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Experiments with film-like story presentations have been found to
be beneficial in supporting children’s story comprehension and
word learning. The main goal of the current study was to disentan-
gle the effects of visual and auditory enhancements in digital
books. Participants were 99 typically developing children (41 boys
and 58 girls) aged 4–6 years from two public kindergartens in
Bursa, Turkey. A randomized controlled trial was conducted with
a control group and four experimental conditions that included
all possible combinations: static illustrations with and without
music/sounds and animated illustrations with and without music/-
sounds. In each experimental condition, children read two different
storybooks twice, each time in small group sessions of 2 or 3 chil-
dren. The posttest included, apart from story comprehension,
expressive and receptive vocabulary tests of book-based words.
Story comprehension, not word learning, benefited from visual
enhancements in digital books. Music and background sounds
did not stimulate story comprehension and even had a negative
effect on receptive vocabulary. To explain the findings, we refer
to multimedia learning principles such as temporal contiguity.
Consequences for a digital storybook format are discussed.
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Introduction

In the digital era, young children encounter digital storybooks in addition to paper books. The per-
centage of children who sometimes read digital storybooks has increased since 2010 from 25% to 61%
(Scholastic, 2015). Our main aim in this study was to examine how best to design digital storybooks
for young children. There is evidence that digital books with additional multimedia can facilitate chil-
dren’s story comprehension and learning from stories (Bus, Takacs, & Kegel, 2015). Film-like story-
books are found to be helpful for language and literacy skills as compared with paper books
(Zucker, Moody, & McKenna, 2009). Exemplary are findings reported by Verhallen, Bus, & de Jong,
(2006). In a group learning Dutch as a second language, repeated reading of a digital book in Dutch
that included both animated pictures and music and background sounds had a strong effect on chil-
dren’s story comprehension and word learning as compared with on-screen books with static pictures.
A meta-analysis showed stronger effects of film-like digital stories as compared with paper books on
children’s story comprehension and expressive word learning, particularly for children from disadvan-
taged environments who might be lagging behind in language and literacy skills (Takacs, Swart, & Bus,
2015). The current study zoomed in on separate multimedia enhancements built into digital books for
young children. The main aim was to test the efficacy of elements that create a film-like presentation,
including additional visual and auditory sources of information. We examined which of these sources
can support children’s understanding of the narration, the main goal of book reading, and learning
unknown words, an important side effect of book reading. Thus, the current study aimed to develop
guidelines for designing digital storybooks that provide optimal support for young children’s compre-
hension and learning.
Animated illustrations

Digital storybooks can provide additional visual information that may increase the moderate to
strong multimedia effect of pictures in paper books on story comprehension (Takacs & Bus, 2018).
We focused on animations in digital books that are added to optimize the match between visual and
verbal information. Various techniques can be used in digital books to guide children’s visual attention
to target details in the illustrations. One of the techniques is addingmotion to illustrations. For instance,
when it is explained that Bear is shy, and the illustration in the paper book shows Bear with red cheeks,
visual attention is further directed on the red cheeks in the animated version of the book by showing
how Bear’s cheeks turn red while the text explains that Bear is shy. Thus, motion guides children’s
visual attention to a specific detail in the illustration—the red cheeks—andmay support the simultane-
ous processing of verbal and visual information, thereby promoting the integration of both sources of
information (Takacs & Bus, 2016). Zooming in on details is another frequently used technique in
dynamic illustrations. Zooming in can be used tomake direct links between parts of narration and illus-
tration. For instance, when the narration describes that another kangaroo looks exactly like Little Kan-
garoo, the camera zooms in on his face, legs, tail, and ears while the narratormentions those body parts.

In line with one of the multimedia learning principles, temporal contiguity (Mayer, 2009), such ani-
mated illustrations in digital books may provide children with help in matching the illustration with
the narration, thereby concretizing the narration. Humans try to dispose of pictorial information, espe-
cially when the verbal information is complex as is the case in narrative texts, and they try to create a
situation that enables the integration of both sources of information (Tanenhaus, Spivey-Knowlton,
Ebehard, & Sedivy, 1995). From eye-tracking research with picture storybooks (e.g., Evans & Saint-
Aubin, 2005) comes evidence suggesting that children aim at integrating the narrative and the illus-
tration. This is in line with the dual coding theory, which proposes that the information-processing
system is assumed to contain two channels—an auditory/verbal channel and a visual/pictorial chan-
nel—thereby enabling simultaneous processing of visual and narrative information in short-term
memory (Paivio, 2008). Cross-channel connections between the mental representations of the narra-
tion and those of the picture may, despite possible lags in vocabulary and grammar, concretize the
text, thereby facilitating story comprehension despite complex language in narrations.
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In line with temporal contiguity, we hypothesized that animated digital picture storybooks provid-
ing additional help in matching illustrations with the narration may enhance the multimedia effect of
illustrations on story comprehension (Bus, Takacs, & Kegel, 2015). This result would be in contrast to
the static media hypothesis for which Mayer and colleagues found evidence in experiments testing
effects of animated illustrations to explain phenomena in natural science (e.g., lightning, bicycle
pump). In explaining this hypothesis, it is suggested that static illustrations seem to reduce extraneous
processing (Mayer, 2017; Mayer, Hegarty, Mayer, & Campbell, 2005). We might expect similar nega-
tive effects of animations in digital storybooks if the additions, different from the animations in the
digital books in the current study, would not match the narration but rather focus children’s visual
attention to irrelevant details, such as trees waving in the wind, that may cause cognitive overload
(Fisch, 2000).

