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Abstract

Albert and Held elaborated methods for structuring a body of test problems by analysing their components and their cognitive demands. within the framework of knowledge space theory. 

In this paper, we suggest to apply the structuring meth​ods used by Held not only to structuring a set of test problems but also to structuring a body of corresponding de​mands. Specifying learning contents and respective learn​ing objects (lessons) for each of the demands, we obtain a common structure of lessons and test problems which serves as a basis for developing adaptive eLearn​ing courses, e.g. for the adaptive tutoring system RATH.
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Theoretical Background

This paper is based on an application of the theory of knowledge spaces and its extensions to building an adap​tive tutoring system (ATS). An ATS adapts the learning content to the individual learner, e.g. with respect to the learner’s current knowledge. The learner state is assessed through a test or questionnaire, and subsequently learning objects are selected or presented by adapting them to the current learner state which itself may be regularly updated during the learning process. 

The theory of knowledge spaces [2, 3, 4] is a psychologi​cal model for structuring domains of knowl​edge based on prerequisite relationships. It was developed aiming at the adaptive assessment of knowledge [3, 4, 5]. Later it was also applied to adaptive training in the ALEKS [4; see also http://www.aleks.com] and AdAsTra [6] systems. However, these systems are limited in that they do not offer genuine teaching by presenting lessons but only explanations for training problems.

Albert and Held have applied methods of demand analy​sis to obtain knowledge spaces for given domains [1, 7]. We will first describe this structuring procedure and then, in the subsequent section, how it can be transferred for developing and structuring courses including lessons.

In a first step, we searched for components of test problems in a certain area and attributes for these components occurring in the prob​lem set. Held, for example, found for elementary probability theory problems on drawing balls from an urn as one component the method of drawing with three attrib​utes, (1) drawing one ball, (2) drawing multiple balls with replacement, and (3) drawing multiple balls without replacement [7].

In a second step, the demands posed on the learners by the different attribute values are investigated. The term demand here describes a similar concept as skills, the only difference being that demands are properties of problems while skills are (cognitive) properties of persons. In the aforementioned example, Held identified four demands related to the attributes for the component way of drawing, (a) knowing the Laplace rule for computing probabilities, (b) being able to determine the number of favorable events if only one ball is drawn, (c) knowing that for stochas​tically independent events the probability of their intersection can be computed as product of the single prob​abilities, and (d) knowing that drawing without replace​ment reduces the number of balls in the urn. For the three attributes and the four demands specified above, Held found the assignments shown in Table 1.

Table 1: Demand assignments for attributes of way of drawing
	Attribute
	Demands

	1
	a, b

	2
	a, b, c

	3
	a, b, c, d


Based on the demand assignment, the attributes for each component can be ordered, e.g. using the set inclu​sion principle. In this case, we would obtain an ordering 1 ( 2 ( 3. Regarding sets of test problems for which multiple components have been identified, the test problems can be characterised through attribute vectors and can be ordered according to a component-wise ordering of these attribute vectors [1, 7].

Developing and Structuring a Course Based on Demand Analysis

Developing and Structuring Lessons

As previously mentioned, our goal was to develop a knowl​edge space based tutoring systems as              opposed to previ​ously developed  knowledge space based training systems. The main tasks were to structure the content into lessons and to find a structure between these lessons.

The first task was solved by taking each of the de​mands identified in Held’s analysis of elementary probabil​ity theory as content of one lesson. More con​cretely, we wrote a short text teaching the respective skill for each of the demand. These les​sons were then enriched by examples of drawing variously coloured balls from an urn, throwing dice, or taking defective or intact floppies out of a box.

The main task, however, was to develop a structure be​tween these lessons. Here, we used in principle the same method as Held did in ordering the attributes of problems. In a first step, we identified for each skill the attributes which de​manded the respective skill. Based on the available de​mand analysis, this could be done by a simple inversion of the demand assignment as is shown in Table 2. Based on these attribute assignments, we obtain an ordering of skills of the form a, b ( c ( d. 

