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Abstract This study employed an eye tracking technology to explore university students’ visual
attention and learning performance while learning Japanese using an interactive manga-based e-
book. The developed e-book consisted of 8 pages accompanied by 13 annotations with both text
and graphical formats. The subjects consisted of 60 students whose eye movements were tracked
and recorded by the eye tracking system. These students came from the applied foreign language
department in a northern university in Taiwan, of which 30 were assigned to high prior
knowledge (PK) group and the other 30 were assigned to low PK group. Eye tracking
measurements, including total contact time, number of fixations, latency of first fixation, and
number of clicks on the defined regions of interest of the two groups were compared to indicate
their visual attention. The results revealed that overall students spent more time on reading text
and annotation than graphic information. The high PK students showed longer fixation durations
on the texts, while the low PK students showed longer fixation durations on the graphics and
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annotations.Meanwhile, the low PK students usedmore clicks to look up underlined annotations
whenever they didn’t know words or phrases on the e-book. In addition, with respect to the
latency of the first fixation, the graphic captured the attention faster than the text because of the
size and its appeal to the students. Further analysis of saccade paths indicated that the low PK
students showed more inter-scanning transitions not only between the text dialog and the
annotation zone but also within annotation zone. Finally, the results of reading comprehension
pretest and posttest found that there was a significant difference in learning outcomes between
each PK group.

Keywords Eye tracking . Prior knowledge . Visual attention . Hypermedia system . Cognitive
analysis

1 Introduction

Japanese subcultures have been making a huge impact on Taiwan for a long time. With the
help of the Internet and rich multimedia technology distributions, people can easily access and
acquire media resources they like. According to a report from Taiwan’s ministry of education,
learning Japanese as a second foreign language (JFL) has gradually increased because not only
do young Taiwanese people love Japanese popular cultures, but they are also one of the top
consumers of these cultural exports; This is likely due to factors such as geographical
proximity and a shared colonial history between the two countries. Among these Japanese
subcultures, it is worth mentioning that manga (i.e. Japanese comic) is the most popular one,
especially among young adults. In fact, the hype and enthusiasm for manga is tremendous not
just in Japan, but throughout the world [3]. Generally speaking, the consumption of manga is
regarded as mere entertainment in essence, however, three possible reasons were addressed to
support that manga is used in the classroom as follows. First, manga can provide an emotional
intimacy. Cary [7] stated that emotion leads to attention, which leads to learning. Second,
manga provides a visual representation of conversation. This visual stimulation can be
harnessed to support language learning [83]. Third, manga can provide a believable social
context for students’ own identities as future working adults. Such contextualized material in
language learning is crucial [70]. In the past two decades, manga has begun to receive more
scholarly attention from the standpoint of popular culture studies and literacy education [4, 52].
This is due to the fact that the graphic representation and ideologies contained in imported
manga may have a more powerful cognitive effect on the group of youths than any formal
educational process they undergo. For example, Khurana [35] considered manga as an
effective tool for media literacy instruction. Ogawa [54] used educational manga in English
language classrooms within a Japanese university to illustrate the learning and motivational
benefits; this was reflected on a post course survey that revealed positive responses from
students with regard to both language and content learning. Furthermore, Adams [1] reported
that high school students’ reading skills are influenced and heightened due to reading manga.

With the rapid development of information technology, an increasing number of college
and university students are purchasing laptops, tablets, smartphones, and other handheld
devices [75]. Meanwhile, to match this phenomenon, publishers are offering an increased
number of textbooks in digital format, called electronic-book (e-book); these include features
such as text, text-speech, music, sound, and animation [37]. Nowadays, E-books are increas-
ingly popular and have a perceived value as relatively low-cost and easily accessible resources
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in education. Lin [40] showed that the features of E-book enhance the motivation of students
while reading foreign languages. Similarly, Chou [10] analyzed Taiwanese undergraduate
students’ E-book reading attitudes in both first (L1—Mandarin) and second language (L2—
English) and explored factors that may play a role in students’ e-book reading attitude in L2.
The results showed that the students demonstrated a slightly more positive e-book reading
attitude in L2 than in L1 and indicated that if a reader has a positive reading attitude in an e-
book environment when reading in his or her L1, this same attitude can be transferred to an L2
context. The analysis done by Yin et al. [86] on students’ learning behaviors comprise an
important thrust in education research. The paper found that a number of learning behaviors,
including the number of pages read, have a significant relation with a student’s test scores.
Shimada et al. [74] proposed a method to analyze previewing behaviors of students using a
learning management system (LMS) and an E-book system. The paper collected a large
number of operation logs from E-books to analyze the process of learning and reported that
students who preview the material achieve better quiz scores.

