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Abstract

Nonverbal sound effects, such as background music and sound enhancements, have been widely used in
children's eBooks; however, the impact of these effects on children's language learning remains
inconclusive. This study examined Mandarin-English bilingual children’s attention on sound-enhanced
words during static eBook viewing. Fifty-seven 4-5 years old preschoolers in Singapore were assigned to
either the sound-enhanced eBook condition (+sound effects and music) or the static eBooks condition.
Two stories were presented to children each for four times over two weeks, and their visual attention on
seven sound-enhanced words was measured with eye-trackers. Children were assessed for their general
Mandarin proficiency and their prior knowledge of the sound-enhanced words before the eBook
presentation and were tested again in detail for their acquisition of sound-enhanced words after the
experiment. The results demonstrated that nonverbal sound effects have little effect on directing
children’s attention to the sound-enhanced words in the eBooks. Children’s general Mandarin
proficiency, on the other hand, significantly influenced children’s attention to the words during book
reading and target word learning.
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Introduction

Picture book reading is widely recognized as one of the most effective methods for promoting children's
language development (Bus et al., 1995; Green et al., 2024; Mol & Bus, 2011; Sun et al., 2021, 2024),
especially in supporting word learning (Green & Sun, 2024; Sun et al., 2020; Sun & Verspoor, 2022).
However, children with limited language proficiency, such as emergent bilinguals, may derive less benefit
from these reading activities if the text level exceeds their current capacity. Drawing on Krashen's i+1
hypothesis (Krashen, 2003), texts that are slightly beyond the proficiency level of monolinguals may be
overly complex for bilingual learners, potentially hindering their engagement and understanding. They
often struggle to infer the meanings of unfamiliar words from the verbal context, making it difficult for
them to follow the story’s plot (Verhallen & Bus, 2010). In such cases, well-designed electronic books
(eBooks) can serve as a valuable tool for supporting emergent literacy (Bus et al., 2015). EBooks, defined
as digital versions of books displayed on computer screens or mobile devices (Hutchison et al., 2012;
Kim, 2014), often feature oral narration in addition to or in place of written text, multimedia elements
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(e.g., animations, nonverbal sound effects, background music), and hypermedia interactive features (e.g.,
hotspots, e-dictionary) (Zucker et al., 2009; Bus et al., 2015).

As many predictions about the effectiveness of eBook reading on child language learning are grounded in
Mayer’s Cognitive Theory of Multimedia Learning (CTML; 2009, 2014; Figure 1), the key assumptions
of the theory are revisited below. According to CTML, learning from multimedia information involves
three key cognitive processes: selecting relevant information, organizing it into coherent structures, and
integrating it with prior knowledge. Such learning is built upon three cognitive principles of learning,
including (a) dual-channel assumption, (b) limited-capacity assumption, and (c) active processing
assumption (Mayer, 2015). The first cognitive principle, closely related to Paivio’s (1986) dual-coding
theory, assumes that visual and auditory information are processed in two separate but interconnected
channels. Compared to receiving information through a single channel, learning is enhanced when both
visual and auditory inputs are provided simultaneously, allowing the brain to integrate words, images, and
sounds cohesively. The second cognitive principle is grounded in Baddeley’s model of working memory
(1992), which posits that working memory consists of multiple components, including domain-specific
storage systems (the phonological loop and visuospatial sketchpad) and a central executive that regulates
attention and resource allocation. According to this model, both the storage and processing components of
working memory have limited capacity. Because of these constraints, learners must selectively focus on
relevant incoming information while integrating it with prior knowledge. The central executive plays a
crucial role in managing cognitive load by directing attention and coordinating information processing
across the storage components, ensuring that cognitive resources are allocated efficiently. The third
cognitive principle (i.e., active processing assumption) entails that learners would carry out a coordinated
set of cognitive processes during learning, and actively engage in the process to figure out the meaning of
multimedia presentations (Mayer, 2009). Such active cognitive processes comprise paying attention to the
relevant incoming information, organizing such information, and integrating the new information with
existing knowledge. The three assumptions have been summarized in Figure 1.

Figure 1

Conceptual Model of the Cognitive Theory of Multimedia Learning
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Note. Adapted from Mayer (2009)

The potential benefits of well-designed eBooks on a child's reading attention and learning outcomes can
be inferred from these assumptions. Traditionally, paper storybooks rely on static illustrations to depict
entire events on a single page, and this can be challenging for children with limited background
knowledge in the language. These children may struggle to fully grasp the illustrations while also forming
explicit connections between the words they hear and the visual details they see. As a result, they may
face difficulties matching the narration with the corresponding illustrations (Verhallen et al., 2006). In
contrast, well-designed enhancements in eBooks (e.g., motion and background music) that directly align
with the content and plot of the story can provide rich nonverbal information, optimizing the temporal
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congruity between narration and pictures. This facilitates children’s content selection for story processing
and enhances their understanding of novel words as well as their ability to recall the story afterward (Bus
et al., 2015). Multimedia enhancements in such circumstances aim to direct children’s attention to the
specific details, serving as a guide to enhance their comprehension of complex expressions, and
potentially aiding in the retention of unfamiliar words. A series of empirical studies have demonstrated
that these multimedia enhancements (i.e., motion, and background sound and music) are beneficial to
child bilingual’s early word learning (e.g., Verhallen & Bus, 2010; receptive words d = 0.85,

productive words d = 0.96), and facilitate children’s story comprehension (Verhallen et al., 2006; Winnie
the Witch #? = .15), probably because of better awareness of the goals, motivations, and emotions of the
story figures. Specifically, Sun et al. (2019) tracked 102 bilingual children aged 45 through four repeated
readings of three Mandarin eBooks. Unlike the disadvantaged children (e.g., those with parents of low
educational and occupational levels) studied by Verhallen et al. (2006, 2010), Sun et al.’s participants
came from a wide range of SES backgrounds. Their findings confirmed that animated eBooks (featuring
both motion and nonverbal sound enhancements) significantly enhanced Mandarin word production

