5-year-olds’ word learning from shared reading in experimental contexts 

(Flack & Horst, 2018). During naturalistic shared reading in the classroom, meaning-

focused gestures such as iconic and representational gestures, are associated with 4.5-

year-olds’ vocabulary development (Barnes et al., 2023).  

In addition, scaffolding-like procedures, such as asking questions of gradually 

increasing complexity to the child, have been shown to facilitate 2- to 4-year-olds’ 

acquisition of elaborated word meanings from shared reading (Blewitt et al., 2009). 

This underscores the importance of tailoring support to young children’s lexical 

knowledge and suggests that fine-tuning may be an important mechanism for word 

learning in the shared reading context. Yet studies exploring whether and how 

caregivers adapt their support to children’s lexical knowledge during shared reading 

are currently lacking.  

Book Presentation Format 

Contemporary reading experiences involve new media of story presentation, 

such as iPad and tablet, in addition to traditional print books (Kucirkova, 2019). Prior 

research suggests that the book presentation format (print vs digital) influences the 

quality of interactions during shared reading with 2- to 6-year-olds (Korat & Or, 2010; 

Munzer et al., 2019; Ozturk & Hill, 2020). For instance, digital books are associated 

with less communicative initiations, responses and expanding talk by mothers (Korat & 

Or, 2010), and with lower social reciprocity between the parent-toddler dyads (Munzer 

et al., 2019). Yet it should be noted that digital books have been reported to enhance 

communicative initiations, responsiveness, and visual attention in children (Korat & Or, 

2010; Richter & Courage, 2017; Wainwright et al., 2020). Against this background, we 

explored whether book format influenced caregivers’ scaffolding during shared 

reading. 

The Present Study 

 This study investigates scaffolding by English-speaking caregivers during shared 

reading interactions with their 4- to 5-year-olds. Shared reading frequency has been 

shown to be an important predictor of vocabulary knowledge and growth in this age 

group (Mol & Bus, 2011; Sénéchal et al., 2008). Specifically, we examined whether, to 

what extent, and how caregivers modulated their scaffolds as a function of their child’s 
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individual lexical knowledge. We then assessed whether this modulation or fine-

tuning, supported children’s word learning. We used data from a corpus of videotaped 

shared reading interactions and coded for caregivers’ provision of verbal and gestural 

scaffolds. Our dataset included responses to a vocabulary checklist completed by each 

caregiver before the shared reading interaction, which provided a proxy of their child’s 

individual lexical knowledge. Measures of each child’s target word learning and 

concurrent vocabulary knowledge were collected after the interaction.  

If the fine-tuning hypothesis generalises to semi-naturalistic shared reading 

interactions, caregivers should display fine-tuning behaviours during shared reading, 

that is, they should modulate their scaffolds as a function of their children’s lexical 

knowledge. Caregivers should provide more scaffolds for words that are unknown to 

their children, although this may vary across types of scaffolds (Donnellan et al., 2023). 

We expected to find evidence of fine-tuning across verbal and gestural scaffolds 

(Donnellan et al., 2023; Leung et al., 2021). If the digital reading medium negatively 

affects dyads’ social reciprocity (Munzer et al., 2019), and hinders caregivers’ 

communicative initiations, responsiveness, and expansions (Korat & Or, 2010), we 

should observe less scaffolding with digital storybooks, compared to print. Finally, fine-

tuning should enhance children’s word learning by providing input at the appropriate 

level of difficulty.  

Methods 

Participants 

Seventy-eight British English-speaking caregiver-child dyads provided eligible 

data for this study. Data was collected between January and June 2023 in the context 

of a larger study (anonymised for review) which included 100 dyads. Overall, a small 

proportion of data relevant to the research aims of this paper was missing (5.8 %), and 

largely due to difficulties in performing the behavioural coding of specific video 

recordings, either due to equipment failure (the video recording was corrupted), or 

inaudible speech (see Figure S2 and S3 in the Supplementary Materials for the patterns 

of missingness). Previous studies addressing similar research questions with analogous 

analytic approaches have included 38 to 41 dyads (Leung et al., 2021; Shi et al., 2022). 

Therefore, we are confident that our sample provides sufficient power to detect the 
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effects under investigation, as stated in our pre-registration 

(https://osf.io/4cm73/?view_only=37ff877cb13a491bb424e2b07aebb0a5). 

Children were typically developing, as reported by their caregivers, and aged 

between 48 to 71 months (Mage = 57.74; SD = 7.00; 43 girls). Caregivers were aged 29 

to 45 years (Mage = 37.69; SD = 3.67; 74 self-reported as women; 4 as men) and were 

predominantly highly educated, with 63 achieving an undergraduate degree or higher. 

The socio-economic status (SES) of our participants was derived through their 

postcode (Government of the UK, 2019). We obtained a composite score, The Index of 

Multiple Deprivation, reflecting seven domains of deprivation, which include income, 

employment, health, education, barriers to housing and services, crime, and living 

environment (Ministry of Housing Communities and Local Government, 2019). We 

report the distribution of our sample according to the Index of Multiple Deprivation 

Decile in Figure 3. 

 

Figure 3 Index of Multiple Deprivation Decile Indexing SES of Participants 
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The vast majority of dyads were White, reflecting the ethnic composition of the 

North West of England (85.6% White, 8.4 % Asian, 2.3% Black, 2.2% Mixed, 1.5% 

Other; Government of the UK, 2022). Participants were recruited via the university 

database, which covers a broad demographic, social media advertisements, and flyers 

distributed in public book libraries in a middle-sized town in the North West of 

England. This was complemented by a snowball strategy, where participating 

caregivers were asked to share the study flyer with their own social networks. Written 

informed consent was obtained from caregivers prior to data collection. Children 

received a book and caregivers received a travel reimbursement for their participation. 

This research has received ethical approval from the Ethics Committee of the Faculty 

of Science and Technology, Lancaster University (reference number: FST-2023-0791-

SA-1). 

Storybook Materials 

Two storybooks with embedded low-frequency words were designed for this 

study to ensure the novelty of the storyline and that all target words were of 

comparable salience. Storybooks were formatted in both print and digital format so 

that each book served as the print condition for half of the participating dyads, and the 

digital condition for the other half. The size of the book was controlled across formats 

(single page size: 126 x 113 mm; open book / iPad screen size: 126 x 226 mm). For a 

detailed description of the storybook materials see (anonymised for review). 

Storybook materials are also available on OSF 

(https://osf.io/g9dw8/?view_only=baf843ea9dae49b5a45077460d6f4214) under 

Creative Commons Attribution 4.0 International. 

The selection of the low-frequency target words was guided by the need to 

ensure high levels of ecological validity. Thus, we selected real words, likely to be 

unfamiliar to children in our age range. Our selection was informed by several criteria 

(see Lenhart et al., 2020 and Sarı et al., 2019 for a similar approach), including their 

frequency in the SUBLEX corpus of children’s tv programs (van Heuven et al., 2014), 

and their age of acquisition (Kuperman et al., 2012). Each target word was repeated 

three times in the story and accompanied by an adjective on one occasion. 

Psycholinguistic properties of the target words and accompanying adjectives are 

reported in Table S7 in the Supplementary Materials. 

https://osf.io/g9dw8/?view_only=baf843ea9dae49b5a45077460d6f4214
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Measures 

Behavioural Coding Scheme 

 A coding scheme, with non-mutually exclusive codes, was developed to 

quantify the presence and degree of caregivers’ use of verbal and gestural scaffolds in 

relation to target words (adapted from Hadley & Dickinson, 2019). For each target 

word-child combination (hereafter observation), several behaviours were coded: (1) 

the number of word repetitions by the caregiver in extra-textual talk; (2) whether 

definitional information, including synonyms, perceptual, or conceptual information, 

was provided by the caregiver in extra-textual talk; (3) the number of comments and 

questions related to the target word (e.g., “Look at that!” “Can you find the [X]?”); and 

(4) gestural behaviour for each observation, specifically, the presence of pointing and 

iconic gestures (i.e., a gesture that illustrates word meaning such as opening and 

closing one’s hand with fingers straight to mimic a clamp). A detailed codebook is 

available in Table S8 Supplementary Materials. Two student assistants, blinded to our 

hypotheses, independently coded the video recording of the shared reading 

interactions after being trained with a pilot dataset. To assess inter-rater reliability, 

20% of videos were double-coded. Cohen’s kappa was computed for each measure. 

Levels of agreement ranged from substantial to almost perfect: repetition (Cohen’s k = 

.74), definition (Cohen’s k = .84), question (Cohen’s k = .69), pointing (Cohen’s k = .80), 

iconic gesture (Cohen’s k = .78). The code comment was excluded from further 

analyses as the agreement was only moderate (Cohen’s k = .51).  

Caregivers’ Ratings of Children’s Individual Word Knowledge 

A vocabulary checklist was designed after The MacArthur Communicative 

Development Inventories (CDI; Fenson et al., 1993). Before the shared reading 

activities, caregivers completed the vocabulary checklist as an indicator of their child’s 

knowledge of target words (see Shi et al., 2022 for a similar approach). For each target 

word, caregivers stated whether their child understands (receptive knowledge), 

understands and says (receptive and expressive knowledge) the target word, or not. 

One point was assigned if receptive or receptive and expressive knowledge were 

marked as present by caregivers; otherwise, 0 was assigned. 

Word learning measures 
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After the shared reading interactions, word learning was assessed with three 

tasks tapping phonological and semantic representations. A five-minute delay between 

the shared reading and the assessment of word learning was introduced to assess 

retention (in line with Hartley et al., 2020). For a detailed description of the word 

learning assessment protocol see (anonymised for review). A picture-naming task was 

developed to assess phonological recall (Adlof et al., 2021; Blewitt et al., 2009; 

Hargrave & Sénéchal, 2000). Each correct response for a target word was assigned 1 

point. A definition task was designed to assess semantic recall, using the child-friendly 

procedure adopted in previous research (Blewitt & Langan, 2016). For each word, 

children receive 1 point for each unit of relevant information provided (e.g., object 

function, physical properties). For this task, inter-rater reliability was computed via an 

intra-class correlation (ICC) analysis with absolute agreement (ICC = .95), representing 

excellent agreement (Cicchetti, 1994). Finally, children were asked to identify referents 

of the target words in a multiple-choice task to assess semantic recognition (see 

Blewitt et al., 2009 and O’Toole & Kannass, 2018, for a similar approach). For each 

target, children received 1 point for a correct response. The chance level in this task 

was 25%. 

Concurrent Vocabulary Knowledge 

Children completed the Word Classes subtest of the Clinical Evaluation of 

Language Fundamentals – Preschool-2 (CELF-P2; Wiig et al., 2004). In this standardised 

assessment, children are shown three to four pictures (e.g., apple, shoe, bread), while 

the experimenter names each picture aloud. Children are instructed to identify the two 

words that go together best (e.g., apple and bread) and explain how they go together 

(e.g., both are food). Children get 1 point for each correct response, summed to 

provide a total vocabulary score which captures the breadth and depth of vocabulary 

knowledge.  

Procedure 

Data collection took place in an observation room that enabled non-intrusive 

audio and video recording of caregiver-child shared reading interactions. First, 

caregivers completed the vocabulary checklist. Then, caregiver-child dyads were 

instructed to read the two storybooks: “I would like you to read together as you would 

do at home. Please take your time, I will be back when you are finished”. Each dyad 
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read a book presented on paper and a different book presented on an iPad, with the 

order of presentation counterbalanced across participants. After the shared reading 

activity, the child was administered the target vocabulary learning measures and the 

standardised vocabulary assessment.  

Analytical Plan 

Statistical Models 

We fit Generalized Linear Mixed Models (GLMM; Baayen et al., 2008) specifying 

binomial error structure and logit link function for binary outcomes, and Poisson 

family, for count data. We included the full random effect structure supported by the 

data (Matuschek et al., 2017). Convergence issues were addressed by increasing the 

number of iterations, using different optimisers, and simplifying the random effect 

structure. 

To investigate whether caregivers fine-tuned their communication to their 

children's individual lexical knowledge and explore whether book format influenced 

caregivers’ scaffolds, we contrasted the following models with a likelihood ratio test: 

− Scaffold ~ vocabulary checklist + prior vocabulary knowledge + age of 

acquisition + book format + random effect structure  

− Scaffold ~ prior vocabulary knowledge + age of acquisition + book format + 

random effect structure  

To examine whether caregivers fine-tuning supported children’s word learning we 

contrasted the following models. 

− Word learning ~ scaffold * vocabulary checklist + prior vocabulary knowledge + 

random effect structure  

− Word learning ~ prior vocabulary knowledge + random effect structure  

Inference Criteria 

We compared our full models with null models lacking our test predictors but 

being otherwise identical using the likelihood ratio test to evaluate the significance of 

the contribution of our test predictors, whilst avoiding multiple testing (Forstmeier & 

Schielzeth, 2011). Beta coefficients with p < .05 were interpreted as significant. Null 

hypothesis significance testing was complemented by an examination of odds ratios 

(for binary outcomes), incidence rate ratios (for count outcomes) and relative 

confidence intervals. Marginal effects were plotted to guide the interpretation of more 
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complex models including interactions (Lüdecke, 2018). Significant interaction terms 

accompanied by improvement in the model fit, as indicated by a significant likelihood 

ratio test, indicated the presence of conditional effects. Marginal R2 illustrated the 

proportion of variance explained by the fixed effects, while conditional R2 illustrated 

the variance explained by both the fixed and random effects.    

Transformations 

 We created a composite score for verbal and gestural scaffolds respectively. 

This resulted in a count variable for verbal scaffolds, where repetitions, definitions and 

questions were summed for each target word-child combination. For the gestural 

scaffold composite score, we created a binary variable which reflected the 

presence/absence of pointing or iconic gestures per each target word-child 

combination. These composites were used in our analyses to reduce issues associated 

with multiple testing. We provide descriptive statistics broken down by scaffold type 

below. 

Implementation 

 The models were implemented in R version 4.1.3 (2022-03-10) with the 

function glmer of the R package lme4 (version 1.1- 33) (Bates et al., 2015). Predicted 

probabilities were computed using the function ggpredict of the R package ggeffects, 

version 1.3.2 (Lüdecke, 2018).  

Results 

Descriptive statistics 

Across 550 observations analysed, caregivers provided no scaffold in only 10.4 

% of observations, at least one scaffold in 89.6% of observations, and more than one 

scaffold in 75.3% of observations. The means and standard deviations for verbal and 

gestural scaffolds, grouped by children’s lexical knowledge, are reported in Table 7. 

Verbal scaffolds were more frequent for unknown words than known words, and a 

similar pattern was observed across different types of verbal scaffolds, namely 

repetition, definition, and questions. There was comparable use of gestural scaffolds 

for unknown and known words. The means and standard deviation of verbal and 

gestural scaffolds grouped by book format are reported in Table 8. Means, standard 

deviations and correlations between quantitative variables can be consulted in Table 

S9 in the Supplementary Materials. 
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Table 7 Means and Standard Deviations of Caregivers’ Verbal and Gestural Scaffolds by 

Children’s Individual Lexical Knowledge as Reported by Caregivers in the Vocabulary 

Checklist 

Scaffold Children’s individual lexical knowledge 

 Unknown Known 

 
(M) (SD) (M)  (SD) 

Verbal (total)a 2.97 2.91 2.50 2.36 

Repetitionsa 1.32 1.51 1.11 1.18 

Definitionsb 0.51 0.50 0.33 0.47 

Questionsa 1.15 1.63 1.06 1.30 

Gestural (total)b 0.72 0.45 0.73 0.44 

Pointingb 0.70 0.46 0.72 0.45 

Other gestureb 0.11 0.32 0.11 0.31 

a count variable 

b binary variable 
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Table 8 Means and Standard Deviations of Caregivers’ Verbal and Gestural Scaffolds by 

Book Format 

Scaffold Book format 

 Print Digital 

 
(M)  (SD)  (M)  (SD) 

Verbal (total)a 2.86 2.45 2.59 2.81 

Repetitionsa 1.30 1.33 1.12 1.37 

Definitionsb 0.43 0.50 0.40 0.49 

Questionsa 1.13 1.32 1.07 1.59 

Gestural (total)b 0.81 0.39 0.65 0.48 

Pointingb 0.78 0.41 0.65 0.48 

Other gestureb 0.15 0.36 0.07 0.26 
 

a count variable 

b binary variable 

 

Preliminary analyses were conducted to check for any possible order effects on 

caregivers’ scaffold, both in terms of book format (print or digital presented first) and 

story presentation (story A or B presented first).  There were no order effects on verbal 

scaffolds (format:  = - 0.02, SE = .15, p = .88; story:  = - 0 .25, SE = .16,  p = .11), nor 

gestural scaffolds (format:  = .47, SE = .41,  p = .25; story:  = - 0.47, SE = .41,  p = .25). 

Preliminary analyses  also identified no differences in caregivers’ scaffolding as a 

function of child gender: verbal ( = .11, SE = .15, p = .46); gestural scaffolds ( = - 0.36, 

SE = .41, p = .38). 

Do caregivers fine-tune their communication to their child’s individual lexical 

knowledge? 

Verbal Scaffolds 

The results of the likelihood ratio test indicated that our full model was a 

significantly better fit to the data compared to the null model (χ2 = 8.59, df = 1, p = 
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.003), supporting the significant contribution of children’s individual lexical knowledge 

to caregivers’ verbal scaffolds. Our full model suggests that caregivers calibrated their 

verbal scaffolds and provided significantly fewer scaffolds for words that they thought 

their children already knew (  = -0.19, CI = - 0.32 – -0.07, p = 0.003). Importantly, the 

model controlled for children’s broader vocabulary knowledge, which was not 

significant (  = 0.01, CI = -0.05 – 0.07, p = 0.672), and for target words’ age of 

acquisition, which was no longer significant once children’s individual lexical 

knowledge was included in the model (  = 0.04, CI = -0.01 – 0.08, p = 0.099). Results 

also revealed that caregivers provided significantly fewer verbal scaffolds when 

reading a digital compared to a print book (  = - 0.13, CI = -0.23 – -0.02, p = 0.017). 

