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INTRODUCTION

Background

Teacher knowledge is receiving increasing attention in studies of curriculum and pedagogy. In his most cited article, Shulman (1986) set out the multi-dimensional nature of teacher knowledge, among which the most frequently researched dimensions have been subject matter knowledge (SMK) and pedagogical content knowledge (PCK). Research reveals that teachers’ lack of SMK and confidence in mathematics are contributory factors to the low standard of mathematics attainment of their pupils (Ofsted, 1994). Again, Ma (1999) presents compelling evidence that the adequacy of elementary teachers’ knowledge of mathematics, for their own professional purposes, cannot by any means be taken for granted.

Recent government initiatives to enhance the mathematics content knowledge (SMK especially) of prospective and serving elementary teachers have been taken in a number of countries. The rather direct approach to the “problem” in England is to require all initial teacher training providers to audit trainee’s mathematics subject knowledge (MSK) (DfEE, 1997). Such an initiative provoked a body of U.K. research on prospective primary teachers’ MSK (e.g., Goulding, Rowland, & Barber, 2002; Jones & Mooney, 2002; Morris, 2001; Rowland, Martyn, Barber, & Heal, 2000).

Educational and curriculum reforms in different parts of the world have similar concerns, and face similar challenges (Wong, Han, & Lee, 2004). Despite the fact that students in eastern educational regions such as the China Mainland and Hong Kong
 do better than their counterparts in international studies like TIMSS (Trends in International Mathematics and Science Study) and PISA (Programme for International Student Assessment), it would be interesting to investigate the differences and similarities in teachers’ MSK in different regions (Wong, 2004). This is the purpose of the present study.

Research Questions

The aims of the present research are to:

(a) investigate how well are student-teachers who were brought up in the eastern educational systems of the China Mainland and Hong Kong equipped with SMK when compared with their western counterparts in England;

(b) identify possible gender differences in the mastery of SMK; and

(c) look for some features of responses to SMK items among student-teachers in the China Mainland and Hong Kong.

METHODOLOGY

Instrument

A subject matter audit instrument developed by Rowland et al. (2001) for their investigation of the MSK of pre-service primary school teachers in England consists of 16 items in the three categories of basic arithmetic competence, mathematical exploration and justification, and geometric knowledge (named Categories I, II, and III respectively). Two additional questions were associated with each test item. Participants were asked whether they were confident about answering the question of each item and how important they thought the item was in the teaching of school mathematics. These two responses were on a scale from 1 to 5. In the self-audit of confidence, 1 indicated “have no confidence at all” and 5 indicated “have great confidence.” In the scale to assess the professional importance of mathematics, 1 indicated “of no importance” and 5 indicated “of very great importance.” Besides these quantitative and qualitative data, demographic data were also collected, and the time taken to complete the test was recorded.

Ten of the 16 items were selected on account of their curriculum coverage and their relevance to the Chinese and Hong Kong curricula. The final version of the instrument for these comparative studies comprises four, four, and two items in Categories I, II, and III respectively (see appendix).

Participants

Both pre-service and in-service teachers from the China Mainland and Hong Kong were invited to participate in the study. In the China Mainland, data were collected from two large industrial cities, Changchun and Guanzhou. The characteristics of all participants are shown in Tables 1 and 2, along with those of the participants in the U.K. studies.

Table 1. Participants of the study across the three regions

	
	Hong Kong
	China Mainland
	England

	Pre-service
	88
	79
	149

	In-service
	70
	119
	0

	Total
	158
	198
	149


Table 2. Gender of the participants

	
	Hong Kong
	China Mainland
	England

	Male
	41
	68
	25

	Female
	106
	126
	116

	Unidentifiable
	11
	4
	8


Scoring

The general scoring rubrics which were developed by Rowland et al. (2000, 2001) were employed. Sample scripts were marked and markers came to a consensus on the details of the markings. The marks for each question ranged from 0 to 4. Participants who obtained a correct answer with a partial explanation were awarded 3 marks. Participants who did not get the correct answer, or gave no explanation were awarded 0 to 2 marks depending on their working. If participants got 3 or 4 marks, their mastery of SMK was deemed “secure.” Although the questionnaires were marked by different persons, inter-rater consistency was secured through double checking by members of the research team. Teachers’ working was also analyzed qualitatively.

STATISTICAL ANALYSES OF THE RESULTS

Mastery of SMK in various regions

The mean scores of the audit test items are shown in Table 3. 

