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Abstract: Seamless learning is an approach which learners can create relationships between their formal
and informal learning. To support seamless learning, some seamless learning systems have been
proposed. However, conventional systems are mainly based on the relationships and contexts for
learners, such as location and time, while their teaching materials are not mentioned in detail. Because
most of learners use some textbooks when they learn both inside and outside of the class, textbooks
have an important part to support seamless learning. This paper describes a seamless learning system
that based on the learners’ textbooks (teaching materials) and creates relationships between their formal
and informal learning. Through this system, improvement of the learning environment using a wider
range of information is expected.
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1. Introduction

With the mobile and wireless technology advances, a learning approach called “seamless learning” has
been gaining many researchers’ attention. Wong et al. (2011) identified ten salient features of seamless
learning, (1) Encompassing formal and informal learning, (2) Encompassing personalized and social
learning, (3) Across time, (4) Across locations, (5) Ubiquitous knowledge access, (6) Encompassing
physical and digital worlds, (7) Combined use of multiple device types, (8) Seamless switching between
multiple learning tasks, (9) Knowledge synthesis, (10) Encompassing multiple pedagogical or learning
activity models.

For example, Uosaki et al. (2010) proposed a seamless learning system called the SMALL
System (Seamless Mobile-Assisted Language Learning Support System). Using SMALL, learners can
create relationships between what they have learned from their e-textbook inside the class and what
they have learned outside the class. For example, when a learner learns the word “credit” at the bank,
SMALL provides e-textbook information — such as the book’s name, chapter and page — to the learner.
Meanwhile, Wong et al. (2014) proposed ubiquitous learning system, MyCloud, allows learners to
record what they have learned from the e-textbook.

However, while these systems consider learners’ contexts — such as learners’ location and time
— , they do not consider learners’ actions to e-book — such as opening/closing books, changing the rate
of magnification, changing colors and writing in the e-book (e.g., labels) — . As an example of usage of
these information, if many learners open same page again and again, publishers can be noticed that the
page may be unreadable. Thus, with these information, improvement of the learning environment is
highly expected. For learners’ information as described above, an e-book-based ubiquitous learning
system that can obtain learners’ information is required.

Therefore, this paper proposes a seamless learning system with EPUB (Electronic PUBIication;
one of the e-book formats). EPUB does not specify hardware; therefore, it is available on various
mobile terminals including general smartphones, and it is easy to obtain information, such as location,
acceleration and rotation of the terminal via sensors while learners read the books. Thus, EPUB enables
the inspection of learners’ actions and obtains much information of not only what learners have learned,
but also each learner’s state and actions in detail. Therefore, improvement of the learning environment
via wider range of information is expected when using this system.
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2. Previous works
2.1 SCROLL

Ogata et al. (2010) proposed a ubiquitous learning system called SCROLL (System for Capturing and
Reusing Of Learning Log), which supports learners to record, organize, recall, and evaluate Ubiquitous
Learning Logs (ULLs). Using SCROLL, learners can log their experiences with information — such as
photos, videos, location, QR-code, RFID tag — and sensor data, and they can also receive personalized
quizzes about what they have learned. Learners can also navigate and be aware of their past logs.
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Figure 1. SCROLL’s quiz function

Figure 1 shows the user interface of SCROLL’s quiz system when the word “chopsticks” is
learned. As shown in Figure 1, SCROLL has 3 kinds of quizzes — “yes/no” quiz (Figure 1 - a),
“four-choice of images” quiz (Figure 1 - b), and “four-choice of texts” quiz (Figure 1 - ¢). Learners can
receive these quizzes based on their contexts; for example, when a learner learns the word “chopsticks”
at a restaurant, the word “chopsticks” is recorded in SCROLL with some contextual information, such
as the learner’s location, restaurant. When the learner visits the restaurant again, SCROLL gives a quiz
about chopsticks to the learner to help them recall chopsticks. Thus, SCROLL can support learning
based on the context. Since SCROLL runs even on Android mobile phones, learners can access the
SCROLL system wherever they are.

2.2 SCROLL problems and proposed solutions

SCROLL presents quizzes about what learners have learned and lets learners recall these. SCROLL’s
quizzes are based on what the learner learned and what someone who have a relationships with the
learner learned. Thus, SCROLL’s quiz function is originally implemented for knowledge sharing
between each learner. Li et al. (2013) proposed a context-aware ubiquitous learning system to provide
quizzes in accordance with learners’ contexts in an informal setting. Therefore, the current SCROLL
provides quizzes based on not only each learner’s relationships, but also their contexts — such as
location, and time — .

