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Abstract - Tremendous educational capabilities offered by Internet and World Wide Web are well-recognized by Internet community. Recently, this recognition resulted in developing of a wide range of educational applications for WWW. This whole new class of WWW educational applications is often referred to as Web Based Training applications. Well-known capabilities of WWW such as the possibility to offer educational material that is available "anytime anywhere" were inherited by WBT applications and welcomed by WBT providers. However, a number of disadvantages of WWW were also inherited by WBT applications: lack of powerful structuring mechanism for learning resources, unsatisfactory reuse of learning material, tedious authoring and similar. Recent efforts in WWW semantic data modeling, such as semantic hypermedia composites, knowledge cards, topic maps resolved a number of these disadvantages. The main topic of this work is to discuss the possibilities of semantic hypermedia data modeling, comprised in WBTS - a semantic WBT data model implemented in WBT-Master in structuring and maintaining of learning resources in a WBT environment as well as in providing a comprehensive navigational paradigm for learning resources in a WBT system.

I. INTRODUCTION

A Web Based Training system is a system that is supposed to maintain a training process available "anytime anywhere" by means of the World Wide Web technology [1]. Often an ordinary WWW site that contains some educational material is wrongly referred to as a WBT system. A educational WWW site just provides the access "anytime anywhere" to the educational material, while a WBT system is a fully-fledged training system with a much richer functionality. 

Generally, the term WBT refers to a wide range of systems that support at least the following functionality [2]: 

· Maintaining a repository of learning resources. The repository should contain not only course-ware, but also information on peer helpers, on-the-fly contributions from previous learners, etc.

· Access to the repository of learning resources. The repository should be available world-wide and anytime

· Development of high quality multimedia course-ware.

· Intellectual Property Rights ( IPR ) protection and brokerage of relevant learning resources.

· Synchronous and asynchronous communication among learners and between learners and experts.

· Collaboration among learners and between learners and experts.

· Testing of knowledge level for learners.

· Customization of learning resources to the knowledge level and the cognitive style of learners.

· Progress tracking and assessment of the acquired knowledge. Certification of the acquired knowledge.

Speaking more technically, a WBT is a system that consists of a number of ( software ) sub-systems or modules, where each module provides a part of the WBT functionality. Each module has a well-defined ( programming ) interface to other

modules. When working together modules provide the whole WBT functionality.

Concerning the above definitions we may conclude that a standard WBT system contains, at least, a user management module, a session management module and a repository of learning resources.

A further discussion of user or session management module goes out of the scope of this work. We will concentrate now at discussing issues of the repository of learning resources. First of all we give a definition of the term "repository of learning resources".

Repository of learning resources is a collection of learning resources. It is a ( software ) module which allows to store and retrieve learning resources. A learning resource is everything that has a URI [1]. It may be an HTML document, an XML element, a video or a sound clip, a Word document or a complex data structure composed of a number of other learning resources with a particular data and navigation structure ( a learning course for instance ). Repository of learning resources is a kind of database system, it is used to manage, i.e., to store and retrieve data [3]. Being a database, repository of learning resources utilizes a certain data model. Data model, in the most general sense, defines data structures, operations that can be performed on the defined data structures and constraints that have to be met before and after an operation is executed [3]. 

Currently, data models utilized by standard WBT systems support data structures which are "training oriented" so to speak. These data structures can be perceived as different training paradigms reflecting mainly different ways of accessing and working through a subset of learning resources by learners. Primitively speaking, a "training oriented" data structure consisting of documents "A" and "B" mainly prescribes reading "A" before reading B" and has nothing to do with a possible situation that "B" may be a source code of a software module "C" documented by the technical document "A".

Often, users need a general overview and access to all learning resources provided by a particular WBT system. Let us just discuss the following situation. Suppose a software organization maintains a big repository of learning resources consisting of documents that are software source codes, technical and quality management documents. Obviously, elements of the repository of learning resources are valuable learning resources that may be reused for training as such or as components of composite learning resources, say as member of learning units, contribution to discussion forums, etc. Moreover, information on people maintaining documents and source codes, is also a very valuable learning resource which can be reused as references to peer helpers having experience in the subject area. At the same time, localization of a particular learning resource ( and especially assuming it was not previously reused for training ) constitutes a rather difficult problem which can be solved only by structuring the repository on a meta-level invariantly to any training paradigm, i.e., to any data structure being used before. Using the same primitive language as above, we can say that the knowledge that "B" is a source  code of the software module "C" described by the technical document "A" should be kept independently of reusing "A" and "B" for training purposes.