Model results are reported in Table 9. Incidence rate ratios can be consulted in Table 

S10 in the Supplementary Materials. 
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Table 9 Effects of Individual Lexical Knowledge (Vocabulary Checklist) on Caregivers’ 

Verbal Scaffolds  

Verbal scaffolds 

Null model Full model 

Predictors 
Estimat

e 
SE CI p 

Estimat
e 

SE CI p 

(Intercept) 0.12 0.3
6 

-
0.57 – 0.8

2 

0.726 0.53 0.3
8 

-
0.22 – 1.2

8 

0.16
9 

Vocabulary 
knowledge 

0.01 0.0
3 

-
0.05 – 0.0

7 

0.700 0.01 0.0
3 

-
0.05 – 0.0

7 

0.67
2 

Age of 
acquisition 

0.07 0.0
2 

0.03 – 0.1
0 

<0.00
1 

0.04 0.0
2 

-
0.01 – 0.0

8 

0.09
9 

Book format 
[digital] 

-0.14 0.0
5 

-0.24 – -
0.03 

0.009 -0.13 0.0
5 

-0.23 – -
0.02 

0.01
7 

Individual 
lexical 
knowledge 

    
-0.19 0.0

7 
-0.32 – -

0.07 
0.00

3 

Random Effects 

σ2 0.36 0.36 

τ00 0.42 child_ID 0.43 child_ID 

ICC 0.54 0.54 

N 78 child_ID 78 child_ID 

Observation
s 

550 550 

Marginal 
R2 / 
Conditional 
R2 

0.021 / 0.548 0.029 / 0.555 
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Gestural Scaffolds 

The likelihood ratio test did not support the significant contribution of 

children’s individual lexical knowledge to caregivers’ gestural scaffolds (χ2 = 0.846, df = 

1, p = 0.358). In contrast to the results reported above for verbal scaffold, there was no 

evidence that caregivers modulated their gestural scaffolds for target words according 

to their perception of their children’s individual word knowledge (  = 0.27, CI = -0.31 – 

0.85, p = 0.359). As in our previous analysis, the control predictors of children’s general 

vocabulary knowledge and target words’ age of acquisition were not significant (  = -

0.01, CI = -0.17 – 0.15, p = 0.870;   = 0.04, CI = -0.14 – 0.23, p = 0.643, respectively). In 

line with the results for verbal scaffolds, there was evidence that caregivers provided 

significantly fewer gestural scaffolds when reading a digital compared to a print book 

(  = -1.20, CI = -1.68 – -0.71, p < 0.001). Model results are reported in Table 10. Odds 

ratios can be consulted in Table S11 in the Supplementary Materials. 
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Table 10 Effects of Individual Lexical Knowledge (Vocabulary Checklist) on Caregivers’ 

Gestural Scaffolds  

Gestural scaffolds 

Null model Full model 

Predictors 
Estimat

e 
SE CI p 

Estimat
e 

SE CI p 

(Intercept) 2.24 1.1
5 

-
0.01 – 4.4

9 

0.051 1.67 1.3
0 

-
0.88 – 4.2

3 

0.200 

Vocabulary 
knowledge 

-0.01 0.0
8 

-
0.17 – 0.1

5 

0.882 -0.01 0.0
8 

-
0.17 – 0.1

5 

0.870 

Age of 
acquisition 

-0.00 0.0
8 

-
0.16 – 0.1

5 

0.955 0.04 0.0
9 

-
0.14 – 0.2

3 

0.643 

Book 
format 
[digital] 

-1.17 0.2
5 

-1.65 – -
0.69 

<0.00
1 

-1.20 0.2
5 

-1.68 – -
0.71 

<0.00
1 

Individual 
lexical 
knowledge 

    
0.27 0.3

0 
-

0.31 – 0.8
5 

0.359 

Random Effects 

σ2 3.29 3.29 

τ00 2.52 child_ID 2.54 child_ID 

ICC 0.43 0.44 

N 78 child_ID 78 child_ID 

Observation
s 

550 550 

Marginal 
R2 / 
Conditional 
R2 

0.056 / 0.465 0.058 / 0.468 
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Does Fine-Tuning Support Children’s Word Learning? 

As stated in our pre-registration, the effect of fine-tuning on word learning was 

examined only for scaffolds where there was evidence of fine-tuning. Our previous 

analyses indicated that caregivers fine-tune their verbal but not gestural scaffolds. 

Therefore, we analysed the contribution of verbal fine-tuning to word learning. The 

effect of book format on word learning was examined as a separate research question 

in a partially overlapping dataset (anonymised for review). Results of these analyses 

revealed no significant main effect of book format on word learning. For this reason, 

book format is not included in the following analyses. Word learning was evidenced by 

children’s performance in three tasks: phonological recall, semantic recall, and 

semantic recognition. The results for each outcome are reported below. 

Phonological Recall 

 The likelihood ratio test indicated that our full model was a better fit to the 

data than our null model (χ2 = 166.72, df = 3, p < 0.001), but the coefficients of the full 

model (Table 4) indicated that the interaction between individual lexical knowledge 

and verbal scaffolds was not significant (  = 0.09, CI = -0.23 – 0.40, p = 0.597), 

suggesting no clear benefit of fine-tuning for phonological recall. Vocabulary 

knowledge was significantly and positively related to phonological recall (  = 0.11, CI = 

0.02 – 0.19, p = 0.014), and the same was true for individual lexical knowledge (  = 

3.07, CI = 2.06 – 4.08, p < 0.001). Model results are reported in Table 11. Odds ratios 

can be consulted in Table S12 in the Supplementary Materials. 
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Table 11 Effects of Fine-Tuning on Phonological Recall 

Phonological recall 

Null model Full model 

Predictors 
Estimat

e 
SE CI p 

Estimat
e 

SE CI p 

(Intercept) -1.85 0.4
1 

-2.66 – -
1.04 

<0.00
1 

-4.14 0.6
8 

-5.47 – -
2.80 

<0.00
1 

Vocabulary 
knowledge 

0.08 0.0
4 

0.01 – 0.1
6 

0.031 0.11 0.0
4 

0.02 – 0.1
9 

0.014 

Individual 
lexical 
knowledge 

    
3.07 0.5

2 
2.06 – 4.0

8 
<0.00

1 

Verbal 
scaffolds 

    
-0.13 0.1

5 
-

0.44 – 0.1
7 

0.382 

Individual 
lexical 
knowledge 
× Verbal 
scaffolds 

    
0.09 0.1

6 
-

0.23 – 0.4
0 

0.597 

Random Effects 

σ2 3.29 3.29 

τ00 0.00 child_ID 0.00 child_ID 

N 78 child_ID 78 child_ID 

Observation
s 

550 550 

Marginal 
R2 / 
Conditional 
R2 

0.014 / NA 0.473 / NA 
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Semantic Recall 

 The likelihood ratio test indicated that our full model was a better fit to the 

data than our null model (χ2 = 160.46, df = 3, p < 0.001), and the coefficients of the full 

model (Table 5) supported the presence of a significant interaction between individual 

lexical knowledge and verbal scaffolds (  = -0.08, CI = -0.15 – -0.01, p = 0.024). Verbal 

scaffolds predicted semantic recall only for words that caregivers thought their 

children did not know, supporting the contribution of caregivers’ fine-tuning to 

children’s semantic recall. Paralleling our previous analysis on phonological recall, 

vocabulary knowledge was significantly and positively related to semantic recall (  = 

0.12, CI = 0.05 – 0.19, p = 0.001), and the same applied to individual lexical knowledge 

(  = 1.61, CI = 1.28 – 1.95, p < 0.001). Model results are reported in Table 12. 

Incidence rate ratios can be consulted in Table S13 in the Supplementary Materials. 
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Table 12 Effects of Fine-Tuning on Semantic Recall 

Semantic recall 

Null model Full model 

Predictors 
Estimat

e 
SE CI p 

Estimat
e 

SE CI p 

(Intercept) -1.72 0.4
2 

-2.53 – -
0.90 

<0.00
1 

-2.76 0.4
2 

-3.59 – -
1.93 

<0.00
1 

Vocabulary 
knowledge 

0.13 0.0
4 

0.05 – 0.2
0 

0.001 0.12 0.0
4 

0.05 – 0.1
9 

0.001 

Individual 
lexical 
knowledge 

    
1.61 0.1

7 
1.28 – 1.9

5 
<0.00

1 

Verbal 
scaffolds 

    
0.07 0.0

3 
0.01 – 0.1

3 
0.033 

Individual 
lexical 
knowledge 
× Verbal 
scaffolds 

    
-0.08 0.0

4 
-0.15 – -

0.01 
0.024 

Random Effects 

σ2 0.93 0.93 

τ00 0.48 child_ID 0.43 child_ID 

ICC 0.34 0.32 

N 78 child_ID 78 child_ID 

Observation
s 

550 550 

Marginal 
R2 / 
Conditional 
R2 

0.074 / 0.392 0.309 / 0.528 
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Semantic Recognition 

The likelihood ratio test indicated that our full model was a better fit to the 

data than our null model (χ2 = 32.18, df = 3, p < 0.001), yet the coefficients of the full 

model (Table 6) did not support the presence of a significant interaction between 

individual lexical knowledge and verbal scaffolds (  = 0.07, CI = -0.12 – 0.26, p = 

0.484). In line with previous analyses, vocabulary knowledge was significantly and 

positively related to semantic recognition (  = 0.18, CI = 0.07 – 0.29, p = 0.002), and 

the same applied to individual lexical knowledge (  = 1.10, CI = 0.45 – 1.76, p < 0.001). 

Model results are reported in Table 13. Odds ratios can be consulted in Table S14 in 

the Supplementary Materials. 
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Table 13 Effects of Fine-Tuning on Semantic Recognition 

Semantic recognition 

Null model Full model 

Predictors 
Estimat

e 
SE CI p 

Estimat
e 

SE CI p 

(Intercept) -0.53 0.5
4 

-
1.59 – 0.5

2 

0.32
1 

-1.23 0.6
1 

-2.42 – -
0.04 

0.04
3 

Vocabulary 
knowledge 

0.17 0.0
5 

0.07 – 0.2
7 

0.00
1 

0.18 0.0
6 

0.07 – 0.2
9 

0.00
2 

Individual 
lexical 
knowledge 

    
1.10 0.3

3 
0.45 – 1.7

6 
0.00

1 

Verbal 
scaffolds 

    
0.02 0.0

6 
-

0.09 – 0.1
3 

0.71
6 

Individual 
lexical 
knowledge × 
Verbal 
scaffolds 

    
0.07 0.1

0 
-

0.12 – 0.2
6 

0.48
4 

Random Effects 

σ2 3.29 3.29 

τ00 0.58 child_ID 0.72 child_ID 

ICC 0.15 0.18 

N 78 child_ID 78 child_ID 

Observation
s 

550 550 

Marginal 
R2 / 
Conditional 
R2 

0.051 / 0.194 0.143 / 0.298 
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Discussion 

The present study investigated whether and how caregivers display fine-tuning 

behaviours during shared reading interactions and whether this supports children's 

word learning. We also explored whether the book presentation format affected 

caregivers’ scaffolding. Caregivers adjusted their communication as a function of their 

children's individual lexical knowledge. This was apparent for verbal but not gestural 

scaffolds. There was evidence that fine-tuning supported word learning as assessed 

with a semantic recall task. Finally, caregivers provided significantly fewer verbal and 

gestural scaffolds when sharing a digital compared to a print book. We discuss each of 

these findings and their theoretical and practical implications in the following sections. 

Replicating and extending prior research (Donnellan et al., 2023; Leung et al., 

2021; Shi et al., 2022), these findings provide the first empirical evidence that 

caregivers fine-tune their verbal behaviour during shared book reading interactions. By 

demonstrating that fine-tuning behaviour extends beyond tablet-based reference 

game and toy play interactions (Donnellan et al., 2023; Leung et al., 2021; Shi et al., 

2022), this study supports the generalisability of fine-tuning hypothesis. This has 

important theoretical implications as it provides further clarity on caregivers' ability to 

precisely tailor their language to their children's lexical knowledge. Given the central 

role of shared book reading for early vocabulary development, these findings have also 

important practical implications. Adapting support to children’s individual word 

knowledge during shared book reading may be a promising way to reduce their 

cognitive load and optimise learning across a range of ability levels (Sadoski & 

Lawrence, 2023). 

These results also demonstrate for the first time that caregivers display fine-

tuning behaviour with 4- to 5-year-olds, an older age group compared to those 

examined in prior research (Donnellan et al., 2023; Leung et al., 2021; Shi et al., 2022). 

Whilst certain properties of child-directed language have been documented to change 

as children age (Huttenlocher et al., 2010), our data suggest that caregivers fine-tuning 

is a robust mechanism, adopted by caregivers for an extended period in child 

development, spanning from toddlerhood, as demonstrated in previous work (Leung 

et al., 2021), until, at least, five years of age, as illustrated in the current study.  
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In contrast to Donnellan and colleagues (2023) we did not find evidence that 

caregivers modulated their gestures as a function of children's lexical knowledge. 

There are different possible interpretations for these contradictory findings. First, it 

should be noted that pointing and iconic gestures were treated as the same gestural 

composite in our analyses to minimise the false discovery rate associated with multiple 

testing. Donnellan and colleagues (2023) differentiated between pointing and 

representational gestures and found evidence of caregivers' modulation for pointing 

but not for representational gestures. It is possible that fine-tuning is operational only 

for certain kinds of gestures, which would make our composite measure unsuitable for 

studying fine-tuning. Yet our descriptive statistics do not support such an 

interpretation, as they suggest similar levels of both pointing and iconic gestures 

across known and unknown words. Thus, an alternative possibility is that pointing was 

particularly important in the toy-play interactions as three unknown word-object 

associations were presented simultaneously (Donnellan et al., 2023). In contrast, in our 

shared reading materials unknown word-object associations were presented one page 

at a time, making the identification of the referent less challenging. Future studies 

investigating different learning and interactional contexts with varying degrees of 

referential ambiguity are needed to clarify the conditions under which caregivers 

modulate their use of gestures. 

We followed up on the relation between the identified verbal fine-tuning and 

children’s word learning. Our study was the first to include three different measures of 

word learning to capture complementary aspects of phonological and semantic 

representations. Results suggest that fine-tuning predicted semantic recall, but not 

phonological recall or semantic recognition. Whilst the relation between fine-tuning 

and word learning, in general, is in line with prior research (Donnellan et al., 2023; 

Leung et al., 2021; Shi et al., 2022), the specific measures of word learning for which 

this relation was found differ: semantic recall in the current study vs semantic 

recognition in prior research. This difference could be explained, at least in part, by the 

inclusion of older children in our study. For our age group and learning context, the 

benefit of fine-tuning may have become apparent only when assessing children’s 

deeper understanding of word meaning through semantic recall. Indeed, prior work 

also suggests that the positive effect of a scaffolding-like procedure during shared 
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reading becomes evident only when considering semantic recall (Blewitt et al., 2009). 

From a theoretical standpoint, the identification of a specific link between verbal fine-

tuning and semantic recall is in line with the notions of scaffolding (Wood et al., 1976) 

and zone of proximal development (Vygotsky, 1978). By taking into account children’s 

individual lexical knowledge, caregivers provide just the right level of support that 

enables children to efficiently acquire the semantic features of new words 

encountered during shared reading.  

Caregivers were less likely to provide both verbal and gestural scaffolds when 

reading a digital compared to a print book, which replicates and extends prior research 

on interaction quality during print-based and digital-based shared reading (Korat & Or, 

2010; Munzer et al., 2019; Ozturk & Hill, 2020). These results also align with recent 

work underscoring the importance of considering the conversational context 

(Brinchmann et al., 2023) and features of books (O’Rear et al., 2023) when examining 

the properties of caregivers’ input. Considering that early literacy experiences are 

rapidly changing, and digital books are becoming increasingly common (Kucirkova, 

2019), these findings are unique in contributing to the evidence-base needed to inform 

recommendations for users of research. 

One means through which scaffolds might enhance learning is through a 

reduction in overall cognitive load. Scaffolds may reduce cognitive load through 

different mechanisms. One possible mechanism is directing and focusing learners’ 

attention on relevant features in the environment. Pointing and repetition, for 

example, help to direct and focus attention to an object or picture and its name. 

Another possible mechanism through which scaffolds may reduce cognitive load is 

through the provision of multimodal cues (Sadoski & Lawrence, 2023). Gestures, 

shown to be effective in older children’s novel verb learning (De Nooijer et al., 2013), 

provide additional multimodal support, which is particularly important from an 

embodied cognition perspective (Smith & Gasser, 2005). Questions and definition-

based expansions would reduce the inferential load on the child, an important 

predictor of older children’s word learning from text (Cain, Lemmon, et al., 2004). 

Future research might usefully seek to disentangle the contributions of scaffolds that 

direct attention from those that provide additional multimodal support for 
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phonological and semantic representations of the word, to understand better the 

mechanisms that underpin different aspects of word learning.   

Limitations and Future Directions 

It should be acknowledged that this study comes with limitations and 

suggestions for further research, additionally to those already noted. It is important to 

note that a relatively small set of words was included in our study materials. We 

discussed why this is a common issue in the shared reading literature and suggested 

potential solutions in (anonymised). Relatedly, only concrete nouns for animals and 

tools were studied in this work. It is critical for future research to consider a range of 

word types, including adjectives and verbs, to establish if these results generalise for 

words other than concrete nouns. The present study provides the first evidence that 

fine-tuning generalises to the shared reading context, but future work is needed to 

directly compare fine-tuning in different interactional contexts (e.g., toy play, shared 

reading, mealtime conversations) to identify similarities and differences in use and 

effectiveness across contexts. Also, we did not analyse prosody, another type of 

scaffold that caregivers adapt in relation to 3- to 4-year-olds’ individual lexical 

knowledge, and shown to predict word learning during toy play interactions, and 

vocabulary one year later (Shi et al., 2022). Such work would provide much-needed 

information to inform our understanding of how fine-tuning operates at the individual 

level, across contexts and scaffolds. 

