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INTRODUCTION

In recent international comparisons students in East Asia have consistently demonstrated good mathematics achievement not only in mathematical skills but also in problem solving (Mullies et al, 2000; OECD, 2004). This leads us to assume that the teachers in these high-achieving education systems might have a deep knowledge of sound and significant mathematics to be taught. Several researchers, however, have doubted such an assumption (e.g., Lim-Teo, 2002). 

Given this background, this study is a part of a cross-national research project which examines mathematical preparation of prospective elementary teachers in Hong Kong, Japan, Mainland China, Singapore, Taiwan, and South Korea (Li, Ma, & Pang, in preparation). In order to look closely at prospective teachers’ beliefs and competence in mathematics, a survey was developed and conducted in Mainland China and South Korea. 

This paper reports the Korean portion of the study. Despite the superior performance of Korean students, little studies of Korean mathematics classrooms and teachers have been conducted in the international contexts. By exploring prospective elementary school teachers’ beliefs and conceptions on the topic of division of fractions, this study attempts to understand better what constitutes the nature of pre-service teachers’ knowledge. Given that teachers’ knowledge and beliefs have significant influence on what students actually learn in the mathematics classroom (NCTM, 2007), it is important to know what may be the essence of teachers’ repertoire of content knowledge and pedagogical knowledge. 

METHODOLOGY

Subjects

A total of 291 seniors participated in the study from three universities specialized for prospective elementary teacher education. The institutions chosen for this study are regarded as representative in terms of their teacher education programs and students’ abilities. Whereas teachers in Korea are required to teach all subjects at the elementary school level, they are encouraged to choose one focus area among school subjects such as mathematics and social studies during the four year preparation periods. For the representativeness, the subjects in this study included seniors with mathematics education as their focus area, and ones with their focus areas in other subjects. 
Questionnaire

The survey contains two main parts with five items for each part. Part 1 contains items on prospective teachers’ knowledge of elementary mathematics curriculum and their beliefs in their preparation and mathematics instruction. Part 2 has five items that assess prospective elementary school teachers’ mathematics knowledge and pedagogical content knowledge on the topic of division of fractions.

RESULTS
Prospective Teachers’ Knowledge and Beliefs

The following three items were included in Part 1 of the survey. Note that only part of each item is included here to be focused on the topic of division of fractions. As such, the items are numbered here in terms of the sequence of items included in this paper. Note also that the results presented in the following tables may not add to 291 (the total number of subjects) due to “no response” for the specific item and 100% due to rounding errors.

1. The following list includes some topics that are often included in school mathematics. Choose the response that best describes whether primary school students have been taught each topic. 


(a) Mostly taught before grade 5


(b) Mostly taught during grades 5-6


(c) Not yet taught or just introduced during grades 5-6


(d) Not included in the National Mathematics Syllabus


(e) Not sure
(
) Addition and subtraction of fractions

(
) Multiplication and division of fractions

(
) Representing decimals and fractions using words, numbers, or models

[Table 1] Prospective Teachers’ Choices about the Curriculum Placement of Topics
	Topics / Choices
	(a)
	(b)
	(c)
	(d)
	(e)

	Addition and subtraction of fractions
	229(79%)*
	52 (18%)
	3 (1%)
	0 (0%)
	6 (2%)

	Multiplication and division of fractions
	97 (33%)
	175 (60%)
	8 (3%)
	2 (1%)
	6 (2%)

	Representing decimals and fractions w/ words, numbers, or models
	185 (64%)
	51 (18%)
	11 (4%)
	8 (3%)
	32 (11%)



Note (*): bold means the correct choice for the topic in Korea.


As seen in Table 1 the majority of the prospective teachers (79%) know that the topic of “addition and subtraction of fractions” is taught before grade 5 in the Korean elementary mathematics curriculum. In comparison, only 60% of the teachers know that the topic of “multiplication and division of fractions” is mostly taught between grades 5-6. Although multiplication of fractions is introduced during grade 5, more than 30% of the teachers regarded the topic to be mostly taught before grade 5. For the topic of “representing decimals and fractions using words, numbers, or models”, about 64% of the teachers knew the correct placement of this topic, but as many as 11 % of the teachers were not sure when the topic might be taught in elementary school curriculum.  
2. Considering your training and experience in both mathematics and instruction, how ready do you feel you are to teach the following topics? 


