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Abstract This paper presents an alternative methodology of development for the
discipline of Discrete Mathematics offered to courses in the area of
computation. It explores the availability of new teaching tools and
programming languages. This way, we try to stimulate and provide students
with an environment in which they can reach better results in order that it can
contribute in the creative and constructive application of their knowledge.

1. INTRODUCTION

The constant development of technology has unleashed new challenges
in education. Its use has been seen as a strong element for knowledge
construction support. This makes it possible for the teacher to adopt a new
role, as a mediator and facilitator of the student’s learning.

Some parts of mathematics disciplines have found difficulties in using
computational tools in the development of their concepts and the
performance rate in these disciplines have not been satisfactory. One such
case is Discrete Mathematics, which is essential to the formation of the
courses in the area of Computer Science, as seen in universities of Rio
Grande do Sul State (Menezes et al. 2000).
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An alternative methodology is desired for the development of the
Discrete Mathematics discipline, offered to courses in the area of
computation, by exploring the availability of new teaching tools and
programming languages. Thus, we try to stimulate and provide students with
an environment in which they can achieve better results and contribute to a
creative and constructive application of their knowledge.

2. MATHEMATICS AND COMPUTATION

The development of computation creates a propitious environment for the
launching of new educational technologies. Such tools end up giving value
to the process of the student’s learning and renew the didactic methods used
by the teacher.

The integration of technology with education has taken place in different
periods in the most distinctive areas. The Mathematics teaching, specially
the Discrete Mathematics for graduation courses of the computational area in
Brazil, has not found yet a way to incorporate computational tools to the
development of very important concepts for the formation of the student in
this area. It is very common for students to study the disciplines in a forced
way, as an obligation they must fulfill. They do not see direct or indirect
application of the contents in their future professional life, and even less they
do not see it as a necessary and essential knowledge for the rest of the
course.

It is very common for them to study the disciplines of the mathematical
area as if they were independent of the rest of the course, without having the
opportunity to experience learning in which the intrinsic relation between
mathematics and programming is explained.

Mathematics is very used in several areas of Computing Science, in
applications that include the specification of programs, data structures,
analysis and implementation of algorithms and correctness. The use of
computers, however, can help making mathematics easier to be understood
and used, by turning mathematical terms executable and abstract concepts
more concrete, all through the use of computational tools such as
mathematical proof verifier.

Mathematics provides fundamental tools to any scientific discipline,
which is essential to programming because it helps the student to rationalise
the implementation of the programs. And the programming, on the other
hand, has been utilised since its beginning for the resolution of mathematical
problems. However, nowadays the courses on mathematics are delivered in a
separate way from the programming courses, and they make very little use of
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the second one to re-enforce and stimulate the learning of mathematical
concepts.

The solutions for the mathematical problems can be drawn and
implemented in the computer, as if it were the pencil and the paper
traditionally used for this very purpose. This new way to reach the solution
modifies the procedure as a whole, but without depriving it of its
characteristics. The traditional process, according to Rosa and Cirigliano
(1999), is one that creates a mathematical model, starting from the problem,
and then creating a transformed model that will conduct it to the solution,
upon which the proof will be carried out in order that the solved problem can
be finally obtained. When integrating the programming to this model, we
have a new process in which the mathematical model is implemented by
reaching the solution through the computer. To assure the validity of this
solution we must then demonstrate the equivalence between the models,
which guarantees that the solution obtained by the program is correct. This
new model, through which it is, illustrated the process of resolution of
problems under the algorithm approach of the mathematical concepts and the
approach on the functional characteristics of a programming language is
represented in Figure 1.
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Figure 1. Process of resolution of a problem through the implementering in a programming
language

It is important for the student to acquire, from the beginning of the
course, a habit of specifying, solving problems and try to solve them by
using the computer and a mathematical method to reason about them.
Students can have a vision of the integrated process represented in Figure 1
through the methodology of the application of a language as formalism, in
which the solutions for certain problems are programmed.
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3. STATE OF ART OF THE DISCRETE
MATHEMATICS DISCIPLINE

The discipline of Discrete Mathematics is present in the courses of the
Computer Science area according to the Policy Laws and Bases of the
Education and Culture Ministry of Brazil (MEC 2000). According to this
document, the discipline is a fundamental pre-requisite for several other
disciplines that follow in the posterior semesters, such as programming,
computation and algorithms, computer architecture, compilers, database and
artificial intelligence. Such evidence re-enforces the fact that their contents
must be worked out in a general and ample way, in order to develop the
pertinent reasoning, so that students can have a strong base for the moment
they start studying the other disciplines of the course.

Although the discipline is essential for the rest of the course, nowadays it
is not obtaining the desired success. The approval rates verified in the two
principal universities of Rio Grande do Sul, during the between 1998 and
2000, are considered unsatisfactory due to its importance. The data below
demonstrate the performance of the students that attended this discipline in
the mentioned universities.

| Universidade A Universidade B
desstertes desstertes
8% 1%

aprovados aprovados

Figure 2. Performance of students in discrete Mathematics, period 1998-2000

This discipline is delivered today in a traditional manner, through
theoretical-expositive classes and through realisation of works and written
exams. We can notice, thus, the necessity to search in the programming
paradigms an alternative, through the utilisation of a functional language.

4. UTILISATION OF A FUNCTIONAL LANGUAGE

The utilisation of a functional language as a supportive tool to the
development of discrete mathematical contents makes it possible to naturally
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express the mathematical language, to easily prove the properties about the
programs and to prove the equivalence between the model and the
implementation.