It was also tested whether animated illustrations stimulate vocabulary learning. In the aforemen-
tioned example from the Bear story, children’s visual attention is focused on Bear’s red cheeks, but this
may be insufficient to make a connection between the adverb shy and its meaning. Direct links
between word and picture may be problematic, especially in cases of adverbs and adjectives. Children
may need other information as well, such as the verbal context in which the words appear, to derive
word meanings, particularly for adverbs and adjectives that cannot be depicted in isolation
(Tribushinina et al., 2013). Therefore, it is conceivable that visual enhancements in digital books, such
as motion and zooming, have a stronger direct effect on story comprehension than on word learning.

Music and environmental sounds

A tempting technique for making a digital book more interesting is to add background music or
environmental sounds. According to the arousal theory, music and sounds may make the storybook
more enjoyable for the reader due to emotional arousal (Mayer, 2009) and being more attentive
(Richter & Courage, 2017). Music and sounds may also add to the pictorial model of the situation
because these sources include auditory pictures (i.e., sound images). Music can be designed in a
way that it represents the mood of the main characters, which may help to make up a coherent mental
model of the events. When the narration explains that Little Kangaroo prefers her mother’s pouch to
the outside world, we hear relaxing music while we see her disappearing into the pouch, thereby high-
lighting how the pouch works for Little Kangaroo. The more incidentally available environmental
sounds directly referring to events described in the narration, thus, may support a mental model of
the story events; we hear the kangaroo hopping, birds singing, a shy bear mumbling, and so on.
According to the integrated model of Schnotz (2014), all nonverbal information—music and sounds
included—is transmitted to working memory and processed, in the so-called visual/pictorial channel,
into a mental model of the events. Thus, sound and music may have similar effects as visual informa-
tion because both may help to organize and structure a mental model of the events as described in the
narration, which may facilitate comprehension of the narration. In this line of argumentation, we
expect that the presence of environmental sounds and music in digital books matching the content
of the narration may enhance story comprehension.

On the other hand, it also seems plausible that adding music and environmental sounds could have
negative effects on story comprehension. When additional auditory information is presented, this uses
the auditory channel just as the narrative, thereby competing with the narration for limited processing
capacity in the auditory channel (Mayer, 2009). When processing capacity is used to process the music
and sounds, there may be, in line with Mayer’s (2009) coherence model, less capacity available for pay-
ing attention to the narration, making inferences, and linking the narration with the visual information,
which might result in poorer performance on story comprehension tests (Moreno & Mayer, 2000).

Auditory information could be helpful in learning new words as a result of listening to the narra-
tive. We hear Bear mumbling when this behavior is described in the narration. Such sounds may con-
tribute to a better understanding of nouns and verbs in the narrative describing this behavior but not
necessarily to a better understanding of adverbs and adjectives. The downside of music and environ-
mental sounds may be that this information uses the same auditory channel as the oral narration,
which may result in less capacity being available to derive the meanings of unknown words
(Mayer, 2009). In addition, music and sounds may already cause negative effects in a stage preceding
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the deeper processing of information. Even when music and sounds are soft, they may cause an effect
that is known as auditory masking (Barr, Shuck, Salerno, Atkinson, & Linebarger, 2010). This occurs
when the perception of one sound, here the oral narration, is affected by the presence of music and
environmental sounds, thereby interfering with young children’s ability to isolate unknown words
from the speech stream and learn those when listening to a story. When children are less able to per-
ceive and retain the pronunciations of unfamiliar words due to music and environmental sounds, they
will not develop receptive knowledge of these words. In this line of argumentation, music and envi-
ronmental sounds could have a negative effect, particularly on receptive vocabulary. Expressive word
learning may be less affected by auditory masking. It does not take place unless words are already
known receptively, and children will be able to recognize such words despite music and sounds
(e.g., Stahl & Stahl, 2004). Prior findings in a Dutch sample of children with severe language problems
show that music and environmental sounds, presented in addition to static or animated illustrations,
indeed can interfere with learning new vocabulary (Smeets, van Dijken, & Bus, 2014).

The current study

For the current study, we selected digital storybooks that include additional features that were
maximally congruent with the narration. The target books were created by a professional app devel-
oper who added pan and zoom and motion to the illustrations in a way that the animations guide chil-
dren’s visual attention, for instance, zooming in on a herd of running giraffes when the narrative
describes how impressive they are. Likewise, music and environmental sounds were added in a
way that those aligned the story events, for instance, sounds of a running herd when the narration
describes a herd of giraffes running by. Prior studies tested effects of such film-like books but included
both animated pictures and music/sounds, with few exceptions (Bus, Takacs, & Kegel, 2015). The aims
of the current study were to disentangle the effects of animated illustrations, on the one hand, and
music and environmental sounds, on the other, for young, typically developing children (4–6 years).