Table 2: Attribute assignments

	Skills
	Attributes

	a
	1, 2, 3

	b
	1, 2, 3

	c
	2, 3

	d
	3


Integrating Lesson Structure and Problem Structure into a Course Structure

The final step in developing and structuring a course based on demand analysis is to merge the problem struc​ture and the lesson (and skill or demand) structure into one course structure. The problem here is that the problem structures are obtained through component-wise ordering of attribute vectors (to every problem, exactly one attrib​ute for each component is assigned) while the lesson structure is obtained through the set inclusion principle (skills are often demanded by several attributes for one component).

The integration process again works in two steps. First, a principal ordering between lessons (and their taught skills) and problems is introduced. For a de​mand d and a problem q we have d ( q if, for all attributes ad assigned to d and the respective attributes aq of the test problem, ad ( aq holds
. Taking the complete set of les​sons and problems (the course), we obtain an order on this course by taking the union of the order ( on the lessons (or demands), the order on the problems induced by the component-wise ordering of their attribute vectors (see above), and the relation ( between demands and prob​lems.

The second step is merely pedagogically motivated and not mathematically well formalised. It is quite advisable to enforce at certain stages of the learning process that the learners’ knowledge is tested before proceeding to learn new concepts. Trans​ferred to our model this means that some prerequisite rela​tionships between problems and lessons have to be intro​duced. However, these prerequisite relationships often cannot be deduced from the problem and demand struc​tures. Therefore, the course structure obtained in the first step of the integration process has to be extended by manu​ally adding such prerequisite relationships. This holds especially if some problem components are rather unrelated. For example, one component used in Held’s problem structure was the wording of problems which is not related to the mathematical components. On the other hand, his component specification of the asked event (only balls of colour c are drawn, exactly m balls of colour c are drawn, at least m balls of colour c are drawn) is strongly related to the aforementioned component method of drawing since only one type of event specification is possible for drawing only one ball.

A Small Application of the Structuring Principles

The principles for developing and structuring a course based on demand analysis of a set of test problems intro​duced in the previous sections have been applied to pro​duce a course on elementary probability theory. Start​ing from a set of test problems analysed for demands by Held [7], les​sons corresponding to these demands were developed. For most of these lessons, some examples were also devel​oped. The structuring process for lessons and problems described above was applied. The examples were integrated into the course structure by taking the respec​tive lessons as prerequisite for the examples but not requir​ing reading through the examples themselves for further learning steps.

Each lesson, example, and test problem was imple​mented as an own HTML file. These HTML files were augmented with metadata information describing prerequi​sites. Prerequisites that could be inferred from the reflexivity and transitivity axioms of order rela​tions were omitted. The resulting HTML documents were fed into the adaptive WWW tutoring system RATH [8; see also http://wundt.uni-graz.at/rath/] which is capable of interpreting such prerequisite relationship metadata coded into the HTML file. The RATH system makes use of these in​formation by hiding links to documents for which the learner does not yet fulfil the prerequisites.

Conclusions

In this paper, we have introduced a method for applying the component and demand analysis of a set of test problems for constructing and structuring courses based on extended knowl​edge space theory. Such courses can then be fed into an adaptive machine thus supporting individualised teach​ing. A major goal in developing this method was to find a way for developing and structuring courses with as little arbitrariness as possible. Apart from the final step in the integration process, the proposed method is based on mathe​matically reforming the results of the component and demand analysis. This reduces the complex task of course structuring to the much simpler task of analysing single problems for demands thus reducing the probability of obtaining incorrect course structures.

Summarising, the method proposed here can serve as a first step in a methodical development of courses and course structures. However, further research is necessary to eliminate that arbitrariness of the final step in the integration process.
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� Since ( is a relation between demands and problems, it is not a mathematical order relation. However, it has an ordering semantic and, therefore, is labelled this way.