The functional language holds reasoning similar to the one necessary for
the development of discrete mathematical contents. That is, it is very similar
to the one used in the mathematical formalisms. This fact allows the utilised
language to be introduced in the course in a natural way, without requiring
extra efforts from the students to learn other programming syntax.

For example, let be the theorem P A Q— P. its proof can be carried out in
a traditional manner by using a functional language. The traditional manner
to prove it is through the utilisation of the inference rules of the propositional
logic, by structuring it in a tree form, as it can be observed in Figure 3.

1. Rule 1: A EL : elimination of “e” (A) to the left
1. Rule 2: — I: Introduction of the implication (—)
1. PAQ{AE}
1. P {(—0
1. PAQoP

Figure 3. Theorem proof through the traditional manner

The proof carried out by using the functional programming language (for
example, the Haskell language), allows the student to apply the same
necessary rules for the proof demonstrated in the previous figure at the same
time it works on the functional programming concepts. This way, it
accomplishes the integration between the concepts developed in classroom
and the programming. The proof of the same Theorem using a functional
language for this purpose is represented in Figure 4.

prova Regra :: Prova
provaRegra =
Impl
(AndEL
(Assume (And P Q))
P)’
(Imp (And P Q) P)

Figure 4. Theorem proof by using the alternative methodology

Based on these facts, and through a master’s thesis, an alternative
methodology for the teaching of Discrete Mathematics that aims at utilising
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a functional language in the development of the discipline’s concepts has
been developed and proposed. The work is based on a prototype in which
libraries using the Haskell language were worked out, which implement
some theorem proofs, mathematical recursion and induction, having as a
model the proposal of Hall and O’Donnell (2000). The work set results in
the proposition of a new methodology that culminates in the restructuring of
the discipline as a whole and its reflects on the discipline itself and the other
disciplines of the graduation course.

Through the utilisation of theorem prover, for example, the student
develops several parallel skills. Besides needing knowledge of the
propositional logic rules, students must know how to apply them in order to
carry out the correct implementation of the proof, while they develop
programming skills in a language very similar to the one used in the proof.
Figure 5 illustrates some of the skills developed simultaneously when the
programming is utilised as a tool in the assistance to the learning of
mathematical concepts.

l Implementation of the proof l
Interaction with Application of the Development of Programming
the math ical pts in the programming logic learning by using
concepts by using implementation skills the traditional
propositional paradigm

logic rules

Figure 5. Skills developed during the implementering of proof

When programming and the model of resolution of a problem are
integrated, instead of just one process being used, no matter the theorem
proof, several parallel processes are developed, important and necessary
skills to the students of the computational courses. Without the integration, a
basic process takes place, which is the interaction of the student with the
mathematical concepts, as demonstrated in the examples of Figures 3 and 4,
through the utilisation of the propositional logic rules in order to carry out
the traditional proof of the theorem.
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The integration of the programming the proof of the Theorem develops
three new skills, which added to the one described in the traditional process,
are the following:

Interaction with the concepts of the discipline: the student performs
learning of fundamental concepts of the discipline.

Application of logic concepts in the implementation: to implement the
solution of the proof, the student must have the knowledge of the concept (1)
and, then, apply them in the implementation of the proof;

Development of programming logic skills: at the same time it is thought
about a solution to carry out an implementation of the proof, it performs
logical reasoning activities necessary to the programming;

Learning of the programming by using the functional paradigm: due to
the fact that the syntax of the functional language is similar to the
mathematical language, the student learns to program by using the functional
paradigm without too many difficulties.

The skills created when using the alternative methodology are illustrated
in Figure 5.

S. FUNCTIONAL LANGUAGE AS FIRST
LANGUAGE

The first language taught in the courses of the Computer Science area in
the main universities of Rio Grande do Sul that is a procedimental language.
Its characteristics do not allow logic concepts, theory of the sets and
demonstrations to be worked out with the same facility that a functional
language, for example, does.

The functional languages, like the Haskell language, have as a principal
characteristic the reproduction of a mathematical language because in this
paradigm the programs are formed exclusively by functions, which justify its
denomination. The principal program is a function that receives entry
parameters and produces a result, in the same way the student reasons
mathematically when he is solving a problem on the paper.

The teaching of a functional language in the first semester of the course
helps the learning process of the concepts of discrete mathematics, mainly
because these two languages have the same syntax used in Mathematics.

This way, we could have the teaching situation represented by Figure 6.
The figure illustrates the skills developed in each one of the methodologies,
the utilised languages as first language of the course and de performance
obtained and/or expected from the students.
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Figure 6. Utilisation of the alternative methodology: functional language also as first
language

6. FINAL COMMENTS

The utilisation of a functional programming language in the discipline of
Discrete Mathematics, offered in the first semester, is an alternative
methodology of teaching. This methodology allows the student to apply and
construct in a creative way, interaction skills with the concepts of the
discipline, their application in the implementation, development of
programming logic skills and learning of the programming with focus on the
functional paradigm, as demonstrated in Figure 6.

The mathematical union with the functional programming paradigm also
makes possible for students to develop concepts of discrete mathematics,
which are very important for their development, without them noticing it. At
the same time, they are developing functional programming concepts, with
are only worked in more advanced semesters of the course.

The utilisation of the functional programming as a tool for the
constructive and applied development of the theoretical concepts, does not
require extra efforts for the comprehension of its programming syntax, as its
programs are formed exclusively by functions. Thus, the necessary reasoning
for both activities are similar, which provides a friendly integration of the
discrete mathematics with the functional programming.

Finally, all the educational technology available to provide students with
a learning environment that keeps them away from the hard classes, and
apparently with no application for their professional future, must be used. It
is necessary, then to allow students to make use of all their potential and
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enthusiasm in the activities that have as a principal objective the students’
learning.
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