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Abstract
With an increasing number of users having more than one smart device, an environment for delivering the same content 
through multiple devices has been established via wired and wireless network connections. Consequently, online educa-
tion services that have provided content on one device screen by dividing it into multi pieces have changed to providing 
it through more than one smart device using a synchronization system embedded in a content viewer application or an 
e-book reader. However, most existing content viewers do not support content synchronization. Some do support it, but 
are platform-dependent. To address these shortcomings, we propose a synchronization system embedded in an education-
al content viewer that supports a wide range of content types and is platform-independent. To examine the performance 
of the proposed synchronization system, we conducted experiments on processing time for synchronization by applying 
it with different network connection types and between smart devices with different operating systems (OSs). The 
synchronization system performed within a reasonable time on wireless (Wi-Fi) and long-term evolution (LTE) networks, 
and most of the content, except three dimensional (3D) objects, synchronized in real-time regardless of OS type.
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1.  Introduction 

With the rapid rise in smart device users, various systems 
to support user convenience are being developed based 
on these smart devices1, 2. In addition, because an increas-
ing number of users have more than one smart device, an 
environment for delivering the same content through mul-
tiple devices has been established via wired and wireless 
network connections3. Consequently, online education 
services that provide content on one device screen, divid-
ing it into multiple aspects, have changed to providing it 
through more than one smart device using a synchroniza-
tion process4, 5. In the field of education, there is ongoing 
research directed at improving learning experiences using 
N-screen services, which is a synchronization technology 
for a seamless display among multiple devices. Jang-Ho 
Lee6 proposed a cloud-based real-time education system 
that provided lectures between the PC of an instructor 

and the smartphones of multiple users. Jae-Ho Kim 
et al7., introduced an educational system that enabled 
infants/toddlers to play games with their parents using 
multiple smart devices, in addition to allowing parents 
to monitor their children’s learning. These systems, how-
ever, provide only limited features on some smart devices; 
they are also still in the research stage and have not been 
commercialized. 

Content is delivered to smart devices using a content 
viewer application or an e-book viewer. To support syn-
chronization services in a content viewer, it is necessary 
to include features to process content synchronization. 
The most common commercial content or e-book viewers 
include EPUB3.0-based viewers and Apple’s “iBooks 2”8, 9. 
Such viewers support various e-book features and inter-
faces for the convenience of users. However, they have 
some limitations: EPUB3.0-based e-book viewers do 
not support interactive three-dimensional (3D) objects 
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or content synchronization8, 10; iBooks 2 can only run 
on iOS-based platform devices and the synchronization 
system is difficult to use, although it can deliver interactive 
3D objects and content synchronization services11.

In this paper, we propose a synchronization system 
for an educational content viewer that provides content 
sharing (displaying the same content on multiple devices 
at the same time) and content continuity (continuity 
of displaying content) features to deliver educational 
content seamlessly to users anytime and anyplace. We 
implemented the proposed synchronization system in 
an educational content viewer that we previously devel-
oped12, 13. The educational content viewer is based on 
Extensible Markup Language (XML)12 to enable the 
support of synchronization services between devices of 
different platforms. We designed the interface of the syn-
chronization system to be easy to use. The content viewer 
supports not only basic controls such as text or images, 
but also interactive controls such as 3D objects, videos, 
and animations12.

The remainder of this paper is organized as follows. 
Section 2 reviews the theoretical background on which 
this study was based, including synchronization sys-
tems and content viewers, and the smart educational 
content viewer introduced previously12. In Section 3, we 
describe the proposed synchronization system for an 
educational content viewer, including its configuration, 
database, server, and processes. In Section 4, we present 
the implementation of the synchronization system, and 
Section 5 describes our experimental results. Section 6 
summarizes the paper with some directions for future  
research.