(d =0.69) and novel word context integration (d = 0.7), compared to static eBooks without such
enhancements. This illustrates how multimedia features, when effectively aligned with narration, can
boost learning outcomes, especially children’s incidental word learning in their second language.

It is important to note that enhancements should be thoughtfully designed to support the storyline and
enhance children's reading comprehension. When these features are merely decorative or cause children
to shift between different types of information without meaningful integration (e.g., game-like elements),
they may lead to cognitive overload and negatively impact story comprehension (e.g., Bus, in press;
Courage et al., 2015; de Jong & Bus, 2002; Labbo & Kuhn, 2000; Parish-Morris et al., 2013; Trushell et
al., 2003). For example, de Jong and Bus (2002) found that embedding games in eBooks significantly
reduced children's reading comprehension and word learning outcomes, as children spent most of their
time playing the games rather than engaging with the text. Thus, enhancements can also undermine
children’s reading comprehension especially if they are carelessly added to eBooks.

Nonverbal Sound Enhancements and eBook Viewing and Incidental Word Learning

In this study, we aim to specifically examine the effects of nonverbal sounds in eBooks, distinct from
other multimedia features. These sound effects include elements that complement the plot, such as
background music or the sound of a character or action (e.g., footsteps). While most research on eBooks
and language learning has focused on the broader impact of multimedia (including sound and animation),
it is valuable to investigate the influence of sound effects in isolation. Approximately 60% of eBooks for
children contain such enhancements, but as many as 30% lack the option to mute them (Korat & Falk,
2017).

Nonverbal sound effects in eBooks are assumed to accentuate a character’s emotions (e.g., anger or
happiness) or set the tone of the story, helping children understand specific words or the general plot. In
other words, the alignment between nonverbal sound (e.g., background music) and verbal information
(e.g., read-aloud narration) is thought to guide children’s attention, enhance their temporal contiguity
between words and images, and facilitate their encoding of verbal information. For example, in the story
Little Kangaroo, Mama Kangaroo encourages her child to explore the world. In the print version, the still
image shows Mama Kangaroo sitting with Little Kangaroo on her lap, but her expression of exhaustion
(e.g., sweat) is subtle. By contrast, the digital version couples the word “exhausted” with the sound effect
of a sigh, providing nonverbal cues that help children grasp the meaning of "exhaustion" while hearing
the word per se, thereby reinforcing their understanding of the word meaning.

However, it is worth noting that not all studies have found nonverbal sound effects to be beneficial for
children’s attention and incidental word learning, particularly in children with severe language
impairments (SLI). Smeets et al. (2012) found that background music in electronic storybooks hindered
word learning in kindergarteners with SLI, suggesting that these sound effects might complicate speech
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perception. Even when the sounds are in the background, they can still capture children’s attention and
divert cognitive resources away from processing essential content, potentially resulting in cognitive
overload (Barr et al., 2010). This is consistent with Mayer's Multimedia Theory, which emphasizes that
adding non-essential elements, can overload the learner's limited cognitive capacity and reduce their
ability to focus on the core content.

These mixed findings suggest that the impact of nonverbal sound effects on attention and word learning in
eBooks is not straightforward. One reason for the variation in results could be that many studies used
multiple enhancements, making it difficult to isolate the specific impact of sound effects alone. To
address these gaps, our study focuses on bilingual children’s L2 attention to the target words during
sound-enhanced eBook reading sessions, using nonverbal sound effects that were carefully designed to
align with the storyline and minimize distractions.

Child Language Proficiency and eBook Viewing and Word Learning

Beyond the positive effects of multimedia in eBooks on children’s reading attention and language
learning, there is growing interest in how children's general language proficiency influences their
experience and learning with eBooks. Research suggests that children with stronger general language
proficiency are better able to focus on eBook content and resist distractions, particularly during the initial
readings. For example, Sun et al. (2022) found that children with higher proficiency exhibited longer total
fixation times on the screens displaying the eBooks during the first two readings () = 0.12). Similarly,
Chiong et al. (2012) revealed that younger children, with more limited language abilities, were more
likely to be distracted by interactive eBook features, unlike their older counterparts. This suggests that a
stronger language foundation enables children to better focus their attention during reading or listening
activities, making them less susceptible to distractions from interactive eBook features. Consequently,
this sustained attention may facilitate deeper engagement with the content, leading to greater learning
benefits, such as enhanced word acquisition. Drawing on the assumptions and key cognitive processes
outlined by CTML, prior knowledge helps learners focus their attention by guiding them to select relevant
information. Children with greater language proficiency are better equipped to identify key elements,
enhancing their focus and reducing cognitive overload by efficiently integrating new information with
their existing knowledge. Additionally, these children require fewer cognitive resources to comprehend
text, making them less susceptible to overload from enhancements such as nonverbal sounds. In contrast,
lower-proficiency learners need to allocate more cognitive resources to process the read-aloud text. As a
result, enhancements that compete for cognitive resources in the same channel are more likely to cause
cognitive overload for these learners.