It should also be noted that current paradigms to investigate fine-tuning rely on 

caregivers’ reports of children’s word knowledge. There are at least two limitations 

associated with this approach. One is the reliability of these measures, and another 

one is that asking caregivers to reflect on children’s lexical knowledge may influence 

their subsequent behaviour. Advances in automated analyses of the home 

environment may provide a useful tool to overcome this limitation. This study is also 

limited in that it measures word learning over a short timescale. Future research 

should consider the effect of fine-tuning over longer time scales, for instance, by 

including longitudinal measures of vocabulary development (Shi et al., 2022). 

Importantly, these measures should capture both the breadth and depth of vocabulary 

knowledge to reflect the richness of the developing lexicon (Hadley et al., 2019). 
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Our findings are also limited to the cultural context of our participating sample, 

which was recruited within travelling distance of our child assessment labs. Therefore, 

replication to different cultural contexts is warranted. Finally, our identification of the 

detrimental effects of digital format on caregivers’ multimodal scaffolds underscores 

the importance of conducting further research into the design of digital books. 

Understanding which features of digital books can enhance caregiver-child interactions 

and support children’s understanding and learning is a pressing challenge in an 

increasingly digital world. 

Conclusions 

 The importance of caregivers’ mediation to enhance word learning from shared 

reading is well established. Here we showed for the first time that caregivers adapt 

their verbal communication to their children’s individual lexical knowledge during 

shared reading and that this supports children’s learning of new word meanings. These 

results suggest that caregivers’ mediation is particularly effective when it is tailored 

and individualised to the child’s current knowledge of specific words. We also 

identified the detrimental effects of digital book format on caregivers’ multimodal 

scaffolds, urging further research on how best to design digital books to support social 

interaction, understanding and learning in early childhood. This area of inquiry may be 

fruitfully informed by caregivers’ fine-tuning behaviours. 
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Chapter 4: The Associations between Child and Item 

Characteristics, Use of Vocabulary Scaffold, and Reading 

Comprehension in a Digital Environment: Insights from a Big 

Data Approach 

 

Linking Statement 

This pre-registered secondary data analysis (Project https://osf.io/hfe53/; 

Registration https://doi.org/10.17605/OSF.IO/62C4Q) leveraged on an existing big 

dataset of user log files, resulting from children’s interaction with a digital reading 

supplement. This study was necessitated by the travel restrictions during 2020-2021 

and starting the PhD remotely. It focuses on a slightly older age group than the 

participants in chapters 2 and 3, namely, children aged 5 to 8 years who were learning 

to read. It also focuses entirely on digital reading, by exploring the links between the 

use of vocabulary scaffolds and reading comprehension in a digital reading 

supplement. This study addresses themes common to the earlier work, by looking at 

the role of scaffolds and the influence of child characteristics on their uptake and 

effect.  

  

https://osf.io/hfe53/
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Abstract 

Scaffolding features that provide multimodal support for the pronunciation and 

meaning of words are increasingly common in digital reading environments. These 

vocabulary scaffolds are intended to aid the accurate pronunciation and understanding 

of individual words in context, thus supporting both vocabulary development and 

comprehension of text. However, the evidence on their efficacy remains inconclusive. 

The present study adds to the evidence base by examining: 1) whether child 

characteristics predict the use of vocabulary scaffolds; 2) whether the use of 

vocabulary scaffolds is associated with reading comprehension performance; and 3) 

whether the association between the use of scaffolds and reading comprehension is 

modulated by child and/or item characteristics. A large cohort (N ~ 120,000) of 5- to 8-

year-old children in the United States interacted with a gamified digital reading 

environment with embedded vocabulary scaffolds, thereby generating a large 

observational dataset of user log files. Confirmatory analyses with Generalized Linear 

Mixed Models (GLMMs) indicated that children with lower literacy skills, beginning 

readers, girls, and bilingual students were more likely to use the scaffold. Overall, the 

use of scaffolds was associated with better reading comprehension performance. The 

association between the use of scaffolds and reading comprehension was modulated 

by both child and item characteristics. We conclude that vocabulary scaffolds may be 

promising tools to facilitate reading comprehension and reduce performance 

differences amongst diverse learners in digital reading environments. Educational 

implications and recommendations for future research are discussed.  

 

Keywords: vocabulary, reading comprehension, scaffolding features, multimedia 

learning, big data 
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Introduction 

Digital texts afford novel opportunities to scaffold children’s reading 

comprehension (Dalton et al., 2011; Gonzalez, 2014; Proctor et al., 2007; Zou et al., 

2021). They provide a critical opportunity for learning through in-built scaffolding 

features that offer multimodal support (i.e., auditory and visual) for the pronunciation 

and meaning of words. These features, also referred to in the literature as hypertext 

glosses (Yun, 2011), dictionaries (Furenes et al., 2021), annotations (Akbulut, 2007) 

and vocabulary supports (Gonzalez, 2014; Proctor et al., 2007), are intended to 

support the accurate pronunciation and understanding of individual words in context, 

potentially promoting both vocabulary development and comprehension of the text. 

To date, evidence supporting the benefits of digital scaffolds remains elusive, and a 

thorough evaluation of these features is lacking. First, little is known about which child 

characteristics predict the use of such scaffolds when they are available to the reader 

on an as-needed basis. Second, the association between use of scaffolds and reading 

comprehension remains unclear, with mixed evidence arising potentially from diverse 

participants and item characteristics across studies (Abraham, 2008; Furenes et al., 

2021).  

Our study was designed to address these gaps in our knowledge to provide a 

detailed and critical evaluation of the associations between child and item 

characteristics, use of vocabulary scaffolds, and reading comprehension in a digital 

environment. We exploited a large observational dataset of children’s interactions 

with a real-world digital reading product that was supplementary to the established 

classroom curriculum. Our analyses identified critical factors that were associated with 

the use of scaffolds, and which modulated the associations between the use of 

scaffolds and reading comprehension.  

Scaffolding Principle 

A scaffold was originally defined as a process that enables a child or novice to 

solve a problem, carry out a task, or achieve a goal that is beyond their unassisted 

efforts (Wood et al., 1976). Contemporary definitions of scaffolds are, however, more 

nuanced and include several tools and aids. Scaffolds have been investigated across a 

wide range of learning contexts, including instruction in narrative skills (Pesco & 

Gagné, 2017), problem-based learning for science, technology, engineering and 
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mathematics education (N. J. Kim et al., 2018), and simulation-based learning in 

medical or teacher training (Chernikova et al., 2020). Scaffolds have been found to 

benefit learning in different age groups, including children (Pesco & Gagné, 2017) and 

adults (Chernikova et al., 2020).  

With respect to reading comprehension, instructional scaffolding represents a 

flexible and adaptable model (Clark & Graves, 2005). A scaffolded reading experience 

may involve a range of activities that can take place before, during, or after reading. 

These activities include pre-teaching vocabulary, relating the content to children’s 

lives, asking questions and discussing the text (Clark & Graves, 2005). These scaffolds 

have all proved beneficial for reading comprehension (Blything et al., 2020; Degener & 

Berne, 2017; Elleman et al., 2009; Mckeown et al., 2009; Zucker et al., 2010). In 

relation to the specific focus of this study, a meta-analysis evaluating the effect of 

vocabulary instruction on passage-level comprehension found a positive impact for 

classroom-based instruction focused on increasing word knowledge (Elleman et al., 

2009). This provides strong evidence for the potential benefit of scaffolds for 

vocabulary items to support understanding of text.  

Beyond traditional instructional scaffolding, technology-based scaffolding is 

becoming increasingly common. Digital environments, and consequently digital texts, 

afford novel opportunities to scaffold children’s reading comprehension (Dalton et al., 

2011; Gonzalez, 2014; Proctor et al., 2007; Zou et al., 2021). Indeed, the medium lends 

itself to support independent reading with built-in scaffolds. For instance, empirical 

work has shown that text-to-speech read aloud functionality scaffolds text 

comprehension for grade 3 and 4 students with disabilities (Gonzalez, 2014). 

Moreover, an intervention study found that the use of scaffolds that provide 

comprehension strategies embedded in digital texts positively relates to reading 

comprehension gains in 4th graders (Proctor et al., 2007). Importantly, digital 

environments often incorporate gamification and adaptivity principles, which are both 

powerful tools for promoting motivation and learning (Cohen et al., 1982; Lämsä et al., 

2018; Manzano-León et al., 2021). Despite the promise of digital supplements in 

education, there is consensus that specific features need to be evaluated carefully in 

relation to learning outcomes to disentangle which features works best and for whom 

(Lämsä et al., 2018; Manzano-León et al., 2021; Mayer, 2020). Our focus here is on the 
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evaluation of scaffolding features which were designed to promote understanding of 

single words in context and embedded in a gamified digital reading environment. The 

scaffolds included written definitions, and auditory and visual support for 

pronunciation and meaning of target words, which could be used on an as-needed 

basis. A comprehensive evaluation of these features is crucial given the strong and 

reciprocal relationship between vocabulary knowledge and reading comprehension 

(Cain & Oakhill, 2018). 

Vocabulary Knowledge and Reading Comprehension 

Vocabulary knowledge is a unique predictor of word reading in kindergarteners 

(Y. S. Kim et al., 2014), and reading comprehension in later grades (Oakhill & Cain, 

2012; Quinn et al., 2015). As noted above, a meta-analysis exploring the impact of 

vocabulary instruction on passage-level comprehension for school-age children found 

a positive impact for this type of scaffold, and indicated that the impact was three 

times greater for students with reading difficulties (Elleman et al., 2009). Thus, 

vocabulary instruction is viewed as a crucial ingredient of interventions targeting 

reading fluency and reading comprehension (Wolf & Katzir-Cohen, 2009). Importantly, 

vocabulary development and reading comprehension, and its core skills such as 

inference, are interdependent (Cain & Oakhill, 2018; Language and Reading Research 

Consortium et al., 2019): vocabulary knowledge is both foundational to reading 

comprehension, and also boosted by reading practice, presumably because good text 

comprehension skill enables readers to derive the meanings of unfamiliar words from 

context (Cain et al., 2003). Written text indeed provides a rich source of exposure to a 

range of less frequent and less familiar words in context (Cunningham & Stanovich, 

1998; Montag et al., 2015).  

Vocabulary Scaffolding Features 

Given both the strong relationship between vocabulary and reading 

comprehension (Cain & Oakhill, 2018), and written text itself as a rich source of new 

word learning (Cunningham & Stanovich, 1998; Montag et al., 2015), there is a need to 

understand the role of vocabulary scaffolds in digital texts. These scaffolds have 

proven beneficial for vocabulary learning for struggling readers and second language 

learners (Liu & Leveridge, 2017; Proctor et al., 2007; Yun, 2011), as well as for young 

children in the context of shared reading (Furenes et al., 2021). Indeed, inferring the 
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meanings of novel words from linguistic contexts may be particularly challenging for 

children with poor reading comprehension (Cain et al., 2003) and for second language 

learners (Nassaji, 2003).  

The positive effect of vocabulary scaffolding features that combine pictorial 

support and definitions on word learning aligns with the wealth of research 

documenting the benefits of studying vocabulary with verbal explanations and images 

as compared to studying with only verbal explanations (Akbulut, 2007; Andrä et al., 

2020; Hald et al., 2016; D. Kim & Gilman, 2008; Rowe et al., 2013; Tonzar et al., 2009). 

This so-called picture superiority effect in vocabulary acquisition has been explained by 

the dual coding theory (Paivio & Csapo, 1973), which posits that image and verbal 

memory codes are independent and have an additive effect on recall. Similarly, the 

cognitive theory of multimedia learning explains the picture superiority effect as a 

multimedia effect, in which students learn more deeply from words and pictures than 

from words alone (Mayer, 2017; Mayer, 2003; Mayer & Moreno, 2003; Mayer & Sims, 

1994). 

Evidence documenting the impact of vocabulary scaffolds on reading 

comprehension is mixed. Whilst some meta-analytic evidence suggests that vocabulary 

scaffolds have an overall medium size effect on second language reading 

comprehension in university students (Abraham, 2008), other meta-analytic research 

shows that dictionaries embedded in digital storybooks aid word learning, but have a 

negligible or negative impact on story comprehension in children up to 8 years of age 

(Furenes et al., 2021). However, these results refer to a small subsample (n = 5) of the 

studies included in this meta-analysis. Indeed, another study of children aged 4 to 6 

(Korat & Shamir, 2012), not included in the synthesis by Furenes and colleagues 

(2021), found a significant and positive association between story comprehension and 

gains in knowledge and decoding of words that received direct computer support (i.e., 

support was given a priori to all children for target words) but did not find gains in 

knowledge and decoding of words that did not receive the computer supports. This 

finding suggests a positive association between the provision of vocabulary scaffolds 

and young children’s story comprehension in digital environments. Studies reporting a 

positive association between use of vocabulary scaffolding features and reading 

comprehension are in line with both dual coding theory (Paivio & Csapo, 1973) and the 
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cognitive theory of multimedia learning (Mayer, 2017; Mayer, 2003; Mayer & Moreno, 

2003; Mayer & Sims, 1994), and also with research involving older children that has 

demonstrated the benefits on reading comprehension of training children to use 

mental imagery (Francey & Cain, 2015; Joffe et al., 2007). The inconsistent findings 

across studies potentially arise from diverse child and item characteristics. To date, 

there is a dearth of studies that have systematically investigated the associations 

between use of vocabulary scaffolds and young readers’ comprehension of short 

digital text during independent reading, while accounting for both child and item 

characteristics. This is an innovative feature of our study.  

Child Characteristics  

Vocabulary scaffolds can be made available to the learner on an as-needed 

basis. This approach assumes that readers are aware of their vocabulary and 

comprehension support needs as they progress through the text. Such metacognitive 

awareness is likely to vary as a function of reader characteristics, such as ability level 

and age (Baker & Cerro, 2000; Kirby & Moore, 1987), gender (Sadeghi & Khezrlou, 

2012; Tseng et al., 2006; Wu, 2014), and degree of bilingualism (Abu Rabia, 2019). To 

the best of our knowledge, research on individual differences in the selection of 

vocabulary scaffolds embedded in digital texts is lacking. However, reading skills 

predict 11-year-old students’ selection of cohesive, semantically related hyperlinks 

(Salmerón & García, 2011), suggesting that literacy skills may influence how young 

readers go about navigating and searching for information in digital texts. With respect 

to gender, it has been shown that female students between 11 to 25 years employ 

more self-regulated strategies in vocabulary learning when reading texts compared to 

male students (Sadeghi & Khezrlou, 2012). Additionally, girls aged 5 to 7 years have 

been observed to outperform boys on a task designed to assess novel word learning, 

but only when learning phonologically or semantically familiar information 

(Kaushanskaya et al., 2013), suggesting that girls use different strategies compared to 

boys when learning novel words. Girls also outperform boys in knowledge of 

metacognitive strategies and navigation skills when engaged in online reading (Wu, 

2014). Regarding language status, bilingualism is also associated with increased use of 

metacognitive reading strategies (Abu Rabia, 2019).  
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Child characteristics may also modulate the associations between use of 

vocabulary scaffolds and reading comprehension. This association may depend on 

both the child’s background knowledge and their use of strategies. For example, meta-

analytic evidence documenting the process of acquiring novel words in a foreign 

language suggests that the impact of scaffolds is greater for beginner learners than 

advanced learners (Yun, 2011). To date, little is known about which child 

characteristics predict the use of scaffolding features and modulate the associations 

between use of vocabulary scaffolds and reading comprehension. This information is 

essential to understand who can benefit most from this feature, and who may need 

additional support. 

Item Characteristics  

Another dimension to consider is that word class, as well as the inherent 

psycholinguistic properties of the scaffolded words, may pose different challenges to 

learners, and thus modulate the associations between use of vocabulary scaffolds and 

reading comprehension. Studies on early language acquisition suggest that novel 

nouns are learnt more easily than novel verbs (Childers & Tomasello, 2002; Gentner, 

1982; Goldin-Meadow et al., 1976) and the same advantage for nouns is apparent in 

second language acquisition (Ellis & Beaton, 1993). Nevertheless, the concept of noun-

bias has been challenged: Fourth graders demonstrate a learning advantage for non-

nouns (i.e., verbs, adjective and adverbs) compared to nouns during story reading 

(Schwanenflugel et al., 1997). These mixed findings emphasize the need to take word 

class into account when examining the associations between use of vocabulary 

scaffolds and reading comprehension. Psycholinguistic properties of the words may 

also influence how easily they are learned. For instance, concreteness influences 

children’s ability to learn words (Hadley et al., 2016). Moreover, the frequency of a 

word in child-directed speech and imageability ratings are both important predictors 

of lexical development (Hansen, 2017).  

Present Study 

The research evidence reviewed suggests that vocabulary scaffolds embedded 

in digital texts can play an important role in word learning. However, the strength of 

the association between use of scaffolds and reading comprehension remains unclear, 

with mixed findings arising potentially from diverse participant and item 
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characteristics. The current study was designed to address these gaps in our 

knowledge using secondary data analysis to answer the following critical research 

questions:   

1) Do child characteristics predict the use of vocabulary scaffolds? 

2) Is the use of vocabulary scaffolds associated with reading comprehension? 

3) Is the association between use of scaffolds and reading comprehension 

conditional on child and/or item characteristics?  

