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Abstract

This paper can be considered as a self criticism of the author. He was advocating formal mathematics and formal teaching of mathematics since writing his PhD thesis in 1978. He has started to change his views in 1994 in favour of humanizing mathematics and humanizing mathematics teaching.

The paper includes the three main theories of mathematical truth leading to a formal view to mathematics and formal teaching of the subject, then deals with recent developments in science, mathematics and suggestions to modify the three theories in order to cope with these developments, Paradigm shifts in mathematics education were presented and the study was concluded with two urgent suggestions to reform mathematics education.

Introduction 


There exists a relationship between philosophy of mathematics and mathematics education. When there is a change in the paradigm of mathematics (paradigm shift), there must be a paradigm shift in mathematics education. Nevertheless, such a relationship is not a linear one as it depends on the thinkers of both sides, mathematics and mathematics education.

The major question which use to be asked: Is mathematics a science?. There might be different views in this concern. Curry pointed out that (2:3):

"If mathematics is to be a science, then it must consist of propositions concerning a subject matter, which propositions are true in so far as they correspond with facts".

So, the issue of mathematical truth is essential in this context. In dealing with mathematical truth; we are concerned with the nature of this subject matter and these "facts". There are three main theories of mathematical truth; Realism, idealism and formalism.
The Theories of Mathematical Truth and their Implications on Mathematics Education

To describe the theories of mathematical truth Curry pointed out that (2:3): 


"Realism, as the view that mathematical propositions are true insofar as they are correspond with our physical environment, idealism which relates mathematics to mental objects of one sort or another, and formalism."
Formalism means that mathematics is the study of formal system. Mina pointed out that (5:25):

"From the point of view of historical development, realism could be considered as the basic  thought of Egyptians, Phoenicians, and all primitive mathematicians in general; idealism as the main thought of Greeks- especially Plato and the "Intuitionists"; and formalism as the mode of thinking in the last few centuries. But, it seems that such a historical perspective might not he comprehensive, because the idealism point of view is still -in some way or another - influencing some mathematicians".


After dealing with infinity and non-Euclidean geometries, philosophers of mathematics use to agree to reject the realism theory of mathematical truth, simply because they do not meet our " physical environment".

As for the idealism theory, Curry pointed out that (2:4-5): 

"All forms of idealism are subject to the same fundamental criticism: viz., that the resulting criterion of truth is vague at best, and depends on metaphysical assumptions"

  
To deal with the third theory of mathematical truth, formalism, we define first the "formal system". A formal system refers to the ordered pair (set, structure) and their interrelations, ie The rules of formation (of new terms), the rule of procedure (for driving further theorems) and the elementary propositions or predicates (see: 2:56)

A merit to the formalism theory of mathematical truth is that different branches of mathematics are unified by means of their formal structure. Further explanation of such a unity could be received by the concept of multivalent structures which was described by Choquet as follows (1:6): 

"The first axiomatic systems were categorical or univalent, such as the axiomatisation of elementary geometry by Euclid and Hilbert; the definition of integers by Peano. By contrast fundamental structures are multivalent, that is to say that the axioms which define them can be applied to most classes of sets carrying non-isomorphic structures. It is this multivalent which is a guarantee of their adaptability to most varied situation. It follows that it is sometimes difficult to tell whether a statement belongs to algebra, to geometry or to analysis”.
Nevertheless, some doubts arose concerning formalism after the appearance of the theory of incompleteness car undecidability) of Kurt Gödel as he proved in 1931 that (11:4): 

 “… for any computable axiomatic system that is powerful enough to describe the arithmetic of natural numbers (e.g. the Peano axioms..): 

1- If the system is consistent, it cannot be complete.

2- The consistency of the axioms cannot be proven within the system.

Although it is a fact that the above mentioned criticism to theories of mathematical truth does not hinder mathematics from growing, it is a fact - as well - that there is a “crisis” of mathematical thought.
As most of mathematicians adopt - in practice - formalism, the prevailing way of mathematics teaching especially in secondary schools- is the formal teaching of the subject. Such formal teaching could take some -or all- of the following characteristics: 

a) Separation of life and applications in other disciplines.

b) Rigorous employment of deduction.

c) Rote learning.

However, many changes have been introduced to science, mathematics and consequently teaching of mathematics.

Paradigm Shifts in Science, Mathematics and Mathematics Education 


The paradigm shift in science can be summed by “complexity”. Complexity can be described in terms of the following (see: 8:45-48):  

1- There is no more simple and absolute laws controlling motion and globe.

2- Unity of human knowledge.

3- Research is no more neutral.

4- Thought is no more controlled by logic, and knowledge is no more certain.

5- It is suggested that the main goal of science is to understand reality with the intention to influence and change it.

6- Cohesion of knowledge and its technological applications.

7- The development in technology of communication, measurement and its units and scientific calculations.

To cope with many of the elements described above of the new paradigm of science, mathematics have been moved to “the applications of mathematics, the place of mathematics in human culture .. in short the “human face of mathematics” (3:33)
“A new paradigm is emerging which celebrates this human face and acknowledges that mathematics in human - made, ever - changing, corrigible, imperfect, inter - connected with the rest of knowledge, value-laden and every bit as much a cultural product as literature and music” (Ibid:33)
As for mathematics truth, the writer suggests a framework for a new view of it corresponding to the mentioned theories of mathematical truth as follows (see: 7:8):
a) Reality is to extended to include “virtual reality”, which is not confined to physical reality, as well as the content of “conditional reality”, i.e. if .. then, having “then” with many reasonable answers.
b) Human behaviour can be easily explained assuming that the mind constructs mantel models of reality rather than by assuming the existence of  “mantel logic” (see: 4:7)
c) Mathematical systems are open systems, which have been influenced by supra systems, introducing change, in all of their components.

Ernest pointed out that (3:34): 

“These matters may seen remote from the mathematics classroom. They are not, and a number of immediate educational implications can be listed. First of all the view of mathematics as objective, static, obsolete, neutral, and certain gives learners the impression that it is remote, cold, disembodied, mystifying, exclusive, alien and rejecting. No wonder so many hate and fear it. Secondly, the alternative, “human” view of mathematics leads to positive consequences…”.

After the domination of the “human” view of mathematics, some paradigm shifts have introduced to mathematics education. For example, as for primary school mathematics programmes, this shift has been reflected “from seeing mathematics as a large collection of concepts and skills to be mastered in some strict partial order to seeing mathematics as something people do” (9:3655), and as for secondary school mathematics programmes “from (formal) teaching of mathematics to introducing mathematics as human activity in order to provide a basic preparation of learners for full participation as functional members of society”  (10:3661).

Urgent Suggestions to Reform Mathematics Education
Out of many suggestions to reform mathematics education based on the consequences of the new paradigm in mathematics and mathematics education and of the changing theories of mathematical truth, it seems that there are urgent two suggestions in this context; First: to change the content of school mathematics - and its text - books - to concentrate on applications of mathematics in life and other disciplines, and secondly to highlight problem solving in teaching the subject.

   Needless to say, life problems have many alternative solutions. This could be the way for many “correct” answers, developing creativity, as well as developing interests towards studying the subject.

Consequently, evaluation processes should be coping with the above mentioned suggestions.
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