The competence of potential mathematics teachers of Hong Kong:

A comparative perspective
Issic Kui Chiu Leung*, Ngai-Ying Wong#, Wing-Sum Chan*, Ka-Luen Cheung*, Ngai-Sze Han*

Introduction

The PISA (Programme for International Student Assessment) results revealed that the performance of Hong Kong Secondary 3 students did very well in the mathematics literacy assessment, especially in the areas of algebra and number sense (Ho et al., 2003). The PISA report asserted that it was probably a result of the strong emphasis on algebra in curriculum and the intensive drill-and-practice mode of teaching and learning in algebra.

The drill-and-practice approach is often equated with learning by rote and seen as something contradictory to what is conducive to learning (Biggs & Moore, 1993). Berryman (1993) asserted that, in passive learning, learners do not interact with the problem and contents very much (as the teachers will drill the students) and thus students do not receive the experiential feedback so key to learning (students simply repeatedly practice themselves by working on homogeneous problems and remember the procedural skills). On the other hand, the most important component of learning involves creating new concepts in the work memory (D’Apice & Manzo, 2005). It is doubtful how new concepts can be learnt through such procedural drilling.

Yet research into the “CHC
 learner’s phenomenon” reveals another side of the story. For instance, Biggs (1994) made a clear distinction between rote learning and repetitive learning. Research also supported the hypothesis that excellent academic performance of CHC learners is the likely consequence of the synthesis of memorizing and understanding which is not commonly found in Western students. It is a general practice among CHC teachers to arrange a series of practices to serve as scaffoldings to enhance student learning (see Wong, 2004, 2007 for details). Watkins and Biggs (2001) offered a new perspective of learning-centeredness rather than either teacher-centered or learner-centered in the CHC environment (see also Watkins, 2008). However, the effect of such a “CHC style” of teaching is not straightforward, and all these depends on the professionalism of the teacher (Wong, 2004, 2006). The extent to which Hong Kong teachers are ready to deliver such kind of effective mathematics teaching thus becomes a crucial issue.

As mentioned in our another paper presentation
, teacher knowledge is receiving increasing attention in studies of curriculum and pedagogy. Teacher knowledge comprises at least the dimensions of subject matter knowledge (SMK) and pedagogical content knowledge (PCK) (Shulman, 1986). In the paper, the comparison of teachers’ SMK among mathematics teachers in the United Kingdom, the China Mainland and Hong Kong were presented. Results revealed that the SMK among participating teachers in the CHC regions (China Mainland and Hong Kong SAR) are comparable with those Western counterparts in the United Kingdom.

With the launching of educational reforms around the world, “higher order thinking skills” such as reasoning, communication, proofs, and argumentations are receiving more attentions (Wong, Han, & Lee, 2004). It is worthwhile to proceed to investigate how well mathematics teachers in Hong Kong are equipped with adequate mathematics to this end.

For instance, in a classical experiment (Edwards & Ward, 2004), it was found that college students in mathematics major used mathematics definitions very differently from the way mathematicians do. They may not distinguish the extracted (everyday language) definitions with the stipulated (mathematical) definitions. The students believed that these definitions are mathematically equivalent. Consequently, graduate mathematics teachers may tend to use extracted way of teaching abstract definitions and concepts. It is precisely the aim of this research to investigate the competence of mathematics teachers in logical argumentation, mathematical proving and modeling, thus making a comparison between CHC and Western cultures.
Methodology

Based on the framework given in Schmidt et al. (2007), an instrument was developed by a team of German researchers (Kaiser, Schwarz, & Tiedmann, 2007). On top of demographic items, the participants were confronted with seven situations that concerns modeling, problem solving, mathematical proving, and handling diversity in mathematics lessons. They were asked to comment on these situations and offer responses to hypothetical questions from their students (please refer to the Appendix for an example of these situations). With the methodology given in Schwarz et al. (2008), the following will also be extracted:

(1) mathematical knowledge — based on the logical reasoning and proofs as well as modeling under the real world context (items 2 ,4 ,5)

(2) pedagogical content knowledge — knowledge on executing curriculum and judgment on students’ ability on working on certain mathematical problems (items 1, 3, 4)

(3) pedagogical knowledge — knowledge on lesson planning and how to manage individual difference and the diversity of students’ background (items 6, 7)

The questionnaires were administered to PGDE/PGCE
 or B.Ed. (Year 3 or Year 4) student teachers in four teacher education institutions in Hong Kong. Sixty-seven valid questionnaires were collected.