We examined the performance of a large cohort of young readers in the United 

States in a digital reading environment. During a gamified comprehension task, 

students acted as a newspaper editor and judged whether picture-text pairs matched 

in meaning or not. The task was designed to promote interest level, which has been 

shown to enhance comprehension monitoring in children with poor reading 

comprehension (De Sousa & Oakhill, 1996). Throughout the game, vocabulary scaffolds 

for target words were signalled by underlining. The student could select the word to 

get audio and visual support for its pronunciation and meaning. Our analysis examined 

the use of the scaffolds and the associations between use of scaffolds and reading 

comprehension as evidenced by performance on the sense-matching task, across a 

range of child and item characteristics.  

Research Question 1: Do child characteristics predict the use of vocabulary scaffolds?  

Our first research question investigated child characteristics as predictors of 

scaffold use. We examined four child characteristics: Literacy skill, grade (as a proxy for 

chronological age), gender, and language status (monolingual vs bilingual students). 

Whilst previous research on hyperlink selection strategies shows that reading ability 

influences how children search information and navigate digital texts (Salmerón & 

García, 2011), the reading environment and type of scaffold in that study differed 

substantially from our own, so we did not make directional predictions about the 

influence of reading skills and age on scaffold use. With respect to gender, however, 

we predicted that girls would be more likely to use scaffolds, because previous 

research has shown that girls are more likely to use self-regulated strategies in 

vocabulary learning (Sadeghi & Khezrlou, 2012), and have better knowledge of 

metacognitive strategies and navigation skills in online reading (Wu, 2014). Regarding 

language status, we hypothesized that bilingual students would make greater use of 
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scaffolds, since bilingualism is associated with an increased use of metacognitive 

reading strategies (Abu Rabia, 2019).  

Research Question 2: Is the use of vocabulary scaffolds associated with reading 

comprehension?  

Our second research question investigated the associations between use of 

vocabulary scaffolds and reading comprehension. We predicted that scaffold use 

would be associated with greater item accuracy (i.e., reading comprehension), given 

the strong relationship between vocabulary and reading comprehension (Cain et al., 

2003) and previous meta-analytic evidence (Abraham, 2008). However, we note the 

findings of a recent meta-analysis indicating that an embedded dictionary aided word 

learning had a negligible or negative impact on story comprehension (Furenes et al., 

2021).  

Research Question 3: Is the association between use of scaffolds and reading 

comprehension conditional on child and/or item characteristics?   

Our third research question addressed whether the associations between use 

of vocabulary scaffolds and reading comprehension was modulated by child and/or 

item characteristics. Our child characteristics of interest were early literacy skills, 

grade, gender, and language status. Yun’s (2011) meta-analysis showed that the 

impact of similar scaffolds was greater in beginner as opposed to more advanced adult 

learners, during the acquisition of novel words in a foreign language. If those findings 

generalize to children, and to the domain of reading comprehension, the associations 

between scaffold use and reading comprehension should be positive and greater for 

children with lower literacy skills and beginner readers. Due to a lack of previous 

studies in this area examining the influence of gender and language status, we did not 

make specific predictions about how gender and language status might modulate the 

associations between use of vocabulary scaffolds and reading comprehension.  

Lastly, we hypothesize that the associations between use of vocabulary 

scaffolds and reading comprehension would differ by word type, because they pose 

different challenges to learners (Childers & Tomasello, 2002; Ellis & Beaton, 1993; 

Gentner, 1982; Goldin-Meadow et al., 1976; Schwanenflugel et al., 1997). Specifically, 

we predicted that the associations between use of vocabulary scaffolds and reading 

comprehension would be positive and stronger for nouns than for other word types, 



 

 117 

due to research demonstrating that nouns are easier to learn (Childers & Tomasello, 

2002), and also because nouns are typically more concrete (Goldin-Meadow et al., 

1976), making them easier to depict and define with the type of scaffold under 

investigation.   

Methods 

To address our research questions, we exploited an existing large observational 

dataset. The dataset was supplied through a project-specific data sharing agreement 

with Amplify Education, a private company dedicated to the development and 

commercialization of digital educational tools. The dataset consists of 

behavioural/usage data (i.e., user log files) relative to the Reveal Words vocabulary 

scaffolding feature embedded in the Read All About It reading game. The data 

procured was for students who played the game between 01/09/2020 and 28/04/21, 

as part of a broader digital reading supplement, Amplify Reading. This study has 

received Ethical approval from the Faculty of Science and Technology, Lancaster 

University (reference number: FST-2022-1098-RECR-5). Our analysis plan was 

preregistered and is available on the Open Science Framework (OSF): Diprossimo, L., 

Cain, K., & Ushakova, A. (2021, June 9). Vocabulary Scaffolding Features and Young 

Readers’ Comprehension of Digital Text: Insights from a Big Observational Dataset. 

https://doi.org/10.17605/OSF.IO/62C4Q.  

Participants 

Children across the U.S., primarily based in Southern California and Texas, 

played the Read All About It game as part of a broader digital reading supplement. 

Observations with missing data on key variables of interest (i.e., literacy skills, grade 

level3, gender4, and language status) were removed. We then randomly sampled 

within the large observational dataset to reduce it to half of all cases per each game 

item/use of scaffold combination. This was done to save computational time while 

preserving the dataset’s inherent characteristics. With large enough samples, there is a 

certain point after which increasing the sample size will not affect the results but may 

 
3 Grade level was our proxy for chronological age, as precise information on chronological age was not 

available in the anonymised dataset. 
4 Here we use the term gender in line with the previous literature and to acknowledge the fact that literacy 

is embedded in a socio-cultural context. Strictly speaking however, we classed our participants on 

reported biological sex. 

https://doi.org/10.17605/OSF.IO/62C4Q
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bring additional computational challenges. After subsampling, our sample was still 

much larger (N ~120,000) than those commonly reported in the literature. English 

monolingual and bilingual students5 aged between 5 and 8 years were included. The 

data set used for this analysis included only student data from classroom use of 

Amplify Reading. No personally identifiable information (for either children, schools, or 

school districts) was included in the dataset that was analysed.   

Early literacy skills were measured for each child with the Dynamic Indicators of 

Basic Early Literacy Skills (DIBELS), 8th edition, (University of Oregon, Center on 

Teaching and Learning, 2018). DIBELS is a set of short, standardized assessments that 

can be used for universal screening, benchmark assessment, and progress monitoring. 

DIBELS was administered by school teachers to evaluate letter naming fluency, 

phonemic segmentation, nonsense word fluency, word reading fluency, oral reading 

fluency, and reading comprehension (using a maze – or cloze – task).  The scores of the 

different DIBELS subtests enabled the classification of students into four composite 

performance levels: well below benchmark, below benchmark, at benchmark, and 

above benchmark. Our analysis employed composite performance levels as an overall 

measure of literacy skills. The composition of our sample is summarized in Table 14. 

  

 
5 Here we use the term bilingual in an inclusive way, encompassing a variety of types of bilingualism. 

Our dataset does not permit distinction between, for example, simultaneous or sequential bilingualism. 

Examination of these more fine-grained distinctions were, therefore, beyond the scope of this study. 
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Table 14 Descriptives for the Key Variables of Interest in the Study Sample: Literacy 

Skills, Grade, Gender, and Language Status. Information on Reported Race is also 

Provided  

  Count Proportion (%) 

Literacy skills (DIBELS) Above Benchmark 26956 23.1 

 At Benchmark 29024 24.87 

 Below Benchmark 18163 15.56 

 Well Below Benchmark 42570 36.47 

Grade K 21369 18.31 

 1 32673 27.99 

 2 41775 35.79 

 3 20896 17.9 

Gender Male student 59019 50.57 

 Female student 57694 49.43 

Language status English monolingual 90636 77.66 

 Bilingual student 26077 22.34 

Race Black or African American 18471 15.83 

 White 22813 19.55 

 Hispanic or Latino 61884 53.02 

 Asian 5256 4.5 

 Multiracial/other 2387 2.05 

 Native Hawaiian, Pacific 

Islander, American Indian, 

Alaskan Native 

2386 2.04 

 Not available 3516 3.01 
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Learning Materials 

Read All About It is a reading game designed to foster automaticity in reading. 

In a gamified comprehension task, students are presented with text-picture pairs that 

assess understanding of a target item. They are encouraged to act as newspaper 

editors and judge whether the text matches the picture by selecting (i.e., mouse 

clicking or tapping) either the correct (i.e., V) or incorrect (i.e., X) option (Figure 4a). 

The decodable text includes the sound-spelling correspondences, word features (e.g., 

prefixes/suffixes), and phonics rules that they have learned and practised in other 

games. The game is introduced after students have been taught 10 individual letter 

sounds. Content builds as students learn new letter-sound correspondences, letter 

combinations, and phonics rules through multisyllabic decoding. Content difficulty 

increases as the child progresses to more advanced levels. Each child is initially 

assigned to a game level based on their reading ability, and provisionally removed 

from a game level if they repeatedly fail; this is done to minimize their frustration.  
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Figure 4 Example of Game Item, Scaffolding Feature and Child’s Decision Tree  

  

a)        b) 

 

c) 

 

Note. (a) Gamified reading comprehension item, (b), Reveal Word scaffolding feature 

for the word “mast”, (c) child’s decision tree while navigating an item in the game.  

 

Throughout the game, the Reveal Words scaffold (Figure 4b) appears with the 

target word underlined. The student may select this word to get immediate support 

for its meaning via written definition and pictorial support, which appears 

simultaneously. We note however that pictorial support was not provided for a small 

proportion of scaffolded words6. Auditory support for pronunciation and definition 

were available by further clicking on the speaker symbols (see Figure 4c for a sketch). 

Reveal Words scaffolds were available for a range of word types (i.e., nouns, adjective, 

 
6 Overall, pictorial support was available for 71% of the scaffolds. We return to this point in our 

exploratory analysis. 
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adverbs, verbs, and prepositions)7. The game comprises a total of 54 game levels, 505 

game items, and 581 Reveal Words scaffolds. The type and number of Reveal Words 

scaffolds varied across game items. The words that received Reveal Words support 

were selected based on the Biemiller ratings (Biemiller, 2010), playtesting feedback, 

and the English Vocabulary Profile (www.englishprofile.org). The full list of scaffolded 

words is available in the Supplementary Materials.  

Procedures 

Children played the Read All About It game via a tablet or a PC in school 

settings. The data collection was a continuous process, as data were collected 

iteratively, every time a child logged into the game. Log files provided information 

about usage, such as Reveal Words feature selection, and accuracy for the 

comprehension task. Each log file was associated with a unique identification code for 

each child. Early literacy skills, grade, gender, and language status were also encoded 

in the log files. A codebook with full list of information available in the log files can be 

consulted in the Supplementary Materials. 

Analytical Approach 

Statistical Models 

Research Question 1: Do child characteristics predict the use of vocabulary 

scaffolds? To investigate which child characteristics influenced the probability of using 

at least one scaffold per game item, we fitted a Generalized Linear Mixed Model 

(GLMM; Baayen 2008) with binomial error structure and logit link function (McCullagh 

& Nelder, 1989). Our binary outcome was the use of the scaffold. We included early 

literacy skills as measured by DIBELS, grade level (as a proxy for age), gender, and 

language status, all as fixed effects; we further included game item and level as 

random effects to account for potential differences arising from individual game items 

and levels. 

Research Question 2: Is the use of vocabulary scaffolds associated with 

reading comprehension? Similar to the first analysis, we fitted a Generalized Linear 

Mixed Model (GLMM; Baayen 2008) with binomial error structure and logit link 

 
7 The scaffold was available for 311 nouns, 59 adjectives, 20 adverbs, 188 verbs, and 2 prepositions. 

Pictorial support was provided for 77% of nouns, 63% of adjective, 25% of adverbs, 69% verbs and 

100% of prepositions.  

 

https://www.englishprofile.org/wordlists
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function (McCullagh & Nelder, 1989) to investigate what influenced the probability of 

being correct in each game item. Here our binary outcome was the accuracy in each 

game item. We included the use of at least one scaffold per game item as a test 

predictor, and literacy skills as measured by DIBELS, grade, gender, and language 

status, as control variables. As before, we controlled for the random effect of each 

game item and level to account for potential differences arising from individual game 

items and levels. 

Research Question 3: Is the association between use of scaffolds and reading 

comprehension conditional on child and/or item characteristics? We further 

expanded our previous model by including the interactions between the use of the 

scaffold and each of the child characteristics of interest (i.e., early literacy skills, grade, 

gender, and language status) as well as the number of scaffolded nouns, adjectives, 

adverbs, verbs, and prepositions as test predictors. As before, we controlled for the 

random effect of each game item and level to account for potential differences arising 

from individual game items and levels. 

Model Selection 

Model selection was guided by the results of the incremental likelihood ratio 

test (Matuschek et al., 2017), which indicates whether a specific term significantly 

improves the model fit. The selection process started at the baseline model (a model 

lacking our test predictor), adding a single predictor at a time until we reached the full 

model, as indicated in our pre-registration (https://doi.org/10.17605/OSF.IO/62C4Q).  

Inference Criteria 

 To evaluate the significance of the contribution of our predictors, whilst 

avoiding multiple testing (Forstmeier & Schielzeth, 2011), we compared our full 

models with null models lacking our test predictors but being otherwise identical using 

the likelihood ratio test. The significance of the beta coefficients was indicated by p < 

.05. Null hypothesis significance testing was complemented by examination of odds 

ratios and relative confidence intervals (see tables in Supplementary Materials). Odds 

ratio provided an index of the strength of the relationships between our predictors and 

outcome, thus enabling meaningful comparison between predictors. Marginal effects 

were plotted to provide straightforward visualization of predicted probabilities for the 

results of the more complex models (Lüdecke, 2018). Significant interaction terms 

https://doi.org/10.17605/OSF.IO/62C4Q
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accompanied by improvement in the model fit, as indicated by a significant likelihood 

ratio test, indicated the presence of conditional effects. Marginal R2 indicated the 

variance explained by the fixed effects, while conditional R2 indicated the variance 

explained by both the fixed and random effects. 

Model Implementation 

 The models were implemented in R (version 4.0.4. 2021-02-15) with the 

function glmer of the R package lme4 (version 1.1- 26) (Bates et al., 2015). Marginal 

effects (i.e., predicted probabilities) were computed using the function ggpredict of 

the R package ggeffects (Lüdecke, 2018). Predicted probabilities plots are provided for 

visualisation purposes and were used to guide the interpretation of interaction terms. 

Best practice guidelines for the reporting of mixed models (Meteyard & Davies, 2020) 

were followed (i.e., we report the version of the software and packages used, data 

preparation steps, model selection and model output including coefficients, standard 

errors, confidence intervals and p-values, random effects, and R2 as an index of model 

fit). 

Exploratory Analysis 

 Exploring the Contribution of Pictorial Support, Pronunciation Support, 

Spoken and Written Definition and their Combinations. 

 We ran an exploratory analysis to examine the unique contributions of the 

different components of the scaffold (i.e., picture, pronunciation, written and spoken 

definitions) and their combinations (i.e., picture-pronunciation, picture-definition, 

pronunciation-definition, and all those together) on reading comprehension 

performance. To enable this, we subset our dataset and focused on instances where a 

single Reveal Words scaffold was used in each game item. This approach enabled us to 

quantify the proportion of correct responses across different components of the 

scaffold that were available and used, while fixing the number of scaffolds constant at 

1 to ensure comparability across game items. 

 Do Age of Acquisition and Concreteness of Scaffolded Words Influence the 

Associations between Use of Scaffolds and Reading Comprehension?  

We modelled an observational dataset, which was not designed for research 

purposes. Therefore, we checked whether key psycholinguistic variables such as age of 

acquisition and concreteness varied systematically across word types in our dataset. 
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We further explored whether age of acquisition and concreteness influenced the 

effectiveness of the scaffold. We analysed the same subset of data as that used in the 

previous exploratory analysis. By working with instances where only a single Reveal 

Words scaffold was used in each game item, we were able to examine the relation 

between the psycholinguistic properties of a specific scaffolded word and reading 

comprehension performance (indicated by game item accuracy). The age of acquisition 

and concreteness ratings used in this analysis were derived from open sources 

databases (Brysbaert et al., 2014; Kuperman et al., 2012). 

Results 

Confirmatory analysis 

Research Question 1: Do Child Characteristics Predict the Use of Vocabulary 

Scaffolds? 

A clear impact of early literacy skills, grade, gender, and language status on the 

probability of using the scaffolding feature was evident. This was indicated by the 

significant likelihood ratio test comparing the full model including our test predictors 

and the null model lacking our predictors but being otherwise identical (χ2 = 21877.00, 

df = 8, p < .001). We discuss the output of the model (Table 15) first, followed by the 

model-generated predicted probability plots (Figure 5).  
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Table 15 Results of the Model Estimating the Effects of Literacy Skills, Grade, Gender 

and Language Status on the Probability of Using the Reveal Word Scaffold 

  Use of the Scaffold 

Predictors Estimate SE CI p 

Intercept -0.76 0.06 -0.88 – -0.64 <0.001 

DIBELS [Well Below Benchmark] 0.24 0.01 0.23 – 0.25 <0.001 

DIBELS [Below Benchmark] 0.22 0.01 0.21 – 0.24 <0.001 

DIBELS [Above Benchmark] -0.31 0.01 -0.32 – -0.30 <0.001 

Grade [1] -0.56 0.01 -0.57 – -0.54 <0.001 

Grade [2] -1.21 0.01 -1.23 – -1.19 <0.001 

Grade [3] -1.44 0.01 -1.46 – -1.42 <0.001 

Gender [Male] -0.20 0.00 -0.21 – -0.19 <0.001 

Language Status [Bilingual] 0.24 0.01 0.23 – 0.25 <0.001 

Random Effects 

σ2 3.29 

τ00 q_id 0.12 

τ00 level_name 0.37 

ICC 0.13 

N q_id 505 

N level_name 54 

Observations 1716787 

Marginal R2 / Conditional R2 0.065 / 0.186 

 

Note. Literacy skills [DIBELS] are dummy coded with ‘at benchmark’ set as the 

reference category. Grade is dummy coded with kindergarten set as the reference 

category. Language status is dummy coded with English monolingual set as the 

reference category. Gender is dummy coded with girls set as the reference. Model fit is 

indicated by R2. 
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With respect to literacy skills, children classified as being well below benchmark 

and below benchmark were more likely to use the scaffolding feature compared to 

children classified as being at benchmark. This was indicated by the positive sign of the 

respective coefficients ( = 0.24, p < .001;   = 0.22, p < .001). In contrast, children 

classified as being above benchmark were less likely to use the scaffolding feature 

compared to those at benchmark. This was indicated by the negative sign of the 

coefficient (  = -0.31, p < .001). These results suggest that literacy skills predict the use 

of the scaffold. Students who need more support seek more support, as shown by the 

increased probability of using the scaffold in lower ability levels. The opposite was true 

for children in higher ability levels. 