In recent years, some studies have investigated the effectiveness of annotation in the
learning process due to its interactive way (e.g., [8, 26, 28, 29, 87]) and they indicated that
learners who use annotation effectively improve their performance [25, 27]. Additionally, in e-
learning environments, Peverly et al. [60] addressed the relationship between annotation and
the output of knowledge internalization, showing that digital annotation may be as good as
paper-based annotation with regard to learning performance; thus, annotation mechanisms
should be considered as an essential part of digital learning in order to improve learning
performance among students.

In this study, we developed a manga-based interactive e-book that integrates the effective-
ness of annotations (i.e., interactivity) into the advantages of educational manga (i.e., text and
graphic formats). In order to deeply understand how students learn the Japanese language with
the interactive e-book, we discussed cognitive theories regarding multimedia learning to guide
instructional design, and conducted an eye tracking technology to examine students’ visual
attention in terms of their eye movement patterns while reading the interactive e-book.
Moreover, the outcome of learning performance was evaluated after the eye tracking
experiment.

1.1 Cognitive theories for conducting multimedia instruction

According to the characteristics of unlimited message organization and sequences, online
hypertext provides a new form of teaching or learning materials to construct conceptual
understanding more flexibly. Coiro [12] reviewed the literature on online reading comprehen-
sion and teaching strategy in the context of nonlinear material, and found that online reading is
a new media literacy. In addition, based on various modes of multimedia information,
digitalized learning material with the combination of texts, pictures, imagery, animation, even
video games in instructional design facilitates messages interpretation and processes the
information to form mental knowledge [46]. Thus, research in multimedia learning based on
theory of multimedia learning has been growing during the past decades.

In view of the multimedia learning, numerous educators proposed various cognitive
theories form viewpoints of multi-modes of information. The theory of multimedia learning
was proposed byMayer and colleagues [45, 46, 48–50] based on the dual code theory [55] and
the cognition-load theory [61, 76]. The dual code theory emphasizes the importance of visual
and verbal modes in distinct channels to improve learning. For example, Paivio [56] revealed

4815Multimed Tools Appl (2019) 78:4813–4834



that when learners read instructional texts embedded in images, or cued by graphics, their
recall of learning concepts was improved. Sadoski and Willson [71] also proved that multiple
perceptual modes of instruction facilitate conceptual integration. The cognition-load theory
concerns the interaction between instructional representations and memory structures Pass,
Renkl, & Sweller [59]. Pass and Merriënboer [58] regarded cognitive load as the loads of the
learning activities and the element interactivity of information on learners. It stated that the
influencing factors of cognitive load on learners includes prior knowledge, cognitive compe-
tence, and learning environment. Sweller [76] classified the cognitive load as three types
depending on the nature of the instructional design and learning material, including intrinsic,
extraneous, and germane. Take this into account, it argued that the total cognitive load should
not overlay the capacity of working memory if optimum learning is required.

The theory of multimedia learning incorporating with the above-mentioned cognitive
theories was proposed to emphasize on the learning experience and ability through verbal
and pictorial representations. Mayer [45, 46, 49] claimed that learners are able to organize the
information, integrate new and existing representations into coherent mental knowledge, and
perform better conceptual processing when they are conducted by relevant learning materials.
Besides, according to the theory of multimedia learning, Mayer [47] addressed that some
instructional principles introduced, such as contiguity, split-attention, modality, individual
differences, coherence principles, and so on, have recently become the main guidelines for
instructional design.

Cognition is a complex process of learning and understanding by sensing, experiencing and
thinking to produce some meaningful action and reflect the higher-level functions of the brain.
Thus, cognitive processes can be defined as a series of continuous neuro-activities to involve
active collection of information. Van Gog et al. [82] claimed that cognitive process can help
cognitive educators understand the psychological causes of behavior. Although traditional
research methods, such as interviews, questionnaires, paper-and-pencil test, observation, and
think-out-loud were used to infer psychological activities from students, these methods only
perceived students’ explicit cognitive process in a more subjective manner. Moreover, Sanders
and McCormick [72] advocated over 80% messages of cognitive process obtained by visual
perception during brain thinking. Therefore, eye tracking technology provides one of many
technologies to examine students’ implicit cognitive process more precisely and deeply.

