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Abstract: This study examined the eye movement patterns of 317 elementary students across reading
conditions (audio-assisted reading (AR) and reading-only (R)) and text types (fiction and non-fiction), and
identified eye movement parameters that predict their literal comprehension (LC) and inferential
comprehension (IC). Participants, randomly assigned to either reading condition and either text type, answered
questions assessing their LC and IC. Average fixation duration (AFD), total fixation duration (TFD), and
scanpath length were used as eye movement parameters. There were main effects of age on all parameters and
interaction effects between age and reading condition on TFD and scanpath length. Controlling for age, TFD
had a positive impact on LC of both text types in the AR, while under the R, it affected negatively on IC of both
text types. Longer scanpaths predicted IC of fiction in the AR, LC and IC of non-fiction under the AR, and LC
of non-fiction within the R. AFD influenced negatively on IC of fiction in the AR, LC and IC of non-fiction in
the AR, and LC of non-fiction under the R. These eye movement patterns and predictors indicate children
employ different reading strategies based on reading modalities and text types.

Keywords: eye-tracking; reading modality; audio-assisted reading; text type; reading
comprehension; school-age children

1. Introduction

Reading is a critical ability in current society, as it enables individuals to successfully acquire
information through media and provides opportunities for personal growth as well as emotional
development through vicarious experiences [1,2]. The importance of reading during the school-age
years is particularly prominent, not only because this phase corresponds to the development of one’s
self-system, which is closely intertwined with reading proficiency [3], but also because reading skills
predict academic achievement due to the utilization of text-based educational materials in schools
[4].

Reading comprehension is an intricate skill that integrates various linguistic and cognitive
components [5,6]. Kim [7] suggested that reading comprehension has a direct relationship with
listening comprehension as well as word reading skills, which is influenced by linguistic factors, such
as phonology, orthography, and semantics, and higher-order cognition and oral language skills,
including but not limited to inferring, reasoning, monitoring, syntax and vocabulary, respectively.
Reading comprehension is divided into two types: literal comprehension and inferential
comprehension. Literal comprehension involves understanding specific events explicitly presented
in the text, while inferential comprehension is achieved through deducing information from the text
[8]. Literal comprehension begins to develop at the beginning of school age, primarily supported by
word reading and vocabulary skills [9-11]. Inferential comprehension, building upon literal
comprehension, is known to be an advanced reading comprehension skill that evolves throughout
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the school age, as it requires the facilitation of background knowledge and integration of information
beyond simple word reading [12-14].

Audio-assisted reading (AR), in which individuals read text while listening to the corresponding
audio, is one of the reading modalities proposed to enhance the reading comprehension of poor
readers. Previous studies have demonstrated that audio assistance helps them engage more
effectively with the text and utilize their cognitive strengths with improved semantic chunking.
Under the AR condition, automatic reading, facilitated by the reduced cognitive load in decoding
words, allows them to allocate more of their attention to understanding the content of text as
compared to the reading-only (R) condition [15-18]. However, there remains a debate about whether
all school-age children can benefit from AR, as the AR condition could potentially lead to an increased
cognitive load by necessitating the simultaneous processing of visual and auditory stimuli [19,20].

The type of text, broadly consisting of two types—fictional (narrative) and non-fictional
(expository)—is also acknowledged to have an impact on reading comprehension [21-23]. Fictional
text that young readers typically encounter from early childhood is often presented in a sequential
manner. This inherent structure helps young children to understand the story more easily, given the
similarity between the narrative progression and the development of real-life events they experience
[24]. On the other hand, non-fictional text requires more time for reading and comprehension
compared to fictional text due to the unfamiliarity of the subject matter and the complexity of
sentence structures [25,26]. Hence, reading comprehension of fictional text tends to be comparatively
simpler for school-age children than for non-fictional text [22]. Additionally, as children grow older,
their comprehension of fictional text can readily improve compared to that of non-fictional text,
because recognizing the causal relationship between events is often sufficient for comprehension. In
contrast, non-fictional text demands more structured training, including syntactic comprehension
and background knowledge, to be effectively comprehended beyond merely understanding causality
[27,28].

Chung et al. [29] investigated the impact of various story presentation methods (audio-only,
audio-with-text, and text-only) and story types (fiction and non-fiction) on the comprehension of
first- and second-grade students. Consistent with previous research, children demonstrated better
comprehension of the fictional stories than of the non-fictional stories, and performance on literal
comprehension tasks exceeded that on inferential comprehension tasks. Regarding the story
presentation methods, overall comprehension scores of the fictional stories in the audio-only
condition and the audio-with-text condition were found to be significantly greater than those in the
third condition. In terms of non-fictional stories, only the audio-with-text condition exhibited higher
comprehension scores compared to the condition with reading only. These results suggest how 6- to
8-year-old children can benefit from AR with both fictional and non-fictional stories, surpassing the
R condition. Moreover, the effects of the story presentation methods may differ depending on the
text type.

The eye-tracking technique involves analyzing the dynamic traces created by eye movements to
detect one’s attention and cognitive processes [30]. This method was developed from the Eye-Mind
Theory, which suggests that visual processing occurs at a site where gazes are fixated [31]. When
utilized in reading comprehension tasks, the eye-tracking technique provides insights into the
process of information acquisition from text.

Previous research explored the relationship between eye movement patterns and reading
proficiency, revealing that shorter fixation duration and fewer fixation counts are indicators of
proficient reading [32]. Many studies examined the connection between reading skills and eye
movement patterns by comparing children across various age groups and demonstrated that older
students exhibit shorter fixation per word, shorter average fixation durations [33,34], and more
frequent long saccades [35] compared to their younger counterparts. However, only a few studies
consider spatial aspects of eye movement patterns, and research that investigates a wide age range
to observe continuous changes in eye movement patterns over time is limited.