We expected that picture storybooks enriched with motion and camera movements that match the
narration, as compared with books with the same pictures in a static format, are beneficial for story
comprehension but might not have an effect on learning complex words such as adverbs and adjec-
tives. In the same vein, we expected that sounds and music that match the narration, as compared
with books without sounds and music, are beneficial for story comprehension but may have negative
effects on vocabulary learning, particularly receptive vocabulary.
Method

Participants

Participants in this research were 99 typically developing children (41 boys and 58 girls) aged 4–
6 years (M = 61.32 months, SD = 9.67) from different socioeconomic status families in Bursa, Turkey.
Children were recruited from eight classrooms in two public kindergartens. To obtain written
informed consent from parents of eligible children, parents were provided with written information
about the study explaining the scientific goals and the opportunity for their children to listen to chil-
dren’s stories. Only when parents had given written consent for their children’s participation were the
children included in the study. All procedures were approved by the internal review board of Uludağ
University in Bursa, Turkey.

Design

The design of the study was a randomized controlled trial with four experimental conditions and a
control condition. Kindergarten children (4- to 6-year-olds), speaking Turkish as their first language
with no apparent developmental delays, were eligible for participation. Stratified for classroom, age,
and gender, eligible children were randomly assigned to the control condition (no book reading, only
pre- and posttesting) or one of the four experimental conditions in which children ‘‘read” the books;



216 B. Sarı et al. / Journal of Experimental Child Psychology 179 (2019) 212–226
that is, they listened to the narrative presented by a recorded voice while the matching illustrations
were simultaneously shown on-screen. The four conditions included all possible combinations: static
illustrations with and without music/sounds and animated illustrations with and without music/-
sounds. About 20 children, stratified for classroom, age, and gender, were assigned to each of the five
conditions. Except for children in the control condition, each child listened to the two stories twice in
two small group sessions of 2 or 3 children.

Materials

Storybooks
Two storybooks originally published in Dutch, Little Kangaroo (Van Genechten, 2005) and Bear Is in

Love With Butterfly (Van Haeringen, 2004), were translated into Turkish. The storybooks were first
translated from Dutch to Turkish by the first author. Later, the Turkish text was retranslated to Dutch
by a Turkish–Dutch student. Differences between original text and retranslated text were resolved in
discussion. The story of Little Kangaroo is about Little Kangaroo unwilling to be independent from her
mom. The story of Bear Is in Love With Butterfly is about a love between two very different animals
leading to huge misunderstandings. Each of the two stories was available in four formats that included
all possible combinations: static illustrations with and without music or background sounds and ani-
mated illustrations with and without music or background sounds. In all four conditions, the narration
was rendered orally by the same voice. The written text was not presented on-screen in addition to
the (animated) illustration.

Static and animated versions of the digital books
In the static versions of the books, the pictures of the printed storybooks were scanned and pre-

sented on a laptop screen in a PowerPoint presentation. Static versions of the storybooks each had
13 double pages with pictures covering both pages. The pages turned automatically after the oral
rendition of the narration had finished. In the animated versions of the books, backgrounds in the
illustrations and story characters looked exactly the same as in the static versions (compare Fig. 1A
A

B C D E

Fig. 1. A scene from Little Kangaroo. The static illustration is shown in the upper row (A), whereas screenshots of the animated
version of the same illustration are shown in the bottom row (B–E). (Copyright 2007 by Het Woeste Woud, Groningen, The
Netherlands).
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with Fig. 1B–E). The quality of the illustrations did not differ in terms of resolution. Camera move-
ments and motion of details were added to the illustrations by a professional animator to create
the animated versions. For instance, compare the static picture (Fig. 1A), which was presented on-
screen while the story text (printed below the picture) was read aloud, with Fig. 1B to 1E, which
are screenshots from the animated version of the same scene. The animated version guides children’s
attention to what is successively emphasized in the narrative. In the first two images, the focus is on
Mama Kangaroo, who clearly experiences difficulties in hopping due to the heavy load in her pouch
while the text explains that she has a problem that is hidden in her pouch. Different from the static
book, where Little Kangaroo is visible from the beginning of the narration (Fig. 1A), she does not jump
up from the mother’s pouch in the animated version until the screenshot in Fig. 1D, where Little Kan-
garoo is mentioned in the narration. Thus, it was promoted that children really wonder what Mama
Kangaroo’s problem might be. The duration of animated and static versions of the storybooks was
exactly the same; it took about 5 min to listen to each storybook.

