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Abstract 
 
In the Malaysian context, numerous studies explored young learners’ literacy skills but 
none uses the eye-tracking device to track the cognitive processes of prereaders when 
they are reading picture storybooks. For this project 22 prereaders (4-5 years old) listened 
to brief stories in four conditions: (a) only static text with narration (text condition), (b) 
oral narration, and a picture that was congruent with the narration (congruent condition), 
(c) oral narration and an incongruent picture (incongruent condition), and (d) only picture 
with text but no oral narration (control condition). Inferential statistics were used to 
analyse the relationship between eye fixation, gender, and story-telling performance. The 
quantitative analysis revealed that the prereaders’ story-telling performance did not 
depend on treatment conditions, gender, or fixation patterns on the predefined areas of 
interest (AOI). To further understand this phenomenon a qualitative analysis was 
undertaken to explore the patterns of the prereaders’ storytelling performance (STP). The 
qualitative analysis suggested affective factors such as the prereaders’ state of mind and 
their level of attentiveness could have affected their  STP. Hence, they may appear to be 
focusing on the screen but their attention could have been somewhere else or they could 
have been confused. In addition, their lack of proficiency in a language that was not their 
first/native language and their general inability to communicate well verbally could have 
been contributory factors.  
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Introduction 
 
The use of the eye-tracker to explore young children’s cognitive processes has 

increased in popularity in recent years (e.g. Evans & Saint-Aubin, 2005;  Verhallen & 
Bus, 2011; Takacs & Bus, 2016, 2018). Cognitive processes refer to the tasks the brain 
does continuously in processing all the information received from the environment. One 
of the key cognitive processes is attention which makes it possible for us to position 
ourselves towards certain stimuli and respond to them. Visual attention can be 
investigated through eye-tracking research through eye movements and fixation patterns.  

One particularly interesting study that probed into young children’s cognitive 
processes was conducted by Takacs and Bus (2018) using the eye-tracker as a research 
method. It investigated prereaders reading picture storybooks while listening to a 
narration. Prereaders are defined as young children who have not received formal reading 
instructions. The reason why they conducted a study on the utilisation of both skills was 
that eye-tracking studies have generally revealed that pre-readers rarely show interest in 
the printed text available in most picture storybooks in comparison to the picture on the 
same page. For example, Evans and Saint Aubin (2005) found that children spent on 
average 175-669 milliseconds fixating on the written text per page in a picture storybook 
versus 7,235-18,605 milliseconds fixating on the pictures. In the case of longer text, they 
would spend even more time looking at the pictures but not more time on the written text. 
This study is supported by more recent research which revealed that preliterate children 
seldom glance at the text during storybook reading (Gong & Levy, 2009; Justice et al., 
2005, 2008; Liu, 2011; Liao et al., 2013, 2020; Lin et al., 2018). Hence, Takacs and Bus 
(2018) were interested to find out whether a combination of listening and reading 
activities would make a difference in the amount of time the children spent on the picture 
and text. 

Takacs and Bus’s  (2018) study was conducted on 41 children (from 4 to 6 years 
old) listening to a text in Dutch (which is their first language) with a storybook format 
under four different conditions i.e. (a) only static text with narration (text condition), (b) 
oral narration and a picture that was congruent with the narration (congruent condition), 
(c) oral narration and an incongruent picture (incongruent condition), and (d) only 
picture with text but no oral narration (control condition). The children’s eye movements 
were recorded with a Tobii eye-tracker with 3.2.1 software. After that, the children were 
given a game to play. This was to assure that the children would not just repeat what 
was stored in their short-term memory. Following that the children were asked to tell 
the story they heard. For condition 3, where there was no narration, they were asked to 
describe the picture they saw. An analysis of variance (ANOVA) with repeated measures 
for story recall per condition for the four conditions was carried out. The results revealed 
that the children's narration was more similar to the original narration when they were 
allowed to hear the narration (conditions a, b, and c), as compared to the picture control 
condition (d). This suggested that the picture alone was not sufficient for the children to 
make up the story. The results further showed that the children told the story better in 
the congruent condition (b) than in the text condition and the incongruent condition. 
There was no difference between incongruent and text conditions. Thus, it appears that 
children’s retelling was substantially increased in the situation where congruent 
narration and pictures were present which suggested the advantage of interactive reading 
and picture storybooks. Although retelling performance decreased when the incongruent 
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narration was used, it did not have a detrimental effect on story comprehension.  
The current study took their study a step further by undertaking a qualitative 

inquiry to find out whether there is a relationship between the patterns and quality of their 
storytelling and the conditions they were exposed to. These qualitative data were further  
triangulated with the fixation patterns derived from the eye-tracking analysis in an attempt 
to understand better the relationship between eye movements, listening skills, and story-
telling performance (STP).   

Although numerous studies have been undertaken in the Malaysian context to 
explore young learners’ literacy skills,  none of them have used the eye-tracking device 
to track their cognitive processes while they are reading and listening at the same time. 
This type of study is crucial as it enables us to understand the relationship between these 
two skills better which will lead to the development of more suitable reading materials 
for young children.   In addition to that,  it informs educators on why it is important to 
improve storytelling performance and suggests ways to go about it.  

