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Abstract

With the expansion of successful applications of adaptive techniques for Telecommunications in Education, in particular, for various Web-based Education and Training systems, there is a growing need of creating the respective authoring support [2]
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 \* MERGEFORMAT [14]. A hypermedia tool called ‘My Online Teacher’ (MOT) has been developed and extended at the Eindhoven University of Technology that can be used for authoring adaptive hypermedia courses. With this tool, the subject-matter of the course to be designed can be modeled by means of concept maps. Based on these concept maps lessons can be constructed. Concept maps and lessons form the two levels of pre-adaptive content, and they are stored in a database. This structure lays the basis for various types of adaptation, as it uses both the expressivity of metadata annotation and the flexibility of the database structure (on which different queries can be performed) as will be illustrated. This paper describes this tool's design, implementation and first evaluation remarks. MOT is being presently used for the creation of a variant of the classical Neural Network course for third year students at the Eindhoven University of Technology. 

1. Adaptive Courseware within a Telecommunication Framework

The Internet, the widest telecommunication network, is an enormous source of fast information. Ever since its beginnings, there was a strive therefore to use this source in education. It brought with itself such paradigms as life-long learning [16], learning at ones own pace, at ones favorite time and location, etc. 

Moreover, now-a-days there are many options available for Web authoring, such as transferring materials ‘by-hand’ directly on-line in HTML, XML, GIF, JPG, Flash, etc. formats or by using authoring tools such as WCB, Topclass, WebCT, CyberProf, Instructional Toolkit, Blackboard. 

However, in order to use the full power of the Internet telecommunication network, but not to use the ‘human touch’ of the classroom setting, two possibilities for on-line courses appear: one is on-line collaboration [7], and the other one the combination of ITS and adaptive hypermedia techniques for user customization [4],[6],[10] of the environment. 

Ideally, a combination of the above would be best, with special focus on pedagogical validity of the choices and combinations. 

However, tools for constructing such an environment practically don’t exist [4], [12], and to build everything from scratch is very difficult [2], [8]. 

 In adaptive on-line telecommunication-based courseware, adaptivity and adaptation are reflected in the different presentation ways and orders in which the study material can be delivered to the different students. 

In order to ensure the possibility of creating these various presentation ways and interaction possibilities, the basic material that supports the adaptive presentation has to present alternatives. 

Simplifying, one can say that the more alternatives there are, the higher the potential adaptation degree will be. However, this creation of multiple alternatives can be extremely time-consuming [2], [8].

Here we present ‘My Online Teacher’, or, in short, MOT, a hypermedia tool for creating adaptive hypermedia courses.

2. Goals
An adaptive (web) hypermedia course is a hypermedia system that can be used by a student to learn about a certain subject via, e.g., a web browser. The basic feature of such a system is that it tries to interpret the students’ current knowledge (and many times, more student parameters and characteristics) in order to adapt itself to his learning needs. Ideally, there is no need for a human teacher. The student can perform actions such as choosing topics s/he wants to learn about, asking for more information or solving exercises. Depending on the actions the student takes (for example the pages visited, or the results of exercises) the course transparently adapts to the student’s needs. 

We have delimited the first main steps of the creation of an adaptive lesson design system as being the creation of:

1. A tool for manipulating concept maps.

2. A tool for constructing lessons based on a concept map. 

3. A method for calculating correspondence weights between concept attributes.

3. MOT, My Online Teacher

MOT was constructed based on MyET [9] [15] and on the three-layer model for authoring adaptation, as introduced in [8], basically containing a conceptual hierarchical layer (of atomic and composite concepts, built of a number of attributes), a lesson layer, dealing with alternative presentation of contents at attribute level or above, and a third layer of student adaptation and presentation adaptation. This structure is in conformity with the requirements of W3C towards the third generation Web, called the Semantic Web [3]. As said, there are many tools for course development. However, there are few examples of tools trying to create adaptive courseware [4]. The current implementation prototype is a demonstration for the functioning of the first two layers, the conceptual hierarchical layer and the lesson layer. This system has some commonality with DCG, the dynamic courseware generator [17]. However, although we use also dynamic generation of courses, the final product should be again adaptable to the student, conform to a user model
. At the student adaptation and presentation adaptation layer this system should be able to interface with AHA! [10] and some other adaptive hypermedia interface tools, but should also exploit different adaptation granularity levels, as defined in [6]: direct adaptation techniques, medium level adaptation techniques (adaptive tactics, as demonstrated in [5]) and high level adaptation techniques (adaptive strategies). 

4. Initial database design

In design terms, the goal was to create a structure that would allow constructing complete concept maps (conceptual hierarchical level) and lessons (lesson level), and to store the results in a database.

The system is to be used by a course designer (teacher) that creates the adaptive course. S/he should be able to compose lessons based on concepts from a concept map. Therefore s/he should be able to construct such a concept map, or to use an existing one.

The database was to be implemented according to the ER-diagram depicted in Fig. 1, representing the initial static UML classes, and which can be divided into two parts: the concept domain, formed by the left side of the diagram, and the course (or lesson hierarchy) on the right side of the diagram. These two parts are connected by means of the relation between the C-Attribute (concept attribute) and the L-Attribute (lesson attribute).

4.1. The concept domain
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The concept domain is represented by a concept hierarchy. A composite concept is made of one or more sub-concepts. The leafs of the tree are atomic concepts.

Each concept (including the composite ones) contains concept attributes. These attributes represent pieces of information about the concept they belong to, but they have no independent semantic meaning. They are semantic annotations or labels for the concept [3]. Different types of attributes are possible, marked by the different attribute instances in the diagram. For concept attributes, some pre-defined attribute slots (such as title, keywords, introduction, explanation, pattern, conclusion) were to be used, based on [9], but also other types were to be allowed.

Concept attributes can be related to each other. Such a relation, characterized by a label and a weight, indicates that their contents treat similar topics.

Exercises should have been modeled as special concepts, because they have their own hierarchical structure within the greater concept structure, while they actually belong to one (non-exercise) concept. The idea is that not only composite exercises can be made of sub-exercises, but also that exercises can be labeled similarly to concepts, and can have weighted and labeled relations between them [9]. 

4.2. The lesson

The lesson level repeats the information contained in the concept level, now modeled based on pedagogical goals. Some similarity with the concept structure is still visible, in the sense that a course (composite lesson) contains sub-lessons, which can contain in turn sub-lessons, hence enforcing a hierarchical structure. Sub-lessons within a lesson can be OR-connected (as lesson alternatives) or AND-connected (all parts are obligatory). A lesson contains therefore holders for OR-connected sub-lessons (L-OR-Conn) and/or holders for AND-connected sub-lessons (L-AND-Conn), which contain the lesson attributes. These lesson attributes can be just plain pointers to sub-lessons. The holder can be said therefore to contain the actual sub-lessons. The difference to sub-concept sets is that the sub-lessons have an imposed order (they are ordered sets, or lists).

Moreover, a lesson attribute can contain, next to - or instead of sub-lesson holders, one or more concept attributes. The latter represent the link with the concept domain. Therefore, the leafs of the lesson hierarchy are attributes or ordered sets of attributes of the concepts (L-Attribute in the diagram). The idea is that the lesson puts pieces of information that are stored in the concept attributes together in a suitable way for presentation to a student.

In the database implementation phase and even in the later phase of system implementation and adding the feature of calculating relatedness relations between concept attributes some changes were made to the ER-diagram, as can be seen in the following.  
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Fig 2. Final ER-diagram

5.
Implementation-oriented Re-design of database as implemented

In the database implementation phase, and even later, in the phase of system implementation and while adding the feature of calculating relatedness relations between concept attributes, some refinement and simplification changes were made to the initial ER-diagram. The resulting diagram, which reflects the implemented database structure, is shown in Fig. 2.