(a) Very ready

(b) Ready

(c) Not ready

(
) Rational numbers
(
) Representing decimals and fractions using words, numbers, or models

(
) Representing and explaining computations with fractions using words, numbers, or models

[Table 2] Prospective Teachers’ Self-Reported Readiness to Teach Rational Numbers
	Topics / Choices
	(a)
	(b)
	(c)

	Rational Numbers
	24 (8%)
	236 (81%)
	30 (10%)

	Representing decimals and fractions using words, numbers, or models
	20 (7%)
	206 (71%)
	64 (22%)

	Representing and explaining computations with fractions using words, numbers, or models
	18 (6%)
	204 (70%)
	68 (23%)



Table 2 shows that the majority of the prospective teachers felt that they are ready to teach the three topics specified (81%, 71%, and 70% respectively). Note that much smaller percentages of those felt that they are “very ready” to teach these three topics (8%, 7%, and 6%, respectively). Whereas only 10% of the teachers felt that they are not ready to teach rational numbers per se, more than 20% of them did both for representing fractions with multiple methods and for explaining operations with fractions with words, numbers, or models. The results may well relate to what has been reported in Table 1, where more than 30% of the respondents were unclear about the curriculum placement of the topic of “representing decimals and fractions using words, numbers, or models”.

3. To what extent do you agree or disagree with each of the following statements? 


(a) Agree a lot 
  (b) Agree 
  (c) Disagree 
   (d) Disagree a lot
(
) More than one representation (picture, concrete material, symbols, etc.) should be used in teaching a mathematics topic.
(
) Use of manipulatives can help students avoid abstract mathematics.

(
) There are different ways to solve most mathematical problems.

[Table 3] Prospective Teachers’ Beliefs of Teaching Mathematics 
	Topics / Choices
	(a)
	(b)
	(c)
	(d)

	More than one representation should be used in teaching a mathematics topic
	196 (67%)
	87 (30%)
	3 (1%)
	0(0%)

	Use of manipulatives can help students avoid abstract mathematics
	108 (37%)
	119 (41%)
	54 (19%)
	5(2%)

	There are different ways to solve most mathematical problems
	168 (58%)
	112 (39%)
	5 (2%)
	2(1%)


Table 3 shows that almost all teachers (97%) agree with the statements that more than one representation should be used in teaching a mathematics topic and that there are multiple ways to solve most mathematical problems. Specifically, while 67% of the teachers agreed strongly with the former, 58% of them did with the latter. In comparison, it comes less clear for these teachers that the use of manipulatives can help students avoid abstract mathematics. It is noticeable that about 20% of the respondents disagree with the statement. Taken together, this result leads us to assume that the teachers recognize the importance of using multiple representations of a mathematics construct and of employing various solution methods to solve a mathematics problem, while they are less confident in when and how to teach a specific mathematics topic in those ways. 

Prospective Teachers’ Pedagogical Content Knowledge

The following two items, adapted from Tirosh (2000), were included in Part 2 of the survey, which aims to assess prospective teachers’ pedagogical content knowledge on the topic of division of fractions. In general, the subjects in this study were quite successful in solving various kinds of problems and in explaining their mathematical reasoning in the solution process. One remarkable exception occurred when they probed whether or not fractions can be divided in an easier way.

4. You are discussing operations with fractions in your class. During the discussion, John says

It is easy to multiply fractions; you just multiply the numerators and the denominators. I think that we should define the other operations on fractions in a similar way:

Addition 
[image: image1.wmf])

(

)

(

d

b

c

a

d

c

b

a

+

+

=

+


Subtraction 
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Division 
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How will you respond to John's suggestions? (Deal with each separately.)

