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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
2LIR NI dzyAGASE G2 F2a0SN) OKAf RNByQa @20l 6 dz
experiences are rapidly changing, witlbeoks and digital reading environments
becoming increasingly common. Prior research investigating the effect of book format
on word leaning in young children has reported inconsistent findings, as synthesised
in a recent metaanalysis. Given the pivotal role of early vocabulary for later reading
comprehension, academic achievement, employment, and-laeghg, it is critical to
unpack theeffects 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@e-registeredstudyinvestigating the effects of book format
and child characteristics on word learning via naturalistic shared reading. Chapter 3
providesanilRS LIJG K S @It dzZ GA2y 2F OFNBIAGSNEQ a0l 3
focus of this preregistered study was ttest the generalisability of the firuning
KeLR2UKSaAas GKIdG Aas oKSUKSNI OF NEIADSNA | F
AYRAGARdzZ £ f SEAOIEt (1y26fSR3IS I yR sKSGEKSNI (
learning in the context of shared readirgNBE I3 A GSNER Q a OliFprdf RAyYy 3 0 ¢
and digitalbased 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 lintroduction

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 hour§omasello, 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 contasuto grow until the school years
(Fenson et al., 1994; Tomasello, 200)r 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 differen¢€gnson et al., 1994; Frank et al., 2021,
Rowe, 2012)and these early differences are stafBornstein et al., 2018nd bear a
profound and longerm impact on a range of developmental outcomes. For instance,
vocabulary at age five is a unique predictor of academic achievement, employment,
and weltbeing(Hoff, 2013; Law et al., 2009; Pace et al., 20E8) 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 langua@éol & 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@reO K2 2f SNAQ YR (1 AYRSNHI I
vocabulary(Mol & Bus, 2011)The benefit of exposure to written language can be
SELX FAYSR o0& AtGa adl GAadaAOrt LINPLISNIAS&ED
more unigue word types than chidirected language and therefore provides unique
2 LJLJ2 NJi dzy A (1 A S & bda?y gdovdrMonhtdg) Mitkaly, ZDE5; Naioét 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

13



young children{HassingeDas et al., 2020; Ofcom, 2019hese new book
LINBaSydradAaz2y F2NXIFGEA oNAYy3IT 2LIRNIdzyAdASas
learning(Furenes et al., 2021; Takacs et al., 20Ib}his changing landscape, the
2PSNI NOKAY3 FAY 2F GKAAa (0KSaAaAa Aa G2 Ay@S:
word learning from written context during contemporary reading experiences which
involve new media and affordances, while taking inte@unt child characteristics.
Below, | 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 wisrintended to provide critical
insights to inform early literacy policies and practice, and maximise learning
2LIR2 NI dzyAGASa F2N) SOSNE OKAfR Ay G2RI&Q&a F
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 ofJive. R.
Logan et al., 2019As 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 langug@awson et al., 2021; Montag,
2019; Montag et al., 2015; Montag & MacDonald, 2015; Nation et al., 2022¢n
O2YLI NAy3 GKS I y3Adz 3IS-dieded @riighaheRMdbtsgREal. 6 2 2 | 2

o

(2015) found that the former comprised more unique words. Dawson et al. (2021)
NBLIX AOFGSR FyR SEGSYRSR (KS&aS FAyRAy3a

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

(@]]
ml

and more emotionally arousing compared to words in chilécted language. They

are also more commonly nouns and adjectives, and they tend to be longer and more
morpholagically 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 expsure to rare and complex sentence types, such as passive sentences and

sentences containing relative claugdgontag, 2019; Montag & MacDonald, 2015)
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and syntax may, in turn, bootstrap the acquisition of new vocabyRowland, 2013;
Syrett et al., 2012; Tomasello, 2003)

Shared Readind~or 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 scaffolddening through extraextual talk and norverbal
supportc albeit adults shared reading styles can vid@gese et al., 2003n the
context of shared reading, the following framework has been proposed to examine
how young children process book information to extract word mean{8gnéchal et
al., 1995; Sénéchal & Cornell, 1993iyst, 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 casé kearning 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 phonologicaépresentation 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 readly. It immediately becomes apparent that cognitive
skills, including memory, attention, and prior knowledge, are crucial for children to
learn new words from shared reading. | will return to this point when discussing the
role of child characteristics inone detail in subsequent sections. Another theoretical
framework that can usefully inform the study and interpretation of word learning from
shared book reading is the duebding theory(Paivio & Csapo, 1973)ccording 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 storyhdloé
combination of image and verbal codes may be particularly helpful to support their
learning of word forms and meanings.

Independent ReadingWord 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 lea(@iag, 2007;

15



Cain, Lemmon, et al., 2004; Tomasello, 2008)rd 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, theltimodal 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 effityederive novel word
meanings from the surrounding linguistic conté&ain et al., 2003; Cain, Lemmon, et
al., 2004) Thus, weldesigned 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 tabldtsucirkova, 2019)his 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 ttf@ldren and screens
discussior(M. L. Allen et al., 2016; Bus et al., 2020; Hassibgeret al., 2020;
Vulchanova et al., 201.7Children are seen as part of a natural experiment, surrounded
by portable and easyo-access digital media. Concerns about the effect of screens on
child development have been raised since the introduction and popularity of television
and computers, buthe advent of iPads in 2010 has revived the discussiorce
portable media can be used by children everywhere and anytime with much more
flexibility (HassingeDas et al., 2020)

There is increasing consensus that screen time is a poorly specified concept and
that digital content and the context of (€mse are important factors to consider when
studying the effect of digital media on learning and developn{éta#ssingeDas et al.,
2020; Madigan et al., 2020ccordingly, thelisplacement hypothesiseferring to the
idea that interactions with digital media would interfere with other important activities
for child development, including shared reading, is being reconsidered-d&&stjned
digital media are increasingly seen as extending educatmpyabrtunities and having
GKS LRGSYGALFf G2 Sy NX OK (BGstetal, RO Kutiriova, ST NJ/ A

2019) Yet more investigation, as well as partnerships between developmental
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researchers and software developers, are needed to make this hajipprossimo et
al., 2023; Hassingdbas 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 {aeddysis
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 fo(fiaenes
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 Scaffoldingrhe multimodal nature of shared reading experiences is
adzoaidlydaralrtte SEGSYRSR o0& OFNBIAGSNEQ YSR?
verbal support during shared reading, yet the reading style differs substantially
between caregiveréReese et al., 2003)n line with the notion okcaffolding(Wood et
al., 1976)andzone of proximal developme(\ygotsky, 1978) I Rdzf G a4 Q & dzLJLJ2 NJ
FIOAfAGlIGSa OKAf RNBYyQa (fboRaNdetashdlysidshelrlAck T NRB Y
et al., 2018) Prior research suggests that verbal scaffolds, including repetitions,
definitions, and questionsinext@ SE G dzZ € G f 1 & dzLJLJ2 NI OKA f RNJ
shared book reading3(ewitt 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 readir{@arnes et al., 2023; Flack et al., 2018; Flack &
Horst, 2018)

When considering the framework proposed $gnéchaét al. (1995), it
becomes apparent that pointing reduces the inferential load associated with
ARSYGATFEeAYI | ySg NBFSNBYyG Ay (GKS LIAOG2NAI
repetitions and questions assist children in associating the neweefevith its label.
In line with the duakoding theory(Paivio & Csapo, 1973)ointing may boost word

learning by focusing attention on relevant pictorial information. Representational and

17



iconic gestures can support word learning by providing multimodal cues for word
meanings. This is consistent with theories of embodied cognfgan, Sadoski &
Lawrence, 2023; Smith & Gasser, 2008)ich posit that mental representations,
including word meanings, are grounded in sensory and sensorimotor experience.
Research on childirected language in contexts different from shared reading
can provide insights and help generate new hypotheses about the features of
OF NBIABSNEBQ O2YYdzyAOFGA2Yy (GKFG &dzldll2 NI g2 1
reading. Here, of paitular interest is the s@alled finetuning hypothesis, according
02 6KAOKIZ OFNBIAGSNA | RILI GKSANI O2YYdzyA Ol
knowledge in a way that supports their word learnifh@ung et al., 2021Y his
hypothesis reflects an increasing interest in understanding the dynamic and interactive
YSOKIyAayYa (GKIFG adzLlll2NI OKAf RNBYyQad 62NR f ¢
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 childirected language change as children age
(Huttenlocher et al., 2010)The important extension proposed by the fiening
hypothesis is that caregivers not only adapt their communication to the general
linguistic level of their child, but also modulate it at a more fgrained level as a
Fdzy O Az2zy 27F ( KeSohshdcifiz vards Rrfisimoduiatbommis ekpeded 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 princifléood et al., 1976and the
notion of the zone of proximal developmef\fygotsky, 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 nererbal scaffolds. How book presentation
F2NXNI G AyFEdsSSyOSa OF NEIADBSNEQ O0SKIFPA2dz2NAE I
suggests that thdook 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 mothe(&orat & Or, 201Q)and with lower social reciprocity
between the parentoddler dyads(Munzer et al., 2019)Chapter 3 reports a study
SELX 2NAYy3 AFI YR K263 0221 LINBaSyidldarAzy 1

Digital Scaffoldingln 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 théougirkova, 2017)
According to this theoretical framework, the difference between media needs to be
embraced rather than neglectg@ucirkova, 2017)t is important to consider that
digital media and, consequently, digital texts afford novel opportunities to scaffold
OKAf RNBY Q& dzy RS N@adltdn ¢tRIA 3081; GoyzRez f2&14; Ripctoy el
al., 2007; Zou et al., 20215or instance, multimodal support for the pronunciation and
meaning of words can be provided through birltscaffolds in digital text@®alton et
al., 2011; Furenes et al., 2021; Gonzalez, 2014; Proctor et al., 2007; Yun Xsdije
the promise of these features, the evidence of their efficacy is migédaham, 2008;
Furenes et al., 2021This points to the importance of carefully investigating the
factors that mediate their effectiveness. The cognitive theory of multimedia learning
(Mayer, 2003predicts that learning is optimised by welksigned materials consisting
of words and pictures compared to words alone, and provides guiding principles for
the design of multimedia material. Those principles includentdtimedia effect
according to which learning is deeper with words and pictures than from words alone;
the coherence effegtaccording to which learning is enhanced when extraneous
material is excluded; and thepatial contiguity effectwhich refers to the learning
advantage derived frorpresenting 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 buiin multimoadal scaffolds are most effective.
Child Characteristics

Child characteristics are viewed as an important factor to consider when
seeking to understand individual variation in language lear(fRwvland, 2013)A
OF NBEFdzZ O2y aARSNI (A 2 yalsacitical whénNSafogingived OK I NI O
learning from different mediaBoth the capacity modeF{sch, 200Pand the
differential susceptibility to media effects mod&ldlkenburg & Peter, 20)3
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underscore the importance of considering learr@isaracteristics. The capacity model
wasdeveloped to explaithe mechanisms underlying K A f RNByYy Q& 02 YLINSK S
educational content on televisiort was informed by empirical evidence showing that
the comprehension of television content is predicted by the amount of invested
mental effort(Salomon, 1984)The capacitymodelhighlights the critical role of
OKAf RNBY Q& LINR2NJ |Yy2sft S Rapgddingédmmpehdndiohy 3 Y S
and learnimy. The differentialsusceptibilityto media effectanodelbuilds on prior
microlevel medigeffects theories, devoting particular attention to the individual
media userThis modehlso emphasisethe role of individuatharacteristicdy
assuminghat media effects areonditiond on certainusercharacteristicghat act as
moderators Agains this theoreticalbackground acommon 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
OKAf RNBYyQa ¢2NR f &lg.NSéréghd et AN p0BIDE 6 2 21 A
explanation for the role of prior vocabulary knowledge is that the existing knowledge
base and category knowledge facilitate the acquisition of new w(Bdsovskyet 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 h Q¢ 22t S g Yisufl\attedtidnhasHongvoged dsed 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 prediktE f RNBEyYy Qa 62NR S| NI A\
experimental settingg¢Baddeley et al., 1998; Gathercole et al., 1997, 1999; Kapa &
Erikson, 202Q)as well as in the shared reading contéAadley et al., 2021)he role
of working memory, particularly the phonological loop, is central to learning the
phonological form of new worddBaddeley et al., 1998as it provides a mechanism for
the temporary storage of new phonological forms whilst more stable-teng
representations are being formed. Inhibitory control is associated with word learning
as it enables learners to suppress irrelevant targets andg®n relevant one@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., 20t8portantly, 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; Salmerdn et al., 2021; Takacs et al.,.2015)

Scaffolding features embedded in digital media can be made available to
learners on an aseeded basis. In this scenario, the uptake of scaffolds relies on
f SIENYSNEQ YSOFO23ayAlGADBS | 6 NBySaaod { dzOK Y
function of child characteristics, including ability level and #Beker & Cerro, 2000;
Kirby & Moore, 1987)gender(Sadeghi & Khezrlou, 2012; Tseng et al., 2006; Wu,
2014) and degree of bilingualis®bu Rabia, 2019hild characteristics may also
modulate the effectiveness of scaffolf®un, 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
OKAf RNByQa @20l odzZ  NB RS@OSt2LIYSyliod ¢KdzaI ¢
word learning from written context is essential, particularly, in the current digital
ecology, wiere 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) eto%b-yearold
OK A f Wotdlgaiag in the context of shared reading, addressing the contradictory
FAYRAY3Ia 2F LINA2NI NBaSINOK o0/ KFLIWGSNI HOD ¢F
scaffolding during shared reading with print and digital books and test the

generalisability ofhie finetuning hypothesis, that is, the extent to which caregivers
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GF A€ 2N AyLlzi G2 GKSANI OKAf RQa AYRAGARdZ t
(Chapter 3). The third and last goal was to explore the association between the use of
vocabulary scaffolding features embedded in a digital reading environmentsand i
relatonto 5to8year2 t RaQ NBI RAYy3I O2YLINBKSyairzy o/ Kl
Methodological Considerations

From a methodological standpoint, the studies reported below are
characterised by high levels of ecological valifhilstrom, 2021)Generalising these
findings to reallife 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 semmaturalistic paradigm wherehe 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 traffe
between experimental control and ecological validity walsiaeed. A novel biglata
approach was implemented in Chapter 4 and extended the ecological validity of this
G2N] TFAdNIKSNY ! 6A3 RFEGFaSG 2F €23 FAtSa o
digital reading supplement in the classroom was analysed.efaisled the study of
both the uptake and effectiveness of vocabulary scaffolds in-liéakettings. Another
important methodological choice that needs to be highlighted here is the inclusion and
consideration, where possible, of different word typesaord learning measures. |

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 preregistered study (OSF Projetttps://osf.io/6uem9/; Registration
https://doi.org/10.17605/0OSF.IO/ANCK ¥he effect of book presentation format
(print vs. digital) on4to 5-year2 f R OKAf RNBy Qa ¢2NR S NyAy3

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

contradictory findings of prior researchrafesised in recent metanalysegFurenes

et al., 2021) To do soa within-subjects design was used to minimise variation
between participants, and a large sample of dyads (L00) 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 seraturaligic paradigm was developed to

support the generalisation of findings outside the laboratory.
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Abstract
Shared book reading provides unique opportunities to foster children's vocabulary
development. Yet théactors 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
vsdigital) onydzy 3 OKAf RNBy Qa ¢g2NR f SIFNYyAy3 DAl
focus on the role of individual differences in prior vocabulary knowledge and executive
function. British Englisepeaking caregivers and theiwté 5-yearolds took part in this
pre-registered study (BWadgsfk M N T 2GR T nibfEs; 5% girls). In a cross
sectional, withinsubjects 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 witionological 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
significantcrossover 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 wordlearning, 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 mutiple outcomes when studying learning from different media.