There is scant research related to reading and auditory input using eye-tracking technology.
Conklin et al. [36] studied the links between reading proficiency and eye movement patterns under
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different reading conditions, AR and R, by comparing speakers of first language (L1) and second
language (L2). They found that L2 readers showed more frequent fixations and longer fixation
durations than L1 readers in the R condition, while there were no significant differences in eye
movement parameters between L1 and L2 readers in the AR condition, thus demonstrating the
positive effect of audio assistance for developing readers. However, it needs to be discussed whether
these differences in eye movement patterns under the AR condition directly indicate improved
reading comprehension.

Park et al. [37] aimed to determine whether language competency affects the relationship
between eye movement patterns and reading comprehension with different reading modalities. They
examined reading comprehension of typically developing (TD) children and children with language
impairment (LI) in Grades 1 and 2 according to reading modalities (AR and R) and the correlations
between reading comprehension and eye movement parameters of both groups in each reading
condition. Both in the AR and R conditions, TD children performed better in reading comprehension
than children with LI. Total fixation duration in the screen, total fixation duration within Areas of
Interest (AOIs), or sentence areas in the screen, and scanpath length were selected as the eye
movement parameters for the study. Total fixation duration within AOIs and scanpath length had
significant positive correlations with story comprehension in the AR condition among TD children,
whereas among children with LI, only scanpath length emerged as a significant variable that had a
positive correlation with story comprehension. Under the R condition, total fixation durations in the
screen and within AOIs showed negative correlations with comprehension scores in the TD group.
In contrast, in the LI group, no significant correlations between reading comprehension and eye
movement parameters were observed. This disparity in the correlations between comprehension
scores and eye movement parameters based on the reading modality implies that children with
varying levels of language proficiency may process information in text differently depending on the
availability of audio assistance.

Several studies uncovered how readers approach text based on its difficulty level. In the case of
challenging texts, such as those with an enactive style, readers tend to exhibit longer reading time,
extended fixation durations, increased fixation counts, and reduced word skipping [38,39]. Also, they
engage in more frequent retrospective glances and allocate more time to revisit prior sentences
compared to easier texts [40]. Nevertheless, there are limited studies that examine how text type
influences the eye movements of school-age children and how these eye movement patterns impact
their reading comprehension.

In this study, we aimed to identify the differences in eye movement patterns, both temporal and
spatial, among elementary school students ranging from Grades 1 to 6, based on reading conditions
(modalities), AR and R, and text types, fiction and non-fiction. Additionally, we sought to understand
the impact of these eye movement patterns within each reading condition and text type on their literal
and inferential reading comprehension. Therefore, the research questions are as follows:

1. Are there differences in eye movement parameters (average and total fixation durations and
scanpath length) among different age groups according to reading conditions and text types?

2. Which eye movement parameters can predict literal and inferential reading comprehension in
elementary school children within each reading condition and text type?

2. Materials and Methods

2.1. Participants

A total of 364 children (187 males and 177 females) from Grades 1 to 6, who were enrolled in a
private elementary school in Seoul, participated in this study. The study obtained written consent
from both parents and children through notices sent to parents. Among them, 40 children were
excluded from the research due to not meeting the language proficiency criteria after screening. An
additional seven were excluded from the study for not meeting the criteria for non-verbal intelligence
after screening. Consequently, the final eligible sample consisted of 317 children who successfully
completed the tasks.
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The study’s inclusion criteria were as follows: (1) Enrollment in Grades 1 to 6 in an elementary
school, (2) Achievement of a 10t percentile or higher in both receptive and expressive vocabulary as
measured by the Receptive & Expressive Vocabulary Test [41] (3) Attainment of a standard score of
85 points or higher in the nonverbal intelligence test component of Kaufman Brief Intelligence Test-
2nd edition [42], (4) Demonstration of appropriate reading abilities suitable for engaging with the
text in the reading tasks, and (5) No reports from parents or teachers indicating any presence of
intellectual, visual, auditory, emotional, behavioral, or neurological problems.

All eligible children participated in two reading tasks, conducted under both the AR and R
conditions. The text types employed for these tasks differed depending on the reading condition. For
example, if a child was provided fictional text in the AR condition, non-fictional text was presented
during the R condition, and vice versa. These combinations of text types and reading conditions were
randomly assigned to participants.

As a result, the initial total sample size amounted to 634 participants. However, due to missing
values, attributed to calibration issues or fatigue, a total of 65 samples were excluded from the
analysis. Participants’ characteristics in each group are presented in Table 1.

Table 1. Participants’ characteristics. Values are presented as mean (SD). AR: Audio-assisted reading,
R: Reading-only.

Reading Text Non-verbal Receptive Expressive
Grade . N Age . .
condition type intelligence! vocabulary? vocabulary?

1 AR Fiction 11 81.73 115.25 80.64 83.09
(M=1, F=10)  (3.07) (23.29) (14.12) (13.16)

Non-fiction 27 81.33 118.47 87.19 84.44

(M=13,F=14)  (3.55) (13.31) (17.77) (19.18)

R Fiction 26 81.38 118.47 86.92 84.69

(M=13, F=13)  (3.61) (13.31) (18.06) (19.52)

Non-fiction 12 81.25 115.00 80.25 83.42

(M=2, F=10)  (3.36) (21.79) (13.53) (12.60)

2 AR Fiction 28 94.21 119.13 96.64 94.82
(M=16, F=12)  (3.52) (14.99) (13.93) (8.97)

Non-fiction 27 94.37 120.06 103.37 97.26

(M=15, F=12)  (3.58) (13.79) (17.31) (15.41)

R Fiction 26 94.23 120.00 104.50 98.50

(M=11, F=15)  (3.41) (14.65) (16.96) (15.69)

Non-fiction 26 94.54 120.22 97.50 95.46

(M=12, F=14)  (3.54) (14.75) (13.98) (9.31)

3 AR Fiction 27 108.00 123.04 120.26 117.74
(M=13, F=14) (3.26) (13.47) (16.74) (19.61)

Non-fiction 21 108.95 122.71 123.81 117.57

(M=13, F=8)  (4.48) (12.28) (19.32) (19.91)

