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Abstract ‘\) ¢

The purpose of this study is designing and implementing a context awa
that can collect and process learners’ learning context in real time on
the spread of so-called ubiquitous computing enviro based ay’s wireless
mobile communication technology, hardware techn ; n t rk technology,
etc., e-learning platform is also entering |nto ase., éAs t ext-generation e-

ilePLMS. With

Iearning platform called e-learning 2.0 is evol from d to mobile device-
based, research is continued for the appli;ggn of new ologies such as cloud
computing and big data processing. In th of schq@ucatlon on the other hand,
there is an increasing need for develo perle ucation contents to stimulate
students” creative synthetic thmkmg red of creative economy. Thus, this
study aimed to provide elab owle@ anized by teachers based on the
learners’ context recognize rlous f context aware information collected
from the learners’ mobile dewce |th thie me of this study, we expect to enhance the
timeliness of learning b ovidin }bnts of education organized in advance by
teachers at any time anQany place)‘% without the learner’s request.
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Contents O@
1. Intro @

Recently computi ironment is evolving fast from PC-based to mobile device-
based fueled by, development of wireless mobile communication technology,
ubiquitous tec gy, multimedia processing technology, etc. As the advanced
|nformat|o communication technologies enable various ways of access to
mform@ rners have become able to search and process information at any time and

inan
area of educational technology that is in the same vein as the development of
ation technology, traditional e-learning is going through a transition to a new
paradlgm of e-learning, namely, smart learning promoted by the high usability and
intelligence of information devices in smart environment.

For smart learning, LMS plays a key role as it has done in traditional e-learning, but
there are two major issues related to LMS in current smart learning. One is that with the
transition of LMS from PC environment to mobile environment, some contents that work
smoothly on the PC are not applicable in the mobile environment. For smart learning,
accordingly, we need to take technological considerations for mobile LMS flexible to
changes in future computing environment.

Another issue is how to provide various learning contents for diverse teaching methods
based on personalized mobile devices without the limitation of time and space. This is for
improving learners’ educational environment and their personalized mobile device
learning using context aware technology, cloud computing, big data technology, etc.,
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which are to collect and analyze information on learners’ activities and to give feedback.
In order to provide learning services required by users in smart environment, we need to
use context aware and processing technology, in which sensors and computers ubiquitous
around the areas of daily life collect and share various types of context information and
find the context of the users’ and their surrounding environment [1].

Accordingly, mobile LMS for smart learning should provide optimized user interface
according to wired/wireless device, and support the push of elaborative contents to be
taught in connection to the learner’s learning context. With the popularization of
personalized learning environment, moreover, it is necessary to suggest a learning path
according to the learner’s academic level and competence.

Most of mobile LMS’s that have been developed and in operation until now, however,
are focused on the delivery and operation of contents that have been provided in RC-based
LMS, and therefore they lack in functions for the delivery and operation of co Iﬁﬁaged
on context aware that collects and processes learners’ context informatio ;%’fmng to
device.

The term ‘context aware contents’ denotes the sync onj%tibn of Ve contents
organized by teachers for teaching contents with the ph) pace. G eyond simple
experiences in knowledge permeated into daily~s 5, it r&?) opportunities to
construct elaborative knowledge and ensures the encin &% ificance of learning
experience. Otherwise, learning information is qothing but ta& ition of knowledge as
in an encyclopedia [2]. o c.m%

Accordingly, this study purposed to’@] and im nt LMS for smart learning

with which we can collect context l@g ationai ing the learner’s location, used
devices and systems, and the Iearn@ rnin% , and provide and manage learning

services based on the informatioR.

2. Introduction to I\@bile L@mart Learning

2.1. Current State of IA

The term ‘LM %an 0 d in the early 2000s along with the emergence of e-
learning ser, ch as e management, contents management, and learner
managment, are di uished from conventional websites that simply transmitted

contents in webpages. generally defined as follows:

ent system) is a system that supports and manages learners’
want to take courses of learning in the cyberspace, the teachers
Id make some preparations such as opening curricula and applying
courses. A LLDE preparations takes place actual learning, in which the system traces the
learers’ | g process, manages their learning history, and provides customized
learni ach individual learner. Doing these tasks, LMS consists of major functions
or online learning such as class grouping, cooperative learning, attendance
mariggement, and bulletins[3].

