
Journal of Experimental Child Psychology 174 (2018) 1–12
Contents lists available at ScienceDirect

Journal of Experimental Child
Psychology

journal homepage: www.elsevier .com/locate/ jecp
How pictures in picture storybooks support young
children’s story comprehension: An eye-tracking
experiment
https://doi.org/10.1016/j.jecp.2018.04.013
0022-0965/� 2018 Elsevier Inc. All rights reserved.

⇑ Corresponding author.
E-mail address: takacs.zsofia@ppk.elte.hu (Z.K. Takacs).
Zsofia K. Takacs a,⇑, Adriana G. Bus a,b

a Institute of Education, Eötvös Loránd University, Egyetem tér 1-3, Budapest 1053, Hungary
bDepartment of Language, Literature and Communication, Vrije Universiteit Amsterdam, 1081 HV Amsterdam, The Netherlands
a r t i c l e i n f o

Article history:
Received 24 October 2017
Revised 17 April 2018

Keywords:
Picture storybooks
Dual coding
Eye-tracking
Kindergarten
Multimedia learning
Experiment
a b s t r a c t

In a within-participant design, 41 children (mean age = 64 months,
range = 50–81) listened to brief stories in four conditions. Written
text was present on the screen in all conditions (similar to the
typical storybook experience) but combined with other sources
of information: (a) only oral narration, (b) oral narration and a
picture that was congruent with the narration, (c) oral narration
and an incongruent picture, and (d) only a picture but no oral
narration. Children’s eye movements while looking at the screen
were recorded with an eye-tracker. An important finding was that
a congruent picture contributed substantially to children’s story
retellings, more so than a picture that was incongruent with the
narration. The eye-tracking data showed that children explored
pictures in a way that they could maximally integrate the narration
and the picture. Consequences for interactive reading and picture
storybook format are discussed.

� 2018 Elsevier Inc. All rights reserved.
Introduction

An important source of developing literacy skills is sharing picture storybooks with young children
(Bus, van IJzendoorn, & Pellegrini, 1995; Mol & Bus, 2011). In this study, we explored multimedia
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learning, by which we mean the combination of illustrations and oral narration, as an explanation for
effects of storybooks. Pictures provide nonverbal representations of the narrative thread and the plot
line, a step that experienced readers can make without pictures but most young children might not
(Brookshire, Sharff, & Moses, 2002). Young children might have difficulties in understanding narra-
tives in storybooks due to sophisticated words and complex grammar that are rare in daily life con-
versations (Montag, Jones, & Smith, 2015). It is in line with Paivio’s dual-channel model to
hypothesize that pictures in storybooks facilitate understanding of the narration, more so when they
are closely matched to the narration (Mayer, 2005). According to Paivio (2008), the human
information-processing system contains two channels—an auditory/verbal channel and a visual/picto-
rial channel—thereby enabling simultaneous processing of visual and narrative information in short-
term memory. Cross-channel connections between the mental representations of the narration and
representations of the picture may, despite possible lags in vocabulary and grammar, concretize the
text, thereby enabling understanding of the narration. This leads to the first hypothesis that, at a
young age, a narration alone may result in lower levels of story comprehension than a narration com-
bined with pictures.

A related aim of the current study was to specify which content of pictures is most helpful in
understanding the narration. It is logical to assume that young children may understand a narration
better when the visual images are more congruent with the narrative. That is, the narration and the
picture can contribute to the construction of a coherent mental model of a story only when pictures
are semantically strongly related to the narration. In this line of argumentation, our second aim was to
test whether an incoherent picture leads to less optimal learning than a coherent picture. The presen-
tation of an incongruent picture is not expected to add to children’s story comprehension. In fact,
when the picture is not coherent with the text content, children may construct a completely different
meaning as the central focus of the story (Beck & McKeown, 2001). The mental effort allocated to
managing the mismatching verbal and nonverbal information may interfere with listening to the
story. Supporting this assumption is the finding, in a study by Flack and Horst (2017), that a poten-
tially incongruent condition—children could be looking at the left illustration when hearing the text
corresponding to the illustration on the right (and vice versa)—has a negative effect on children’s
learning from the story. According to this study, children learned fewer new words from a story when
they needed to find the referent within two pictures presented at the same time.