However, because SCROLL does not mention learners’ classroom teaching materials,
SCROLL is still insufficient in relating what was learned inside and outside of the classroom. For the
better seamless learning environment, the system needs to let learners create relationships between the
formal learning — such as the class content — and informal learning — such as actual experiences — by
mentioning not only learners’ contexts, but also their teaching materials.

In the proposed system, when learners actually experience or learn something out of class and
they open a page about it on EPUB later, learners can relate the actual experience and knowledge from
EPUB via a quiz. Similarly, learners can obtain e-book information through the proposed system when
they experience or learn something outside of class.
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3. Logs
3.1 Log usage

This system records not only what learners have learned from EPUB, but also some other information
— such as the order of opening and closing pages, learners’ actions (e.g., zooming in or zooming out,
changing of font color or background color, writing in the EPUB, and highlighting of a specific
sentence) in detail. Logs are recorded into SCROLL and have two usages: (1) logs are fed back to
learners as quizzes (described above), and (2) e-books are improvable using the logs of learners’
actions (via analyzing the logs). For example, if a result of the analysis is that many students zoom in

on one of the pages, then the page is considered unreadable.

3.2 State of Logs

Histories of learners’ actions to EPUB are temporally recorded in the learner’s mobile phone as a log,
and would be sent to SCROLL’s database when all necessary data are written. Specifically, the
recorded information are not only about EPUB or what the learner has learned from EPUB, but also the
learners’ actions, such as page turning, book opening/closing, and so on. This information is recorded in
a log when learners undertake some specific actions, such as opening/closing EPUB, zooming-in,

zooming-out, and turning pages.
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Figure 2 shows an example of a log recording.

In Figure 2:

(1) The time the book is opened, book name, and page number are recorded in a log (in mobile phones)
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Figure 2. Relation of a learner’s actions and a log (example)

when a learner first opens an e-book (on the EPUB reader).

(2) The time the page was turned and the page number are recorded in the log when the learner turns a

page.

(3) Finally, the time the book was closed is recorded in the log when the learner closes the book.

(4) After the closed time is recorded, the log is sent to the database.

4. Implementation
4.1 System design

This seamless learning system with EPUB consists of the EPUB reader and SCROLL for Android.
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Figure 3. System design

Figure 3 shows the system design of the proposed system. Learners use the EPUB reader in class, and
they learn with Android SCROLL outside the class. Learners’ actions — such as opening a book,
zooming, and page turning — are recorded into SCROLL’s server. The proposed system would provide
quizzes or e-book information through Android SCROLL when learners complete specific actions, such
as opening a page that the word the learner has learned outside the class is written, or the learner records
something s/he has learned in class.

4.2 User Interface

The Proposed system runs on Android mobile phones.
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Figure 4. User Interface

Figure 4 shows the user interface for this system on Android mobile phones. As described above, this
system consists of SCROLL for Android and the EPUB reader. Learners record what they learn through
the EPUB reader inside class, and they also record their experiences through SCROLL outside of class.
Then, the system relates those records and provides quizzes based on the relationships of the records
through SCROLL.
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For example, when a learner opens an EPUB about machines, the learner opens the EPUB
reader from SCROLL for Android first (Figure 4 - 1). Figure 4 - a shows SCROLL for Android.
SCROLL has menu, and the EPUB reader can be opened from there. Then the learner can turn the pages
freely (Figure 4 - 2). Figure 4 - b and Figure 4 - ¢ shows the EPUB reader. Specifically, Figure 4 - b
shows before the page is turned, and Figure 4 - ¢ shows after the page is turned. And if the learner has
learned about the word “elevator” on SCROLL, quiz page would be opened when the learner would
open a page about “elevator” (Figure 4 - 3). Figure 4 - d shows SCROLL’s quiz function.

5. Conclusions and future work

This paper proposes a seamless learning system with EPUB. This system runs on Android mobile
phones. Learners’ record their learning from EPUB in class and their experiences outside of class
through this system. Then, the system allows learners to relate what they have learned in class and what
they have experienced outside of class by providing quizzes or book information.

In future work, this seamless learning system needs to be evaluated regarding its efficacy and
usability through learners’ actual use. In addition, the verification of the effectiveness of this system
will help improve e-books and the system itself is expected to improve through an analysis of the logs
recorded within the system. Also, we will consider analyzing various methods such as social network
analysis and visualization of graph theory (Mouri et al., 2014; 2015).
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