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Abstract: - Current e-Learning systems are usually based on the Web. However, driven by the current demands for lifelong learning, the offer of reliable, certified and adaptable to the trainee’s profile knowledge is acquired. Emerging technologies of the Semantic Web can subscribe to the satisfaction of these requirements. In this paper a functional framework that fully guides the automated combination and sharing of e-Learning material in order to define adaptive and personalized courses is proposed. Some of its main advantages are the incorporation of recent technologies of the Semantic Web borrowed from other researching fields, flexibility on the implementation of e-Learning systems based on it, adoption of newly proposed standards, as well as handling personalized, certified course, from which, depending on their evaluation, may derive a template available for future use in analogous cases.
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1  Introduction

E-Learning systems (distance learning applications, aided by the computer science) have faced rapid development lately. Firstly, because of the mean they were offered, which was a common accepted and easy-to-understand environment, the Web Browser. In addition, continually incremental requirements of synchronous working life, force people, who are willing to become more productive and competitive into a working environment, to go back to school in different instances of their lives and acquire specialized and timely knowledge. Because of these two factors, Web-based education, which is the modern form of e-Learning nowadays, comes to satisfy this kind of training, and because of its increased emergence, constitutes the subject of activity of various Educational Institutes of all degrees, universally.

However, educational courses that were developed initially were monolithic applications providing a standard and consolidated content, based on a system which offered educational material from the trainer and which interaction was limited to the exchange of questions-answers through chat-rooms or e-mail transfer [1]. It soon became obvious that these knowledge-supplying systems could not match the current trainee’s needs [2]. The reason is that e-Learning attracts people that have specific needs, so personalization and customization is a prerequisite that those systems must satisfy.
In this paper a functional framework for defining e-Learning courses, which is based on techniques that became standards in Semantic Web, is proposed. The derived courses are based on reliable and certified learning material, which is adaptable to the trainee’s needs. 
2  Design prerequisites of an adaptive e-Learning system
Generally speaking, a Web-based e-Learning system is constituted of four parts [2]:
· Trainers-creators (or simply “combiners”) of learning material which suggest and structure it in a form appropriate for the trainees’ educational needs,
· A data repository containing the learning material,
· The trainees, each one with his own needs, requests and a specific profile,
· An infrastructure (e.g. API) to enable communication of the aforementioned.

Interchanging flow of knowledge among e-Learning system participants is of crucial importance and leads to the personalization of the system [2]. Consequently, an advanced e-Learning system, which intents to allow the selection of different paths within the available learning material, has to be based onto the feedback from the information exchange among its participants. The development of such an e-Learning system depends on four factors [2]: 
· conceptual knowledge categorization, 

· trainee’s personality mining,

· adaptation of learning material to the trainee’s profile,

· evaluation of trainees’ learning outcomes, as well as evaluation of the available learning material with auditing processes.

An e-Learning system that fulfils the current needs for personalized training and education should be implemented in a modular approach in order to overcome the complexity of its development. This kind of implementation would also facilitate the incorporation of recent technology innovations and modern development tools and practices (e.g. object oriented programming, frame languages).
The synchronous inquiring efforts on e-Learning, e.g. developing standards, incorporating new technologies borrowed from other researching fields, and implementing innovations, are guided by organizations like IEEE, ARIADNE, IMS, AICC, KMR group etc [18,19,20,21, 22].

