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Abstract: In this paper, we presented a study developing a digital textbook system, which could
be used anywhere, anytime. An experiment was conducted using the developed system to
collect students’ learning logs for analyzing their behavioral patterns on an Educational
Technology course for graduate students. In the experiment, we assigned the students to read an
academic English journal article. The lag-sequential analysis method was employed to analyze
and infer their behavioral patterns. Several interesting behavioral patterns were found from the
analysis results. The findings are helpful to the improvement of the digital textbook system,;
moreover, some behavioral patterns could provide helpful references for teachers to improve
teaching materials in the future.
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1. Introduction

Nowadays, smartphones have become very popular devices for communications and learning because
the functions of these devices have been significantly improved in recent years and the physical size and
weight have been better designed for increasing portability (Yin et al., 2016). By using mobile devices,
digital textbooks can be conveniently accessed through Internet anywhere and anytime. With the
development of e-publishing technologies and standards increasingly, more and more traditional
textbooks have been replaced by digital ones (Rainie, et al., 2012, Yin et al., 2014).

In the past decade, various studies have been conducted to investigate the effectiveness of
learning with digital textbooks. For example, Shepperd et al. (2008) compared efficacy between digital
textbooks and traditional textbooks, and they indicated that students rated the usability of digital
textbooks positively. Rockinson-Szapkiw et al. (2013) compared the learning effectiveness between
digital textbooks and traditional textbooks. They found that digital textbooks are as effective for
learning as traditional textbooks. Therefore, many researchers concur that digital textbooks have
become a potentially effective pedagogic tool for supporting teaching, learning and scholarship
(Hezroni, 2004; Reinking, 1997; Snyder, 2002).

In the meantime, learning analytics has become an important issue in education. Learning
analytics plays an important role in providing helpful suggestions to policy makers, instructors or
learners by analyzing learning logs or educational data (Baker & Inventado, 2014; Hwang et. al.,2017).
The objective of learning analytics is to provide helpful information to optimize or improve learning
designs, learning outcomes and learning environments based on the analysis results (Greller &
Drachsler, 2012).

In this paper, a digital textbook system is developed to collect data in the classes. The system is
named Digital textbook for Improving Teaching and Learning (DITeL). The DITeL system can be used
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not only on personal computer, but also on smart phone. That is to say, this digital system can be used
anywhere, anytime. Teachers and students can use DITeL system and read the digital textbook by using
mobile devices such as iPad, iPhone, and Android. And their learning logs were collected for analyzing
their learning behaviors to improve DITeL system.

In order to analyze learning behaviors, we designed an experiment using DITeL system to
collect students’ learning logs. The experiment was carried on Educational Technology course for
graduate students. In the experiment, we assigned them to read an academic English journal article.
After learning activities, we applied lag-sequential analysis to analyze and infer their behavior patterns.
We found some behavioral patterns which may help to improve digital textbook system. We also found
some behavioral patterns which may help teachers to improve their teaching material.

2. Literature Review
2.1 Previous Studies of Data Collection

Collecting data is the first step in learning analysis (Yin et al., 2013a; 2013b). In May 2015, we thus
performed a review of previous research to survey the categories that can be classified in terms of data
collection (Yin et al. 2016).

Based on the data source, previous studies on data collection could be classified into three
categories: Questionnaire-based Data Collection (QDC), Manual Data Collection (MDC), and
Automatic Data Collection (ADC) (Yin et al., 2014; Ren et al., 2017).

QDC. In this category, data are collected by using a predesigned questionnaire. Ho et al. (2013)
used a questionnaire to investigate the teacher behavior on adopting mobile phone messages
as a parent—teacher communication medium.

MDC. In this category, a manual data collection system is opened to users, who can employ the
system and consciously provide data about their learning behaviors. For example, Chiang et
al. (2014) provided an augmented reality (AR) system to guide students in knowledge
sharing in inquiry learning activities. In this approach, students capture images from an
authentic environment and share these with others.

ADC. In this category, learning behaviors log data are automatically recorded while reading
e-documents. For example, Yin et al. (2015) analyzed learning behavior and identify
students' learning style using student's digital textbooks reading logs data, which were
recorded automatically. By using same digital textbooks logs data, Shimada et al. (2017)
summarized lecture slides to enhance preview efficiency and improve students'
understanding of the content, Mouri and Yin (2017) find some patterns for improving
learning materials.

For categories QDC and MDC, the data are consciously collected. Therefore, data are affected
by users’ own subjective factors. For category ADC, the data is objectively collected, thereby removing
the subjective factors that affect data authenticity. The present work falls under category ADC.

