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ABSTRACT 
E-learning has undoubtedly been the hottest issue in the discipline of computer science. A valid learning content management system can provide learners with the capacity to carry out efficient learning. However, content management plays an important role in the learning content management system. Thus, a content management system CMSOT based on ontology and Taiwan learning object metadata, TW LOM, is proposed in this thesis. It consists of a searching module, domain ontology module, metadata editor module and knowledge repository. The features of CMSOT are: the contents of learning materials are stored in the format of SCORM and thus could be shared and reused; the contents of learning materials are classified by domain ontology; a metadata editor is provided for teachers to transform their teaching materials into the format of TW LOM; a searching function is provided to achieve the efficient searching for learners. We hope the CMSOT will promote learning efficiency for learners.
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1. INTRODUCTION

Recently, distance learning has been the hottest issue in the discipline of computer science. That is, learning by e-learning is getting more popular so research analysis of learning efficiency is very significant. In addition, knowledge management is a collection of measures aimed at preserving a continuous concept of knowledge in such a way that appropriate knowledge reaches the right members of the organization at the right time and in the right format. Therefore, an ontology-based learning content management system is proposed to reduce the time for finding relevant information and enhance the effectiveness of learning. After the system is established, the C language is implemented in the system to support learners to effectively learn C language. 

The rest of the paper is organized as follows. A literature review for ontology, e-learning and knowledge management is shown in Section 2. Our proposed the content management system based on ontology and TW LOM is explored in Section 3. System design is illustrated in Section 4. Section 5 carries out the course material of C language. Finally, the conclusions and future works are presented in Section 6. 
2. Literature review
A literature review for ontology, e-learning and metadata is shown in the following.
2.1 Ontology
   The definition and applications of ontology are somewhat different in each domain and its most popular definition is as defined by Gruber (1995): An ontology is a formal, explicit specification of a shared conceptualization. Therefore, ontology is a description of concepts and their relationships for a user or community of users. Ontology provides two great benefits: it allows the structure of a knowledge domain; and it permits the comparison of subjects that are syntactically different by their semantic contents (Bontas, et al., 2005; Santacruz-Valencia, L. P., et al., 2005; Hsu, K.C. & Yang, F. C. O., 2005).
Ontology is a popular research issue in various communities such as knowledge engineering, natural language processing, intelligent information integration and knowledge management. It provides a shared and common representation of a domain that can be communicated between diverse and widespread application systems (Ho, H. C., et al., 2004; Bontas, E. P., et al., 2005; McGuinness, 2000; Fuhua, L., 2005; Abel, M. H., et al., 2004).
Ontology is used to capture knowledge about some domain of interest. Ontology describes the concepts in the domain and the relationships that hold between those concepts. Different ontology languages provide different facilities. OWL ontology consists of Classes, Properties, and Instances, and the meaning of the three components would be explained by examples. Class is a concept of abstraction, and there are hierarchical relationships between some classes. 

Therefore, ontology is also used in the paper to describe the relation of domains. Besides, the OWL for Protégé 2000 is used to be the tool for making concept files since Protégé itself has extensible abilities, we can easily carry out knowledge-base editing using this tool and adapt it to any well-defined frame-based modeling language like Topic Map. TGVizTab is a plugin for Protégé which allows picturing ontology using the TouchGraph library. It offers the following functions: visualize classed and instances, network depth control, change graph colors, different slots can be displayed in different colors, hide/show individual slots and nodes, Ggometric and hyperbolic zooms, graph rotation , node search, save/load graphs and settings.
2.2 E-learning

E-learning is an instructional method for the new generation. With network development, instructors and learners can experience interactive learning on the Internet. Besides a new instruction media, it is not only a novel tool but also a complete new learning environment. It also overcomes the limitations of a traditional instructional environment because learners are learning in an e-learning environment at any time and any place. A Learning Content Management System, LCMS, is used for e-learning to provide authoring, sequencing, and aggregation tools for facilitating the learning process. Maish (2003) proposed that the LCMS usually included both Learning Management System and Content Management System and had the following benefits: rapid content creation for faster delivery; reduce costs by providing a large-scale, centralized learning content environment; increase productivity with a collaborative, team-based content creation environment and built-in workflows; powerful assessment capabilities to evaluate performance; and AICC/SCORM-complaint content for custom online courses. 