3  New trends from Semantic Web 
The Web today, constitutes the main medium of transferring vast amounts and up-to-dated knowledge and information. Supported by the Semantic Web technologies and by-passing the problems that it suffers from, it is expected to be proven, through a controlled and certified development procedure, a very promising e-Learning infrastructure. The goal of the Semantic Web is to add the transferred knowledge with semantics according to its creator, plus properties that make this knowledge understandable and addressable by humans, as well as machines [10]. The Semantic Web may give a boost to the advanced e-Learning procedure needed nowadays, by incorporating: 
a) a widely agreed description, which makes the sharing of common understandable knowledge possible, and the transferred information independent of the expressed medium (text, pdf, image), or of synonym words used to express the same meaning, and
b)  mechanisms for computerized extraction of this knowledge from the above information. 
More specifically, the techniques that implement those requirements include:
· Resource (i.e. Web-based information) description languages, like XML [14] and RDFS [15]. XML and RDFS constitute the common frame of resource description, which is accepted as a standard today. Semantic Web through a common accepted format (the XML serialization) is able to describe, to certify, to annotate, to extend, to associate with others, to individualize, to use and allow reusing, and to offer many other functions not predictable today, by supporting a variety of applications, scientific fields and organizations [3].
· Ontologies, namely conceptually organized knowledge structures. Ontologies provide meaning to terms and theories of a domain of knowledge in a common and acceptable manner adopted by all which are engaged to this domain. Ontologies consist of definitions of terms which are relative to the knowledge domain, of the relationships among them, and of relative axioms within these terms and relationships [11]. A general knowledge representation tool, especially for the e-Learning field, must contain/or must point to the content, and also, must contain the general frame and the structure of the learning material. 
· Metadata, which are descriptive keywords associated with the data that give the properties of the recourse. Metadata enrich the information with semantics helping the separation of the information’s content from its concept and allow its detection by proper tools. Metadata may possibly be gathered into documents separated from the information, even distributed in different volumes. Their update must be a continuous process [4].  Some part of a resource’s metadata must be static (e.g. the creator, the creation time etc) and another part must change during its life cycle (new versions, translations etc). The changeable metadata are those that extend the semantics of a document [4]. For the proper annotation of each resource, special metadata have 
been offered by IEEE, namely Learning Object Metadata (LOM). LOM put on a scale the learning resource‘s properties and defines standard/changeable, as well as simple/aggregated metadata [8]. 
· Languages (e.g. DAML-S, WSDL), communication protocols among distributed systems (e.g. SOAP) and mechanisms discovering and transferring resources (e.g. UDDI). More over, specialized applications for automated knowledge mining from the Web, namely Web Services, are implemented. Web Services operate autonomously and interact with each other through well-defined exchanged messages, in order to complete their tasks that lead to the automated discovery of knowledge. This knowledge is handled through ontologies and semantically stored information [9].
· Tools, giving to the current platforms (e.g. database systems) capabilities of automated knowledge extraction and semantic information archiving. The incorporation of Semantic Web technologies (like XML, Web Services, use of metadata) by enterprises like Oracle, Sun, Microsoft etc, which adopt and support these into their products, impose them and make them globally accepted.

The above mentioned technologies implementing Semantic Web are applied to many scientific fields. They may be adapted to the e-Learning process as well [6]. Typical example is the Protégé tool (to develop appropriate ontologies) [13], as well as the OWL language (to describe ontologies) [17] and editors (to create metadata) or resource annotation tools, like Annotea.