Music and environmental sounds
In two of the four story conditions, a static condition and an animated condition, the digital books

included music and sounds that matched the story events. The music, present most of the time and
taking a different form in every scene, mostly represented the mood of the main characters or high-
lighted actions in the story. When Bear is excited about the idea of picking flowers for Butterfly to
express his love for her, the music is fast and exciting but becomes slow and sad when Butterfly clearly
does not like that Bear has picked all the flowers. The instrumental music was composed and per-
formed by the animator. Sounds embedded in the music included, for instance, crackling fire when
Bear is fanning a fire (Bear Is in Love With Butterfly) and whistling birds when Mama Kangaroo shows
the birds to Little Kangaroo (Little Kangaroo). Even though most scenes included environmental
sounds, these were incidental. For instance, only at the start of the scene with the elephants (Little
Kangaroo) do we hear an elephant trumpeting. In designing the digital books, the developer used a
headroom of 3 dB to guarantee that the loudest signal of the music and environmental sounds did
not exceed the signal of the voice.

Measurement instruments

General vocabulary knowledge
The Turkish adaptation of the Peabody Picture Vocabulary Test (PPVT; Katz, Önen, Demir, Uzlukaya,

& Uludağ, 1974) was used to assess children’s general vocabulary. Children were asked to select one of
four pictures that best matched the meaning of a word spoken out loud by the experimenter. The
experimenter scored the responses of the children as correct or incorrect. The raw scores were used
in the analyses.

Story comprehension
We used a retelling procedure in which we prompted children to explain how the characters

respond to various events (Paris & Paris, 2003; Silva & Cain, 2014). The questions targeted the problem,
the initiating event, the reaction, the solution, and the emotions of characters elicited by the problem
or solution (see Appendix). For instance, at a picture showing Little Kangaroo running after another
kangaroo, we asked, ‘‘How did Mama Kangaroo feel about Little Kangaroo running away?” In coding
the answers, so-called implied events were awarded, but pure descriptions of actions were not. We
argued that actions can be derived from visualizations, whereas implied events require comprehen-
sion of the storyline—the focus of this test. So, we did not award descriptions of what characters
are doing (e.g., playing a beautiful song, starting to cry), but we awarded explanations of those behav-
iors (e.g., Butterfly cried because she was touched by the music, and Bear did not understand why she
was crying). For each story, the authors defined the implied events a priori. In total, there was a similar
number of implied events in the two stories—56 in all.

The average intraclass correlation (ICC) between two individuals coding 10 randomly selected chil-
dren was satisfactory. The average ICC was .98 (95% confidence interval [CI]: .90, .99).
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Target vocabulary knowledge
From each story, we selected 12 adverbs and adjectives—from Bear Is in Love With Butterfly: in love,

heartbroken, shy, upset, cross, beautiful, light, fearful, mute, broken, setting (sun), and bitter; from Lit-
tle Kangaroo: dangerous, safe, exuberant, exhausted, impatient, proud, very handy, busy, empty, sim-
ilar, wide, and firm. The target words chosen for the study are not included in the list of frequent and
early acquired words in Turkish (Acar, Zeyrek, Kurfalı, & Bozs�ahin, 2016). Two vocabulary tests were
developed by the researchers to assess receptive and expressive knowledge of these 24 target words.
Children completed the receptive test by selecting one of four pictures that corresponded to the target
word spoken out loud by the experimenter (similar to the procedure of the PPVT). Both the target and
distractor pictures were from the stories. Expressive knowledge of the target words was tested with a
sentence completion task in which children were asked to complete a sentence presented with a pic-
ture from the story (cf. Williams, 2007). The target word was mostly the last word in the sentence, for
instance, ‘‘Bear is unable to confess his love to Butterfly because he is ____ [shy]” at a picture showing
the shy bear (red cheeks and bowed head). The sentences to be completed during this test were dif-
ferent from the sentences in the stories in order to make sure that correct sentence completion
reflected children’s understanding of the meanings of the words instead of recalling sentences word
by word. In assessing expressive vocabulary, we preferred this approach to labeling and asking syn-
onyms because we considered both of these alternatives as less age appropriate.

Sum scores for the two tests were calculated for the 24 words (12 from each story) for each child.
Two individuals coded scores of 10 randomly chosen children on receptive and expressive vocabulary
tests independently. The average ICC for expressive vocabulary was .98 (95% CI = .91, .99). The average
ICC for receptive vocabulary was .99 (95% CI = .99, 1.00).

Socioeconomic status (SES) was based on parents’ reports of monthly family income. Family income
was compared with the established average in Turkey during the research period. Researchers ranked
family income from 1 (below the national average) to 3 (above the national average). Based on research
conducted by the Confederation of Turkish Trade Unions (2016), a family income ranging between
3400 and 6000 Turkish lira was considered as medium SES. Below this range was considered as low
SES, and above this range was considered as high SES. In the current study, the average income in
the low-SES group was 2167 Turkish lira, in the middle-SES group was 4507 Turkish lira, and in the
high-SES group was 7033 Turkish lira.