5.1. The  concept domain

The hierarchical structure of concepts is implemented by means of a separate ‘concept-hierarchy’ entity, relating a super-concept to one or more sub-concepts. For re-usage and flexibility purposes, we allow sub-concepts to be only links to other concepts (so pointers to content instead of actual content). This is a step useful also for open hypermedia contents, where parts of the system can point to parts outside the system, on remote servers. 

As a result of this freedom, cycles can occur in the hierarchy. To prevent this, a check has to be performed, each time a hierarchy relation is added. I.e., a concept CA in concept map A can link to a concept CB in concept map B. If (a sub-concept of) concept CB links back to concept CA, a cycle appears. This kind of cycles (over one or more concept maps) are allowed, because course designers (teachers) should be able to link to each others’ concept maps unrestrictedly. However, this freedom can generate problems that will require a loop-checking mechanism in a future design and implementation step. For the present implementation, we assume that the course creation is done in such a way that unintentional loops are avoided.

Concepts can contain concept attributes. A concept attribute has been given a type (for example ‘title’ or ‘text’). The relatedness of the concept attributes is replaced by a relatedness at concept-level. The relatedness of concepts is still based on commonalities between concept attributes. That is why a relatedness-relation is also given a type, indicating by which attributes the concept are related. This type is one of the possible attribute types (for example ‘title’, if the concepts are related by their titles).

A concept map couples a name and an owner to a hierarchy of concepts. It contains a pointer to the root of this concept hierarchy. The structure of this hierarchy is stored in several concept-hierarchy objects.

5.2. The lesson

A lesson of a course can be seen as the equivalent of a concept map in the concept domain. It couples a name and an owner to a hierarchy of sub-lessons. It contains a pointer to the root of the sub-lesson hierarchy.

The hierarchy of sub-lessons consist of sub-lessons which are related by means of lesson-hierarchy objects, comparable to the concept-hierarchy objects in the concept domain. A sub-lesson which has no sub-lessons (e.g. is a leaf in the sub-lesson hierarchy) corresponds to a (one) concept attribute. This represents the link with the concept domain.

6. Implementation of design

In the following, the design structure is exemplified by the implemented system. The first testing is done via a ‘Neural Networks’ course for third year students in Computer Science, which starts in the winter trimester.

6.1. The concept domain

The concept hierarchy structure of the main composite concept ‘Neural Networks I’ can be seen in the left frame of Fig. 3. This composite concept is made of the sub-concepts ‘NN Introduction’, ‘Discrete Neuron Perceptron’, etc., which are also composite concepts themselves. The figure shows a screenshot of a moment where the designer has chosen to view the composite sub-concept ‘Mathematical background of Discrete Perceptrons’ via the path ‘Neural Networks I’ -> ‘Discrete Neuron Perceptrons’ -> ‘Mathematical background of Discrete Perceptrons’. The latter is composed of atomic concepts, such as ‘Definition Linearly Separable Set’, ‘Theorem of classification for one-layer perceptron’, etc., and attributes. In the right frame of Fig. 3, the attributes components list of this selected composite sub-concept can be seen. They are the standard attributes, such as ‘title’, ‘keywords’, etc., but also non-standard ones such as ‘exercise’. In fact, any number of non-standard attributes can be added via the ‘[add attribute]’ button in the right frame of the figure.

This figure also shows the owner (and creator) of this concept map in the header part of each frame as being ‘Teacher 1’. 

If the teacher that is reading this concept map is also its owner and creator, the teacher can edit the attributes, as is shown in Fig. 4. However, teachers can re-use other teachers’ materials, directly by copying what is of interest to their concept maps (or lesson maps) for their courses, or by just linking their course/lesson to the other courses. In the latter case, the teachers can only edit the connection (pointers) but not the contents of the lesson attribute. In this way, propriety and responsibility issues can be handled. 