Moreover, children with higher proficiency can draw on their prior language knowledge to make sense of
unfamiliar words within the story (Sun et al., 2020; Sun & Verspoor, 2022). They are probably more
adept at using contextual clues, including multimedia elements, to infer the meanings of new words,
facilitating vocabulary learning during eBook reading (Sun et al., 2019). This aligns with the Matthew
Effect, where children with better language skills continue to improve at a faster rate than those with
weaker skills. Given these findings, it is important to examine the extent to which eBooks can support
language learning among children with varying levels of bilingual proficiency, specifically in terms of
reading attention and word learning.

The Current Study

Given the prevalence of sound effects and music features in eBooks (Bus et al., 2015), it is important to
consider how such features may affect children’s attention during eBook reading and, subsequently, their
word learning for children with different language proficiency levels. Attention to target words will be
measured via an eye-tracker with longer fixation durations to images corresponding to these target words
indicating greater attention. This operationalisation of attention to words is similar to other studies that
have investigated reading behaviour in children and adults, such as the one by Liao et al. (2020) and Yow
and Priyashri (2019). In the present study, we focused on the effects of nonverbal sound features of
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eBooks on word learning. We presented one group of preschoolers with static eBooks that included sound
enhancements (SE Condition) of target words and another group of preschoolers with eBooks that were
static only (SO Condition) without sound enhancement to address the following two research questions

RQ).

1.Compared with children in the SO Condition, would children in the SE Condition demonstrate more
attention to sound-enhanced words during eBook readings?

Hypothesis I: Children in the SE Condition are expected to show longer durations of eye fixations to the
target words compared to children in the SO Condition. Well-designed nonverbal sounds are assumed to
optimize the temporal alignment between narration and visuals, ultimately guiding and sustaining
children’s attention to the emotional and action-related information conveyed in the narration (Li & Bus,
2023).

2. Compared with children in the SO Condition, would children in the SE Condition demonstrate better
learning of the sound-enhanced words after repetitive eBook readings?

Hypothesis 2: Based on Mayer’s (2005) cognitive theory of multimedia learning (CTML), learning is
most effective when individuals are actively engaged in its processing. It is thus hypothesised that
children in the SE Condition will learn more target words compared to children in the SO Condition.

Method

Participants

The data reported in this study are part of a larger intervention study examining the effect of multimedia
features on child Mandarin vocabulary learning and reading comprehension (Sun et al., 2019; Sun et al.,
2022). The larger intervention study had sought to recruit child participants from the largest operator of
kindergarten and childcare centers in Singapore — PAP Community Foundation (PCF), and consent forms
for the study were disseminated to parents of the preschoolers via their PCF preschools. Once parents had
consented for their children to participate in the study, they were invited to fill in the accompanying
demographic form detailing their children's Mandarin learning at home and at school. Additional
questions on their children's preferences for eBooks and their reading history at home were also included
to better understand their reading habits.

The current study included 57 English-Mandarin preschool children aged four to five years old, with 26
boys and 31 girls participating. We recruited eligible participants based on the following criteria: (a) those
who had no history of developmental delays or impairments reported by parents and observed by teachers,
and (b) those who are English-Mandarin emergent bilinguals. All 57 children completed the reading
sessions and outcome assessments, thus fulfilling the criteria to participate in the analysis of this study.
Participants came from diverse socioeconomic backgrounds. On average, parents possessed a polytechnic
or bachelor’s degree as the highest degree (e.g., mother’s education; M = 5.51, SD = 1.3, range = 2-8,
ranking from no qualification to doctorate degree), with an average family income ranging from S$7500 to
S$7999 per month (M = 15.09, SD = 5.38, range = 3-20, ranking from “Below 1,000 to “10,000 and over”,
with a S$500 increment for each higher income level).

Materials and Design

Two award-winning stories were adopted as reading materials in the current study. They were Little
Kangaroo (Genechten, 2007) and Imitators (Veldkamp, 2006). The first book tells the story of a mother
kangaroo encouraging her young daughter to walk on her own and explore the world independently, while
the second book is about a boy and his parents as they befriend their monkey neighbours and help them
escape the zookeepers. Both books have been effectively adapted into eBooks for educational use in the
Netherlands and have been utilized in multiple studies investigating emergent language development
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outcomes worldwide (e.g., US: Li & Bus, 2023; Turkey: Sari et al., 2019; Netherlands: Smeets et al.,
2012; Singapore: Sun et al., 2019). Little Kangaroo has been translated into Mandarin by the publisher,
while Imitators was translated into Mandarin by the authors of the paper. The translations have been
double-checked by native Mandarin speakers and experienced preschool teachers to ensure their
appropriateness for preschoolers.