A third aim of the current study was to test whether children create a close connection between
narration and visual depiction during book reading, which would be evident from their eye move-
ments reflecting simultaneous processing of narration and relevant visual depictions. In line with
the assumption that children use pictures is the finding that they show a strong preference for the pic-
ture, in contrast to the written text, when they are read to from a picture storybook. Eye-tracking stud-
ies have revealed that prereaders rarely show interest in the printed text available in most picture
storybooks in addition to the picture on the same page. For instance, Evans and Saint-Aubin (2005)
found that children spent on average 175–669 ms fixating the written text per page in a picture sto-
rybook versus 7235–18,065 ms fixating the pictures, with longer text prompting longer looking at the
pictures but not more inspection of the written text. For 3 min of reading time, Justice, Skibbe,
Canning, and Lankford (2005) found that children fixated the print less than 5 s on average even when
encountering print-salient books.

In addition, in line with the hypothesis that children aim to integrate what they hear and what they
see, we expected that visual elements highlighted in the narration are fixated longer than elements in
pictures not highlighted in the narration. Psycholinguistic research supports this hypothesis; see, for
instance, experimental findings by Tanenhaus (2007) showing that eye fixations on various objects as
parts of a tableau are controlled by the semantic information in a narration that the participants hear
while they look at the tableau. A typical feature of those psycholinguistic experiments is that oral lan-
guage is presented to participants while they have an array of objects in front of them that occur in the
discourse. Viewers listening to a discourse quickly move their eyes to fixate on the relevant objects
even during pronunciation or immediately after hearing relevant words (Eberhard, Spivey-
Knowlton, Sedivy, & Tanenhaus, 1995).

So far, few studies have tested, with the help of eye-tracking, whether the way in which children fix-
ate pictures in storybooks is driven by the oral narration. Verhallen and Bus (2011) found evidence for
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the hypothesis that children’s visual attention is continuously adjusted by what they hear while they
listen to an oral rendition of the narration. They tested howoften children fixated on the visual elements
in the pictures (e.g., bear, sun, apples) that referred to words in the accompanying narration, and they
compared the number of fixations on those elements with the number of fixations on elements in illus-
trations that were not mentioned in the narration. Experimental evidence comes from a study by Evans
and Saint-Aubin (2005), who found that the content of the narration influences children’s fixations on
details in pictures. In one version of the text, the wording of the narration highlighted a small detail of
the illustration (e.g., a fish, a boat). Thewording of the second text version highlighted an element of the
illustrated page that was not around that detail. In line with the semantic information, eye fixations on
small details in the illustrations increased if the narration highlighted those.

In the current study, we chose a similar experimental approach and investigated the extent to
which children’s fixations on the different parts of the illustrations could be manipulated by changes
to the narration. To test whether the integration of verbal and visual information happens on a
moment-to-moment basis (Tanenhaus, 2007), we also assessed whether the order in which children
fixate the elements highlighted in the narration is similar to the order in which the elements are men-
tioned in the narration. Instead of focusing on visual attention for one element in an illustration, as in
Evans and Saint-Aubin’s (2005) study, we focused on five elements in the same illustration. This
enabled us to not only replicate Evans and Saint-Aubin’s findings but also test whether the order in
which children fixated the five target elements in the illustration matched the order in which the ele-
ments appeared in the narration.

In sum, there were two objectives in the current study: (a) to test whether and which content of
pictures helps to understand a narration and (b) to test whether children try to create a coherent men-
tal representation from the narration and the pictures while they listen to an oral rendition of the text.
For these goals, children’s visual attention was assessed while listening to the story, and afterward it
was tested whether children comprehended the story. Written text was available in all four experi-
mental conditions (similar to the typical storybook experience) but was combined with other sources
of information: a picture (congruent or incongruent) and/or an oral narration. The following hypothe-
ses were investigated:

1. We expected effects of pictures on story comprehension:
a. Comprehension of a narration improves when there is a congruent picture available as com-

pared with no picture accompanying the verbal narration;
b. An incongruent picture has either no effect or even a detrimental effect on story

comprehension.
2. We expected that prereaders’ eye movements aim at concretizing the verbal narration. This is

reflected by the following:
a. Paying more visual attention to a picture that is presented simultaneously with a narration

than to a picture that is presented without oral narration;
b. Paying special attention to details in pictures that are highlighted in the narration;
c. In so far as the details of the pictures highlighted in the narration are fixated, the order in which

they are fixated is similar to the order in which they appear in the narration; that is, children
select the details of the visual information to integrate with the oral narration on a moment-to-
moment basis.