In Fig. 4, ‘Teacher 1’ has selected the atomic sub-concept ‘Definition dichotomy’ of the previous composite concept, and afterwards one of its predefined obligatory attributes, ‘text’. This is a special attribute in the sense that it might still be regarded as having a semantic unity, although this is actually the semantic unity at (atomic) concept level. Note that this rudimentary implementation treats multimedia objects the same way as text, as long as they are given by their pointers (addresses).
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Fig 3. Hierarchical structure and attributes:  predefined and others
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Fig 4. Attributes editing and reading

6.2. The lesson

The lesson level processing is show in Fig. 5. Lessons are obtained from the concept map level, at the present time via selection of attributes that are to be included in the final lesson. These attributes are to be added selection mechanisms that should be triggered by the user model, as dictated by the third level of adaptive authoring, the ‘student adaptation and presentation adaptation’ layer. A primitive adaptation labeling is already possible, in the sense of adding AND-OR connections to the lesson building blocks. OR connections have extra to that weights and labels. For instance, the group ‘Neural Networks I – first attempt’ is formed of an OR connection of subgroups, out if which only two are visible: ‘Neural Networks I’ with 15% weight and group (1)-(2) with 20% weight. The interesting thing here is that these weights can mean anything the author wants: importance, relevance to a certain subject, knowledge gain, etc. Some of the subgroups of (1)-(2) are AND groups, such as group (1)-(2)-(5), containing ‘title’ and ‘text’ attributes of a concept. The teacher can create this lesson from a concept map simply by selecting which attributes out of the predefined ones should enter the lesson. Then the system automatically generates this lesson, by copying from the whole concept hierarchy that was selected (so from each composite concept, sub-concept, etc.) the given attributes. By default, all attribute groups are AND attributes, but the teacher (designer) can easily change them into OR ones and attach weights to them by pressing the [AND] button next to the group. 
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Fig 5. Lesson view

These kind of defaults automatize and facilitate the authoring process. The attached labels can be used also for many purposes, but are mainly there to show the meaning of the corresponding weight. 

Besides being able to generate lessons as above, the teacher can add concept attributes from different concept maps, edit the lesson, delete parts, etc.  

The view in Fig. 5 is handy for connecting and editing a lesson, but we considered that it is also important for the teacher in his creation process to see the final product of his work, or in other words, the student view. As this is a material for an adaptive course, the student view is not uniquely determined. According to the user model decisions (based, for example, on an overlay model of the lesson domain, with knowledge values associated with each sub-lesson, such as is used by AHA! [10]), different parts of the lesson can be shown to a student. 

However, for the moment we have added a generated approximate student view, containing ALL alternatives existent in the lesson, as can be seen in Fig. 6. This view doesn’t take into consideration any complex color scheme, for instance, and is only aimed at giving a quick glance of the student input created. 

The figure shows therefore the formatted contents of the concepts ‘NN Introduction’ and ‘The Von Neuman computer versus the human brain’ with their selection of attributes, such as ‘keywords’, ‘pattern’, ‘explanation’, ‘conclusion’ and their respective contents. 

Note that the main attribute, ‘text’, as well as its contents, was not included (as selected in the respective lesson based on the same concept map as the lesson appearing in Fig. 5). 

This can form, for instance, an introductory course for beginners, or an information leaflet for people wanting to get some quick information about the course, without going into many details.

In such a way, several lessons can be created based on the same concept map, or on a combination of concept maps on related topics.

7. Relatedness relations generation

One of the goals as defined in section 2 was to make it possible for course designers (teachers) to create also so-called ‘relatedness relations’ between concept attributes. In the current implementation, concept attributes are related when they share a common topic
. A common topic is given by some shared keywords at different attribute levels, such as: [text]-[keywords], [keywords]-[introduction], etc. 