As mentioned at the end of the Introduction section, this study involved two conditions of eBooks: one
using static eBooks with sound enhancement (SE), and the other using static eBooks without sound
enhancement (SO). [llustrations from the original hardcopy were scanned and slightly edited into eBook
format, thus termed static eBook. Two conditions of each story (i.e., Little Kangaroo and Imitators) were
prepared. In the SE condition, the eBooks included narration, as well as nonverbal sound effects (e.g.,
sighing to convey 'exhausted’) and background music (e.g., fast-paced music to reflect a tense
atmosphere). In the SO condition, the eBooks only featured narration, without any additional sound
effects or background music. In other words, apart from the nonverbal sound enhancements, the two
conditions have the same story content, narrator's voice, and illustrations. Special care was taken to
ensure that the books contained no distractors or games which were unrelated to the storyline. The text
was not displayed on the screen, and the pages advanced automatically once the narration for each page
was completed. Both versions of the same stories were used across the two conditions to control for any
potential confounding variables related to content. The overview of the eBook design and an exemplar
(see Li & Bus, 2023) are provided in Table 1.

Table 1

Overview of the eBook Design and An Exemplar Based on the First Scene of Little Kangaroo (Adapted
from Li & Bus, 2023)

General Design
eBooks with sound
enhancement (SE)

eBooks without sound

E-book enhancements enhancement (SO)

e Read-aloud of the

text Yes Yes
e Printed text on No No
screen
e Nonverbal sound Yes No
effects

e [llustrations

Static pictures

Static pictures

An exemplar based on the first scene of Little Kangaroo

Ilustration Voice-over

Nonverbal Sound Enhancements

Mommy Kangaroo had problem.
And that problem was hiding in
her pouch. It was large and heavy.
But also really sweet. And it
fidgeted with her coat all day.
Little Kangaroo had grown too
big. It is about time, Mammy
thought, that she hops through life
on her own two legs.

As the voice-over narrates, child hears
deep thuds each time Mama Kangaroo
lands.

As the voice-over narrates, Mama
Kangaroo's deep sighs are audible.
Soft, pleasant music plays in the
background along with a gentle
swoosh sound when Little Kangaroo
is mentioned.

Procedure

Participants were randomly assigned to one of the two conditions and took part in four reading sessions
spread across two consecutive weeks (see Table 2 for a detailed breakdown of the procedures), in
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accordance with previous findings suggesting that repetitive reading is essential for children to absorb the
storyline and retain the language (Biemiller & Boote, 2006). The reading and testing sessions were
conducted one-on-one in Mandarin with participants in a quiet area at the preschools by three trained
English-Mandarin bilingual research assistants. Some guiding explanations in English were given to
children who had trouble understanding the tasks. During the reading segment, the eBooks were presented
via a laptop with a Tobii X3-120 eye-tracker mounted to the bottom of the laptop screen. Children were
seated approximately 70cm away from the centre of the laptop screen. The eye movements of each child
were calibrated using a 5-point calibration routine before the session began. The presentation sequence of
eBooks was randomized and each session lasted 10 to 15 minutes. See Appendix A for an example of a
scene of the eBook Little Kangaroo, along with its dimensions. Data from two participants was excluded
because of low fixation qualities (their eye movements were recorded less than 50% of the time for at
least one session). Thus, sessions from the 55 children across the two experimental conditions were
analysed for visual attention.

About one to two weeks before the first reading session, children were evaluated for their general
Mandarin proficiency (see Appendix D for examples) and their knowledge of target words in Stage II of
the study (Table 2). The time window between the pretest and the reading experiment was designed to
avoid potential priming effects (Hulstijn, 2003). Target word assessments were carried out on the school
day following the fourth session (as part of Stage III, Table 2), and all children completed the word exams
in the same sequence that began with productive vocabulary. Participants were encouraged to speak up if
they were unsure or did not know the answer so that research assistants could clarify or move on to the
next question based on the test protocols.

Table 2

Testing and Reading Procedures

Stage 1 Stage I1 Stage 111
Parental Screening tests Week 1 Week 1 Week 2 Week 2 Week 2
Questionnaire (General Monday* Wednesday* Monday* Wednesday* Thursday
Eicel;l(()l raphics I\fg?i?;nc and Reading Reading Reading Reading Post-test

grap P Y Session I Session II Session III  Session IV~ (Target Words
and home Target words

tests)

language test)
environment)

Note.*Example of a standardized distribution schedule for a participant. If the child participant started their week 1
reading session I on Tuesday, the following reading session II would fall on a Thursday.

Child Visual Attention

Areas of interest (AOIs) for the target words were predefined. Looks to these seven defined AOIs and
looks to the screen in general were collected and recorded with Tobii X3-120 during the reading sessions.
Since the AOI sizes varied depending on the sizes of the images corresponding to the target words and the
duration of AOI display varied depending on each scene, we calculated the proportion of total looking
time (PTL) instead to more accurately reflect visual attention to the AOIs. PTL to each target word was
computed by dividing the total looking duration to the AOI by the total looking duration to the screen

(PTL to AOI = total looking time to AOI )

total looking time to screen

Target Words

The seven target words (e.g., “>4 =K ZIH”, elatedly) were selected as they accentuated a character’ s

emotions (e.g., happiness) or action (e.g., swinging). These words allow us to explore the role of sound
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enhancements in capturing children” s attention during narration, thus facilitating the comprehension of
unfamiliar words conveyed through the nonverbal cues embedded in sound. See Appendix B for the
corresponding English translation of the target words and description of sound effects.