In this paper we describe a possible solution for structuring, maintaining and browsing the repository  of learning resources on a meta-level. This solution utilizes the Semantic WBT Data Model - WBTS [4], as implemented in a novel WBT system called WBT-Master [5]. In next chapters, we give an amplified definition ( from the data modeling point of view ) of a WBT system; describe in short WBT-Master system and its WBTS data model and explain how we may apply it to structure learning resources on a meta-level.

II. DATA MODELING IN WBT

Repository of learning resources makes possible to access learning resources "anytime anywhere"; provides basic manipulation facilities that allows authors to create and insert new learning resources, to update or delete already existing learning resources; allows all users to contribute to the repository on-the-fly ( authoring on-the-fly ); allows searching for the best-matching learning resources and similar.

A generic data model utilized by a repository of learning resources in a current WBT system may look as follows:

there is a basic learning resource called learning document.

· there is a number of complex learning resources called learning units which may have other learning resources as its members. Learning units impose most probably a particular visualization and navigation structure on the top of its members. They also provide a particular well-defined context for their members.

· there is a structure that is imposed on the top of learning resources, i.e., learning resources may be organized into a tree-like structure, into a directed acyclic graph, into a directed graph and similar.

· there is a number of operation that may be executed on a particular learning resource, such as: access, update, delete, insert, follow_link and similar.

· there is a number of constraints that apply to operations and learning resources. For instance, there would be probably a constraint that it is not possible to insert a learning resource into a basic learning resource.

The WBT-Master data model is defined as follows:

· there is a basic learning resource called learning document. It may be an HTML document, an HM-Card  animation, a sound clip, a video clip, a PowerPoint presentation, etc.

· there is a number of composite learning resources which are collections of other learning resources. There are Learning Units, Learning Courses, Learning Goals, Knowledge Cards, Forums, Threads and Brainstorming Sessions [5]. Again, each of the composite learning resources impose a particular navigation and visualization paradigm on the top of its members. For instance, a forum is a collection of threads and contributions, visualized in a tree-like structure with links to each member of a forum. Whenever a link to a member is selected this member is displayed in a separate window. learning resources in WBT-Master form a directed graph ( which may include cycles, i.e., it is possible for a composite learning resource to have itself as a member ). Again, a composite learning resource provides a well-defined context for all of its members, allowing in this way a satisfactory reuse of learning resources in different contexts.

· there is a number of operations that may be executed on instances of learning resources, i.e., it is possible to add new learning resources to the repository, to delete or update already existing resources, etc. There is also a number of operations that are specific to each particular learning resource. For instance, there is an operation called insert_new_contribution or an operation called create_thread that apply both to Forum learning resources.

· there is also a number of constraints that have to be satisfied before performing and after an operation has been performed.

Considering the above discussion it is easy to conclude that one of the main concepts of data models utilized by different WBT systems can be defined as imposing different types of data structures on the top of existing collections of learning resources. Through the concept of composite learning resources, that impose a particular navigational and visualization paradigm on the top of its members we provide different contexts for enclosed learning resources, i.e., achieving a satisfactory level of the reuse of learning resources in different contexts.

As we already mentioned, data models currently supported by different WBT systems do not allow authors to express knowledge such as:  "B" is a source code of the software module "C" described by the technical document "A", nor do they allow learners to access or to browse this knowledge on a meta-level invariantly to data structures being used to structure it. Obviously, we need a mechanism that allows us to describe such knowledge. The mechanism should have the power to:

· describe concepts such as the concept of source code or technical document

· connect learning resources to concepts: B is a source code or A is a technical document

· describe relationships between concepts: C is a software module which is described by technical document A.

Speaking more formally, we need a mechanism to structure globally the repository of learning resources at meta-level. We need a representation which can describe concepts contained in learning resources and semantic relationships between previously identified concepts. Thus, we need a knowledge representation technique in order to describe knowledge contained in the repository of learning resources. A description of a repository of learning resources made in the terms of concepts, their occurrences in learning resources and relationships between the concepts would make it possible to browse or search the repository at the meta-level. For instance, it would be possible to navigate the concepts in the repository as opposed to browsing of individual documents. An individual learning resource appears then as an occurrence of a particular concept and is accessible from the concept itself. Thus, such a mechanism may be seen as a good paradigm for accessing a relevant learning resource.

Speaking in the terms of data modeling, such a modeling carried out at the meta-level is often referred to as semantic data modeling. In semantic data models we talk about semantic categories ( entities ) and semantic relationships ( associations ) between these categories.