2.  Theoretical background

2.1  Synchronization System
Synchronization involves making the data on two devices 
identical14. Recently, it has been exemplified by display-
ing the same content on multiple devices at the same 
time, such as the N-screen system, or by seamless content 
display between different devices. There are various syn-
chronization services, such as ‘video on demand’ (VOD) 
viewing and content sharing in educational services15, 16. 
Jang-Woo Yoon et al.17–19 broadly classified synchroniza-
tion service types into three categories: ‘content sharing,’ 
‘content continuity,’ and ‘collaboration among devices,’ as 
shown in Figure 1.

Content sharing provides the same content (or same 
service) identically on multiple smart devices with differ-
ent resolutions, memories, and CPU speeds. Figure 1(a) 
shows examples of a content sharing service, called ‘one-
source, multi-use (OSMU)’ in N screen18–19. Content 
continuity allows users to view content continuously on 
different smart devices without time or place limitations 
(seamless/continuous viewing of the content), as shown in 
Figure 1(b). For example, a video played for 10 min on device  
A then continues to play on smart device B after 10 min. 
The last service type is collaboration among multiple 
devices. For example, as shown in Figure 1(c), content can 
be delivered through multiple devices by dividing it into 
several aspects, or can be provided on a smart TV while 
supporting additional information, such as weather fore-
casts and advertisements through other smart devices. The 
synchronization system proposed in this paper provides 
content sharing and content continuity features to deliver 
educational content seamlessly anytime and anyplace.

2.2  Content Viewers
A content viewer or e-book reader is an application for 
displaying digital content or e books, including texts, 
audio/videos, images, and 3D objects, on various devices, 
such as PCs, tablets, and smartphones. The most popular 
content viewers include EPUB3.0-based viewers and 
Apple’s iBooks 28, 9.

Representative EPUB3.0-based e-book viewers 
include Readium8, Tabon eBook reader20, and Ridibooks’ 
viewer21. Readium was developed by Readium.org, a 
nonprofit organization, with the goal of accelerating the 
adoption of EPUB 3.0 as a universal digital standard 
publishing format12; it currently has more than 40,000 
users since it was launched on the Chrome Web Store in 
201210. However, such e-book viewers have limitations in 
displaying Scalable Vector Graphics (SVG) and Cascading 
Style Sheets (CSS), and do not support interactive 

Figure 1.  Three Classifications of Synchronization 
Services17–19.
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3D objects and synchronization features8, 10. Apple’s 
iBooks 2, which was developed for educational purposes, 
supports various types of content, including interactive 
3D objects and photo galleries and pop up animations 
with supplemental learning features, such as highlights, 
notes, and content and glossary searches. It also supports 
synchronization services, including content sharing and 
content continuity8, 11, 16. However, it is only accessible on 
iOS-based smart devices, such as iPads, iPad minis, and  
iPhones.

To accommodate these shortcomings of existing 
content viewers, we designed synchronization features 
based on the smart educational content viewer we previ-
ously developed12,13, supporting various types of content, 
including interactive 3D objects, SVG, videos, and big 
data, in addition to supporting compatibility with multiple 
device platforms.

2.3  Smart Educational Content Viewer
Recently, a cloud-based education system was developed 
for deploying smart media educational content services, 
enabling delivery and sharing of various enhanced con-
tent, including texts, images, videos, animations, and 3D 
objects22. The system supports six main features: a cloud 
platform, a compatible file format, an authoring tool, a 
smart educational content viewer, an inference engine, 
and a security system.

The educational content viewer developed enables 
displaying smart educational content on multiple device 
platforms based on XML, in cooperation with HTML5 
and the SVG format12, 13. The viewer can display smart 
media content on multiple device platforms by converting 
the XML data to HTML format appropriate to each device 
using Extensible Style Sheet Language Transformations 
(XSLT). It is not easy to convert the XML data of the 
interactive 3D objects, including audio and animations to 
HTML format with XSLT. Thus, the viewer was developed 
with a mechanism for visualizing interactive controls 
by associating with another content viewer developed 
using the Open Graphics Library for Embedded Systems 
(OpenGL ES) rendering12. Consequently, this content 
viewer is platform-independent and deploys interac-
tive 3D objects, including audio, videos, and animations. 
We implemented a synchronization system based on 
this smart educational content viewer. Figure 2 shows 
screenshots of the smart educational content viewer on 
an iOS-based smartphone (a) and an Android-based 
smartphone (b) for the same content.