 
 

Literature Review 
 
Relevant Theories  
 

Many theories focus on text-picture comprehension (TPC) but three theories 
specifically target formats of mental representations involved in TPC. They are:  

 
 (1)  Dual Coding Theory (Paivio, 1986),  
 (2)  The Cognitive Theory of Multimedia Learning (Mayer, 2005) and 
 (3) The Integrative Model of Text Picture Comprehension (TPC) (Schnotz & Bannert, 
2003) 

 
The three theories share the assumption of separate channels for text and picture 

processing but differ on other issues. Paivio’s (1971, 1990) DCT emphasizes two 
processing channels for verbal and non-verbal information which are functionally 
independent, yet interconnected. The verbal system processes verbal information, such as 
spoken or written words, regardless of the modality of origin while the nonverbal system 
processes nonverbal information, such as pictures, gestures, and music, again, regardless 
of origin. These two systems thereby enable simultaneous processing of visual and 
narrative information in short-term memory.  Paivio’s dual-coding theory (DCT) was 
used to hypothesise that pictures in storybooks facilitate understanding of the narration, 
more so when they were closely matched to the narration (Mayer, 2005). 

The current study further draws upon applied linguistics research that propose 
visuals influence the listening comprehension process. For example, studies in L1 
acquisition have shown, for instance, that children rely heavily on non--‐verbal cues when 
developing their L1 speech perception (Ochs & Schieffelin, 2009). Similarly, research on 
L2 listening comprehension has evinced that visuals can facilitate the development of L2 
listening skills. 

Visually enhanced L2 listening comprehension can be better understood through 
the following two theoretical perspectives and their underlying assumptions. Mayer’s 
(2005) cognitive theory of multimedia learning is based on three assumptions: (a) visual 
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information and auditory information are processed by learners through two different 
channels, namely the visual channel and the auditory channel (dual-channel assumption); 
(b) each channel can process only a limited amount of information at a time (limited 
capacity assumption), and (c) learning occurs when learners engage in active cognitive 
processing of incoming information (active processing assumption). 

Mayer’s (2005) theory serves as the cornerstone of the Integrative Model of TPC 
(Schnoltz & Bannert, 2003). Although this model is based on similar assumptions, it 
differs from the cognitive theory of multimedia learning in two important respects. 
Schnoltz and Bannert’s model (2003) differentiates between sensory modality and 
representational format. Sensory modality refers to sensory channels at the perceptual 
level – auditory channel (ears) and visual channel (eyes)--through which visual and 
auditory information enter working memory. Representational format, on the other hand, 
pertains to representational channels at the cognitive level --verbal channel and pictorial 
channel—through which mental models are constructed in a cognitive system. Unlike 
Mayer’s (2005) theory that merges auditory--‐verbal and visual--‐pictorial channels, 
Schnoltz and Bannert’s (2003) model suggests that visual information can be obtained 
not only through the visual modality, but also auditorily (e.g., from sound images). 
Furthermore, while Mayer’s (2005) theory postulates the construction of two mental 
models—a verbal and a pictorial model—that are subsequently integrated into the 
cognitive system; the integrated model presupposes the construction of one mental model 
that combines information from both channels.  

Of the three models, it is the contention of the authors of this study that The 
Integrative Model of TPC (Schnotz & Bannert, 2003) is the most appropriate for 
interpreting the findings of this study, hence this model will be taken as the theoretical 
framework for this study.  
 
Relevant studies  
 
The relationship between cognitive process and listening skills 

 
Listening is an indispensable skill for language development. Although listening 

is regarded as a passive skill, listening comprehension is an active and fundamental 
language skill (Field, 2008). Further, listening and vision are inextricably linked and aural 
input is enhanced by visual information. Cooper's (1974) study results established a 
strong relationship between eye fixations on objects and the semantic representations of 
those items in aural input. Boland's (2004) findings further suggested that the probability 
of gazing and eye-fixation on the object increases when the object is mentioned in the 
narration.   

In a  more recent study by Cigerci and Gultekin (2017) on the use of digital stories 
to develop listening comprehension skills in primary school children, it was concluded 
that significant improvements in the listening comprehension skills were shown by the 
experimental group when provided with engaging listening activities during storytelling 
sessions. In an earlier experimental study conducted by Collen (2006), the children in the 
experimental group watched and listened to digital stories while the control group listened 
to the stories read aloud by the researcher. The listening activities were recorded, and the 
children were asked questions about what they heard, as well as the researcher, asked 
questions about the stories. Findings confirmed that children in the experimental group 
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were more focused and answered many questions correctly when quizzed on the story 
compared to the control group.  A few studies echoed similar findings that support the 
importance of visuals accompanying narration in developing listening comprehension 
skills in young children (Abidin, et al. 2011, Verdugo & Belmonte, 2007). Whilst 
adequate research in understanding the cognitive process and reading comprehension in 
preliterate children is available, evidence is scarce on the use of visuals in the acquisition 
of listening comprehension abilities in young children. 
 