Method

Participants

Six kindergarten classrooms from three different schools in a city in the southern part of the
Netherlands volunteered. Children in these classrooms had not yet received formal reading instruc-
tions, as is common in the Netherlands. Parents of 51 children between 4 and 6 years of age gave writ-
ten informed consent to participate in the experiment. For 4 children, data were incomplete due to
technical problems, and they were excluded from the analyses. In addition, 2 children were excluded
because they were fluent readers; instead of retelling the story, they simply read the written text on
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the screen. An additional 1 child was excluded because she refused to complete the tasks, 2 others
were excluded because the teacher reported learning difficulties or language problems, and 1 child
wearing glasses was excluded because the calibration was not successful. Thus, 41 children (19 boys
and 22 girls) were included in the experiment. They were on average 64.02 months old (SD = 8.47).
From the three locations, 24, 9, and 8 children, respectively, met the criteria and agreed to participate.

Design

The study used a within-participant experimental design in which every child participated in all
four conditions. In all conditions, written text appeared on screen, but additional sources differed.
In the congruent condition, a picture was presented while a matching narrative was read aloud by a
recorded reader. In the incongruent condition, children heard a narration telling about the characters
shown on the picture but involved in a different scene than shown on the picture. In the picture control
condition, the picture was presented without any oral narration. In thewritten text condition, the print
was presented on the screen while children heard the text read aloud. Commonalities and differences
among the four experimental conditions are summarized in Table 1. For examples, see Fig. 1.

Four short narratives were constructed for the current study based on four illustrations from the
same picture storybook. All 24 possible narrative–picture matches were used across children. Due
to attrition, there were some slight differences in how often the stories appeared in the different con-
ditions. Similarly, condition order was counterbalanced across children. Children were evenly
assigned to the different orders, but there were some slight differences due to attrition.

Materials

Four short stories were written by the researchers based on four illustrations from the storybook
Lieve, Stoute Beer Baboen [Sweet, Naughty Bear Baboen] (Westera, 2007). The stories were similar in
terms of difficulty and length, each including between 61 and 66 words. We chose five visual elements
in the pictures that were either objects or animals but not human-like figures because there is
increased attention to humans, in particular to faces (Verhallen & Bus, 2011). For an example, see
Fig. 2. We referred to those five details in the picture in the corresponding narration constructed
for the congruent condition in order to test whether children pay more attention to those details when
they are highlighted in the oral narration. In the incongruent condition, however, these five details
were not highlighted in the narration. The main characters—a boy, his mom, and his bear—were men-
tioned, but for the rest the scenery on the image differed from the description in the oral narration (see
the incongruent condition in Table 1 and Fig. 1). In all four conditions, the picture and/or written text
were presented for 35 s on the screen.

Some small details in the picturewere ‘‘Photoshopped” so that all pictures included irrelevant visual
elements (e.g., the girl sitting on the street in Fig. 1). This was done so that the pictures included both
salient details that were highlighted in the story text and details that were not mentioned in the
narration.

Procedure

Testing and the intervention took place at a quiet location in the school. Both were done in one ses-
sion that took about 30 min. After calibration, the stories were presented on the screen of a laptop that
Table 1
Characteristics of the four experimental conditions.

Available information
source

Written text
condition

Picture control
condition

Congruent
condition

Incongruent
condition

Written text X X X X
Picture X X X
Oral narration X X X



On screen Oral narration

Congruent
condition

[Willem Wout is looking at the giant dolls in the in the window.etcetera]

Willem Wout is looking at the 
giant dolls in the window. He 
also would like to have 
another look at the bath in the 
dollhouse and the rabbit in the 
doll wagon. Outside is a dog 
sitting. Willem Wout wants to 
pet him but mom would like 
to go home. She is carrying a 
bag full with new clothes. 
Let’s eat an ice cream quickly 
and then run to the bus. 

