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Abstract. ACTIVEMATH is a web-based learning environment that dy-
namically generates interactive mathematical courses adapted to the stu-
dent’s goals, preferences, capabilities, and knowledge. It integrates sev-
eral mathematical service systems. The course content is represented in
OMDoc, an extension of OpenMath. For each user, the appropriate content
is retrieved from a knowledge base and the actual course is generated
individually according to pedagogical rules. The course is presented to
the user via a standard web-browser. During a course the learner can in-
teractively practice problem solving by using mathematical services such
as computer algebra system or a proof planner. The article provides a
brief account of the current state of ACTIVEMATH.

1 Introduction

Web-based learning systems are becoming more predominant and increasingly
incorporate intelligent features. In Saarbriicken we are developing the web-based,
user-adaptive, interactive learning environment ACTIVEMATH.! In a nutshell,
its major features are user-adapted content, sequencing, and presentation, user-
adapted suggestions for learning, support of active and explorative learning by
mathematical services, use of proof planning, support of teachers by information
about their students, and the reusability of the encoded content via the semantics
of the knowledge representation.

We believe that the use of such a system in the maths curriculum is advanta-
geous as it supports active learning of the student. During the last decades, the
mathematics pedagogy community recognized that students learn mathematics
more effectively, if the traditional rote learning of formulas and procedures is
supplemented with the possibility to explore a broad range of problems and
problem situations [11]. In particular, the international comparative study of
mathematics teaching, TIMSS [1], has shown (1) that teaching with an orien-
tation towards active problem solving yields better learning results in the sense
that the acquired knowledge is more readily available and applicable especially
in new contexts and (2) that a reflection about the problem solving activities
and methods yields a deeper understanding and better performance.

1A demonstration of ACTIVEMATH is available at http://www.activemath.org.
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Fig. 1. Architecture of ACTIVEMATH

We also believe that teaching mathematical methods and know-how and
know-when has to be introduced into mathematics teaching, apart from the tra-
ditional axioms, theorems, and procedure teaching. The knowledge-acquisition
work done for proof planning provides a first material that has to be further
expanded. First experiments [9] suggest that instruction materials based on de-
scriptions of mathematics methods yield a better subsequent problem solving
performance than traditional (textbook like) instruction material.

This article provides a brief account of the current state of ACTIVEMATH.
In particular, we focus on the architecture, the knowledge representation, the
presentation planning, and the user model. For a more detailled description
see [8].

2 Architecture

Figure 1 depicts the architecture of ACTIVEMATH, i.e., its components and the
communications between them (indicated by arrows). It shows the client-server
web-architecture with a browser at the client side. Currently, ACTIVEMATH inte-
grates the following components: a session manager, the knowledge base MBASE
[4], a presentation planner, a user model, a pedagogical module, and mathemat-
ical services such as the proof planner of 2MEGA [10] and the Computer Algebra
System (CAS) MAPLE (for a detailled description of the integration of math-
ematical services see [7]). The components can communicate over the Internet
via a standardized XML-RPC protocol. For instance, requests of the user and (in



the other direction) HTML-pages are communicated via a web-server to the ses-
sion manager. The session manager stores the generated courses and translates
URL requests into actions (e.g., the request for a new course about the topic
group) that are passed to the responsible component. The presentation planner
generates the learning documents adapted to the user’s goals, preferences, and
knowledge by requesting and processing information from MBASE, from the user
model, and from the pedagogical module. Information about the user’s actions,
such as the history of her actions and the time intervals of her reading a concept
or the success of solved problems, is passed from the session manager to the user
model (as well as from the proof planner and CAS to the user model), where it
is used for updating.

3 Knowledge Representation

Our knowledge representation OMDoc [6], is an extension of the OpenMath [3] stan-
dard. OMDoc encodes the semantic of mathematical objects as well as meta-data
and mathematical facts such as theorems, definitions, proof methods, and proofs
and includes natural language formulations as well as formal (OpenMath) objects.
OMDoc uses a semantic XML-based representation of mathematical knowledge that
provides an ontology for the content of the course which is indispensable for a
reuse of teaching and learning material and for a combination of material from
different sources.