Table 3. Percentages of student-teachers’ secured mastery of various SMK items
	
	Item 1
	Item 2
	Item 3
	Item 4
	Item 5
	Item 6
	Item 7
	Item 8
	Item 9
	Item 10

	Hong Kong N = 158
	69.6
	24.7
	81.0
	88.0
	41.8
	67.8
	56.3
	72.2
	69.6
	20.9

	China
N = 198
	68.2
	27.4
	57.0
	71.7
	34.8
	65.6
	39.4
	63.1
	54.5
	37.9

	England
N = 149
	83.2
	68.4
	79.8
	77.2
	72.5
	69.8
	47.0
	68.5
	44.3
	38.3


Results revealed that, as a whole, student-teachers were relatively weak in items 2 and 5, which required respondents to explain or justify their working or arguments. They were also weak in items 7 and 10, which concerned exploring patterns or generalizations as well as transformation geometry.

ANOVA was performed to investigate regional differences. On the average, the participants of the China Mainland scored the lowest. The scores of those from England were more consistent, and Hong Kong participants got the highest scores in six out of the ten items. Yet the scores of Hong Kong participants were particularly low in items 2, 5 and 10. Except for item 6, the differences reached a statistically significant level at ( = 0.05.
Next, we performed a stratified analysis for pre-service and in-service teachers respectively. There were no in-service teachers among the participants from England. ANOVA revealed that in general, Hong Kong performed better except for item 10. This shows that although Hong Kong’s in-service teachers possess better subject knowledge on the whole, they are weak in geometry. This may be due to the fact that geometry was downplayed in the mathematics curriculum during the “New Math” reform in the 1960s. For items 2, 3, 4, 5, 7, 9 and 10, the differences reached a statistically significant level at ( = 0.05.
Next, we performed similar analysis on the pre-service teachers’ data. The results are consistent with the general trend. It gives a general picture that Hong Kong performed best, England next, and the China Mainland the lowest, although the differences were only statistically significant for items 2, 3, 5, 6, 7 and 9 at ( = 0.05.
Assessment of self-audit and professional importance

Pearson’s correlations were performed to examine the inter-relationships among total score, “self-audit” and “professional importance.” The results are shown in Table 4.

Table 4.
Pearson’s correlation coefficients among total score, “self-audit” and “professional importance”

	
	Total score
	Self-audit
	Importance

	Total score
	1
	0.07
	0.05

	Self-audit
	0.07
	1
	0.45*

	Importance
	0.05
	0.45*
	1


* p < 0.01

The results revealed that the total scores are not related to the two perception items, whereas the two perception items demonstrated statistically significant correlation between themselves.

Gender differences

We were also interested in the effect of gender difference on performance. The results are given in Table 5. 

Table 5. Gender differences in the scores of the three categories by region.

	
	Hong Kong
	China Mainland
	England

	Category
	Male

(N > 41)
	Female

(N > 106)
	Male

(N > 68)
	Female

(N > 126)
	Male

(N > 25)
	Female

(N > 116)

	I
	3.08
	3.07
	2.33
	2.83
	3.36
	3.32

	II
	3.02
	2.76
	2.26
	2.53
	3.00
	2.91

	III
	2.35
	2.10
	1.83
	2.31
	2.40
	2.35


Results revealed that there is no gender difference between the performance of England and Hong Kong teachers in each of the items. However, there is a statistically significant difference at ( = 0.05 for items 3 (F=10.01), 4 (F=6.27) and 9 (F=3.43) among the teachers of the China Mainland, where item 3 is about the division algorithm, item 4 about a price comparison which is classified as basic arithmetic competence, and item 9 asking to calculate the perimeter of a parallelogram, requiring application of Pythagoras theorem.
QUALITATIVE RESULTS

A number of commonalities in tackling these problems were also identified. For instance, for item 1, many Hong Kong participants converted the numbers into their equivalent decimal values before ordering them, whereas many participants of the China Mainland did not show any working, seeming to have arrived at the answer simply by inspection. For item 4, most of the participants converted the prices into a common unit (e.g., $/kg) before making the comparison. This demonstrates that student-teachers often did problems by using a standard approach rather than by thinking in a comparatively easier way. As for item 10, very few participants could solve the whole question. In fact, many of them did not attempt this question. For those who obtained correct answers for one or more parts of the question, the most frequently correct answer came from reflection, followed by rotation.

For item 5, some students expressed the generality in their own words but were not able to do so in symbols. Responses such as “a + b + c = 3b” captured part of the picture but ignored the three numbers being summed are consecutive. The item exposed the weaknesses in recognizing patterns and in formulating expressions to represent these relationships. This relates to syntactical subject knowledge. It was interesting to note that, for item 7, some claimed that perimeter of every such rectangle is a multiple of 4 because rectangles have 4 sides or even because the width and height of rectangles must be even numbers. Other observations of their working were made as well.

