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Abstract

The use of smart mobile devices has grown cgmsiderably in Byears A large variety of
digital content has entered the market and, in ictlar, t been rapid growth in sales

of electronic books (e-books). Consequeft mand more diverse digital content has
increased greatly as has the demand, inaﬂa" ular, réurt digital content for educational
purposes, including digital textboo IS de@has been accelerated through the
implementation of an education nment_ter ‘Smart Education’ in Korea. Digital
content and digital textbooka.g%1 disp n smart devices using a content viewer
application or an e-book reader. Howe isting content viewers only support a limited
range of features, most of are pla -dependent. In addition, most content viewers do

not support features th er analysis of big data. To address these shortcomings, here we
ional.c viewer, which can implement big data analytics and

propose a dynamic
supports mult |Ele evice platfor d a wide range of content types.

Keywords: ent vie&book viewer, Educational content viewer, Big data analytics

1. Introduction

There has be@ch growth in the use of smart mobile devices in recent years, and
the range igital content available on mobile devices has also grown at a
consider ace. The electronic book (e-book) industry has also grown rapidly,
spurre&art by the revival of Amazon Kindle in 2007 [1, 2]. As a consequence,

r more diverse digital content has also grown, and demand for smart digital
co for educational purposes, including digital textbooks, has grown especially
quickly [3, 4]. In Korea, this has been accelerated through the implementation of an
educational environment called ‘Smart Education’, which employs diverse and complex
educational digital content.

! This paper is a revised and expanded version of a paper entitled “An Embedding Method of Dynamic
Content through Big Data Analytics[13]” presented at CES-CUBE 2014, Spain, 16~20 July, 2014.
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E-books and digital textbooks can be viewed on smart devices using a number of
existing e-book viewers and content viewer applications. The most popular e-book
viewers include Apple’s ‘iBooks 2’ and Readium’s ‘Readium’. However, these have
some limitations: iBooks2 can only run on iOS-based platform devices [5] and Readium
has problems displaying interactive three dimensional (3D) objects [6], even though it
supports various features of the electronic publication format 3 (EPUB3.0). In addition,
neither viewers support features to process big data analytics. To address these
shortcomings, we have developed a dynamic educational content viewer that can
implement big data analytics and supports multiple device platforms, as well as a
variety of 2D and 3D objects. This educational content viewer was implemented as a
part of the cloud-based smart education system described in Refs. [7, 8]. The system
enables delivery and sharing of various types of educational content through cloud-
based educational media service environment [8].

To support a wide range of educational content on multiple device ms we
designed a content viewer based on Extensible Markup Language (XML ML is a
document format that allows information exchange * mulid ices, with
applications including web services and busmesses ightfor to extend the

rmats including
ngformations (XSLT).
| content on multiple

XML-based content viewer so that it can inter uments
HTML and XHTML using Extensible Style she guag

ed educat

This enables us to display various types of X

device platforms. That is, it is possible to de\ébp ara ducational content that is
compatible with devices running dlfferen atlng . To broaden the range of
features of our educational content vi e enla the range of 3D object control
features using Open Graphics Li Emb stems (OpenGL ES) rendering.
In this way, various 3D objec S, édmg int ive 3D objects can be immediately
viewed and aligned with 2 bjects h as text, images and Scalable Vector

Graphics (SVG). For big data=analytic sed Hadoop MapReduce, which is an
open-source framework f, rocessmx ata We then visualize the results of these
analytics results on th t viewer Using SVG. The content viewer described here is

based the work re r\ Refs 0-13].

The remainder p\l pape gahized as follows. Section 2 reviews the theoretical
background g Q y Was based, including big data, content viewers, and the
cloud-based ent-ori smart education system introduced in Refs. [7, 8]. In
Section 3, we descrihe overall configuration and major features of the dynamic
educational content Viewer. In addition, we describe the process of applying big data
analytics to the viewer. In Section 4, we present our experimental results, and
we summarize tig résults of the paper in Section 5.

