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Introduction

Over the past decades, Chinese students particularly those from mainland China, Hong Kong and Taiwan are found to excel consistently in a number of international comparisons of mathematics achievement (Robitaille and Garden, 1989; Stevenson, et al., 1990; Mullis, et al., 2000; OECD, 2001). For example, in the Second International Mathematics Study (1976-1989), Hong Kong students ranked first in the age group of 17-18 years old (Fan and Zhu, 2004). In the Second International Assessment of Educational Progress (1990-1991), students of mainland China ranked first in the age group of 13 years old. Similarly, Hong Kong students of the age group of 15 years old got the first place in the Programme for International Student Assessment or PISA 2000. However, the mathematics learning conditions of Chinese classrooms were found to be “crowded, (have) large class size, passive learners, dominant teachers” while the teaching method was described as “passive transmission” and “rote drilling” (Biggs, 1991, 1994; Morris, 1985). These features are, in the view of Western educators, not conducive for effective mathematics learning. This contradictory condition of mathematics learning of the Chinese learners is termed “the paradox of the Chinese learner” (Watkins & Biggs, 2001). 
What then are the significant characteristics of the Chinese learners that enable them to excel in many of the comparative mathematics achievement studies? What are the possible contributing factors to this feat? What can we learn from the Chinese way of mathematics teaching and learning so as to improve our own mathematics education? Indeed, these are questions that have attracted mathematics educators and researchers from both the West and the East. In fact, this has led to the publication of a book entitled ‘How Chinese learn mathematics: Perspective from insiders’ (Fan Lianghuo, Wong Ngai Ying, Cai Jinfa & Li Shiqi, 2004). 
Taking the opportunity of a six month visit to Shanghai, China, I have set out to explore and to compare the culture of mathematics teaching in China with that of Malaysia. This paper will focus only on the characteristics of mathematics teaching in Shanghai. The discussion will be based on classroom observation, document study and interviews with mathematics teachers and students, supplemented by related research literature on mathematics education in China. 

Conceptual framework

Mathematics teachers and students are the key performers in a mathematics class. Before a class begins, a mathematics teacher needs to plan the lesson, select and decide what content to teach and what to teach later, choose the best teaching strategy that suits the student level of understanding. Moreover, the teacher needs to motivate students to continue learning. All these decisions are influenced by a mathematics teacher’s competency in content and teaching skills, his/her philosophy and beliefs regarding mathematics and mathematics teaching. Likewise, his/her students’ image of mathematics, beliefs and attitudes towards mathematics learning need to be in agreement with that of their mathematics teacher so as to guarantee a cohesive learning environment. Other than mathematics teachers and students, the demand of the syllabus, public examinations and school assessment could also influence the decision and way of teaching of the mathematics teacher. Last but not least, the society’s expectation and the parents’ demands could also influence the way mathematics is taught in class. Thus, in search of the characteristics of mathematics teaching in Shanghai, all these factors discussed above will be explored. 
Participants of the study

For the Shanghai data, five schools – one preschool, one primary, one middle school, and two high schools -- participated in this study. For each school, two mathematics classes were selected for mathematics teaching observation and the mathematics teacher in-charge and his/her five students were interviewed. As preschool and primary school students are deemed too young to articulate their thoughts fully, only students of the middle and high schools were interviewed. To gain a better overview of the organizational structure and administration of the school, the top administrators such as the principal and the head of the mathematics department of each school were also interviewed. Hence, a total of five principals, five mathematics department heads, 10 mathematics teachers and 12 mathematics students were interviewed. Since some of the mathematics teachers allowed me to observe their teaching for more than one lesson, a total of 19 mathematics lessons were observed and video-taped for analysis. 

Methods of data collection and analysis

This study employs an interpretative approach where qualitative data were collected and analyzed by the following methods: (i) document study of the mathematics curriculum and textbook used; (ii) qualitative analysis of video-taped classroom observations of mathematics teaching and (iii) qualitative analysis of interview transcripts with the administrators, mathematics teachers and students. 