The responses were similar between addition and subtraction of fractions. Most prospective teachers knew that John’s suggestions for addition and subtraction were wrong (88% and 87%, respectively, and note that the percentages for “no answer” were 11% and 12 %, respectively). In general, the methods chosen by the teachers were either about finding the common denominator and then showing the correct algorithm (1st method) or about using a counterexample which demonstrates that John’s suggestions are wrong (2nd method). More than 50% of the teachers preferred the first method: They explained that you need to find the common denominator for the addition and subtraction of fractions with unlike denominators. Some of them showed the correct algorithm. However, only 5% of the teachers provided more detailed explanation behind the algorithm. In comparison, about 22% of the teachers chose the second method. Half of them came up with an example by plugging numbers to John’s algorithms, and still others used estimation or drawing.
The rate for the correct answer of the case of division was dramatically decreased in comparison with that of the cases of addition and subtraction. Only 38% of the teachers knew that John’s suggestions are mathematically valid. A similar percent of the teachers thought that John’s suggestions were wrong. The percentage of “no answer” was as high as 24%. If we look closely at the teachers’ explanations, only 13 % of them were able to prove that John’s suggestions and the common algorithm for division (i.e., 
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) are the same. In comparison, 28% of the teachers did not see the relationship between John’s suggestions and the common algorithm, leading them to conclude that John’s method is incorrect because he does not change from division to multiplication and flip the second fraction. Still, 15% of the teachers answered that they “know” that John’s suggestion is correct, but failed to provide any further illustration. About 5% of the prospective teachers explained why John’s suggestions would not be used in the elementary mathematics curriculum by focusing on the efficacy of calculation and students’ abilities (e.g., “If you follow John’s suggestion, you may encounter a compound fraction or a decimal in the place of the denominator or numerator, which it too complicated for elementary school kids.”)

5. How would you explain to your students why 
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About 98% of prospective teachers provided valid explanations with regards to dividing a fraction by a natural number. They came up with various methods such as drawing (45%), using manipulative materials (10%), using the meaning of division and/or fractions (8%), finding the common denominator (6%), number lines (6%), and using word problems (5%). In addition, about 15% of the respondents provided explanations in more than two ways. Only about 3% of the respondents predominately employed the algorithm of “flip and multiply”. This result supports the sampled teachers’ strong beliefs toward multiple representations and solution methods described above.

In contrast, about 88% of the prospective teachers provided valid explanations with regards to dividing a fraction by a fraction. They again came up with various methods such as drawing (33%), finding the common denominator (23%), number lines (5%), using manipulative materials (5%), using the meaning of division (3%), using the relationship between fractions (1%), and using word problems (1%). Note that the percentage of respondents finding the common denominator was dramatically increased from 6% to 23%, whereas the percentage of respondents using manipulative materials was decreased from 10% to 5%. Although drawing was still the preferred approach, about 4% experienced difficulty and failed. For instance, an area model was drawn to represent 2/3 x 1/6 instead of 2/3 ÷ 1/6. Finally, about 10% of these prospective teachers used the “flip and multiply” algorithm as providing an explanation for the second division computation.

CONCLUSION 
It is prerequisite for elementary teachers to develop profound understanding of fundamental mathematics in order to help students build mathematically solid foundations (Ma, 1999). In comparison with other related analyses (e.g., Li, Ma, & Pang, in preparation; Li & Smith, 2007), knowledge of the prospective teachers in Korea is regarded as relatively strong and sound. However, even a cursory glance reveals the Korean prospective teachers’ strengths and weaknesses. The teachers were accurate with regards to the curriculum placement of specific content topics such as addition and subtraction of fractions. It became less certain to them for multiplication and division of fractions. The prospective teachers felt that they were ready to teach rational numbers. Again, it became less confident to them for representing fractions and explaining the operations of fractions in terms of words, numbers, or models. 

As the prospective teachers had strong beliefs for various representation modes and solution methods, they in fact demonstrated such competence in solving division of fractions. However, some teachers tended to resort to specific strategies such as finding the common denominator or the standard division-of-fractions algorithm when the problem was slightly changed. They also revealed lack of understanding with regards to the algorithm for the division of fractions.

In their preparation periods prospective teachers must develop a profound knowledge of mathematics on which to base their instructional decisions. This study, however, has shown that mathematics content knowledge alone is not sufficient. Content-specific pedagogical knowledge needs to be fostered (Lamon, 1999; Shulman, 1986), specifically with regards to the big ideas and their concomitant representation modes central to a certain grade level. 
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