Procedure

Children were taken from the classroom to a quiet place in the school for testing and for the story
listening sessions. After a first assessment in which children’s general vocabulary skills were individ-
ually assessed, two sessions followed in which children listened to the two stories presented on a lap-
top. During small group sessions with 2 or 3 children, they heard both target stories once per session.
Thus, children heard each story twice altogether. On average, there were 2 days between the two book
reading sessions. The order in which children received the books during the intervention was counter-
balanced, meaning that about half of the children started with Bear Is in Love With Butterfly (n = 44)
and the rest started with Little Kangaroo (n = 39). The order of the books shifted in the second session.
Each reading session lasted about 10 min in total, about 5 min per story. All four versions of the books
took exactly the same amount of time to listen to, and all played automatically; that is, there was no
need to use the mouse to activate new scenes, and the books did not include interactive features that
could be activated. During the storybook reading sessions, the experimenter was present in the same
roomwith the children but did not interfere while children were listening to the stories and looking at
the screen. Children were instructed not to talk with each other while they listened to the narration,
and they rarely did.

After the intervention sessions, two sessions took place for posttesting: prompted story retellings
of the two stories in Session 4 and expressive and receptive knowledge of the target words in the nar-
rations in Session 5. We started with the expressive vocabulary task to avoid exposing children to the
target words beforehand and applied the receptive test second. These posttests took place 1–3 days
after the last intervention session. Each posttest (vocabulary tests and retellings) lasted about
15 min—about 30 min in all. The procedure is summarized in Table 1.



Table 1
Overview of the procedure of the experiment.

Session 1 Session 2 Session 3 Session 4 Session 5

Pretest PPVT
Intervention

Listening to the two stories Listening to the two stories
Posttests Prompted

retellings
Book-based
vocabulary tests:
– Expressive
– Receptive

Note. PPVT, Peabody Picture Vocabulary Test.
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Statistical analyses

Because children were sampled from eight classrooms, we used the Huber–White sandwich esti-
mator to correct for classroom effects (White, 1980). The complex sample general linear model (SPSS
Version 24; IBM Corp., Armonk, NY, USA) was used to carry out regression analyses. We regressed
receptive vocabulary, expressive vocabulary, and story comprehension on condition. To test effects
of condition, we created three orthogonal contrasts: (a) four intervention conditions versus the control
condition, (b) the two conditions with static illustrations versus the two conditions with animated
illustrations (excluding the control condition), and (c) the two conditions with music/sounds versus
the two conditions without music/sounds (excluding the control condition). Possible covariates—chil
dren’s gender, age (in months), SES of the family, and PPVT score—were included only if they caused
main effects in the regression. If covariates were included, we checked interactions between covari-
ates and contrasts and included those that reached significance. Where contrasts caused effects, we
calculated effect sizes (Cohen’s d) as indicator of the strength of the effect. We divided the estimates
(see Table 5 in Results) by the standard deviation of the outcome measures (see Table 3 in Results).
Because we used the effects coding scheme, the estimate was doubled to represent the observed mean
differences in the outcomes due to conditions (Kugler, Trail, Dziak, & Collins, 2012).
Results

Tables 2 and 3 present an overview of descriptive statistics for all conditions. For all variables,
results of assumptions of normality, homogeneity of variance–covariance matrices, linearity, and mul-
ticollinearity were satisfactory. According to the correlations in Table 4, children’s general vocabulary
(PPVT) was related to the book-based vocabulary tests, but correlations were only moderately strong.
Table 2
Means (and standard deviations) of basic characteristics per condition.

Animated Static Control Total Statistics

Music/sounds: With Without With Without

N 20 21 22 20 16 99
Age in months 63.00 (5.40) 63.57 (6.34) 62.18 (6.60) 63.25 (5.80) 61.87 (6.02) 62.81 (5.97) F(4, 94) = 0.27
Boys/Girls 7/13 9/12 9/13 8/12 8/8 41/58 v2(4) = 0.86
SES: L/M/H 9/7/4 7/9/5 8/10/4 12/6/2 6/7/3 42/39/18 v2(8) = 4.12
PPVT (raw) 60.35 (10.96) 60.52 (9.45) 59.59 (11.76) 63.85 (7.67) 62.81 (7.38) 61.32 (9.67) F(4, 94) = 0.69

Note. SES, socioeconomic status; L/M/H, low/middle/high; PPVT, Peabody Picture Vocabulary Test.



Table 3
Means (and standard deviations) for receptive and expressive vocabulary (N = 97) and story comprehension (N = 99) targeting
three contrasts (invervention vs. control, animated vs. static, and with music/sounds vs. without music/sounds).

n Receptive
(Max = 24)

Expressive
(Max = 24)

Story comprehension
(Max = 56)

Reading the stories Yes 81/81/83 17.58 (7.09) 6.25 (2.72) 17.36 (7.09)
No 16/16/16

14.76 (4.14) 2.25 (1.03) 4.63 (3.65)

Animation added Yes 40/40/42
17.69 (3.89) 6.15 (2.52) 19.20 (6.98)

No 41/41/41
17.47 (4.19) 6.36 (2.25) 15.57 (6.80)

Music/Sounds added Yes 42/42/42
16.16 (4.08) 5.84 (2.94) 16.98 (6.91)

No 39/39/41 19.11 (3.38) 6.70 (2.43) 17.76 (7.33)

Total 97/97/99 17.11 (4.15) 5.59 (2.93) 15.30 (8.14)

Note. Max, maximum score.