Keywordsword learning, shared book reading, digital media, vocabulary, executive

function, individual differences
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Public Significance Statement
This study compared-4o5year2 f RaQ ¢2NR  SFENYAY3I FNRBY LINA
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 vo@abulary 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, andbsei(Hoff,
2013; Law et al., 2009; Pace et al., 201®ividual differences in early vocabulary are
substantiallRowe et al., 2012), demonstrating the importance of understanding which
factors influence word learninghn important context for early word learning is shared
book readingDowdall et al., 2020; Elley, 1989; Farrant & Zubrick, 200Bas been
estimated that a book per day provides exposure to approximately 1.4 million words
by the age of fivéJ. A. RLogan et al., 2019Moreover, it has been documented that
the language of storybooks is lexically and syntactically richer compared to spoken
languaggMontag, 2019; Montag et al., 2015; Montag & MacDonald, 20IBbgrefore,
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 voaabahd
decontextualized language with toddlers and {m&hoolers, explains unique variance
in their vocabulary one year latéRowe, 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
O2y@SNEI GA2YyZ LI&S |jdSadAaz2yas NBfFGS GKS 2
provide repetitio/ a = L2 Ay d G2 GIF NBHSG 262S0ia Ay (K
production. This set of tutorial behaviours has been referred tdialmgic readingand
has been shown to support word learni(iglack 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 meaningBlewitt et al., 2009)As such, the social interaction
unfolding during shared boeleading 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 metsalysis quantifying the effect of shared
NEBII RAY3a AYGSNBSylAzya 2y OKAf RNByYyQa I y3dz
(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 interventio(tdadley et al., 2021)Ne 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 inconsistat findings with respect to the presence and direction of the effect.
A metaanalysis 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 prir(i.e., screen inferiority effect), which is in line with meta
analytic evidence on adult readefBelgado et al., 2018; Salmeroén et al., 2033)e
results for word learning were inconclusi(feurenes et al., 2021ppecifically, 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 significantlgrdiif 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 taketdasae 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 betsabject
designs are quite common across studies looking at the effects of book format.
Another emergentssue 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 isot 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
F20dzaSR 2y | YINNRg alyYLXS 2F GKS 62NI RQa
conducted in the US, Cada, Israel, and the Netherlan@Surenes et al., 2021%iven
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 learnignd, more broadlyjn learning from
different media €.9.,Fisher, 2000yalkenburg & Peter, 2013ror instance, prior
@20 o0dzf  NB (y26f SR3IS aAIYATFTAOFIyGfte& LINBRAOI
storybooks(Sénéchal et al., 1998hnd visual attention has also been linked to word
learning from shared book readifigh Q¢ 2 2f S 3 YJorkingméndooy, Hnamy 0 ®
AYKAOAG2NE O2yiNRftZ yR SESOdziA@S Tdzy Ol A 2y
experimental task¢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 readindgHadley et al., 2021put 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 focustbfs 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 wih, or at risk for, low literacy skil{®iprossimo et al., 2023; Takacs et al.,
2015)or less developed attention regulatigi&ng et al., 2019However, poorer
reading comprehension is found for reading on screen compared to print and reported
to be more pronounced in children with lower reading skalmerén 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 readifiBergman 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 fcinogeze
task. Yet, lexical representations of expressive vocabulary can include phonological,

semantc, and morphological informatiofHadley et al., 2016; Hadley & Dickinson,
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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 fageain measure of word learning.
Another important aspect to consider when studying the effect of book format on
word learning is the trad®ff 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 settififsrat & Or, 2010; Munzer et
al., 2019; Ozturk & Hill, 2026y focused on word learning outcomes in more
controlled settings, such as when an experimenter reads the story to the@hildd ¢ 2 2 f S
& Kannass, 2018ThereisawelR2 OdzYSYy i SR NRt S 2F | RdZ i YSR
word learning from storybook&lewitt et al., 2009; Blewitt & Langan, 201&hd 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 carefull controlled what caregivers and children read and the format in
which they read, but nohowthey read, thereby increasing the likelihood that our
findings will generalise to redife situations.
The Present Study

The present study was designed to address the critical gaps in our knowledge
Fo2dzi GKS STFFSOG 2F 062271 F2NXYIG 2y @2dzy3 (
reading through the following research questions:

1. 5254 0221 F2N¥I G OLINAYy(d Qad RAIAGET O Ay
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 findi(gsrenes et al., 2021)f the

screen inferiority effec{Delgado et al., 2018; Furenes et al., 202dends to word
learning measures, there should be detrimental performance with the digital shared
reading format. Previous research indicates ttied effects of book format are

conditional on a range of child characteristi€8prossimo et al., 2023; Eng et al., 2019;
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Salmerédn et al., 2021; Takacs et al., 20¥%¢ explored this possibility in our analyses.
Onemechanism though which book format may influence word learnisfpy
RATFSNByidte GFEAYy3 OKAfRNByQa O023ayAiliAdS
device,albeitwith adult support,and the potential novelty of thelevice itself, may
distract children from theontent of thestory includinghe new vocabularyt
introduces This may have a detrimental effect on word learnipaggticularly in
childrenwith less developed executive function skills.

Methods

Participants

British Englistspeaking caregivechild dyads took part in this study. The
sample size of iyads= 100 was decided a priori informed by previous pglwvered
studies(Reich et al., 2019nd the use of a withisubject 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 (Myge= 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 yearsdd 37.76; SD = 3.93; 83 sedported as
womern 6 as men; 11 did not stateEight 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 pregistration.According to
Ol NB 3 A @S MbstoftieBhild@eNda duEsamplengagedn print-basedshared
readingactivitiesdaily (86%). A large proportion of children nevargagel in digitat
based shared readg(68%)A cetailed NB I { R2 gy 2 F OKAWitlRgEB y Q &
and digital booksalone and in the shared reading context, aadtlitional socic
demographis 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 middied town in
the North West of England. This was complemented by a snowball strategy, where
participating caegivers 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 remarch has received ethical approval from the Ethics Committee of
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the Faculty of Science and Technology, Lancaster University (reference number: FST
20230791-SA1).

Measures
Vocabulary

Children completed a standardised vocabulary assessment: the Word Classes
subtest of the Clinical Evaluation of Language Fundameqfiseschool (CEL#P2;

Wiig et al., 2001 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 captthre depth of prior vocabulary
knowledge.

Attention, Memory, and Executive Function

Children completed the visual attention subtests of the Developmental
Neuropsychological Assessments (NERSNKman 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 possibl&l targets across two
arrays containing both targets and distractors. An accuracy score is calculated by
subtracting the number of notarget marked (commission errors) from the target
marked correctly. The total score is determined using the acclgeane 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 researchedeveloped measureof verbal working memory were
administeredbased 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 thbackwardgdigit 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 trialsThe digit span has been used successfully in prior
research with 4to 5-yearolds andhas appropriate testetest reliability (= .77, df =
63,p < .001) (Gathercole et al., 1997).

Caregivers completed the Behaviour Rating Inventory of Executive Function,
Preschool Versio(BRIERP; Gioia et al., 2003)vhich 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
(sinde page size: 126 x 113 mm; open book / iPad screen size: 126 x 226 mm). Two
storybooks with embedded lovirequency words were created in print and digital
format so that each book served as the digital condition for half of the participating
dyads, and tk print condition for the other half. These are available on OSF

(https://osf.io/6uem9/?view only=7bb996db9f7c4d54a7b3bf85723a0bdbder

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 psewdtds
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 stuggle 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.
Selectioning f S | NI y3IS 2F ONRGSNRALFY GKSANI FNBI «
tv programs(van Heuven et al., 2014heir age of acquisitiofKuperman et al., 2012)
and by examination of the higtlifficulty items in standardised vocabulary
assessments, such as the British Picture Vocabulary @R¥S; Dunn & Dunn, 2009)
(see Lenhartetal., 202d{ I NP SiG F f ®X un mdheTFooNihgs aA YAf |
animal namesmyna, okapi, slothand tools clamp, valve, and chisekre selected.

We also included one word in each category more likely to be known by children (e.g.,
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toucan, screywto 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-tack et al., 2018and 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 storybo®sycholinguistic

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

Tablel Frequency and Age of Acquisition of Target Words and Accompanying

Adjectives
Story A Story B
Frequency  AoA Frequency AO0OA
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 Inventof@BI; Fenson et al.,

1993) Before the shared reading activities, caregivers completed the vocabulary
OKSO1tA&G 1a | LINRPE& T2NJ 0KSANI OKAf RQa

word (seeShi et al., 2022 for similar approacaregivers' responses are depicted in

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

our age range.

Figurel/ F NEB3IAGSNERQ wlidAy3a 2F (GKS
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Word learning assessments

Phonological and semantic aspects of word learning were assessed after the
shared reading episodes. A fimg@nute delay was introduced to assess retention (in
line with Hartley et al., 2020)Phonological recall was measured with a picture haming
task(Adlof et al., 2021; Blewitt et al., 2009; Hargrave & Sénéchal, 20hi3)word
f SENYAY3 YSIEadaNBE GFLla Ayid2 OKAftRNByQa oAt
word upon presentation of the corresponding visuaigpiction.As such, this task
probesOK A f R NB y Qthe assSelathodyetyien tBeTphonological form of a wor
and its meaningPictures 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,
G¢ Sttt YSA &K tGKRIEW ef ak, Y2D00)heNdictires were different
from those in the booksthiswasdone to assess childréna ISy SNI f A al GA2Yy |
pictures and thudearning ofword meaning beyond the association between a
phonological form and a specific pictufgamiliar 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 wordlearning measuré I LJA A y (i 8eeporikdpriedemidion Q a
of word meaning andlearning the association between the phonological form of a
word and its meaningThis task also requise¢he metalinguistic ability to reflect about
2y SQa f Iy 3dzawa Sdogted taschildrierdli$ ppocedure used in previous
research(Blewitt & Langan, 2016hildren were introduced to a stuffed animal
YIEYSR WWe¢2o0edé YR G2fR 0KIG wwez2o0e R2Sa
g2NRX OKAfRNBY 6SNB |a1SR WY/ Iy e2dz GStf
responses, followup prompts were gi8y & dzOK & WYWwW2 Kl G St as Oly
i NBSGB8KE YR O2yUAYydzZSR dzyiAt OKAf RNBYy O3
familiarised with the task via practice trials with familiar words (e.g., dog, cat, spoon,
pencil). For each word, childneeceive 1 point for each unit of relevant information
provided (e.g., object function, physical properties). Intater reliability was
computed via an intralass correlation (ICC) analysis with absolute agreement(ICC

.95) (representing excellent agreemeficchetti, 1994
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To assess semantic recognition, children were asked to identify referents of the
target words in a multiplehoice task (seBlewitt et al. 200ndh Q¢ 22t S 3 YI yy I
(2018for a similar approach)lhis wordlearning measuréi I LJA Ay (G2 OKAf RNBY
of the association between the phonological form of a word and its meaifihig task
is less demanding compared to those presented abovedses not require a verbal
response, but simpler recognitiona pointing/ KA f RN Yy ¢SNX | 41 SR G2
i NBSGZ Sdaodr Of FYLBE 2y | LI 3AS 2F F2dzNJ L
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 strategto identify the
referent, including mutual exclusivity, that is, excluding those items whose tabgl
alreadyknown.As before, targetvords were represented by different pictures from
those presented in the story. There were practice trials using familiastaw@et words
(e.g., dog, cat, spoon, pencil). For each target item, children received 1 point for

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 Rotrusive audio and video
recording of caregivechild shared reading interactions. After greeting the
participating dyad andstablishing a rapport, the experimenter administered the first
subtest of the visual attention assessment (NER®¥man et al., 1998o the child,
while the caregiver completed the vocabulary checklist of the target words.
Subsequently, caregivahild dyads were instructed to read the two books. Dyads
NEOSAGSR (KS T2 fwodddikeydl toxedditagétitaCad yo2 woeldvdo &

ax

at home. Please take your time, | will be back when you are firlisded ¢ KS Re& | Ra
a sofa and were left alone in the observation room. The experimenter observed and
videorecorded 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 task while caregivers completed the BRIE(Gioia et al., 2003)Children
completed the standardised vocabulary assessment and the working memory
assessments, either after a short breg@ak= 71)or within 12 days from the first visfh

= 29) depending on child compliance and dyad availability.

Analytic Plan
Statistical Models

We fit separate Generalized Linear Mixed Models (GLEBdayen 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 famiigunt
data (i.e., semantic recall). The full random effect structure supported by the data was
included in the modeléMatuschek et al., 2017 onvergence 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 Tro investigate the effect of book format (print vs. digital)
on word learning, we compared a model {Mhcluding our test predictor (book
format) with a model (M) lacking our test predictor but being otherwise identical.
Both models controlled for prior vocabulary knowledge, executive function, age, and
gende?, all entered as fixed effects, to estimate any unique effect of book format,
above and beyond other established predictors of word learning.
(Mo) 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.Z'o investigate the interaction of book format and child
characteristics (prior vocabulary knowledge and executive function) on word learning,
we compared a model (Wl including the interaction terms of interests with a model

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

! 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 sadtaral context. Strictly speaking however, we
classed our child participants based on caregiver eghbidlogical 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 functiom Age + Gender + Random Effects
Transformations

Our independent variable (IV) was categorical with two levels: print and digital.
The IV was dummgoded with print as the reference category. Age in months was z
transformed to facilitate the interpretation of model coefficients and to ease model
convergace. 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 ofexecutive function in the prechool yearg¢Kapa & Erikson, 2020;
Lerner & Lonigan, 2014; Montroy et al., 2019; Scionti & Marzocchi, 2021)
conducted a Principal Component Analysis (PCA) to assess the dimensionality of these
measures. We adopted the procedure detailedJaynes et al (2021Analyses were
conducted in R with the package psyé&tevelle, 2023)First, we checked the Kaiser
Meyer-Olkin measure of sampling adequacy. The overall kdieger-Olkin value for
the data was 0.61, which is classified as medi¢kagser, 1974)Then, we performed a
t/1d ! aAy3atS SESOdziABS Tdzy OlAaz2y O02YLRYySyl
Minimum Average Partial (MAP) criterion, and by retaining eigenvalues > 1. The
proportion of variance explained by this component was 47%. As expectetings
were positive for visual attention (.70), forward digit span (.74) and backward digit
span (.80), and negative for global executive functiof6(, which provides an index of
dysfunction, with higher scores indicating poorer executive skills.nGhe 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 testingForstmeier & Schielzeth, 2011ye 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 indicat@d<by

.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 piwlizes
for the results of the more complex modé€lsidecke, 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 &t that of model
coefficients, the confidence intervals of model coefficients were inspected for
symmetry and wideness to inform the interpretatiodarginalR is reported to
illustrate the proportion of variance explained by the fixed effeatsile corditional R
is reportedto illustrate the variance explained by both the fixed and random effects.
Implementation

The models were implemented in R version 4.1.3 (20220) with the
function glmer of the R package Ime4 (version B3) (Bates et al., 2015Predicted
probabilities were computed using the function ggpredict of the R package ggeffects,

version 1.3.2 (Ludecke, 2018).

Transparencyand Openness

Our research questions, hypotheses, design, sample size, and analytic plan
were preregistered prior to data collection on the Open Science Framework (OSF;
https://osf.io/6uem9/?view_only=7bb996db9f7c4d54a7b3bf85723a0b16
https://osf.io/ancsx/?view_only=2dcb04be82564e40a3ce9f8d3685pdaARy

deviation from the preregistration is detailed in this manuscript. Fully anonymised
RFGF FTYyR FylFrfeaSa aONARLII&A INB F@FAtlofS
Results

Descriptive statistics

Reading time across conditions was the sa®e:average, the primeading
condition lasted 4 minutes and 33 seconds, and the digital reading condition 4 minutes
and 34 second$n 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
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https://osf.io/6uem9/?view_only=7bb996db9f7c4d54a7b3bf85723a0b16
https://osf.io/ancsx/?view_only=2dcb04be82564e40a3ce9f8d36856dc3

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.