Grade served as a proxy for chronological age. A decreased probability of using 

the scaffold was associated with each of the higher grades, as compared to 

kindergarten. This was indicated by the negative sign of the coefficients for grades 1 (  

= -0.56, p < .001), 2 (  = -1.21, p < .001), and 3 (  = -1.44, p < .001). This pattern of 

results suggests a progressive decrease in the probability of using the scaffolding 

feature as students move up through the grades (i.e., increase in age). Beginner 

readers were more likely to make use of the scaffold, and this probability decreased in 

more experienced readers.  

We also found an influence of gender and language status. Boys were less likely 

to use the scaffold compared to girls, as indicated by the negative sign of the 

coefficient (  = - 0.20, p < .001). Furthermore, students reporting as bilingual were 

more likely to use the scaffold compared to those reporting as English monolingual, as 

shown by the positive coefficient (  = 0.23, p < .001).  

The predicted probability of using the scaffold expressed in percentage on the y 

axis, with child characteristics on the x axis is reported in Figure 5. Each panel displays 

one of the four child characteristics of interest. Error bars represent the confidence 

intervals. Figure 5a shows the extent to which the predicted probability of using the 

scaffold varied across literacy skills. Children well below benchmark had the highest 

predicted probability of using the scaffold (~ 35%) and this probability was less (~ 25%) 

for children above benchmark. Figure 5b illustrates how the predicted probability of 

using the scaffold varied across grades. Children in kindergarten had the highest 

predicted probability of use (~ 30%), while children in grade 3 had the lowest (~ 10%). 
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Differences in the predicted probability of using the scaffold by gender are reported in 

Figure 5c. The predicted probability of using the scaffold for girls was above 30%, while 

for boys it was below 30%. Differences in the predicted probability of using the 

scaffold between monolingual and bilingual students are illustrated in Figure 5d. The 

predicted probability of using the scaffold for monolingual students was below 35%, 

while for bilingual students it was above 35%.  

 

Figure 5 Predicted Probability of Using the Scaffold across Child Characteristics 

  

a)        c) 

  

b)        d) 

Note. Predicted probability of using the scaffold by: (a) early literacy skills, (b) grade, 

(c) gender, and (d) language status, computed holding non-focal terms constant at 

their reference level. Error bars represent confidence intervals.  
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The strength of the relationships between child characteristics and use of 

scaffold as indicated by odds ratios is reported in the Supplementary Materials. 

Overall, the associations were modest, with odds ranging from 0.24 to 1.27. Children 

classified as being well below benchmark according to their literacy skills were 1.27 

times more likely to use the scaffold as compared to children at benchmark.  

Research Question 2: Is the Use of Vocabulary Scaffolds Associated with Reading 

Comprehension? 

We examined whether use of the scaffold was associated with reading 

comprehension performance. Overall, the use of the scaffolding feature was 

associated with an increased probability of getting the associated item correct in the 

reading comprehension (text-picture matching) task. This was indicated by the 

significant likelihood ratio test comparing our full model with a null model lacking our 

test predictor but being otherwise identical (χ2 = 2226.80, df = 1, p < 0.001). The results 

of the full model are reported in Table 16.   
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Table 16 Results of the Model Estimating the Effects of the Scaffold, Literacy Skills, 

Grade, Gender and Language Status on Task Accuracy  

  Accuracy in the Task 

Predictors Estimate SE CI p 

Intercept 1.34 0.04 1.26 – 1.42 <0.001 

Use of Scaffold [yes] 0.26 0.01 0.25 – 0.27 <0.001 

DIBELS [Well Below Benchmark] -0.39 0.01 -0.40 – -0.38 <0.001 

DIBELS [Below Benchmark] -0.10 0.01 -0.11 – -0.09 <0.001 

DIBELS [Above Benchmark] 0.23 0.01 0.22 – 0.24 <0.001 

Grade [1] -0.01 0.01 -0.03 – 0.00 0.050 

Grade [2] -0.03 0.01 -0.05 – -0.02 <0.001 

Grade [3] 0.16 0.01 0.14 – 0.18 <0.001 

Gender [Male] -0.09 0.00 -0.10 – -0.08 <0.001 

Language Status [Bilingual] -0.21 0.00 -0.22 – -0.21 <0.001 

Random Effects 

σ2 3.29 

τ00 q_id 0.70 

τ00 level_name 0.04 

ICC 0.18 

N q_id 505 

N level_name 54 

Observations 1716787 

Marginal R2 / Conditional R2 0.020 / 0.200 

 

Note.  Literacy skills [DIBELS] are dummy coded with at benchmark set as the reference 

category. Grade is dummy coded with kindergarten set as the reference category. 

Language status is dummy coded with English monolingual set as the reference 

category. Gender is dummy coded with girls set as the reference. Model fit is indicated 

by R2. 
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Use of the scaffolding feature was associated with an increased probability of 

getting the item correct compared to not using the scaffold. This is indicated by the 

positive sign of the coefficient (  = 0.26, p < .001). Importantly, the effect of the 

scaffold was significant after controlling for child literacy skills, grade, gender, and 

language status. Of note, each of the four control predictors was significant and 

indicated that children with lower literacy skills, boys, and bilingual students were less 

likely to get the item correct in the reading comprehension task. In addition, children 

in grade 2 were less likely to get the item correct compared to kindergarteners while 

children in grade 3 were more likely to get the item correct compared to 

kindergarteners. 

Odds ratios are reported in Supplementary Materials to illustrate the strength of the 

association between use of scaffold and reading comprehension. This association was 

modest (OR = 1.30). We consider the practical significance of these findings in the 

discussion. 

Research Question 3: Is the Association between Use of Scaffolds and Reading 

Comprehension Conditional on Child and/or Item Characteristics? 

In these analyses, we further investigated the interactions between the use of 

the scaffold and child characteristics and the influence of item characteristics (word 

type) on the probability of getting the game item correct. The comparison of the full 

and null model (χ2 = 1350.00, df = 13, p < .001) revealed significant interactions 

between use of scaffold and child characteristics and a significant effect of word type. 

The results of the full model are reported in Table 17.  
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Table 17 Results of the Model Estimating the Effects of the Scaffolded Word Type, and 

Interaction Between Scaffold Use and Literacy Skills, Grade, Gender, and Language 

Status on the Accuracy in the Task 

  Accuracy in the Task 

Predictors Estimate SE CI p 

Intercept 1.30 0.04 1.22 – 1.38 <0.001 

Use of Scaffold [yes] 0.45 0.02 0.41 – 0.49 <0.001 

DIBELS [Well Below Benchmark] -0.41 0.01 -0.42 – -
0.40 

<0.001 

DIBELS [Below Benchmark] -0.12 0.01 -0.13 – -
0.10 

<0.001 

DIBELS [Above Benchmark] 0.25 0.01 0.24 – 0.26 <0.001 

Grade [1] 0.03 0.01 0.02 – 0.05 <0.001 

Grade [2] 0.02 0.01 0.01 – 0.04 0.009 

Grade [3] 0.22 0.01 0.20 – 0.24 <0.001 

Gender [Male] -0.09 0.00 -0.10 – -
0.09 

<0.001 

Language Status [Bilingual] -0.22 0.00 -0.23 – -
0.21 

<0.001 

Use of Scaffold [yes]:DIBELS [Well Below 
Benchmark] 

0.20 0.01 0.17 – 0.23 <0.001 

Use of Scaffold [yes]:DIBELS [Below 
Benchmark] 

0.11 0.02 0.08 – 0.14 <0.001 

Use of Scaffold [yes]:DIBELS [Above 
Benchmark]  

-0.15 0.01 -0.18 – -
0.13 

<0.001 

Use of Scaffold [yes]:Grade [1] -0.23 0.02 -0.26 – -
0.20 

<0.001 

Use of Scaffold [yes]:Grade [2] -0.34 0.02 -0.38 – -
0.31 

<0.001 

Use of Scaffold [yes]:Grade [3] -0.40 0.02 -0.44 – -
0.36 

<0.001 
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Use of Scaffold [yes]:Gender [Male] 0.03 0.01 0.01 – 0.05 0.015 

Use of Scaffold [yes]:Language Status 
[Bilingual] 

0.03 0.01 0.00 – 0.05 0.023 

Scaffolded Nouns 0.03 0.01 0.01 – 0.05 0.001 

Scaffolded Verbs -0.02 0.01 -0.04 – 0.00 0.057 

Scaffolded Adjectives -0.35 0.02 -0.40 – -
0.30 

<0.001 

Scaffolded Adverbs -0.18 0.05 -0.28 – -
0.07 

0.001 

Scaffolded Prepositions -0.02 0.06 -0.14 – 0.10 0.712 

Random Effects 

σ2 3.29 

τ00 q_id 0.69 

τ00 level_name 0.05 

ICC 0.18 

N q_id 505 

N level_name 54 

Observations 1716787 

Marginal R2 / Conditional R2 0.021 / 0.201 

 

Note. Literacy skills [DIBELS] are dummy coded with at benchmark set as the reference 

category. Grade is dummy coded with kindergarten set as the reference category. 

Language status is dummy coded with English monolingual set as the reference 

category. Gender is dummy coded with girls set as the reference. Model fit is indicated 

by R2. 
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Figure 6 Predicted Probability of Accuracy in the Task by Use of Scaffold across Child 

Characteristics 

  

a)       c) 

  

b)        d) 

 

Note. Predicted probability of accuracy (y axis) plotted against the use of scaffold (x 

axis) across child characteristics (colour coded) for: (a) literacy skills, (b) grade, (c) 

gender, and (d) language status. Predicted probability are computed holding non-focal 

terms constant at their reference level. 

 

To guide interpretation of the interaction between scaffold use and child 

characteristics, we provide visualization of predicted probabilities (Figure 6). The 

significant interactions between scaffold use and literacy skills (  = 0.20, p < .001;   = 

0.11, p < .001;   = -0.15, p < .001) suggest that the association between use of 

scaffolds and reading comprehension was modulated by literacy skills. As illustrated in 

Figure 6a, use of the scaffold was associated with higher performance for all children, 

but to a different extent depending on their literacy skills. Specifically, this association 

was greater for readers at lower ability levels. In other words, the use of the scaffold 

tended to minimise performance differences between ability levels. The significant 
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interactions between scaffold use and grade (  = -0.23, p < .001;   = -0.34, p < .001;  

= -0.40, p < .001) suggest that the association between use of scaffolds and reading 

comprehension was modulated by grade. Specifically, the predicted probability plot 

(Figure 6b) illustrates that, although the use of the scaffold was associated with higher 

performance for all children, this association was greater for younger children such as 

those in kindergarten.  

There was a significant interaction between scaffold use and gender (  = 0.03, 

p = .01). The predicted probability plot (Figure 6c) illustrates that the differences in 

performance due to gender were slightly reduced when the scaffold was used. Finally, 

there was a significant interaction between scaffold use and language status (  = 0.03, 

p = .02). The predicted probability plot (Figure 6d) shows that performance differences 

associated with language status were reduced when the scaffold was used. 

The number of scaffolds used for nouns in each game item had a positive 

impact on the probability of getting the game item correct, as compared to not using a 

scaffold for nouns, as indicated by the positive sign of the coefficient (  = 0.03, p < 

.001). That is, for nouns, use of the scaffold was associated with better performance. In 

contrast, the number of scaffolds used for adjectives and adverbs in each game item 

had a negative impact on accuracy, as compared to not using a scaffold for adjectives 

and adverbs respectively. This is indicated by the negative sign of the respective 

coefficients (  = -0.35, p < .001;   = -0.18, p = .001). There was no clear effect of the 

number of scaffolds used for verbs and prepositions on item accuracy (  = -0.02, p = 

.06;   = -0.02, p = .71). Odds ratios are reported in the Supplementary Materials to 

illustrate the strength of the associations under investigations. Similar to previous 

analyses, the associations were modest.  

Exploratory Analysis 

Exploring the Contribution of Pictorial Support, Pronunciation Support, Spoken and 

Written Definition and their Combinations 

We conducted an exploratory analysis with the aim to disentangle the 

associations between use of different components of the scaffold (i.e., picture, 

pronunciation, written and spoken definitions) and their combinations (i.e., picture-

pronunciation, picture-definition, pronunciation-definition, and all those together) and 
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reading comprehension performance. Written definitions were available for all Reveal 

Words scaffolds, whilst pictures were available for most, but not all (see learning 

materials in the methods section). Of note, when children clicked on the scaffold, 

written definitions and pictures (if available) were immediately visible, whereas 

children had to click further on the speaker icon to obtain the pronunciation and 

spoken definition supports. To examine the contributions of these distinct scaffold 

components and their combinations, we subset our dataset and focused on instances 

where a single Reveal Words scaffold was used in each game item. This was because 

some items had scaffolds for more than a single word. This approach enabled us to 

quantify how the proportion of correct responses varied across the components of the 

scaffold that were available and used, while fixing the number of scaffolds constant at 

1 to ensure comparability across game items. Descriptive statistics revealed that the 

proportion of correct responses was broadly comparable across the different scaffold 

components and their combinations, with the proportion of correct responses ranging 

between 75 to 81% (Figure 7). 

These descriptives also suggest that the effects of different components of a 

scaffold were not additive. For instance, the proportion of correct responses when all 

the supports were available and used (i.e., picture, pronunciation, spoken and written 

definition) was lower (75%) compared to when only the picture and written definition 

support were available and used (81%), or only the written definition was available 

(79%). Overall, pictorial support and written definition in combination were associated 

with the highest proportion of correct responses, followed by written definition alone 

(proportion correct 81% and 79%, respectively).  
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Figure 7 Proportion of Correct Responses across Scaffold Components and 

Combinations 

 

 

Note. This analysis was conducted on a subset dataset where only a single scaffold per 

game item was used to enable meaningful comparisons.   

 

Do Age of Acquisition and Concreteness of Scaffolded Words Modulate the 

Associations between Use of Scaffolds and Reading Comprehension?  

Because we modelled an observational dataset we checked whether key 

psycholinguistic variables of the words, such as age of acquisition and concreteness, 

varied systematically across word types in our dataset. To this end, we produced the 

boxplots illustrated in Figure 8. The horizontal line in the body of each boxplot 

represents the median value of age of acquisition for each category of word. The body 

of the boxplot represents the interquartile range. The vertical line in each boxplot 

signals the minimum and maximum value. Dots represent potential outliers. Figure 8 

illustrates that age of acquisition was comparable across word type (Figure 8a), with 

median age of acquisition between 6 and 8 years of age (i.e., the age range of our 

participating children). In contrast, median concreteness differed across word types 

(Figure 8b) and may thus act as a confounding variable. We will return to this point in 

the discussion.  
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Figure 8 Age of Acquisition and Concreteness across Word Types 

  

a)        b) 

Note. Box plots of (a) age of acquisition, and (b) concreteness, across word type 

 

To explore whether age of acquisition and concreteness of scaffolded words 

influence the associations between use of scaffolds and reading comprehension, we 

analysed the same subset of data used in the previous exploratory analysis. As before, 

we worked with instances where only a single Reveal Words scaffold was used in each 

game item. This enabled us to examine the relation between the psycholinguistic 

properties of a specific scaffolded word and reading comprehension performance as 

evidenced by game item accuracy. The results are illustrated with rainclouds plots in 

Figure 8. Correct and incorrect responses are shown on the y axis and age of 

acquisition (Figure 8a) and concreteness (Figure 8b) on the x axis. These visualizations 

combine boxplots (see previous paragraph for interpretation), probability density, and 

the jittered raw dataset (M. Allen et al., 2019). This comprehensive data overview 

suggests that, in a scenario where children use a single scaffold, the psycholinguistic 

properties of the scaffolded word do not influence accuracy. Indeed, the median and 

distribution of age of acquisition and concreteness of Reveal Words scaffolds is 

comparable across correct and incorrect responses. This pattern suggests that the age 

of acquisition and concreteness of scaffolded words do not influence the associations 

between use of scaffolds and reading comprehension. 
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Figure 9 Age of Acquisition and Concreteness across Correct and Incorrect Responses 

      

a)        b) 

Note. Raincloud plots showing (a) age of acquisition and (b) concreteness on the x axis, 

across correct and incorrect responses on the y axis, in a scenario where a single 

scaffold was used. 

 

Discussion 

Our findings advance our understanding of vocabulary scaffolding features 

embedded in digital reading environments in several ways. First, we found that child 

characteristics predicted the use of scaffolds: Children with lower literacy skills, 

beginner readers, girls, and students who reported as bilingual were more likely to use 

the scaffold. Second, the use of the scaffold was associated with better reading 

comprehension. This association was stronger for three of the four child characteristics 

associated with greater scaffold use: Children with lower literacy skills, beginner 

readers, and bilingual students. In addition, this association was stronger for boys than 

for girls. Third, the association between the use of scaffold and reading comprehension 

varied across word types, with a positive association for nouns, a negative association 

for adjective and adverbs, and no evidence of an association for verbs and 

prepositions. We discuss each finding in relation to the previous literature, followed by 

recommendations for future research and educational implications.  