2.2 Behavioral Sequential Analysis

Behavioral sequential analysis is a statistical analysis method. Through a series of sequential analysis
matrix calculations to determine behavioral transitions (Bakeman & Gottman, 1997; Hou, 2012).

There are many researches using a series of progressive sequential analyses to analyze learning
behavioral patterns and they point out the benefit of using progressive sequential analyses (Hou, 2012;
Hsieh et al., 2016; Hwang et al., 2017). Hou (2012) indicated that using a visualized behavior—transition
diagram to explore learners’ complex behaviors can help to develop a more effective instructional
mechanism for game-based system. Therefore, we employed this method to improve digital textbook
system.
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3. Digital Textbook System

By using e-pub format, a web-based digital textbook system was developed and used for this research
(Fig. 1, Fig. 2). Fig. 1 is an interface for students, and Fig. 2 is an interface for teachers. By using this
online digital textbook reading system, we can collect data like “turning to next/previous page”,

“memo”, “zoom in/out”, “adding marker”. All of these actions are stored to the database. These data
were used to analyze learning behaviors.

Turning to next/previous page. Students can read the teaching contents again and again, they
go to the next page by clicking “Next” button, and backtrack to the previous page by clicking
“Prev” button.

Memo. While a user want to write some memo in the learning content, he will click “Memo”
button, and a textbox will be shown. After he finished writing memo, the action name will be
saved as “Memo”.

Zoom in/out. The zoom in/out function can help students read the contents more clearly.
Adding marker. While a user want to highlight some text in the learning content, s/he will click
“abc highlig” or “Under line” button, and the action name will be saved as “Highlight” or
“Underline”.

Teacher can register each student's name and student number into the system. Before the
students login in the system, the digital textbook and other relevant materials have been uploaded to the
system by the teacher.

Each student will have his/her own account to enter the system, so that he/she has a separate
record of this course to learn.

Logout
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Fig. 1. The structure of the problem-based English listening game.

Nevertheless, several scholars have noted possible negative effects of conducting game-based
learning activities, such as the risk raised because of the lavish entertainment factor of

educational games (Kim, Park, , Baek, 2009). While students’ curiosity and attention may be
aroused, learning content could easily be ignored; thus, they might only gain limited knowledge
during the gaming process. This suggests the need to integrate instructional strategies into hd

Fig. 1. Student interface of DITeL
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ensure the validity of the trigger points, one student whowas not involved in this study played the
game before the experiment. His learning behaviors were recorded automatically by the system,

and the researchers performed a preliminary analysis of the records. Then, the experts
mentioned above were invited to discuss and confirm the suitability of the trigger points and the

-

coding result. The three experts agreed and confirmed the suitability and accuracy of the coding
result based on the trigger points and the coding scheme. Finally, the trigger points were
embedded in the game and automatically recorded and returned the students’ learning behaviors
to the database.

Table 1 The coding scheme of the problem-based English listening game.

Category Code Definition Drescription

Example

Learning R Reading the Read phrases from the
behaviors phrase books
BT Reading thee listening tips  Ask an NPC about the
listening skills

Students go inte the library, click the book on the bookcase,
and read the phrases from the book,

Students have a conversation with an NPC. and read the
listening skills from the dialog.

BV Reading the vocabulary card Read the vocabulary card Students click the vocabulary card in the gaming context
in each gaming context and read.

L5 Finish the learning task Correctly answer the learning Students click and accept the learning task, and answer the
task question correctly.

LF UnsuccessTul learning task  Incorrectly answer the learing Students click and aceept the learming task, but give the wiong
task answer n the question.

LK Gel the sperel key Gt the seerel key upon Students clear the learming tasks in a particular section, amnd
campleting el the secred key toopen the next section of the game.
the learning tasks in a particular
section

Gaming G_D Explore the gaming context  Explore and interact with unrelated Students have a conversation with a rabbit which is not related
behaviors NMCs or items to the tasks,
Students open a box and find nothing.

G_5 Battle success Success in a battle Students accept and win the battle.

G_E Escape from the battle Escape from the battle Students refuse to jon the battle,

G I Be defeated in the battle Fail in the battle Students accept the battle, but are defeated in the battle.

-

Fig. 2. Teacher interface of DITeL

4. Experimental Design

To analyze students’ behavioral patterns in learning with digital textbooks, an experiment was designed
using DITeL system to collect students’ learning logs. The experiment was carried on an Educational
Technology course for graduate students. The aim of the study was to explore the learning behaviors of
students reading academic papers. The progressive sequential analysis was used to infer the learning
behaviors of students when they were reading the academic papers.