Incongruent 
condition

[Willem Wout is looking at the giant dolls in the in the window.etcetera]

Willem Wout is going to the 
dentist with mom. Bear 
Baboen is coming along, ‘Will 
the doctor hurt me’, asks 
Willem Wout. ‘Well, no’, says 
mom, ‘You have been 
brushing your teeth every 
evening. And you didn’t eat 
candies.’ ‘Does Bear Baboen 
have a hole?’ ‘Perhaps he 
does’, mom says, ‘He often 
forgets to brush his teeth and 
really likes licorice.’

Picture control 
condition

[Willem Wout is looking at the giant dolls in the in the window.etcetera]

No oral narration

Written text 
condition

[Willem Wout is looking at the giant dolls in the in the window.etcetera]

Willem Wout is looking at the 
giant dolls in the in the 
window. He also would like to 
have another look at the bath 
in the dollhouse and the rabbit 
in the doll wagon. Outside is a 
dog sitting. Willem Wout 
wants to pet him but mom 
would like to go home. She is 
carrying a bag full with new 
clothes. Let’s eat an ice cream 
quickly and then run to the 
bus.

Fig. 1. One of the four stories used in the experiment in the four conditions.
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had an eye-tracker connected to it. As shown in Table 2, children first listened to a story, completed a
game, and finally retold the story. This procedure was repeated four times for each condition. With the
exception of the picture control condition, at the start children were instructed to listen carefully



Fig. 2. The five target details in one of the pictures, from left to right: the bath in the dollhouse, the rabbit in the trolley, the bag
in the mother’s hand, the dolls in the window, and the dog on the street.

Table 2
Overview of the test and intervention session,
including four blocks for the four conditions.

Block Task

Block 1 Listening to Story 1
Game
Retelling of Story 1

Block 2 Listening to Story 2
Game
Retelling of Story 2

Block 3 Listening to Story 3
Game
Retelling of Story 3

Block 4 Listening to Story 4
Game
Retelling of Story 4
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because they would need to recall the narration later. In the picture control condition, children were
prompted to make up a story about the picture. We decided to include a task before retelling the story
in order to make sure that children would not simply say the words of the story stored in short-term
memory but instead needed to recall the story based on what they understood. Sessions of 37 children
were videotaped, whereas 4 parents refused consent for videotaping. In these 4 cases, the researchers
made notes to record the children’s answers.
Measures

Story retelling
Children were asked to tell the stories they heard while they saw the same visual information they

received during the intervention: only the written text (written text condition) or picture plus written
text in two conditions. In the picture control condition, children did not hear an oral narration. In this
condition, we asked children to make up a narration; thus, we tested whether children would be able
to make up the narration based solely on the picture. Retellings were prompted with general questions
(e.g., ‘‘What happened in this story?”). Children’s retellings were transcribed, and we coded how well
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children recalled the elements of the stories that were not visible on the pictures on a 5-point scale
(with no recollection of the story beyond what is obvious from the picture scored as 0 and summarizing
all the main events of the story scored as 4). Two coders rated all stories, resulting in an inter-rater reli-
ability that equaled .83. All disagreements were resolved by discussion.
Visual attention
Children’s eye movements while looking at the pictures in the three conditions that included a pic-

ture were recorded with an eye-tracker. The data were analyzed with Tobii 3.2.1 software. We made
areas of interest for the whole picture and the five target elements (Fig. 2), and we calculated the num-
ber of fixations and the total time children fixated on those during the 35 s in the three conditions
where a picture was presented. We ignored eye fixations on the written text.

In addition, we coded for the congruent and incongruent conditions in which order of the five
selected details was fixated. Children received a score of 1 when they fixated two of five elements
in the same order as in the congruent story, a score of 2 when they fixated three elements in correct
order, a score of 3 when they attended to four elements in correct order, and a score of 4 when they
attended to five elements in correct order. Children who did not fixate at least two elements in the
original order received a score of 0.
Results

Story retelling

We observed that some children, regardless of the condition, barely said anything when we asked
them to retell the story. This might have been due to the child being shy or not understanding the task.
We excluded 7 children for this reason from the analyses of the story retelling data.