On the other hand, smart learning, which is an intelligent customized teaching-learning
system demanded in the 21st-century knowledge and information society, means that
learners can access teachers’ elaborative contents including curricula, teaching contents,
teaching methods and evaluation at any time and in any place according to their aptitude
or level. What is more, in response to the development of IT such as social network and
cloud computing and the rapid spread of smart devices, its need is growing higher along
with increasing demand of differentiated creating learning fit for individuals’
characteristics.

2.2. Context Aware Contents Services in Smart Environment

Context aware technology denotes software and hardware technology that predicts and
proposes in advance services needed by a user through analyzing the user’s current
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position, time, life pattern, vital signs, surrounding environment, etc. and deriving
functions optimized for the context [4].

Context aware technology consists of sensors collecting information on the
surrounding context, network transmitting data, middleware integrating transmitted
context data and connecting the data to relevant information systems, and context engine
analyzing data and inferring in order to provide answers appropriate for each context.
Context aware middleware is a technology that, standing between context aware
applications and sensors, gathers and processes various types of information and provides
them to users and applications. In this way, it plays the role of a mediator between sensors
applications.

Dey defined ‘context’ as the whole of information related to conditions, states and
objects around the user that are involved in the relation between the user and uhiquitous
computing environment. More fundamentally, context can be defined as “i fMon
describing the characterized state of entities existing in the real world,” an e%ﬂtities’
mean humans, places, or interactions between humans and services[5]. s ]2

There may be a large variety of contexts, but conte 'u@gmation i lly divided
into user context, physical environment context, M ystéip/context, user-
computer interaction history, and other context. %)

In this study, we applied context aware tecth ollect, process, and
analyze representative context information sugh as Iear rent position (latitude
and longitude coordinates collected by th 'é!s sensor a mobile device), learning

history (information on the learner’ s1 g condlt d interaction), and device
(system environment information i g th @e used by the learner), and to
provide learning services based on ormati

3. Design and ImplerﬁAatlon.o ontext Aware Contents Service
Model for Smart Lea@ng

The enwronmen\sf this st Mvelop a context aware contents service model
oll I%

for smart learning is ows. le 1 shows development and execution environment
for learner se

::able I&Iopment and Execution Environment

Development and ution Environment Description

* Windows7

. \‘batabase * Postgres8.4

\1* Web Server * Apache Tomcat 6
(\\' Development Tool * Eclipse ADT
QV Development Language « JSP & Servlet, Ajax, JSON
* HTMLS, JavaScript, Native function
% Running Mobile Devices * Tablet PC, Smartphone(Android, 10S)
Mobile Browser » Chrome, Safari

3.1. Design of User Interface Adaptable to Various Mobile Devices

The key to context aware contents services for smart learning perceives various types
of context information on an individual learner and providing learning services
customized according to the context. In particular, it is quite important to provide
consistent user interface and the same learning contents in different mobile devices. A
learner’s context information may include many different data, but in this study we
considered physical learning environment such as device, time and place, the condition of
the learner’s learning activity, and the state of the learning process.

In smart learning environment, the user may use a desktop PC or a mobile device such
as laptop, mobile phone, PDA or PMP as a learning device. Because a mobile device has
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a smaller screen than a PC and its type is diverse, the mobile device interface needs to
filter or reconstruct PC interface modules. That is, the learner should be able to use
seamless learning services through the same user interface of the same module regardless
of whether in PC environment or in mobile environment.

Thus, this study attempted to implement HTML5-based contents and LMS that run in
various devices, not dependent on a specific mobile platform. Contents based on HTMLD5,
the next-generation Web standard, are highly modifiable and can be maintained and
managed easily. In this sense, HTML5 may be called the most flexible contents and
solution development technology [6-7].

What is more, it is necessary to allow the connection of a larger number of systems in
future changed computing environment, and learners should be able to access learning

contents from many different learning service providers. x) .
3.2. Design of Context Aware Contents Service Support ?V

The biggest characteristic of learning activities in smart learning ironpnent is the
transition from pull-type learning to push-type leardigg™That is;&different from the
traditional way of learning in which the learner sear necgssaryyinformation, the

new form of learning will provide the learners ssary infofgpation automatically
through intelligent embedded devices. For smart ing, W@AO build a system that
interconnects the smart environment and the hing-learningsontext so that the learner
in the teaching-learning context can leagrn Q time apd=m any place through contents

elaborated by the teacher, namely, orga@ r higher effect of learning.

Xc tured by the teacher in relation to

Accordingly, it is necessary to de\%’a onte
the learner’s location and context gﬁs t the | 15? an access and learn the contents as
necessary. In smart enviromq%v ere the stryeture of knowledge has become more

extensive and complex, learners Want to® ructured contents of education required in
their current learning contéxtyand positi mediately, and to interact with the teachers
and be given the feedb earnin S.