1.2 Eye tracking technology for cognitive process

Speaking of eye tracking, it has helped educational researchers use a non-intrusive learning
portfolio and non-interruptive cognitive process to reveal online learning processes. Though
the think-out-loud technique or interview method has been applied to probe learning process
[51], such methods have to endure the interruption of learning tasks or suffer from extra
cognitive load due to over-consuming cognitive resources. According to the reasons of above-
mentioned methods, eye tracking technology has been growing a welcome tool to present the
learning process from a different learning perspective. For decades, eye tracking technology
has been used in the research of cognitive processes, such as accounts of mental rotation Just &
Carpenter [34], problem solving [15, 18, 19, 79], and program debugging [41]. In particular,
the technique has been widely engaged in reading behavior [68] and information processing
[64, 65]. Based on immediacy and eye-mind assumption [33], eye movements are helpful to
observe cognitive processes in problem solving and reflect guiding attention thought [16, 36].
Specifically, Lai, et al. [39] reviewed empirical studies employed the eye tracking technology
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by analyzing relevant works of the past 13 years (from 2000 to 2012) to probe into the
cognitive processes during learning. Reingold and Sheridan [69] highlighted the theoretical
and applied contributions of eye movement research to demonstrate that eye movements are
particularly well-suited for studying the superior perceptual encoding of domain related
patterns and experts’ tacit (or implicit) domain related knowledge.

A very useful tool for quantifying gaze-related variables on a higher level is to use regions
of interest (ROIs) while using the eye tracking technique as a tool to record visual behaviors.
The ROI is a labeled area of an image based on a particular purpose and research questions;
thus, the definitions of the ROIs and the visual information of the material are interdependent.
Researchers define ROIs to analyze and examine the relationship between eye movement
variables and the main areas of interest of the experiment based on research approach. After
gathering eye movement variables, the previously defined ROIs are then analyzed.

Indeed, in order to process information most effectively, the eye tracking technology
basically provides two types of human eye movements: saccade and fixation. The occurrence
of a saccade refers to the rapid eye movement towards the location of which we intend to
process. Because saccades are so fast (approximately 20–40 milliseconds, ms), it is believed
that no new information input occurs during saccadic movements [43, 64, 65]. Between the
saccades, the eyes remain relatively stable for just about as long as needed to process the
information [64, 65]; such stops are called fixations. According to the eye-mind assumption
[33], it is observed that humans process information only when a fixation occurs. Analyses of
fixations, including their number and durations, offer invaluable information with respect to
the features of the material being processed. Hewig et al. [20] used usually four common eye
movement measures to process visual behavior observations, including the duration of first
fixation (DFF), the latency of first fixation (LFF), the number of fixations (NOF), and the total
contact time (TCT) on each ROI.

1.3 The role of prior knowledge in the learning process

Prior knowledge (PK) is inferred as an important predictive factor to learning and student
achievement [2, 77]. More knowledgeable learners are more likely sensitive to and attend to
structural features relevant to specific domain than less knowledgeable learners [9]. In order to
examine the associations between learners’ PK and learning outcomes, several studies have
revealed that the different levels of PK demonstrate the interaction between PK and learning
outcomes (e.g., [17, 42, 47]). For example, in the context of multimedia learning, Mason et al.
[44] have reported the relationship between text-and-graphic integration and learning perfor-
mance as well as examined the role of PK.

Nevertheless, many educational studies focused on cognitive processes have successfully
used the eye tracking technology to examine that learners with different levels of PK are
different capable of visual attention to comprehension of domain-relevant structure informa-
tion in recent years (e.g., [13, 22, 32, 73, 80]). For example, Ho et al. [22] explored how
students with the different levels of prior knowledge process their visual attention on scientific
information for typical online inquiry-based science learning while reading a web-based
scientific report. Jarodzka et al. [31] made use of fish locomotion video to show that experts
exceed novices in perceptual skills while processing task-oriented information. Lin, et al. [41]
explored students’ cognitive processes by using an eye tracker to investigate whether and how
high and low performance students act differently while debugging programs. In a special
issue comprising a set of six papers to present eye tracking as a tool to study and enhance
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multimedia learning processes edited by van Gog and Scheiter [81] also stated that eye
tracking research has shown that attention allocation is often influenced by expertise.
Canham and Hegarty [6] performed a project on climate comprehension in which people with
higher PK performed better on eye-fixation time scores and cognitive performance scores than
people with lower PK. In particular, Yang et al. [85] investigated how earth-science majors
(ES) and non-earth-science group (NES) university learners act different visual attention
during a multimedia presentation in a real classroom. Although some recent studies [57, 84]
have reported the effect of graphic design on e-book reading using eye tracking technology, the
contribution of PK on the efficacy of interactive annotation is still not clearly stated to deal
with multimedia information from different perspectives of learning process. That is to say,
how these dynamic processing behaviors differ across different PK has yet to be fully
investigated in the context of the manga-based interactive e-book during reading. In order to
probe in-depth into the above stated issue, this study was conducted to examine students’
visual attention in terms of their eye movements regarding the role of PK.