Table 4
Correlations between the dependent variables and background variables.

1 2 3 4 5 6 7

1. Gendera –
2. Age in months �.05 –
3. SES .11 .26** –
4. PPVT (raw) �.09 .26** .20* –
5. Expressive vocabulary �.04 .11 .01 .47** –
6. Receptive vocabulary �.02 .23* .23* .59** .62** –
7. Story comprehension .20 .05 .04 .29** .68** .47** –

Note. For expressive and receptive vocabulary tests, N = 97. For story comprehension, N = 99. SES, socioeconomic status; PPVT,
Peabody Picture Vocabulary Test.

* p < .05.
** p < .001.
a Gender (0 = boy, 1 = girl).

220 B. Sarı et al. / Journal of Experimental Child Psychology 179 (2019) 212–226
All target vocabulary scores were strongly linked to story comprehension. The link between expressive
and receptive book-based vocabulary was very high, as may be expected.

Due to technical problems, there were missing values for 2 children on the target vocabulary tests
(receptive and expressive). Thus, the numbers of participants differed for the story comprehension test
(N = 99) and vocabulary tests (N = 97). To examine whether randomization had been successful, we
applied analyses of variance (ANOVAs) or crosstabs to test whether conditions were similar on gender
(p = .93), SES (p = .85), and age (p = .90) as well as on PPVT score (p = .61).
Effects of animated pictures and music/sounds on story comprehension

As shown in the regression models in Table 5, PPVT had a main effect on story comprehension, t(7)
= 3.76, p = .007; none of the other covariates (gender, age, or SES) had a main effect, and therefore they
were excluded from the final model. The pooled experimental groups (Madjusted = 17.44, SD = 6.10) out-
performed the control condition (Madjusted = 4.21, SD = 6.12), t(7) = 8.61, p < .001. It was a rather strong
effect (2.66 * 2 = 5.32, d = 0.65), showing that simply seeing the pictures on the posttest as in the
control condition was not sufficient for story comprehension. As shown in Table 4, children’s story
comprehension in the animated conditions (Madjusted = 19.45, SD = 5.89) outperformed that in the con-
ditions with just static pictures (Madjusted = 15.49, SD = 5.90), t(7) = 2.63, p = .034. It was a moderately



Table 5
Regressing receptive vocabulary, expressive vocabulary and story comprehension on PPVT score and experimental conditions.

Receptive vocabulary Expressive vocabulary Story comprehension

Intercept 1.83 (2.54) 3.74* (1.54) �3.04 (4.53)

Background variable
PPVT score 0.25*** (0.04) 0.15*** (0.02) 0.29** (0.08)

Contrasts
Experimental condition vs. control condition 0.65*** (0.12) 0.85*** (0.09) 2.66*** (0.31)
Animated vs. static 0.21 (0.43) �0.01 (0.32) 1.98* (0.76)
With sounds and music vs. without sounds

and music
�1.16* (0.38) �0.24 (0.22) 0.00 (0.61)

Note. PPVT, Peabody Picture Vocabulary Test.
* p < .05.
** p < .01.
*** p < .001.
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strong effect of slightly less than half a standard deviation (1.98 * 2 = 3.96, d = 0.49). Music and sounds,
on the other hand, did not have an effect on story comprehension, t(7) = 0.00, p = .999. Adjusted mean
scores with and without music/sounds equaled 17.36 (SD = 6.16) and 17.53 (SD = 6.14), respectively.
Interactions between the three contrasts and PPVT scores all were nonsignificant and, therefore, were
excluded from the final model.

Effects of animated pictures and music/sounds on receptive vocabulary

As appears from the regression model presented in Table 5, PPVT scores had a main effect on book-
based receptive vocabulary, t(7) = 5.77, p = .001. None of the other covariates (gender, age, or SES) had
an effect, and therefore they were excluded from the final model. There was a main effect of the con-
trol (Madjusted = 14.40, SD = 3.16) versus pooled experimental conditions (Madjusted = 17.65, SD = 3.18), t
(7) = 5.50, p = .001. This effect (0.65 * 2 = 1.30, d = 0.31) indicates that children’s vocabulary improved
as a result of repeatedly hearing the story. Children’s receptive vocabulary in experimental conditions
without music and sounds (Madjusted = 18.86, SD = 3.00) outperformed conditions with this digital
extra (Madjusted = 16.52, SD = 2.98), t(7) = �3.07, p = .018. Music and sounds caused a substantial neg-
ative effect on receptive word knowledge (�1.16 * 2 = �2.32, d = �0.56). Animation, on the other
hand, did not influence receptive vocabulary, t(7) = 0.50, p = .63. Adjusted mean scores on books with
static and animated illustrations equaled 17.35 (SD = 3.16) and 17.94 (SD = 3.20), respectively. Inter-
actions between conditions and PPVT scores all were nonsignificant and, therefore, were excluded
from the final model.

