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Internet technologies are currently being increasingly employed in the field of
education such as e-Learning and distance learning systems. e-Learning systems generally
have three components of 1) a user interface that is customized for target users in an
organization (students, teachers, and administrators), 2) a general software component,
called a common learning engine for learning and teaching, which is independent of the user
interface and learning content, and 3) a database for domain oriented learning content and
learning logs. Of these, the common learning engine has reduced the load in developing
individualized e-Learning systems for specific schools or organizations.

Although the number of organizations in Thailand that implemented e-L earning systems
was around 40,000 in 2009, it exceeded 60,000 in 2012, and it is still increasing. Therefore,
each e-Learning system has its own learning content. Teachers should prepare learning
content by themselves for their students with their limited resources even if excellent content
may exist in other e-Learning systems. Such tasks in preparing learning content are
time-consuming and costly. It is also well known that some teachers cannot develop their
own learning contents because they have deficient IT knowledge. There is no chance, on the
other hand, for students in e-Learning systems to obtain learning content from other

e-Learning systems even if it is openly disclosed, which is wasteful. The more learning




content students use, the smarter they become.

Sharing of learning content by schools and organizations has become more significant
and necessary under such circumstances. This should be transparent among e-Learning
systems where transparency means that users do not need to be conscious of the real location
of learning content. Users do not generally need to share learning content in the first stage.
Once they cannot help using e-Learning systems, the requirement to share learning content
becomes clear. Learning logs that can be shared among schools and organizations should
suggest future learning directions in the final stage. There should be an account on stepwise
growth for sharing learning content.

The main purpose of this research is to devise a new mechanism by combining existing
and prospective LMSs on the Internet and to share their learning content among users in a
richer learning environment. This research proposes a new concept, called a Distributed
Learning Management System (DLMS). This thesis clarifies the reasons DLMS is required.
Then, a practical example is presented in the thesis for the proposed DLMS by science
teachers. It also explains how DLMS was designed and how the prototype was evaluated that
compared the evaluation of DLMS for SOAP base and REST base implementation. In
addition, it proposes the future possibility of DLMS based growth of capabilities in
trajectory mining.

Chapter 2 provides four alternatives for sharing learning content in e-Learning
systems (why DLMS is required): (1) a method of replicating shared content, (2) a method
of centralizing shared content, (3) a method of remotely logging in to shared content
(multi-login), and (4) a method of sharing distributed content. This chapter discusses the
potential problems with these alternatives with simple illustrations that present these system
structures and data flows. This chapter also clarifies the features embedded in the
alternatives by comparing the viewpoints of students, teachers, and administrators. This
chapter explains an evaluation of the performance of DLMS and LMS for ten students and
seven LMS systems on the 250 Mbps Internet. Chapter 2 also compares alternatives of
sharing learning content which provided both qualitative and quantitative evaluation. The
proposed distributed approach was found to be preferablein the final stage as aresult of
the comparison.

Chapter 3 focuseson aDLMS application (how to use DLMS). The main purpose of

the application was to support science teachers to prepare for their classes. The teachers in



this application should be regarded as students within the context of the e-Learning system.
Then, the chapter introduces the concepts and principles underlying shared digital
content based on aworking DLMS. The proposed framework is divided into three parts:
The first part describes the background for digital content sharing by science teachers.
The second part explains the designs of the evolutionary process for contents sharing based
on Capability Maturity Model Integration (CMMI), which includes five stages. The final part
illustrates a scenario on how the proposed framework works. Content constructors such
as science teachers are expected to save a great deal of time in preparing digital content that
will be presented to their students with this framework.

Chapter 4 explains the designs for the data flows for the Distributed e-Learning
Management System based on a standard protocol (how to implement DLMS). First, it
reviews the features of learning content that are different from those of simple HTML pages.
Their sizes are generally too large to use the Simple Object Access Protocol (SOAP) for
communication between e-Learning systems. The SOAP and Representational State Transfer
(REST)ful Web services were compared, and why the latter is superior to the former for
DLMS is clarified. A data flow diagram and class diagram are specified that follow the
conceptual design. This chapter explains an evaluation of the performance of DLMS by
implementing the prototype base on SOAP-base and REST-base implementation.

Chapter 5 suggests future possibilities by introducing capabilities for trajectory
mining. It discusses ways to support improved individualized learning processes based on
trajectory mining. Trajectory mining is a type of mining for extracting dependency
knowledge from time-series data. The system is expected to provide students with better
learning support through the use of this technology. This chapter consists of four parts. The
first part introduces data mining and related works. The second part reviews what
capabilitiestrajectory mining has for learning logs. The third part introduces the basic
idea behind the proposal. This part reviews the Spiral Enhancement capability support
system (SPICE) and CMMI used for analysis. The third part explains the design of a
questionnaire for a sample group (TNI student capabilities). The final part proposes the
possibility of learning log under DLMS and an algorithm for message generation. In
addition, this part proposes support for planning in the growth of capabilities for
trajectory mining for student recommendations.

Chapter 6 finally concludes this thesis by summarizing the previous chapters.
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