2 Research questions

This study intends to probe in-depth into how students with different PK background learn the
Japanese language in a classroom with multimedia materials. We conducted an experimental
study with eye tracking technology that examined students’ visual attention in terms of their
eye-movement patterns as they were given an interactive dialogue within a manga-based e-
book. Therefore, this study proposed three research questions as follows:

1. How would university students with different prior knowledge distribute their visual
attention to a manga-based e-book with annotation and text–picture formats?

2. How would university students with different prior knowledge make use of annotations to
realize the meaning of the words or phrases in manga-based interactive E-book?

3. How do university students with different prior knowledge differ in their learning
outcomes of reading comprehension?

3 Method

3.1 Participants

The participants were 63 university students from the applied foreign languages department in
a University in Taiwan, and have learned Japanese as a required subject for one year at school.
In order to determine the levels of participants’ prior knowledge, their performance in their
Japanese class was considered. 32 participants who scored around 80 in average were assigned
to high prior knowledge (PK) group, while the other 31 participants who scored around 60 in
average were assigned to the low PK group. To ensure the participants looked at the interactive
E-book as naturally as possible, they were not informed of the true purpose of this experiment.
Instead, participants were informed that the aim of this experiment was to measure pupil
expansion in response to visual stimuli. The eye movement data of 3 participants were
removed because of offset data and a technical problem during the experiment. Finally, a total
of 60 valid samples were analyzed in this study. Each PK group consisted of 30 participants.
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3.2 Stimuli

The reading stimuli material was a manga-based e-book presentation on the topic of Bdaily
dialogues.^ The e-book consisted of 8 pages and 13 underlined annotations that showed text
and graphic formats on each page. The interactive e-book provided page turning animations,
which let participants turn the page by clicking on Bnext^ icon. Whenever participants clicked
an underlined annotation, a window would pop up to explain the word or phrase. To simplify
the descriptions of the annotations, 13 annotations were numbered from A1 to A13 as shown
in Table 1. All annotations appear in the basic Japanese textbook except A11, which has no
BKanji^ words. A11 represents a traditional custom for native Japanese while a gift being
packaged for good wishes. Thus, A11 is the most difficult one among these annotations for
foreigners. The content and design of the interactive E-book presentation were constructed and
evaluated by a language educator specializing in Japanese and an eye tracking expert.

3.3 Apparatus

An EyeNTNU-120 eye tracker with a sampling rate of 120 Hz (sampling 120 times per
second) was used to track each participant’s eye movements while they read about the context
of the scenario. The participants can gaze at the stimuli using both of their eyes, but the eye
tracker camera recording the eye movement data was only directed at their left eye. While
collecting the movement data, a chin-rest was used in the experiment to reduce the occurrence
of invalid or inaccurate data. The error rate of EyeNTNU-120’s eye measurement is less than

Table 1 Descriptions and explanations of all annotations

Number Annotation Meaning

A1 A lot of something

A2 Which one?

A3 Such as

A4 Pretty

A5 Pink

A6 Blue

A7 Girl

A8 Do you use it by yourself?

A9 Gift

A10 Please do me a favor

A11 A cover paper of a gift in Japan

A12 Congratulations! Baby born

A13 Is it OK?
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0.3。, which is sufficient for this experiment. SPSS software was also utilized to store and
analyze the eye movement data.

3.4 Procedure

In order for the participants to become familiar with the software, the author gave them a short
orientation and overview of the experiment. A paper-and-pencil pretest was used to evaluate
participants’ Japanese competence before the reading activity. All participants received the
same pretest and wrote down their answers on paper. A total of ten multiple-choice questions
was included in the test with a total score of 100. Each participant was asked to rest his/her
chin on the chin rest while the EyeNTNU-120 eye tracker camera was directed at his/her left
eye. Participants went through a nine-point calibration process to ensure data accuracy. After
passing an eye tracking calibration, the experiment started by letting the participants view the
arranged stimuli with graphical and textual information shown on a computer screen. No time
limit was set for the task. Each subject’s eye movements were tracked and recorded by
EyeNTNU-120 during the whole reading process. After reading the stimuli, all participants
received a reading comprehension posttest immediately. In the reading comprehension post-
test, a total of ten multiple-choice questions was included with a total of score of 100.