In addition to the actual conceptual content, our knowledge representation
contains meta-data for structures, dependencies, and pedagogical information
which can be used for the dynamic generation of interactive documents.

4 Presentation Planning

The central component of ACTIVEMATH is the presentation planner. It generates
a personalized course in a three-stage process:
(1) First, the content is retrieved from the knowledge base MBASE. Starting
from the goal concepts chosen by the user, all concepts they depend upon and
corresponding additional information (e.g., elaborations, examples for a concept)
are collected recursively. This grabbing process uses the dependencies metadata
information contained in the OMDoc representation. The result of this retrieval is
a collection of all concepts plus additional information about them that need to
be known by the learner in order to understand the goal concepts.
(2) Then pedagogical knowledge is applied. According to the information in
the user model and the pedagogical module the collection of content items is
processed and transformed into a personalized instructional graph of learning
materials. This process is detailed below.
(3) Finally, the instructional graph is linearized.

The result of the presentation planning is a linearized instructional graph
whose nodes are OMDoc items. Filters (see Figure 1) will transform this collection
into HTML pages using XSL-transformations.



The goal of the application of pedagogical knowledge is to select from and
transform the collection of items that was gathered in the first stage of pre-
sentation planning into a selection of learning material. ACTIVEMATH employs
pedagogical information represented in pedagogical rules. It evaluates the rules
with the expert system shell JESS [5]. The rules consist of a condition and an
action part. The condition part of a rule specifies the conditions that have to
be fulfilled for the rule to be applied, the action part specifies the actions to be
taken when the rule is applied.

The presentation planner employs the pedagogical rules to decide:

(1) which information should be presented on a page;

(2) in which order this information should appear on a single page;

(3) how many exercises and examples should be presented and how difficult they
should be;

(4) whether or not to include exercises and examples that make use of a particular
service system. Since exercises and examples employing service systems require
a certain minimal familiarity with the systems, ACTIVEMATH presents those
exercises only if the capability is confirmed.

(5) whether to restrict the available functionalities of a service system. For in-
stance, a student learning about mathematical integration and derivation should
not use a CAS to solve his exercises completely, whereas using the CAS as a cal-
culator for auxiliary calculation is acceptable.

5 User Modeling

The user model consists of two subcomponents: the history that stores the data
about user’s actions (e.g., the reading of a concept at a certain time), and the
profile that stores the user’s preferences, goals and knowledge mastery data.
When a learner registers, she can assert her knowledge mastery values which will
be constanly updated according to her actions. The user model is inspectable
and modifyable.

The knowledge mastery assessment is represented by values for a subset of
the competence features in Bloom’s taxonomy [2], namely Knowledge, Compre-
hension, and Application.

Depending on the type of the user’s interaction, different updates of the
values are realized. After reading a concept, mainly the Knowledge-value of it
is updated. After reading an example for a concept the Comprehension-value of
that concept is mainly updated. After acting on an exercise, the success or failure
rate mainly updates the Application-value of that concept in a way depending
on the abstractness and difficulty levels of the exercise. A dependeny between
those values will be introduced later.

The user model also stores a justification for each value, that is, whether it is
a direct user input for the user model, indirectly inferred from the history data
or other information, or an output of an exercise evaluator.



6 Conclusion and Further Work

This paper gives a short overview on the web-based learning environment Ac-
TIVEMATH that generates mathematical courses adapted to the learner and in-
tegrates several mathematical service systems.

We plan to integrate other mathematical systems, such as the CAS MuPad.
An interesting question regarding mathematical systems is how to interpret the
learners actions and how to calculate the appropriate feedback to the user model,
preferable in an abstract way in order to avoid having to build a proper evaluator
for each mathematical system.

Other questions concern metadata and presentation planning. We are re-
designing the current prototypical version of the proof planner and have to decide
what kind of metadata is needed to generate useful learning material.

Last, but not least evaluation is a important issue. We are conducting studies
on the design of the user interface and prepare field studies in schools and at
university to test whether our system does what it is supposed to do, support
learning.
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