Table2 Mean and Standard Deviations of Word Learning Outcomes by Book Format

Phonological recall Semantic recdll Semantic Recognitién

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

apinary outcome (0 incorrect, 1 correct. Range:1)
b count outcome (number of meaningful units of information provided per target

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

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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Table3 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 10.15 2.81 03
(scaled score)
[-.04, .10]
3. Executive function 0.00 1.00 48+ o
(factor component)
[.43, .53] [.15, .28]
4. Phonological Recall  0.25 0.44 .07* .10** .09*
[.00, .14] [.03, .16] [.02, .15]
5. Semantic RecAll 0.87 1.35 .09* 19** 12%* AB**
[.02, .17] [.12, .27] [.04, .19] [.40, .51]
6. Semantic Recognitidn 0.72 0.45 .01 5% .08* 28** 23%*
[-.06, .08] [.08, .22] [.02, .15] [.22, .34] [.16, .30]

Note.M and SDare 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 havehzasastple

correlation (Cumming, 2014). * indicatps .05. ** indicate9 < .01.

apinary outcome (0O incorrect, 1 correct. Range:10

b count outcome (number of meaningful units of information provided per target word. No upper limit; Range in the d@ja: 0
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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. Accuray by target word across word learning measures is depicted in figure
S1, in the Supplementary Materials.

Preliminaryanalysesvere conducted taheck for the presence @ainy possible
order effecs on word learning, bothn terms of book forma(print or digital presented
first) and storypresentation(story A or B presented firstprder effects were not
found forany of the word learning outcome$here was no order effect on
phonological recalfformat: 6=.02, SE=.16, p = .88;story: b= 12, SE= .16, p = 48),
sematic recal(format: b= .07, SE= .19, p= 70; story: b= .24, SE= .19, p= 19), nor
semantic recognitiorfformat: b= 17, SE= 21, p= 41; story: b= -0.07,SE= 21, p=
75).

Confirmatory Analyses
PhonologicalRecall

Model results are reported in Table 4.
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Table4 Results of the Models Estimating the Effect of Book Format, Child Characteristics, amutéraetron, on Phonological Recall

Phonological Recall

Mo M1 M2
Predictors Estimate SE Cl p Estimate SE Cl p Estimate SE Cl p
(Intercept) -2.00 0.34 -2.68¢- <0.001 -2.01 0.35 -2.70¢- <0.001 -2.16 049 -3.11¢- <0.001
1.33 1.31 1.21
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 0.14 0.10 - 0.147 0.14 0.10 - 0.147 0.14 0.13 - 0.265
Function 0.05¢0.33 0.05¢0.33 0.11¢0.40
Age (months) 0.10 0.09 - 0.297 0.10 0.09 - 0.297 0.10 0.09 - 0.298
0.08¢ 0.28 0.08¢ 0.28 0.08¢ 0.28
Gender [M] 0.34 0.17 0.01¢0.66 0.045 0.34 0.17 0.01¢c0.66 0.045 0.34 0.17 0.01¢0.66 0.045
Book format 0.01 0.16 - 0.949 0.31 0.66 - 0.642
[digital] 0.31¢0.33 0.99¢ 1.61
Book format -0.03 0.06 - 0.645
[digital] * 0.15¢ 0.09
Vocabulary
Book format -0.01 0.17 - 0.975
[digital] * 0.34¢0.33
Executive
Function

Random Effects
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2 3.29 3.29 3.29

_00 0.00c¢hid_ID 0.00c¢hid_ID 0.00child_ID

_11 0.00¢hild_ID.bookformat 0.00child_ID.book_format 0.00¢hild_ID.book_format
“o1

N 100 chiid_ip 100 chid_ip 100child_ip
Observations 807 807 807

Marginal R/ 0.034 / NA 0.034 / NA 0.034 / NA
Conditional R
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Thelikelihood ratio test comparing the model ¢Mwith the test predictor of
interest with the model (M) lacking the test predictor, indicated no significant main
effect of book format on phonological recalf & .004,df = 1,p = .95). Similarly, the
comparison of the model (M including the interaction between book format and
child characteristics with the model gMlacking these interaction terms, indicated no
evidence of interactions between book format and child characteristics on
phonological recall.? =.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 theespective 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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Table5 Results of the Models Estimating the Effect of Book Format, Child Characteristics, and Their Intereséorardit Recall

Semantic Recall

MO Ml M2
Predictors EstimateSE  Cl p EstimateSE  Cl p EstimateSE  CI p
(Intercept) -2.01 0.35 -2.68¢- <0.001 -1.99 0.35 -2.68¢- <0.001 -2.18 0.40 -2.97¢- <0.001
1.33 1.31 1.38
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 0.23 0.09 0.05¢0.42 0.014 0.23 0.09 0.05¢0.41 0.015 0.18 0.11 - 0.097
Function 0.03¢ 0.39
Age (months) 0.07 0.09 - 0435 0.07 0.09 - 0.439 0.07 0.09 - 0.396
0.10¢ 0.24 0.10¢ 0.24 0.10¢0.24
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 -0.02 0.15 - 0.868 040 0.39 - 0.307
[digital] 0.31¢0.26 0.36¢ 1.15
Book format -0.03 0.03 - 0.331
[digital] * 0.10¢ 0.03
Vocabulary
Book format 0.11 0.09 - 0.246
[digital] * 0.08¢ 0.29
Executive
Function

Random Effects

47



"2 0.98 0.98 0.94

_00 0.33child_ID 0.41chid_ID 0.35¢hild_ID
_11 0.64child_ID.bookformat 0.65¢hild_ID.book_format

“o1 0.17 child_ID -0.46child_1D

ICC 0.25 0.34 0.27

N 95 child_ID 95 child_ID 95 child_ID
Observations 676 676 676

Marginal R/ 0.151/0.365 0.136/0.426 0.163/0.392
Conditional R
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Similar to phonological recall, the likelihood ratio test comparing the model
(M) with the model (M) indicated that there was no significant main effect of book
format on semantic recall{=.028,df = 1,p = .87), and the likelihood ratio test
comparing the model (b with the model (M) did not support the presence of
significant interactions between book format and child characteristics on semantic
recall (2=2.10,df = 2,p =.35).

In line with the resultseported 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 bye positive sign of the respective coefficient, and boys
were significantly more accurate than giBifferent to the results for phonological
recall, there was evidence for a significant main effect of executive function on
semantic recall in both Mand M. 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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Table6 Results of the Models Estimating the Effect of Book Format, Child Characteristics, and Their Interaction, on SemarttanRecogni

Semantic Recognition

MO Ml MZ
Predictors EstimateSE  CI p EstimateSE  Cl p EstimateSE  Cl 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
Bookformat [digital] 0.17 0.19 0.20¢0.54 0.362 0.27 0.64 0.98¢1.51 0.672
Book format [digital] -0.01 0.06 0.13¢0.12 0.920
%

Vocabulary

Book format [digital] 0.35 0.18 0.00¢0.69 0.047

*

Executive Function

Random Effects

12 3.29 3.29 3.29
_00 0.22¢hild_1D 0.22¢hid_ID 0.22child_ID
1 0.28child_ID.book_format 0.26¢child_ID.book_format 0.16¢hild_ID.book_format
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“o1 0.25¢hild_ID 0.51child_ID 0.75¢hild_Ip
ICC 0.06 0.06 0.06

N 100child_ip 100child_ip 100chid_ip
Observations 802 802 802

Marginal R/ 0.068/0.126 0.070/0.128 0.080/0.138
Conditional R
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The likelihood ratio test indicated no significant main effect of book format on
semantic recognition.¢ = .828,df = 1,p = .36), and there was no evidence of
interactions between book format and child characteristics on semantic recognifion (
= 3.99df = 2,p =.14). However, the results of the more complex model)(8lipported
the presence of a significant interaction term between book format and executive
function as illustrated by the model coefficient. FurthetwRs larger in Mcompared
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 tésteld et al., 2012, p.72As
this was not the case, we followed a dateven approach and pruned the
nonsignificant interaction between book format and vocabulary in a fellipamodel
(M3). We then contrasted the model @lcontaining only the interaction between
book format and executive function against a modek)Mcking 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 functich=3.98,df = 1,p
=.05). Faher, the coefficients of Mconfirmed the presence of a significant
interaction between book format and executive function as well as main effects of
vocabulary and gender (see output for M 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 probabiitplots were generated (Fig. 2).
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Figure2 Predicted Values of Semantic Recognition by a) Vocabulary Knowledge and b)

Executive Function, Across Book Formats
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For children with higher executive function skills, digitaked shared reading
had a positive effect on semantic recognition compared to gossed shared reading,
while the opposite was true for children with lowekecutive 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 ofretic 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 othe 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.

53



Discussion

Ourprimary 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
naturalisticshared 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, digitzdsed shared reading led to better semantic
recognition in bildren 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, egative function uniquely contributed to semantic recall. We
discuss each of these findings as well as their implications for theory and practice.

Similar to the metaanalysis byrurenes et al. (2021ye 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 functionOne could interpret these findings in relation to the cognitive
theory of multimedia learning, which emphasises the importance of reducing cognitive
load to optimise learningMayer, 2003; Mayer & Moreno, 20Q3j the context of the
present study, handling and operating the digital deyeeit withcaregiversupport,
may have led to an increase in cognitive load, which was particularly detrimental for
children with immature executive functiagiCourage, 2019)At the physiological leve
adults reading on screen compared to print present with overactivity in thefnorgal
cortex, a brain region strongly implicated in executive functi¢gtisnma 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 digitalbased shared reading for our sample (see Table S1,

{ dzLJLX SYSYGFNEB al SNAIfaovd ¢KAA YI & KI@S
and, inturn,learning Ct SgA G0 SO | f ®X H n.WPhofreseadeh 2 2t S
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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 us€¢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 reseaf8&néchal et al., 1995)hus,
regardless of format, prior vocabulary is an important determinant of word learning
from shared reading. These findings relate to thecabed Matthew Effects, referring
to rich-get-richer and pootget-poorer processegStanovich, 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 facili@ate th
acquisition of new words toddlers(Borovsky et al., 2016)

In line with accumulating evidendgeladley et al., 2021; Kapa & Erikson, 2020)
we found that executive function predicted semantic recall after controlling for prior
vocabulary knowledge. This further confirms that higherel 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 soa@abnitive skills in word learning and
language acquisitiofifomasello, 2003)nd also with modslof reading
comprehension that recognise the role of higHevel cognitive skills and processing
resourcegCain, Oakhill, et al., 2004:§. 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 measijeggksson et al., 2012;
Frank et al., 20175.Logan & Johnston, 201,(n effect that is small, but reliably found
across cultural contextdEriksson et al., 2012p0me researchers have pointed to the
importance of understanding in which specific contexts gender differences are
observed(Bergman Deitcher et al., 2019; S. Logan & Johnston, 2B@0jnstance, it
has been reported that boys outperform girls in word learning from shared reading of
informational, but not narrative, text@Bergman Deitcher et al., 2019Boys 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 findirajgn with the capacity model
(Fisch, 2000and the differentialusceptibilityto media effect mode{Valkenburg &
Peter, 2013)whichhighlight 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 usd a within-subjects design and large sample to enhance
statistical powerrelative 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 seriaturalistic paradigm to support generalisation to real
world settings. Otourse, these findings still require replication. If found, one obvious
conclusion is that the use of priased reading materials should be favoured amongst
children with still immature executive functioning, and potentiallgo in

developmental condibns 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
0221a& YR g2NR (eélL)Sa ¢la AyOf dzRSR Ay GKAaA
feature inthe 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, sharirgaoks under a Creative Commons
licenseas 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 tdhe 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 eook features can be designed to support parental mediationngur
shared readingTroseth et al., 2020)This might be usefully informed by research on
the role of builtin scaffolds to support understanding and learning during independent
reading in beginning reade(Biprossimo et al., 2023)
Conclusions

{KINBR 06221 NBFRAY3I LINRPGARSA dzyAl dzS
vocabulary knowledge, which lays the foundation for later educational and social
outcomes. Our findings provide the first empirical evidence foinggrplay between
book format and executive function, suggesting that the effect of book format is not
GKS aryYyS F2NJIff OKAfRNBYy® / 2yaARSNAY3

literacy experiences, it is critical to build the evidence base tarimfo

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 formatelated differences in learning that are contingent on ahil
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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scaffolding was conducted. The rich corpus of video recordings of carefner

shared reading interactions collected in the context of the study reported in Chapter 2

was used. This enabled the examination of béamknat-related differences in
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Abstract
This study tested the generalisability of thiee-tuning hypothesis to word learning in
GKS O2yGSEG 2F &KINBR NBFRAY3ID / F NBSIADSNE
formats (print, digital) was also compared. Enghgleaking dyads were videotaped
during shared reading (has= 78, mostly White; Caregiverapd= 37.69 years, 74
women; Child Mge= 57.74 months, 43 girls; Data collected in the UK in 2023). Before
AaKFNBR NBIFIRAY3IS OFNBIAGSNE O2YLX SGSR I @2
knowledge of the target words embedded in th@stbooks. Word learning was
measured after shared reading. Caregivers adjusted verbal, but not gestural, scaffolds
G2 GKSANI OKAf RNBy Qa Ninidg prEdisted sénfarfidrérhlf 1y 2 6 f
Overall, caregivers provided significantly fewer suldf with digital compared to print

books.

Keywordsword learning, finetuning, childdirected 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; Tomasella, 2003)
In recent years, there has been an increasing interest in understanding the dynamic
YR AYGSNI OGAQGS YSOKFIyAayvya O(GKIFG &dzLlL2 NI Of
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 syport 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 cldltected language have been
shown to support word learning in young childr@sraf Estes & Hurley, 2013; Ma et
al., 2011; Schwab & LeWilliams, 2016)Crucially, the properties of childirected
language change as children gguttenlocher et al., 2010)This adaptive and flexible
YIEG0dzZNE 2F OFNBIAGSNEQ AyLdzi Aa LINRLIRASR G+
providing them with input at the appropriate level of complexi§now, 1972)a view
which is in line with thescaffoldingprinciple(Wood et al., 1976&and the notion of the
zone of proximal developme(¥ygotsky, 1978 What is not known is whether
OF NBIAOBSNE | RIFILI GKSANI O2YYdzyAOF A2y G2 F
ormodulateitatamorefind NI Ay SR t S@St> & | FdzyQlAzy =
of specific words. The focus of this studywa$tg  YAY S OF NBIAGSNAQ O2
modulations during shared reading with theitd 5-yearolds, and its influence on
OKAf RNByQa fSINYyAy3a 2F (GKS YSIyAy3aa 2F dzy|
FineTuning and Word Learning

The finetuning hypothesis proposes that caregivers adapt their communication
G2 GKSANI OKAf RNByQa AYRADGARdZ f t SEAOLIE (Y3
learning(Leung et al., 2021)or instance, Leung et al. (2021) showed that caregivers

adjust the length and content of their referring expressions to their-ygar2 f R a Q
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individual lexical knowledge during a tabledsed reference game. Specifically,
caregivers provided longer referring expressions for words they thought their children
RAR y20 1y26® [2y3ISNI NBFSNNAYIT SELINB&EA?Z2

y
wordsi K G OF NB3IAOBSNB (K2dZAKG GKSANI OKAf RNBY
fine-GdzyAy3d O2yiNROdzi SR (2 OKAf RNByQa adz00Sa

P,
C

referring expressions also differed by word knowledge: Caregivers provided more
comparisonsdescriptors, 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, DonnellaB & + f @ o6HnHoO F2dzy R GKFG O
and pointing gestures were also adapted ta@4-year2 f R4 Q A Y RAGARdzr £ f &
knowledge and supported vocabulary acquisition. Specifically, asking more questions
for unknown compared to known wordsipported immediate word learning, while
pointing more towards known than unknown words supported immediate word
learning.

