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1 Context

The intelligent tutoring system QED-Tutrix [1,2] aims at providing an environment in which
a high school student can solve proof problems in geometry, and at helping the student during
the whole resolution process. This is done thanks to a tutoring engine that reads the interac-
tion of the student with the software interface, infers the proof he seems to be working on,
and provides him advices to complete his proof if such help is needed.

A crucial part of this engine is a structure in which all the possible proofs (accessible to a high
school student) for the problem are stored. This way, it becomes possible to anticipate what
the student is likely to attempt to do next, and therefore to help him in a relevant way. In this
paper, we present this structure, called the HPDIC graph. Details concerning its functionality
are presented in Section 2, and we explain in more depth how the graph is used in QED-Tutrix
in Section 3.

2 HPDIC graph representation

To represent a mathematical proof as a computer structure, we must first define precisely what
we consider to be a "proof” in the context of high school geometry problem resolution. Our
definition, based on the one proposed by Duval [3] is built around the concept of inference.
An inference can be seen as an atomic sentence, composed of some premises (ABC is a
triangle, and the lengths of line segments [AB] and [AC] are equal), the invocation of a
justification in the form of a definition, property or theorem (a triangle with two equal sides
is isosceles), and the inferred result (ABC is isosceles). Since the result of an inference can



be used as a premise for another, we can build a proof by chaining inferences, starting from
the hypotheses of the problem and reaching its conclusion.

The structure of such an inference chain is perfectly suited to be stored in a graph, as has
been done in works going as further back as 1984 [4]. Therefore, we define the HPDIC graph
(Hypotheses, Properties, Definitions, Intermediate results, Conclusion) as follows. First, let
us consider one proof (i.e., one chain of inferences) for a problem. Each inference is repre-
sented by a subgraph: one node for each premise of the inference, one for the justification,
and one for the result. These nodes are then linked following two rules : the premises of an
inference are linked to the justification representing it, and that justification is linked to its
inferred result.

Since the result of an inference can be used as a premise in another one, we merge identical
intermediate nodes. These rules create a graph from the hypotheses of the problem to its
conclusion. Then, since each proof of a problem uses a subset of the same set of hypotheses,
reaches the same conclusion, and uses a subset of the same set of intermediate results, it is
possible to put together all the inferences used in any proof of a given problem in a graph
that we name the HPDIC graph of the problem. This process is illustrated in Figure[I] Figure
[Th shows a simple inference. In Figure [Ip, this inference (in bold) is used as a step for a
complete proof, and, in Figure[Tk, this proof (in bold) is merged with another proof, creating
the complete HPDIC graph for this fictive problem.
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Figure 1: The process of constructing the HPDIC graph

The strength of this representation is twofold. First, it provides a representation of proofs that
mirrors the work of high school students. This fundamental requisite is usually not fulfilled
by automated theorem proving, since popular methods use intermediate representations, such
as the translation of the problem into a system of equations, that is solved by an algorithm [5,
6]. This process provides mathematically valid proofs, but those are also completely out of
the scope of high school mathematics education. Furthermore, the broad goal of automated
theorem proving is to provide exactly one proof of the theorem, whereas we require the cre-
ation of all proofs accessible at a high school level. Second, the structure is very flexible and
allows the representation of proofs that use any kind of properties, ranging from small, pre-
cise demonstration steps to advanced theorems. This flexibility is crucial when we consider
the constant variations in the educational referential. Indeed, the properties that a student is
allowed to use change depending on many factors, such as the position in the curriculum, the



subject the teacher is emphasizing at the moment, or even the teacher’s personal preferences
and habits.

3 Uses of the HPDIC graph

During the resolution of a problem by a student in QED-Tutrix, the HPDIC graph is used as
a referential to identify the proof that the student seems to be working on. This is done by
tagging in the graph each proof element (property or result) entered by the student. Then, an
algorithm finds out which proof among all the possible ones is the most advanced, calculated
as a percentage of the tagged elements among all the elements used for the proof. This
information is recalculated each time the student submits a new element.

Then, using this knowledge, the tutor engine can find out which elements are missing for the
student to complete their proof. The tutor is therefore able to guide him/her toward these
missing elements. These processes of tagging on the graph and providing messages to help
the student are detailed in the work of Nicolas Leduc [1].

In the initial version of QED-Tutrix, the HPDIC graphs were constructed manually by an
expert in mathematics education. This process is explained in her work [2]. In particular,
the solutions proposed in the HPDIC graph have been validated by several experimentations
in class. Five diverse problems were implemented this way, with the aim of encompassing a
large number of mathematical concepts, indicating that the HPDIC graph structure is indeed
appropriate to represent proofs used in a real classroom context. To improve the scope of
QED-Tutrix, we are currently working on a tool to automatically generate the HPDIC graphs
for any given problem [7].
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