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Extended Abstract

A Dynamic Geometry System (DGS) is a computer application that allows the
exact on-screen drawing of (generally) planar geometric constructions, and the
dynamic manipulation of the construction by mouse dragging certain elements.
The key property of these applications is the self adjustment of the position of
all elements in the diagram to the changes produced by the user. This is also
known as Interactive geometry. In this work, we study three DGS: Cabri [8],
The Geometer’s Sketchpad [6] and Cinderella [9].

From the beginning, DGS have been the paradigm of new technologies ap-
plied to Math education, area where they have found their most applications.
Their convenience in the classroom is almost unanimously praised among edu-
cation experts. However, questions have been raised on the influence of the use
of DGS on the development of the concept of proof in school curricula [5]. Some-
times, formal proofs have been replaced by the construction of a great number
of examples of a configuration, in what has come to be known as a visual proof
(see the special issue in Educational Studies in Mathematics [7] for an extensive
exposition on the subject).

This is a symptom of the incompleteness of general DGS relative to extra
manipulation of configurations. In particular, out of the three DGS considered,
only Cabri comes equipped with some property checker, and even in that case
its numeric nature does not really provide a sound substitute for a formal proof.

To compensate the computational limitations of DGS, it seems clear that
some symbolic capabilities have to be added to DGS. There are two main differ-
ent approaches to implement this idea. Some systems incorporate their own code
to perform symbolic computations (e.g. [4, 12]), while other systems choose to
reuse existing Computer Algebra Systems (CAS) (e.g. [2, 10, 11]). Both strategies
have been partially successful on addressing the three main issues in dynamic
geometry, namely the continuity problem, the implementation of proof and dis-
covery, and the determination of loci (see [1] for details). However, none of the
main commercial DGS has tried to add ample symbolic capabilities in its latest
versions. This is due in part to the very different nature of DGS and CAS. While
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DGS are based on immediate interactive manipulations, CAS are based on ques-
tion/answer queries. Besides these reasons, the main problem to connect existing
DGS and CAS is the fact that different applications speak different languages.
This is partly due to the lack of a lingua franca for computer Mathematics.

There are two main different, and somehow complementary, candidates to be-
come the standard description of computational Mathematics, namely MathML
([13]), a W3C Recommendation oriented to Math presentation on the Web and
OpenMath ([14]), a standard for representing mathematical objects together with
their semantics.

We present an example of DGS-CAS communication between three of the
most relevant commercial DGS (Cabri, The Geometer’s Sketchpad and Cin-
derella) and the CAS Mathematica [15] and CoCoA [3], for which OpenMath
has been chosen as the communicating language. The tool is a web application
designed to symbolically process locus, proof and discovery tasks on geomet-
ric diagrams constructed with the considered DGS. Named LAD (acronym for
Locus-Assertion-Discovery), it can be seen as a remote add-on for the three
considered DGS. In other examples of connections of commercial DGS with
commercial CAS, the user is required to have the appropriate (expensive) CAS
as well as a specific software installed in the local drive of the user’s computer,
making process too burdensome for a standard DGS user. In our case, to use
LAD the user is only required to have access to his/her favourite DGS and an
internet connection.

From the DGS internal textual representation of a geometric diagram, an
OpenMath description of the requested task is created using the elements in the
plangeo OpenMath content dictionaries. Once the computational task (locus,
assertion or discovery) has been determined by the user in the applet menu, a
final description of the task is produced in terms of points and point constraints.
The final computations follow the Groebner using CoCoA and the Mathematica
kernel.

Moreover, LADucation, a one-click educational version of LAD designed
as a way to work the idea of mathematical proof within a Math lab, is also
presented. By just uploading the file generated by the considered DGS, LADu-
cation computes graphs and equations of geometric loci. These equations make
for mathematical sound proofs that complement the graphing abilities of the
considered DGS. Besides computing geometric loci, in the case of a Cabri geo-
metric construction, LADucation also gives certified answers to the five questions
considered by the Cabri in-menu property checker.

LAD and LADucation are freely available at

http://nash.sip.ucm.es/LAD/LAD.html
http://nash.sip.ucm.es/LAD/LADucation.html

where detailed instructions can also be found.
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