R Fiction 22 108.82 123.45 123.18 117.59
(M=13,F=9)  (441) (12.47) (19.08) (19.43)

Non-fiction 29 107.52 123.32 118.14 116.97
(M=15, F=14)  (3.14) (14.47) (16.43) (19.93)

4 AR Fiction 24 119.13 120.65 133.63 137.67
(M=13, F=11)  (3.38) (11.16) (15.31) (20.62)

Non-fiction 32 119.91 121.84 130.50 129.78
(M=18, F=14)  (3.16) (11.66) (16.66) (21.39)

R Fiction 34 122.15 131.09 130.24
(M=20, F=14) 119.94(3.08) (11.49) (16.66) (21.26)

Non-fiction 26 119.46 121.00 133.81 136.08

(M=14, F=12)  (3.52) (10.89) (15.15) (20.56)
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5 AR Fiction 20 133.85 121.16 141.10 149.65
(M=10, F=10)  (3.13) (14.25) (16.68) (16.19)
Non-fiction 25 132.20 119.08 147.76 151.68
(M=14, F=11)  (2.48) (11.60) (16.53) (17.55)
R Fiction 25 119.64 148.48 149.56
(M=14, F=11) 12232264 4 34 (17.70) (16.73)
Non-fiction 19 133.89 121.00 140.47 148.74
(M=9, F=10)  (3.21) (14.64) (16.90) (16.10)
6 AR Fiction 29 146.28 124.07 154.38 151.31
(M=14, F=15)  (4.46) (11.32) (14.62) (13.19)
Non-fiction 15 146.47 120.60 157.67 150.93
(M=10, F=5)  (3.48) (8.34) (16.38) (14.38)
R Fiction 15 146.47 120.60 157.67 150.93
(M=10, F=5)  (3.48) (8.34) (16.38) (14.38)
Non-fiction 23 146.09 122.57 154.13 151.78
(M=10, F=13)  (4.61) (11.59) (12.04) (12.07)

! Standardized scores, assessed using the Korean Kaufman Brief Intelligence Test-2 [42], are presented. 2 Raw
scores, assessed using the Receptive & Expressive Vocabulary Test [41], are presented.

2.2. Reading tasks

Six different scripts were used for this study, including three fictional and three non-fictional
texts, in order to prevent sharing information about the script among children, as all participants
attended the same school. Scripts were randomly assigned to the participants. All scripts were
composed by the researchers with reference to the list of recommended books for the first to second
graders and were reviewed by a professor of communication disorders and six graduate students in
master’s and doctoral programs in communication disorders. The KReaD analysis [43], which gauges
text difficulty and provides an objective reading level assessment, was performed for each script. The
results showed that the fictional texts had a KReaD index of 2.78 grade level and non-fictional texts
had a KReaD index of 5.29 grade level. The length of scripts differed across text types, while the
number of sentences within each text type remained consistent. For fictional texts, the average word
counts were 803.67 words, 801, 804, and 806 words for the respective texts, comprising a total of 73
sentences. Non-fictional texts had an average word count of 419.67 words, 425, 420, and 414 words
for each script, and consisted of 37 sentences. The scripts were displayed on a monitor equipped with
an attached eye tracker. Each fictional text was divided into 11 slides and the non-fictional text was
divided into 6 slides, with each slide containing 10 lines of text.

In the AR condition, participants were presented with both the visual script and auditory
narration that corresponded to the text simultaneously. They were instructed to read the text while
listening to the audio. Once the audio for the slide was complete, the next slide was automatically
displayed along with the corresponding audio. The audio files were recorded by a research assistant
who held certification as a kindergarten teacher. In the R condition, only visual scripts were provided,
and children were required to read the text silently on their own. The researchers observed the child’s
eye movements, and once they confirmed the completion of the reading, they manually advanced to
the next slide.

2.3. Reading comprehension tasks

Following reading or reading while listening to each text, children were to answer questions
asked to them about the text to assess their reading comprehension. One professor of communication
disorders and six graduate students in master's and doctoral programs participated in the
development and review of reading comprehension questions. Additionally, two Level 1 speech-
language pathologists evaluated the validity of the questions. If the validity score was 3 or lower on
a 5-point scale, the corresponding question was replaced with an alternative. Reading comprehension
assessment questions, created as Microsoft Office PowerPoint files, were displayed on a computer or
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tablet screen. The researchers read the questions aloud from the screen, and the child provided
answers.

The reading comprehension questions encompass 10 literal questions and 8-9 inferential
questions for each text. All items were evaluated on a 2-point scale (0, 1 point) or a 3-point scale (0, 1,
2 points) depending on question complexity and structure. Fictional texts were assigned a total of 34,
35, and 33 points, and non-fictional texts were scored out of 32, 31, and 32 points, respectively.
Regarding short-answer questions, 1 point was given if the answer precisely mentioned the relevant
information. For open-ended questions, the score ranged from 0 to 2 points. When all contents of the
answer were accurate, 2 points were awarded, and if only parts of them were included, 1 point was
granted.

After the initial scoring, three research assistants in doctoral programs conducted a reassessment
of the entire dataset. An evaluation of inter-rater reliability was performed among evaluators for a
randomly selected 10% of the complete dataset, yielding a high level of reliability (r=.98).

2.4. Eye-tracking measurements

The eye-tracking device utilized in this study was the REDn Eye Scientific developed by SMI in
Germany, with a sampling rate of 60Hz, an accuracy of 0.4°, and a spatial resolution of 0.03°. The eye-
tracking data of the participants during the reading tasks were recorded on a laptop equipped with
SMI BeGaze 3.7, the data analysis software. To enhance the accuracy of data collection, all participants
underwent calibration for five points on the monitor prior to beginning the task, ensuring that
calibration values were within 0.6° before proceeding with the tasks.