Thus, in this paper, a content management system CMSOT based on ontology and TW LOM to provide effective learning for learner. Table 1 shows a comparison of some e-learning systems with TREC method. The result shows that the system designed by us has the good performance.
Table 1. Comparison of e-learning systems

	TREC


	Database Merging
	High precision 
	Interactive


	Large Corpora 



	High-level Architecture of a Metadata-based Ontology Matching Framework (Mochol, M., et al., 2006)
	ˇ
	
	ˇ
	

	Constructing Knowledge Bases for E-Learning Using Protégé 2000 and Web Services (Hogeboom, M., et al., 2005)
	ˇ
	ˇ
	
	

	Content Management System based on ontology and TW LOM for E-learning
	ˇ
	ˇ
	ˇ
	ˇ


2.3 Metadata
Metadata means data about data to describe how and when and by whom a particular set of data was collected, and how the data is formatted (Chen, Y. N., et al. 2005). Metadata is essential for understanding information stored in data warehouses and has become increasingly important in XML-based Web applications (Chen, Y. N., et al., 2004). Metadata is structured information that describes, explains, locates, or makes it easier to retrieve, use, or manage an information resource. 
Metadata contains object, person, time, space and event. They make knowledge become static or dynamic and always include the following nine categories: General, Lifecycle, Meta-metadata, Technological, Educational, Rights, Relation, Annotation, and Classification (ADL, 2003).
The Taiwan Learning object metadata, TW LOM, describes learning resources using the following nine categories
(1) General: describe the general information of learning resource. 

(2) Life cycle: describe the history and current state of learning resource and its evolution information. 

(3) Metadata: describe the specific information about the metadata record itself, for example, this metadata record is created by whom, etc. 

(4) Technical: describe the technical requirements and characteristics of the learning resource. 

(5) Educational: describe the key educational or pedagogic characteristics of the learning resource. 

(6) Rights: describe the intellectual property rights and conditions of use for the learning resources. 

(7) Relation: define the relationships among this resource and other targeted resource. 

(8) Annotation: provide comments on the educational use of learning resource, for example, this annotation is created by whom. 

(9) Classification: describe classification criteria and hierarchy of learning resource. 
    The Taiwan Learning object metadata is therefore used in the system to establish the learning contents. 
3. SYSTEM ARCHITECTURE
The architecture of the content management system based on ontology and TW LOM, CMSOT, is shown in Figure 1, containing the searching module, domain ontology module, metadata editor module and the knowledge repository.
(1) Searching Module: The searching module provides the suitable searching functions for the users to gain the information desired by them. 
(2) Domain Ontology Module: Domain ontology module contains domain ontology and description logic, where the domain ontology captures the knowledge validity for a particular type of domain, and the ontologization is the process of building domain ontology. 

Figure 1. The Architecture of the Content Management System 
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A. Domain Ontology: It’s specification of a conceptualization of a knowledge domain consisting of the following three elements of domain ontology: content, level and person. The person stands for a role such as author, responsible, or tutor. The content is organized according to the learning contents. The level is used to decide the content’s level such as hard or easy.
B. Description Logic: The description logic is motivated by the important notions of the domain described by concept descriptions, and expressions that are built from concepts and roles using the concept and role constructors. In different domain ontology, there are different kinds of relationships. Therefore, to deal with these kinds of problems, if we want to define the transformations between the domain ontology relationships and learning sequences, it is natural for us to interview the domain experts to confirm the meanings of relationships, and set up the transformations. Table 2 shows the relationships of concepts in domain ontology. 
TABLE 2. OWL Axiom