 Child Characteristics Predicted the Use of Scaffolds 

Our first research question sought to establish which child characteristics 

predicted the use of vocabulary scaffolds that were available to learners on an as-

needed basis. Children with lower literacy skills and beginner readers were more likely 

to use the scaffold. This suggests that struggling and beginner readers have sufficient 
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metacognitive awareness to seek support while navigating a digital reading 

environment. In addition, girls and bilingual students were more likely to use the 

scaffold. These findings are in line with evidence for enhanced metacognitive skills in 

girls (Wu, 2014) and bilingual readers (Abu Rabia, 2019). On the one hand, these 

results are encouraging as they show that children with lower literacy skills, beginner 

readers, and bilingual readers, all groups that are associated with lower reading 

comprehension (Catts et al., 2006; LARRC, 2015; Lesaux & Kieffer, 2010), are more 

likely to use a scaffold. On the other hand, these results point to the need to further 

prompt the use of such scaffolds amongst male students. Our analyses showed that 

boys were less accurate compared to girls, and that performance differences due to 

gender were reduced when the scaffold was used. This has important and positive 

implications for educational practice, due to the common finding of lower reading 

attainment in boys than in girls (Duncan et al., 2016; Wu, 2014). In addition, we note 

that it may be beneficial to prompt the use of the scaffolding feature across all 

students, as the overall use of the scaffold was lower than desirable, and scaffold use 

was associated greater reading comprehension. Two potential ways to promote the 

use of the scaffold are the addition of extended on-boarding instructions reviewing 

how to use the feature, and/or initial adult modelling. These strategies have the 

potential to promote children’s independent use of the scaffold. App developers 

should also consider providing these types of scaffolds based on a student’s 

performance, in an adaptive manner (Sampayo-Vargas et al., 2013). 

The Use of Scaffolds was Associated with Better Reading Comprehension 

Critically, we found that the use of the vocabulary scaffolding feature was 

associated with better reading comprehension of short digital texts. These results 

extend previous meta-analytic evidence reporting a positive effect of similar scaffolds 

on the reading comprehension of university students when reading in a foreign 

language (Abraham, 2008). The benefit of vocabulary scaffolds appears to generalize 

to younger students, such as those included in our study (i.e., 5 to 8 years), and to first 

language reading comprehension8. Our findings also add to the literature 

demonstrating that other types of scaffold, such as graphic organizers, can benefit 

 
8 Our sample included both English monolingual and bilingual students, both reading in English, thus 

providing evidence for first language reading comprehension.  
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reading comprehension (Elbro & Buch-Iversen, 2013). However, our results contrast 

with meta-analytic evidence showing a null or negative effect on children’s story 

comprehension when dictionary supports are embedded in storybooks (Furenes et al., 

2021). These inconsistencies are likely to arise from the longer texts used in the 

storybooks examined in other research, and possibly from the co-reading context that 

was the focus of the meta-analysis. Future research should determine any specific 

influence of the context (educational, recreational, individual, co-reading), as well as 

length of text, to inform specific recommendations for the inclusion of this support. 

The Association between Use of Scaffolds and Reading Comprehension Was 

Modulated by Child and Item Characteristics 

Our study provides the first evidence that the association between use of 

scaffolds and reading comprehension was modulated by both child and item 

characteristics. Specifically, our analysis suggested that the associations between the 

use of scaffolds and reading comprehension was greater for children with lower 

literacy skills and beginner readers. This extends previous research showing that the 

beneficial effects of diagrams as scaffolds for learners’ cognitive and metacognitive 

processes is stronger for participants with low verbal ability (Cuevas et al., 2002). 

Similarly, our findings align with a meta-analysis suggesting that the impact of similar 

scaffolds is greater in beginner learners when acquiring novel words in a foreign 

language (Yun, 2011) and extends those findings to the domain of reading 

comprehension.  

Additionally, we found that performance differences due to gender and 

language status were reduced when the scaffold was used. Because boys and bilingual 

students are typically found to have poorer reading comprehension skills (Duncan et 

al., 2016; Wu, 2014), our findings are especially encouraging. In short, the use of 

scaffolds is associated with higher performance especially in typically lower achieving 

student subgroups. This has important educational implications and speaks in favour 

of embedding scaffolding features in digital texts, especially for children with or at risk 

of reading comprehension difficulties.  

Regarding item characteristics, the use of scaffolds was associated with higher 

performance for nouns and lower performance for adjective and adverbs. No 

differences emerged for verbs and prepositions. The advantage observed for 
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scaffolded nouns can be explained in two ways. One possibility is that nouns are simply 

easier to learn (see Ellis & Beaton, 1993, but also Schwanenflugel, Stahl, & McFalls, 

1997, for an alternative account). Another is that because nouns are more concrete 

than the other word types in in our dataset, they were easier to depict and define with 

in-text scaffolds, thus making scaffolding feature more effective for this word type.  

Practical significance 

The strength of the associations reported in this study was modest, that is odds 

ratios were lower than 1.68 (Chen et al., 2010). However, in terms of practical 

significance these associations may be meaningful. First, the literature on incidental 

vocabulary learning and reading development suggests that small effects, when 

cumulative, can have long term benefits over time (Anderson et al., 1988; Fukkink & de 

Glopper, 1998). Second, the associations reported here were captured in highly 

naturalistic settings and are potentially very conservative estimates, given the noise 

inherent in this type of dataset. In addition, vocabulary scaffolds embedded in digital 

supplements represent a relatively low-cost approach to support, as compared to 

more resource intensive approaches, such as tutoring or classroom-based instructions. 

In this context, our identification of positive associations suggests the potential utility 

of including scaffolds in digital supplements to support independent reading and, 

through that, both comprehension and vocabulary growth. Taken together, these 

observations lead us to recommend the inclusion of embedded scaffolds in digital 

reading materials to provide timely support.  

Exploring the Contribution of Different Scaffold Components and their Combinations  

Our exploratory analysis further suggests that a written definition alone, and 

especially in conjunction with pictorial support, is associated with a higher proportion 

of correct responses compared to other combinations of scaffold components, such as 

the combination of picture, pronunciation, written and spoken definitions. These 

findings are in line with, and extend, previous evidence indicating that children’s 

narrative skills benefit more from the combination of verbal and non-verbal scaffolds, 

than from just verbal scaffolds alone (Pesco & Gagné, 2017), as well as evidence 

documenting the benefits of imagery training to children’s reading comprehension 

(Francey & Cain, 2015; Joffe et al., 2007). Our descriptive analysis also suggests that 

the use of multiple scaffold components at a time is not necessarily associated with 
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higher performance. This can be interpreted in several ways. One possibility is that 

performance when using the scaffold was already high, leaving little room for 

improvement when additional spoken supports were used. Another possibility is that 

interacting with several components of the scaffold may increase cognitive load and 

distract students from the main task (Mayer & Moreno, 2003). This may explain why 

performance was less accurate when children used several scaffold components for 

the same item. An alternative account of these exploratory results is that children 

clicked on more components of the scaffold when they faced a particularly challenging 

item, suggesting that the benefits of scaffolds may vary by item difficulty. Future 

experimental work is needed to validate this pattern of results under more controlled 

conditions. 

Exploring the Influence of Key Psycholinguistic Variables 

Our exploratory analysis further investigated whether key psycholinguistic 

variables such as age of acquisition and concreteness modulated the association 

between use of scaffolds and reading comprehension. Our data suggest that they did 

not. Again, future experimental work is needed to test the reproducibility of this set of 

results under carefully controlled conditions. Information about any influence of the 

psycholinguistic properties of words in relation to both the use of scaffolds and their 

associations with reading performance is crucial to inform both practice and theory.  

Limitations and Future Research 

This study comes with limitations and suggestions for future research, 

additional to those already discussed. First, causal inference is beyond the scope of this 

analysis, due to the observational nature of the dataset and lack of experimental 

manipulation. It is however plausible that the nature of the associations described in 

this work are causal; that is, the use of the scaffold resulted in enhanced item 

accuracy. This possibility should be taken up by the research community and tested in 

future experimental work, in a cumulative science framework. Engagement and 

motivation may also play an important in reading performance and future work should 

take those factors into account when examining the role of scaffolding features. A 

strength of our approach was the interrogation of a substantial dataset of children’s 

interactions with a digital reading environment providing the statistical power to 

examine several child characteristics. Concerns have been raised in relation to high-
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powered studies. We note here that those studies are problematic in conjunction with 

null-hypothesis significance testing only when the sample is increased arbitrarily to 

achieve significance and/or p-values are the only criterion used to evaluate results. 

This does not apply to our study as we have taken the strength of the relationships 

into account and have exploited an existing big dataset. A large sample in this context 

provides more stable estimates, increasing the chance that these patterns of results 

will be observed in future studies (addressing current and critical concerns about the 

reproducibility of scientific findings). Of course, our findings are limited to the specific 

reading game under investigation; future research is needed to clarify whether these 

associations generalize to a different sample, context, type of text, and reading 

comprehension measure. Finally, the differential impact of the scaffolds across word 

types is an important area for future research to inform how to best scaffold the 

meaning of adjectives and adverbs, the impact of scaffolds for verbs and prepositions, 

and the role of other key psycholinguistic variables. This information is critical to 

develop appropriate scaffolds for a range of vocabulary.   

Conclusions 

Vocabulary scaffolding features may be promising tools to promote reading 

comprehension in general, and to reduce performance differences amongst diverse 

readers in digital environments. This work can be viewed as a proof of principle for the 

feasibility of collaborations between academics and industrial partners in the field of 

language and literacy research in the era of large app-generated data. Specifically, we 

have shown that such collaborations can be undertaken in accordance with academic 

standards and that they can contribute meaningfully to inform a broader audience of 

app developers, educators, and policy makers. 
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Chapter 5: General Discussion 

 
The overarching aim of this thesis was to examine the factors that influence 

word learning from written contexts in early childhood, particularly during 

contemporary reading experiences which include, not only print books, but also digital 

books and digital reading instructional supports. The first objective was the 

investigation of any unique or mediated effects of book format (print vs digital) on 4- 

to 5-year-olds’ word learning during shared reading with a caregiver (Chapter 2). The 

second objective was to assess the effects of the book format on caregivers’ verbal and 

non-verbal scaffolding during shared reading and to test the generalisability of the 

fine-tuning hypothesis to the shared reading context (Chapter 3). The third objective 

was to explore the associations between the use of vocabulary scaffolds and reading 

comprehension for 5- to 8-year-olds reading independently on screen (Chapter 4). 

Throughout the studies, particular attention was given to elucidating the influence of 

individual child characteristics, including vocabulary knowledge, reading skills, 

executive functions, bilingualism, gender, and age. In the next sections, I will discuss 

and integrate key study findings with the extant literature and theoretical models of 

word learning and reading. The broader implications of this work for theory and 

practice are also elaborated. I will close by noting the limitations of the current 

research and highlighting opportunities for future research in this area. 

Effects of Book Format  

 The studies reported in Chapters 2 and 3 provide complementary insights into 

the effects of book format during shared reading, by examining its effects on both 

children’s word learning (Chapter 2) and caregivers’ provision of scaffolds (Chapter 3). 

For children’s word learning, a complex pattern of findings emerged, which may, at 

least in part, explain the contradictory findings synthesised in prior meta-analytic 

research (Furenes et al., 2021). Book format affected only certain aspects of word 

learning and this effect was contingent on child characteristics. Specifically, digital-

based shared reading was positively associated with semantic recognition in children 

with higher executive function, and negatively associated with semantic recognition in 

children with lower executive function. For caregivers’ scaffolds, the results were more 

straightforward. The digital format had a negative impact on caregivers’ verbal and 
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gestural scaffolds, extending prior findings reporting lower communicative initiations, 

responses, and expanding talk by caregivers when reading with their child using digital 

compared to print format (Korat & Or, 2010; Munzer et al., 2019; Ozturk & Hill, 2020). 

When integrating the findings reported in Chapter 2 and 3, it is noteworthy that the 

differences in caregivers’ scaffolds related to book-format were not directly reflected 

in children’s word learning. Indeed, there was evidence that the effect of book format 

on word learning was conditional on executive function and that the effect of verbal 

scaffolds on word learning was conditional on children’s prior knowledge of target 

words (see next section for further discussion on fine-tuning). Taken together, the 

findings reported in Chapters 2 and 3 provide support for the dynamic model of 

children’s e-reading (Kucirkova, 2019) which emphasises the importance of considering 

child characteristics and caregivers’ scaffolding when studying the effect of book 

format on word learning in the context of shared reading. They also align with the 

capacity model (Fisch, 2000) and the differential susceptibility to media effects model 

(Valkenburg & Peter, 2013), which underscore the importance of considering child 

characteristics and social-context variables when studying learning from different 

media. 

The cognitive theory of multimedia learning also provides a useful framework 

to interpret the word-learning results; within this framework, executive functions can 

be understood to have acted as a bottleneck for learning from the digital format, 

potentially due to the cognitive load associated with handling and operating the digital 

device (Courage, 2019; Honma et al., 2022; Mayer, 2003; Mayer & Moreno, 2003). For 

children with higher executive function, the digital format had a positive impact on 

semantic recognition. This advantage might be attributable to the novelty of the digital 

device to our participants, whose caregivers reported substantially less experience 

with digital-based, compared to print-based, shared reading (Flewitt et al., 2015; 

O’Toole & Kannass, 2018; Reich et al., 2019). Novelty may also explain differences in 

caregiver scaffolding behaviours across book formats, as one could speculate that 

being less familiar with the digital reading format could interfere with the flow of 

interactions, which are more established in the more familiar print format. Another 

important aspect to consider in interpreting the effect of book format on caregivers’ 

scaffolds is their perceptions of child engagement across book formats, and also 
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caregivers’ preference for print over digital books, which may have influenced their 

scaffolding behaviour (Kucirkova, 2019).  

Effects of Scaffolds 

 Caregivers’ modulation of scaffolds and its effect on children’s word learning 

during shared reading were examined in Chapter 3, while the uptake and effectiveness 

of vocabulary scaffolding features in a digital reading supplement were investigated in 

Chapter 4. Caregivers modulated verbal, but not gestural, scaffolds as a function of 

children’s individual lexical knowledge, and this modulation supported children’s 

semantic recall. These results replicate and extend prior research (Donnellan et al., 

2023; Leung et al., 2021; Shi et al., 2022) and provide support for the generalisation of 

the fine-tuning hypothesis (Leung et al., 2021). From a theoretical perspective, these 

findings demonstrate caregivers’ sophisticated ability to adjust their communication to 

their children’s individual lexical knowledge and its effectiveness in supporting 

children’s word learning, consistently with the notions of scaffolding (Wood et al., 

1976) and zone of proximal development (Vygotsky, 1978). Considering the lexical 

knowledge of their child, caregivers offer tailored support that facilitates the 

acquisition of the semantic features of new words during shared reading.  

 The findings for digital scaffolds (Chapter 4) suggest that their use was 

positively associated with reading comprehension in a digital reading supplement, 

supporting the utility of embedding multimodal supports in digital reading materials. 

These results extend previous meta-analytic evidence on university students reading a 

foreign language (Abraham, 2008). However, our results contrast with meta-analytic 

evidence showing a null or negative effect of digital scaffolds on children’s story 

comprehension (Furenes et al., 2021). These differences between studies may be due 

to the longer texts used in the storybooks examined in other research, and possibly 

from the co-reading context that was the focus of the meta-analysis. Theoretically, the 

positive association found between the use of multimodal vocabulary scaffolds and 

reading comprehension is in line with both the dual coding theory and the cognitive 

theory of multimedia learning, which both predict learning advantages associated with 

pictorial supports.  

It is also worth noting that, in our study, scaffolds were available to learners on 

an as-needed basis. We found that the use of scaffolds was on average lower than 
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desired, suggesting the need to identify strategies to increase the use of scaffolds. 

Both the uptake and effectiveness of scaffolds were modulated by child characteristics. 

These findings are discussed in greater detail in the next section on the influence of 

child characteristics.  

Taken together, the findings reported in Chapters 3 and 4 advance our 

understanding of scaffolds provided by caregivers and educational technology. They 

provide insights into the features that make scaffolds most effective. For example, 

caregivers' scaffolds were most effective when tailored to the child’s individual word 

knowledge. Digital scaffolds were most effective for lower-achieving groups. They also 

suggest that the use of digital scaffolds is limited during independent reading, and 

point to the importance of adult mediation as well as the provision of digital scaffolds 

in an adaptive manner, as inspired by caregivers fine-tuning behaviours. 

Effects of Child Characteristics 

Across empirical studies, a range of child characteristics were considered, 

including prior vocabulary knowledge, reading skills, executive functions, bilingualism, 

gender, and age. I summarize and discuss the results relating to these next. 

In the context of shared reading, there was evidence that prior vocabulary 

knowledge supported word learning, which is in line with prior research (Sénéchal et 

al., 1995). One explanation for this effect is that prior knowledge provides a foundation 

for learning, perhaps by freeing up cognitive resources. It is also possible that greater 

knowledge of semantic categories eases the acquisition of new words (Borovsky et al., 

2016). There was also evidence that executive function uniquely predicted semantic 

recall from shared reading, which is in line with accumulating evidence (Hadley et al., 

2021; Kapa & Erikson, 2020). This finding provides support for models of discourse 

comprehension that acknowledge the contribution of higher-level cognitive skills and 

processing resources (Cain, Oakhill, et al., 2004; Y. S. Kim, 2020). With respect to the 

effects of gender, boys significantly outperformed girls in word learning from shared 

reading, which is at odds with prior studies suggesting the opposite pattern of results, 

with girls being more accurate on a range of language and literacy measures (Eriksson 

et al., 2012; Frank et al., 2017; S. Logan & Johnston, 2010). Yet some recent findings 

are in line with ours and suggest it is important to consider the specific contexts where 

gender differences are observed (Bergman Deitcher et al., 2019; S. Logan & Johnston, 
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2010). Importantly, the gender differences in word learning reported in Chapter 2 

were unlikely to be due to difference in caregivers’ scaffolding. Indeed, the preliminary 

analyses reported in Chapter 3 indicated that caregivers’ scaffolds were not 

conditional on child gender. 