Eye-tracking data analysis was conducted using SMI BeGaze 3.7 software. In the reading tasks,
the sentences within the presented slide were designated as AOIs. Employing temporal and spatial
eye-tracking variables, gaze exploration processes and the cognitive processing of children during
reading were examined [44]. Time-related variables included the total fixation duration (TFD) and
average fixation duration (AFD) within the AOL For a spatial-related variable, the scanpath length
was utilized. Fixation refers to sustained gaze on an AOI for about 180-330ms [45]. The TFD
represents the total time (ms) that the AOI was fixated during the reading task, and the AFD is
calculated by dividing the TFD within the AOI by the number of fixations. Scanpath length represents
the sum of the lengths (in pixels) of gaze movement paths during the tasks, which encompass both
progressive and regressive saccades. These fixation durations and scanpath lengths have been shown
to be linked to the type of stimuli presented and an individual’s reading proficiency [46—48].

2.5. Data analysis

In order to minimize the potential influence of variations in content among different scripts, the
average and standard deviation were computed for each group based on the text type and reading
condition, and individual performance was then standardized using Z-scores.

Statistical analysis was conducted using R (version 4.3.0; R Core Team, 2023). A three-way
analysis of variance (ANOVA) was conducted to investigate the differences in eye movement
patterns (AFD, TFD, and scanpath length) according to age (first to sixth grades), reading conditions
(AR and R), and text types (fictional and non-fictional). Moreover, forward stepwise multiple
regression analysis was performed to investigate the eye movement factors that can predict children’s
literal and inferential comprehension under each reading condition when reading either fictional or
non-fictional text, considering age as a controlled variable.

3. Results

This study aimed to explore the differences in eye movement patterns (AFD, TFD, and scanpath
length) across age groups, reading conditions (AR and R), and text types (fictional and non-fictional).
Furthermore, predictive models were developed to identify the eye movement variables that predict
reading comprehension, both literal and inferential, and to investigate whether these predictors
varied according to reading conditions and text types while controlling for age. Table 2 displays the
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reading comprehension performance and eye movement variables based on age, reading conditions,
and text types.

Table 2. Descriptive statistics of literal and inferential comprehension and eye tracking variables.
Values are presented as mean (SD). All scores are reported in Z-scores. AR: Audio-assisted reading,
R: Reading-only, AFD: Average fixation duration, TFD: Total fixation duration.

Grade Reac.li-ng Text type Literal . Inferentia.l AFD TED Scanpath
condition comprehension comprehension length

1 AR Fiction -0.64 (1.04) -0.62 (1.07)  0.82 (1.25) -0.31(0.81) -0.81 (1.20)

Non-fiction  -1.03 (0.90) -1.24 (0.81)  0.61 (1.13) -0.13 (1.14) -0.79 (0.66)

R Fiction -1.15 (1.31) -1.21(1.00)  0.70 (1.36) 0.66 (1.87) 0.20 (1.03)

Non-fiction ~ -1.07 (1.36) -1.30(0.89)  0.32(0.76) 0.29 (1.04) 0.40 (1.41)

2 AR Fiction -0.34 (0.94) -0.38 (0.97)  0.13(1.01) 0.52(1.01) -0.38 (0.96)

Non-fiction  -0.35 (0.82) -0.42 (0.76)  0.13 (0.95) -0.01 (0.92) -0.36 (0.79)

R Fiction 0.23 (0.50) -0.20(0.95)  0.37(1.27) 0.25(0.80) 0.18 (0.83)

Non-fiction  -0.75 (0.85) -0.69 (0.90)  0.36 (1.30) 0.30 (1.08) -0.06 (0.97)

3 AR Fiction 0.25 (0.70) 0.25(0.84)  -0.16 (0.87) 0.09 (0.93) 0.29 (0.82)

Non-fiction  0.14 (0.74) 0.14 (0.63)  0.06 (0.77) 0.04 (0.89) 0.13 (0.83)

R Fiction 0.26 (0.72) 0.25(0.79)  0.02(0.81) -0.10 (0.75) -0.14 (1.24)

Non-fiction ~ 0.20 (0.68) 0.27(0.72)  -0.15 (0.64) -0.06 (1.10) -0.19 (1.04)

4 AR Fiction 0.31 (0.62) 0.46 (0.42)  -0.13(0.78) 0.01(0.79) 0.29 (0.73)

Non-fiction ~ 0.49 (0.56) 0.61(0.47)  -0.35(0.70) 0.12(1.14) 0.41 (1.15)

R Fiction 0.39 (0.50) 0.62 (0.44)  -0.27(0.61) -0.35 (0.51) -0.27 (0.96)

Non-fiction  0.46 (0.57) 0.41(0.58)  -0.19(0.83) -0.24 (0.84) 0.09 (0.98)

5 AR Fiction 0.52(0.31) 0.29 (0.61)  -0.03 (0.94) -0.17 (1.11) 0.32 (0.68)

Non-fiction  0.67 (0.47) 0.65 (0.46)  -0.41 (1.00) -0.28 (0.89) 0.44 (0.95)

R Fiction 0.36 (0.65) 0.45 (0.60)  -0.55 (0.60) -0.36 (0.68) -0.14 (0.85)

Non-fiction ~ 0.40 (0.64) 0.59 (0.45)  -0.31 (0.60) -0.21 (0.82) 0.06 (0.81)

6 AR Fiction 0.42 (0.53) 0.57 (0.46)  -0.09 (0.95) -0.12 (1.04) 0.13 (1.04)

Non-fiction  0.68 (0.49) 0.83(0.24)  -0.37(0.62) 0.13(0.83) 0.55(0.90)

R Fiction 0.49 (0.38) 0.58 (0.47)  -0.50 (0.49) -0.23 (0.27) -0.02 (0.97)

Non-fiction  0.70 (0.44) 0.77 (0.32)  -0.38 (0.55) -0.26 (0.70) 0.12 (0.84)