2. Theoyetical Background

% the daily use of smartphones, the Internet, and the growth of user-generated
content, huge amounts of data are being created and we are approaching the “dawn of
the Zettabyte era”. It is forecast that, by 2020, the amount of data to be managed will
grow by a factor of more than 50, and that the number of servers required will increase
by a factor of 10 [14]. Wikipedia defines big data as: “A collection of data sets so large
and complex that it becomes difficult to process using on-hand database management
tools or traditional data processing applications. The challenges include capture,
curation, storage, search, sharing, transfer, analysis, and visualization.” [19]. The
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McKinsey Global Institute refers to big data as: “Datasets whose size is beyond the
ability of typical database software tools to capture, manage, and analyze.” [15, p.1],
and International Data Corporation (IDC) describes big data as: “A new generation of
technologies and architectures designed to extract value economically from very large
volumes of a wide variety of data by enabling high-velocity capture, discovery, and/or
analysis.” [16, p.1]. According to the recently updated Garner definition, “Big Data are
information assets with volumes, velocities and/or variety requiring innovative forms of
information processing for enhanced insight discovery, decision-making and process
automation.” [17, 18].

To efficiently handle hundreds of gigabytes of data within a reasonable timeframe,
technologies in machine learning, natural language processing, signal processing,
parallel processing, and relational databases are required [9]. Indeed, m new

technologies are emerging to cope with big data in a more effective and cal
manner. These include Schema-less databases (or NoSQL databases) educe,
Hadoop, Hive, PIG, WibiData, and storage technologies [19]. We ana e sets of
data using Hadoop, which is a popular open source |m ntatlon educe [14,
19]. The distributed file system of Hadoop prov u po to dle hardware
malfunctions, streaming data, very large d mple Wd models, and
comparability between different types of hardwarg SOf'[W\ orms [14].
2.2. Content Viewers Q 9

A content viewer, or e-book viewer,” appllc r reading digital content, e-
books, or digital textbooks. FoIIOW| revw e Amazon Kindle in 2007 [1],
the world e-book industry has se gro ] Many content viewers (e-book
readers or digital V|ewers) are Apple’s ‘iBooks 2’ and Readium’s

‘Readium’.

Apple’s iBooks 2 is |g| aI t wewer that supports interactive digital
textbooks by displayin ams, asgﬁg{ as audio and video content. It was developed
from iBooks by addi rning support features, including highlighting, note taking,
content searchlng, ossa ictionary searches. Through multi-touch gestures,

users can n mte e “photo gallery and pop-up animation, and can
manipulate @J cts [. O@owever iBooks2 is only available on iOS-based devices,
such as iPad iPho
Readium is an e viewer developed by Readium.org, which is a not-profit
organization. It e EPUB 3.0 format, which is based on Web standard
technologies inc@ HTMLYS5, JavaScript, Cascading Style Sheets (CSS), SVG, and
o)

the Docume ject Model (DOM). It was launched on the Chrome Web Store in

Septembe , and currently has more than 40,000 users [21]. The Readium project

attem @ ensure that its open source code is readily available for EPUB 3

ns, and aims to accelerate the adoption of EPUB 3 as a universal and global

@s andard publishing format [6, 21]. However, it does not support 3D objects
bec it is based on EPUB 3 [2, 6].

To address these issues with existing content viewers, we designed an educational
content viewer which can visualize the content including text, images, SVG, video and
3D graphics. We support various 3D objects, including interactive 3D objects, and the
content viewer provides features for big data analytics. It is implemented in a cloud-
based educational media service environment to facilitate sharing of a wide range of
educational content.
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2.3. Cloud-based Smart Education System

Cloud computing has been adopted in the education sector as a method of delivering
enhanced security and more reliable services [8]. Many academic institutions are
leveraging cloud-based technologies to support advanced teaching and learning
processes, as well as to exploit the potential economic benefits. However, there remains
a need to support an integrated cloud-based educational service environment beyond
delivering and sharing learning material. Accordingly, a cloud-based smart education
system has been developed by integrating a number of features for enhanced e-learning
content services. These features include a platform for cloud-based smart media
services, a compatible file format independent of system platform, an authoring tools
for creating smart media content, a content viewer for displaying smart media content,
an inference engine for providing customized learning content, and a securit s%@fo
deploy a cloud-based educational media service environment [7, 8]. ?\

Figure 1 shows an overview of the configuration of the cloud-based u
system proposed by Jeong, et. al., [8].
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igur ti@of the Cloud-based Educationn System [8, p.317]

Figure 2 shows thesi tructure of the six main features required to support cloud-
based educational t services [8]. The content viewer is designed to run on
multiple device@vms, and supports a wide range of content including text, images,
videos, 2D graphies and 3D graphics object controls [2]. In this paper, we describe the
content vie\k‘or supporting more dynamic content, and the enlargement of the set of
supporte res by augmenting functions that deliver big data analytics, as shown in
Figur e big data analytics are visualized by seamlessly aligning the results thereof

, images, other 2D and 3D objects.
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Figure 2. Infrastructure of the Cloud-based