Effects of animated pictures and music/sounds on expressive vocabulary

There was amain effect of the PPVT score on book-based expressive vocabulary, t(7) = 6.16, p < .001.
None of the other covariates reached significance, and therefore they were excluded from the model.
The pooled experimental conditions (Madjusted = 6.30, SD = 2.07) outperformed the control condition
(Madjusted = 2.04, SD = 2.08), t(7) = 9.44, p < .001, indicating that book reading had a rather strong effect
(0.85 * 2 = 1.70, d = 0.58). However, effects of animation and music/sounds both were nonsignificant, t
(7) = �0.04, p = .97 and t(7) = �1.11, p = .30), respectively. Interactions between conditions and PPVT
scores were not significant either, and therefore they were not included in the final model.

Discussion

Empirical contributions

Two important empirical findings emerged from this experiment with visual and audio enhance-
ments in digital picture storybooks. Whereas visual enhancements had no effect on vocabulary,
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children’s story understanding improved when pictures were enriched with camera movements and
motion to guide children’s visual attention. Findings revealed a moderately strong positive effect on
story comprehension of slightly less than half a standard deviation (d = 0.49). Taking into account that
higher scores on story comprehension indicate that children were more successful in explaining the
motives and emotions of the characters in the story, this finding suggests that the animated version
is helpful in supporting understanding of the deeper levels of the story (Silva & Cain, 2014). The most
plausible explanation for this is that as a result of animating the story events by adding camera move-
ments and motion, children became more aware of the feelings and responses of the story characters
and, therefore, understood their motives and emotions better. For instance, it is easy to overlook, in
the static version of Little Kangaroo, how Mama Kangaroo is suffering from carrying around Little Kan-
garoo all day. On the first page (Fig. 1A), we indeed see a very tired Mama Kangaroo. However, the very
happy Little Kangaroo in her pouch may attract most visual attention to the detriment of attention for
the suffering mother. In the animated version (Fig. 1B–E), by contrast, visual attention is guided
through the illustration synchronized with the narration. Attention is first focused on the mother hop-
ping with considerable effort while Little Kangaroo is hidden in her pouch, thereby focusing the read-
er’s attention on the mother’s feelings—an important element for understanding the storyline.

The second main finding in this experiment is that music and sound effects added to digital books
had no effects on story comprehension but had a negative effect on children’s receptive vocabulary.
We found a moderately strong negative effect (d = �0.56), which is in line with prior studies.
Moreno and Mayer (2000) study targeting explanations of natural phenomena or machines revealed
negative effects of music and sounds on transfer test performance. Prior findings with picture story-
books targeting children with severe language impairments showed that music and background
sounds interfered with learning new vocabulary (Smeets, van Dijken, & Bus, 2014).

Effects of additional multimedia were the same irrespective of children’s language proficiency. This
finding deviates from the results of a meta-analysis that revealed much stronger effects in groups at
risk for delay in language and literacy skills (Takacs, Swart, & Bus, 2015). It is possible that Turkish
kindergarten children as a group are quite low on language skills because they are less experienced
with book reading (Park, 2008).

Theoretical implications

Because the animated pictures in the two target books were designed in a way that visualizations
focus attention on elements in the pictures that match the narrative, we may conclude that our results
are in line with the temporal contiguity multimedia learning principle (Mayer, 2009). Setting details in
motion and zooming in on relevant details may guide children’s visual attention through the illustra-
tion and, thus, make children understand the story line better. In digital books that are less carefully
designed than the target books in this study, details unrelated to the story line may also be animated,
in which case we hypothesize that these additions promote extraneous processing, which may easily
distract attention from the main message in the narrative. Such animated stories might support the
static media hypothesis, proposing that animated illustrations increase extraneous processing more
as compared with static illustrations, thereby causing negative effects for learning (Mayer et al.,
2005; Mayer, 2017).

It should be noted, however, that based on the current findings, the support for temporal contiguity
remains hypothetical. As a matter of fact, we cannot exclude the possibility that alternative mecha-
nisms explain the positive effects of animated pictures on story comprehension. According to the
arousal theory, a film-like format may attract children’s attention and help them to stay attentive,
as was suggested by Richter and Courage (2017). As a result of elevated overall attention, children’s
story comprehension may be better as compared with a book including only static pictures. In a
meta-analysis (Takacs, Swart, & Bus, 2015), however, no difference was found between animated dig-
ital stories and paper books on children’s engagement and behavior while listening to the stories.

Our findings do not corroborate the hypothesis that music and environmental sounds added to dig-
ital books make those more enjoyable and, therefore, make them better comprehended. Neither do the
results corroborate Schnotz (2014) integrated model predicting that music and sounds would have the
same positive effect on story comprehension as (animated) illustrations have by completing the visual
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representation of the story events. It is possible that Schnotz’s model did not apply in this particular
case because the target group in this research, very young children, is not yet able to identify basic
emotions from the music. Due to their young age, the participants in this study may have lacked skills
to ”read” the music (Spackman, Fujiki, Brinton, Nelson, & Allen, 2006). Neither did we find evidence for
a negative effect of music and sounds on story comprehension, as Mayer (2009) coherence model pre-
dicts. This model assumes that when additional auditory information is presented, this uses the audi-
tory channel just like the narrative, thereby competing with the narration for limited processing
capacity in the auditory channel (Mayer, 2009).