  In the context of digital reading instruction support, child characteristics were 

also important and predicted the use of scaffolds. Children with lower literacy skills, 

beginner readers, girls, and students who reported as bilingual were more likely to use 

the scaffold. The results for struggling and beginner readers were particularly 

encouraging as they suggested that those learners have sufficient meta-cognitive skills 

to seek support when using the digital reading supplement. The results for girls and 

bilingual students are in line with research documenting enhanced metacognitive skills 

in girls (Wu, 2014) and bilingual readers (Abu Rabia, 2019). Further, the association 

between the use of scaffolds and reading comprehension was stronger for children 

with lower literacy skills, beginner readers, boys and bilingual students. This aligns with 

and extends the findings of a meta-analysis on the impact of similar scaffolds when 

acquiring novel words in a foreign language (Yun, 2011), showing that the impact of 

scaffolds was greater for beginner, compared to advanced, learners.  

 An integrated reading of the gender-related difference emerging from the 

three empirical chapters supports the notion that gender differences are context 

sensitive. In younger children and in the context of shared reading, boys performed 

better at word learning, particularly so in the semantic recall task. This task likely 

requires greater confidence, which is typically reported to be higher in boys compared 

to girls (Clark, 2011). In this context, boys’ greater confidence might explain their 

better performance. In older children and in the context of independent reading on 

screen, boys made less use of optional vocabulary scaffolds and were less accurate 

than girls in the reading comprehension task. Together, these findings suggest that 

boys’ greater confidence can aid or hinder their performance in different situations. 

Confidence should be measured directly in future studies to understand the potential 

mechanisms driving gender-difference in word learning in a range of educational 

contexts. 
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Methodological innovations 

The thesis as a whole covers a range of interconnected research questions to 

clarify, replicate and extend prior findings, as well as to explore new hypotheses. Each 

study included methodological innovations. In Chapter 2, I addressed the contradictory 

findings on the effect of book format on children’s word learning in the context of 

shared reading synthesised in the meta-analyses by Furenes et al. (2021). In a pre-

registered study, I introduced several methodological improvements that enabled to 

quantify any unique or mediated effect of book format on word learning from shared 

reading in 4- to 5-year-olds. The methodological improvements from previous work 

included a within-subjects design and large sample of dyads, which increased the 

statistical power relative to previous research; having the same reader to narrate the 

text across book formats; collecting multiple outcome measures to assess both 

phonological and semantic features of word learning; and a semi-naturalistic paradigm 

to support generalisation outside the laboratory.  

In Chapter 3, I extend prior research on the effect of book format on the quality 

of interactions during shared reading (Korat & Or, 2010; Munzer et al., 2019; Ozturk & 

Hill, 2020). Prior findings have evidenced differences in caregivers’ communicative 

initiations, responses and expanding talk (Korat & Or, 2010), and social reciprocity 

between the parent-toddler dyads (Munzer et al., 2019) as a function of book format. I 

pre-registered and conducted further analyses on the dataset and corpus of video 

recordings collected in the context of the shared reading study reported in Chapter 2. 

This enabled an extension of prior research by considering the effect of book format 

on a range of verbal and non-verbal scaffolds provided by caregivers during shared 

reading. In the study reported in Chapter 3, I also tested the generalisability of the 

fine-tuning hypothesis (Leung et al., 2021) to the shared reading context. Recent 

research has suggested that caregivers adapt their speech and language to their child’s 

lexical knowledge during toy play and a tablet-based reference game and that this 

supports children’s word learning (Donnellan et al., 2023; Leung et al., 2021), but it 

remained unclear whether this mechanism would generalise to the shared reading 

context and extend to an older age range. The current work provides empirical 

evidence for the robustness and generalisability of fine-tuning across socio-

interactional contexts and an extended age range.  
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In Chapter 4, the association between the use of vocabulary scaffolding 

features embedded in a digital reading environment and 5- to 8-year-olds’ reading 

comprehension was examined. Previous work has shown that vocabulary scaffolds 

support word learning, but can interfere with the comprehension of the text 

(Abraham, 2008; Furenes et al., 2021). By leveraging a big naturalistic dataset of user 

log files, this was one of the first studies that examined several child and word 

characteristics that could potentially moderate the effectiveness of scaffolds.  

Practical implications 

 These findings still require replication; if found, there would be several practical 

implications. First, the use of print-based reading material should be favoured in 

children with still immature executive functions. Second, tailoring support to each 

child’s individual word knowledge is a promising avenue to support word learning: 

Fine-tuning can usefully inform the design of individualised scaffolding in digital media. 

Finally, vocabulary scaffolds should be embedded in digital reading material to provide 

timely support to diverse learners and promote both reading comprehension and 

vocabulary growth.  

Limitations and Future Directions 

This work comes with limitations and suggestions for future research, in 

addition to those already discussed. One limitation is that not all the studies reported 

in this thesis considered different word types. Whilst the study reported in Chapter 4 

considered different word types, including nouns, verbs, adjectives, adverbs, and 

prepositions, the studies reported in Chapters 2 and 3 included only concrete nouns of 

animals and tools. It is plausible that certain word types benefit more from specific 

types of scaffold than others, as illustrated by the study reported in Chapter 4 and 

prior research. For instance, gestures are more beneficial for learning verbs referring 

to actions than other types of words (De Nooijer et al., 2013; de Nooijer et al., 2014). 

Abstract words play a critical role in the development of academic vocabulary, yet 

their acquisition is still poorly understood - presumably because measuring abstract 

word knowledge is challenging in early development (Hadley et al., 2016; Hadley & 

Dickinson, 2020; Sadoski & Lawrence, 2023). Future research should consider a range 

of word types, including adjectives, verbs, adverbs, and prepositions, as well as 

abstract vocabulary, to clarify the mechanisms that underpin the acquisition of words 
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other than concrete nouns. This will significantly advance our understanding of 

vocabulary acquisition, as any theoretical model of word learning needs to 

accommodate different word types (Tomasello, 2003).   

 Another limitation that should be noted, is the relatively limited exposure to 

target words in the studies reported in Chapters 2 and 3, where a single shared reading 

session was considered. Therefore, the acquisition of expressive vocabulary knowledge 

was limited. Learning the phonological form and particularly the meaning of new 

words requires multiple exposures over time and across different contexts, as 

predicted by the word experience model of adult readers (Reichle & Perfetti, 2003; 

Verhoeven & Perfetti, 2011). Another limitation is represented by the short delay at 

which learning was assessed. As such, future studies should include exposure to words 

across multiple sessions and contexts and also word retention assessments, to better 

understand the mechanisms that support word learning over longer, and perhaps 

more realistic, time scales. In this context, a consideration of the effect of massed and 

distributed practice, as well as retrieval practice, may provide useful insights (Childers 

& Tomasello, 2002; Laurence et al., 2020). 

Gender differences were evident in these studies. While greater use of digital 

scaffolds in girls compared to boys (Chapter 4) is in line with the literature on gender 

differences in meta-cognition and help-seeking behaviour (Thompson et al., 2012; Wu, 

2014), the word learning advantage for boys (Chapter 2) is at odd which much prior 

literature (Eriksson et al., 2012; Frank et al., 2017; S. Logan & Johnston, 2010), 

supporting the view that, at least in some cases, gender differences are context-

dependent. This observation underscores the importance of investigating gender 

differences in the uptake of scaffolds and learning from different media and contexts. 

 These findings are also limited to the cultural context of our participating 

sample. Further investigation is needed to generalise these findings to different 

cultural contexts. This is particularly important as these results may vary as a function 

of experience with digital media (Reich et al., 2019), which has been reported to differ 

even between European (geographically intended) countries (Gracia et al., 2020). 

Conclusions 

  In an increasingly digitised society, children’s literacy experiences are rapidly 

changing. In this context, the need to build the evidence base to inform early literacy 
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policy and practice is widely recognised. This thesis has taken different angles to shed 

further clarity on how different media and media affordances influence word learning 

from written context in early childhood. Three key conclusions can be drawn from the 

series of studies presented here.  

The first is the critical role of child characteristics. Child characteristics were 

shown to modulate the effects of both book format and scaffolding features. It follows 

that child characteristics need to be considered in future research and when 

developing recommendations for stakeholders. Here it is important to acknowledge 

the complexities associated with conveying nuanced messages to the general public 

and stress the importance of interdisciplinary collaborations. Experts in 

communication should assist in the effort to make research evidence accessible to a 

broader audience.  

The second key message that emerged, is that an in-depth understanding of 

caregivers’ scaffolding and its relation to children’s learning has the potential to inform 

the design of digital technology. For instance, caregivers’ fine-tuning can guide the 

design and implementation of individualised digital scaffolds. Individualisation of 

content is a powerful affordance of digital tools. This affordance is promising to 

support each child in reaching their full developmental potential, but also impose 

careful reflection on how it can be sensibly implemented to narrow, rather than 

exacerbate, differences between children.  

The third and concluding remark is a plea for sustained partnerships between 

developmental scientists and app developers. In the final study, we demonstrated how 

industry and researchers can work together to advance knowledge with due 

independence and mitigating conflicts of interest. Our findings can now be fed into 

enhancements of digital scaffolds. Responsible collaborative partnerships, such as 

these, will help to make the most out of the many opportunities that digital tools bring 

for understanding and supporting child development. 

 

  



 

 164 

Supporting Information 

 

Supplementary Materials for Chapter 2 

 

Table S 1 Sociodemographic Characteristics of Participants  

 Children  Caregivers 

Age  Range 48 to 71 months  
M = 57.68 
SD = 7.24 

Range 29 to 47 years  
M = 37.76 
SD = 3.93 

Sex Girls 57%  
Boys 43%  

Women 83%  
Men 6%  
Did not state 11%  

Education Day Care Facility 1% 
Nursery 14% 
Pre-school 18% 
School 53% 
Did not state 14% 
 

Secondary School 3% 
High School Diploma 12% 
Undergraduate/Master 
Degree 69% 
PhD 6% 
Did not state 10% 

Socio Economic Status Decile 1-5: 29% 
Decile 6-10: 57% 
Post code not stated 14% 

Child experience with 
print-based shared 
reading  

Daily 86% 
Several Times a Week 2% 
Once or Twice a Week 1% 
More Than Once a Month 
0% 
Never 0% 
Did not state 11% 

 

Child experience with 
print books alone 

Daily 38% 
Several Times a Week 28% 
Once or Twice a Week 
11% 
More Than Once a Month 
6% 
Never 6% 
Did not state 11% 

 

Child experience with 
digital-based shared 
reading 

Daily 1% 
Several Times a Week 3% 
Once or Twice a Week 8% 
More Than Once a Month 
9% 
Never 68% 
Did not state 11% 
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Child experience with 
digital books alone  

Daily 2% 
Several Times a Week 0% 
Once or Twice a Week 7% 
More Than Once a Month 
10% 
Never 70% 
Did not state 11% 

 

 

Note. Socio economic condition was obtained by linking the postcode of participants to 

the index of multiple deprivation expressed in decile. Child experience with different 

book format in joint and solo settings was collected through caregiver report. 
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Table S 2 Means, standard deviations, and correlations with confidence intervals, prior to conducting Principal Component Analyses on 

Executive Functions 

 

Variable M SD 1 2 3 4 5 6 7 8 

           
1. age  
(months) 

57.77 7.24                 

                      
2. vocabulary 
(scaled score) 

10.15 2.81 .03               

      [-.04, .10]               
                      
3. visual 
attention 
(scaled score) 

11.23 2.96 .23** .12**             

      [.16, .29] [.05, .19]             
                      
4. forward digit 
span 

11.06 2.72 .49** .06 .40**           

      [.44, .54] [-.01, .13] [.34, .45]           
                      
5. backward 
digit span 

5.68 2.62 .46** .29** .33** .44**         

      [.41, .52] [.23, .35] [.27, .39] [.38, .50]         
                      
6. global 
executive 
function (t-
score) 

51.01 11.23 -.03 -.10** -.13** -.05 -.34**       
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      [-.10, .04] 
[-.17, -

.03] 
[-.20, -

.06] 
[-.13, .02] 

[-.40, -
.28] 

      

                      
7. phonological 
recall 

0.25 0.44 .07* .10** .05 .07* .07* -.03     

      [.00, .14] [.03, .16] [-.02, .12] [.00, .14] [.00, .14] [-.10, .04]     
                      
8. semantic 
recall 

0.87 1.35 .09* .19** .01 .09* .15** -.05 .46**   

      [.02, .17] [.12, .27] [-.06, .09] [.02, .17] [.07, .22] [-.13, .03] [.40, .51]   
                      
9. semantic 
recognition 

0.72 0.45 .01 .15** .04 .07* .09* -.03 .28** .23** 

      [-.06, .08] [.08, .22] [-.03, .11] [.00, .14] [.02, .15] [-.10, .04] [.22, .34] [.16, .30] 
                      

Note. M and SD are used to represent mean and standard deviation, respectively. Values in square brackets indicate the 95% confidence 
interval for each correlation. The confidence interval is a plausible range of population correlations that could have caused the sample 
correlation (Cumming, 2014). * indicates p < .05. ** indicates p < .01. 
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Figure S 1 Accuracy Across Word Learning Measures by Target Word 

 

 

 
 
 
Note – A) Phonological Recall; B) Semantic Recognition; C) Semantic Recall. 
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Table S 3 Means (and Standard Deviations) of Word Learning Outcomes by Sex 

 

Sex Phonological recall Semantic Recall Semantic 
Recognition 

Girls 0.23 (0.42) 0.69 (1.15) 0.69 (0.46) 

Boys 0.28 (0.45) 1.10 (1.55) 0.77 (0.42) 
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Table S 4 Results of the Models Estimating the Effect of Book Format, Child Characteristics, and Their Interaction, on Phonological Recall 

  
 

M0 

Phonological Recall 
M1 

 
M2 

Predictors OR SE CI p OR SE CI p OR SE CI p 

(Intercept) 0.14 0.05 0.07 – 0.27 <0.001 0.13 0.05 0.07 – 0.27 <0.001 0.12 0.06 0.04 – 0.30 <0.001 

Vocabulary 1.08 0.03 1.01 – 1.14 0.017 1.08 0.03 1.01 – 1.14 0.017 1.09 0.05 1.00 – 1.19 0.045 

Executive Function 1.15 0.11 0.95 – 1.40 0.147 1.15 0.11 0.95 – 1.40 0.147 1.16 0.15 0.90 – 1.49 0.265 

Age (months) 1.10 0.10 0.92 – 1.32 0.297 1.10 0.10 0.92 – 1.32 0.297 1.10 0.10 0.92 – 1.32 0.298 

Sex [M] 1.40 0.23 1.01 – 1.94 0.045 1.40 0.23 1.01 – 1.94 0.045 1.40 0.23 1.01 – 1.94 0.045 

Book format [digital] 
    

1.01 0.17 0.73 – 1.39 0.949 1.36 0.91 0.37 – 5.02 0.642 

Book format [digital] * 
Vocabulary 

        
0.97 0.06 0.86 – 1.10 0.645 

Book format [digital] * 
Executive Function 

        
0.99 0.17 0.71 – 1.39 0.975 

Random Effects 

σ2 3.29 3.29 3.29 

τ00 0.00 child_ID 0.00 child_ID 0.00 child_ID 

τ11 0.00 child_ID.book_format 0.00 child_ID.book_format 0.00 child_ID.book_format 

ρ01       

N 100 child_ID 100 child_ID 100 child_ID 
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Observations 807 807 807 

Marginal R2 / Conditional 
R2 

0.034 / NA         

 
 
Table S 5 Results of the Models Estimating the Effect of Book Format, Child Characteristics, and Their Interaction, on Semantic Recognition 

  
 

M0 

Semantic recognition 
M1 

 
M2 

Predictors OR SE CI p OR SE CI p OR SE CI p 

(Intercept) 0.62 0.23 0.29 – 1.29 0.200 0.56 0.22 0.26 – 1.20 0.138 0.53 0.25 0.21 – 1.33 0.178 

Vocabulary 1.13 0.04 1.06 – 1.21 <0.001 1.13 0.04 1.06 – 1.21 <0.001 1.14 0.05 1.04 – 1.24 0.004 

Executive Function 1.26 0.15 1.00 – 1.59 0.053 1.25 0.15 0.99 – 1.58 0.063 1.07 0.15 0.82 – 1.41 0.609 

Age (months) 0.90 0.10 0.72 – 1.13 0.365 0.90 0.10 0.73 – 1.13 0.372 0.91 0.10 0.73 – 1.13 0.372 

Sex [M] 1.92 0.40 1.28 – 2.88 0.002 1.93 0.40 1.29 – 2.88 0.001 1.94 0.40 1.29 – 2.89 0.001 

Book format [digital] 
    

1.19 0.22 0.82 – 1.71 0.362 1.31 0.83 0.38 – 4.55 0.672 

Book format [digital] * 
Vocabulary 

        
0.99 0.06 0.88 – 1.12 0.920 

Book format [digital] * 
Executive Function 

        
1.41 0.25 1.00 – 1.99 0.047 

Random Effects 

σ2 3.29 3.29 3.29 
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τ00 0.22 child_ID 0.22 child_ID 0.22 child_ID 

τ11 0.28 child_ID.book_format 0.26 child_ID.book_format 0.16 child_ID.book_format 

ρ01 0.25 child_ID 0.51 child_ID 0.75 child_ID 

ICC 0.06 0.06 0.06 

N 100 child_ID 100 child_ID 100 child_ID 

Observations 802 802 802 

Marginal R2 / Conditional R2 0.068 / 0.126 0.070 / 0.128 0.080 / 0.138 
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Table S 6 Data-Driven Model M3 With Non-Significant Interaction Term Pruned 

  Semantic Recognition 

Predictors Estimate SE CI p 

(Intercept) -0.60 0.39 -1.36 – 0.15 0.117 

Vocabulary 0.13 0.04 0.06 – 0.20 <0.001 

Book format [digital] 0.21 0.18 -0.15 – 0.57 0.259 

Executive Function 0.07 0.14 -0.20 – 0.34 0.595 

Age (months) -0.10 0.11 -0.32 – 0.12 0.372 

sex [M] 0.66 0.21 0.26 – 1.06 0.001 

Book format [digital] * 
Executive Function 

0.34 0.17 0.01 – 0.68 0.045 

Random Effects 

σ2 3.29 

τ00 child_ID 0.22 

τ11 child_ID.book_format.M 0.16 

ρ01 child_ID 0.76 

ICC 0.06 

N child_ID 100 

Observations 802 

Marginal R2 / Conditional R2 0.080 / 0.139 
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Supplementary Materials for Chapter 3 

 
Figure S 2 Pattern of Missingness in the Dataset by Variables 
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Figure S 3 Pattern of Missingness by Variables and Child IDs 

 

 

Table S 7 Frequency and Age of Acquisition of Target Words and Accompanying 
Adjectives 

 
Story A  Story B  

Frequency AoA  Frequency  AoA 

Target words      

okapi 2.23 11.22 clamp 2.71 10.89 

sloth 3.38 8.37 valve 3.31 10.78 

myna 2.23 9.5 chisel 2.93 10.53 

toucan 3.71 8.69 screw 3.82 6.65 

Adjectives      

striped 3.08 4.65 wooden 4.34 5.89 

furry 4.62 5.72 shiny 4.32 5.05 

dark 5.28 3.74 sharp 4.82 6.11 

colourful 4.82 4.89 pointy 4.63 7.39 

 

Note. Frequency of SUBLEX. Values lower than 3.5 are considered infrequent in the 

corpus. AoA = Age of Acquisition 
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Table S 8 Codebook for Behavioural Coding of Caregivers’ Scaffolds during Shared 

Reading Interactions 

Scaffold code Description 

Repetition How many times each target word is 
produced in extra textual talk by the 
caregiver. 