To examine if the nonverbal sound enhancements improved incidental word learning, we evaluated their
performance in the following formats. Prior to the start of the reading segment, children first went through
a pre-test to examine if they could explain the target words verbally. These words were selected by the
research team and then verified with experienced Mandarin preschool teachers for their novelty to 4-5-
year-old children. Participants then underwent four tests in the post-test segment of target words (Stage
IID). First, the productive vocabulary test required children to orally produce target words from the
storybooks. Children were shown summary statements derived from the storybooks that had missing
target words and were then asked to fill in the blanks. Corresponding illustrations from the storybooks
were also displayed to help children with the recall of the target words. Only responses with the exact
target word were awarded one point. Second, the receptive vocabulary test assessed children's
understanding of the target words within the context of the storybooks. Children were asked to select a
relevant picture from four choices that included three distractors and one target picture, similar to the
Peabody Picture Vocabulary Test Fourth Edition (PPVT-4; Dunn & Dunn, 2012). Each set of target and
distractor images was taken from the same storybook. Third, the context integration test was used to
assess children's ability to transfer their knowledge of target words into a new context. One point was
awarded for accurately representing the meaning of each target word. Lastly, to assess children's meaning
recognition of the target word, they were asked if it was appropriate to use the word in a novel context
and had to answer in a true-false format. All four tests had a maximum score of seven, one for each
correct response. Items were given in a quasi-random order. See Appendix C for examples of the four
tests presented to participants.

Children generally had limited knowledge about the seven target words prior to the reading sessions
(M =0.46, SD = 0.66, range = 0-3). They could recognize about three to four words after four readings
(i.e., receptive vocabulary: M = 3.83, SD = 1.44, range = 0—6; meaning recognition in novel situations:
M=4.23,8D = 1.5, range = 1-7), and were able to successfully conduct context integration with two to
three words on average (M = 2.54, SD = 1.41, range = 0—7) and produce a few words

(M =0.18, SD = 0.5, range = 0-3).

General Mandarin Proficiency

As research has shown that children's overall language skills can impact how they learn new words and
fixate on illustrations (Evans & Saint-Aubin, 2013; Sun et al., 2019), participants were examined for their
general Chinese proficiency, including their receptive vocabulary size, receptive grammar knowledge,
and verbal fluency. Examples of the screening tests used have been demonstrated in Appendix D.

Children’s Mandarin receptive vocabulary was assessed using the receptive vocabulary component of the
Bilingual Language Assessment Battery (Rickard-Liow et al., 2013). This test battery was designed to
measure Singaporean children’s bilingual proficiency and has a similar format to the PPVT-4 (Dunn &
Dunn, 2012). Children were instructed to point to one of four pictures that best depict the word spoken by
the experimenter. There were 80 trials in total. Mandarin receptive vocabulary demonstrated good
reliability across the sample (Cronbach’s a = .827).

Children’s Mandarin receptive grammar was measured using a locally devised test for Singapore
preschool children (Bak, 2012) that is similar to the Test for Reception of Grammar (Bishop, 1982). For
this assessment, children were instructed to point to one of four pictures that best represent the sentence
they had heard. There were 60 trials in total. The Mandarin Receptive Grammar Test demonstrated strong
internal reliability (Cronbach’s o = .917) in our reading intervention.
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Lastly, Mandarin verbal fluency was assessed using a semantic fluency task that evaluates Mandarin
productive vocabulary. In this task, children were instructed to name as many "food" and "animals" as
they could within a minute.

Each trial or item in the three tests that was appropriately chosen or named was awarded one point. On
average, children recognized 38 Mandarin Chinese words (M = 37.93, SD = 7.94, range = 19-56),
answered 40 Mandarin grammar items correctly (M = 39.68, SD = 8.74, range = 9-53), and accurately
named 8 food or animal items (M = 8.46, SD = 4.71, range = 0-18).

Data Analysis

Both research questions were addressed using mixed effects models, which are less influenced by outliers
and missing values and can account for both item-by-item and participant-by-participant variability
(Baayen, 2008). As the three aspects of children’s Mandarin proficiency scores (i.e., receptive
vocabulary, receptive grammar, semantic verbal fluency) are significantly correlated, factor analysis was
used to create an overall Mandarin proficiency score. A Bartlett’s test of sphericity was significant,

x2(3) =1088.87, p <.0001, supporting a factor analytic approach. An explorative factor analysis using
Principal Components Analysis with Promax rotation was conducted to identify the underlying factor
structure of the scale. Based on the Kaiser criterion (eigenvalues > 1), a one-factor solution was retained,
explaining 64% of the total variance. Table 3 presents the factor loadings for each item.

Table 3

Factor Loading and the Communalities of the General Mandarin Language Component

Factor loading Communalities
Fluency 0.74 0.55
Vocabulary 0.88 0.77
Grammar 0.77 0.60

Results

Before examining the impact of eBook design and children’s prior language knowledge on their
incidental word learning ability, comparisons were made on the children’s home environments and
language skills to ensure the comparability of the two groups. Independent #-tests were conducted to
assess potential differences between children in the two conditions regarding SES (i.e., maternal
education level, monthly household income), Mandarin input and output amount (i.e., age at onset of
Mandarin input in months, age at onset of Mandarin speaking in months, weekly Mandarin input by
family members in hours), children’s general Mandarin proficiency (i.e., receptive vocabulary, receptive
grammar, verbal fluency), and children’s pre-test scores on the seven target words. The results indicated
no significant differences between the two conditions across these aspects, and the t-test outcomes are
summarized in Table 4 below.
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Table 4