We decided it made more sense to attach this relation type at concept level. In this way, a ‘relatedness relations’ shows the existence of a relation between concepts. If the relatedness is induced from an attribute level, we took the design decision to automatically attach the name of that attribute as the semantic label for the respective relatedness relation. However, this label can be later changed by the teacher. This is another way to enhance the authoring support and to increase the automatic course generation output without restricting the flexibility of the final product and the decision power of the teacher.

One of the main issues in automatic adaptation was to create automatic linking. Therefore, the system was expected to support the teacher in creating and evaluating relatedness relations by calculating correspondence weights between pairs of concepts. 

There are several ways of computing such links, some symbolic, some sub-symbolic. For a simplified illustration of (semi-)automatic binding, we took the design decision to base these correspondence weights on the number of occurrences of the keywords of one concept in the attribute contents of the other concept. The exact computation algorithm is not the object of the current paper.
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Fig 6. Student view
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Fig. 7. Automatic relatedness relations

However, a screenshot can be seen in Fig. 7, showing a generated list of possible connections that the system automatically finds, and the respective suggested weights for each of the proposed connections for the selected concept, ‘Theorem of Batch Perceptron Convergence’, from a Neural Networks course.
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Fig. 8. Adding relatedness relations
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Fig 9. Automatically generated keyword list

The course designer (teacher) can accept or reject these proposed connections, as well as change the weights or labels, as has been explained previously and is shown in Fig. 8.

Moreover, as keywords are special elements connecting concepts (semi-)automatically, it is important for the course designer (teacher) to have an overview of the existing keywords in use. This also can help teachers in checking the semantic unity of the created material. In this way, keywords become informal concepts
. For the purpose of the current paper, it is necessary to note that the semantic closeness of different keywords is for the course designer to decide and to adjust accordingly
.  

8. Conclusions and discussion issues

In this paper we have presented, within the context of tele-communication in education, MOT, a tool for creating adaptive courseware, developed at the Technical University of Eindhoven. The features of the implemented system and the guiding goals and ideas were presented in the paper. On a more general level, we can conclude by saying that tele-communication in education contains two major parts:

· tele-learning – the environment is made to be used via Internet, from remote sites as well as close sites; 

· tele-creation – remote creation via Internet browser.

Both the teacher and the student environment should be able to be used on-line, remotely, within the tele-creation and tele-learning paradigm. In MOT, this is possible and desirable, but MOT also can be installed on a stand-alone computer. The stand-alone usage has some drawbacks:

The drawback in the authoring environment is that the multi-modality has to be created by one author alone (or created previously via tele-collaboration and then exported to the student). This possibility appears as opposed to the version of multiple authors collaborating towards a common [7] or different goals, as shown in section 6
. 

The difference from the student point of view should only be that of speed. However, depending on the user model implemented, some features that learn to adapt to group behavior and create standard behaviorist templates cannot be translated to the standalone situation.
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                      Fig. 1. Initial ER-diagram

















� I.e., the dynamic generation is not part of the adaptation to the student model, but part of an adaptation to teaching strategies and goals expressed explicitly or implicitly by the courseware author (e.g., a teacher). Moreover, on a more detailed level, AND-OR connections do not appear at concept level, but at Lesson level – as we consider these to be related to the specific teaching purpose and not to the conceptual framework.


� Generally speaking, these relatedness connections can have a different nature, such as ‘prerequisite’ or ‘prohibit’ relations implying (event-)condition-action rules as described in � REF _Ref24730328 \r \h � \* MERGEFORMAT �[18]�, or ‘temporal connections’ as mentioned in � REF _Ref24721755 \r \h � \* MERGEFORMAT �[17]�, etc.


� They would be actual concepts if they would have a ‘title’ attribute of a concept with the same name, and would have attributes attached.


� This could be done automatically with dictionaries of semantic equivalence.


� where an author can re-use other author’s materials by copying it or linking to it
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