CONCLUSION

Some aspects of the responses of the participants in this study contrast interestingly with those of the U.K. participants to the same items in the earlier studies (Rowland et al., 2000, 2001). For example, the chunking-type responses to the division in item 3 are potentially of great interest to U.K. mathematics educators, who learned this holistic approach to division from their European neighbors in the Netherlands. It appears that this same algorithm, with only superficial differences, is in use in the China Mainland. Their works show sophisticated forms of holistic management of the dividend, and quite explicit use of distributivity (a + b) ( c = a ( c + b ( c in the management of the division. Such a response would certainly delight U.K.-based teacher educators, and provoke enthusiastic enquiries about the place of this chunking-type algorithm in the Chinese elementary curriculum. Given that these chunking methods have only been introduced in the U.K. since 2000, the pre-service teacher education participants in the U.K. survey would not have learned them at school. However, they did learn chunking in their teacher education program, and a few used it well in their audit responses. By contrast, the standard division algorithm was applied instrumentally, and sometimes erroneously (e.g., with answer 28 remainder 3).

The commonalities across the East-West participants’ responses are, however, the most striking. None of the systems under scrutiny has eliminated elementary mathematical knowledge “gaps,” errors and misconceptions, even among these well-educated teachers and prospective teachers. For example, the role of distributivity in multiplication algorithms is not well-understood (item 3); inelegant standard procedures are slavishly followed in preference to insightful solutions (item 4); use of algebraic notation lacks sophistication (item 5); quasi-logical arguments are presented (item 7); lengths of diagonal lines are misread and conservation falsely applied (item 9); there is a near-absence of understanding of geometrical transformations (item 10).

From the perspective of national “failure” fuelled by comparative studies, this is reassuring. However, from the perspective of improving the learning experiences of pupils world-wide, it is cause for concern.
The above offered a general picture showing to what extent our mathematics teachers are equipped with adequate mathematics to teach. Obviously more can be unfolded from the rich data by analyzing the participants’ workings. Other aspects of SMK are also worth investigation, for example, student-teacher’s abilities in proofs and argumentation. This is precisely the theme of our another paper which will be presented in this Discussion Group
.
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Appendix

Question 1

Arrange the following numbers in order from the largest to the smallest.

0.203, two hundredths, 2.19 × 10–1 , 0.026, 
[image: image1.wmf]9

2


Question 2
Use any written method to multiply 63 and 37. Does your method use the distributive law? If so, explain how.
Question 3
Work out 2915 ÷ 14 without using a calculator. Show your method and give your answer in remainder form.

Question 4
In a supermarket, there are two brands of washing powder on offer:

Economy — 2.1 kg per box for $35.00

Standard — 840 g per bag for $13.40

Which brand of washing powder is cheaper? Explain how you reached your decision.

Question 5
Check that:

3 + 4 + 5 = 3 ( 4,
8 + 9 + 10 = 3 ( 9,
29 + 30 + 31 = 3 ( 30

Write down a statement (in words) which describes the generalization behind these three examples. Express your generalization using symbolic (algebraic) notation.
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Question 6
Three numbers are written in the bottom row of a pyramid as shown in the figures. Each number in the rows above is the sum of the two numbers directly below it. All the numbers in the pyramid in Fig.1 have been filled in for reference. Find the missing number in the bottom row of the pyramid in Fig. 2. Show how you did it.
[image: image3.png]


Question 7
120 square tiles can be made into a rectangular mosaic. The sides of each tile are 1 cm. The shape of the rectangle can vary. For example, it might be 10 tiles by 12 tiles. State whether each of the following three statements is true or false. Justify your claims in an appropriate way.

(a) The perimeter (in cm) of every such rectangle is an even number.

(b) The perimeter (in cm) of every such rectangle is a multiple of 4.

(c) No such rectangle is a square.

Question 8
[image: image4.png]


In the figure, the number in each rectangle is the sum of the two numbers in the circles at either end of the line segment through the rectangle.

(a) Calculate the sum of the numbers in the 3 rectangles.

(b) Calculate the sum of the numbers in the 3 circles.

(c) State the relationship between the sums in parts (a) and (b).

Will this relationship hold if there were different numbers in the 3 circles? 
Justify your answer.
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Question 9
Find the perimeter and area of the parallelogram drawn in the square grid (each square presents a square of length 1 cm). Explain your methods.
Question 10
The shape labeled X is drawn on the coordinate grid shown. On the same coordinate grid, draw the positions of the shape X after the following transformations.

(a) translation through x ( x + 5, y ( y + 5; label this shape P.

(b) a reflection in the line y = 3; label this shape Q.

(c) a clockwise rotation through 90º about (4, 3); label this shape R.

(d) An enlargement with center at the origin and scale factor 2; label this shape S.
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