3. Dynamic Educational Content Vlewer
3.1. Overview of the Content Viewer

The content viewer was developed to dj a W|de of educational content on
multiple device platforms created u5| thorln ol [8, 22]. The viewer displays
basic controls by transforming the X at to the HTML and XHTML
formats using XSLT and mteractlv C ntrols penGL ES [2, 10, 11]. We collect
big data like movie comments S I netw da a and web log from the related data
server, and then use NoSQ Iy5|s toobxe Hadoop analytics cluster for big data

ss VOC sentiment analysis and web log

analytics, where the NoS is used
mining, Hadoop to pro %arket ba and preference analysis. Finally the analyzed
summarized result '@stored into the XML format files and they will be visualized
on the content vi ing ing and OpenGL ES libraries. Figure 3 shows an
overview of ata analytl nd the way in which it is integrated with the viewer
system.
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Figure 3. Overview of the Educational Content Viewer with Integrated Big
Data Analysis
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Figure 4 shows an overall process of the content viewer. The viewer is processed by four
modules: a content download module, a content parsing module, a content control module,
and a content display module.

—1 XML Parser |
Content Download > Content Parsing _l = - |
Module Module ‘ontrol Parser
__l XML Data Saving Module |
-
| Basic Control
Content Display ‘ Content Control Transform Module
Module Module Interactive Control
Transform Module

Figure 4. Overview of the Content Viewer System [2, p.415 \/’

The content download module downloads content data that users wish t@”vigwifrom the
system storage. The content data are transferred to a content pa;ing mod parsed in

page units. We employ and utilize the XML parsing techri descri nRef. [23]. The
content parsing module has three functions: an XMQ@ er, a parser, and an
XML data saving module. The XML parser anal the contept dave of each page unit
and extracts control information separately from the_analyze o\Q/and calls the control
parser. The control parser analyzes the controjsformationsand stores the parsed control
data. The XML data saving module then Sé&e cont’rj\%ormation, such as memos,

d itS it to the server and to the

underlines, and highlights in XML fof? nd tr
content control module. There are t @!go;%mtent control: basic controls for
|

|
processing pages, texts, images, , for and 2D objects; and interactive
controls for processing 3D obj t@ eos, i0, annotations, quizzes, and animations.
Interactive 3D controls are aetivated and & led by the user via multi-touch gestures
[2]. Table 1 lists the supported conter&ch Is [2, 10, 11].
Table 1. Ih{@porteq tent Controls [2, p. 416, 10, 11]
Category ‘@trol N N\ Definition
ge & Chapt Each page/chapter layout control
Text 7. Content information of a page/chapter control
Basic Co) Imai%(} Image file control (*.png, *.jpg, and *.gif)
T Table control
%‘ Formula control
_(\2B-Object 2D object control (line, circle, polyline, polygon, ...)
Q;sb Object 3D object control (*.3ds)
AR AR (Augmented Reality)/VR (Virtual Reality) control
& Video Video data control (*.mp4)
Interacl@ trol | Audio Audio data control (*.mp3)
Annotation Annotation data control (memo, underling, highlight, ...)
4 O Quiz Quiz control for testing learning achievement
Animation Animation control that responds to user actions

4

Basic and interactive controls are processed differently. Basic controls include page
and text manipulation, and are implemented by the content transform module, which
converts basic control elements to HTML format using the XSLT loader, JavaScript
execution, and auto transform modules. It then provides the content information to
users by adjusting the content resolution corresponding to an individual smart device.
Interactive content controls are managed by the interactive control collector, and
interactive controls are viewed on the user’s screen by creating classes for each control
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action [2]. The content viewer module displays the transmitted content on the smart
device, and this module handles device dependence of particular smartphones.

3.2. Big Data Analytics

Figure 5 shows the process of big data analytics in the educational content viewer
[12]. First, we save the data to be analyzed to storage using the Hadoop distributed file
system (HDFS), and filter the data and perform a statistical summary operation using
MapReduce (i.e., using the Map() and Reduce() methods). We then save the statistical
results to a database and visualize them on the user’s screen using SVG.