Preliminary results

While we are proceeding to more systematic coding and analysis, some observations were made which will be reported here.

First, preliminary analysis shows that the participants (potential teachers) tended to regard proofs as formal logically algorithmic procedures and arguments, but not pre-formal proofs. To them, pre-formal proofs, which are less rigorous, are only suitable for lower level (junior) students, and formal proofs are needed and suitable for advanced students. They tend to reflect that pre-formal proofs are not rigorous enough. But in contrast, half of them think that the argument: “doubling the length of edges of a square will double the diagonal”, about the pre-formal proof stated in the questionnaire is sufficient (33 out of 67 agreed that it is sufficient), and reject that it is sufficient as the only kind of proof (only 16 out of 67 agreed that it is sufficient). They considered that the insufficiency lies in the fact that students are not easily understand (or accept) a proof using purely argument with only picture illustration. Only 15 participants said that they will exclusively use such kind of pre-formal proofs in their classroom. Others (20 out of 67) may choose not using it, using other method(3 out of 67), or using both (18 out of 67) formal and pre-formal proofs together. This aligns with the fact that they do not regard pre-formal proofs as the only sufficient proof for the proposition. Something more vigorous is needed. To them, a derivation seems to be the choice.

On the other hand, many of the participants (63 out of 67) provided the formal proof by the application of Pythagoras’s Theorem. That is true and is still an algebraic approach after identifying that the two edges and the diagonal form a right-angled triangle. But the proof can be made in a purely geometric approach by considering the similarity of appropriate triangles so formed after tiling. The choice of using Pythagoras’s Theorem indicates that Hong Kong student teachers are more familiar with solving/proving mathematical statement through algebraic derivation and calculation. While in applying the concept of similarity of triangles, we are just using the comparison of the lengths of the corresponding edges. The tendency of treating a proof as a formal procedure or algorithm in a sequential order of writing-down derivation is widely shown.
When they were asked to name all the procedures of proving, 36 out of 54 participants just mentioned the name of proofing. Only 18 of them could name the procedures of proving. Of those who have successfully named the procedures of proving, the most common answer of procedures is as follows:

Assumptions ( Calculation/deduction/contradiction/Mathematical Induction (M.I.) ( Conclusion

It is noteworthy to find that few of the participants just quoted the procedure of M.I. as the answer of this question. Only 25 out of the 67 samples have answered part C of item 3. When they were asked to describe different levels of proving and demonstrate with an example, most of them (14 out of 25) only described different types of proofing and gave examples. Of those (5 out of 25) who have successfully mentioned the different levels of types of proofing and given examples, most of them agreed that proofs by exhaustion are low-level when compared with proofs that involve logical reasoning, like by induction, deduction, contradiction and contraposition.

How much do Hong Kong teachers believe in drill and practice? The analysis results of our data set revealed that the participants are quite process-oriented and application-oriented instead of schema-oriented. In one of the hypothetical situations (see the Appendix), most participants used this problem for teaching if the following are taken care of:

(1) statistics knowledge

(2) skills of mathematical analysis

(3) connection skills between real situation with data and the unknown

In a word, their decision on whether or not using this type of problem in their lessons will depend on the academic capability of students. Adjusting the curriculum would make them more comfortable because they seemed to agree that this type of problem-solving approach in teaching is not commonly practiced in Hong Kong’s classrooms. Teachers seem lacking the confidence to handle such open-end problems. A typical case of lack of confidence on using such an approach is reflected by a participant’s response: “… I will not use this question as the answers of [given by] students may not be under my control …”

What is the implication of this response? We feel that the teacher lacks the confidence to respond to certain answers that she might not be able to justify the correctness and appropriateness of methods and approaches. Hong Kong teachers tend to look for a concrete and precise answer in solving a problem. The variety of approaches and the diverse types of answers to a single question make them feel uncomfortable. In their questionnaire responses, these teachers expressed the need to adjust the curriculum and the concern about the standard of their students. This indicates that they are doubtful if their students can handle this kind of problem and thus have hesitation in using it as an illustrative example in classroom teaching.