3. � Synchronization System for an 
Educational Content Viewer

3.1  System Configuration
The synchronization system for the educational content 
viewer proposed in this paper consists of four features: 
the ‘content viewer,’ ‘synchronization server,’ ‘database,’ 
and ‘push message server,’ as shown in Figure 3.

When a user executes the educational content viewer 
on a smart device with the content continuity feature, the 
content viewer requests from the synchronization server 
the content data last used by the user, after collecting 
the basic information of the user. Then, the server finds 
the last performed content data from the database based 
on the basic information of the user, and sends the last 
content status information to the content viewer. The 
content viewer analyzes the content information received, 
depending on the kind of content; that is, it applies the last 
content status information to the corresponding content 
by analyzing the content information differently accord-
ing to the kind of content, and composes a content screen 
and displays it on the user device.

Figure 2.  Examples of the content viewer on an iOS-based 
smartphone (a) and an Android-based smartphone (b)12.

Figure 3.  Configuration of the synchronization system.
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If the content viewer detects a user action related to 
content synchronization, it transmits the detected action 
information to the synchronization server. The server then 
saves the information received into the tables of the data-
base, searches smart devices registered in the database, 
and requests to the push message server to send the push 
messages of each retrieved device to the content viewer 
on each device. The push message server supports push 
messages based on the operating system of each smart 
device. For example, if a smart device from the databases 
is an Android-based device, then the push message server 
requests a message transmission to a Google server, which 
supports Google Cloud Messaging for Android (GCM). 
The content viewer on each device analyzes the trans-
mitted push messages, based on the kind of content, and 
applies the action information to the content to compose 
a synchronized content screen.

3.2  Database for Synchronization
To manage the information required for synchronization, 
we designed a database, as shown in Table 1. The database 
consists of four tables: user_info, ebook_info, user_device, 
and sync_info tables. The ‘user_info’ table is for manag-
ing the user information of the content viewer, and the 
‘ebook_info’ table is for managing the basic information 
on e-books (content) uploaded on the synchronization 
server. The ‘user_device’ table controls the information 
on users’ smart devices by each user, and the ‘sync_info’ 
table manages the user actions performed for synchroni-
zation requests.

Table 2 shows the kinds of content supported by the 
synchronization system, and Table 3 describes the attri-
butes of the user action information used in the content 
viewer for synchronization. They have different proper-
ties depending on the type of content.

3.3  Server for Synchronization
The synchronization system proposed in this paper pro-
cesses device synchronization by retrieving smart devices 
from the database and requesting push messages to the 
push message server, through a web server. Consequently, 
the performance of the synchronization system depends 
on the network status of the smart devices and the pro-
cessing speed of the web server. Thus, the synchronization 
processing algorithms on the server are important. For 
an efficient synchronization process on a Web server, we 
define three classes, as shown in Table 4.

Table 1.  Database for synchronization services
Table Column Name Data Type Function
User_Info user_index int User index

user_ID varchar(50) User 
identification

user_pass varchar(50) User password
user_name char(10) User name
user_tel varchar(15) User phone 

number
user_date datetime Subscription date

eBook_Info ebook_index int e-book index
ebook_id varchar(50) e-book 

identification
ebook_writer varchar(50) Author 

identification
ebook_kinds varchar(50) Kind of e-book
ebook_update varchar(MAX) Modified content
ebook_ver varchar(50) Version of e-book
ebook_date datetime Written date of 

e-book
User_Device device_index int Device index

device_token varchar(50) Device token
device_kind varchar(50) Device OS
user_ID varchar(50) Device user ID