Eye Movement & Comprehension Monitoring 

 
Comprehension monitoring involves the process of analysing eye movements 

during reading activity to ascertain children’s level of comprehension skills. Analysis of 
eye movements can provide data that informs the time course of reading and inferences 
about the underlying process that supports reading.  Research has revealed that eye 
movements are a reliable source to predict children's comprehension level, even for young 
children of 2 years old (Annina et al., 2021; Koornneef & Mulders, 2017; Southwell et 
al., 2020). Findings of some studies further suggested that children were able to match 
words they heard with pictures (Kaefer et al., 2016; Marian et al., 2011; Takacs & Bus, 
2018;).   
 
Cognitive Processing/Visual information processing  

 
Visual information processing during reading situations can be defined as the 

method of processing information seen and read and making sense of this information. 
Comprehension monitoring is therefore interrelated with the concept of visual 
information processing. Visual information processing involves examining and analysing 
eye movements specifically, time to first fixation, fixation duration, and fixation counts. 
Fixation duration and fixation counts have been widely recorded and collated in studies 
on visual information processing and its correlation to children’s literacy and language 
proficiency. 

Visual processing can be dependent on the condition of information presented 
during reading situations. The condition of information presented such as whether it 
contained visuals that accurately reflect the story or incongruent narration and/or text with 
pictures can affect children’s visual processing hence their eye movements. Several 
studies have elucidated that for reading conditions that contained incongruent narration 
and pictures - the fixation duration was shown to be the longest and slightly longer than 
the congruent condition (Takacs & Bus, 2018; Su et al., 2018).  This suggests that the 
incongruent reading conditions demand a higher cognitive load thus children generally 
fixate longer to process the mismatched text and pictures. 

 
Characteristics of Story  

 
In describing the characteristics of a story we are referring to whether the story 

has written text and pictures, pictures only, pictures with written text, or a story 
accompanied by audio narration.  These characteristics have a correlation to children’s 
literacy and language skills which include their ability to comprehend and ability to 
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comprehend and retell the story (Flack and Horst, 2017; Cigerci and Gutelking, 2017; 
Takacs and Bus, 2018).   

Studies have shown that the impact of the picture on young children’s 
comprehension and retelling of the story depends on a variety of circumstances (Flack & 
Horst 2017, Takacs & Bus, 2018; Wang, 2020).  For example, Takacs and Bus (2018) 
found that children’s retellings of stories were more accurate to the original narration 
when they heard the original narration with matching pictures as compared to all the other 
conditions such as the picture-only condition in which the children had to come up with 
their own story based on the given picture.  Their study concluded that pictures alone are 
insufficient for children to retell the story accurately. The importance of key visuals in a 
story is also highlighted and reiterated in a more recent study. Wang (2020) asserted that 
preciseness of key visuals correlated with young children’s understanding of picture 
books when it came to identifying and understanding the topic/theme of the book, 
attributes of the phenomena, and understanding characteristics and events of phenomena.  

Multimodal characteristics of stories such as the combination of audio narration 
and key visuals can also facilitate listening skills (Cigerci & Gulteking, 2017). The 
multimodal aspects of audio narration and pictures were seen to heighten children’s visual 
interest as shown in their fixation duration (Takacs & Bus, 2018). Most of the studies 
discussed so far were undertaken on children exposed to materials in their first/native 
language. According to Whitford and Joanisse (2018), bilingual children's simultaneous 
exposure to two reading systems could lead to different eye movement behavior 
compared to monolingual children, which may affect lexical information acquisition and 
assimilation in both languages. Therefore, understanding their cognitive processes will 
help teachers choose appropriate teaching approaches and materials for them. 
 
 

Research Methodology 
 
Participants 

 
A total of 22 children aged between 5 to 6 were selected for this study. They were 

from a  kindergarten in the Klang Valley. The kindergarten was selected out of 
availability. It was the only kindergarten that allowed the researchers to undertake the 
experiments amid the Covid-19 pandemic and it had only 22 children of the targeted age. 
The children were of  Chinese origin and their L1 was Mandarin, however, they could 
speak and understand English but had not been exposed to any formal English reading 
programme, hence, they were classified as prereaders so English could be considered 
their other language (EAL). Permission from parents was obtained before the 
commencement of the research project.  
 
Research Design  

 
This study used an eye-tracking methodology to investigate the 22 prereaders’ 

cognitive process when reading four short stories by examining the relationship between 
their eye movements and their story-telling ability.  
They were exposed to four conditions:  
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(a) Congruent condition - oral narration, and a picture and a text that are congruent 
with the narration 

(b) Incongruent condition – picture and text are the same as the congruent condition 
but the narration tells a different story  

(c) Picture condition (Control) - only a picture with related text but no oral narration  
(d) Text condition - only narration with related text 

 
The study used a within-participant experimental design in which every child 

would participate in four conditions. All 24 possible narrative-picture matches were used 
across children. Children were evenly assigned to the different orders (as shown in Table 
1).  
 