4.1 Participants

A total of 21 graduate students participated in this study. The participants were asked to read an
academic paper via the digital textbook system. The age of the participants was 23 on average. The
experiment was carried about 1.5 hours.

To protect the participants, the experiment was conducted following the ethics criteria
suggested by an authorized ethics committee in Japan. That is, the participants were protected by hiding
their personal information during the research process; moreover, they knew that their participation was
voluntary and that they could withdraw from the study at any time. As the result, we could use 17
participants to do learning analysis.

4.2 Coding Scheme

To do a progressive sequential analysis, a coding process is usually required. However, this study only
analyzes the learning behaviors which ware recorded automatically, therefore, no coding process
needed to be carried out in this system. That is, the coding is based on their operating behaviors in the
digital textbook system.

552



5. Analysis of the Learning Behavioral Patterns
Totally 1,370 learning behaviors were recorded.
5.1 Analysis of the Frequency of Behavioral Patterns

Table 1 shows the frequency and percentage of the individual coded behaviors of the students. It was
found that "go to next page" (NEXT) and “go to previous page” (PREV) were the most frequent
behaviors. The percentage of “go to next page” was 39%, and “go to previous page” was 28%. These
were most likely behaviors, as students needed to flip to read the textbook.

We also found that marker functions, “make underline” (UNDERLINE), and “make highlight”
(HIGHLIGHT), were also used frequently. However, the percentage of “make underline” (6%) is less
than; “make highlight” (22%). Although both are all marker functions, the students liked to use
highlight better than underline.

Table 1: The frequency and percentage of coded behaviors of student.

Category Frequency Percentage(%)
PREV (PR) 390 28
NEXT (NX) 537 39
UNDERLINE (UL) 79 6

DEL UNDERLINE(DU) 15 1
MEMOMO) 8 1
HIGHLIGHT(HL) 301 22

DEL HIGHLIGHT(DH) 29 2
BOOKMARKER(BM) 8 1

DEL BOOKMARKER(DB) 3 0

5.2 Analysis of the Learning Behavioral Patterns

To probe the behavioral patterns of the students in reading digital textbooks, a series of progressive
sequential analyses was conducted to explore the behavioral patterns. As shown in Table 2, the rows
represent the starting behaviors, and the columns represent the subsequent behaviors. A Z-value greater
than 1.96 means that a behavior-sequence reaches the level of significance (p < 0.05) (Bakeman &
Gottman, 1997; Hou, 2012).

Table 2: Sequential analyses table (n = 17)

Z-value PR NX UL DU MO HL DH BM DB

PR 11.67 -2770  -3.98 -1.31 -0.83 -5.15 -3.44 -1779  -1.09
NX -1.33  9.95 -4.98 -3.13 0.20 -6.19 -129 -0.10 -0.21
UL -420 -5.13 15.61 237 -0.66 1.37 -0.55 -0.70  2.05
DU -1.89  -2.05 3.45 7.01 -0.28 0.44 1.21  -030 -0.18
MO -1.01 0.64 -0.71 -0.30  9.66 -0.65 -0.42 -022  -0.13
HL -6.60 -4.07 048 1.08 -0.49 10.06 438 0.21 -0.92
DH -3.03 282  -0.56 1.21 -0.39  6.18 049 -0.42 3.73
BM -1.79 154 231 3.08 -0.20  0.21 447 -0.22 -0.13
DB -1.10  -139  -0.43 -0.18 -0.13 -0.92  -0.26 2244 -0.08
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Fig. 3. Progressive behavioral patterns of the students.

Table 2 indicates there are 16 significant sequences that occurred during the reading digital
textbooks. Based on the significant sequences, a diagram of behavioral-transition was prepared. Fig. 3
shows the behavioral transition diagrams of the students. All of the sequences in the diagrams are
statically significant. The values above each line represent the z-score for the sequence, while the
direction of the line represents the direction of the behavioral transition.

As shown on Fig. 3, it was beyond our expectation that PREV, NEXT and MEMO behaviors
have no sequential correlations between other learning behaviors. However, they have sequential
correlations with themselves (PREV — PREV; NEXT — NEXT; MEMO — MEMO). We also found
some other learning behavioral patterns: LBP1-6 as shown in Table 3.

Table 3: learning behavioral patterns.