In another item on finding the weights of seashells, most participants responded by saying that estimation and further assumption are needed to provide the final answer. More than half of them will not use this kind of problem in their teaching unless modification of the question is allowed. What is the modification? Even though they do not tell directly, they were prompted in the questionnaire that they are expecting hints and data to be provided in the conditions for the calculation of the exact weight of seashells that they are asked to find. This echoes, to a certain extent, their belief about the item mentioned above. They want a concrete answer and sufficient conditions to calculate the answer when this problem is meant to teach students various modeling techniques with diversity of answers.
Another group of teachers’ response for not using this question in their teaching is that the question itself is not a standard one in the existing mathematics curriculum. Or put it more precisely, it is unlikely appear in the examination.

In the area on testing student teachers’ fluency and confidence on using logical arguments in teaching mathematically proofing and modeling techniques, we look at an item that requires candidates to comment a few simple proofs of an algebraic proposition. It thus allows us to investigate the concept about mathematics proofs our student teachers possess. The item actually concerns four simple written proofs on the divisibility of the sum of three consecutive natural numbers separately categorized into the following four dimensions:

(1) verification by several examples of direct construction of three consecutive natural numbers and concluding the proposition;
(2) illustrative (graphical) diagram to show the horizontal arrangement of small squares that any three rows of such squares can sum up to a number of squares that is a multiple of three;
(3) direct algebraic approach by letting the first natural number be n, then the following are n + 1 and n + 2, and their sum is 3(n + 1), which is a multiple of 3;
(4) logical argument on the truth of the proposition by saying that it is impossible to prove it as there are infinite natural numbers; basically this response shows that the student is not familiar with the fact that one of the most important contribution of a proof to the truth of a proposition is its generality.
When the participants were asked how they would prove such a proposition in a secondary 3 classroom, they chose dimensions (2) or (3). Some of them will do both of them, with (2) first and then (3), in their classroom. This indicates that student teachers accept the illustrative type of proof but consider that a more rigorous argument and derivation must be written down to complete the whole proving process.

Future research

As mentioned above, our next step is to perform systematic analyses with the help of a coding system. Cross-regional comparison with the German data will be performed. We have also been collecting data from Taiwan together with six major cities in the China Mainland. More cross-cultural comparisons can then be made at the next stage of investigation.
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Appendix: Task about Ice-cream shop

There are four ice-cream shops in Leo’s home city, Springfield. Leo is standing in front of his favorite ice-cream shop “Sorrento” as he does often in summertime. One scoop of ice-cream costs $6.00. He asks himself how much money the owner of the ice-cream shop gets by selling ice-cream on one hot summer Sunday.

To solve the problem, Leo does the following: On the next day he asks his three best friends how many scoops of ice-cream they bought last Sunday and gets the following answers:

Marcus:
3 scoops

Peter:
5 scoops

Tom: 
4 scoops

Leo calculates that on average one purchases (3 + 4 + 5) ÷ 3 = 4 scoops per day. He multiplies the result by the number of citizens in Springfield (30,000) and divides the result by 4 because there are four ice-cream shops in the city.

So 30,000 scoops of ice-cream are sold in the ice-cream shop Sorrento per day.

Income: 30,000 × $6.00 = $180,000

What do you think about this?
(a)
How would you deal with this question yourself as a student teacher: How much money does the owner of the ice-cream shop get by selling ice-cream on one hot summer Sunday? Please outline all the individual steps of your solution.
Afterwards other Form 2 students were asked in an interview: How would they have solved this task after looking at Leo’s solution? There are four answers from the students [these answers omitted due to insufficient space].
(b)
Analyze the statements from a teaching perspective whether the suggested modeling approaches are appropriate. Refer to the text of the interviews.
(c)
How would you deal with the students’ answers? How would you respond to each of the students?

(d)
Is such a task appropriate for secondary school level? If yes, why? If no, why not? Would you use this kind of task in your mathematics lessons in secondary school at this level? Please explain your position and specify your reasons for your answer.
Imagine that you work on this task with Form 2 students in their mathematics lesson. Which teaching approach (for example forms of social interaction) would you choose? Please explain your position.
(e)
Are modeling tasks (for example the calculation of an ice-cream shop’s gross takings) part of mathematics because they represent experimental, applied mathematics, or should mathematics be a deductive, abstract science? Please explain your position.
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