Sync_Info sync_index int Sync index
sync_page int Page number
sync_kind varchar(50) Kind of content
sync_action varchar(MAX) Content status 

info.
sync_time datetime Synchronized 

time
user_ID varchar(50) User ID
books_id varchar(50) E-book ID

Table 2.  Kinds of content supported by the 
synchronization system
Category Kind of Content Function
Basic Content Text Page content or texts

Image Images in the ∗.png, ∗.jpg, 
and ∗.gif formats

SVG Simple 2D objects such as 
lines, circles, and polygons

Content continuity 
(common)

Display content by content 
continuity

Sync Content Page Synchronization for page 
movement actions

Video/Audio Synchronization for pause 
and replay actions

3D object Synchronization for camera 
movement actions
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content information performed most recently from the  
‘sync_info’ table of the database, and returns them to the 
viewer. Then, the content viewer composes a content 
screen for the smart device with a continuous view using 
the returned information and displays them on the smart 
device. We retrieve the most recently generated top 500 
data from the database. For the 500 retrieved data, if a data 
belongs to the page where the last synchronization occurred, 
it is added to an action information list (contentsArray). 
If data are not on the page, the list is returned to the user 
device. The list includes the information of content, action, 
and page number. The other methods presented in Table 4 
are also implemented in a similar way to this algorithm.

3.4 � Synchronization Process in the 
Educational Content Viewer

Figure 4 describes the synchronization process in the con-
tent viewer, divided into three phases. A synchronization 
service (content continuity and sharing) is initiated from 
Phase 1 (request the XML data of the content and ana-
lyze them). First, the XML data for an e-book’s content 
are requested from the content viewer to the web server, 
and the transmitted XML data are parsed with each page 
unit using the ‘XMLtoHTML’ method of the ‘Common’ 
class. When a user selects the content continuity feature 
of synchronization, the server requests the user’s last-
performed content information to the viewer (Phase 2). 

Table 3.  Content attributes for synchronization actions

Content Attribute Function
Page pageNum Page number
Video/Audio frame Play and stop time or 

frame information
state Status of pause, stop, or 

play
3D Object eye_x, eye_y, eye_z x, y, z coordinates of a 

camera position
at_x, at_y, at_z x, y, z direction vectors of a 

camera view
m_dist Distance between a camera 

and an object
m_radx x rotation information of a 

camera
m_rady y rotation information of a 

camera

Table 4.  Classes for synchronization in a web server
Class Method Function Return 

value

Continuity cur_content Retrieve the content 
information performed 
most recently

Action 
info

Sharing
sync_action

Called by the content  
viewer when an action is 
occurred

Boolean

save_action Save the action information 
to the database

get_device
Retrieve the device 
information to send 
messages

send_Android
Request the push messages 
of the Android-based  
device

send_iOS Request the push messages 
of the iOS-based device

Common save_device Save user device 
information

getBookXML Retrieve the eBook content 
requested by users XML

XMLtoHTML Convert XML data to a 
HTML document HTML

Table 5.  SQL and Algorithm for the ‘cur_content’ 
method

SQL statement for retrieving the content information 
performed most recently
SELECT TOP 500 log_page, log_contents, log_action 
  FROM [CloundServerDB].[dbo].[Log_CurInfo]
  W�HERE user_ID = uID and book_id = bID ORDER BY 

log_time DESC;

Algorithm for retrieving the content information performed 
most recently
public contentsArrary cur_content(String uID, String bID) {
  // �the page where the last synchronization occurred
  int page = DBtable[0].log_page; 
  for (int i=0; i<DBtable.count; i++) {
    if ((page == DBtable[i].log_page) && 
      (!contentsArray.search(contents.DBtable[i].log_content))
        contentsArray.add(DBtable[i]);
    else return contentsArray;
  } 
}