In this study, o quest service by a learner or a teacher through a mobile
device, the serve rms r storing of position information transmitted from the
mobile devi' g the time/from the device’s connection to the system to its

N0

disconnectio sitionA @mtion is essential for providing learning services connected
to the actual context t mart environment can support, but not all learning services

have to be prov@bt e actual context. Figure 1 is a conceptual diagram of mobile
LMS.

\17 Server GPS satellites
Q Request a Learner

O o
@ Learner Location

Location Information
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to a each client
Location-Based Learning
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Figure 1. Conceptual Diagram of Mobile LMS
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Therefore, the developed system is designed to support not only the function of
searching registered contents matching with position information but also the function of
transmitting general contents as well. Accordingly, context aware technology is very
important for the construction of smart learning environment.

In this study, the focus of design was brought on making it possible for learners to
learn through the teacher’s elaboration process of learning in the teaching-learning
context. For this, we need to design programs that recognize data on the learner’s context
and provide the learner with learning information optimized for the context.

First, we need mobile application programs and server application programs for
collecting and storing position information. Because a mobile application program cannot
save data directly into the server’s database, there should be a communication program in
addition to web application programs in the server. In a LMS server, a daemion-like
communication programs runs continuously and performs the function of s MPS
data from mobile devices into the database. %’

Second, in order to analyze stored position information and to fi provide
learning information necessary to learners, the system Preparg/c S organized
in advance by teachers that can be connected to teaghig-learning . In smart
learning environment, contents should be fragmen %ﬁ
provided immediately according to the learner’s l¢ .

Accordingly, we designed the systems so that, based on the ion-based information,
learners can search for learning contents r&’ry m.th%I urrent position and receive
them in the form of push whenever® ;{ change tN
connection to the system.

ocation while they are in

In some case, learners may no real h of contents list whenever they
move. Therefore, the system proyi the ‘GP PS off” menu so that the learners can
choose position-based learni nd they earch the entire contents and choose

learning note function,~witd whic earners can organize and upload materials
obtained from learpi related, materials immediately at the site of learning. The
learning note fun a%n improvethe retention and transfer of learning because it helps
the learners %Iearning paterdals with the learning context by saving not only time
data but aIso@ion i or@ion when uploading materials such as images and texts.

necessary ones according gtheir pla%@ﬁ}%:more, the system is designed to include a

3.3. Design of the W, earning Process

Learners may any different devices from PC to smart phone and tablet PC. In
order to gget gon t aware contents services, however, it should be a mobile device
containin %ﬂé sensor that is on.

1) The er connects to the LMS server through a mobile device or a PC containing

sor. The server collects data on the learner’s physical environment, namely,
@ information such as whether PC or a mobile device, operating system, browser
versiOn, resolution, and the learner’s current location. Then the learner is provided with
user interface optimized for his/her position, learning history, and device, and gets
learning services through the interface.

2) LMS searches registered contents, assignments, tests, etc. and checks if there are any
contents to be learned in connection to the learner’s position, and then shows the list of
contents on the message window. If the learner moves out of the current point into
another, it provides information on contents to be learned in that position.

3) While the learner is learning in an actual context, teachers should understand the
purpose of learning and the learning context, and prepare contents with related questions
and assignments for enhancing the transfer and retention of learning.

Through such a series of teaching-learning process in smart learning environment, the
system can increase opportunities for motivating learners with practical assignments
instead of learning with vague expectation to utilize the context, and moreover, it clarifies
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the significance and purpose of learning, and helps the students obtain useful knowledge
applicable in their real life.

4) The learner makes a brief report using the contents learned at the current position or
related materials, and uploads it through the learning note menu. When materials are
uploaded onto the learning note, position information is also stored. Then linked to a
mobile application map, learning materials corresponding to a specific learning position
can be viewed together.

5) When a learner connects to the system, learner information is an important element
indispensible for the level-based personalization of learning. If learner information is
changed, the new information is entered and updated through the basic learner
information management menu and the preferred information management menu. In
addition, the learning history information menu shows details on the learner’s completion
of courses. v

4. Results 62
[ ]
4.1. Application Program for Collecting Learn@ositio@rmaﬂon and

Transmitting to the Server Q

Mobile devices such as smart phones are majorms })ng in smart learning
environment. In order for the server to recognize the user’s c t in real time, it should
collect various types of context informatior&'\he userds.in connection to the system.