Comparison of Children’s Backgrounds, Language Skills, and Attention Across the Two Conditions

M (SD M (SD

SE (1\(,:;)29) SO (zgz)zs;) ! P 9% C1
Gender 14 boys; 15 girls 12 boys; 16 girls
Mother Education 5.59 (1.24) 5.43 (1.372) 0.46 .65 -0.54 - 0.85
Household Income 15.28 (4.503) 14.89 (6.238) 0.27 .79 -2.50-3.26
Onset Age. Input 12.45 (11.08) 12.21 (12.64) 0.07 .94 -6.07 - 6.54
Onset Age. Output 21.46 (11.27) 22.29 (9.41) -0.3 77 -6.38 -4.74
Weekly Home Use 66.98 (64.03) 84.76 (61.49) -1.07 29 -51.12 - 15.57
Mandarin. Fluency 7.93 (4.53) 9(4.91) -0.86 4 -3.57-1.44
Mandarin. Vocabulary 37.28 (6.97) 38.61 (8.91) -0.63 53 -5.57-2.91
Mandarin. Grammar 40.34 (8.97) 39 (8.59) 0.58 .57 -3.32-6.01
Target Word. Pre 0.45(0.74) 0.46 (0.58) -0.09 .93 -0.37-0.34
Target Word. PV 0.17 (0.38) 0.18 (0.61) -0.05 .96 -0.28 - 0.26
Target Word. RV 3.76 (1.57) 3.89 (1.31) -0.35 73 -0.91 - 0.64
Target Word. CI 2.62 (1.29) 2.46 (1.55) 0.41 .68 -0.6 - 0.91
Target Word. MR 4.17 (1.67) 4.29 (1.33) -0.28 78 -0.92 - 0.69

eBook Condition and Language Proficiency on Children’s Attention to Target Words

We tested a three-way interaction of the fixed effects General Mandarin Proficiency x Condition x
Session on PTL to target words. Different models were tested to select the optimal fixed effect and
random effect structure, including random slopes for the three fixed effects and random intercepts for
Vocabulary Items and Participants. A more complex model was chosen if it improved the AIC by at least
2 points. From this process, we selected a three-way interaction model that did not include random slopes,
but included Vocabulary Items as random intercepts. The conditional R of this model was 0.17. There
was a significant three-way interaction effect, F(3, 1557) =2.76, p = .041 (Table 5).

Figure 2 shows the change in PTL to target words over increasing Mandarin Proficiency for the two
conditions (SO: static eBook only; SE: static eBook with sound enhancements). For the first session of
reading, PTL was higher for lower proficiency Mandarin speakers compared to higher proficiency
Mandarin speakers in the SO condition. However, in the SE condition, PTL was not significantly
different between lower and higher proficiency Mandarin speakers. Post-hoc slope contrasts (Table 6)
confirmed that this difference in the effect of Mandarin Proficiency on PTL to target words between the
conditions was significant in the first reading session only (p = .002). This indicates that in the SO
Condition, the target words had high salience for low proficiency Mandarin speakers, and they directed
more of their attention to the AOIs associated with these target words. In comparison, in the SE
Condition, the sound enhancement removed this salience, possibly through acoustic interference.
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Table 5

Type 11l Analysis of Variance Table (with Satterthwaite's method) for the Effects on Proportion of Total

Looking (PTL) during eBook Reading

Sum Sq Mean Sq NumDF DenDF F p
Mandarin 0.0001 1.356-04 1 1557 4.28 .039*
Proficiency
Condition 0.0000 6.39E-07 1 1557 0.02 .887
Session 0.0004 1.46E-04 3 1557 4.64 .003**
Mandarin
Proficiency: 0.0001 5.91E-05 1 1557 1.88 171
Condition
Mandarin . 0.0003 9.12E-05 3 1557 2.90 034
Proficiency: Session
Condition: Session 0.0002 7.00E-05 3 1557 2.23 .083
Mandarin
Proficiency: 0.0003 8.68E-05 3 1557 2.76 .041*

Condition: Session

Note. *p < .05, **p <.01.

Figure 2

Children’s PTL in Relation to General Mandarin Proficiency and Reading Condition over Repeated
Reading Sessions (Ribbons Indicate Confidence Intervals)
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Table 6

Post-Hoc Slope Contrasts of General Mandarin Proficiency, Compared Between Conditions, Separately
for Each Reading Session

Contrast Estimate SE df t p
S1 SE - SO 0.0019 0.0006 1557 3.15 .002%*
S2 SE - SO -0.0003 0.0006 1557 -0.53 .599
S3 SE - SO 0.0002 0.0006 1557 0.27 785
S4 SE - SO -0.0001 0.0006 1557 -0.11 912

eBook Condition and Language Proficiency on Children’s Word Learning

To examine the effect of eBook type on word learning, we again created a series of linear mixed effects
models to select the optimal structure, looking at the effects of General Mandarin Proficiency, Vocabulary
Prescore, Condition, PTL, and Learning Outcome Type (i.e., Productive Vocabulary, Receptive
Vocabulary, Context Integration, and Meaning Recognition) on Word Learning Outcome score. The final
model (presented in Table 7) included an interaction of General Mandarin Proficiency x Vocabulary
Prescore x Learning Outcome Type, with simple main effects of Condition and PTL and random
intercepts for Participants. The conditional R2 of this model was 0.17. There was a significant three-way
interaction of Mandarin Proficiency x Vocabulary Prescore x Learning Outcome Type (p = .002), but no
significant effects for PTL or condition.

