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Introduction

During the past years the mathematics education community as well as the educational research of teaching and learning have seen representations as a useful tool for communicating information and understanding (e.g. [START_REF] Lesh | Model development sequences[END_REF]NCTM, 2000). NCTM (2000) advocates students to "create and use representations to organize, record, and communicate mathematical ideas; select, apply, and translate among mathematical representations to solve problems…" (NCTM 2000, p. 64). In the present study, 'representations' refers to Goldins (2002) definition that a representation can represent something else, for example, symbolic expressions, drawings, written words or diagrams. Different representations can be used to shed light onto different aspects of a complex mathematical concept or relationship (e.g. [START_REF] Cai | U.S. and Chinese teachers' constructing, knowing, and evaluating representations to teach mathematics[END_REF][START_REF] Cathcart | Learning mathematics in elementary and middle schools[END_REF]. For example, when learning about parts of a whole, teachers and students can use a manipulative representation, as sectors of a circle or as pieces of a rectangle.

Purpose

The aim of the present study is twofold. Firstly, investigate how teachers and students use representations of fractions focusing on finding a fraction regarding either part-whole or part of set aspect. This would for instance entail examination of which type of representation, how they are used and in which order they are used. Secondly to examine what students learn in mathematics lessons, regarding representations of fractions.

Hypothesis

The hypothesis is that a more frequent use of different representations, by either teachers and or students, will enhance the students' knowledge of fraction as part of a set or part of a whole. This is in line with what have been suggested by [START_REF] Cai | U.S. and Chinese teachers' constructing, knowing, and evaluating representations to teach mathematics[END_REF]; [START_REF] Cathcart | Learning mathematics in elementary and middle schools[END_REF] concerning different representations.

Method

The collection of data consists of two parts, (a) video recordings of lessons and (b) pre-and posttests ("RB2 or RB3 Diamant" which is part of the Swedish National Agency for Education's test materials).Video recordings enable data to be analyzed repeatedly and seen by other researchers in order to contribute to the study. Data will be analyzed with respect to variation theory (see for instance [START_REF] Marton | Necessary conditions of learning[END_REF]. The pre-and post-test are a measurement to document effects of using representations of fractions during the mathematics lessons. To examine group differences between pre-and posttest repeated measure ANOVA is used.
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Participants

Ten primary school teachers and approximate 250 students in Sweden, New Zealand, and Singapore, respectively, will be part of the present study.