Findings and Discussion
A holistic approach was used to analyze the 19 video-taped mathematics lessons observed in five Shanghai schools. These lessons were analyzed based on a general structure of a normal lesson, that included the induction set, explanation or development of concept, skill acquired, summary, homework given and other activities during lessons. Table 1 summarizes the general features and characteristics of primary and secondary school mathematics teaching in Shanghai. 

Table 1: A Summary of the General Features and Characteristics of Primary and Secondary School Mathematics Teaching in Shanghai 

	Feature 
	Characteristics

	Induction set
	Revise previous/related concept

	Concept explanation
	Concept variation – different kinds of examples and difficulty level

	Skill acquirement
	Demonstrate and practice through examples and exercise questions with significant variation of  difficulty level

	Summary
	Teacher summarizes

	Homework
	Half an hour criteria or can be completed in school

	Engagement of students
	Call individual student to demonstrate in front, or answer orally; seat work; group discussion

	Classroom atmosphere/discipline
	Serious and orderly


	Emphasis 
	Primary school:

· Precise language

· logical reasoning & deductive thinking

· inspiring and encouraging voice

· using ICT such as Power point, multimedia presentation 

· using teaching aid
Secondary school:

· Precise language

· Strict format of writing

· logical reasoning & deductive thinking

· using ICT such as Power point and Geometric Sketch Pad



	Pace of teaching 
	Fast

	Integration of daily life problems
	More obvious in Primary school 


Characteristics of mathematics teaching in Shanghai

Generally, a typical mathematics lesson in a Shanghai primary or secondary school as displayed in Table 1 appears common and ordinary. Nevertheless, a micro analysis of classroom practice, document analysis of syllabus and interviews with mathematics teachers, students and school administrators, coupled with evidence from related research literature on mathematics education in China say otherwise. Here I will highlight and discuss some of these characteristics:
Classroom interaction: teacher dominance but student active engagement
From the induction set to the summary of the lesson, the mathematics teacher was seen to dominate and control the whole teaching and learning process. However, as observed by Huang & Leung (2004) in their study of 8 Hong Kong and 11 Shanghai mathematics lessons, “the teachers emphasized exploring and constructing knowledge” and “the teachers helped students engage in the process of learning”(376). The students might appear passive and obedient but they were attentive and thinking actively following the guidance of the teacher and the flow of the lesson. This is because the Shanghai mathematics teachers spend much time in planning and writing a detailed and well structured lesson plan for every lesson. This was also noted by Cai, Lin & Fan (2004) who remarked that “the vast majority of Chinese lessons analyzed are all well structured, even though teachers may have different teaching styles”(542).
Teaching with variation 
During the explanation of mathematical concepts, Shanghai mathematics teachers tend to use different kinds of examples. At least three examples which vary in connotation or difficulty level are given in one lesson. This is termed ‘concept variation’ (Gulingyan, 1994).  For example, when teaching the concept of ‘function’, the teacher developed the concept by giving the following example:

“Given f(x) = x2, g(x) = 1-2x, Ask: is f(x) + g(x) still a function?” 

It was then followed by a second example:

“Given f(x) =  √(x-2 ) and g(x) = √(1 + x), Ask: is f(x) + g(x) still a function?” 

Later, another five different expressions were given to evaluate the students’ understanding: 