Table 7

Type Ill Analysis of Variance Table (with Satterthwaite's method) for the Effects on Learning Outcomes

Sum Sq Mean Sq NumDF  DenDF F p
Mandarin Proficiency 4.73 4.73 1 47 5.79 .020%*
Vocabulary Prescore 5.10 5.10 1 47 6.24 016*
Learning Outcome Type 0.00 0.00 3 147 0.00 1.000
Condition 0.00 0.00 1 47 0.00 971
PTL 0.02 0.02 1 47 0.03 872
Mandarin Proficiency x
Vocabulary Prescore 1.02 1.02 1 47 1.25 270
Mandarin Proficiency x
Learning Outcome Type 1.57 0.52 3 147 0.64 .589
Vocabulary Prescore x
Learning Outcome Type 8.81 2.94 3 147 3.60 .015%
Mandarin Proficiency x
Vocabulary Prescore x
Learning Outcome Type 13.06 4.35 3 147 5.34 .002**

Figure 3 illustrates the change in Learning Outcome scores as Mandarin Proficiency increases, for the
minimum and maximum Vocabulary Prescores, separately for each Learning Outcome. To explore this
interaction effect further, simple slope analyses were conducted on Mandarin Proficiency for Vocabulary
Prescore set at Mean - 1 Standard Deviation, Mean, and Mean + 1 Standard Deviation (Table 8). For
Productive Vocabulary, the slope of Mandarin Proficiency was significant when Vocabulary Prescore was
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high, but not when it was low. That is, children with a higher initial vocabulary were more productive if
they had higher general proficiency, but those with a lower initial vocabulary did not show a change with
general proficiency. For Receptive Vocabulary, the slope of Mandarin Proficiency was significant when
Vocabulary Prescore was low or average, but not when it was high. That is, children with a lower initial
vocabulary were better able to understand the presented words if they had higher general proficiency, but
those with a higher initial vocabulary did not show a significant change with general proficiency. Context
Integration and Meaning Recognition did not significantly change with Vocabulary Prescore or Mandarin
Proficiency.

Figure 3

Children’s Target Word Learning Outcomes in Relation to General Mandarin Proficiency and Pre-Test
Results (Ribbons indicate confidence intervals)
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Table 8

Simple Slopes Analysis for Each Learning Outcome for Mandarin Proficiency x Vocabulary Prescore

Vocabulary Prescore  Estimate SE t p
Context Integration -0.99 (-1 SD) -0.05 0.23 -0.21 .83
0.00 (Mean) 0.10 0.14 0.72 A7
0.99 (+1 SD) 0.25 0.16 1.57 12
Meaning Recognition -0.99 (-1 SD) 0.11 0.23 0.51 .61
0.00 (Mean) 0.09 0.14 0.66 51
0.99 (+1 SD) 0.07 0.16 0.43 .67
Productive Vocabulary  -0.99 (-1 SD) -0.21 0.23 -0.91 .36
0.00 (Mean) 0.26 0.14 1.86 .06
0.99 (+1 SD) 0.73 0.16 4.57 <.01**
Receptive Vocabulary  -0.99 (-1 SD) 0.57 0.23 2.51 01
0.00 (Mean) 0.30 0.14 2.14 .03*
0.99 (+1 SD) 0.03 0.16 0.19 .85

Discussion

In this study, we explored how sound effects influence children’s attention and acquisition of sound-
enhanced words in eBooks. Since nonverbal sound effects are widely used in eBooks, it is therefore
crucial to probe their impact on the reading process and outcomes. To examine whether acoustic features
promote children’s word learning, we measured children’s attention to target words using eye-tracking
during repeated eBook viewing. We also employed pretests and posttests to examine children’s target
word learning. Findings from this study will serve several practical purposes. For one, this study
highlights the features of eBooks that can influence reading attention and language learning among
children. This understanding allows various stakeholders to design and utilize eBooks in ways that
maximize their effectiveness for diverse learners, including those with varying proficiency levels.
Additionally, the insights gained on the mechanisms underlying children’s target words can inform
educators and even clinicians on children’s language development.

Contrary to our hypotheses, the sound effects that accompanied target words did not increase children’s
attention to these words during the reading process. To add on, these sound effects did not predict
vocabulary learning. In other words, nonverbal sound enhancement may not have significantly promoted
either the vocabulary learning process or outcomes. Our findings on differences in children’s initial
reading between the two groups (i.e., SO > SE in the first reading) align with previous studies on children
with language difficulties. They echo researchers' concerns that nonverbal sound effects may impede
visual attention for these children (Bus et al., 2015; Korat & Falk, 2017).