III. WBT-MASTER AND SEMANTIC WBT DATA MODEL - WBTS

As already stated there is a need in WBT systems to express knowledge such as: software module C is implemented by source code B, and is described by technical document A. In the fact A, B and C are as already known learning resources and they have URIs, so more precisely, the above sentence could be written as: C is a software module that occurs at URI(C). C is implemented by B which is a source code that occurs at URI(B). C is described by A which is a technical document that occurs at URI(A). Software module, source code and technical document are a kind of learning resource.

Thus, there is a need to describe concepts such as learning resource, software module, source code, etc., occurrences of the concepts such as A, B and C, relationships between concepts such as a kind of, described by, occurs at, etc., and values that may be assigned to concepts such as URI(A), URI(B), URI(C). We should be able to model the knowledge in WBT systems at the semantic level. WBT-Master system already supports a semantic data model called Semantic WBT Data Model, shortly WBTS.

In WBTS data model concepts are referred to as semantic categories, and relationships are referred to as semantic relationships. We say that a semantic relationship associates two semantic categories. Semantic relationships are always directed, i.e., there is a source and a target semantic category.  The occurrences of semantic categories are referred to as semantic categories as well. However occurrences may have assigned values that represent addresses ( URIs ) of resources from a repository of learning resources. Connections between occurrences and values are in the WBTS also referred to as semantic  relationships.

In the above sentence we identify the following semantic categories: learning resource, software module, source code, technical document, A, B and C. Note that occurrences A, B and C are also referred to as semantic categories that are related with the occurs at semantic relationship with values URI(A), URI(B) and URI(C), respectively. These are the semantic relationships from the above example: occurs at, a kind of, is a, implemented by and described by. The values that appears in the example are: URI(A), URI(B) and URI(C).

IV. REPRESENTING WBTS

In order to be able to efficiently make use of WBTS data model we introduce a number of useful ways to represent it. As it will be shown throughout this paper, in working with the WBTS data model it is helpful to be able to choose its most convenient representation. In this section we show how to represent the data model in a number of different ways.

A. Representing WBTS as a Directed Labeled Graph
One way to represent the data model is to view it as a directed labeled graph. Each semantic category, as well as each value, from the WBTS is a vertex in the graph, and a semantic relationship is an edge from the source semantic category to the target semantic category labeled by semantic relationship. Also, a relation between a semantic category and a value is an edge from the source semantic category to the value labeled by semantic relationship between them.
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Figure 1. Representing WBTS as Directed Labeled Graph
The above example is illustrated in Figure 1. It could be seen that such a representation is a very useful visualization paradigm of the data model. You can recognize at a glance, the concepts and the relationships between these concepts.

B. Representing WBTS as a Semantic Net

Actually, the directed labeled graph at the Figure conveys meaning, because there is a kind of descriptive semantics contained in it. The labeling of vertices and edges implies meaning to this graph. Thus, the above graph may be comprehended as a semantic net. This leads us to the second useful representation of our data model: semantic nets.

The second way to represent the data model is to view it as a semantic net. Again, each semantic category is a node ( vertex ) in the net, and a semantic relationship between two categories is a link ( edge ) from the source semantic category to the target semantic category labeled by semantic relationship. Each value from the WBTS is represented as a node, as well, but residing on a different plain than the semantic category nodes. A relation between  a semantic category and its corresponding value is a link from the source category to the value node labeled by the semantic relationship. Semantically, the nodes and links denote the knowledge contained in semantic categories and semantic relationships. 
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Figure 2. Representing WBTS as a Semantic Net

Figure 2. is an illustration of the semantic net. Note that we stressed the difference between concepts and its occurrences by putting them into two different plains. 

It is easy to conclude that the representation of the data model as a semantic net is a convenient method to achieve browsing at the meta ( semantic ) level in WBT systems. Representing the data model as a semantic net allows us to browse the semantic categories by following semantic relationships as opposed to browsing of individual learning resources.

V. CONCLUSION

By applying the WBTS data model in the process of structuring of learning resources in a WBT environment we try to represent knowledge contained in these resources. Actually, we try to represent knowledge contained not directly in resources, but rather in concepts, which are themselves represented in the resources, and relationships between these concepts. Such a representation may be used to query, to access or to browse the content of a repository of learning resources on a meta-level. From the navigational point of view, a navigational structure is imposed on the top of existing collections of learning resources. However, this navigational structure provides means for browsing on a more abstracted level than it is a most simple level of browsing learning resources and links between them as offered by many standard WBT systems nowadays.
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