An analysis of variance (ANOVA) with repeated measures for story recall per condition (picture
control, written text, congruent, or incongruent) was carried out (see Table 3). Four planned contrasts
were conducted: (a) the contrast between the picture control and the rest of the conditions to exclude
the possibility that children can make up the narration based on the picture alone, (b) the contrast
between the written text condition and the congruent condition to test the effect of the presence of
a picture on story comprehension, (c) the contrast between the congruent and incongruent conditions
in order to test whether the narration was better understood when a congruent picture accompanied
the narration, and (d) the contrast between the written text and the incongruent condition in order to
assess whether there was a negative effect of an incongruent picture. As a set, these comparisons were
not mutually orthogonal, but the fact that each comparison tested for a part of the expected pattern
overrides the need for orthogonality (Keppel &Wickens, 2004). The Type I error rate was controlled by
subjecting comparisons to family-wise error correction applying the Sîdák–Bonferroni procedure
(Keppel & Wickens, 2004). With four comparisons at the a = .05 level, the individual tests were eval-
uated at the 1.274% level (Levin & Neumann, 1999). Accordingly, the null hypothesis was rejected for
any of the comparisons for which p < .01274.

As shown in Table 3, children’s retellings were more similar to the original narration where they
heard the oral narration as compared with the picture control condition where they came up with
a story based on the picture they saw, F(1, 33) = 47.73, p < .001, gp2 = .59, confirming that the picture
alone was insufficient for children to make up the story. More interesting, a congruent picture was
found to facilitate children’s retelling because children retold the narration better with a congruent
picture as compared with the written text condition, F(1, 33) = 13.75, p = .001, gp2 = .29, and also as
compared with the incongruent condition, F(1, 33) = 7.29, p = .011, gp2 = .18. Finally, the score in the
incongruent condition was somewhat higher than in the written text condition, F(1, 33) = 4.31, p =
.046, gp2 = .12, but this difference was not significant, suggesting that there was no evidence that a mis-
matching picture had a detrimental effect.

We ran the ANOVA with the age of the children (4, 5, or 6 years) added as a between-participant
factor to check whether pictures were less important for proficient story comprehension with increas-
ing age. Neither the main effect of age nor the interaction with condition was significant.



Table 3
Means (and standard deviations) for children’s story retelling and fixation behavior per condition.

N Written text
condition

Picture control
condition

Congruent
condition

Incongruent
condition

Picture vs.
rest

Written vs.
congruent

Written vs.
incongruent

Congruent vs.
incongruent

Story retelling quality (0–4)a 34 0.74
(0.96)

0.06
(0.24)

1.62
(1.30)

1.12
(1.15)

47.73** 13.75** 7.29* 4.31*

Fixation time on the picture (in seconds)b 39 – 14.96
(6.26)

19.16
(6.44)

20.06
(6.25)

21.07** 0.83

Fixation time on the five target elements (in
seconds)b

39 – 1.88
(1.62)

3.40
(2.53)

1.97
(1.75)

11.74** 0.06

Similarity of order of inspection of target
elements with order in narration (0–4)

31 – – 1.39
(1.02)

0.78
(0.70)

a Contrasts based on F tests, df = 1, 33.
b Contrasts based on F tests, df = 1, 38.
* p < .05
** p < .001
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Fixation time at the picture

Of the 41 children, 2 had no eye-tracking data recorded in one condition and, therefore, were
excluded. We tested the effects of condition on children’s fixations at the picture in the three condi-
tions where a picture was presented. An ANOVA with repeated measures for fixation time at the pic-
ture per condition (picture control, congruent, or incongruent) was carried out. Two planned
orthogonal contrasts were tested: (a) whether children fixated less at the picture in the picture control
condition as compared with the other two conditions in which an oral narration accompanied the pic-
ture (congruent or incongruent condition) and (b) whether fixation time at the picture differed as a
function of the contiguity of the narration and the picture (congruent or incongruent condition).