This perplexing phenomenon might be explained by the embedded-processes model (Cowan, 1999).
According to this model, the similarity of information modes affects the amount of information that can
be processed simultaneously: when the spoken text is presented with nonverbal sound effects, it becomes
difficult to process the two sources of information at the same time. In the current study, reading-aloud
text and nonverbal sound effects both provide audio information, and processing such information
requires more cognitive capacity, which could otherwise be used to process other information such as
illustrations. Therefore, nonverbal sound effects did not facilitate and may have even hindered children’s
target word processing due to cognitive overload (Lehmann & Seufert, 2017; Bus et al., 2015). In other
words, when various types of auditory input (e.g., read-aloud text and nonverbal sound effects) are
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presented simultaneously, they compete for mental resources. Such competition can overwhelm the
limited capacity of children’s working memory, leaving fewer resources available for processing other
important input, such as illustrations. As a consequence, the overloaded auditory inputs may result in
ineffective attention distribution, limiting children’s ability to concentrate on and internalize new words.

Additionally, we found a positive impact of children’s Mandarin proficiency and initial word knowledge
on nonverbal sound-enhanced target word learning. Previous studies have demonstrated the “Matthew
Effect” in language learning, where children with better general language proficiency tend to benefit more
from well-designed interventions (Chung et al., 2015; Sun et al., 2019, 2020), and our findings align with
these findings. It is worth noting that there are four aspects of vocabulary knowledge assessed (i.e., target
word production and comprehension with illustrations from the stories, and context integration and
meaning recognition of the target words in novel situations), and only productive and receptive
knowledge was significantly influenced by children’s general Mandarin proficiency, indicating a
differential impact on different language domains. The finding implies that with repeated book reading,
children are able to identify the semantic information; however, children with a stronger language
foundation may be faster at establishing a direct link between visual stimuli and the corresponding words
for verbal expression and reception.

Conclusion

This study has several limitations. First, the sample size was small, and the number of target words was
limited. Future studies should employ a larger sample size with significantly more items and diverse book
genres to verify our current findings. Additionally, implementing a within-subject design would be
preferable, given that children's overall proficiency in Mandarin and their initial scores on the target
words were identified as significant factors in target word learning. Third, although only responses
containing the exact target word were awarded one point in the word tests, the outcome variables should
be double-checked for inter-rater agreement. Furthermore, target words could be assessed using both
strict (as implemented in the current study) and lenient scoring methods (e.g., awarding partial credit for
words that are partially but correctly pronounced), as these approaches arguably reflect different levels of
vocabulary knowledge (Barclay & Pellicer-Sanchez, 2021). Despite these limitations, the current study
sheds light on a research topic that "has far-reaching implications in a world dominated by storybook apps
that mostly include background sounds and music" (Bus et al., 2015, p. 87). Our results indicate that
sound effects may not be useful for second language learners’ incidental word learning, even when the
sounds and background music are carefully curated. For children with lower language proficiency, it may
even result in cognitive overload when they need to process visual and auditory information
simultaneously (Courage et al., 2015), as implied in the first of the four repetitive readings in the current
study. For children with limited language skills (e.g., bilingual children learning a non-societal dominant
language in this study), less is often better than more: they may benefit more from being immersed in text
alone or from conditions with more useful features, such as animated images (Sun et al., 2019, 2022).

A direct implication of our findings is that the function and volume of nonverbal sound effects and
background music should be adjustable for bilingual children who have limited language proficiency.
Additionally, when presenting multimedia materials to bilingual and second language learning children,
their general language proficiency must be considered, as children from various language backgrounds
might benefit differently from such reading interventions.
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Appendix B. Description of Target Words from Two Storybooks (Little Kangaroo
and Imitators)

Stories Target Words English Translation Description of Nonverbal
Sound Enhancement
shown in the eBooks

Little WE R Z Elatedly Monkeys’ excited howling

Kangaroo with exultant background
music

9 1R Exhaustedly Exhausted sigh

PR Hb Happily Elephants trumpeting with
joyful background music

EE) Jump towards Fast-paced, bouncing
sounds

TR (A Burrowed in quickly Fleeting sound of object
burrowing in

Imitators 9 1 i3k Barged in Door crashing in

ik % Swinging Creaky  light  fixature

swaying side to side

Appendix C. Examples of Post-tests assessing ‘i b R it Exhaustedly’

Measure Item Example Picture of Scene Correct Answer
Productive %% [ 10104075 /NS R R AS:
Vocabulary & 7—8EK, 7 ET
(Cloze Test) MR Exhaustedly
Mummy Kangaroo sits
down after
hopping around with
Little Kangaroo in her
pouch for an entire day.
Receptive NSRS ERR 2
Vocabulary ix JT gl s, HREIR

AT LATE 31 4% B e fif
AN

In the story of Little
Kangaroo, which one
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depicts Mummy
Kangaroo
“exhaustedly”?

Context o2 R Not Applicable 2
Integrati {9 A L B ,
ntegration "7 LRI Tired
KA ?

What is “exhaustedly”?
Would you be tired or

relaxed?
Meaning /INERASRIEIRE &, Not Applicable True
Recognition Tl 7 L &« 1R

T o

Xiao Ming went hiking
today, he is exhausted
now.

Appendix D. Examples from the Three Screening Tests Measuring Mandarin
Language Proficiency

Measure Test Used Item Example Demo Correct
Answer

Mandarin Bilingual Mk IE (Owl) 2
receptive Language
vocabulary Assessment

Battery (BLAB)
Mandarin Mandarin X 4T AR 3
receptive Receptive ERK,
grammar test ~ Grammar Test The red pencil

(MRGT) is not long.
Mandarin Semantic Fluency &% (food) NIL [ (Noodle)
verbal fluency  Task &

% (animals) (Tiger)
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