Definition Whether definitional information is 
given in extratextual talk by the 
caregiver, including synonyms and 
perceptual or conceptual information. 

Comment How many times the caregiver makes 
a comment which is related to the 
target word. E.g., look at that! 

Question How many times the caregiver asks a 
question related to the target word. 
E.g., can you find the [x]? 

Pointing Whether the caregiver points to the 
target word. 

Iconic gesture Whether the caregiver gestures to 
illustrate the target word meaning. 
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Table S 9 Means, standard deviations, and correlations with confidence intervals  

  

Variable M SD 1 2 3 4 5 6 7 8 9 10 

             
1. 
stand_sum
_CELF 

10.37 2.68                     

                          
2. 
recep_chec
klist 

0.26 0.44 -.04                   

      
[-.12, 

.04]                   

                          
3. 
expr_check
list 

0.39 0.49 -.00 .10*                 

      
[-.08, 

.08] 
[.01, .18]                 

                          
4. 
care_repeti
tion_count 

1.21 1.35 .08 -.03 -.10*               

      
[-.00, 

.16] 
[-.11, 

.06] 
[-.18, -

.01]               

                          
5. 
care_defini
tion_binary 

0.42 0.49 .01 -.12** -.18** .32**             

      
[-.07, 

.09] 
[-.20, -

.03] 
[-.26, -

.10] 
[.25, .40]             
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6. 
care_questi
ons_count 

1.10 1.47 .13** -.00 -.07 .49** .27**           

      [.04, .21] [-.09, 
.08] 

[-.16, 
.01] 

[.42, .55] [.19, .35]           

                          
7. 
care_pointi
ng_binary 

0.71 0.45 .03 -.04 -.00 .19** .14** .19**         

      
[-.06, 

.11] 
[-.12, 

.05] 
[-.09, 

.08] 
[.11, .27] [.06, .22] [.11, .27]         

                          
8. 
care_other
gesture_bi
nary 

0.11 0.31 -.01 .04 -.07 .21** .37** .16** .12**       

      
[-.09, 

.08] 
[-.04, 

.12] 
[-.15, 

.02] 
[.13, .29] [.30, .44] [.08, .24] [.04, .20]       

                          
9. 
phonologic
al_recall 

0.27 0.44 .09* .16** .55** -.05 -.27** -.00 -.03 -.11**     

      [.01, .17] [.08, .24] [.49, .61] 
[-.14, 

.03] 
[-.34, -

.19] 
[-.09, 

.08] 
[-.11, 

.05] 
[-.19, -

.03]     

                          
10. 
sem_recall
_count 

0.88 1.34 .16** .09* .39** .03 -.11* .07 .04 -.11* .48**   

      [.08, .24] [.00, .17] [.32, .46] [-.05, 
.12] 

[-.19, -
.02] 

[-.02, 
.15] 

[-.04, 
.12] 

[-.19, -
.02] [.41, .54]   
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11. 
semantic_r
ecognition 

0.74 0.44 .17** .19** .18** .04 -.10* .05 .01 -.03 .27** .25** 

      [.09, .25] [.11, .27] [.10, .26] 
[-.04, 

.12] 
[-.18, -

.01] 
[-.04, 

.13] 
[-.08, 

.09] 
[-.11, 

.05] [.19, .35] [.17, .32] 

                          

 
Note. M and SD are used to represent mean and standard deviation, respectively. Values in square brackets indicate the 95% confidence 
interval for each correlation. The confidence interval is a plausible range of population correlations that could have caused the sample 
correlation (Cumming, 2014). * indicates p < .05. ** indicates p < .001. 
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Table S 10 Effects of Individual Lexical Knowledge (Vocabulary Checklist) on Caregivers’ 

Verbal Scaffolds Expressed in Incidence Rate Ratios 

Verbal scaffolds 

Predictors Incidenc
e Rate 
Ratios 

SE CI p Incidenc
e Rate 
Ratios 

SE CI p 

(Intercept) 1.13 0.4
0 

0.56 – 2.2
8 

0.726 1.69 0.6
5 

0.80 – 3.5
9 

0.16
9 

Vocabulary 
knowledge 

1.01 0.0
3 

0.95 – 1.0
7 

0.700 1.01 0.0
3 

0.96 – 1.0
7 

0.67
2 

Age of 
acquisition 

1.07 0.0
2 

1.03 – 1.1
1 

<0.00
1 

1.04 0.0
2 

0.99 – 1.0
8 

0.09
9 

Book 
format 
[digital] 

0.87 0.0
5 

0.79 – 0.9
7 

0.009 0.88 0.0
5 

0.80 – 0.9
8 

0.01
7 

Individual 
lexical 
knowledge 

    
0.82 0.0

5 
0.72 – 0.9

4 
0.00

3 

Random Effects 

σ2 0.36 0.36 

τ00 0.42 child_ID 0.43 child_ID 

ICC 0.54 0.54 

N 78 child_ID 78 child_ID 

Observation
s 

550 550 

Marginal 
R2 / 
Conditional 
R2 

0.021 / 0.548 0.029 / 0.555 
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Table S 11 Effects of Individual Lexical Knowledge (Vocabulary Checklist) on Caregivers’ 

Gestural Scaffolds Expressed in Odds Ratio 

Gestural scaffolds 

Predictors Odds 
Ratio

s 

SE CI p Odds 
Ratio

s 

SE CI p 

(Intercept) 9.3
7 

10.7
5 

0.99 – 88.8
6 

0.051 5.3
2 

6.9
3 

0.41 – 68.4
4 

0.200 

Vocabulary 
knowledge 

0.9
9 

0.08 0.84 – 1.16 0.882 0.9
9 

0.0
8 

0.84 – 1.16 0.870 

Age of 
acquisition 

1.0
0 

0.08 0.86 – 1.16 0.955 1.0
4 

0.1
0 

0.87 – 1.25 0.643 

Book 
format 
[digital] 

0.3
1 

0.08 0.19 – 0.50 <0.00
1 

0.3
0 

0.0
8 

0.19 – 0.49 <0.00
1 

Individual 
lexical 
knowledge 

    
1.3
1 

0.3
9 

0.73 – 2.35 0.359 

Random Effects 

σ2 3.29 3.29 

τ00 2.52 child_ID 2.54 child_ID 

ICC 0.43 0.44 

N 78 child_ID 78 child_ID 

Observation
s 

550 550 

Marginal 
R2 / 
Conditional 
R2 

0.056 / 0.465 0.058 / 0.468 
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Table S 12 Effects of Fine-Tuning on Phonological Recall Expressed in Odds Ratios 

Phonological recall 

Predictors Odds 
Ratio

s 

SE CI p Odds 
Ratios 

SE CI p 

(Intercept) 0.1
6 

0.0
7 

0.07 – 0.3
5 

<0.00
1 

0.02 0.01 0.00 – 0.06 <0.00
1 

Vocabulary 
knowledge 

1.0
9 

0.0
4 

1.01 – 1.1
7 

0.031 1.11 0.05 1.02 – 1.22 0.014 

Individual 
lexical 
knowledge 

    
21.4

9 
11.0

8 
7.83 – 59.0

2 
<0.00

1 

Verbal 
scaffolds 

    
0.87 0.13 0.65 – 1.18 0.382 

Individual 
lexical 
knowledge 
× Verbal 
scaffolds 

    
1.09 0.18 0.79 – 1.50 0.597 

Random Effects 

σ2 3.29 3.29 

τ00 0.00 child_ID 0.00 child_ID 

N 78 child_ID 78 child_ID 

Observation
s 

550 550 

Marginal 
R2 / 
Conditional 
R2 

0.014 / NA 0.473 / NA 
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Table S 13 Effects of Fine-Tuning on Semantic Recall Expressed in Incidence Rate Ratios 

Semantic recall 

Predictors Incidenc
e Rate 
Ratios 

SE CI p Incidenc
e Rate 
Ratios 

SE CI p 

(Intercept) 0.18 0.0
7 

0.08 – 0.4
1 

<0.00
1 

0.06 0.0
3 

0.03 – 0.1
4 

<0.00
1 

Vocabulary 
knowledge 

1.13 0.0
4 

1.05 – 1.2
2 

0.001 1.13 0.0
4 

1.05 – 1.2
1 

0.001 

Individual 
lexical 
knowledge 

    
5.02 0.8

6 
3.59 – 7.0

2 
<0.00

1 

Verbal 
scaffolds 

    
1.07 0.0

3 
1.01 – 1.1

3 
0.033 

Individual 
lexical 
knowledge 
× Verbal 
scaffolds 

    
0.92 0.0

3 
0.86 – 0.9

9 
0.024 

Random Effects 

σ2 0.93 0.93 

τ00 0.48 child_ID 0.43 child_ID 

ICC 0.34 0.32 

N 78 child_ID 78 child_ID 

Observatio
ns 

550 550 

Marginal 
R2 / 
Conditional 
R2 

0.074 / 0.392 0.309 / 0.528 
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Table S 14 Effects of Fine-Tuning on Semantic Recognition Expressed in Odds Ratios  

Semantic recognition 

Predictors Odds 
Ratios 

SE CI p Odds 
Ratios 

SE CI p 

(Intercept) 0.59 0.32 0.20 – 1.68 0.321 0.29 0.18 0.09 – 0.96 0.043 

Vocabulary 
knowledge 

1.19 0.06 1.07 – 1.31 0.001 1.20 0.07 1.07 – 1.34 0.002 

Individual 
lexical 
knowledge 

    
3.01 1.01 1.57 – 5.80 0.001 

Verbal 
scaffolds 

    
1.02 0.06 0.91 – 1.14 0.716 

Individual 
lexical 
knowledge × 
Verbal 
scaffolds 

    
1.07 0.10 0.88 – 1.30 0.484 

Random Effects 

σ2 3.29 3.29 

τ00 0.58 child_ID 0.72 child_ID 

ICC 0.15 0.18 

N 78 child_ID 78 child_ID 

Observations 550 550 

Marginal R2 / 
Conditional 
R2 

0.051 / 0.194 0.143 / 0.298 
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Supplementary Materials for Chapter 4 

 

Table S 15 Results of the Model Estimating the Effects of Literacy Skills, Grade, Gender 

and Language Status on the Probability of Using the Reveal Word Scaffold, Expressed in 

Odds Ratios 

  Use of the Scaffold 

Predictors Estimate SE CI p 

Intercept 0.47 0.03 0.41 – 0.53 <0.001 

DIBELS [Well Below Benchmark] 1.27 0.01 1.25 – 1.29 <0.001 

DIBELS [Below Benchmark] 1.25 0.01 1.23 – 1.27 <0.001 

DIBELS [Above Benchmark] 0.73 0.00 0.72 – 0.74 <0.001 

Grade [1] 0.57 0.00 0.56 – 0.58 <0.001 

Grade [2] 0.30 0.00 0.29 – 0.30 <0.001 

Grade [3] 0.24 0.00 0.23 – 0.24 <0.001 

Gender [Male] 0.82 0.00 0.81 – 0.83 <0.001 

Language Status [Dual Language Learner] 1.27 0.01 1.25 – 1.28 <0.001 

Random Effects 

σ2 3.29 

τ00 q_id 0.12 

τ00 level_name 0.37 

ICC 0.13 

N q_id 505 

N level_name 54 

Observations 1716787 

Marginal R2 / Conditional R2 0.065 / 0.186 
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Table S 16 Results of the Model Estimating the Effects of the Scaffold, Literacy Skills, 

Grade, Gender and Language Status on Task Accuracy  

  Accuracy in the Task 

Predictors Estimate SE CI p 

Intercept 3.81 0.15 3.53 – 4.12 <0.001 

Use of Scaffold [yes] 1.30 0.01 1.28 – 1.31 <0.001 

DIBELS [Well Below Benchmark] 0.68 0.00 0.67 – 0.68 <0.001 

DIBELS [Below Benchmark] 0.90 0.01 0.89 – 0.92 <0.001 

DIBELS [Above Benchmark] 1.26 0.01 1.25 – 1.28 <0.001 

Grade [1] 0.99 0.01 0.97 – 1.00 0.050 

Grade [2] 0.97 0.01 0.95 – 0.98 <0.001 

Grade [3] 1.17 0.01 1.15 – 1.19 <0.001 

Gender [Male] 0.91 0.00 0.91 – 0.92 <0.001 

Language Status [Dual Language Learner] 0.81 0.00 0.80 – 0.81 <0.001 

Random Effects 

σ2 3.29 

τ00 q_id 0.70 

τ00 level_name 0.04 

ICC 0.18 

N q_id 505 

N level_name 54 

Observations 1716787 

Marginal R2 / Conditional R2 0.020 / 0.200 
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Table S 17 Results of the Model Estimating the Effects of the Scaffolded Word Type, 

and Interaction Between Scaffold Use and Literacy Skills, Grade, Gender, and Language 

Status on the Accuracy in the Task 

  Accuracy 

Predictors Estimate SE CI p 

Intercept 3.67 0.16 3.38 – 3.99 <0.001 

Scaffolded Nouns 1.03 0.01 1.01 – 1.05 0.001 

Scaffolded Verbs 0.98 0.01 0.96 – 1.00 0.057 

Scaffolded Adjectives 0.70 0.02 0.67 – 0.74 <0.001 

Scaffolded Adverbs 0.84 0.04 0.76 – 0.93 0.001 

Scaffolded Prepositions 0.98 0.06 0.87 – 1.10 0.712 

Use of Scaffold [yes] 1.57 0.03 1.51 – 1.64 <0.001 

DIBELS[Well Below Benchmark] 0.66 0.00 0.65 – 0.67 <0.001 

DIBELS [Below Benchmark] 0.89 0.01 0.88 – 0.90 <0.001 

DIBELS [Above Benchmark] 1.29 0.01 1.27 – 1.30 <0.001 

Grade [1] 1.03 0.01 1.02 – 1.05 <0.001 

Grade [2] 1.02 0.01 1.01 – 1.04 0.009 

Grade [3] 1.25 0.01 1.22 – 1.27 <0.001 

Gender [Male] 0.91 0.00 0.90 – 0.92 <0.001 

Language Status [Dual Language Learner] 0.80 0.00 0.80 – 0.81 <0.001 

Use of Scaffold [yes]:DIBELS [Well Below 
Benchmark] 

1.22 0.02 1.19 – 1.26 <0.001 

Use of Scaffold [yes]:DIBELS [Below 
Benchmark] 

1.11 0.02 1.08 – 1.15 <0.001 

Use of Scaffold [yes]:DIBELS [Above 
Benchmark] 

0.86 0.01 0.83 – 0.88 <0.001 

Use of Scaffold [yes]:Grade [1] 0.80 0.01 0.77 – 0.82 <0.001 

Use of Scaffold [yes]:Grade [2] 0.71 0.01 0.69 – 0.73 <0.001 
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Use of Scaffold [yes]:Grade [3] 0.67 0.01 0.64 – 0.70 <0.001 

Use of Scaffold [yes]:Gender [Male] 1.03 0.01 1.01 – 1.05 0.015 

Use of Scaffold [yes]:Language Status 
[Bilingual] 

1.03 0.01 1.00 – 1.05 0.023 

Random Effects 

σ2 3.29 

τ00 q_id 0.69 

τ00 level_name 0.05 

ICC 0.18 

N q_id 505 

N level_name 54 

Observations 1716787 

Marginal R2 / Conditional R2 0.021 / 0.201 
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