3.5 Data analysis

The eye movement patterns were analyzed and interpreted by EyeNTNU-120 analysis tool
including two software tools: a ROI Tool and a Fixation Calculator. The ROI tool was used to
define ROIs on the E-book pages. The Fixation Calculator was used to prioritize overlapped
ROIs according to the ascending order of the ROI numbers. According to Rayner’s review [64,
67], fixation durations may range from 100 ms to 500 ms, with an average of about 250 ms.
Yang et al. [85] considered the main inquiry of reading of conceptual passages and graphics
with the average fixation duration being greater than 150 ms. Although Tsai et al. [78] also
found that Chinese readers can pick up information of the visual stimulus with an average of

Fig. 1 The square areas indicated ROIs (i.e., regions of interest)
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about 250 ms fixation durations, MIT neuroscientists, Potter et al. [62] have discovered that the
human brain can interpret entire images that the eye sees for as little as 13 ms, which is the first
evidence of such rapid processing speed than the 100 milliseconds suggested by previous
studies (e.g., [64]). Moreover, Potter et al. [62] assessed the minimum viewing time
needed for visual comprehension, asking participants to look for a particular picture of
six or 12 images by using rapid serial visual presentation (RSVP), each presented at between 13
and 80 ms per picture. Thus, EyeNTNU-120 analysis tool adopted a default value to analyze
fixations with a duration lasting about 80ms to present what the brain is trying to understand the
fixated information.

For the purpose of examining the subject’s attention distributions on the different compo-
nents of the e-book pages, each page was divided into several ROIs (as indicated by the square
areas shown in Fig. 1) consisting of texts, graphics, and annotations. A total of four ROIs were
defined for the eye tracking data analyses as shown in Fig. 1. Two text zones, 1 and 2,
indicated the two dialogues. One graphic zone, 3, referred to the overall graphic. One
annotation zone, 4, represented the annotation section. The part of the e-book regarding
dialogues is on the left part of the Fig. 1, while annotation explanation shown by clicking
the underline is on the right part.

To summarize the eye movement patterns on each E-book page, two eye movement
measures based on the defined ROIs were used: the total contact time (TCT) and the number
of fixations (NOF); these two measures used to examine the participants’ attention focus are
common models for processing eye movement data [5, 20]. Meanwhile, to analyze the
attention distributions among the different ROIs on the E-book pages, two eye movement
measures were used to reflect participants’ mental process: number of saccades (NOS) to
suggest sequence of information processing and integration of information, and number of
clicks (NOC) to record the number of annotations that the participants clicked to reveal the
cognitive processes of the meanings of words or phrases in the dialogue.

4 Results and discussion

4.1 Analysis of Total contact time and number of fixations

Independent sample t-tests were employed to examine whether there were any significant
differences in the participants’ viewing behaviors as follows: (1) total contact time (TCT) and
(2) number of fixations (NOF) within the text, graphic, and annotation ROIs between the
higher and lower PK groups, respectively. If a significant result was found, an effect size of
Cohen’s d [11] was then further calculated. The results in Table 2 revealed that the high PK
group had more TCT on the text ROIs than the low PK group with a large effect size (t = 2.86,
p = .027, d = −.585). The low PK group had more TCT on the graphic and annotation ROIs
than the high PK group with a large effect size (t = −2.11, p = .039, d = .543) and (t = −2.14,
p = .036, d = .553), respectively. Figures 2, 3 and 4 shows the result by comparisons of hot
zones between the high and the low PK students. However, with respect to TCT, no significant
difference was found between the high and the low PK groups. It showed that the high and the
low PK students paid the same attention and put the same mental effort into reading the entire
dialogues in the experiment. Meanwhile, Table 2 also showed that the high PK group had more
number of fixations on the text ROIs than the low PK group with a large effect size (t = 2.13,
p = .038, d = −.549). Furthermore, the low PK group had more number of fixations on the
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graphic and annotation ROIs than the high PK group with a large effect size (t = −2.11,
p = .039, d = .545) and (t = −2.53, p = .014, d = .792), respectively.

Based on the mean values of TCT and NOF, Table 2 illustrated that the high and the low PK
students paid different attention to the ROIs of text, graphic, and annotation. In descending order,
the order is text, annotation, and graphic in the high PK group, while the order is annotation, text,
and graphic in the low PK group. Based on the findings, although the e-book provided a manga-
based representation of the learningmaterial, the two PK groups did not focus their attentionmore
on graphics. The phenomenon of the fixation durations on different ROIs was in accordance with
Rayner et al. study [66]. In short, regardless of the students’ background, the written text mode of
information was preferred even though graphic was included. In other words, manga’s symbolic
graphics shortly appealed to the students’ visual attention.