In the filtering process, the movies to be counted are imported to Map()s using the
mapper, the outputs of which are partitioned per Reducer using the values Wlth the
same key. We can then obtain the number of comments on each movie by ciun fe

occurrences of each keyword in the Reducers. As many output files are cre the
number of Reducers. Figure 6 shows the number of comments on each roduced
via MapReduce. @
I B \
¥
Big Data Storage :
HDFS Map Reduce
| *
v

the 1 -.""- ‘_‘ 2 1si
Figure 5. The Proc@%g Dat@alytlcs in the Content Viewer
E Ediu’lus Admini arter 86807 182
Do sl ey s % o s el

B6939 24
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87792 1314
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88793 500
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107447 4
11100 8 88761 2064
= 116104 & 90932 1320
45992 520 91603 2804
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53065 €50 91955 396
74790 402 91988 268
Jnoas a=m 92083 312
78874 70 92505 692
79102 6192 283050 54
82319 138 93715 9758
B2824 3824 94194 2324
24085 172 94507 176

24849 166 94947 56
97021 114
98709 198

part-r-00011

%re 6. Examples of the Results of Big Data Analysis using MapReduce 4

Experiments

The educational content viewer system was implemented on iOS and Android SDK
4.0.4. Here, however, we only describe examples of the content viewer implemented
using Android. Examples of iOS-based devices can be found in Ref. [2]. Figure 7 shows
examples of basic controls, including images and text, and Figure 8 shows an example
of interactive controls for a 3D object image of the Earth. These 3D images are
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provided to users as a class using OpenGL ES, and can be controlled using user multi-
touch gesture actions; for example, if users hold the 3D earth sphere with their fingers
and drag it, the user can see the other side of the Earth. Users can also change the size
of a 3D object by zooming in or out.

1. What is Film? 2. Image Edit Technic
The Film is a media to send a certain contents Jump Cut : A jump cut is a cut in film editing

with video which is recorded at the moment scene in which two sequential shots of the same subject are taken
and sound, from camera positions that vary only slightly.

The film is important not only shot, multi-take : An editing technique in which the exact same action
but also how to edit (such as a talking head)

is filmed from various angles all around the subject

short discussion about film

N
)

X« V'S

N\
nt\ré‘{s (Im Md Text)

Figure 7. Examples of basic

(1) The Earth (1) The Earth SN

Earth is the third planet from the Sun, and the densest and fifth-

Earth is the third planet fro un, and the densestn h-
o

largest of the eight planet: lar System. It is al largest of the eight planets in the Solar System. It is also the

largest of the Solar d rrestrial planets. it is largest of the Solar Systerm's four terrestrial planets. It is
sometimes rafprr as (g world of the Blue Plaliet. sometimes referred to as the world or the Blue Planet.

CT and Future Panning (MSIP), and National Information Society Agency
013 [24]. Figure 9(b) shows the visualization of the analysis result using the
e onal content viewer. We analyze the user preferences of movies, which contain
over 10,000 comments. We selected 62 movies out of 870, which had more than 10,000
comments. We categorized the 62 movies into 7 genres, as shown in Figure 9(a) [12].
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Genre Percent(%)
3. Film Rating(Analysis using Bigdata)
D ra ma 2 5 % T:E‘:n:::jg‘::é}:g::%%::hg;:éi%:dman 1000 is the target
Comedy 17% The Following show the re:
M e I 0 1 0% The Percentage of the number of reply about Film genre
Thriller 9%
Action 23%
SF 14% .
Horror 2% ?y
Total 100 9
(a)
Figure 9. (a) The Results of Big Data Ar’ ‘(% ualization of
these Dat
5. Conclusion
We have described the developme ducatlonal content viewer that
supports multiple smart device platf nd a ange of content types. In addition,
the content viewer enables bi analytlc visualization of the results. The
content viewer was mplemw% a pat a cloud-based smart education system,
which integrates a number of Teatur ed to deploy a cloud-based educational
media service environm dellverl ariety of smart educational content on a

small-scale cloud infr. ure [7, 8 e developed the content viewer for iOS and
Android-based sm nes, onstrated features including big data analytics.
Our results indi at the ¢ iewer should be able to not only display various
types of co‘n multi deV|ce platforms by automatically adjusting the content
resolution to e cor&ﬁmg device screen but also handle interactive 3D objects
easily using multi estures, support big data analytics, and respond in a

reasonable speed

The content@v has a number of important advantages over existing content
viewers; howeven, there remain a number of areas with significant scope for further
improveme\\%he viewer described here is a prototype, and further implementations
inferactive controls are required, including different types of math formulae,
and questions. In addition, a study into the design and implementation of a
system for content synchronization should be performed because

spfonization between smart devices is essential in a cloud-based service.
Furthermore, more in-depth research into big data analytics should be carried out via
the establishment of a Hadoop ecosystem to support enhanced security, resulting in a
more robust educational content viewer.
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