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Abstract
This paper deals with complexity, or postmodern science, and its implications on mathematic education, calling to humanize this education. It reports the shift of the paradigm of science from “simplification” to “complexity” , then described developments in contemporary science leading to complexity, and stating its major and immediate implications on mathematic education. The paper is concluded with a call to change programmers of teacher education in both pre- and post service and to disseminate complex thinking at least in university and scientific research levels.

Introduction
         This paper is an attempt to study the effect of the contemporary changes in science, and by necessity its methodology, on mathematics education. These changes are use to be referred to as characteristics of “postmodern science” (See: Mina, 2011) or complexity (See: Aida et al 1984). Mathematics – as any other discipline – interact with complexity and its methodology. 
          This has led to the change of the paradigm of mathematics from the study of formal system to seeing mathematics as a living body. This has been reflecting in mathematics education in terms of humanizing mathematics education or to view the “human face of mathematics” (Ernest, 33) and /or changing its paradigm.
          Example for paradigm shifts in mathematics education are: For primary school mathematics programmes, it is moving “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” (Romberg, 3655), and in secondary school programmes “from the formal teaching of mathematics to introducing mathematics as a human activity in order to provide a basic preparation of learners for the full participation as functional members of society” .
         This paper deals with major changes in science and their effects on mathematics education, including research in the area.

Major Changes in Contemporary Science 
        These changes can be summed up as the paradigm shift in science from “simplification” to “complexity” (Mina, 2000, 36). Complexity, or postmodern science, can the described in terms of the following developments (See: Mina, 2013, 45-48):

1- The emerge of the relative theory, the second law of thermodynamics and some other scientific developments lead to realize that there is no more simple and absolute laws controlling motion and the globe. This leads to reject ideas related to the absolute space and the absolute time, and to accept that not all phenomena in the globe are uniform. 
         A reference should be made to the fact that the last paradigm is referred to many times in the literature as the “Newtonian” paradigm.

2- The appearance of the general system theory and cybernetics, then the emerge of theories dealing with behaviour of systems, e.g. chaos theory and catastrophe theory, lead to transdisciplinarity and rejecting the linear vision.
         Apart from the fact that this development has not been reflected yet in curricula of education, both in pre- university education and in higher education almost all over the word, most statistical formulas and techniques which are used based on linearity, the matter which needs deep revision and efforts from statisticians. 

3- Researchers constitute a component of a research system. So it is not practical to see research findings as “neutral” . Science goes beyond dualism between objective facts and subjective conceptions.
        It is better to ask researchers to state their own assumptions regarding the studied problem, rather than claiming “objectivity” . 
       The immediate effect of this development on scientific research is that the findings of a research do not depend totally on “controlled experimentation” .

4- The undecidability theory of Kurt Gödel and the falsifiability theory (instead of verification) of Karl Popper make scientists suggest that thought is no more controlled by logic. Further, the Heisenberg law of uncertainty makes people think that it is not likely to have “certain facts” .
          According to Heisenberg it is impossible to predict (How to predict uncertain things! ). However, it seems that the conditional prediction (If …. then …) can be accepted in this context. So, forecasting studies and many other studies, can deal with different scenarios.
         The above mentioned development leads to the necessity of reviewing the goals of scientific research (rather than interpretation , prediction and controlling) and highlights creativity.

5- Cohesion of knowledge and its technological applications. That is, time gap between the appearance of basic science, applicative science and technological products is almost disappearing, as well it is difficult to disconnect theory and its applications.

6- The development in technologies of communication, measurement and its units and scientific calculations. Of course, people in our era can benefit from using open spaces, computers, intelligent mobiles and internet.
          Development in measurement and its units and scientific calculation leads to the appearance of new sciences with – almost – new technologies, e.g. nanotechnology, with its wide applications. 

7- In the light of the above mentioned developments it is suggested that the main goal of science is to understand reality with the intention to influence and change it.

The Effects of Complexity on Mathematics Education  
          The major and immediate effects of complexity on mathematics education can the summed up as follows:

1- Dealing with mathematics in integrated contexts. This can take place through certain topics or problems which belong to many disciplines, or within certain projects, whether practical, theoretical or both. 
          For now, life applications of mathematic in life and other disciplines can provide – temporary – a good alternative for integration.

2- Developing a comprehensive view through relating a topic or a problem in mathematics to wider ones, practicing criticism, and raising questions about possible things that could affect the subject and its applications, whatever seems to be strange, and discussing them.   

3- Introducing new topics in mathematics, such as chaos theory (See: Al-Ryashi), catastrophe theory (See: Afifi) and fractal geometry (See: Abd El-Aal) .

4- Using advanced technology in teaching mathematics, including computers, graphic calculators, …. etc.

5- Encouraging students to state assumptions behind phenomena when they meet linearity (e.g. representation of motion in constant speed) .

6- Including – in curricula of mathematics – research assignments in connection with life applications.

7- Utilizing problem solving in mathematics in solving life problems .

8- Throwing a light on developments in logic. For instance, fuzzy logic. Examples can be given to areas of applications of fuzzy logic.

9- Contributing to the following, though some of the mentioned items are not related directly to mathematics education (These items constitute pre-requisites to understand and develop “complexity” and its methodology):
a) Developing intellectual and behavioural habits related to dialogue, particularly feeling freedom from the part of a student to express his / her views and respecting “other” views. It is expected from the side of a teacher not to take an “authoritative” position.
b) Practicing collective work in different forms (e.g. peers, projects …etc) .
c) Recognizing sources of available knowledge (whether through newspapers and magazines, libraries, computers, internet… etc) , collecting it, looking at new relations among data, and utilizing them.
d) Paying some attention to discuss different possibilities and alternatives.
   
Final Word 
          Implementation of the suggestions given in the present paper needs to introduce radical changes in both teacher education, in pre- and post service. Response to the above ideas differs from a society to another with regard to degree of development in such a society, the degree of development in education in it and the political wiliness of rulers of such society. 
          However, in all cases ideas of complexity thinking must be discussed – at least – at university and scientific research levels.
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