4.2 Analysis of number of clicks on annotations

Table 3 showed that the familiarity with annotations was significantly different between the
two PK groups with a large effect size (t = −2.847, p = .006, d = .736). The low PK students

Fig. 2 Comparison of eye movement patterns on the text of TCT between high PK (on the left) and low PK (on
the right) students. As the graphics show, the fixation densities of the high PK students were higher than the low
PK students in the text zone

Table 2 Eye tracking measures compared between the high and low PK groups

PK

High (n = 30) Low (n = 30)

Eye tracking measure(zone) Mean SD Mean SD t p Cohen’s da

TCT(Text) 21,152.10 10,854.14 15,416.00 8626.06 2.27 .027* −.585
TCT(Graphic) 1972.13 1000.83 2769.00 1816.61 −2.11 .039* .543
TCT(Annotation) 9708.53 9176.12 15,654.10 12,127.65 −2.14 .036* .553
TCT 32,832.77 15,174.13 33,806.57 17,094.81 −.23 .816 –
NOF(Text) 519.97 269.44 384.20 223.11 2.13 .038* −.549
NOF(Graphic) 111.27 69.13 152.60 81.98 −2.11 .039* .545
NOF(Annotation) 240.33 213.08 407.80 293.47 −2.53 .014* .792

(1) TCT: Total Contact Time; (2) NOF: Number of Fixations; (3) PK: Prior Knowledge; (4) * p < .05,
** p < .01, *** p < .001; (5) a |d| > = .2 shows a small effect size, |d| > = .5 shows a medium effect size, |d| > = .8
shows a large effect size
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clicked more annotations than the high PK students during the whole reading process. This
result indicates that the low PK group clicked annotations for the need to realize the meaning

Fig. 4 Comparison of eye movement patterns on the annotation of TCT between low PK (on the upper) and
high PK (on the lower) students. As the graphics show, the fixation densities of the low PK students were higher
than the high PK students in the annotation zone

Fig. 3 Comparison of eye movement patterns on the graphic of TCT between high PK (on the left) and low PK
(on the right) students. As the graphics show, the fixation densities of the low PK students were higher than the
high PK students in the graphic zone
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of words or phrases in Japanese dialogues. Thus, the annotation animation in the interactive E-
book helped students better understand and expand their vocabularies. As a matter of fact, the
crucial role of animation in an interactive e-book has been documented by some previous
studies (e.g., [14, 21, 23, 63]). In these studies, the advantages of having an interactive element
added into the E-book improved students’ overall reading comprehension, the ability to find
necessary messages, and the ability to integrate and interpret information that they needed.
According to the analyzed result, this significant difference showed that the number of clicks
on annotations is considered an indicator of an improved outcome in the reading comprehen-
sion in the posttest.

Table 4 Group differences in number of saccade scanning between text dialogue and annotation ROIs

Annotation PK NOC ANOS TTT(s) FSP(times/s)

(A1) High 4 125.25 8.91 2.00
Low 17 98.00 7.23 8.05**

(A2) High 8 94.00 5.76 4.49
Low 15 86.27 6.18 6.73

(A3) High 11 90.91 6.57 5.17
Low 18 75.61 5.76 8.84

(A4) High 3 59.67 3.41 1.73
Low 11 48.45 4.41 4.15

(A5) High 10 121.60 8.28 4.81
Low 19 100.53 7.91 7.61

(A6) High 1 77.00 5.87 0.437
Low 5 71.20 6.34 2.49

(A7) High 1 114.00 7.94 0.48
Low 12 59.33 3.72 6.56**

(A8) High 14 89.14 5.81 7.35
Low 15 61.80 4.46 6.78

(A9) High 5 86.00 5.98 2.57
Low 12 66.08 6.29 4.53

(A10) High 0 0.000 0.39 0.00
Low 14 43.57 3.38 7.31**

(A11) High 23 115.52 7.01 12.37*

Low 20 57.60 5.40 7.80
(A12) High 19 84.89 5.95 8.50

Low 16 63.88 4.86 7.48
(A13) High 9 65.11 3.97 4.80

Low 17 54.53 3.33 10.80*

(1) PK: Prior Knowledge; (2) NOC: Number of Clicks; (3) ANOS: Average Number of Saccades between
dialogue and annotation parts; (4) TTT: Total Time Tracked; (5) FSP: Frequency of Saccade Paths; (6) * p < .05,
** p < .01, *** p < .001

Table 3 Independent sample t-test of number of clicks on annotations between the high and low PK groups

PK

High (n = 30) Low (n = 30)

Measure Mean SD Mean SD t p Cohen’s da

Number of Clicks (Annotation) 3.63 2.76 6.30 4.32 −2.847 .006** .736

(1) PK: Prior Knowledge; (2) * p < .05, ** p < .01, *** p < .001; (3) a |d| > = .2 shows a small effect size, |d| > = .5
shows a medium effect size, |d| > = .8 shows a large effect size
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4.3 Analysis of saccade paths