4  The proposed functional framework
To carry out the definition of adaptive e-Learning courses, we consider a number of functions and information flow that is based on well defined messages. These messages could be transferred by appropriate software agents. The information flow among these different functions may improve the quality of e-Learning courses by providing feedback to the previous completed ones.
The proposed functional framework includes the following functions:
Registering: Trainers are registered in a Registry of Authorized Trainers. Trainer can be considered an individual or an educational organization which subscribes with the aggregate knowledge provided by a team of its trainers [4]. Firstly, personal and educational information for every trainer is recorded, concerning his/her knowledge expertise, which is estimated per learning material, as well as his/her educational capabilities and scientific interests.
A Registry of Trainees is also used, where information about the trainees is kept. This information is used to record the trainees’ abilities and needs from the intended course. Additional information about their previous knowledge and experience, educational level, learning interests, their relationship with relevant educational courses, the reasons that make them desire the particular educational experience, other skills he/she may have, has also to be recorded, as well as information that may be helpful to statistical processing, such as sex, age, available time to spend to the course, ability in using computer etc. This piece of information, constituting the metadata about trainers and trainees, gives a profile for each of them, which feeds later chained functions. More specifically, the trainees’ profile guides the dynamic selection of the proper learning material, which will satisfy his/her educational needs [5]. The trainers’ profile helps rating the learning material and making it reusable in future learning courses. Both Registries can be kept in proper ontologies.
Filling and annotating: a complete ontology, with the aid of knowledge engineers, trainer and domain specialists is developed. Each leaf of the ontology (through a URI) refers to an external file containing the semantically annotated learning material [7]. However, the attachment of proper and certified learning material to the ontology may not be supported completely by associated metadata and Web Services, which are popular techniques for information mining in the Semantic Web. This derives from the fact that every document that transfers some information about a subject over the Web may not be suitable for the learning process, as well. Furthermore, the Web overflow with metadata provided by non certified users is not useful [4]. 
On the contrary, we consider that for a document to be made suitable to participate to the learning repository, has to be appropriately certified and annotated by experts [4, 7]. To satisfy this approach the ontology is enriched with special metadata provided by the trainers, and (after its consuming) by the trainees: for every learning material, additional metadata must be kept concerning its quality, its use, its suitability to the educational needs etc. Registered trainers who are interested in increasing his/her significance must create and/or evaluate semantically annotated learning material, providing metadata for them, accompanied by his/her electronic signature. Consequently, the evaluation of a trainer for a learning material is corresponding to a weight deriving from his profile that represents his specialization on the particular subject. This material’s metadata: 
a) links the learning material with the exercises which are used to evaluate the educational ability, as well as with learning outcomes and common skills adopted by the trainee, 
b) maintains the trainee’s evaluation, 
c) facilitates the automated selection of the material within a learning course.
Correlating: in order to create reusable and certified learning material, each one of the trainers that have evaluated it, is engaged in creating correlations among the different documents. They add to the material’s metadata a list of the suitable courses to which it could correspond, as well as its degree of relevance. At the same time, they decide the educational topics that are covered by the learning material. The trainers can change the relevance among different learning materials, creating so a grid of correlations between them. Every correlated data is also accompanied by the trainer’s electronic signature. Correlating of the material is a procedure that can be accomplished in an off-line mode. A mechanism for automated rating of the learning material’s value, using as criterion the weight and the relevance that derives from the profile of every trainer in a specific educational subject, multiplied by the degree he gives to it, is used. As a result, the same material may acquire different values in the repository of resources. This makes it reusable and available to participate in a variety of different learning courses, depending on the total rating attached to it, by its various evaluators. At the same time, a number of materials with equal rates are available to be chosen to participate into the e-course. The mechanism for rating the material depends on the particular implementation of an e-Learning system based on the proposed framework. 
Combining and evaluating: having a repository of correlated, fully annotated material that has been certified by experts, the trainee’s demands profile can be used to combine a suitable learning course. This function is fed by the trainee’s profile with the initial demands from the learning course, the metadata provided by the trainers about the learning material, the structure of the ontology that supports the learning course, heuristic inference rules. As a result, an automatic course combination is attempted by selecting from the repository’s learning material those that fit better to the trainee’s profile. This adaptive function allows alternative learning material with equal rates to be chosen for more training or deeper examination [12].

After the completion of the educational course, the trainees have to be evaluated, by filling these of the learning materials’ metadata which make up the evaluation-tests. Consequently, they have to fill the metadata with which they evaluate the learning materials and the various correlations among them: they have to criticize the clarity, and comprehension, as well as if they were suitable to their needs etc, and evaluating the whole learning structure that was created on their demands from the system. The evaluation is needed to confirm the percentage of suitability of the created structure according to the trainee’s needs.
Defining a course template: All the data that results from
a) the initial trainee’s profile, 
b) the resources’ metadata that is created by the trainers’ evaluation, 
c) the results of the trainee’s examination and 
d) the results of the evaluation of the trainee for the suitability of the material, are collected, expressed with XML-serialization, 
and stored into historical databases. There in, they are mined by OLAP techniques to extract conclusions for the suitability of the created e-course according to the trainee’s profile. In case a learning course is estimated positively, then this course, as well as the metadata that leaded to its composition, can constitute a course template to be suggested for future use into similar cases. 
Otherwise, an optional function is performed for revising the relevance of a trainer with a learning subject and his/her correlations, the inference rules that were used and the limitations of the trainee’s demands that were taken in account, and so on.

This functional framework can be adopted by any e-Learning system that wants to incorporate the above technologies and to create personalized and certified courses. For the reasons mentioned earlier, such a system is useful to be consisted by autonomous modules. Each module may undertake the implementation of one function. These modules can be mutually treated like black boxes; the communication between them would take place through the exchange of essential information which is necessary for the completion of their task. This approach makes the proposed framework flexible and open to newly created standards and technologies, as well as platforms and implementation environments.

5.  Conclusion
The proposed functional framework is based on the emerging Semantic Web standards and technologies in order to serve better the process of defining adaptive and personalized e-Learning courses concerning the training needs of engaged participants of such a system. It incorporates a number of mechanisms based on the information flow being interchanged among its functions to certify the quality of educational material. The desired outcome of the complete life cycle of such procedure is a course template that becomes reusable for similar cases of trainees’ needs. The framework covers spherically the functions for the synthesis of an e-course from scratch; so it constitutes an integrated guide for developing e-Learning systems that incorporate existing tools that implement Semantic Web technologies, as well as recent technology innovations. 
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