3.1. Comparison of average fixation duration according to age, reading conditions, and text types

A main effect of age on average fixation duration (AFD) was observed (F(5, 545)=14.976, p<.001),

with a trend towards shorter AFD among older students compared to younger students (see Figure
1). According to the subsequent Bonferroni post hoc test, within the AR condition, a significant
difference in AFD between Grade 1 and Grade 3 was observed while reading fictional text (p=.041).
When engaging with non-fictional text in the AR condition, significant differences in AFD emerged
between Grade 1 and Grade 4 (p<.001), Grade 1 and Grade 5 (p<.001), and Grade 1 and Grade 6
(p=.013). In the R condition, age-related differences reached statistical significance only when
participants were reading fictional text. Significant differences in AFD were observed between Grade
1 and Grade 4 (p<.001), Grade 1 and Grade 5 (p<.001), Grade 1 and Grade 6 (p<.001), as well as between
Grade 2 and Grade 5 (p=.005), and Grade 2 and Grade 6 (p=.047).

The results showed no significant main effects for reading condition (F(1, 545)=0.313, p=.576) and
text type (F(1, 545)=0.805, p=370). Additionally, significant interactions between age and reading
condition (F(5, 545)=0.925, p=.464), age and text type (F(5, 545)=0.279, p=.925), or reading condition
and text type (F(1, 545)=0.700, p=.043), as well as a three-way interaction involving age, reading
condition, and text type (F(5, 545)=0.989, p=.424) were not found.
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Figure 1. Average fixation duration in each reading condition when reading fictional and non-

fictional text.

3.2. Comparison of total fixation duration according to age, reading conditions, and text types

A main effect of age (F(5, 545)=4.086, p=.001) along with an interaction effect between age and
reading condition (F(5, 545)=2.638, p=.023) on total fixation duration (TFD) were observed. A simple
main effect test was followed due to the significant interaction effect. The main effect of age was
significant when reading fictional text under both AR (F(5, 545)=2.77, p=.046) and R (F(5, 545)=5.22,
p<.001) conditions. Within the R condition, age-related differences were observed, showing a decline
in TFD with an increase in age. Similarly, while reading fictional text, the AR condition exhibited
these age-related differences, with the exception of the first grade, where the shortest TFD was
observed, deviating from other age groups (see Figure 2). The Bonferroni post hoc test revealed
significant differences in TFD between Grade 1 and Grade 4 (p=.001) and Grade 1 and Grade 5 (p=.003)
in the R condition while reading fictional text. The interaction effect between age and reading
condition was derived from the significant difference between AR and R conditions in the first grade,
with the AR condition demonstrating lower TFD compared to the R condition (p=.006).

Main effects of reading condition (F(1, 545)=-0.527, p=.468) and text type (F(1, 545)=0.054, p=.816)
were not significant. There were no significant two-way interactions between age and text type (F(5,
545)=0.497, p=.779) and reading condition and text type (F(1, 545)=0.174, p=.677), while a three-way
interaction among age, reading condition, and text type (F(5, 545)=0.853, p=.513) also did not reach
statistical significance.
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Figure 2. Total fixation duration in each reading condition when reading fictional and non-fictional
text. **p<.01.

3.3. Comparison of scanpath length according to age, reading conditions, and text types

A three-way ANOVA revealed a significant main effect of age (F(5, 545)=3.286, p=.006) and an
interaction effect between age and reading condition (F(5, 545)=8.634, p<.001) on scanpath length.
Subsequently, a simple main effect test was performed in response to the observed interaction effect.
Irrespective of the text type, a significant main effect of age emerged within the AR condition
(Fictional text: F(5, 545)=4.38, p<.001, Non-fictional text: F(5, 545)=8.66, p<.001). In the AR condition,
there was a trend of escalating scanpath length as age increased, whereas this age-related tendency
was absent within the R condition. Among younger children, the scanpath length was observed to be
shorter in the AR condition in comparison to the R condition, regardless of the text type, which is
deemed to contribute to the interaction effect between age and reading condition (See Figure 3). The
Bonferroni post hoc test was conducted in order to examine the differences in scanpath length across
age and reading conditions. Within the AR condition when reading fictional text, there were
significant differences in scanpath length between Grade 1 and Grade 3 (p=.017), Grade 1 and Grade
4 (p=.021), and Grade 1 and Grade 5 (p=.023). In the context of non-fictional text under the AR
condition, the scanpath length in Grade 1 showed a significant difference compared to Grade 3
(p=.013), Grade 4 (p<.001), Grade 5 (p<.001), and Grade 6 (p<.001). Similarly, the scanpath length in
Grade 2 also exhibited a significant difference compared to Grade 4 (p=.027), Grade 5 (p=.036), and
Grade 6 (p=.044). When reading fictional text, significant differences in scanpath length between the
AR and R conditions were observed in Grade 1 (p=.003), Grade 2 (p=.031), and Grade 4 (p=.025).
Regarding non-fictional text, however, it was only within Grade 1 that the significant difference in
scanpath length between the two conditions appeared (p<.001).

Both reading condition (F(1, 545)=0.409, p=.523) and text type (F(1, 545)=1.23, p=.268) did not have
any significant main effects on scanpath length. Two-way interaction effects between age and text
type (F(5, 545)=0.78, p=.562) and reading condition and text type (F(1, 545)=0.01, p=.919), as well as a
three-way interaction effect among age, reading condition, and text type were not statistically
significant.
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Figure 3. Scanpath length in each reading condition when reading fictional and non-fictional text.
*p<.05, ¥*p<.01, **p<.001.