There is therefore emerging evidence suggesting that caregiversuimgetheir
GSNBFE yR 3SalddzNI f o0SKIFE@A2dzNE (2 GKSANI OF
word learning(Donnellan et al., 2023; Leung et al., 202 the best of our
1y26ft SRASsE 2yteée G¢g2 aGddRRASA KI @S Ay@Sailadl
GdzyAy3a FtyR AGa SFFSOUGa 2y OKAfRNBYyQa 62NR
naturalistic interaction that supports word learning. Whether thegscent 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 chiirected languagéMontag et al., 2015)
{SO2YRZ IRdzZ 6aQ YSRAFGAZ2Y adzLlfd2adNdeta o2 NR f ¢
analysis see Flack et al., 201Bgpetitions, definitions, and questions in extextual
talk have been shown to supportt8 6-year2 f Ra Q g2 NR f S NYyAy3 TNER
reading Blewitt et al., 2009; Flack et al., 2018; Lenhart et al., 20h9d)ne with
embodied cognition accounts of word learnifegg., Sadoski & Lawrence, 2023; Smith

& Gasser, 2005pestures have also been shown to support leariiBaynes et al.,
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2023; Flack et al., 2018; Flack & Horst, 20D@jctic gestures such as pointing
facilitate 3.5year2 ft RAQ 62NR f SIFNYyAy3 FTNRY &aKINBR NB
(Flack & Horst, 2018puring naturalistic shared reading in the classroom, meaning
focused gestures such as iconic and representational gestures, are associated with 4.5
yvear2 f Ra Q @2 Ol 0 dzf (BahiBs etralS 2083 2 LIY Sy

In addition, scaffoldindike procedures, such as asking questions of gradually
increasing complexity to the child, have been shown to facilitate 2-year2 f R& Q
acquisition of elaborated word meanings from shared readBigwitt et al., 2009)
¢CKAA dzy RSNBEO2NBA (KS AYLRNIIYOS 2F GFAf 2N
knowledge and suggests that fibening may be an important mechanism for word
learning in the shared reading context. Yet studies exploring whether and how
caregiversadapil K SA NJ & dzLILI2 NIi (2 OKAft RNByQa ¢ SEAOL ¢
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 bog@kscirkova, 2019)Prior
research suggests that the book presentation format (print vs digital) influences the
quality of interactions during shared reading witht@ 6-yearolds (Korat & Or, 2010;
Munzer et al., 2019; Ozturk & Hill, 2020). For instance, digital bookasaoeiated
with less communicative initiations, responses and expanding talk by motKerat &
Or, 2010) andwith lower social reciprocity between the paretaddler 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 chil@erat & Or,
2010; Richter & Courage, 2017; Wainwright et al., 20&@Qainst this background, we
SELX 2NBR 6KSGUKSNI 6221 F2NXIG Ay¥FtdsSyOSR Ol
reading.
The Present Study

This study investigates scaffolding by Engéigbaking caregivers during shared
reading interactions with their-4o 5-yearolds. 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., 200ecifically, we examined whether, to
gKIFIG SEGSYilds= YR K2g OFNBIAGSNB Y2RdzZ I SR
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individual lexical knowledge. We then assessed whether this modulatinesr
tuningz & dzLILI2 NI SR OKAf RNByQa g2NR fSIENyAy3Iod 2
aKI NBR NBIFRAYy3 AYyiSNIOGA2ya FyR O2RSR T2NJ
scaffolds. Our dataset included responses to a vocabulary checklist completed by each
caredA OSNJ 0 STF2NBE (KS aKIFINBR NBFRAY3I AYyidSNI O
AYRA@GARdzZ t f SEAOIf (1y2¢6ftSR3ISP aSl adiNBa 27
concurent vocabulary knowledge were collected after the interaction.

If the finetuning hypothesis generalises to sendturalistic shared reading
interactions, caregivers should display fituming behaviours during shared reading,
GKFd Aazr GKSe& aK2dzZ R Y2RdzZ 4GS GKSANI a0l F7F+
knowledge. Caregivers should provide more scaffolds for words that are unknown to
their children, although this may vary across types of scaff@dsnellan et al., 2023)
We expected to find evidence of firstaning across verbal and gestural scaffolds
(Donnellan et al., 2023; Leung et al., 202fl)he digital reading medium negatively
F FFSOGa Reél Ra@®urae @Aall 2019NT GARLINAQARISENE  OF NB I A
communicative initiations, responsiveness, and expangjosat & Or, 201Q)we
should observe less scaffolding with digital storybooks, compared to print. Finally, fine
GdzyAy3 &aK2dz R SyKIyOS OKAfRNBYyQa ¢2NR S|
level of difficulty.

Methods

Participants

Seventyeight British Englisepeaking caregiverchild 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
inaudibke speech (see Figur@ 8nd S 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 thaur sample provides sufficient power to detect the
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effects under investigation, as stated in our pBgistration
(https://osf.io/4cm73/?view only=37ff877cb13a491bb424e2b07aebb0as

Children were typically developing, as reported by their caregivers, and aged
between 48 to 71 months (Me= 57.74; SD = 7.00; 43 girls). Caregivers were aged 29
to 45 years (Mge= 37.69; SD = 3.67; 74 sadported aswomen; 4 as men) and were
predominantly highly educated, with 63 achieving an undergraduate degree or higher.
The socieeconomic status (SES) of our participants was derived through their
postcode(Government of the UK, 2019)Ve 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, 20¥8)
report the distribution of our sample according to the Index of Multiple Deprivation

Decile in Figur8.

Figure3 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, 2022participants were recruited via the university
database, which covers a broad demographic, social media advertisements, and flyers
distributed in public book libraries in a mideli&zed town in the North West of
England. This was complemented by a sndindteategy, where participating
caregivers were asked to share the study fieh their own social networks. Written
informed consent was obtained from caregivers prior to data collection. Children
received a book and caregivers received a travel rensdament for their participation.
This research has received ethical approval ftbenEthics Committee of the Faculty
of Science and Technology, Lancaster University (reference numbe20ES$0791-
SAL).
Storybook Materials

Two storybooks with embedded lefrequency 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 serveds 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 descption of the storybook materials see (anonymised for review).
Storybook materials are also available on OSF

(https://osf.io/qg9dw8/?view only=baf843ea9dae49b5a45077460d6f4Aldder

Creative Commons Attribution 4.0 International.
The selection of the lorequency 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 Lenhartetal., 202d{ I NP S I f & Hn mdncl®iBgNBer & A YA |
FTNBIljdzSyoe Ay GKS {!.[ 9 (mHNljdrmetad, POLOKAf RNS Y
and their age of acquisitiofKuperman et al., 2012Fach 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 Bin the Supplementary Materials.
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Measures
Behavioural Coding Scheme
A coding scheme, with nemutually exclusive codes, was developed to
jdzZt yiATFTe GKS LINBaSyOS IyR RSANBS 2F O NB37
relation to target words (adapted froHadley & Dickinson, 201%or each target
word-child combination(hereafter observation)several behaviours were coded: (1)
the number of word repetitios by the caregiver in extraextual talk (2)whether
definitional information includingsynonyms perceptua) or conceptual information
was provided by the caregiver éxtra-textual talk (3) the number of commentand
questionsrelated to the target word (e.gg ok atthat!¢ &Can you fid the [X]%); and
(4) gestural behaviour for each observati@pecifically, the presence of pointing and
iconic getures (i.e., a gesture that illustrates word meansweh as opening and
closingg y SQa KIFyR gA0GK TAyY3PHNBetaiedidddedoakfsti (2 YA
available in Table S8 Supplementary MateriaWgo 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-ratar reliability,
20% of videos were doubl®2 RS R® / 2 K Sy mguted for kdchrmeaslires O 2
Levels of agreement rangerbi substantialto almost perfecy NB LISGAGA2Yy 0o/ 2
®dTnUI RSTAYAGAZ2Y 6/ 2KSyQa | I odynox 1jdzSai)
AO2y A0 3ASaiGdNB 6/ 2KSyQa 1 I' dt1yod ¢KS O2R¢
FylrfeasSa a GKS FaANBSYSyl g1 a 2yfteée Y2RSNI
/ T NBIAGSNBQ wkiAy3aa 2F / KAt RNBYQa LYRADARC
A vocabulary checklist was designed after The MacArthur Communicative
Development InventoriefCDI; Fenson et al., 1998efore the shared reading
I QOUAGAGASEE OFNBIAGSNA O2YLIE SGUSR GKS @20lI ¢
knowledge of target words (seghi et al., 2022 for a similar approachpr 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 we
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. Anfiveite delay between
the shared reading and the assessment of word learning was introduced to assess
retention (inline with Hartley et al., 2020)For a detailed description of the word
learning assessment protocol see (anonymised for review). A pioiamang task was
developed to assess phonological re¢Alilof et al., 2021; Blewitt et al., 2009;
Hargrave & Sénéchal, 200@ach correct response for a target word was assigned 1
point. A definition task was designed to assess semantic recall, using thérigmtily
procedure adopted in previous resear(@lewitt & Langan, 2016}-or each word,
children receive 1 point for each unit of relevant information provided (e.g., object
function, physical properties). For this task, intater reliability was computed via an
intra-class correlation (ICC) analysis with absolute agreeifi€@= .95), representing
excellent agreementGicchetti, 1994 Finally, children were asked to identify referents
of the target words in a multipkehoice task to assess semantic recognifsse
Blewitt et al., 200@andh Q¢ 2 2 £ S g Yfbrya yirhilar @@roach).or 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 Fundamentaidreschook (CELP2;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) axplan 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-intmusive
audio and video recording of caregivehild shared reading interactions. First,
caregivers completed the vocabulary checklist. Then, careghitet dyads were
instructedtoreadi KS (62 aliwaukiBike go2 fo &ad to@ether as you would

do at home. Please take your time, | will be back when you are fidistted9 | OK Re& I R
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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
stardardised vocabulary assessment.

Analytical Plan

Statistical Models

We fit Generalized Linear Mixed Models (GLMBdayen et al., 200&pecifying
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 onvergence issues were addressed by increasing the
number of iterations, using different optimisers, and simplifying the random effect
structure.

To investigate whether caregivers fiened their communication to their
children's individual lexical knowledge and explore whether book format influenced
OF NBIAOBSNBEQ a0 FF2fRaz 4SS O2y iGN aldSR GKS 1

- Scaffold ~ocabulary 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 fiiedzy A y 3 & dzZLJLI2 NIISR OKAf RNBY
contrasted the following models.
- Word learning- scaffold * vocabulary checklistprior 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 testi{f@rstmeier &
Schielzeth, 2011Beta coefficients witlp <.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 plottedguide the interpretation of more
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complex models including interactiofisidecke, 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. Margiallustrated the
proportion of variance explained by the fixed effects, while conditiéfalustrated
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, whepetitions, definitions and
guestions were summed for each target weehild 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-shoild
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 (20220) with the
function glmer of the R package Ime4 (version B3) (Bates et al., 2015Predicted
probabilities were computed using the function ggpredict of the R package ggeffects,

version 1.3.2 (Ludecke, 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
gesturald Ol FF2f RaX 3INRdzLISR o0& OKAf RNByma f SEAO
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 T8bMeans, standard
deviations and correlations between quantitative variables can be consulted in Table

D in the Supplementary Materials.
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Tablera SI ya | yR

| KAt RNBY Q&
Checklist

LY RAGA Rdz ¢

{GFYRINR 58OAlGA2ya

2T

Scaffold | KAt RNBYyQa AYRAJARdZ
Unknown Known

(M) (SD) (M) (SD)
Verbal (total¥ 2.97 291 2.50 2.36
Repetition$ 1.32 151 1.11 1.18
Definition® 0.51 0.50 0.33 0.47
Question8 1.15 1.63 1.06 1.30
Gestural (total) 0.72 0.45 0.73 0.44
Pointing 0.70 0.46 0.72 0.45
Other gesturé 0.11 0.32 0.11 0.31

acount variable

bbinary variable
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TableBa S ya FyR {GFyRINR 5SJA Il GesttayScaffalds by | NS 3.

Book Format

Scaffold Book format
Print Digital

(M) (SD) (M) (SD)
Verbal (total¥ 2.86 2.45 2.59 2.81
Repetition$ 1.30 1.33 1.12 1.37
Definition® 0.43 0.50 0.40 0.49
Question8 1.13 1.32 1.07 1.59
Gestural (total) 0.81 0.39 0.65 0.48
Pointing 0.78 0.41 0.65 0.48
Other gesturé 0.15 0.36 0.07 0.26

acount variable

bpinary variable

Preliminary analyses were conducteddioeck forany possible order effects on
OF NBIAGBSNBEQ &0 FF ddrmiad(pridt ar diéital prgseniedisifand2 F 0 2 2
story presentation (story A or B presented first). Thesrawno order effecs on verbal
scaffolds(format: 6=-0.02,SE= .15, p = .88; storyb=-0.25, SE= .16, p = 11), nor
gestural scaffold§format: b= 47, SE= 41, p= 25, story: b=-0.47, SE=.41, p= 25).
Preliminaryanalysesalso identified no differenceis caregiversscaffolding as a
function of child gendewverbal ¢=.11, SE= 15, p = 46); gestural scaffoldsf{(=- 0.36,
SE= 41, p = 39).
Do caregiversfingl dzy S G KSANI O2YYdzyAOlI GA2y (2 G§KSANI
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 £ 8.59,df=1,p=
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®nno0I AdzZLILRNIAY3I GKS AAIYATAOLIYUd O2y iNRKOC
G2 OFNBIADSNEQ OSNBIt aol FF2f Ra® hdzNJ T dz ¢
verbal scaffolds and provided significantly fewer scaffolds for words tegt thought

their children already knewy( =-0.19,CI=-0.32¢ -0.07,p = 0.003). Importantly, the

Y2RSt O2yGNRffSR FT2NJ OKAft RNByQa oNRBIFRSNJ @+
significant = 0.01,CI=-0.05¢ 0.07,pI' ndc THULU X | Yy Ragéo2 NJ (I NBS

I OlidzZA aAGA2YY GgKAOK gl a y2 f2y3aSNI aA3IYyATAO!
knowledge was included in the modé € 0.04,C1=-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 boak €-0.13,CI=-0.23¢ -0.02,p = 0.017).

Model results are reported in Tab® Incidence rate ratios can lm®nsulted in Table

S10in the SupplementaryMaterials.
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Table99 FFSOG4a 2F LYRAGARdAzZt [ SEAOFE Yy2ét SR
Verbal Scaffolds

Verbal scaffolds

Null model Full model
Predictors ESt('emat SE 0 ESt('amat SE 0
(Intercept) 0.12 0.3 - 0.726 0.53 0.3 - 0.16
6 0.57¢0.8 8 0.22¢1l.2 9
2 8
Vocabulary 0.01 0.0 - 0.700 0.01 0.0 - 0.67
knowledge 3 0.05¢0.0 3 0.05¢0.0 2
7 7
Age of 0.07 0.0 0.03¢0.1 <0.00 0.04 o0.0 - 0.09
acquisition 2 0 1 2 0.01¢0.0 9
8
Bookformat -0.14 0.0 -0.24¢- 0.009 -0.13 0.0 -0.23¢- 0.01
[digital] 5 0.03 5 0.02 7
Individual -0.19 0.0 -0.32¢- 0.00
lexical 7 0.07 3
knowledge

Random Effects

T2 0.36 0.36

_00 0.42child_ID 0.43child_ID
ICC 0.54 0.54

N 78 child_ID 78 child_ID
Observation 550 550

S

Marginal 0.021/0.548 0.029 / 0.555
R/

Conditional

R
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Gestural Scaffolds

The likelihood ratio test did not support the significant contribution of
OKAf RNBYyQa AYRADARdz t  SE &céffolfis Crg@edfSRIS {2
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
G2 O0KSANI LISNOSLIIAZ2Y 2F (KSAMNFORAF-RNEY Q4 A
0.85pFf ndopdpv® ' & Ay 2dzNJ LINSBGA2dza |yl fearax
@20l o0dzf I NB ({y26fSR3IS YR GFNABSGH g2NRAQ | 3
0.01,CI=-0.17¢ 0.15,p=0.870;6 = 0.04,Cl=-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
(b =-1.20,Cl=-1.68¢ -0.71,p < 0.001) Model results are reported in Tabl®. Odds

ratios can be consulted in Tabl&1Sn the SupplementaryMaterials.
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Tablel09 F¥FSOG& 2F LYRAGARdzZEt [ SEAOI f
Gestural Scaffolds
Gesturalscaffolds
Null model Full model
Predictors ot g Esgnm SE Cl 0
(Intercept) 224 11 - 0.051 167 1.3 - 0.200
5 0.01c4.4 0 0.88¢4.2
9 3
Vocabulary -0.01 0.0 - 0.882 -0.01 0.0 - 0.870
knowledge 8 0.17¢0.1 8 0.17¢0.1
5 5
Age of -0.00 0.0 - 0.955 0.04 0.0 - 0.643
acquisition 8 0.16¢0.1 9 0.14¢0.2
5 3
Book -1.17 0.2 -1.65¢- <0.00 -1.20 0.2 -1.68¢c- <0.00
format 5 0.69 1 5 0.71 1
[digital]
Individual 0.27 0.3 - 0.359
lexical 0 0.31¢0.8
knowledge 5
Random Effects
"2 3.29 3.29
_00 2.52¢hild_ID 2.54 chid_ID
ICC 0.43 0.44
N 78 child_ID 78 child_ID
Observation 550 550
S
Marginal 0.056 / 0.465 0.058/0.468
R/
Conditional
R
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DoesFinet dzy Ay 3 { dzZLJLI2 NI / KAf RNByQa 22NR [ SI NYyA
As stated in our preegistration, the effect of finguning on word learning was

examined only for scaffolds where there was evidence otfiumeng. Our previous

analyses indicated that caregivers finme their verbal but not gestural scaffolds.