Table 5 presents the SQL statement and algorithm 
of the ‘cur_content’ method defined in the ‘continu-
ity’ class. When a content viewer is executed on a smart 
device, the method ‘cur_content’ is called from the viewer 
with parameters ‘user_ID’ and ‘ebook_id’. It finds the 
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The server transmits the last-performed content to the 
content viewer, retrieving them from the database. Then, 
the viewer analyzes the transmitted content on the basis of 
two categories: basic content and sync content. For basic 
content, the viewer requests the server to convert the XML 
data of the content to HTML format. For sync content, 
the viewer initializes the content data to the status when 
the synchronization occurred. Then, the viewer composes 
a content screen using the converted HTML data and the 
initialized sync content. When a user selects the con-
tent sharing feature, the viewer detects that a user action 
occurred and transmits it to the web server (Phase 3). 
To process content sharing services, the server stores the 
received action information to the database and retrieves 
the user’s device information, registered in the database. 
Then, the server sends the push messages for each device 
retrieved to the content viewer on each corresponding 
device. The content viewers on each device analyze the 
received push messages and provide the synchronized 
content on the screen of each corresponding device, based 
on the push messages.

Table 6 describes the algorithms for requesting the 
necessary data from the content viewer to the web server, 
and for analyzing the data received in the viewer. In the 
algorithm for data analysis, if the data received are in the 
XML format, the viewer parses the data to the HTML for-
mat. In the case of HTML data, the viewer displays the 
data on the user device screen using WebView, which 

enables web pages to be displayed on a smart device.  
For action data to be synchronized, the viewer composes a 
sync screen differently according to the kinds of sync con-
tent. In the case of a video, audio, or 3D object, the viewer 
first extracts the attributes of the action information using 
the ‘dataSplit’ function, and applies them to the content 
to synchronize by calling each function corresponding to 
the kind of the content.

4.  Implementation
The synchronization system, implemented in the 
educational content viewer in this paper, supports 
content continuity and content sharing features. The syn-
chronization system is platform-independent. Content 
continuity is a synchronization service that enables users 
to continuously view content, starting from the con-
tent that they were viewing on the last content viewer. 
Content continuity can be processed between the same 
devices or among multiple different devices. Figure 5 
shows examples of content continuity using three differ-
ent smart devices. Content sharing is a synchronization 

Table 6.  Algorithms for data request and analysis

Algorithm for requesting the necessary data from the content 
viewer to the web server

SoapObject request = new SoapObject(NameSpace, Method);
fo�r (int i = 0; i < numberOfParameter; i--) request.

addProperty(parameterName, data);
So�apTrandsport.call(Soap_Action,SoapSerializationEnvelope.

setOutputSoapObject(request));

Algorithm for analyzing the data received from the web 
server in the content viewer

for (int i = 0; i < table.count; i++) {
  if (table[i].data == HTML) WebView.setview = table[i].data;
  else if (table[i].data == XML) DataParsing(table[i].data);
  else if (table[i].data == actionInformation) {
    if (table[i].contnet == Page) PageMove.set(table[i].page);
    else { 
      String temp [] = dataSplit(table[i].action);
      if �(content == Video) VideoState.set(temp.Frame, temp.

stopORplay);
      els�e if (content == Audio) AudioState.set(temp.Frame, 

temp.stopORpaly);
      els�e if (content == 3Dobject) 3Dobject.set(temp.camera, 

temp.at, temp.dist, temp.rad);
      }
    }
  }

Figure 4.  Synchronization process in the educational 
content viewer.
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service that provides the same content identically on 
multiple smart devices, despite different system perfor-
mance characteristics. The proposed synchronization 
system was implemented to work across multiple smart 
devices running on not only the same platform, but 
also on different platforms. Figure 6 shows examples of 
content sharing between Android-based smart devices. 
Figure 6(b) and (d) are examples of synchronization for 
a video play and pause. When a video is played or paused 
on one smart device, other synchronized devices are also 
synchronized with the video play or pause mode. At this 
time, there could be a difference in video play time due to 
differences in time of synchronization processes on each 
different smart device, as seen in Figure 6(b). Figure 7 
shows examples of content sharing between iOS-based 
and Android-based smart devices while performing page  
movements.