Our results confirmed that learning words, receptively as well as expressively, is facilitated as a
result of book reading but was not affected, either negatively or positively, by animated illustrations.
Apparently, in learning about adverbs and adjectives, the focus in this study, additional visual multi-
media, including zooming in on details and setting details in motion, is not beneficial to understanding
the meaning of unknown words in the narration.

It is in line with the coherence principle that the addition of music and sounds seems to have com-
plicated word learning. Background music and sounds create extraneous processing that wastes lim-
ited working memory capacity in the auditory channel, thereby making children less efficient in
deriving the meaning of unknown words from their context (Kirschner, 2002). It is also possible that
negative effects are due to children’s inability to isolate words from the speech stream when back-
ground music and sounds are mixed with the narration (Nguyen & Grahn, 2017). Due to auditory
masking, children do not familiarize with unknown words (Lehmann & Seufert, 2017). The finding
that, by contrast, music and sounds did not cause negative effects on expressive vocabulary is in line
with this explanation. Children mostly know these words receptively already, which facilitates isolat-
ing them from the speech stream and may make expressive word learning less susceptible to noises in
the background.

Practical implications

The current findings provide new evidence that animated digital books are not just an alternative
for regular book reading but also offer additional tools that are even more powerful than the static pic-
tures in paper books (Bus, Takacs, & Kegel, 2015). Well-designed digital books with animated pictures,
therefore, should be included in the school curriculum and the home environment as a general prac-
tice. We showed that such additions to digital books strongly contribute to children’s early text com-
prehension, a precursor to more complex comprehension skills (Silva & Cain, 2014). We could not
show benefits of a combination of music and background sounds to story comprehension, meaning
that children rely more on additional visual information than on extra auditory information sources
in understanding storybooks.

The presence of environmental sounds and music even had a negative effect on learning unknown
verbs and adverbs receptively, possibly because either music or sounds, or the combination of the two,
are interfering with isolating words from the speech stream and storing the pronunciations in their
memory as a basic step for deriving their meanings from the visual and narrative context. Based on
the evidence so far, it might be preferable that app developers only parsimoniously add music or envi-
ronmental sounds or both to a digital book or other educational apps for young children. Assuming
that it is rather common to include music and sounds in educational apps, this can be an important
message for app developers.

Limitations and future directions

Because we used a mix of auditory information in the current study, we cannot exclude the possi-
bility that some nonverbal auditory information has the potential to add to the mental model of a
story (Ben-Shabat Segers & Korat, 2017) but that the positive effects of some elements outweighed
the negative effects of other elements of auditory information in our case. It is possible that, for
instance, music that is almost continuously available interferes with perception of the oral narration,
whereas environmental sounds that occur only incidentally have positive effects on understanding
story events. Music might be interfering with isolating words in the narration, whereas incidental
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environmental sounds may be helpful in understanding the words. We may need to experiment with
music and environmental sounds separately to better understand their effects.

Furthermore, when music and sounds are continuously present in the background, it may interfere
with the perception of spoken language due to auditory masking. Any positive effects of music and
sounds may be nullified when, as a result, the oral text is less well understood. In line with arousal
theory, music may add to enjoyment and attention. However, this was not tested in this study; we
did not include measures for enjoyment or attention.

There is also the question of how well the findings are able to generalize to more ecologically valid
reading contexts, whether in the classroom or at home. A previous experiment in classrooms tested a
digital book intervention including reading stories with animated pictures, sound effects, and back-
ground music individually a few times a week over a 2-month period carried out by teachers (Plak,
Merkelbach, Kegel, van IJzendoorn, & Bus, 2016). This trial revealed promising results, especially in
groups that are easily distracted from the book by environmental factors. Further research is
warranted.
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Appendix. Story comprehension questions
Little Kangaroo
 Bear Is in Love With Butterfly
(1) How is Little
Kangaroo
feeling here?
Why?
(1) What is Bear
saying?
How does he
feel?
(2) What is
Mama Kangaroo
trying to do
here? Why?
(2) Does
Butterfly like
what Bear
knitted for her?
Why?
(3) What are the
monkeys doing?
How does Little
Kangaroo
respond to that?
(3) How does
Bear feel here?
Why?
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Appendix A (continued)
Little Kangaroo
 Bear Is in Love With Butterfly
(4) What is
Little Kangaroo
saying here?
What does she
want? How is
Mama Kangaroo
feeling?
(4) Why is Bear
responding this
way?
(5) How is
Mama Kangaroo
feeling here?
Why?
(5) Why is
Butterfly sitting
next to Bear
here? What are
they telling each
other?
Copyright 2007 by Het Woeste Woud, Groningen, The Netherlands.
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