Therebre, we analysed the contribution @&rbalfine-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). Resuttseskanalyses

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

OKAf RNBYyQa LI SNF2NXIyOS Ay (GKNBS (Falay LIK:

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 modg(.2 = 166.72df = 3,p < 0.001), but the coefficients of the full

model (Table 4) indicated that the interaction betweiedividual lexical knowledge

and verbal scaffolds was not significgat=0.09 CI=-0.23¢ 0.40 p =0.597),

suggesting no clear benefit of fistaning for phonological recall. Vocabulary

knowledge was significantly and positively related to phonological rezadl@.11,Cl=

0.02¢ 0.19,p = 0.014), and the same was true for individual lexical knowlefige (

3.07,CI= 2.06¢ 4.08,p < 0.001) Model results are reported in Tabld. Oddsratios

can be consulted in Tabld&in the SupplementaryMaterials.
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Tablell Effects of Finduning on Phonological Recall

Phonological recall

Null model Full model

Predictors Estémat SE Cl Estémat SE Cl p
(Intercept) -1.85 0.4 -2.66¢- <0.00 -4.14 0.6 -547¢- <0.00

1 1.04 1 8 2.80 1
Vocabulary 0.08 0.0 0.01¢0.1 0.031 0.11 0.0 0.02¢0.1 0.014
knowledge 4 6 4 9
Individual 3.07 0.5 2.06¢4.0 <0.00
lexical 2 8 1
knowledge
Verbal -0.13 0.1 - 0.382
scaffolds 5 0.44¢0.1

7

Individual 0.09 0.1 - 0.597
lexical 6 0.23¢04
knowledge 0
x Verbal
scaffolds
Random Effects
T2 3.29 3.29
_00 0.00¢hid_ID 0.00child_1D
N 78 child_ID 78 child_ID
Observation 550 550
S
Marginal 0.014 / NA 0.473 / NA

R2/
Conditional
R2
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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 mode(.2 = 160.46df = 3,p < 0.001), and the coefficients of the full
model (Table 5) supported the presence of a significant interaction betuwebwidual
lexical knowledge and verbal scaffolds=-0.08,Cl=-0.15¢ -0.01,p = 0.024). Verbal
scaffolds predicted semantic recall only for words that caregivers thought their
OKAf RNBY RAR y20 1Yy2653 &dzLJL)2 Ndinikgf)d (G KS O2 y i
OKAf RNByQa aSYFryGgAaAO NBOFffd tINFEfSEAYT 2c
vocabulary knowledge was significantly and positively related to semantic récall (
0.12 CI=0.05¢ 0.19 p=0.001), and thesame applied to individual lexical knowledge
(b =1.61, CI=1.28¢ 1.95 p < 0.001) Model results are reported in Table.

Incidence rate ratios can be consulted in Taldl8i8 the QupplementaryMaterials.
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Tablel2 Effects of Finduning on Semantic Recall

Semantic recall

Null model Full model

Predictors Estimat SE Cl Estémat SE Cl p
(Intercept) -1.72 0.4 -2.53¢- -2.76 0.4 -3.59¢- <0.00

2 0.90 2 1.93 1
Vocabulary 0.13 0.0 0.05¢0.2 0.001 0.12 0.0 0.05¢0.1 0.001
knowledge 4 0 4 9
Individual 161 0.1 1.28¢1.9 <0.00
lexical 7 5 1
knowledge
Verbal 0.07 0.0 0.01¢0.1 0.033
scaffolds 3 3
Individual -0.08 0.0 -0.15¢- 0.024
lexical 4 0.01
knowledge
x Verbal
scaffolds
Random Effects
T2 0.93 0.93
_00 0.48chid_ID 0.43child_ID
ICC 0.34 0.32
N 78 child_ID 78 child_ID
Observation 550 550
S
Marginal 0.074/0.392 0.309/0.528
R/
Conditional
2%
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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 mode(.? = 32.18df = 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 scaffqléis= 0.07,CI=-0.12¢ 0.26,p =
0.484). In line with previous analyses, vocabulary knowledge was significantly and
positively related to semantic recognitiof? €0.18 CI=0.07¢ 0.29 p=0.002, and
the same applied to individual lexical knowledge=1.10, Cl=0.45¢ 1.76 p < 0.001).
Model results are reported in Table. Oddsratios can be consulted in Tabl&48n

the QupplementaryMaterials.
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Table13 Effects ofFineTuning on Semantic Recognition

Semantic recognition

Null model Full model
Predictors Estémat SE Cl p Estémat SE Cl p
(Intercept) -0.53 0.5 - 032 -1.23 0.6 -242¢- 0.04
4 159¢0.5 1 1 0.04 3
2
Vocabulary 0.17 0.0 0.07¢0.2 0.00 0.18 0.0 0.07¢0.2 0.00
knowledge 5 7 1 6 9 2
Individual 1.10 0.3 0.45¢1.7 0.00
lexical 3 6 1
knowledge
Verbal 0.02 0.0 - 0.71
scaffolds 6 0.09¢0.1 6
3
Individual 0.07 0.1 - 0.48
lexical 0 0.12¢0.2 4
knowledge x 6
Verbal
scaffolds

Random Effects

T2 3.29 3.29

_00 0.58child_ID 0.72child_D
ICC 0.15 0.18

N 78 child_ID 78 child_ID
Observation 550 550

S

Marginal 0.051/0.194 0.143/0.298
R/

Conditional

R
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Discussion

The present study investigated whether and how caregivers displayuimeg
behaviours during shared reading interactions and whether this supports children’'s
word learning. We also explored whether the book presentation format affected
Ol NXB 3 A 8liNg Caredivers adffisted 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 finming supported word learning as assessed
with a semantiagecall 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 resear@onnellan et al., 2023; Leung et al.,
2021; Shi et al., 2022hhese findings provide the first empirical evidence that
caregivers fingune their verbal behaviour during shared book reading interactions. By
demonstrating that finetuning behaviour extends beyond tablbaised reference
game and toy play interactior{®onnellan et al., 2023; Leung et al., 2021; Shi et al.,
2022) this study supports the generalisability of fingning 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 tentra
role of shared book reading for early vocabulary development, these findings have also
AYLRZNIFYG LINFOGAOIET AYLEAOIFIGA2Yyad ! RI LIWGA Y-
knowledge during shared book reading may be a promising way to reduce their
cognitive load and optimise learning across a range of ability lé&sdoski &
Lawrence, 2023)

These results also demonstrate for the first time that caregivers display fine
tuning behaviour with 4to 5-yearolds, an older age group compared to those
examined in prior researcfonnellan et al., 2023; Leung et al., 2021; Shi et al., 2022)
Whilst certain properties of childirected language have been documented to change
as children agéHuttenlocher et al., 201Qpur data suggest that caregivers finaing
is a robust mechanism, adopted by caregivers for an extended period in child
development, spanning from toddlerhood, as demonstrated in previous \akng

et al., 2021)until, at least, five yeaof age, as illustrated in the current study.
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In contrast to Donnellaand collagues(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 ev&neated as the same gestural
composite in our analyses to minimise the false discovery rate associated with multiple
testing. Donnellan and colleagug€023)differentiated between pointing and
representational gestures and found evidence of caregivacglulation for pointing
but not for representational gestures. It is possible that fineing is operational only
for certain kinds of gestures, which would make our composite measure unsuitable for
studying finetuning. Yet our descriptive statistics dot 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 toyplay interactions as three unkmam word-object
associations were presented simultaneouddpnnellan et al., 2023)n contrast, in our
shared reading materials unknown weathject associations were presented one page
at a time, making the identification of the referent less challenging. Future studies
investigating different learning and interactional contexts widltwing 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 fituming and
OKAf RNByQa ¢2NR fSIFENYyAYy3Id hdzNJ addzRe gl a GF¢
word learning to capture complementary aspects of phonological and semantic
representatiors. Results suggest that fitening predicted semantic recall, but not
phonological recall or semantic recognition. Whilst the relation betweentfiméng
and word learning, in general, is in line with prior resegiidbnnellan et al., 2023;

Leung et al., 2021; Shi et al., 202Re 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 inu study. For our age group and learning context, the

benefitof finell dzy Ay 3 Yl & KIFI @S 06S02YS | LI NByld 2yf:
deeper understanding of word meaning through semantic recall. Indeed, prior work

also suggests that the positive effectabcaffoldingike procedure during shared
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reading becomes evident only when considering semantic ré@lvitt 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 scaffol@#igod et al., 1976)
and zone of proximal developme(ygotsky, 1978 . & GF1Ay3 AyG2 | OO:
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 prinbased and digitabased shared readin@lorat & Or,
2010; Munzer et al., 2019; Ozturk & Hill, 20Zhese results also align with recent
work underscoring the importance of considering the conversational context
(Brinchmann et al., 2023)nd features of booké h Qw S | NJ Sviien Exéindiring H 1 H 0 0
0KS LINPBLISNIASAE 2F OFNBIAGSNBEQ AylLlzid / 2ya)
rapidly changing, and digital books are becoming increasingly confiwairkova,
2019) these findings are unique in contributing to the evideihese needed to inform
recommendations for users of research.

One means through which scaffolds might enhance learning is through a
reduction in overall cognitive loa&caffolds may reduce cognitive load through
RATFSNBYU YSOKFIyAavYad hyS LR2aairoftsS YSOKI y?
attention on relevant features in the environmerointing 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 @s(Sadoski & Lawrence, 2028 estures,
aK2gy G2 0S STFSOUAODS Ay (RPENRGNEIAKNIBRNLEY Qa
provide additional multimodal support, which is particularly important from an
embodied cognition perspectiy&mith & Gasser, 2005puestions and definition
based expansions would reduce the inferential load on the child, an important
LINBRAOG2NI 2F 2f RSNJ OK A(CatNEBEmmE et al.22008) f S| NI/ A
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 whyhis 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 canpare finetuning 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 tha caregivers adapt in relation to® 4-year2 f RAQ AYRAGARdzZ £ € S
knowledge, and shown to predict word learning during toy play interactions, and
vocabulary one year latdShiet al., 2022). Such work would provide mundeded
information to inform our understanding of how fiening operates at the individual
level, across contexts and scaffolds.

It should also be noted that current paradigms to investigate-fureng rely on
OF NEBIAOBSNEQ NBLIR2NIa 2F OKAfRNByQa ¢2NR Y+
associated with this approach. One is the reliability of these measures, and another
oneAd OGKIFG FalAy3a OFNBIAGSNAE (2 NBFESOU 2y
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 thatit measures word learning over a short timescale. Future research
should consider the effect of fireining over longer time scales, for instance, by
including longitudinal measures of vocabulary developn{&hi et al., 2022)
Importantly, these measures should capture both the breadth and depth of vocabulary

knowledge to reflect the richness of the developing lexi@dadley 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 identificatbthe
RSGNAYSyGltf STFFSOGa 2F RAIAGIEE F2NXI G 2y
the importance of conducting further research into the design of digital books.
Understanding which features of digital books can enhance careghiler interactons
YR adzZlJLI2 NI OKAf RNByQa dzy RSNREGFYRAY3I | yR f
increasinghydigital world.
Conclusions

¢KS AYLRZNIFYOS 2F OFNBIAGSNEQ YSRALFGA2)
reading is well established. Here we showed for the first time that caregivers adapt
GKSANI GSNBIFEf O2YYdzyAOF A2y (2 GKSANI OKAf R
sharedread y3 ' yR (KIG GKAA&a adzZJlR2NIa OKAf RNBYyQa
NBadzZ G6a adzZa3asad GKFEG OFNBIAGSNEQ YSRALFGA2)
YR AYRA@GARdZ t AASR (2 GKS OKAf RQa Odz2NNBy i
identifiedtKk S RSGNAYSy Gl STFFSOGA 2F RAIAGIE 022
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
fruitfuf £ @ Ay T2 N SR -dréng i@hal&iZ.A OSNEQ FAY S
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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 preregistered secondary data analysis (Projegbs://osf.io/hfe53/;
Registratiorttps://doi.org/10.17605/0OSF.10/62CJ(everaged on an existing big
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supplement. This study was necessitated by the travel restrictions duringZI2D

and starting the PhD remotely. It focuses on a shgblder 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 comprehansia 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.
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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 thase 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 characistics. A large cohort (N ~ 120,000) ef®b8-
yearold 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. Confirmrgtanalyses 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 betterde® 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 comprehensiordaeduce performance
differences amongst diverse learners in digital reading environments. Educational

implications and recommendations for future research are discussed.

Keywordsyvocabulary, reading comprehension, scaffolding features, multimedia

learning, big data
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Introduction

SAIAGEE GSEdGa FFF2NR y20St 2 LI NIdzy A G A S
comprehensior(Dalton et al., 2011; Gonzalez, 2014; Proctor et al., 2007; Zou et al.,
2021) They provide a critical opportunity for learning througkbunlt 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
glosseqYun, 2011)dictionariegFurenes et al., 2021annotationgAkbulut, 2007)
and vocabulary supporig&sonzalez, 2014; Proctor et al., 20080e 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 remairssve, 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 asneeded basis. Second, the association between useadfads and reading
comprehension remains unclear, with mixed evidence arising potentially from diverse
participants and item characteristics across studfgsraham, 2008; Furenes et al.,

2021)

Our study was designed to address these gaps in our knowledge to provide a
detailed and critical evaluation of thessociations between child and item
characteristics, use of vocabulary scaffolds, and reading comprehension in a digital
environment WS ELJX 2AGSR | I NBS 206aSNBIGA2Yy It RI
with a reatworld digital reading product that was supplementary to the established
classroom curriculum. Our analyses identified critical factors that were associated with
the use of scdblds, 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 gkbsco &

Gagné, 2017)roblembased learning for science, technology, engineering and
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mathematics educatioN. JKim et al., 2018)and simulatiorbased learning in
medical or teacher traininChernikova et al., 2020%caffolds have been found to
benefit learning in different age groups, including child(Besco & Gagné, 201ahd
adults(Chernikova et al., 2020)

With respect to reading comprehension, instructional scaffolding represents a
flexible and adaptable modé¢Clark & Graves, 2005 scaffolded reading experience

may involve a range of activities that can take place before, during, or after reading.