No Learning Behavioral Pattern

LBP1 “HIGHLIGHT” has sequential correlations with itself and “DEL HIGHLIGHT”

LBP2 “BOOKMARK?” has sequential correlations with “DEL BOOKMARK”

LBP3 “BOOKMARK?” has sequential correlations and “DEL. UNDERLINE”

LBP4 “BOOKMARK?” has sequential correlations with “DEL HIGHLIGHT”

LBP5 “DEL HIGHLIGHT” has sequential correlations with “DEL BOOKMARK”

LBP6 “DEL UNDERLINE” has sequential correlations with itself and “DEL BOOKMARK”

We have shown the students the learning behavioral patterns (Table3) and carried out an
interview to ask them why they took such actions.

5.2.1 LBP1
It was found that “After adding HIGHLIGHT, the students deleted the HIGHLIGHT, or after deleting

HIGHLIGHT, they added HIGHLIGHT again”; Some of the students who had these learning
behavioral patterns, stated their perceptions as follows:
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1. I highlighted it because | thought it was the main idea of the paragraph, but I realized it was
wrong, so | deleted it.

2. Because | made a mistake in highlight position.

3. It was a mistake of my operation.

4. 1 highlighted on some words, after that, | found more meaningful words.

5. Because | thought it was an important place, after I read the rest of the paper, | found it was not
important.

6. Because | made a mistake in the range of the highlight.

From the interview, it was found that students often changed the important keywords when they
were reading the textbook, and that it was difficult for them to identify which words were important. It
suggests that it would be appropriate to mark the important places on the teaching materials before
students read the contents.

5.2.2 LBP2

It was also found that, after adding BOOKMARK, the students would delete the BOOKMARK; after
deleting BOOKMARK, they would add BOOKMARK again. Some of the students who had this
learning behavioral pattern, stated their perceptions as follows:

1. | thought it was an important page, but after | read the rest of the paper, I found it was not
important, and added bookmark on another page.

2. | examined the importance of the pages again and removed those of less importance.

3. When I had some other things to do, which means | have to read the article later, | will add a
new bookmark so that | can continue my work later.

From the interview, it was also found that students often changed the important page while they
were reading the textbook, they were often confused about which pages were important. It is suggested
that it would be appropriate to mark the important pages on the teaching materials before students read
the contents.

5.2.3 LBP3, LBP4

Another finding was that, after “add bookmarker”, the students often “delete highlight” or “delete
underline”. This phenomenon may suggest that there are sequential correlations between
“BOOKMARKER” and marker functions (UNDERLINE, HIGHLIGHT). Some of the students who
had this learning behavioral pattern stated their opinions as follows:

1. I can use highlight instead of using underlines, without any specific reasons. And there is also
the bookmark function, so maybe it is not necessary to use underlines.

2. Because I thought it was not necessary to underline/highlight here. It is enough to write memo
here.

3. When | found more important parts than the parts | underlined/highlighted, | added the

bookmark there and deleted the underline/highlight.

If | add the bookmark, then it is not necessary to use underline.

It is not easy to use underline and highlight functions.

o s

From the interview, we found that some students preferred bookmark to highlights/ underlines.
Some students preferred memo to mark. It suggests that the students preferred to use bookmark and
memo functions to mark functions. And it seems that the underline and highlight functions of our
system are hot user-friendly. The improvement of these functions is among our future works.

5.2.4 LBPS, LPB6
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It was also observed that, after “deleting highlight/underline”, the students often “delete bookmark”.
Some of the students who had this learning behavioral pattern share the following opinions:

1. When | completed the reading of the paper, | felt that | understood all of them.

2. | thought the part which had been highlighted was not important anymore, so | deleted the

highlight or the bookmark.

When | completed the reading of the paper, | felt the place that | marked was not so important.

4. When | had questions on the contents | marked it, after when | found the answer, | deleted them
all.

w

From the interview, we found that sometimes mark functions were used temporarily, such as if
they had questions on some contents, then they added marks on these contents. After they found the
answer, they deleted them. Therefore, if we add links between the related contents beforehand, students
can read the textbook in a more efficient way.

6. Conclusion

With the development of e-publishing technologies and standards increasingly, more and more
traditional textbooks have been replaced by digital textbook.

In this paper, we developed a digital textbook reading system, which could be used anywhere,
anytime. Teachers can upload their teaching materials themselves and students can use the system to
read textbooks. At the same time, students’ reading logs were collected to analyze their learning
behaviors. In order to probe the behavioral patterns of the students in reading digital textbooks, a series
of progressive sequential analyses was conducted to explore the behavioral patterns.

We found some behavioral patterns which may help digital textbook system developers and
instructional designers reach an in-depth understanding of the actual operations and behavioral patterns
of learners. It also enables them to use a visualized behavior—transition diagram to explore learners’
complex behaviors and develop a more effective instructional mechanism for digital textbook systems
in the future.
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