Table 1 
Assignment of children to the different conditions 
Condition  Picture A Picture B Picture C Picture D 

1. 1.Congruent picture + oral 
narration  

Child A Child B Child C Child D 

2. Incongruent picture + oral 
narration 

Child B Child C Child D Child A 

3. Only picture Child C Child D Child A 
 

Child B 

4. Only written text + oral 
narration  

Child D Child A Child B Child C 

 
Materials 

 
For the congruent condition, four colored pictures were chosen for the study, and 

four narratives in English were constructed to describe the pictures. The content and 
language of each of the narratives were based on children’s picture storybooks that were 
appropriate for children aged between 5 to 6 years old.  For the incongruent condition, 
four other narratives, which had had similar main characters with each of the congruent 
pictures but d with different scenery, and images were constructed. These narratives were 
constructed using the same criteria as the narratives for the congruent condition, in terms 
of length (around 30 seconds), difficulty level, and cultural appropriacy. The first picture 
is provided in Appendix A together with accompanying materials for the four conditions. 
The second picture shows a mother waking her daughter up from bed in the morning. The 
third picture displays a girl in a hospital bed with a nurse attending to her,  and the last 
picture illustrates a boy with his mother outside a toy shop.  The narration for each story 
was read by a competent English teacher from Singapore.  

Five visual elements were selected in each of the pictures as fixation points for 
the eye-tracking analysis, and the text was slightly modified to mention the objects in the 
text and narration. The visual elements chosen were either objects or animals, but not 
human-like figures because children tend to pay more attention to humans, particularly 
to faces (Verhallen & Bus, 2011). 
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Research Procedures  
 

Testing and intervention took place in a designated quiet location of the 
kindergarten with each session taking approximately 30 minutes per child.   
The steps are as follows:  
 

• First, the children had to go through the eye-tracking calibration process. 
Following that,  a headphone was placed on each child and he/she was told to 
listen to the narration (if present) while looking at the monitor which had the eye 
tracker attached.  

• Afterwards, the child was led upstairs to play a short game, such as building a 
Lego toy or completing a wooden puzzle. They were given 10 minutes to play the 
game which was included to ensure the children did not simply utter words of the 
story stored in their short-term memory without thinking.  

• After the game, the child was asked to recall the story heard. For condition 3 
(control) which had no narration, the child was asked to come up with a story 
based on what he/she saw. Each child went through the procedure four times.  

• A Gazepoint GP3 HD eye tracker was used to collect eye movement data of the 
children and the data were analysed statistically.  Areas of interest include the 
image (that is the picture as a whole), text (the text as a whole), the objects (the 
selected five visual elements as seen in the picture), and keywords (the five visual 
elements seen as words in the text).   

• Retellings were prompted by general questions such as “Can you tell me more? 
What else did you hear?” (when necessary). Children were allowed to retell their 
stories in English or in Mandarin. Children’s retellings were transcribed and 
coded. A rating scale was devised and this was used to guide the three independent 
raters invited to undertake the ratings. The raters were academics with at least a 
Master’s degree in Education/Early Childhood Education. A meeting was held for 
the raters to discuss and compare the scores for each child. The final score was 
based on a consensus among the three raters. The scale scored the storytelling on 
a five-point scale and the scores for all conditions were added and based on them, 
each prereader’s storytelling performance (STP) was then categorisation as shown 
below:  
 
Table 1 
Categorisation of storytelling performance (STP) 

Rating scale Category 
0 mark = with no recollection beyond what is 
obvious from the picture.  

Weak 

1 mark =With some recollection of narration 
beyond recollection from the picture.  

Weak 

2 marks = With about half recollection of 
narration beyond recollection from the picture. 

Average 

3 marks= Recollect most of the events in the 
story beyond recollection from the picture.   

Good  

4 marks= Summarising all the main events very 
well in the story beyond recollection from the 
picture. 

Good 
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• The findings of the STP were then matched with those from their eye movements.  
 

Apparatus used 
 

A Gazepoint GP3 HD eye tracker was used to collect eye movement data. The 
sampling rate of this eye tracker is 150 Hz and the angle error is 0.5 to 1 degree. It has 
two infrared light-emitting diodes (LEDs) that provide light that would reflect on the 
cornea of the left eye to detect eye movement. The eye tracker is able to work at an 
optimal distance of 65 cm away from the eye. The Gazepoint GP3 HD eye-tracking 
system includes two software tools: Gazepoint Analysis and Gazepoint control. These 
tools were used to define the Areas of Interest (AOI) and generate metrices. The metric 
used for this particular study was Proportion Fixation Duration(PFD)(i.e, percentage of 
fixation time within an AOI. The eye movement data were collected at a 150 Hz 
sampling rate. Participants’ head movements were minimised using a standard chinrest 
60 cm from the monitor. 

The eye tracker and its accompanying software recorded the position each 
participant was looking at on the screen 150 times each second. A calibration process 
was undertaken at the beginning where participants were asked to look at a series of dots 
on the screen. By analysing the position of the eyes of the participant, the software was 
capable of using the position of the eye to calculate where on the screen the participant 
was looking. These data were then saved in the form of coordinates.  

The Gazepoint Analysis software also recorded what was on the screen at the 
time. By combining the coordinated information and the recording, Gazepoint Analysis 
was able to recreate the screen including the point on the screen the participant was 
looking at. Gazepoint Analysis was also used to generate reports on how often certain 
parts of the screen were looked at through the usage of Dynamic Areas of Interest. This 
allowed the areas of interest for different images and scenarios to be set up and defined. 
The statistics from Gazepoint Analysis were analysed for this study. 