These activities include pi@ S OKAy 3 @20l 6dzf  NBEX NBfF GAy3

lives, asking questions and discussing the (EXark & Graves, 2005)hese scaffolds
have all proved beneficial for reading comprehengiBlything et al., 2020; Degener &
Berne, 2017; Elleman et al., 2009; Mckeown et al., 2009; Zucker et al., B010)
relation to the specific focus of this study, a metaalysis evaluating the effect of
vocabulary instruction on passaggvel comprehension found a positive impact for
classroorrbased instruction focused on increasing word knowle(giéeeman 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, technoldggsed scaffolding is
becoming increasingly common. Digital environments, and consequently digital texts,
FFF2NR y20St 2LIRNIdzyAdASa (2 (Badne&tal2f R
2011; Gonzalez, 2014; Proctor et al., 2007; Zou et al., 20f18ed, the medium lends
itself to support independent reading with built scaffolds. For instance, empirical
work has shown that texto-speech read aloud functionality scaffolds text
comprehension for grade 3 and 4 students with disabilif@enzalez, 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 int"4graders(Proctor et al., 2007)mportantly, digital
environments often incorporate gamification and adaptivity principles, which are both
powerful tools for promoting motivation and learniff@ohen et al., 1982; Lamsa et al.,
2018; Manzand_eon 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

(Lamséet al., 2018; Manzanbeon et al., 2021; Mayer, 202@ur 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
pronunciationand meaning of target words, which could be used on aneesled
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. SKim et al., 2014)and reading comprehension in later grad€sakhill & Cain,
2012; Quinn et al., 2015As noted above, a metanalysis exploring the impact of
vocabulary instruction on passaggvel comprehension for schealye children found
a positive impact for this type of scaffold, and indicated that the impact was three
times greater for students \th reading difficultiegElleman et al., 2009Thus,
vocabulary instruction is viewed as a crucial ingredient of interventions targeting
reading fluency and reading comprehensi®olf & KatzirCohen, 2009)importantly,
vocabulary development and reading comprehension, and its core skills such as
inference, are interdepender(Cain & Oakhill, 2018anguage and Reading Research
Consortium et aJ.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)WVritten text indeed provides a rich source of exposure to a
range of less frequent and less familiar words in con(€xtnningham & Stanovich,
1998; Montag et al., 2015)
Vocabulary Scaffolding Features

Given both the strong relationship between vocabulary and reading
comprehensior(Cain & Oakhill, 2018and written text itself as a rich source of new
word learning(Cunningham & Stanovich, 1998; Montag et al., 20tt#re 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, 2G@Klvell as for young

children in the context of shared readi igurenes et al., 2021)ndeed, inferring the
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meanings of novel words from linguistic contexts may be particularly challenging for
children with poor reading comprehensig@ain et al., 2003nd 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 stlying with only verbal explanatiorfgkbulut, 2007; Andra et al.,

2020; Hald et al., 2016; D. Kim & Gilman, 2008; Rowe et al., 2013; Tonzar et al., 2009)
This secalled picture superiority effect in vocabulary acquisition has been explained by
the dual coding theoryPaivio & Csapo, 1973yhich posits thaimage 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 moreeg®dy from words and pictures than

from words alongMayer, 2017; Mayer, 2003; Mayer & Moreno, 2003; Mayer & Sims,
1994)

Evidence documenting the impact of vocabulary scaffolds on reading
comprehension is mixed. Whilst some metaalytic evidence suggests that vocabulary
scaffolds have an overall medium size effect on second language reading
comprehension in university studées (Abraham, 2008), other menalytic research
shows thatdictionaries embedded in digital storybooks aid word learning, but have a
negligible or negative impact on story comprehensioghildren up to 8 years of age
(Furenes et al., 2021However, these results refer to a small subsample (n = 5) of the
studies included in this metanalysis. Indeed, another study of children aged 4 to 6
(Korat & Shamir, 2012hot 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 priotd 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
YR @2dzy3 OKhgreRénSoy @ digital énirbidnen® 2Studies reporting a
positive association between use of vocabulary scaffolding features and reading

comprehension are in line with both dual coding the@Paivio & Csapo, 1978hd the
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cognitive theory of multimedia learnin@glayer, 2017; Mayer, 2003; Mayer & Moreno,
2003; Mayer & Sims, 1994nd also with research involving older children that has
demonstrated the benefits on reading comprehension of training children to use
mental imageryFrancey & Cain, 2015; Joffe et al., 200 e 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
0SG6SSy dzaS 2F @2 OF o dzZ I NIEprenéhsioh 8faHorRa | YR @ 2
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-apexed
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 taavy as a function of reader characteristics, such as ability level
and aggBaker & Cerro, 2000; Kirby & Moore, 198y¢nder(Sadeghi & Khezrlou,
2012; Tseng et al., 2006; Wu, 201dnd degree of bilingualis(®bu Rabia, 2019Y0
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 1tyear2 f R a0 dzRSy(GaQ aStSOGA2y 2F O2KSaAg@ds
(Salmeroén & Garcia, 201 Buggesting 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 selfregulated strategis in vocabulary learning when reading texts compared to
male studentgSadeghi & Khezrlou, 201Additionally, 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., 2013uggesting 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 re@tling
2014) Regarding language status, bilingualism is also associated with increased use of

metacognitive reading strategi€¢dbu Rabia, 2019)
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Child characteristics may also modulate #ssociations between use of
vocabulary scaffolds and reading comprehension. This association may depend on
020K (GKS OKAfRQ& oF O13aINRdzyR 1y2sfSRAS
analytic evidence documenting the process of acquiring novetisvor 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 assoat
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 thusnodulate the associations between use of vocabulary scaffolds and
reading comprehensiarstudies on early language acquisition suggest that novel
nouns are learnt more easily than novel ve(@hilders & Tomasello, 2002; Gentner,
1982; GoldiAVieadow et al., 1976and the same advantage for nounsgarent in
second language acquisiti¢gllis & Beaton, 1993Nevertheless, the concept of noun
bias has been challengeBourth graders demonstrate a learning advantage for-non
nouns (i.e., verbs, adjective and adverbs) compared to nouns during story reading
(Schwanenflugel et al., 1997Mhese 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 learn&dr instance, concreteness influences
OKAf RNBYy Qa | 0 MHadeya al.{i2016)#lofebviid/the dréqdeRcy of a
word in childdirected speech and imageability ratings are both important predictors
of lexical developmenfHansen, 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

by R

the association between use of scaffolds and reading comprehension remains unclear,

with mixedfindings 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
guestions:

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 pietexe pairs matched
in meaning or natThe task was designed to promote interest level, which has been
shown to enhance comprehension monitoring in children with poor reading
comprehensior(De Sousa & Oakhill, 199@hroughout 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 assomat between use of scaffolds and reading
comprehension as evidenced by performance on the senatching task, across a
range of child and item characteristics.

Research Question 1: Do child characteristics predict the use of vocabulary scaffolds?

Our first research gquestion 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 (Salmeron &
Garcia, 2011), the reading environment and type of scaffold in that study differed
subgantially 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 hashown that girls are more likely to use sedfulated strategies in
vocabulary learningSadeghi & Khezrlou, 2012nd have better knowledge of
metacognitive strategies and navigation skills in online reaflivig, 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 strategie$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 comprehensWie. 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 metanalytic evidence (Abraham, 2008jowever, we note the
findings of a recent metanalysis indicating that an embedded dictionary aided word
learning had a negligibler megative impact on story comprehension (Furenes et al.,
2021).

Research Question Bs 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,gendex | YR f I y3dzl 3S & Gdnalydsishoweddhit®@® O H A MMV
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 kildren, 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 areaxamining 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 learneX€hilders & Tomasello, 2002; Ellis & Beaton, 1993;
Gentner, 1982; GoldiWvieadow et al., 1976; Schwanenflugel et al., 19%fecifically,
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,
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due to research demonstrating that nouns are easier to léa@inlders & Tomasello,
2002) and also because nouns are typically more congi@mdinMeadow 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 progmcific data sharing agreement
with Amplify Educationa 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 toReveal Wordsocabulary
scaffolding feature embedded in tiieead All About leading game. The data
procured was for students who playeke game between 01/09/2020 and 28/04/21,
as part of a broader digital reading supplement, Amplify Readihg study has
received Ethical approval from the Faculty of Science and Technology, Lancaster
University (reference number: FRU221098RECH). 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
wSIRSNARQ / 2YLINBKSYy&aAz2y 27T 5A bdaiDathsete SEGY Ly
https://doi.org/10.17605/0OSF.10/62C4Q

Participants
Children across the U.S., primarily based in Southern California and Texas,
played theRead All About jameas part of a broader digital reading supplement.
Observations with missing data on key variables of interest (i.e., literacy skills, grade
leveP, gendef, and language status) were removéte 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
LINBASNIAY3A GKS RFEGF&SHQa RoyghSanples,ither®@is & NI O ¢

certain point after which increasing the sample size will not affect the results but may

3 Grade levelwas our proxy for chronological age, as precise information on chronological age was not
available in the anonymised dataset.

4 Here we use the tergenderin line with the previous literature and to acknowledge the fact that literacy
is embedded in a soemuiltural context. Strictly speaking however, we classed our participants on
reported biological sex.


https://doi.org/10.17605/OSF.IO/62C4Q

bring additional computational challenges. After subsampling, our sample was still
much larger (N ~120,000) than those commonly reported in the literatcnglish
monolingual and bilingual studerttaged between 5 and 8 years were included. The
data set used for this analysis included only student data from classroom use of
Amplify ReadingNo 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 withDigaamic Indicators of
Basic Early Literacy Sk{IBBELS) "8edition, (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 teactteevaluate letter naming fluency,
phonemic segmentation, nonsense word fluency, word reading fluency, oral reading
fluency, and reaithg comprehension (using a mazer clozeg task). The scores of the
different DIBELS subtests enabled the classification of students into four composite
performance levelswell below benchmarkelow benchmarkat benchmarkand
above benchmarkOur analysis employed composite performance levels as an overall

measure of literacy skill3he composition of our sample is summarized in Table 1

5> Here we use the terhilingual 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 firgrained distinctions were, therefore, beyond tlwef this study.
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Table14 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 Blackor 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 2386 2.04

Islander, American Indian,
Alaskan Native

Not available 3516 3.01




Learning Materials

Read All About is a reading game designed to foster automaticity in reading.
In a gamified comprehension task, students are presented withpettre pairs that
assess understanding of a target item. They are encouraged to act as newspaper
editors and judge whether #htext matches the picture by selecting (i.e., mouse
clicking or tapping) either the correct (i.&/), or incorrect (i.e., X) option (Figude).
The decodable text includes the souspelling correspondences, word features (e.g.,
prefixes/suffixes), andhonics 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 letswund 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 gae level based on their reading ability, and provisionally removed

from a game level if they repeatedlyilfahis is done to minimize their frustration.
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Throughout the game, thReveal Wordscaffold (Figurdb) 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 fmall

proportion of scaffolded words Auditory support for pronunciation and definition

were available by further clicking on the speaker symbols (see Hgue a sketch).

Reveal Wordscaffolds 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 prepositiodsThe game comprises a total of 54 game levels, 505
game items, and 58Reveal Wordscaffolds. The type and number Réveal Words
scaffolds varied across game items. The words that recédeseal Wordsupport

were selected based on the Biemiller ratings (Biemiller, 2010), playtesting feedback,

and theEnglish Vocabulary Profij@ww.englishprofile.org). The full list of scaffolded

words is available in the Supplementary Materials.
Procedures

Children played th&ead All About ljame 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 &eveal Wordeature 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 codaiok with full list of information available in the log files can be
consulted in the Supplementary Materials.
Analytical Approach
Statistical Models

Research Question 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 iteme fitted aGeneralized Linear Mixed Model
(GLMM; Baayen 218) 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, bas 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 2s the use of vocabulary scaffolds associated with
reading comprehension®imilar to the first analysis, we fitted@eneralized Linear

Mixed Model (GLMM; Baayen @8) with binomial error structure and logit link

" 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.
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function (McCullagh & Nelder, 1989)itovestigate what influenced the probability of
being correct in each game iterHere 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, @gntrolled for the random effect of each
game item and level to account for potential differences arising from individual game
items and évels.

Research Question 3s the association between use of scaffolds and reading
comprehension conditional on child and/or item characteristicg®e 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 scaffoldatspadjectives,
adverbs, verbs, and prepositions as test predictisbefore, we controlled for the
random effectof 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., 2017yvhich 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 pregistration fittps://doi.org/10.17605/0SF.10/62C30Q

Inference Criteria

To evaluate the significance of the contribution of our predictors, whilst
avoiding multiple testingForstmeier & Schielzeth, 2011ye compared our full
models with null models lacking our test predictors but being otherwise identgiag
the likelihood ratio test. The significance of the beta coefficients was indicatpd<by
.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 predictods an
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 modelsudecke, 2018)Significant interaction terms
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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. Margiahdicated the
variance explained by the fixed effects, while conditidfahdicated the variance
explained by both the fixed and random effects.

Model Implementation

The models were implemented in R (version 4.0.4. 20215) with the
function glmer of the R package Ime4 (version 24) (Bates et al., 2015Marginal
effects (i.e., predicted probabilities) were computed using the function ggpredict of
the R package ggeffediisidecke, 2018Predicted 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 mod&ieteyard & 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 andyalues, random effects, and & 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., pictupgonunciation, picturedefinition,
pronuncidion-definition, and all those together) on reading comprehension
performance. To enable this, we subset our dataset and focused on instances where a
singleReveal Wordscaffold was used in each game item. This approach enabled us to
guantify the proporton 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 furtherexplored 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 §tegtsal
Wordsscaffold 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 concretenesratings used in this analysis were derived from open sources
databasegBrysbaert 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 identi¢at 21877.00
df =8, p <.001) We discuss the output of the model (Tak first, followed by the
modelgenerated predicted probability plots (Figusg
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Tablel5 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 Cl 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 [Abovgenchmark] -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 Statysilingual] 0.24 0.01 0.23¢ 0.25 <0.001

Random Effects
"2 3.29
_00q_id 0.12
_00 level_name 0.37
ICC 0.13
N g id 505
N level_name o4
Observations 1716787
Marginal R/ Conditional R 0.065/0.186

Note.] A 1 SNJ O&

reference category. Grade is dummy coded with kindergarten set as the reference

alAfta w5L.9[{6 FNB Rdzvrye

category. Language status is dummy coded with English monolingual set as the

reference category. Gendé& dummy coded with girls set as the reference. Model fit is

indicated by R
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With respect to literacy skills, children classified as bamath below benchmark
andbelow benchmarkvere more likely to use the scaffolding feature compared to
children classified as beirag benchmark This was indicated by the positive sign of the
respective coefficientsf= 0.24p <.001;6 = 0.22p < .001). In contrast, children
classified as beingbove benchmarlvere less likely to use the scaffolding feature
compared to thosat 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 inhigher 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 gragéies 1 (
=-0.56,p<.001), 24 =-1.21,p <.001), and 34 =-1.44,p < .001). This pattern of
results suggests a progressnecreasean 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 coefficienb(= 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 Figueach panel displays
one of the four child characteristics of interest. Error bars represent the confidence
intervals. Figur&a shows the extent to which the predicted probability of using the
scaffold varied across literacy skills. Childnezil below benchmarkad the highest
predicted probability of using the scaffold (~ 35%) and this probability was less (~ 25%)
for childrenabove benchmarkFigurebb 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
Figure5c. 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 Figgur&he
predicted probability of using the scaffold for monolingual students was below 35%,

while for bilingual students it was above 35%.

Figure5 Predicted Probability of Using the Scaffold across Child Characteristics
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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 asding 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 (t&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’(=2226.8Q df =1, p <0.001).The results

of the full model are reported in Tables.



Table16 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 Cl p
Intercept 1.34 0.04 1.26¢1.42 <0.001
Useof 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
2 3.29
_00q_id 0.70
_00 level_name 0.04
ICC 0.18
N g id 505
N level_name 54
Observations 1716787
Marginal R/ Conditional R 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. Gendessidummy coded with girls set as the reference. Model fit is indicated

by R.
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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 coefficienb(= 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 literacyksls, 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 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 theseanalyses, 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 modé(." =1350.0Q df =13, p <.001) revealedignificant 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
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Tablel7 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 Cl 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¢- <0.001

0.40
DIBELS [Below Benchmark] -0.12 0.01 -0.13¢- <0.001
0.10
DIBEL§$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 -0.10c¢- <0.001
0.09
Language Status [Bilingual] -0.22 0.00 -0.23¢- <0.001
0.21

Use of Scaffold [yes]:DIBELS [Well Below 0.20 0.01 0.17¢0.23 <0.001
Benchmark]

Use of Scaffold [yes]:DIBELS [Below 0.11 0.02 0.08¢0.14 <0.001

Benchmark]

Use of Scaffold [yes]:DIBELS [Above -0.15 0.01 -0.18¢- <0.001

Benchmark] 0.13

Use of Scaffold [yes]:Grade [1] -0.23 0.02 -0.26¢- <0.001
0.20

Use of Scaffold [yes]:Grade [2] -0.34 0.02 -0.38¢- <0.001
0.31

Use of Scaffold [yes]:Grade [3] -0.40 0.02 -0.44c¢- <0.001
0.36
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Use of Scaffold [yes]:Gendgale] 0.03 0.01 0.01¢0.05 0.015

Use of Scaffold [yes]:Language Status 0.03 0.01 0.00¢0.05 0.023

[Bilingual]

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¢- <0.001
0.30

Scaffolded Adverbs -0.18 0.05 -0.28c¢ - 0.001
0.07

Scaffolded Prepositions -0.02 0.06 -0.14¢0.10 0.712

Random Effects

T2 3.29

_00q_id 0.69

_00 level_name 0.05

ICC 0.18

N ¢ id 505

N level_name 54
Observations 1716787
Marginal R/ Conditional R 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. Gendessidummy coded with girls set as the reference. Model fit is indicated
by R.
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Figure6 Predicted Probability of Accuracy in the Task by Use of Scaffold across Child
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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) languagstatus. Predicted probability are computed holding rfooal

terms constant at their reference level.