Table 7.  Performance for synchronization according 
to connection type

OS Synchronization  
Service Type

(Content Type)

Speed (unit: second)

3G Wi-Fi LTE

iOS Content continuity 2~3 2 1~2

Content 
sharing

Page Over 10 2~5 2~4
Video/Audio Over 10 2~5 2~4
3D object Over 10 4~7 3~7

Android Content continuity 2~3 1~2 1~2

Content 
sharing

Page Over 10 2~4 2~4
Video/Audio Over 10 2~5 2~4
3D object Over 10 3~7 3~7

5.  Experiments
Experiments were conducted to examine the performance 
of the proposed synchronization system, in terms of 
processing time of synchronization. Table 7 shows the 
results of the average processing time for synchronization 
according to network connection types: third generation 
(3G), long-term evolution (LTE), and wireless (Wi‑Fi) 
networks. The results show significant differences, 
depending on network connection types regardless of OS 
type. On average, the synchronization was processed in 
2-7 s on Wi-Fi and LTE networks, but required more than 
10 s on the 3G network. This indicates that the synchro-
nization services proposed in this paper can be processed 
within a reasonable time under Wi-Fi and LTE networks. 
Currently in South Korea, most areas support Wi-Fi and 
LTE networks. Thus, it seems that the limitation with 3G 
will not be a major issue.

Figure 5.  Examples of content continuity on different 
smart devices.

Figure 6.  Examples of content sharing between Android-
based smart devices.

Figure 7.  Examples of content sharing between iOS-and 
Android-based devices.
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Table 8 shows the results of synchronization system 
application between smart devices with different OSs 
(between Android-based and iOS-based devices). The 
synchronization of content continuity and content sharing 
for page movements were performed in real-time, unless 
the networks were in an unstable state. Video/audio play 
and pause motions were also well synchronized in time, 
although the time of play/pause could differ depending 
on the arrival time of push messages. In the case of 3D 
objects, there were slight differences in user actions due 
to differences in system performance of each device’s OS, 
and in object representation methods implemented on 
each device. Thus, it will be necessary to develop a stan-
dardized method for representing 3D objects between 
different OSs.

6.  Conclusion
We described the development of a synchronization  
system for a content viewer, which supports content sharing 
and content continuity features. The synchronization sys-
tem was implemented in the education content viewer that 
was previously developed for a cloud-based educational 
content service12,13. The most popular content viewers, 
such as EPUB3.0-based e-book readers and iBooks 2, have 
some limitations: EPUB3.0-based e‑book viewers do not 
support 3D object controls or content synchronization, 
and iBooks 2 can only run on iOS-based platform devices. 
Our content viewer accommodates these shortcomings by 
making it possible to process various types of content and 
to do so independent of device platform.

To examine the performance of the synchronization 
system, we applied our system over different network con-
nection types and between smart devices with different 
OSs. The results showed a significant difference depending 
on network connection types regardless of OS types; the 
system performed in a reasonable time on Wi-Fi and LTE 
networks, but it showed speed limitations on 3G networks. 
In addition, most content types, except for 3D objects, were 
synchronized in real-time. In the case of 3D objects, there 
were slight differences on user actions due to differences in 
the system performance of each device’s OS, and in the object 
representation methods implemented on each device.

The educational content viewer with the proposed 
synchronization system has a number of advantages 
over existing content viewers; however, there are still 
a number of areas to be extended. First, a study on the 
improvement of content sharing for 3D objects should 
be performed to enhance performance. Second, further 
implementations are required on a collaboration feature 
of synchronization to deliver content through multiple 
devices by dividing it into several aspects, or to provide 
content services of different types on a user’s multiple 
devices simultaneously.
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