 
Data Analysis Procedures  

 
Two types of data analysis were performed on the eye-tracking data for this study. 

A descriptive analysis of Proportional Fixation Duration (PFD) on the four predefined 
areas of interest – Image, Text, Object, and Keyword – was undertaken. Inferential 
statistics, in the form of comparison of mean scores using mixed factorial ANOVAs, with 
storytelling performance [good, average, or weak] and gender as the between-subject 
variables (whereas AOI and conditions as the within-subject variables). Post-hoc analyses 
were also performed using IBM SPSS statistical software.  

AOI for the whole picture and the five targets were made before the start of the 
experiment so that the software could identify these areas and elements for data analysis 
purposes. As a set, these comparisons are 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). In addition, the stories told by the prereaders were analysed 
qualitatively.  
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Research Finding 
 
Quantitative analysis of eye-tracking data under the four conditions 

 
Sue et al. (in press) reported in an earlier study eye-tracking patterns similar to 

that of Verhallen and Bus (2011), Montag et al. (2015), and Takacs and Bus (2018). The 
results revealed that pictures positively affected the understanding of narration of 
prereaders with prereaders paying less attention to the story when only a text was present. 
It was further found that the fixation time of the predefined AOI (Areas of Interest i.e. 
image, text, objects, and keywords) was significantly higher in the congruent condition 
than in the control condition. The findings also demonstrated that the prereaders were not 
unduly distracted by a non-matching picture in the incongruent condition.  

 
Quantitative analysis of the interactions between proportional fixation time, gender, 
and story-telling performance (STP) 
 

For this study, inferential statistics were used to analyse the interactions between 
PFD, gender, and story-telling performance. Mauchly’s test of significance indicated that 
the test was significant (p < .001) for both conditions and combined AOI. As the 
assumption of sphericity was not met, the Greenhouse-Geisser correction was 
applied.  The repeated-measures ANOVA with a Greenhouse-Geisser correction showed 
that there was no significant difference between conditions and story-telling performance 
[F(3.57, 23.23) = 1.740, p = .180, ηp2  = .16]. Similarly, there was also no interaction 
between conditions, gender and story-telling performance [F(3.57, 23.23) = 0.734, p 
= .564, ηp2  = .07]; AOI and story-telling performance [F(2.20, 14.32) = 0.681, p = .535, 
ηp2  = .11];  and AOI, gender and story-telling performance [F(2.20, 14.32) = 2.724, p 
= .096, ηp2  = .14].   

The findings clearly showed that the prereaders’ story-telling performance did not 
depend on treatment conditions,  gender, or proportional fixation time on the combined 
AOI. These findings were very different from earlier studies by Flack and Horst (2017), 
Takacs and Bus (2018), and Wang (2020).  

A review of findings from 4.1 and 4.2 showed two very contrasting patterns. The 
finding of the current research project matched that of earlier studies with respect to 
treatment conditions and eye-tracking fixation patterns,  but unlike the earlier studies, 
they showed that the prereaders’ STP was not significantly different between gender and 
the four different conditions. It would be intriguing to explore the underlying reasons for 
this phenomenon. None of the abovementioned studies attempted to explore prereaders’ 
STP by analysing the prereaders’ stories qualitatively. Hence, in doing so, the current 
study would be contributing new knowledge to this field.    
 
Qualitative analysis of the relationship between fixation time, gender, and story-
telling performance  
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Table 2 
Female prereaders’ storytelling performance according to treatment conditions 

Prereader  
(Girl)  

 Story-telling performance (STP) in different conditions 
 

Overall 
STP  

Congruent 
(narration with  
matching 
picture) 

Incongruent  
(narration with 
non-matching  
picture)  
 
 

Picture 
(picture with 
the test 
without 
narration) 

Text 
(narration 
with text 
without 
picture) 
 

G1  AA Good  Average  Average Weak  
G2 AA Average  Average  Weak Average  
G3 A  Average  Average Weak Good  
G4  BA Weak Average Weak Weak  
G5  AA Average  Average  Good Weak  
G6  A Average  Weak  Good  Weak  
G7  P Weak  Weak  Weak Weak  
G8  A   Good  Weak  Average  Weak  
G9  P Weak  Weak  Weak  Weak 

 
KEY 

Ranking of  overall STP: 
Weak STP in one condition = Above Average (AA) 
Weak STP in two conditions =  Average (A) 
Weak STP in three conditions= Below Average (BA) 
Weak STP in four conditions= Poor (P) 
 

Ranking of STP:  
0 &1 = weak  
2 = average  
3 & 4 = Good  
 

 
A descriptive comparison revealed that the highest number of weak STP came 

from text condition (7 out of 9 weak cases), followed by picture condition (5 out of 9 
weak cases), and incongruent condition (4 out of 9 weak cases), with the best STP coming 
from the congruent condition (only 3 weak cases). Although these descriptive findings 
borne similarity to findings of earlier studies (e.g. Takacs & Bus, 2018)  they could not 
be taken as proof of similarity in results as the findings from inferential statistics revealed 
no significant difference between story-telling performance (STP) and treatment 
conditions in the case of female prereaders. To have a better understanding of this 
phenomenon, the researchers decided to undertake a qualitative analysis of the stories 
told to gain deeper insights into the situation. This was done by undertaking a thematic 
analysis of each child’s STP for each of the conditions.  