Students’ back-and-forth scanning (saccade paths) between dialogue and annotation ROIs was
calculated and the results were displayed in Table 4. The average number of saccades (ANOS)
indicates the average number of times of back-and-forth scanning between different ROIs
while clicking a corresponding annotation, while the total time tracked (TTT) is the total time
in an annotation recorded by the eye tracker; this includes fixation and saccade durations
between dialogue and annotation ROIs. We performed independent samples t-test to compare
the saccade paths between the high and low PK groups. However, in order to reduce the
possibility of overestimating students’ back-and-forth scanning because each student could not
spend the same amount of time on each annotation, we calculated the frequency of saccade
paths (FSP) to denote the occurrences of saccades divided by TTT on each annotation.

Table 4 showed a brief summary of group differences in number of saccade scanning between
the different ROIs. This manipulation would give us some idea about how frequently the saccade
scanning was performed by different PK groups in the same given period of time. The number of
saccade paths showed that inter-zone scanning was evident during the language learning. That is,
our study suggested that there was an interaction between the text and annotation processing
behaviors. This interaction was mediated by prior knowledge. As Table 4 showed, when the
students clicked on annotations to generate saccade paths, there were over two thirds of insignif-
icant differences of FSP mean values between the two PK groups except A1, A7, A10, A11, and
A13. The differences implied that cognitive effort was different for processing the information
between the high and low PK students presented in the specific annotations. Figure 5 presented a
hot zone distribution of A13 annotation to show the comparison of scanning paths between low
PK (on the upper) and high PK (on the lower) students. However, while viewing the attention
differences in 5 annotations above, the FSP of A11 was significantly opposite to the others. In
other words, the FSP of A11 seemed to reveal a trend that the high PK students performed higher
back-and-forth scans at A11 during cognitive process as shown in Fig. 6. According to Table 1, as
far as the level of difficulty and the amount no BKanji^ words were concerned, the high PK
students not only clicked more on annotations on A11, but they also produced larger scanning
paths to execute cognitive process than the low PK students. This suggests that the higher the level
of difficulty of an annotation, the more frequent saccade scanning was performed by the high PK
students. This phenomenon indicates that, when encountering a difficulty in language learning,
students possessing with the high PK were more motivated to gain new knowledge than the low
PK students. This discussion lead to the conclusion that this result is exactly consistent with
research such as the effect of multimedia learning in a real classroom in which the earth-science
(ES) students performed the integrative process more frequently [85], the inspection of diagrams
while integrating the text and the graphic information was evident in online inquiry-based science
reading [22]; furthermore, it is parallel to an eye tracking study experiment that compared visual
saliency in scene recognition based on domain knowledge [24].

4.4 Paired-samples t-tests of pretest and posttest scores

As shown in Table 5, through paired-samples t-tests, the reading comprehension pretest had a
significant difference from the posttest for both PK students. It indicated that the posttest score
was higher than pretest for both the high and low PK students after reading the interactive
manga-based e-book. That is, using an interactive manga-based e-book as a learning material
improved the reading comprehension of the participants in this study. It is believed that the
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advantage of annotation and text-and-graph information for the e-book reading task would
play a key role in cognitive performance. Meanwhile, compared with an effect size calculated
by Cohen’s d [11], it should be noted that the lower PK students gained larger achievement
(posttest-pretest) than the higher PK students. The reason to reveal was that the lower PK
students spent longer fixation duration processing the annotation part than the higher PK
students. According to Hyönä et al. [30], the length of fixation duration may reflect deeper
cognitive processing. Thus, we may claim that the lower PK students engaged in higher
cognitive activities for annotation interpretation. For the current study, the findings were
consistent with the previous research that the animation mode of information could have been
considered an influence on reading comprehension in the interactive e-book (e.g., [23]).

5 Educational implications

In this study, some educational implications can be addressed based on the results. First, in the
process of designing the interactive manga-based e-book, the effectiveness of building a
properly combined graphical and textual dialog became apparent. Second, although Rayner
et al. [67] expected that longer fixation durations should be found for pictures, our analysis
results showed that the total contact time at text zones was higher than the graphics zones even

Fig. 5 Comparison of scanning paths on A13 annotation between low PK (on the upper) and high PK (on the
lower) students. As the graphics show, the saccade densities of the low PK students were higher than the high PK
students in the annotation zone
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though the graphic ROI was larger than the text ROI and the colorful manga illustrations
appealed to most of the students. This finding was in accordance with the principle of well-
designed graphics proposed by the cognitive theory of multimedia learning [46]. It revealed
that the better the design of graphics, the shorter a fixation duration of gazing at the graphics.
Our study suggested that the functionality of the graphics related to learning situation could be
familiar with students. However, at the very least, the integration of visual and linguistic texts
makes difficult topics easier to understand as stated in Murakami and Bryce [53].