	Axiom
	DL Syntax
	Example

	subClassOf
	C a⊆ C b
	C a ⊆C b

	disjointWith
	C a ⊆ ┐C b
	C a!= C b

	equivalentClass
	C a≡C b
	C a≡C b

	sameIndividualAs
	{ X a }≡{ X a }
	I a!= I b

	differentFrom
	{ X a }⊆ ┐{ X a }
	I a!= I b

	inverseOf
	{ P a }≡{ P a }
	If P a (x, y) then P b(y, x)

	transitive
	P+ ⊆ P
	If P(x, y) and P(y, z) then P(x,z)

	symmetric
	P a≡P b -
	If P(x, y) then P(x, y)


(3) Metadata Editor Module: The module provides a metadata editor for users to edit their contents into a metadata’s format. To ensure a rich and formal representation of the metadata to enable its integration and exchange in and between Web applications and our model, this information is in ontological form and implemented using OWL languages. 

(4) Knowledge Repository: The knowledge repository consists of content repository and metadata repository.
(A) Content Repository: The content repository is a store of learning content objects. The proposed content repository consists of Asset and XML files. The Ontology classification consists of learning objects. Learning objects are packages into assets and XML files.
(B) Metadata Repository: The metadata repository is a store of metadata. Metadata is structured data about data, which may include information about the author, title and subject of web resources. It is a description of a database for its structure and the relationship between the entities in it. Metadata is essential for understanding information stored in data warehouses and has become increasingly important in XML-based Web applications.
4. SYSTEM DESIGN
The design for the related modules in the system is illustrated in the following. 

4.1 Searching Module
The free licensed ontology editor Protégé is used to generate and manage the searching applications. We have created a Protégé project from the predefined configuration vocabulary that should serve as an administrator graphical interface for the detailed search toolkit. To begin a new search, one can open the project with Protégé, input, select and update configuration data and then save the change. The system will then use the new parameters for the next search activity. 

Figure 2. Two ways for search
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As well as the configuration vocabulary, we have also defined several resources like commonly used initialization parameters. Thus, the administrator can just select one of these resources as configuration item while adding or changing a search application. Figure 2 shows users can search content in the following two ways: choose the content title and input keywords. 
4.2 the Domain Ontology Module
The following three steps are the process of constructing the domain ontology consisting of adding model resources, creating domain action resources, and adding domain resources.

Step 1: adding domain resources: The domain ontology of C language is constructed by the following three problems which correspond to the three elements of domain ontology respectively.
(1) The range of this ontology?
(2) Which problem in this ontology do we want to solve?
(3) Who can use and manage this ontology?

Figure 3 shows the three elements of domain ontology which are content, level, and person for C language.
Figure 3. Elements of domain ontology
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Step 2: creating domain action resources: In this part, we list all the vocabulary in the domain, as shown in Table 3.
TABLE 3. List of vocabulary 

	vocabulary
	C/P
	Definition

	C_language_introduction
	class
	introduction of C language

	C_language_origin
	class
	The origin of C language 

	C_ language_basic
	class
	Basic concept of C language

	How_to_use_C language
	class
	The course teach how to use C language

	Habbit_of _C_language
	class
	C language habbit

	Input_and_output
	class
	Input and output

	Printf_
	class
	Printf

	putchar_ 
	class
	Putchar  

	Variable_and _constant
	class
	Variable and  constant

	definition_of_variable_and_constant
	class
	The definition of variable and the definition of constant

