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Abstract

This paper seeks to introduce a teaching experiment recently proposed to help mathematics teachers familiarize themselves with the rationale, curriculum objectives, content standards, and curriculum implementation recommendations of the Mathematics Curriculum Standards released by the Ministry of Education of People’s Republic of China in 2001. If China’s Mathematics Curriculum Standards is to be successfully instituted, teachers firstly need to revise their conceptions about school mathematics so that the mathematics curriculum delivered exhibits fundamental, universal and developmental characters; and secondly teachers need to empower themselves so that every student learns valuable mathematics, acquire mathematics essential to him or her, and that different student can have different kinds of development in mathematics. Shanghai’s teaching experiments, based on ideas of Realistic Mathematics Education and an innovative teacher professional development model entitled “Teacher Action Education”, have produced admirable results that may be disseminated to other parts of China. One the other hand, Macao, a special administrative region of China after 1999, has been actively studying the feasibility of using Howard Gardner’s Theory of Multiple Intelligences to practice individually configured education. The teaching experiments proposed will take these issues and findings into account so as to help mathematics teachers in Shanghai and Macao learn for practice, in and from practice.
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1.  Purpose of Teaching Experiments
The design of the teaching experiments undertaken in Shanghai and Macao are as follows:
1.
To help mathematics teachers familiarize themselves with the rationale of China’s new Mathematics Curriculum Standards, particularly those pertaining to the introduction of practical and integrated applications.

2. 
To develop a model of teacher professional development that initiates mathematics teachers to revise their conceptions of school mathematics and practice individually configured education.

3.
To work with teachers to come up with some exemplary lessons about practical and integrated applications, the main focus of these learning activities are mathematization and experimentation of a viable multiple intelligences inspired pedagogy.
4.
To document the findings of the teaching experiments so as to allow other teachers in other parts of China to model on these exemplary practices.

2. Rationale of China’s Mathematics Curriculum Standards
The China’s Mathematics Curriculum Standards states that the new mathematics curriculum at the obligatory stage of schooling (i.e. from primary to the junior secondary levels) pays attention to the following processes -- starting from students’ everyday experiences teacher enables students to involve personally in abstracting mathematical models from practical problems, as well as engage in explanation and application; students master mathematical knowledge, skills and thinking methods needed for life-long development, acquire understanding in mathematics, as well as advance and develop in areas such as thinking abilities, affect and attitudes, and values.
Contents of mathematics learning not only include conclusions of mathematics, but also the process pertaining to the formation of these mathematical conclusions. It ought to be realistic, meaningful and challenging. These contents should stay close to students’ everyday life, and facilitate students to engage actively in mathematical activities, such as observation, experimentation, guessing, hypothesis testing, inference making, and communication. Through thinking and exploring continuously, students acquire mathematical knowledge and experience, which are progressively advanced and developed into scientific conclusions. These contents should be presented in rich and colorful formats so as to satisfy the diverse learning needs of the students.
Mathematics learning activities cannot simply rely on reception, imitation and memorization. Instead, it should be a process that is animating, lively, autonomous and filled with individual characters. Students should be given ample time and room to engage in mathematical activities. Hands-on practical work, autonomous investigation and cooperative exchange are important modes of mathematics learning. Mathematical instructional activities should be based on students’ cognitive developmental levels and built upon the foundation of their past knowledge and experiences. Teachers should stimulate students’ initiatives in learning, provide ample opportunities for students to participate and acquire widespread experiences in mathematical activities, help students genuinely understand basic concepts, mathematical thinking and its methods, as well as master basic knowledge and skills in their autonomous explorations and cooperative exchanges. The students themselves are masters of their own learning, whereas teachers are organizers, facilitators and collaborators of mathematics learning. These rationale and suggestions should be born in mind when introducing practical and integrated applications into the mathematics classrooms.
3. Model of Teacher Professional Development for Mathematics Curriculum Reform

After the release of the Mathematics Curriculum Standards, Shanghai Research Institute of Educational Science embarked on a study entitled “Teacher Action Education” to help teachers in Shanghai familiarize themselves with the rationale and logistics of the new Mathematics Curriculum Standards. The research team, led by Professor Lingyuan Gu, identified two key aspects of a model of teacher professional development as a result of a questionnaire survey. The two aspects are:
(i) 
Teachers need exemplary lessons to guide their professional development. The guidance should be facilitated by curriculum reform specialists and experienced teachers who would like to make a shift toward the new curriculum standards.

(ii)
Teachers need to work together with the curriculum reform specialists and other experienced teachers as a team to prepare lessons, carry out the teaching experiments as planned, reflect on all aspects of the teaching experiments, and come up with revised teaching experiments as follow-up actions.
The two steps of reflection are important characteristics of the basic model of Teacher Action Education (see Figure 1). First, a teacher would conduct a lesson in the usual manner. This lesson is then reflected together with the curriculum reform specialists and other experienced teachers in the project team. The gaps between one’s conception and those espoused in the curriculum standards (e.g. ideas of mathematization) are then identified. The original lesson is then redesigned and taught to a new class as a teaching experiment by the same teacher. This lesson is reflected again. This second time of reflection will focus on whether students acquire the desired knowledge with understanding and skills with proficiency. The lesson is subsequently redesigned again (e.g. using Theory of Multiple Intelligences to guide practices of individually configured education) and experimented by the same teacher in a third class of students. Those lessons that succeed through these teaching experiments may be used as exemplary lessons for documentation and dissemination to other schools local and in other parts of China.