a) y =√ (x-2 ) - √(1 - x), 

b) y =√ (x-1 ) + √(1 - x), 

c) y = {  x2 +x +2        x>0

                                  { 2x -3            x<1

d) (y( = x2 + 2x

e) y = xn
Some of the given examples represent ‘function’ while some are examples of ‘non-function’ provided they fulfill certain criteria or conditions. In this way, students were challenged to think and to develop a clearer conceptual understanding of function. 
Similarly for skill requirement, the Shanghai mathematics teachers also use ‘procedural variation’. This means using multiple methods of solving a problem, giving exercises which are of a variety of formats and structures, both of which are used in examinations and test questions.  This provides students with training and practice which can be used to test or diagnose students’ understanding of the concept at various levels and mastery of the skills needed. 
In fact, this way of teaching with variation has been applied consciously or intuitively in China for a long time (Gu, Huang, & Marton, 2004). It was highly promoted especially after Prof Gulinyan’s (1994) fifteen year “Qingpu experiment” that aimed to study and implement the notion of “teaching with variation”. This feature was also described by Huang & Leung (2004) in their list of good teaching strategies in Shanghai: “the teachers provided exercises with variation” (376). 
Emphasis on logical reasoning, mathematical thinking and proofing during teaching
During the classroom observations, high level thinking skill questions such as ‘why?’, ‘how?’, ‘what if?’, were asked during lessons. For example, when developing the concept of ‘function’, teacher SH4 asked questions such as ”这是不是函数？”(Is this a function?); “是的，说明理由，不是的，也说明理由” (If yes, please give reasons, if not, must also give reasons). Likewise, when teacher SH2 was teaching the topic ‘shape’ to Primary One students, she asked questions like “why couldn’t we build the truck’s wheels using rectangular shapes or cubes?” and “what are the differences between triangle and rectangles?” Similarly, when teacher SH8 was teaching algorithmic index, she asked, “What rule have you found?” “This is the product of two numbers, what happens if there are 3 or 4 numbers?” Hence, Shanghai mathematics teachers commonly used questions such as ‘why’, ‘how’, ‘what if’, “how do you know that” to stimulate their students to think and to make logical deductions. This kind of teaching emphasizes mathematical reasoning and promotes a lot of verbal discussion and interaction with the students. 

In fact, this has been incorporated into the Shanghai Mathematics Curriculum Standard (2004) as one of its objectives for the middle and high school level mathematics. According to the objectives, students must “understand the function of using mathematical thinking method to practice mathematical thinking and to solve problems” and “understand the importance of proofing, master basic deductive reasoning principles and methods, be able to explain logically and systematically the accuracy of deductive reasoning”(35 and 38). 
One of the mathematics teachers (SH5) explained that “mathematics should be helpful in developing a person’s logical thinking… I believe mathematics learning process needs to focus on thinking”. Consequently, teacher SH5 always made sure that the students were given ample time to think and to explore by themselves. When the students managed to think through, they were asked to explain their solution to the whole class. If they could not, the teacher would give some hints or guide questions to help them. Teacher SH5 strongly believed that only when the students were able to think through and organize their thoughts, would they be able to internalize the mathematical knowledge that they had learnt. 
 Emphasis on using precise and elegant mathematical language
Both classroom observation and the interviews with mathematics teachers show the need for precise and elegant mathematical language. For example, teacher SH4 was not happy with a student’s definition of a ‘perpendicular bisector’ even if his definition was seen as reasonably correct. The student was asked to state it using the least number of words. When another student was able to state the definition precisely and as close as possible to how it was defined in the textbook, teacher SH4 praised him for showing the ability to use elegant mathematical language. 

In further examples, a middle school male mathematics teacher SH3 emphasized the format of writing the algebraic expression; another lady primary school mathematics teacher SH1 stressed the use of precise and correct way of reading the unit of speed. While doing proofing, a high school mathematics teacher SH7 demanded that his students state a reason for every step. Even if one is following a given process, “one must state that ‘based on the previous step….’” He also reminds his students “to be careful” about possible mistakes or misconceptions during his teaching. 
During the interview, teacher SH7 explained that he is strict with the format of a proof or mathematical algorithm because “in the high school mathematics examination paper, if you do not write according to the mathematical format required, marks will be deducted. Every mark in the high school examination counts, and it can change a student’s future.” Hence, he always makes sure his students write out their solution in a precise and logical format. 
Classroom discipline 
In the 19 mathematics lessons that I observed, I noticed that the classroom was always orderly and serious. When the students were given topics to discuss with their peers, there were the expected noises all around. But the teacher seemed to be able to restore discipline quickly by clapping her hands. In the primary one class that I observed, the students seemed noisy and busy discussing with their peers for several minutes. However, once they have completed their tasks, they immediately sat still and put both their hands behind their back, as if they were programmed to do so. 