3.4. Eye movement predictive models for reading comprehension by reading conditions and text types

First, within the AR condition, while reading fictional text, a predictive model that includes age
and TFD significantly accounted for 22% of the variance in literal comprehension (F(2, 136)=20.96,
p<.001). Both age ((3=0.46, #(136)=6.13, p<.001) and TFD (3=0.21, #(136)=2.73, p=.007) had a significant
positive impact on literal comprehension. For inferential comprehension, on the other hand, a
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predictive model yielded a significant explanation of 27% of the variance (F(3, 135)=16.37, p<.001).
The variables encompassed in the model were age ([3=0.39, #(135)=5.08, p<.001), scanpath length
(B=0.15, #(135)=1.81, p=.073), and AFD (3=-0.14, {(135)=-1.76, p=.081). Age exhibited a significant
positive influence on the inferential comprehension scores. Although scanpath length was also
positively associated with inferential comprehension, this relationship did not reach statistical
significance. AFD negatively affected inferential comprehension, but this effect did not attain
statistical significance.

Second, considering literal comprehension under the AR condition engaging with non-fictional
text, a predictive model significantly explained 45% of the variance with all three eye movement
parameters involved (F(4, 142)=30.75, p<.001). Age ($=0.55, #(142)=7.62, p<.001) and TFD (p=0.14,
£(142)=2.06, p=.041) significantly and positively affected literal comprehension. Scanpath length
(B=0.11, £(142)=1.42, p=.159) also displayed a positive impact on literal comprehension, but it was not
statistically significant. AFD (3=-0.13, #(142)=-1.72, p=.088) had a non-significant negative impact on
the literal comprehension scores. A model that predicts inferential comprehension included scanpath
length and AFD, significantly accounting for 56% of the variance (F(3, 143)=63.34, p<.001). Age
(B=0.61, £(143)=9.60, p<.001) and scanpath length ($=0.15, #(143)=2.27, p=.025) exhibited a positive and
significant impact on inferential comprehension, while AFD (f3=-0.12, #(143)=-1.89, p=.061) had a
negative and non-significant impact on it.

Next, within the context of fictional reading under the R condition, a predictive model
concerning literal comprehension exhibited a statistically significant explanation of 22% of the
variance (F(1, 146)=40.66, p<.001), with no inclusion of eye movement parameters. Only age
significantly and positively influenced the variable (3=0.47, (146)=6.39, p<.001). Regarding inferential
comprehension, a predictive model significantly accounted for 37% of the variance (F(2, 145)=43.70,
p<.001). The model encompassed age (=0.50, #(145)=7.13, p<.001) and TFD ((3=-0.22, #(145)=-3.21,
p=.002) as predictors. Both factors were statistically significant, with age displaying a positive and
TFD exerting a negative effect on the inferential comprehension scores.

Finally, under the R condition during non-fictional reading, a predictive model for literal
comprehension significantly explained 38% of the variance (F(3, 131)=27.31, p<.001). In this model,
age ($=0.53, #(131)=7.32, p<.001) and AFD ($=-0.19, #(131)=-2.63, p=.010) emerged as significant
predictors while scanpath length (3=0.12, #(131)=1.73, p=.086) did not reach statistical significance.
Age and scanpath length demonstrated positive associations with literal comprehension, whereas
AFD showed a negative impact on the variable. A model predicting inferential comprehension
accounted for 47% of the variance (F(2, 132)=59.56, p<.001), wherein age and TFD arose as significant
factors. Age ($=0.61, #(132)=9.50, p<.001) exhibited a positive influence on the inferential
comprehension scores, while the impact of TFD (p=-0.21, #(132)=-3.24, p=.002) on inferential
comprehension was negative.

The predictive models for literal and inferential comprehension according to reading conditions
and text types are presented in Table 3.

Table 3. Eye movement predictive models for reading comprehension in each reading condition and
text type. AR: Audio-assisted reading, R: Reading-only, F: Fiction, NF: Non-fiction, TFD: Total fixation
duration, AFD: Average fixation duration.

Dependent variables Predictors B Std. g t p R? Adj. R?

AR_F Literal comprehension ~ Age 0.02 0.46 6.13 <.001 0.24 0.22
TFD 0.16 0.21 2.73 0.007

Inferential comprehension Age 0.02 0.39 5.08 <.001 0.27 0.25
Scanpath length 0.13 0.15 1.81 0.073
AFD -0.12 -0.14 -1.76 0.081

AR_NF Literal comprehension Age 0.02 0.55 7.62 <.001 0.46 0.45
Scanpath length 0.10 0.11 1.42 0.159
TFD 0.13 0.14 2.06 0.041
AFD -0.13 -0.13 -1.72 0.088

Inferential comprehension Age 0.03 0.61 9.60 <.001 0.57 0.56
Scanpath length 0.14 0.15 227 0.025

AFD -0.12 -0.12 -1.89 0.061
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R_F Literal comprehension =~ Age 0.20 0.47 6.39 <.001 0.22 0.21
Inferential comprehension Age 0.02 0.50 7.13 <.001 0.38 0.37
TFD -0.21 -0.22 -3.21 0.002
R_NF Literal comprehension = Age 0.02 0.53 7.32 <.001 0.38 0.37
AFD -0.21 -0.19 -2.63 0.010
Scanpath length 0.12 0.12 1.73 0.086
Inferential comprehension Age 0.03 0.61 9.50 <.001 0.47 0.47
TFD -0.20 -0.21 -3.24 0.002

4. Discussion

The study aimed to examine the effects of reading conditions, audio-assisted reading and
reading only, in fictional and non-fictional texts on 6- to 12-year-old elementary school students’ eye
movement patterns and their literal and inferential comprehension.

4.1. The impact of reading condition and text type on eye movement patterns across age groups

First, the AFD, which indicates the speed at which a reader processes a word or a semantic
chunk—comprising a group of words—was analyzed based on age, reading conditions, and text
types. The main effect of age showed that, regardless of the reading condition and text type, AFD
decreased as age increased in general. This aligns with previous studies that have explored the
relationship between age and fixation duration [49,50].