To guide interpretation of the interaction between scaffold use and child
characteristics, we provide visualization of predicted probabilities (Figuréhe
significant interactions between scaffold use and literacy sklls 0.20p <.001;6 =
0.11,p<.001;b6 =-0.15,p <.001) suggest that the association between use of
scaffolds and reading comprehensiaas modulated by literacy skills. As illustrated in
Figureba, use of the scaffoldias associated with highg@erformance 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. Thefisigmi
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interactions between scaffold use and grade=-0.23,p < .001;6 =-0.34,p< .001;6
=-0.40,p < .00) suggest that the association between use of scaffolds and reading
comprehensiorwas modulated by grade. Specifically, the predicted probability plot
(Figure6b) illustrates thatalthough theuse of the scaffoldvas associated with higher
performance for all childrenthis association was greater for younger children such as
those in kindergarten.

There was a significant interaction between scaffold use and gewderQ.03,

p = .0J). The predicted probability plot (Figuée) 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 stata$ (03,

p =.03. The predicted probability plot (Figuée) 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 coeffictent 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\ajecti
and adverbs respectively. This is indicated by the negative sign of the respective
coefficients p =-0.35,p<.001;b =-0.18,p =.001). There was no clear effect of the
number of scaffolds used for verbs and prepositions on item accutaey§.02,p =
.06; b =-0.02,p=.71).0dds 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., pieture

pronunciation, pictue-definition, pronunciationdefinition, and all those together) and
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reading comprehension performance. Written definitions were available fdralkal
Wordsscaffolds, 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 hado click further on the speaker icon to obtain the pronunciation and
spoken definition supports. To examine the contributions of these distinct scaffold
components ad their combinations, we subset our dataset and focused on instances
where a singld&Rkeveal Wordscaffold was used in each game item. This was because
some items had scaffolds for more than a single word. This approach enabled us to
guantify how the proportion of correct responses varied across the components of the
scaffold that were available andged, 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% (Figui§.

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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Figure7 Proportion of Correct Responses across Scaffold Components and

Combinations
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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 illustraed in Figure8. 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 minimunand maximum value. Dots represent potential outliers. Figure
illustrates that age of acquisition was comparable across word type (Fsgrevith
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
(Figure8b) and may thus act as a confounding variable. We will return to this point in

the discussion.



Figure8 Age of Acquisition and Concreteness across Word Types
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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 wih instances where only a singReveal Wordscaffold 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 iterccuracy. The results are illustrated with rainclouds plots in
Figure8. Correct and incorrect responses are shown on the y axis and age of
acquisition (Figur&a) and concreteness (Figusb) on the x axis. These visualizations
combine boxplots (see previous paragraph for interpretation), probability density, and
the jittered raw datase{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 concretesseofReveal Wordscaffolds 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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Figure9 Age of Acquisition and Concreteness across Correct and Incorrect Responses
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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 reders, 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
associatedvith 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 tre scaffold. This suggests that struggling and beginner readers have sufficient



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 reader6Abu Rabia, 2019Dn 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
comprehensior(Catts et al., 2006; LARRC, 2015; Lesaux & Kieffer, 20&a0nore

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 differeluse

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 giriuncan et al., 2016; Wu, 2014) 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 potentia$ wapromote the

use of the scaffold are the addition of extendedomarding instructions reviewing

how to use the feature, and/or initial adult modelling. These strategies have the

LR GSYGAFE (G2 LINRPY2030S OKAf RNBY Qiopefisy RSLISY R
aK2dzZ R fa2 O2yaARSNI LINPOARAY3I GKSAS GeLlS
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performance, in an adaptive mannedgmpayeVargas 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 metanalytic evidence reporting a positive effect of similar scaffolds
on the reading comprehension of university students when reading in a foreign
languaggAbraham, 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 comprehensf®ur 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 comprehensio(Elbro & BucHversen, 2013)However, our results contrast

withmetal yI t @GA 0 SOARSYOS aK2gAy3ad | ydAf 2Ny
comprehension when dictionary supports are embedded in storyb@élsenes et al.,

2021) These inconsistencies are likely to arise from the longer texts used in the

storybooks examined in other research, and possibly from theeading context that

was the focus of the metanalysis. Future research should determine any specific

influence d the context (educational, recreational, individual;r@ading), 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 andeading comprehension was greater for children with lower
literacy skills and beginner readers. This extends previous resshosting that the
0OSYSTAOALFIf SFFSOGa 2F RAIFINIYEA +a aOF FF2ftF
processes is stronger fparticipants with low verbal abilitfCuevas et al., 2002)
Similarly, our findings align with a mesamalysis suggesting that the impact of similar
scaffolds is greater in beginner learners when acquiring novel words in a foreign
languaggYun, 2011and 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 §Rillacan et
al., 2016; Wu, 2014pur 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 scaffding 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 Sislawanenflugel, 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 (Chet 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 timdadersonret 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
supplemerts represent a relatively lowgost approach to support, as compared to
more resource intensive approaches, such as tutoring or classtmas®d instructions.
In this context, our identification of positive associations suggests the potential utility
of incuding 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 vide 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
FTAYRAY3IAa FNB Ay fAYS 6A0GKZT YR SEGSYRSI LINX
narrative skills benefit more from the combination of verbal and-werbal scaffolds,
than from just verbal scaffolds alor{®esco & Gagné, 2018s well as evidence
R20OdzySyidAy3a GKS o6SySTFAGA 2F AYFIASNE UGN Ay
(Francey & Cain, 2015; Joffe et al., 20@Q)r 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 tagiMayer & 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 pdatiguchallenging
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, futureexperimental 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
associatios 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 approachwva G KS AYGSNNRIFGA2Yy 2F | &dzmad
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/oryalues 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 ofsesult
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 clarifgheh¢hese
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 scaffad
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 d collaborations between academics and industrial partners in the field of
language and literacy research in the era of large-g@perated data. Specifically, we
have showrthat such collaborations can be undertaken in accordance with academic
standardsand 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 supporthe first objective was the
investigation of any unique or mediated effects of book format (print vs digital}on 4
to5year2 f RaQ 62NR f SFENYyAy3a RdZNAYy3I aKINSR NBIF
second objective was to assess the effects of the hbo F2 NX I G 2y O NBIA O
non-verbal sc#olding 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
comprehensiondr 5 to 8-yearolds 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 functionshilingualism, gender, and age. In the next sections, | 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 elaivated. | 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
OKAf RNByQa ¢2NR fSFENYyAy3 o6/ KIFLGSNI HO | yR
Forchi RNBy Q& ¢2NR fSIENYyAy3Is | O02YLX SE LI GGSN
least in part, explain the contradictory findings synthesised in prior raeglytic
research(Furenes et al., 2021Book 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 functiorand negatively associated with semantic recognition in
OKAf RNBY 6AGK f26SN) SESOdziABS Tdzy OliA2y d C3
AUNI AIKIGF2NBFNR® ¢KS RAIAGIHE F2NXNFOG KFER |
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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 forma{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
RATFSNBYyOSa Ay O NB 3 Agreaidete nét dreclyfiddldécted NS |
Ay OKATftRNBYyQa ¢g2NR fSINYyAyad LYyRDBMEE § KSNE
on word learning was conditional on executive function and that the effect of verbal
a0 FF2fRa 2y 62NR fSIFENYyAy3 glFa O2yRAGAZ2YI
words (see next section for further discussion on {ineing). Taken together, th
findings reported in Chapters 2 and 3 provide support fordizeamic model of
OK A f RN&Rlyigiaucir®va, 2019vhichemphasises the importance of considering
OKAf R OKINIOGSNRAGAOAE YR OFNBIAGSNEQ aoOl 1
format on word learning in the context of shared readifmbey alsalign with the
capacity model (Fisch, 2000) and the differential susceptibility to media sffemdel
(Valkenburg & Peter, 2013), whidnderscore the importance of considering child
characteristics and soctabntext variables when studying leeng from different
media.

The cognitive theory of multimedia learning also provides a useful framework
to interpret the wordlearning 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, .Z2063)
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 lesiexge
with digitatbased, compared to priAbased, shared readingrlewitt et al., 2015;
hQe¢22fS 3 YIyyl aas. Neveltyyndy aeoeApik differéncdsin® >  H n
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 tre familiar print format. Another
AYLRNIOFYG aLlsSod G2 O2yaARSNI AY AYdSNLINBG

scaffolds is their perceptions of child engagement across book formats, and also
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Ol NB 3 A @S NE QprintIdiBr HigithlBosks, Svhich tdddhave influenced their
scaffolding behavioufKucirkova, 2019)
Effects of Scaffolds

/| I NEBIAGSNBQ Y2RdzZ I GA2y 2F a0l ¥FF2f Ra | yF
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
Chayter 4. Caregivers modulated verbal, but not gestural, scaffolds as a function of
OKAf RNBYyQa AYRAGARdAzZt tSEAOFET (y2é6ftSRIAST |
semantic recall. These results replicate and extend prior res¢&chnellan et al.,
2023; Leung et al., 2021; Shi et al., 202&) provide support for the generalisation of
the fine-tuning hypothesigLeung et al., 2021JFrom a theoretical perspective, these
FAYRAY3Ia RSY2YAGNI GS OFNBIAODSNBEQ A2LIKAAGAC
GKSANI OKAf RNBY Q& AYRAQGARdAzZtf f SEAOFE (y26¢f ¢
OKAf RNBY Qa cangisiRtly With theNdgtibns 8f Ecaffoldirfgvood et al.,
1976)and zone of proximal developmefWygotsky, 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 resultextend previous metanalytic evidence on university students reading a
foreign language (Abraham, 2008). However, our results contrast with-aretytic
SOARSYOS aK2gAy3I | ydAt 2N ySIIGABS STFFSOI
comprehension (kenes 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 cereading context that was the focus of the medaalysis. Theoretically, the
positive associan 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 asneeded 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'scaffla ¢ SNB Y2aG STFFSOGADS 6KSYy (FAf 2N
knowledge. Digital scaffolds were most effective for losmehieving groups. They also
suggest that the use of digital scaffolds is limited during independent reading, and
point to the imprtance of adult mediation as well as the provision of digital scaffolds
in an adaptive manner, as inspired by caregiverstimeng 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. | 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 rese@&@néchal 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 possiblgrézer
knowledge of semantic categories eases the acquisition of new wWBa@®vsky et al.,
2016) There was also evidence that executive function uniquely predicted semantic
recall from shared reading, which is in line with accumulating evidéradley et al.,
2021; Kapa & Erikson, 2020his finding provides support for models of discourse
comprehension that acknowledge the contribution of highevel cognitive skills and
processing resourcg€ain, Oakhill, et al., 200%; SKim, 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 ichty measuregEriksson
et al., 2012; Frank et al., 2017; S. Logan & Johnston, .20&0¥ome recent findings
are in line with ours and suggest it is important to consider the specific contexts where

gender differences are observéBergman Deitcher et al., 2019; S. Logan & Johnston,
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2010) Importantly,the gender diferences in word learningeported inChapter 2

were unlikely to be due to difference in caregiv@saffoldingIndeed,the preliminary

analyses reported iIGK I LJG SNJ o AYRAOIGSR (KFd OIF NB3IAGSI
conditional onchild 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 likegeto
the scaffold. The results for struggling and beginner readers were particularly
encouraging as they suggested that those learners have sufficientcogtaitive 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 stud&his.aligns with
and extends the findings of a metaalysis on the impact of similar scaffolds when
acquiring novel words in a foreign language (Yun, 2011), showing that the iofpact
scaffolds was greater for beginner, compared to advanced, learners.

An integrated reading of the gendeelated difference emerging from the
three empiricalchapterssupports the notion that gender differences are context
sensitive. In yourgr 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, whicis typically reported to be highen boys compared
to girls(Cark, 201). LYy (KA & O2y (iSEG=Z o02848Q 3INBIFGESNI O2
better performanceln older children and in the context afdependent reading on
screen, boysnade less use of optional vocabut scaffold and were less accurate
than girlsin the reading comprehension taskogether, these findingsuggesthat
0 2 egeedder confidence caaid or hindertheir performancein different situations.
Confidence should be measured directly in future studies to understand the potential
mechanisms driving gendelifference in word learning in a range of educational

contexts.



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, | addressed the contradictory
finRAy3a 2y GKS STFFSOG 2F 06221 F2NXYIG 2y OKJ
shared reading synthesised in the metaalyses by Furenes et al. (202In a pre
registered study, | introduced several methodological improvements that enabled to
guantifyany unique or mediated effect of book format on word learning from shared
reading in 4to 5-yearolds. The methodological improvements from previous work
included a withirsubjects design and large sample of dyads, which increased the
statistical power réative 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 seuralistic paradigm
to support generalisatiooutside the laboratory.

In Chapter 3, | extend prior research on the effect of book format on the quality
of interactions during shared readirforat & Or, 2010; Munzer et al., 2019; Ozturk &
Hil, 20200 t NA2NJ FAYRAy3a KIFIJS SOARSYOSR RATTFSI
initiations, responses and expanding talk (Korat & Or, 2010), and social reciprocity
between the parentoddler dyads (Munzeet al., 2019) as a function of book format. |
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 reselaby considering the effect of book format
on a range of verbal and nererbal scaffolds provided by caregivers during shared
reading. In the study reported in Chapter 3, | also tested the generalisability of the
fine-tuning hypothesigLeung et al., 2021 the shared reading context. Recent
NBE&SHNOK KIFIa &adzZ33SadSR dKFi OFNBIADSNA | RI
lexical knowledge during toy play and a tabtetsed reference game and that this
& dzLJLJ2 NI a OKA f R(DBnylelsd et al2 20F3; LeuBd eNdy, 292Dt 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 fimeing across socio

interactionalcontexts 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 antb3B-year2 f R4 Q NXI RA y 3
comprehension was examined. Previous work has shown that vocabulary scaffolds
support word learning, bt can interfere with the comprehension of the text
(Abraham, 2008; Furenes et al., 202RBY 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 priliased reading material should be favoured in
children with still immature executive functions. Second, tailoring support to each
chlRQad AYRAQGARdzZrf $2NR (y26fSR3IS Aa | LINRBYA
Finetuning can usefully inform the design of individualised scaffolding in digital media.
Finally, vocabulary scaffolds should be embedded in digital reading material togrovid
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
consideed 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
typesof scaffoldthan 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 word®e 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 understoegresumably because measuring abstract
word knowledge is challenging in early developmgtadley et al., 2016; Hadley &
Dickinson, 2020; Sadoski & Lawrence, 20E8jure 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 typed omasello, 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
waslimited. Learning the phonological form and particularly the meaning of new
words requires multiple exposures over time and across different contexts, as
predicted by theword experience modelff adultreaders(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 mechanisméat 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 inqiGhikders
& 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 metacognition and helgeeking behavioufThompson 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 expeaience with digital medigReich et al., 2019)hich has been reported to differ
even between European (geographically intended) counf@scia et al., 2020)
Conclusions

LY Iy AYyONBlFaAy3afte RAIAGAASR az20rASdex

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 fiem t
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
developng 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 the effort to make research evidence accessible to a
broader audience.