Perhaps this approach is not uncommon to many mathematics educators of China or Hong Kong.  In fact, it was described as one of the features of the Confucian Heritage Culture (CHC) learners’ phenomenon by Wong Ngai Ying (2004). Wong (2004) rationalized that attention and discipline in class are of first priority in the CHC learning environment where the teacher seems to lead, yet a student-centered kind of teaching takes place. There is a cultural assumption that students know what should be done at every moment of the class, such as when to talk, when to do seat work, when to open one’s book and when to put up one’s hand, and when one should stand and speak upon being called. These “trainings are developed through reinforcement, social contracts, conformities, and social negotiations which are common in the CHC classroom and CHC teacher programs” (526).
Teacher-student rapport
Although the classroom atmosphere was observed to be serious and orderly most of the time, the rapport between teacher and students was close and cohesive. I found that most of the Shanghai mathematics teachers often use inspiring and encouraging words such as ‘”你想说什么，继续” (do continue with what you are thinking to say); “ 你应该相信自己。” (you must believe in yourself); “大胆说，说错了我们可以改嘛！” (Be brave to say out if it is wrong, we can change [the answer]). 

This was apparent in the interview transcript of one boy student when he was asked to describe his learning experience in a mathematics class. He said that “during mathematics class, you are asked to do questions. If you can do it, then you put up your hand, if you can’t, teacher will explain. Nobody is going to force you to do it, but you must do it correctly; if you seriously think about it, you will be able to do it.” A girl student has the same opinion: 

Interviewer (I):
If you know how to answer a question, would you volunteer to answer?

Student (S):

Yes.

I：


What happens if you answer it wrongly?

S:


Wrong? Just sit down and ask another student to answer.

I: 


How do you feel then?

S: 
Nothing, wrong means wrong. This time wrong, next time will not be wrong anymore. 

Likewise, there seemed to be a strong coherence between the mathematics teachers’ teaching philosophy and the students’ beliefs regarding mathematics learning. Teachers and students view mathematics as an important tool for developing mathematical reasoning and mathematical thinking. They also strongly believe that it is not enough to practice with a large number of questions. The mathematical questions must also be of different types and levels so that these drills and practices will enhance their mathematical understanding. 
Strong collaborative culture among mathematics teachers
Another significant characteristic of Shanghai mathematics teaching is that “teachers engage in continuous school-based collegial professional development through lesson study and teaching research groups”(Cai, Lin and Fan, 544). I observed that every school has assigned an afternoon per week for the mathematics teachers to meet and discuss the lessons to be taught the following week. Besides, it is common for the mathematics teachers to observe their colleagues teach and exchange comments on ‘open class’ teaching. The set up of the mathematics teachers’ room is that all mathematics teachers teaching the same grade level usually sit together in the same room. This promotes interaction and collaboration among mathematics teachers. 

What can we learn?

Every culture is unique. What may be good practice in one culture may not work in another. As cautioned by various researchers on cross-cultural comparison study (for e.g. Watkins & Biggs, 2001, Wong, Han and Lee, 2004), there is a risk in adopting foreign ideas without critical evaluation. Hence, it is important to bear in mind the differences in cultural contexts and values, mindful of one’s strength and adopting the ideas judiciously. 

Based on the Shanghai experience, I suggest that to ensure an effective mathematics learning environment, we need to promote the following features in our mathematics classroom:

a) There must be an active classroom interaction and lively atmosphere for mathematics learning as well as cohesiveness and rapport between the mathematics teacher and his/her students. This could enhance classroom discipline which is important in ensuring that the lesson runs smoothly.  
b) Teaching must vary in terms of the conceptual and procedural.  This is an effective way to enhance students’ conceptual understanding as well as promote mastery of mathematical skills. 

c) There must be emphasis on the use of precise mathematical language, logical reasoning and proofing.

d) There must be a strong collaborative culture among mathematics teachers. Through collaborative activities such as lesson study, teacher research group or open class teaching, mathematics teachers receive continuous moral and professional support. 
Conclusion

This paper attempts to explore the characteristics of mathematics teaching in five Shanghai schools through classroom observations and interviews with teachers and students. as well as supplemented with literature search. I highlighted factors that contribute to the impressive mathematics achievement of Shanghai students. I have suggested four ways of classroom management which one can follow in his/her mathematics classroom. However, I acknowledge that we have to be cautious in incorporating any practice from a different culture. We need to take note of cultural differences, so that we know what to adopt, how to adapt and what needs to be modified. What works for that culture may not necessarily work in as merely adopting others’ practices into our own culture may not necessarily work in ours. 
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