Children in the picture control condition fixated less at the picture as compared with the other two
conditions with a verbal narration presented simultaneously with the picture, F(1, 38) = 21.07, p <
.001, gp2 = .36. However, there was no difference in fixation time of the picture between the congruent
and incongruent conditions, F(1, 38) = 0.83, p = .37, gp2 = .02. For the means and standard deviations,
see Table 3.
Fixation time at the five target elements

We did similar analyses with fixation time at the target elements. However, here we expected that
fixation time would be higher in the congruent condition as compared with both the picture control
and incongruent conditions and that there would be no difference between the picture control and
incongruent conditions. Children in the picture control and incongruent conditions fixated less on
the five target details that were highlighted by the oral narration as compared with the congruent con-
dition, F(1, 38) = 11.74, p = .001, gp2 = .24. Moreover, children in the picture control and incongruent
conditions where the five target elements were in the picture but not mentioned in the narration fix-
ated as often on these elements, F(1, 38) = 0.06, p = .809, gp2 = .002 (see Table 3).
Order of inspection of the five target elements

Some children did not fixate any of the five targets in at least one of the conditions and, thus, had
missing scores. Therefore, only 31 children were included in the analysis regarding the order of fixa-
tion of the target elements. We tested whether children were looking at the target items in the correct
order in the congruent condition and were doing this more often than they would if it were random
behavior. Because children in the incongruent condition did not hear the narration, we expected that
the orders of inspection in this condition would occur randomly. A Monte Carlo simulation was carried
out to find the average of many random looks at up to five items to create a level of chance. According
to the one-sample Kolmogorov–Smirnov test, scores on order of fixating the five target elements
showed Poisson distributions in both congruent and incongruent conditions. Therefore, we generated
random numbers in Excel that follow a Poisson distribution. We used a one-sample t test to test the
hypothesis that in the congruent condition the scores on fixation order would be above chance level
but that in the incongruent condition they would be at chance level.

In the congruent condition, the average score on the order ranged between 1 and 2, which indicates
that most children looked at two or three target details in an order similar to the appearance of those
details in the oral narration. Looking at four details in correct order was rather rare, whereas looking at
five details in correct order did not occur at all. According to a one-sample t test, the average score (M
= 1.39, SD = 1.02) was significantly higher than the average of 1000 random scores (1.05) generated
with a Monte Carlo simulation, t(30) = 1.86, p = .036 (one-sided). This result supports the theory that
children integrate the picture and the corresponding oral narration on a moment-by-moment basis in
the congruent picture condition. In the incongruent condition, however, the average score on the order
of looking at details was 0.78 (SD = 0.70). According to a t test, this score was even significantly below
the average random score, t(26) = �2.00, p = .028 (one-sided), which indicates that other factors,
maybe something in the illustration or audio, resulted in an order significantly different from the
order in the narration.
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Discussion

Oral language is only one source of information used by prereaders to construct meaning about a
story during storybook reading. We found that prereaders understand narrations better when a con-
gruent picture is available while they listen to the oral narration. Pictures contribute substantially to
children’s story retellings. We found a large effect size (gp2 = .29). However, pictures are especially
helpful for preschoolers’ story understanding when they closely depict the narration. Thus, findings
highlight the importance of presenting precise visual clues for young children during storybook read-
ing. In this young age group, pictures seem to enable deeper processing of the narration.

Incongruent pictures—for instance, a picture showing the main characters of the story but involved
in another scene—were less helpful but, at the same time, were contrary to what we expected in that
there was no evidence for a detrimental effect of an incongruent picture. That is, when children try to
find a match between picture and narration but fail because in fact there is no match between narra-
tion and picture, the unsuccessful search for a match does not cause cognitive overload. Neither did
we find evidence for the hypothesis that depictions of main characters provide sufficient support
despite the differences in scene. Detrimental effects might be reserved for pictures that suggest a con-
struct that is completely different from the central focus of the narration and confuse children (Beck &
McKeown, 2001). Future studies should address effects of pictures that lack any connection with the
narration or even show events that contradict the narration.

The current study applied the technology of eye-tracking to study how children use pictures while
listening to story text in order to explain why pictures support comprehension. That is, we tested how
children process pictorial information during an oral rendition of a narration. Children’s fixation
behavior suggests that visual and verbal information is handled simultaneously in working memory.
Eye movements seem to be controlled by the semantic information in the narration. Children use
visual information so that the pictures concretize the narration, thereby enabling dual-coding infor-
mation processing. Apparently, this is how the brain works; humans try to dispose of pictorial infor-
mation, maybe especially when the narrative information is complex, and create a situation that
enables the synthesis of both sources of information.