Third, given that the students with the high prior knowledge performed better in the
language competence than the low prior knowledge students, effective educational e-books
with better instructional strategies (e.g., annotation, animation) could direct students’ attention
to critical words or phrases and allow them to read and link information across supplements.

Fig. 6 Comparison of scanning paths on A11 annotation between low PK (on the upper) and high PK (on the
lower) students. As the graphics show, the saccade densities of the high PK students were higher than the low PK
students in the annotation zone

Table 5 Paired-samples t-tests of pretest and posttest reading comprehension scores

Score

Pretest Posttest

PK (N = 30) Mean SD Mean SD t(df) p Cohen’s da

Low 40.33 7.18 71.00 12.13 −12.56(29) .000*** −3.077
High 68.66 9.73 82.00 9.61 −7.35(29) .000*** −1.379

(1) * p < .05, ** p < .01, *** p < .001; (2) a |d| > = .8 shows a large effect size
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These strategies could help the low prior knowledge students improve their learning perfor-
mance. Through the analysis of the scanning paths, this study realized information integration
of annotations to reflect students’ cognitive process on the linkage of the text and annotation.
Lastly, regardless of the PK group, students scored better on reading comprehension by the
posttest. This study implies that the incorporation of instructional strategies in the e-book
design influenced this improved reading comprehension.

6 Conclusions

6.1 Summary

This study employed eye tracking technology to record and examine how Japanese language
learners with different levels of PK engaged in reading manga-based dialogues that consisted
of texts, graphics, and annotations formats. Our study showed that while reading the e-book,
all the students paid more attention to the text and annotation components than the graphics.
However, among the text, graphic, and annotations zones, students with different levels of PK
showed different viewing time in processing those information. That is, the high PK learners
tended to concentrate their visual attention on the text zones, while the low PK learners
received higher fixation durations containing both text and annotation zones. It was found that
the low PK learners required longer fixation durations at the cognitive activities to process
information. The findings of this study supports that reading interactive e-book with annotation
actually relates to a learner’s relevant knowledge. Learners with low PK interpreted and
integrated information by providing adequate learning annotations associated with
the output of knowledge internalization. Further statistical analysis revealed that the
effect of different PK was evident by the clicks behaviors. In other words, without adequate
instructions, learners with insufficient prior knowledge may have difficulties in reading in a
dialogue for language learning.

According to the analysis of the saccade paths, this current study showed that inter-zone
scanning (i.e., back-and forth scanning), indicating the integration of text and annotation
information, was as expected; the low PK learners were generally more active than the high
PK learners. Finally, this study showed gain scores in reading comprehension for the different
background students. Although there was no significant different in the posttest score between
the different background groups, the statistical analysis of paired samples t-test revealed that
the low PK students attained higher gain scores than the high PK students after reading manga-
based interactive e-book. As expected, the multi-modes of learning materials helped students
pay more attention to improving learning based on above mentioned multimedia learning
theories. That is to say, the findings in this study indicated that the multi-modes of information
could be playing a key role on cognitive process during reading the manga-based interactive E-
book. Therefore, it was reasonably assessed that not only the low PK students, but also the
high PK students gained better learning outcomes of reading comprehension in multimedia
presentations in this study.

6.2 Research limitations

First, as to designing an interactive E-book, some of characteristics, including speed, sequence,
and media controls, were addressed [38]. This study currently used hyperlink function (i.e.,
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annotation) to construct the manga-based interactive E-book in Japanese learning because of
the complexity of the experiment design. Second, this study examined the fixation density and
the number of saccades as indices for the effect of PK. PK is identified as being a significant
cognitive factor mediating the visual attention during scene viewing and science reading [22,
24]. However, the condition of the different levels of PK was determined on the students’
performance scores learning Japanese language after one year, how Japanese pedagogy and
testing theory, for example, Japanese-Language Proficiency Test (JLPT), were taken that the
clarification of different levels of PK is valid and accuracy. Third, according to the compar-
isons of pretest and posttest scores, the study indicated that learners gained learning achieve-
ment of reading comprehension for the different groups. Learner’s high-level cognitive ability
to Baccess and retrieve^, Bintegrate and interpret^, and Breflect and evaluate^ were not
discussed in this current study. In the future, above mentioned limitations may be understood
and explored by using methodologies to recruit the respective issues.
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