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In the following, a classification of eLearning support into four categories is presented, always keeping 
in mind that these have to be understood as intertwined and entangled with each other: The content area, 
presenting matter in a structured way as it is typically developed in lectures and courses, the training area 
providing a framework for homework assignments and hands-on training, the semantic retrieval area that 
answers individual requests by organising its contents in knowledge nets and visualising its results, and 
last but not least the virtual lab area that allows self-controlled learning by providing the infrastructure 
for experiments and hands-on training. 

* User driven information retrieval system
* Knowledge networks
* User defined constructions
* Includes an "encyclopaedia"

* Courses from granular elements of knowledge
* Composition with the CourseCreator tool
* Interactive multimedia elements
* Nonlinear navigation

* Combinable experiments
* Explorative learning and research
* Experiments integrating CAS & Num. Tools
* Intelligent input & control mechanisms 

* Interactive, constructive environment

* Intelligent input & control mechanisms
* Embedded in an exercise network

* Exercises, combined into exercise paths
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Fig. 1: Categories of eLearning.  

2. Content Area 

The content area is the electronic representation of the content of a specific course or lecture; to aid the 
lecturer and the student, the topic of a course is separated into minimal knowledge atoms following a 
specific matter ontology, e.g. theorems, conclusions or examples are enriched by interactive applets and 
composed to courses. This concept allows on the on hand efficient reuse of existing atoms and their re-
composition to courses to simplify the task of the lecturer, and on the other hand it allows non-linar 
navigation for students to either follow courses or refresh their knowledge in exam preparation. 

In its current form, created to a major extent by S. Jeschke and R. Seiler within the Mumie-project [8], it 
consists of a data base providing the knowledge atoms, an application server delivering the contents as 
HTML data and a course creator tool that defines the linkage of the atoms - as vertices in a graph - to a 
complete topic. A course runs like a red thread through this graph.  

Clearly, this design allows reusing existing material easily to adapt courses to changing requirements. 
The prospects for intelligent assistants in the content area are manifold: They would observe the usage 
patterns of both the lecturer creating and the student using a course and thus would allow adapting the 
presented material to the corresponding user. Looking at the vertices of the course-graph, an assistant 
would be able to select the proper presentation style of the content that fits the learner’s style best, e.g. 
mathematical exact representation vs. visualisation. But assistants could also help lecturers to combine 
the atoms to courses given the demands of the audience and the author at hand, and thus act on the edges 



© FORMATEX 2005

m-ICTE2005 http://www.formatex.org/micte2005 3 

 

of the course graph as well. Ideally, an assistant would be able to make a proposition of a full course, 
given the dependencies between the atoms and the preferences and demands of the audience. 

3. Semantic Retrieval Area 

While the Content Area requires that the content it provides to students and teachers is already integrated 
into a network of knowledge atoms, the main focus of the Semantic Retrieval Area is to construct these 
networks from mathematical texts formulated in natural language. The resulting knowledge nets repre-
sent connections between terms as well as dependencies between mathematical statements. A retrieval 
system will then extract the required connections between the terms and statements for the user, for ex-
ample in the form of a graph.  

In its current form, mainly developed by N. Natho as an additional tool within the Mumie-
environment [8], the existing software implements a semi-automatic natural language parser that analy-
ses mathematical texts for their internal structure. Concerning the Content Area, due to the high technical 
formality of the language used in mathematical texts, extracting the semantics should be easier than in 
any other field. Though it is likely that the system will remain semi-automatic, requiring help by a human 
mathematician.  

Even though this system already qualifies as an intelligent assistant by itself, especially its retrieval com-
ponent could be enhanced by making use of assistants that try to find a representation of the contents 
suitable for a given user profile, thus to adapt the answers of the system to its user. Clearly, another ap-
plication of the semantic retrieval system would be the initial step of reverse-fitting an existing lecture in 
paper form into the Content Area. 

4. Training Area 
The Training Area provides students with highly-structured exercises to delve into the matter of the lec-
tures to a higher degree than by just following the lecture. The keywords here as in all other fields dis-
cussed so far are granularity and structure of the exercises. Thus, a given assignment is structured into 
subproblems to be solved by the student such that a corresponding easier exercise could be given to fo-
cus on trouble points in case the student gets stuck. In other words, the Training Area is designed around 
a hierarchically structured graph of exercises providing individual learning units. This type of adjustment 
enables learners to gradually enhance their competencies in self-directed problem solving.  

As shown in the graph, training networks are typically no trees. They are true graphs containing the same 
nodes, even on different levels in the hierarchical network, as the position of a node depends on the con-
text where the exercise represented by it is needed.  

The Training Area concept in its current state, developed mainly by S. Jeschke and R. Seiler [8], is 
mainly based on Java applets that state classical exercises in the field of undergraduate linear algebra, 
allowing the student to gain the required score to be admitted to the final exams.  

One of the major challenges in developing multimedia-based learning and teaching platforms is to drive 
dynamical validation forwards, i.e. using internal or external tools that are able to validate dynamically 
and on the fly the correctness of a statement. As far as the field of mathematics is concerned, computer 
algebra systems, automatic proving — if available — as well as specific numerical software have been 
used. The possibilities made available by linking external tools to a training environment are currently 
not well exploited. A central reason for this unnecessary restriction is the lack of proper interface 
definitions — or even the total lack of any interface at all — at both the training tools as well as the ex-
ternal software. Intelligent validation tools are characterised by their tolerance towards various notations 
and formulations of the same subject. To achieve this tolerance, it is not only necessary to encode com-
plex answers semantically, but also to use and interpret the same semantic correctly within the validation 
toolkit. The semantic coding of scientific content is therefore an important research challenge (cf. [7], 
[9], [12]). 
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