Several findings in the current study support this model. First of all, prereaders showed by far more
visual interest in the picture in the congruent and incongruent picture conditions as compared with
when they did not hear an oral narration in addition to the picture (picture control condition). This
suggests that children try to use the illustration while they make sense of the oral narration. We also
found evidence for the hypothesis that children explore pictures in a way that they can maximally
integrate the narration and the picture. As an experimental test, we chose five visual details in the pic-
tures that were highlighted in one condition, the congruent condition, but not in a comparison condi-
tion, the incongruent condition. Previous descriptive research indicated that children spent on average
43% of the total time on fixations of visual elements that the text highlighted and 27% on other ele-
ments (Verhallen & Bus, 2011). The current experiment corroborates these findings. Children focus
more on visual details when the narration highlights them. In so far as visual information processing
is autonomous, it seems to be controlled by the intention to find cues for interpreting and drawing
inferences about the story figures’ actions and reactions. It is important to note here that there was
no difference between the congruent and incongruent conditions in total fixation time on the picture,
but there was a difference in time fixating the key elements that were highlighted in the narration in
the congruent condition. This suggests that it is not a lack of overall attention or interest in the incon-
gruent condition that resulted in less fixation time at the five targets but rather different processing
strategies. In addition, we found that children fixated these elements in a similar order as they
appeared in the narration, showing that integration of the verbal information of the oral narrative
and the nonverbal information of the picture happens on a moment-to-moment basis.
Limitations and future directions

Eye-tracking seems to be a good method for measuring visual attention and assessing participants’
selection process of attention at work. However, pixel precision in eye-tracking systems is somewhat
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limited. The eye-tracker system used in this study is accurate to 0.5� (Tobii apparatus and software,
Version 2.2.6), meaning that there is an average error of about 0.5 cm between the measured and
intended gaze points. We also need to take into account some other limitations of the eye-tracking
system when interpreting the results. The concept of covert attention (Itti, Rees, & Tsotsos, 2006)
involves the fact that one can attend to an object without making an eye movement toward it. Objects
that are attended to by this so-called covert attention cannot be measured by an eye-tracking system.
So, although eye movement systems make it possible to gain insights into formerly hidden processes,
there are still processes that remain covert.

Future research may highlight features of picture storybooks that support children in matching
visual details with the accompanying text. New studies might also test the hypothesis that books with
animated illustrations can be more supportive than ‘‘still” books in concretizing language (Takacs &
Bus, 2016) and can foster readers’ understanding of the main characters’ behavior and responses.
By adding camera movements to the pictures, as is made possible by using digital storytelling tech-
niques such as pan and zoom, synchronicity of verbal and nonverbal information can be improved
(Bus, Takacs, & Kegel, 2015).

Practical implications

A practical implication of the current results is that pictures have a key role in children’s compre-
hension of stories and, thus, in storybooks. We found support for the beneficial effects of illustrations
that are closely matched to the narration. Based on our results, decorational illustrations are probably
not helpful for facilitating children’s story comprehension given that only a high level of contiguity
between the picture and the narration was found to be beneficial. For older children, this may be less
critical because the ability to make up visualizations that match a narration improves with age
(Guttman, Levin, & Pressley, 1977). Based on the current findings, it also seems vital that illustrations
are visible to children while they listen to the narration, which is often not the case when book reading
takes place in a group setting. Furthermore, the current results contradict the trends of audiobooks
and story podcasts for young children.

In the current study, it was shown that children aim to integrate the verbal and visual information
when listening to storybooks. Assuming that this enables a basic understanding foundational to other
processes (e.g., fantasy, creativity), it may be worthwhile to create additional conditions that
strengthen the match between narration and picture. By asking questions and making comments
about details in pictures that represent the narration while reading the book, adults promote the syn-
thesis of both information sources—the narrative and nonverbal information—which explains the
importance of adult guidance (Tompkins, Bengochea, Nicol, & Justice, 2017). Similar effects may be
expected from digital picture storybooks. Dual coding may provide useful guidelines not only for cre-
ating static picture storybooks but also for creating digital picture storybooks. Think, for instance, of an
often used tool zooming in on details in the picture while these details are highlighted in the oral nar-
ration or adding motion to pictures.
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