Results from the Bonferroni post hoc test, which examined differences in AFD across age,
revealed variations depending on reading condition and text type. Age differences in AFD were
prominent in the R condition when reading fictional text. Significant differences in AFD were
observed between Grade 1 and Grades 4 through 6, as well as between Grade 2 and Grades 5 through
6. However, these age differences were not apparent when reading non-fictional text in the R
condition. When it comes to fictional text, older children tend to quickly extract essential information
from the text, while younger children take their time in word reading, including decoding and
interpreting the information, and read the text attentively when asked to read on their own. The
reduced age-related gaps in AFD when reading non-fictional text show that older children invest
more time and attention in challenging text with complicated sentence structures, while younger
children may employ a different approach to processing such text. These findings are consistent with
prior research suggesting that text type and difficulty can affect readers” AFD [51].

Unlike the R condition, under the AR condition, the impact of age was pronounced when
reading non-fictional text, where the differences in AFD between Grade 1 and Grades 4 to 6 were
significant. Despite not reaching statistical significance, AFD for older children under the AR
condition appeared to be longer than that under the R condition for fictional reading, while the
contrast was negligible when reading non-fictional text. When provided with audio assistance for
reading fictional text, which is typically an easier and more comprehensible text, older children seem
to somewhat synchronize their reading pace with the auditory narration while maintaining their own
pace. This reading strategy becomes noticeable from the third grade onward, as indicated by the
emergence of a plateau at that point. However, when reading non-fictional text, older children in
Grades 4 to 6 adopt a faster reading strategy to enhance their comprehension.

Second, there is a general decrease in overall TFD with age in both text types, as evidenced by
the main effect of age. However, the significance was only exhibited in fictional reading. TFD reflects
the time a reader dedicates to comprehensively engaging with the entire text. This age-related trend
explains the development of reading fluency as a child grows older [50], and this effect is particularly
notable during reading fictional text. Furthermore, an interaction effect between age and reading
condition was observed, attributed to the substantial drop in TFD observed in Grade 1 under the AR
condition, unlike the extended TFD observed in the counterpart, which could potentially stem from
different strategies used by children across age depending on the reading modalities.

In the R condition, TFD tends to decrease with age, irrespective of text type, but the age effect
was significant only when reading fictional text. The Bonferroni post hoc test revealed that TFD was
significantly different between Grade 1 and Grades 4 and 5. This effect arises due to the reduced TFD
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among the first graders when engaged with non-fictional text. Typically, when readers encounter
difficult text, there is a tendency for the TFD to rise [52]. However, in the case of young children, text
covering unfamiliar topics may affect their focus on the text, potentially leading to a decrease in TFD.

While under the AR condition, the trend of decreasing TFD with age was observed in fictional
reading like the R condition, the TFD for Grade 1 children was the shortest among all age groups,
and the difference between two reading conditions among first graders was significant. This suggests
that first graders actively take advantage of audio assistance during fictional reading. Children in
other age groups appear to utilize a combination of visual and audio stimuli, either aligning with the
speed of audio narration or pacing at a preferable speed.

However, in the case of non-fictional reading under the AR condition, there was no significant
change in TFD with age, and it appears to remain relatively constant across different age groups.
Given the observed decrease in AFD among older children in the same condition, it can be inferred
that older children might engage in repetitive sentence reading while listening simultaneously. The
fact that there were no age-related differences in TFD during non-fictional reading under the AR
condition and that there was no discernible drop causing a significant difference between reading
conditions in this context, unlike fictional reading, implies that younger children maintained their
attention throughout the whole text as much as older children. This finding supports the positive
impact of audio assistance on comprehension in reading non-fiction among young children revealed
in Chung et al. [29].

Finally, scanpath length was analyzed under the AR and R conditions while reading fictional or
non-fictional text. The main effect of age was significant under the AR condition, regardless of the
text type, with the scanpath length increasing as age increased. In addition, an interaction effect
between age and reading condition emerged due to the difference in scanpath length between the
AR and R conditions among first and second graders during fictional reading, and among first
graders during non-fictional reading.

Under the R condition, the scanpath length generally remains consistent across age, with the
exception of slight increases observed among first- and second-grade children in fictional reading, as
well as first-grade children in non-fictional reading. Even though these increases did not achieve
statistical significance, the extended scanpath length could suggest a need to revisit the previously
read text for better comprehension. Decreased AFD in the first graders under the R condition while
reading non-fiction may be attributed to their tendency to read words or chunks quickly and to revisit
the information previously read in the text. In both fictional and non-fictional reading, first and
second graders exhibited longer scanpaths under the R condition than when they were under the AR
condition, and the differences were significant among the first graders during both fictional and non-
fictional reading, as well as among the second graders during fictional reading. For younger children,
it is more frequent to go back to the text they have read before when reading on their own, compared
to when they are aided by the audio.

On the other hand, in the AR condition, there was a trend of scanpath length rising with age,
and this difference across age was pronounced during non-fictional reading. The Bonferroni post hoc
test demonstrated that in the context of reading fictional text, the differences were only significant
between Grade 1 and Grades 3 through 5, while during non-fictional reading, significant differences
were observed between Grade 1 and Grades 3 to 6, as well as between Grade 2 and Grades 4 to 6. The
shorter scanpath length among younger children might indicate a preference for utilizing audio
assistance or a potentially prolonged word-reading duration that hinders them from covering the
complete text. However, the latter possibility can be ruled out considering their AFD not being
significantly longer under the AR condition. Therefore, it can be inferred that younger, less
experienced readers are more inclined to extract information from audio sources rather than the text
itself, which aligns with the conclusion by Pellicer-Sanchez et al. [53].

In contrast, older students exhibit a tendency to engage in repeated back-and-forth reading of
the text while simultaneously listening to the audio. This suggests that, under the AR condition, older
and more proficient readers read at their preferred pace and revisit the same text multiple times as
necessary. This could involve revisiting information they consider important, as well as information
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presented in the audio, or both. This strategy of repetitive reading is more frequently employed when
reading non-fictional text. Similar to the AFD pattern, a plateau is observed from Grade 3 onward
during fictional reading, whereas the scanpath length continues to increase with age during non-
fictional reading. When facing easy and predictable text, such as fiction, skilled readers refrain from
allocating excessive attention and effort to repetitive reading. However, when it comes to non-fiction,
they often invest more energy in the text by adopting a repeated reading approach.