Figure 1: Basic Model of Teacher Action Education

4. 
Mathematization and Experimentation for a Viable Multiple Intelligences Inspired Pedagogy

Introduction of practical and integrated applications into the primary and secondary classrooms is one hallmark of the new Mathematics Curriculum Standards. This coincides with Dutch mathematician Hans Freudenthal (1905-1990) educational credo that mathematics is to be perceived as a human activity – resulting in a phenomenological theory of mathematics education (i.e. Realistic Mathematics Education, RME) which has its point of departure in the practice of education and teaching, and not in the transmission of mathematics as a pre-formed system. He maintained that mathematics has to be taught in order to be useful, and in order to increase the applicability of school mathematics to a multitude of contexts, mathematics should be taught as mathematizing. Notions of mathematics as a human activity inspire teachers to avoid teaching the results of mathematical activities done by mathematicians. Instead, students should be engaged in the mathematical activities themselves.

Mathematics as a human activity is not only an activity of solving problems and looking for problems, but also an activity of organizing subject matter from reality and within the mathematics discipline. Mathematizing refers to the various ways of organizing activities in order to exhibit characteristics of mathematics, such as generality, certainty, exactness and brevity. In 1991, Freudenthal made a distinction between horizontal and vertical mathematization – horizontal mathematization leads from the world of life to the world of symbols, whereas in vertical mathematization symbols are shaped, reshaped, and manipulated within the mathematics discipline. For young children, mathematizing everyday reality (i.e. horizontal mathematization) is more important that mathematizing subject matter in a formal mathematics discipline (i.e. vertical mathematization). In the 21st century, one important goal of mathematics education is thus to involve students mathematizing problem situations that are experientially real to them so that mathematics learning starts at and stay within reality.

According to the theory of RME, student activities should start from the situation level – a level that is closely bound to the problem contexts. This level is domain-specific so that situational knowledge and strategies are used within the contextual situations. The second level of progression is the referential level – a level that encompasses the use of concrete mathematical models to represent particular mathematical objects. This is a level of “model of” since the mathematical models and strategies used refer to the situations described in the problem. The third level of progression is known as the general level – a transitional level at which relationships can be analyzed through the use of general mathematical models that are dissolute from the problem contexts. This is a level of “model for” where focus is more on paradigmatic solution procedures than reference to the problem situations. The fourth level, also the top level, is the formal level – a level that allows pure cognitive thinking, reflection and appreciation because mathematical objects are formulated using conventional procedures and notations of the mathematics discipline. In a nutshell, RME looks for models that emerge first as operational models of situated solution procedures, and then gradually evolve into entities of their own to function as models for the higher level of formal mathematical reasoning.

In the present study, teaching experiments would be conducted in primary and junior mathematics classrooms in Shanghai and Macao to examine the feasibility of empowering teachers to focus their instruction towards one that perceives mathematics as human activity, as well as to promote ideas of mathematization in students through practical and integrated applications. In the design of student activities, van den Heuvel-Panhuizen’s six principles of a RME pedagogy would be consulted:
(i) Activity Principle - Students are confronted with problem situations so as to develop all sorts of mathematical tools and insights, formal or informal, by themselves.

(ii) Reality Principle -Students start with rich contexts demanding mathematical organization, i.e. contexts that afford horizontal and vertical mathematization.

(iii) Level Principle - First, students develop strategies closely connected to the context. Later on, certain aspects of context situation can become more general such that the context more or less acquires the character of a model. Eventually, there is a shift from the model of a particular situation to a model for all kinds of other, but equivalent, situations. Finally, the emergent general models afford students to access to the formal mathematical knowledge organized as a discipline.

(iv) Intertwinement Principle - Mathematics as a school subject is not split into distinctive learning strands. For instance, topics like number sense, mental arithmetic, estimation and algorithms are closely related.

(v)  Interaction Principle - Mathematics learning is a social activity. While keeping the whole class together as a unit of organization, problems are presented to students that can be solved at different levels of understanding.

(vi) Guidance Principle - Teachers provide students with learning environments within which guided reinvention are possible. As such, teachers must be able to foresee where and how they can anticipate the learning paths of the students.

In order to satisfy the objective that different student can have different kinds of development in mathematics. The present study seeks to examine how students collaborate to work in groups so that they not only learn with each other, but also learn from each other. In Macao, some primary and secondary schools have been assessing students’ multiple intelligences and reporting multiple intelligences spectrum to students and their parents. Based on the multiple intelligences spectrum, it may be possible to group students together to engage them in practical and integrated applications so that they can deploy their intellectual strengths for the common good of the whole group. In the basic teacher action education model depicted in Figure 1, the first stage of reflection focuses on the design of exemplary lessons that seeks to promote mathematization, and at the second stage the emphasis is on the implementation of a viable multiple intelligences inspired pedagogy applicable to the Shanghai and Macao classrooms.
5. Summary
This paper documents a proposal of a teacher professional development project to be carried out in 2005. It seeks to empower primary and junior secondary teachers in Shanghai and Macao to engage students in practical and integrated applications. This project consists of a series of teaching experiments, capitalizing on the teacher action education research done in Shanghai and the multiple intelligences research done in Macao in the past few years. This project will have immense implications for the successful implementation of China’s Mathematics Curriculum Standards in the 21st Century.
Reflection for Student Improvement:


Gap between the designed and the classroom realities.





Reflection on Rationale of Curriculum Standards:


Gap between one’s ideas and those proposed in standards.





 Lesson Design:


Focusing on fulfilling rationale of new curriculum standards.





 Existing Practices:


Focusing on previous experiences and existing teaching behaviors.





Platform allowing teachers to work together with curriculum reform specialists and other experienced teachers in the project team to design exemplary lessons, carry out teaching experiments, and reflect practices for student improvement.











 Revised Practices:


Focusing on behaviors developed by students.