The second key message that emerged, is that alepth understanding of
OF NBIAOBSNBEQ a0FFF2fRAY3I YR Ala NBflFGAZ2Y |
0KS RSaAdy 2F RAIAGI T S Ofuyiyicah guidédtheC2 NJ A y & (
desgn 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 rdlection 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 miating 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 andupporting child development.
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Supporting Information

Supplementary Materialdor Chapter 2

Table SL Sociodemographic Characteristics of Participants

Children Caregivers
Age Range 48 to 71 months  Range 29 to 47 years

M = 57.68 M =37.76

SD =7.24 SD =3.93
Sex Girls 57% Women 83%

Boys 43% Men 6%

Did not state 11%

Education Day Care Facility 1% Secondary School 3%

Nursery 14%
Pre-school 18%
School 53%

Did not state 14%

High School Diploma 12%
Undergraduate/Master
Degree 69%

PhD 6%

Did not state 10%

Socio Economic Status

Decile 15: 29%
Decile 610: 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 19
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
digitatbased shared
reading

Daily 1%

Several Times a Week 3%
Once or Twice a Week 89
More Than Once a Month
9%

Never 68%

Did not state 11%
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Child experience with Daily 2%

digital books alone Several Times a Week 0%
Once or Twice a Week 79
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 wasllected through caregiver report.
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Table & 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 4405 58 03
(scaled score)
[-.04, .10]
3. visual
attention 11.23 2.96 23%* 2%

(scaled score)
[.16, .29] [.05, .19]

4. forward digit

11.06 2.72 A 06 40%*
span
[44, 54] [-01,.13] [34, .45]
5. backward 5.68 2.62 A g 33 A4
digit span
[41, 52] [.23,.35] [27,.39] [.38,.50]
6. global
executive 51.01  11.23 -.03 _.10%* -.13%* .05 _.34%*
function (t
score)
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[00,.14] [03,.16] [-02,.12] [.00,.14] [.00,.14] [-.10,.04]
?e'szlrlna”t'c 087 135 09* 19= .01 09* 157 05 46+
[02,.17] [12,.27] [-06,.09] [02,.17] [07,.22] [-13,.03] [40, 51]
9. semantic 072 045 01 15+ 04 07+ 09* -.03 28* 23%
recognition

[-.06,.08] [08,.22] [-03,.11] [.00,.14] [02,.15] [-.10,.04] [22,.34] [.16,.30]

Note.M and SDare 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 havehzasastple
correlation (Cumming, 2014). * indicatps< .05. ** indicateg < .01.



Figure SL Accuracy Across Word Learning Measures by Target Word
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Table 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)



Table $4 Results of the Models Estimating the Effect of Book Format, Child Characteristics, and Their Interaction, on Phondalbgical Rec

Phonological Recall

Mo M1 M2
Predictors OR SE Cl p OR SE Cl p OR SE Cl 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] * 0.97 0.06 0.86¢1.10 0.645
Vocabulary
Book format [digital] * 0.99 0.17 0.71¢1.39 0.975
Executive Function
Random Effects
2 3.29 3.29 3.29
_00 0.00¢hid_1p 0.00child_ID 0.00¢hid_Ip

11
“o1
N

O-Oochild_lD.book_format

100child_ip

0.00 child_ID.book_format

100child_ip

O-Oochild_lD.book_format

100chiid_ip

17C



Observations 807 807 807

Marginal R/ Conditional  0.034 / NA
R

Table $ Results of the Models Estimating the Effect of Book Format, Child Characteristics, ahatd@raetron, on Semantic Recognition

Semantic recognition

Mo M1 M2
Predictors OR SE Cl p OR SE Cl p OR SE Cl 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] 192 040 1.28¢2.88 0.002 193 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] * 0.99 0.06 0.88¢1.12 0.920
Vocabulary
Book format [digital] * 1.41 0.25 1.00¢1.99 0.047
Executive Function
Random Effects
2 3.29 3.29 3.29
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_00 0.22¢hild_ID 0.22¢hild_ID 0.22¢hild_ID

11 0.28child_ID.book_format 0.26¢hild_ID.book_format 0.16c¢hild_ID.book_format
“01 0.25¢hild_ID 0.5 chiid_ i 0.75child_ip

ICC 0.06 0.06 0.06

N 100child_ip 100 chiid_ip 100child_ip
Observations 802 802 802

Marginal R/ Conditional R 0.068 / 0.126 0.070/0.128 0.080/0.138
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Table  Data-Driven Model MWith NonSignificant Interaction Term Pruned

Semantic Recognition

Predictors Estimate SE Cl p
(Intercept) -0.60 0.39 -1.36¢ 0.15 0.117
Vocabulary 0.13 0.04 0.06¢ 0.20 <0.001
Bookformat [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] * 0.34 0.17 0.01¢ 0.68 0.045
Executive Function

Random Effects
2 3.29
_00 child_ID 0.22
_11 child_ID.book_format.M 0.16
" 01 child_ID 0.76
ICC 0.06
N child_ID 100
Observations 802
Marginal R/ Conditional R 0.080/0.139
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Supplementary Materials for Chapter 3

Figure 2 Pattern of Missingness in the DatasstVariables
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Figure S3 Pattern of Missingness by Variables and Child IDs

word_ID
stand_sum_CELF
semantic_recognition
sem_recall_count

recep_checklist

% Miss
phonological_recall 100

expr_checklist 75

variable

- 50
care_repetition_count

25

care_questions_count

care_pointing_binary

care_othergesture_binary

care_definition_binary

book_format.M

book_format

child_ID

Table S7 Frequency and Age of Acquisitionlafrget Words and Accompanying
Adjectives

Story A Story B
Frequency AOA Frequency AO0A
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

17¢



Table B/ 2 RS0 2 2 ]

Reading Interactions

T2 NJ

. SKF@A2dzNY £ / 2RAY 3

Scaffold code

Description

Repetition

Definition

Comment

Question

Pointing

Iconic gesture

How many times each target word is
produced in extra textual talk by the
caregiver.

Whether definitional information is
given in extratextual talk by the
caregiver, including synonyms and
perceptual orconceptual information.
How many times the caregiver make
a comment which is related to the
target word. E.g., look at that!

How many times the caregiver asks i
guestion related to the target word.
E.g., can you find the [x]?

Whether the caregiver points to the
target word.

Whether the caregiver gestures to
illustrate the target word meaning.
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Table 9 Means, standardleviations, and correlations with confidence intervals

Variable M SD 1 2 3 4 10
1.
stand_sum  10.37 2.68
_CELF
2.
recep_chec  0.26 0.44 -.04
Klist
[-.12,
.04]
3.
expr_check 0.39 0.49 -.00 .10*
list
[-.08,
o8] [.01, .18]
4,
care_repeti 1.21 1.35 .08 -03 -.10*
tion_count
[-.00, [-11, [-18,-
.16] .06] .01]
5.
care_defini 0.42 0.49 .01 -12%* -18**  32**
tion_binary
[07, [-20,- [-.26,-
09] 03] 10 125 40



6.
care_questi
ons_count

7.
care_pointi
ng_binary

8.
care_other
gesture_bi
nary

9.
phonologic
al_recall

10.
sem_recall
_count

1.10

0.71

0.11

0.27

0.88

147 .13*

[.04, .21]

0.45 .03

11]

0.31 -.01

[-.09,
.08]

0.44 .09*

-.00

[-.09,
.08]

-.04

[-12,
.05]

.04

[-.04,
12]

.16**

-.07

[-.16,
01]

-.00

[-.09,
.08]

-.07

[-.15,
.02]

.55**

[.01,.17] [.08,.24] [.49, .61]

1.34 .16**

.09*

39**

[.08, .24] [.00,.17] [.32, .46]

A9**

[.42, .55]

19**

[11, .27]

21+

27

[.19, .35]

4%

9%

[.06,.22] [.11,.27]

37

16%*

2%

[.13,.29] [.30, .44] [.08,.24] [.04,.20]

-.05
[-.14,
.03]
.03

[-.05,
12]

-27**
[-.34,-
19]
-11*

[-.19,-
.02]

-.00
[-.09,
.08]
.07

[-.02,
15]

-.03
[-.11,
.05]
.04

[-.04,
12]

- 11
[-.19,-
.03]
-11*

[-.19,-
.02]

A8**

[41, .54]
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11.
semantic_r 0.74 0.44  A7* 19%* 18** .04 -.10* .05 .01 -03 .27** 25**
ecognition

[-04, [-18,- [-.04, [-.08, [-.11,

[.09, .25] [.11,.27] [.10, .26] 1] o] 13] 09] 05

[.19,.35] [.17,.32]

Note.M and SDare 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 haveheasastple
correlation (Cumming, 2014). * indicatps .05. ** indicateg < .001.
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TableSIO9 FFSOG& 2F LYRAGARdAzZ f [SEAOIE Yy2éf SR
Verbal Scaffolds Expressedrnnidence Rate Ratios
Verbal scaffolds
Predictors  Incidenc SE Cl p Incidenc SE Cl p
e Rate e Rate
Ratios Ratios
(Intercept) 1.13 04 056¢2.2 0726 169 0.6 0.80¢3.5 0.16
0 8 5 9 9
Vocabulary 1.01 0.0 0.95¢1.0 0.700 1.01 0.0 0.96¢1.0 0.67
knowledge 3 7 3 7 2
Age of 1.07 00 1.03¢1.1 <0.00 1.04 0.0 0.99¢1.0 0.09
acquisition 2 1 1 2 8 9
Book 0.87 0.0 0.79¢0.9 0.009 0.88 0.0 0.80¢0.9 0.01
format 5 7 5 8 7
[digital]
Individual 0.82 0.0 0.72¢0.9 0.00
lexical 5 4 3
knowledge
Random Effects
2 0.36 0.36
_00 0.42chid_ID 0.43child_ID
ICC 0.54 0.54
N 78 child_ID 78 child_ID
Observation 550 550
S
Marginal 0.021/0.548 0.029 / 0.555
R/
Conditional
R
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Table Sl1Effects of Individual Lexical Knowledge (VocabulaiyS O1 A a G 0

Gestural Scaffolds Expressed in Odds Ratio

Gestural scaffolds

Predictors Odds SE Cl p Odds SE Cl p
Ratio Ratio
S S

(Intercept) 9.3 10.7 0.99¢88.8 0.051 53 6.9 0.41¢68.4 0.200
7 5 6 2 3 4

Vocabulary 0.9 0.08 0.84¢1.16 0.882 09 0.0 0.84¢1.16 0.870

knowledge 9 9 8

Age of 1.0 0.08 0.86¢1.16 0955 1.0 0.1 0.87¢1.25 0.643

acquisition 0 4 0

Book 0.3 0.08 0.19¢0.50 <0.00 0.3 0.0 0.19¢0.49 <0.00

format 1 1 0 8 1

[digital]

Individual 1.3 0.3 0.73¢2.35 0.359

lexical 1 9

knowledge

Random Effects

T2 3.29 3.29

_00 2.52¢hild_ID 2.54child_D

ICC 0.43 0.44

N 78 child_ID 78 child_ID

Observation 550 550

S

Marginal 0.056 / 0.465 0.058 / 0.468

R/

Conditional

R

181
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Table SL2 Effects of Finduning on Phonological Recall Expressed in Odds Ratios

Phonological recall

Predictors Odds SE Cl p Odds SE Cl p
Ratio Ratios
S

(Intercept) 0.1 0.0 0.07¢0.3 <0.00 0.02 0.01 0.00¢0.06 <0.00
6 7 5 1 1

Vocabulary 1.0 0.0 1.01¢l1l.1 0.031 1.11 0.05 1.02¢1.22 0.014

knowledge 9 4 7

Individual 21.4 11.0 7.83¢59.0 <0.00

lexical 9 8 2 1

knowledge

Verbal 0.87 0.13 0.65¢1.18 0.382

scaffolds

Individual 1.09 0.18 0.79¢1.50 0.597

lexical

knowledge

x Verbal

scaffolds

Random Effects

T2 3.29 3.29

_00 0.00¢hid_ID 0.00child_D

N 78 child_ID 78 child_ID

Observation 550 550

S

Marginal 0.014 / NA 0.473 / NA

R/

Conditional

R
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Table SL3 Effects oFineTuning on Semantic Recall Expressed in Incidence Rate Ratios

Semantic recall

Predictors  Incidenc SE Cl p Incidenc SE Cl p
e Rate e Rate
Ratios Ratios
(Intercept) 0.18 0.0 0.08¢0.4 <0.00 0.06 0.0 0.03¢0.1 <0.00
7 1 1 3 4 1
Vocabulary 1.13 0.0 1.05¢l1.2 0.001 1.13 0.0 1.05¢1.2 0.001
knowledge 4 2 4 1
Individual 5,02 0.8 3.59¢7.0 <0.00
lexical 6 2 1
knowledge
Verbal 1.07 0.0 1.01¢1.1 0.033
scaffolds 3 3
Individual 0.92 0.0 0.86¢0.9 0.024
lexical 3 9
knowledge
x Verbal
scaffolds
Random Effects
T2 0.93 0.93
_00 0.48child_1p 0.43child_ID
ICC 0.34 0.32
N 78 child_ID 78 child_ID
Observatio 550 550
ns
Marginal 0.074/0.392 0.309/0.528
R/
Conditional

R
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Table Sl4 Effects of Finduning on Semantic Recognition Expressed in Ratds

Semantic recognition

Predictors Odds SE Cl p Odds SE Cl p
Ratios Ratios

(Intercept) 0.59 0.32 0.20¢1.68 0.321 0.29 0.18 0.09¢0.96 0.043

Vocabulary 1.19 0.06 1.07¢1.31 0.001 1.20 0.07 1.07¢1.34 0.002

knowledge

Individual 3.01 1.01 1.57¢5.80 0.001

lexical

knowledge

Verbal 1.02 0.06 0.91¢1.14 0.716

scaffolds

Individual 1.07 0.10 0.88¢ 1.30 0.484

lexical

knowledge x

Verbal

scaffolds

RandomEffects

T2 3.29 3.29

_00 0.58child_1p 0.72child_ID

ICC 0.15 0.18

N 78 child_ID 78 child_ID

Observations 550 550

Marginal R/ 0.051/0.194 0.143/0.298

Conditional

R2
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Supplementary Materials for Chapter 4

Table SL5Results of the Model Estimating the Effects of Literacy Skills, Grade, Gender
and Language Status on the Probability of Using the Reveal Word Sdafiotdsseth
Odds Ratios

Use of the Scaffold

Predictors Estimate SE Cl p
Intercept 047 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] 125 0.01 1.23¢1l.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 Learne 1.27 0.01 1.25¢1.28 <0.001

Random Effects

2 3.29

_00q_id 0.12

_00 level_name 0.37

ICC 0.13

N g id 505

N level_name 54
Observations 1716787
Marginal R/ Conditional R 0.065/0.186
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Table S16 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 Cl 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] 126 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] 091 0.00 0.91¢0.92 <0.001

Language Status [Dual Language Learne 0.81 0.00 0.80¢0.81 <0.001

Random Effects

2 3.29

_00q_id 0.70

_00 level_name 0.04

ICC 0.18

N g id 505

N ievel_name 54
Observations 1716787
Marginal R/ Conditional R 0.020/0.200
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Table SL7 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 Cl 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
DIBEL§fAbove 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 Languagarner] 0.80 0.00 0.80¢0.81 <0.001

Use of Scaffold [yes]:DIBELS [Well Below 1.22 0.02 1.19¢1.26 <0.001
Benchmark]

Use of Scaffold [yes]:DIBELS [Below 1.11 0.02 1.08¢1.15 <0.001
Benchmark]
Use of Scaffold [yes]:DIBHABove 0.86 0.01 0.83¢0.88 <0.001
Benchmark]
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 ofScaffold [yes]:Gender [Male] 1.03 0.01 1.01¢1.05 0.015
Use of Scaffold [yes]:Language Status 1.03 0.01 1.00¢1.05 0.023
[Bilingual]

Random Effects

"2 3.29

_00q_id 0.69

_00 level_name 0.05

ICC 0.18

N g id 505

N level_name 54
Observations 1716787
Marginal R/ Conditional R 0.021/0.201
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