Analysis of the storytelling transcripts revealed that female prereaders’ failure to 
perform well in the Text condition included inability to remember (G1, G5, G8) which 
they mentioned specifically, not paying attention, and repeating a story they heard earlier 
(G4, G6, G9) or presenting a totally unrelated story (G7). These patterns cut across 
different STP as shown in Table 2. This suggests that even prereaders with good STP 
scores could also get distracted when presented with only text and narration.  

The main weakness of the female prereaders with regard to the Picture condition 
was the inability to describe a story well without hearing the narration and that was 
evident even in prereaders better in storytelling (G2, G3). In the case of prereaders with 
poor STP scores (G4, G7, and G9), they also produced utterances that were disjointed or 
incomplete.   
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In the case of the Incongruent condition, the reasons for their weaknesses varied. 
G6 could describe the picture well but she could not remember anything regarding the 
narration. It was noted she was also excellent in the picture condition suggesting that she 
had the tendency to focus more on pictures than narration. As for G7, her story had 
nothing to do with the picture or the narration,  whereas G8 and G9 came up with stories 
that were a mixture of ideas from the picture and narration which showed that they were 
confused.  

Only three prereaders (two poor and one below average) performed badly in the 
Congruent condition. They appeared to be suffering from attention deficit. G7 and G9 
mostly created their own stories and paid very little attention to the narration and the 
picture for all four conditions. G4 to a large extent did the same thing although she did 
pay some attention to the incongruent condition.  

 
Table 3 
Male prereaders’ storytelling performance according to treatment conditions 

Child 
(Boy)  

 Story-telling performance (STP) in different conditions 
 

Overall 
STP  

Congruent 
(narration with  
matching 
picture) 

Incongruent  
(narration with 
non-matching  
picture)  
 
 

Picture 
(picture 
with test 
without 
narration) 

Text 
(narration 
with text 
without 
picture) 
 

B1 AA Average Average Weak Average 
B2 AA Average  Average Average Weak 
B3 P Weak Weak Weak Weak 
B4 A Average  Weak Average Weak 
B5 P Weak Weak Weak Weak 
B6 A Average Average Weak Weak 
B7 AA Good Weak Average Good 
B8 BA Weak  Average Weak Weak 
B9 P Weak Weak Weak Weak 
B10 P Weak Weak Weak Weak 

 
KEY 

Ranking of  overall STP: 
Weak STP in one condition = Above Average (AA) 
Weak STP in two conditions =  Average (A) 
Weak STP in three conditions= Below Average (BA) 
Weak STP in four conditions= Poor (P) 
 

Ranking of STP:  
0 &1 = weak  
2 = average  
3 & 4 = Good  
 

The descriptive comparison for the male prereaders also indicated the highest 
number of weak STP came from text condition (8 out of 10 cases), followed closely by 
the picture condition (7 out of 10 weak cases), and incongruent condition (6 out of 10 
weak cases) and the least number of weak cases was the congruent condition (5 out of 10 
cases).  

The qualitative analysis of the stories revealed that for the Text condition,  the 
male prereaders could only come up with one to two short sentences with a few words 
related to the narration they heard (B2, B3, B5) that did not make much sense or short 
confused stories (B6, B8, B10). One even said he could not remember anything (B9).   
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The male prereaders were also weaker than the female prereaders with regard to 
the Picture condition. Three came up with one or two brief, not very meaningful 
sentences with a few words related to the picture they viewed (B1, B8, B9), three with 
two to three totally unrelated sentences (B3, B5, B6)  and one could not say anything 
(B10).   

For the Incongruent condition, the male prereaders were also weaker than their 
female counterparts. Two could not say anything (B5, B10), one gave one short, not a 
very meaningful sentence with three words related to the picture they saw (B3), and three 
gave a short mixed-up story of the narration and the picture (B4, B7, B9).  

Similar to the female prereaders,  only poor and below-average children 
performed badly in the Congruent condition. The very weak student could not say 
anything (B10), two gave one brief, not meaningful sentence(s) with three words related 
to the narration they heard (B3, B5), and two clearly were not paying attention: one 
repeated an earlier story he heard (B8)  and another managed to pick up three words from 
the narrative and added that to his own story (B9).  

The quantitative findings of this study revealed that there were no significant 
differences between conditions, gender, and STP which showed that prereaders’ STP did 
not depend on treatment conditions,  gender, or average fixation time on the combined 
AOI.  

 
 

Discussion of Findings 
   

The quantitative findings of this study revealed that there were no significant 
differences between conditions, gender, and STP which showed that prereaders’ STP did 
not depend on treatment conditions,  gender, or average fixation time on the combined 
AOI. These findings were very different from earlier studies by Flack and Horst (2017), 
Takacs and Bus (2018), and Wang (2020).  