This study used a smart phone as a° r device, for confirming the learner’s
position in collecting context informati e needl afj/application program that reads data
collected from the GPS sensor buif i the & ice and transmits the data to the
server. 4’;

Figure 2 is screens showing the.receivin tus of a GPS sensor. If a learner logs in for
learning, the sensor commumicates wi iddleware in the server that is for collecting
context information. | \

AN 4
Ix 3
" SAH 3= [ an
Scystns| A<
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Figure 2. Receiving Status of a GPS Sensor and Collecting Context
Information

4.2. Application Program that Stores Position Information Collected from a Mobile
Device into DB

In order to store data collected from a mobile device into the database in the server, we
need middleware that receives data and stores in the database.
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Figure 3 shows middleware running on the server. This program was designed to run in
the background as a daemon, not directly controlled by the user.

O|0|X| 2E +

~—

Figure 3. Registration L jon- Bas d ntents

4.3. Development of Interface for Ta @and bﬂ&Dewces

In smart learning environment, r €O the learning domain and logs in,
the server should prowde h ested p ased on various types of context
information. Figure 4 sho blet PC interface and mobile device interface used
according to the type of dewice recogniz

LMS in this study w loped n .NET development environment, which is a
software develop ironment T development environment can handle each
segment separate the desrg%screen. Accordingly, it is effective in developing

at com s dnterface differently using the design of the same
fram@itioned on the desktop screen needs to be redeployed on the

small screen of low res as in a mobile device.

N
e
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Figure 4. Tablet PC Interfaces and Mobile Device Interfaces
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4.4. Real-time Provision of Contents According to the Learning Position of
Mobile Device

In smart learning environment, the learner can learn while moving with carrying a
mobile device. If there are contents organized intentionally by the teacher in every
position and if the learner moves to another registered point beyond the boundary of
contents in the current registered point, he/she should get the registered contents in the
new point. The LMS implemented for context aware contents services in this study is
designed to save the learner’s position on the server every 30 seconds, and if the learner’s
position is removed from the registered point the system searches the contents again.

Figure 5 is a screen showing that a learner, carrying a mobile device at a specific
registered point, interacts with contents corresponding to the position. V'

X2 stet

&4E

ST P X|olM x| ShE St AR
HEAFH

soA)Contents Corresponding to the Position

Figure 5. @%ﬁ)n Ba
S. Concl.1

With the recent ra n5|t|on of computing environment from PC-based to mobile
device-based, the @e active discussions for applying up-to-date information
technologies to q@MS for e-learning services to new smart environment. However, e-
learning in,smart eéavironment, namely, smart learning has encountered the major problem
that PC-baS%ﬁntents do not work in mobile environment. Solutions are being proposed
for the , but research has not been made much on the use of various functions and
ad t@ of high-tech smart devices such as context aware contents services.

% study proposed a context aware contents service model that recognizes different
learning contexts of learners based on personalized mobile devices, ubiquitous computing
environment, etc. and provides knowledge constructed by teachers according to their
teaching philosophy. For this, we suggested directions for the design and development of
LMS supporting individual teachers to display their educational expertise in smart
learning environment, and designed and implemented core functions and interface.

In LMS designed for smart learning in this study, context aware contents services were
implemented as hybrid apps rather than as native apps, which are dependent on a specific
platform. Therefore, they are usable in all smart devices including Android and 10S. One
of current issues in LMS for smart learning is difficulty in application development on the
OS platform of smart devices, and another problem is in the maintenance and repair of
systems whose life cycle is short. In order to overcome these difficulties, our system
consists of HTML5-based hybrid apps (Web apps). Of course, source-dependent native
functions should be avoided as much as possible for the flexibility of the system, but
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some functions without standard had to be used inevitably. In addition, this system allows
learners to manage their learning more actively than before using a smart device, but
teachers also can register and manage organized contents to be taught at any time and in
any place.

The context aware contents service model implemented in this study is a system in
which learners’ actual teaching-learning context is linked to elaborative contents to be
taught by teachers. In the teaching-learning process, the learner is provided with contents
services customized to the learner’s context and learning level. Moreover, LMS
implemented in this study aimed to provide common user interface usable in any devices
including PC and mobile platforms such as Android and 10S.

In addition, it is flexible LMS that delivers contents efficiently and manages learning
processes in an integrated way even despite future changes in computing environment,
and is expected to provide various education methods and learning conten Non
contemporary information technologies. %V
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