4.2. Eye movement predictive models for literal and inferential comprehension

In order to explore the influence of eye movement patterns on literal and inferential
comprehension during fictional or non-fictional reading under two different reading conditions, AR
and R, the predictive models were created using stepwise multiple regression analysis while
accounting for the age factor.

Under the AR condition when reading fictional text, TFD was included in the predictive model
for literal comprehension, which indicates allocating additional time to the entire text results in
improved literal comprehension. For inferential comprehension, scanpath length and AFD
comprised the predictive model. Even though it was not statistically significant, a longer scanpath
length and a shorter AFD were associated with enhanced inferential comprehension, suggesting that
implementing the strategy of repeated reading contributes to better inferential comprehension.

During reading non-fiction under the AR condition, apart from TFD, which proved to be a
significant predictor, scanpath length and AFD were also included in the predictive model for literal
comprehension. Within this context, increased TFD, longer scanpath length, and decreased AFD were
related to improved literal comprehension. While non-fictional reading under the AR condition
shares the need for comprehensive engagement with the entire text, similar to fictional reading, it
also requires the strategic use of repetitive reading while efficiently extracting information within a
single gaze. Regarding inferential comprehension, the predictive model encompassed scanpath
length and AFD with scanpath length emerging as a significant predictor. As with fictional reading
in the same reading condition, the practice of repetitive reading plays a crucial role in achieving
improved inferential comprehension. The emergence of scanpath length and TFD as factors that
positively impact comprehension under the AR condition aligns with the results found in Park et al.
[37].

On the contrary, when reading fictional text under the R condition, the predictive model for
literal comprehension did not include any eye movement variables. In this case, the only significant
predictor was age. However, for inferential comprehension, a shorter TFD emerged as a significant
predictor for better performance. These results imply that children tend to naturally develop the
ability to understand fictional stories at a literal level as they mature [27] while advancing to
inferential comprehension demands more fluent and efficient reading. This difference can be
elucidated by the fact that inferential comprehension is based on successful literal comprehension.
Proficient readers with greater efficiency possess the cognitive capacity, left after understanding the
factual events in the text, to engage in critical thinking by integrating background knowledge. This
skill is crucial for successful inferential comprehension, extending beyond merely comprehending
the factual events in the text [28].

The predictive model for literal comprehension of non-fiction under the R condition appeared
different from fictional reading. It included AFD as the significant predictor, alongside scanpath
length. This indicates that comprehending non-fictional texts, even at a literal level, requires both
efficient and repetitive reading of the text. Processing information promptly remains essential for
inferential comprehension in this context as well, as evidenced by TFD emerging as a significant
predictor in the model. The pattern where shorter temporal factors of eye movements have a positive
impact on comprehension in general under the R condition is consistent with the observed negative
correlations between TFDs and story comprehension in Park et al. [37].
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5. Conclusions

The purpose of this study was to identify eye movement patterns in elementary school children
under the audio-assisted reading and reading-only conditions while reading fictional or non-fictional
text, and to investigate how these eye movement patterns within each condition, when involved with
different text types, affect their literal and inferential reading comprehension.

In general, regardless of reading condition or text type being read, there is a consistent decrease
in average fixation duration as children mature, which serves as an indicator of the development of
the ability to read more swiftly over time. However, under the audio-assisted reading condition when
reading fiction, the decline in average fixation duration levels off from Grade 3 onward, suggesting
that older and more experienced readers, when encountering easier text accompanied by audio
assistance, tend to adopt a more relaxed reading pace. The trend of decreasing total fixation duration
with age is predominantly observed during fictional reading. Nevertheless, when reading fictional
text under the audio-assisted reading condition, a drop in total fixation duration is observed among
the first graders. This phenomenon could be due to their preference for extracting information
through audio assistance. Scanpath length exhibits a tendency to increase with age under the audio-
assisted reading condition, which is different from the pattern observed in the reading-only
condition. This implies that as children’s reading skills improve, older individuals tend to employ a
strategy of rapidly absorbing information from the text while concurrently revisiting it with the
assistance of audio. Similar to average fixation duration, however, this increase plateaus beyond the
third grade when reading fictional text, indicating that extensive repeated reading is not considered
crucial for older children within this context. These findings underscore that younger and older
elementary school children employ different reading strategies based on reading modalities and
types of text. Younger children appear to lean toward audio narration assistance under the audio-
assisted reading condition, while older children opt for a strategy of rapid and repetitive reading.
This preference for audio assistance over text among younger children is more evident in fictional
reading compared to non-fictional reading, and older children’s attentive and repeated reading under
the audio-assisted reading condition is more prominent in non-fiction compared to fiction.

When audio assistance is provided during fictional reading, devoting sufficient time throughout
the text can be adequate for literal comprehension. However, when aiming to comprehend inferential
meaning, an efficient and repetitive reading approach becomes essential. Similarly, when reading
non-fictional text under the audio-assisted reading condition, both literal and inferential
comprehensions benefit from reading rapidly and repeatedly. Under the reading-only condition,
while children acquire skills to understand literal events in fictional text as they grow up, attaining
enhanced inferential comprehension of the text requires further development of rapid and efficient
reading abilities. When reading non-fictional text, achieving even literal comprehension calls for
efficient reading combined with the revisiting of important information. Furthermore, attaining
inferential comprehension in non-fictional text requires quick processing of written information.

In order to improve reading comprehension, it is necessary to provide appropriate types of text
along with visual and/or auditory stimuli, taking into consideration the age and reading proficiency
of children. The findings of this study could be beneficial for reading instruction among younger
children with developing reading skills, as well as for guiding reading strategies among older
children.
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