The qualitative analysis of failure to perform well in story-telling in the Text 
condition suggests that the lack of pictures despite the presence of narration can cause a 
lack of attention and inability to remember, especially in the case of the prereaders with 
weak story-telling abilities. Thus, in such cases, even though the prereaders might have 
appeared to be looking at text, they were not absorbing much of what they saw or heard. 
This could be due to the fact that the text-only condition provided limited possibilities for 
children to create mental representations/images of the narrated story leading to inhibition 
of mental processing and poor retrieval of the narration. There is also the possibility that 
they were distracted by the written text and hence did not focus on the narration because 
they were prereaders (still learning to read).    

The main problem in the case of the Picture condition was the prereaders’ inability 
to describe a story without hearing the narration and that was evident even in prereaders 
better in storytelling. Schnoltz and Bannert’s integrated model (2003) presupposes that 
sensory information entering the working memory from the visual modality and 
auditorily modality will be combined as one mental model. This implies that when 
information from one modality is missing it will affect the children’s abilities in 
remembering and narrating a story. In the case of the Picture condition, the children were 
only exposed to a picture and they had to draw on their memory of the picture to tell a 
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story. In doing so weaker children would be further handicapped by their poor storytelling 
abilities.  

Schnoltz and Bannert’s model can also be drawn upon to explain the situation in 
the case of weak prereaders for the Incongruent condition.  Due to the mismatch between 
picture and narration, some of them were distracted and confused leading to them not 
being to come up with an integrated model that would combine information from both 
channels efficiently. Male children seemed more confused and less willing to try. This 
failure could be attributed to split attention and a higher level of cognitive load in 
attending simultaneously to a narration that is incongruent with the picture. In the case of 
the Congruent condition, generally, STP was better and this could be attributed to the 
match in the information for the two modalities.   

Since no other studies have used the qualitative approach to analyse the STP of 
prereaders in the same way as this study has done, it is not possible to draw from past 
studies. However, it is possible to deduce that affective factors such as the state of mind 
of the participants, their abilities to concentrate, and their level of attentiveness might 
have come into play in influencing the reliability and validity of eye-tracking data of these 
young prereaders, especially since they were exposed to materials, not in their native/first 
language. Past studies done in the 1990s to 2000s have looked into pre-schoolers’ 
attention and engagement and have concluded that they displayed a lower level of 
attentiveness and engagement when compared to school-going children. For example, 
research using vigilance tasks such as the Continuous Performance Test (CPT) has shown 
that pre-schoolers might be expected to make more omission errors than older children, 
have greater difficulty maintaining the task instructions in working memory, and have 
related difficulties with response inhibition, particularly in the presence of distractors. 
They also have more difficulty maintaining their attention over a long period of time 
(Akshoomoff, 2002; Corkum et al., 1995; Levy, 1980; Prather et al. 1995). All of these 
could have led to the lack of significance in the quantitative findings of this study. In 
addition to that their level of language proficiency in English, and their general ability in 
communicating verbally are also important factors to take into consideration. Other eye-
tracking studies done on English as Another Language (EAL) were done mostly on 
school-going children reading different types of texts (e.g. Connor et al., 2015; Hessel et 
al., 2020; Kim et al., 2018). Very few were done on pre-schoolers exposed to another 
language (except for Verhallen & Bus 2010, 2011). More importantly,  none of these 
studies explored the issue of attentiveness and engagement. Hence it is not possible to 
compare their results with those of the current study. This suggests that further 
investigation needs to be undertaken to shed more light on these issues in the EAL context.  

 
 

Implications and Conclusion 
 
Based on the eye-tracking data, it can be concluded that having any picture 

positively affected the understanding of the narration of the prereaders. Thus, it appears 
that they were more focused on the presence of an image. Of the four conditions. the 
congruent condition was the most effective at building this understanding. The 
Incongruent condition and the Control condition, where there was no narration, were next 
in effectiveness. The condition with text and narration only was the least effective at 
positively affecting the understanding of narration.  
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The eye-tracking results further suggested that prereaders did use visual attention 
to build understanding.  It appeared that even without narration or with a picture that did 
not match the narration, the eye movements showed improved attention in the presence 
of an image. These findings suggest that images are important and reading materials 
designed for prereaders should have them to improve focus and attention to the story.  

However, further analysis of the eye-tracking data revealed that the prereaders’ 
story-telling performance did not depend on treatment conditions, gender, or eye fixation 
on the combined AOI. These findings differed from earlier studies. The qualitative 
analysis suggested affective factors such as the state of mind of the participants, their 
abilities to concentrate, and their level of attentiveness could have affected the prereaders’ 
STP. Hence they may appear to be focusing on the screen but their attention might have 
been somewhere else or they could have been confused Duchowski (2017).  This is 
referred to as overt attention. Thus, assuming that the visual attention of a subject is 
associated with their point of fixation may not be correct in some cases as shown in this 
study. Thus, other methods of identifying overt attention need to be considered. The 
current study is an experiment in that direction.  It could also be inferred that level of 
language proficiency and their general ability in communicating verbally could have been 
contributory factors (An et al., 2017).  

While eye movements differed between the experimental conditions, they did not 
seem to consistently predict higher-order storytelling performance. Individual differences 
and gender differences in reading ability might have dampened the link between eye 
movement and group-level comprehension performance (Zhan et al., 2020). Although the 
current study found no strong causal relationship between fixation patterns and 
storytelling performance, our work is a step toward developing integrative theories of 
story comprehension by systematically measuring overt attention. Future research should 
utilise eye-tracking technology to elucidate how differences in story comprehension arise 
during reading, and to what extent looking strategies are associated with children’s gender 
and language backgrounds. 