	constant
	class
	introduction of constant

	variable
	class
	introduction of variable

	operation
	class
	introduction of operation

	Arithmetic_Operators
	class
	introduction of Arithmetic Operators

	Logical_ Operators
	class
	introduction of Logical  Operators

	Rlational_Operators 
	class
	introduction of Rlational Operators

	Loop
	class
	introduction of Loop

	while-loop
	class
	while-loop

	do-while-loop
	class
	do-while-loop

	for-loop
	class
	for-loop

	Macro
	class
	introduction of Macro

	how_to_use_marco
	class
	The course teach how to use marc

	Compare_with_macro
	class
	Compare with macro

	Function
	class
	introduction of Function

	compare_with_functions
	class
	Compare with functions

	function_application
	class
	application of function_

	Preprocessor
	class
	introduction of Preprocessor

	reprocessor_about_string
	class
	Reprocessor about string

	preprocessor_about_funtion
	class
	Reprocessor about string

	preprocessor_about_compiler
	class
	Preprocessor about compiler

	Conditional_expressions
	class
	introduction of Conditional_expressions

	conditional_expressions_if
	class
	if

	conditional_expressions_if-else
	class
	if-else

	conditional_expressions_if-else-if
	class
	if-else-if

	onditional_expressions_switch-case
	class
	switch-case

	hasbased
	Object property
	Based on

	hastopping
	Object property
	Top of


Step 3: adding model resources: The step sets up the features in ontology, that is, domain, range and axiom. It depicts the content class as it is represented in protégé. Each content class is possible to retrieve an entire publication form the knowledge base. Figure 4 shows an OWL example of the relations of domain in domain ontology.

Figure 4. An axiom example
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4.3 The Metadata Editor Module 
Metadata editor allows users to edit the following nine commonly used Meta tags: General, Lifecycle, Meta-Metadata, Technica, Educational, Rights,Relation, Annotation, and Classification.

5. System implementation
Instead of listing the complicated source codes, parts of the system are shown below for aiding users to understand what the CMSOT includes. We describe implementing the domain ontology module, metadata editor module, and knowledge repository.  
5.1 Environment
The software and hardware used to carry out the system is listed in the flowing:

(1) Software:  Protégé, mySQL
(2) Hardware: one PC is used as a server, and 256MB memory is recommended.
5.2 SNAPSHOT OF THE SYSTEM
Figure 5 shows a metadata editor containing the following nine parts: general, lifecycles, metadata, technical, educational, right, elation, annotation and classification. The general contains the following items: title, catalog, entry, language, keyword and description.
Figure 5. Metadata editor
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The domain ontology of C language is complex and large and therefore it contains many cross-links among classes, properties, individuals, and even among ontology. Figure6 shows the information of “variable_and_constant“, where content “variable_and_constant “is expanded and the result is the language of “variable_and_constant “is English and the level of it is hard.
Figure 6. OWL presentation for class variable_and_constant
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Figure 7 shows the ontology of C language course with TGVizTab.
Figure 7. The ontology of C language with TGVizTab
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Adoption of this submission would strengthen meta-data management and meta-data interoperability in distributed object environments. Meta-data could be "stored on a traditional file system or streamed across the Internet from a database or repository." Figure 8 shows the metadata with XML.

Figure 8. Metadata with XML
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Figure 9 shows the results by searching the keyword “C –language “.

Figure 9. The result of searching by keyword “C –language “
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6. CONCLUSIONS AND FUTURE WORKS
In the paper, we proposed a content management system based on ontology and TW LOM providing the effective learning for users. In the system, the four main components, domain ontology, metadata editor, knowledge repository and query are designed. The purpose of domain ontology is retrieving the essence of learning contents. The metadata editor provides an editor for metadata. The knowledge repository saves the content courses and XML files. Finally, the query is used for searching desired contents for users. 
The functionality of the proposed system is satisfactory. However, there are some related issues to be noted. A friendly GUI is necessary to erect ontology easily. The ontology can be imported into the system and used. In the future, we will focus on combining the results with photo interface providing a better and more interactive environment for teachers and students. In addition, the knowledge base only includes course material. As we progressed through the implementation some interesting issues emerged and had us looking at an extension of our knowledge base that incorporates more types of rules and domain functions into the ontology system.
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