It is further proposed that one of the reasons for the differences between the 
findings found in earlier studies and this study could possibly be due to a lack of language 
proficiency in the language used in the eye-tracking experiments. In the earlier studies, 
the pre-schoolers were exposed mostly to their first/native language whereas in this case 
they were exposed to another Language. This could have affected some children’s ability 
in comprehending and narrating the stories, leading to confusion and a lack of 
attention. This is an area that needs to be investigated in future studies. In addition to that, 
there is a need to look into  “attentiveness and active engagement” using reliable research 
methods to find out to what extent they affect the prereaders’ STP. This will enable a 
more comprehensive understanding of the cognitive processes of these prereaders.  These 
could be considered limitations of the study as these variables were not taken into 
consideration. In addition to that, the sample size of this study was limited to only 22 
children from one kindergarten. The study needs to be extended to a larger sample size 
and also include children from other ethnic origins to find whether the findings are 
applicable to them.  

Given that recent neuroimaging studies have detected electrophysiological 
markers – greater involvement of occipital brain regions –  supporting story 
comprehension in pre-schoolers using encephalography (EEG), future research could 
apply this advanced technique to identify the relationship between cortical connectivity 



 234 

and visual attention during narrative comprehension tasks, and to what extent these 
neurophysiological measures predict vocabulary growth in young children.  
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Appendix A 
 
Materials for Picture A  

Condition On screen Oral narration 
Congruent 

 
It is a windy day. Mama and John are 
sitting in the back garden. They are eating 
a bowl of green bean porridge.   “Look at 
the wind  blowing the shirts and pants 
around”,  mama says.  Yes, they look like 
people flying around”  John shouts 
happily.  Mama has her pink and white 
shopping bag by her side. She plans to go 
shopping with John after this. They are 
having a good time, enjoying the breeze 
and looking at the cabbage patch.  
 
 

It is a windy day. Mama and John are 
sitting in the back garden. They are eating 
a bowl of green bean porridge.   “Look at 
the wind blowing the shirts and pants 
around”,  mama says.  Yes, they look like 
people flying around”  John shouts 
happily.  Mama has her pink and white 
shopping bag by her side. She plans to go 
shopping with John after this. They are 
having a good time, enjoying the breeze 
and looking at the cabbage patch.  
 
 

Incongruent  John is helping Mama in the kitchen. 
Mama wants to cook green bean soup for 
John. There is a bag of green beans, a cup 
of water, and a big bowl on the table. “Can 
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It is a windy day. Mama and John are 
sitting in the back garden. They are eating 
a bowl of green bean porridge.   “Look at 
the wind blowing the shirts and pants 
around”,  mama says.  Yes, they look like 
people flying around”  John shouts 
happily.  Mama has her pink and white 
shopping bag by her side. She plans to go 
shopping with John after this. They are 
having a good time, enjoying the breeze 
and looking at the cabbage patch.  
 

I help you pour the green beans into the 
bowl?” John asks.  “Yes, you can but be 
careful not to spill any on the table”. Mama 
says. Mama laughs when John accidentally 
pours some onto her hands. Some fall on 
the floor too.   
 
 

Picture 
Control  

 
It is a windy day. Mama and John are 
sitting in the back garden. They are eating 
a bowl of green bean porridge.   “Look at 
the wind  blowing the shirts and pants 
around”,  mama says.  Yes, they look like 
people flying around”  John shouts 
happily.  Mama has her pink and white 
shopping bag by her side. She plans to go 
shopping with John after this. They are 
having a good time, enjoying the breeze 
and looking at the cabbage patch.  
 
 

 
 
No oral narration  

 No picture 
It is a windy day. Mama and John are 
sitting in the back garden. They are eating 
a bowl of green bean porridge.   “Look at 
the wind blowing the shirts and pants 
around”,  mama says.  Yes, they look like 
people flying around”  John shouts 
happily.  Mama has her pink and white 
shopping bag by her side. She plans to go 

It is a windy day. Mama and John are 
sitting in the back garden. They are eating 
a bowl of green bean porridge.   “Look at 
the wind blowing the shirts and pants 
around”,  mama says.  Yes, they look like 
people flying around”  John shouts 
happily.  Mama has her pink and white 
shopping bag by her side. She plans to go 
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shopping with John after this. They are 
having a good time, enjoying the breeze 
and looking at the cabbage patch.  
 

shopping with John after this. They are 
having a good time, enjoying the breeze 
and looking at the cabbage patch.  
 

 
The visual elements selected as fixation points are underlined.   
 
It is a windy day. Mama and John are sitting in the back garden. They are eating a bowl 
of green bean porridge.   “Look at the wind blowing the shirts and pants around”,  
mama says.  Yes, they look like people flying around”  John shouts happily.  Mama has 
her pink and white shopping bag by her side. She plans to go shopping with John after 
this. They are having a good time, enjoying the breeze and looking at the cabbage patch.  
 


