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This paper focuses on the role of artifacts and different forms and modes of representation when learning mathematics at primary school level. This will be exemplified alongside the use of an interactive approach, in which mathematical audio-podcasts are produced. Audio-podcasts are a communication tool that generally focuses on oral means of representation. During the production process of mathematical audio-podcasts however, the students use different forms and modes of representation as well as produce and use different artifacts. With regard to this, field experiences will be shared.

Artifacts and different representations

The role of artifacts for mathematical learning is of great importance. Artifacts generally encompass objects that are produced by human beings and are materially present and durable. A learning artifact in particular, refers to an object developed by students, which displays their knowledge [START_REF] Kafai | Constructionism[END_REF]. Besides artifacts that are material in nature, there are virtual ones that comprise of tools of the information and communication technologies. Different artifacts support different forms of representation and have a great influence on cognitive development [START_REF] Bartolini Bussi | Semiotic mediation in the mathematics classroom: Artifacts and signs after a vygotskian perspective[END_REF].

The education standards for teaching mathematics also emphasise the transfer of various modes of representations, since they enable students to communicate their mathematical ideas and understanding as well as support the modeling and interpretation of mathematical phenomena (NCTM, 2000). [START_REF] Kress | Multimodality: A social semiotic approach to contemporary communication[END_REF] defines 'mode' as a socially shaped and culturally given resource for making meaning. Image,writing,layout,music,gesture,speech,moving image,soundtrack and 3D objects are examples of modes used in representation and communication. [...] Modes offer different potentials for making meaning. These differing potentials have a fundamental effect on the choice(s) of mode in specific instances of communication. (p. 79) Therefore, being able to use different modes of representation during a mathematics lesson is a central aspect and supporting competence across all school levels. The mathematical register in the classroom also comprises of the multiple semiotic modes: Language, mathematical expressions, and visual diagrams, as well as the gestures and actions of participants in the classroom, together construct meaning. (Schleppegrell, 2007, p. 142) With regards to the role of written representation for mathematical learning, working with the products of students' writings has been common practice for some time now [START_REF] Morgan | Writing mathematically: The discourse of investigation[END_REF]. In the project 'Math-Chat' [START_REF] Schreiber | Semiotic processes in chat-based problem-solving situations[END_REF], the use of written representations is the main means in the problem solving process and focus of the analysis. In primary school, written-based communication is often used in the case of reflections and documentations of the students' learning processes, for example, in journals referred to as 'journal writing' [START_REF] Borasi | Journal writing and mathematics instruction[END_REF]; and also after having solved math problems. Thus, writing is often considered "an activity that is in itself conductive to learning" (Morgan, 1998, p. 2). In this sense, it is assumed that writing might help students organise their thoughts by externalising them in a written form. This strategy of 'writing to learn' has to be distinguished from 'writing to communicate'. The tool 'writing to learn' enables students to become more active learners by questioning and reflecting on information, whereas 'writing to communicate' aims to demonstrate their learning in different forms of written assignments [START_REF] Meiers | Writing to learn[END_REF].

It is oral communication that generally provides the participation in mathematical discussions and conversations, aiding with the understanding of mathematical signs [START_REF] Meiers | Language in the mathematics classroom[END_REF]. Apart from speaking and explaining, mathematical learning also requires the acquisition of skills, such as listening, questioning, defining and proving (Ontario Ministry of Education, 2006). Pertaining to mathematical interaction and communication processes, research on mathematical didactics has attributed an increasing importance to the use of gestures (e.g. [START_REF] Goldin-Meadow | Hearing gesture: How our hands help us think[END_REF][START_REF] Huth | The interplay between gesture and speech: Second graders solve mathematical problems[END_REF]. [START_REF] Kendon | Gesture: Visible action as utterance[END_REF] defines 'gesture' as "a name for visible action when it is used as utterance or as a part of an utterance" (p. 7). Gestures that are used in accompaniment with speech represent the same components of the expressions uttered. As such, gestures and spoken language can be seen as inseparable and interdependent modes of the same language system [START_REF] Huth | Semiotische Analyse: Mathematische Zeichenprozesse in Gestik und Lautsprache[END_REF].

To further explain the interwoven use of oral and written communication in a medial and conceptual manner, the linguistic model of orality and writtenness by [START_REF] Koch | Sprache der Nähe -Sprache der Distanz: Mündlichkeit und Schriftlichkeit im Spannungsfeld von Sprachtheorie und Sprachgeschichte[END_REF] and well explained by Fetzer as the "two dimensions of orality and writtenness" (2007, p. 79; translated by the authors: "Zwei Dimensionen von Mündlichkeit und Schriftlichkeit") is used. [START_REF] Koch | Sprache der Nähe -Sprache der Distanz: Mündlichkeit und Schriftlichkeit im Spannungsfeld von Sprachtheorie und Sprachgeschichte[END_REF] have developed a model of communication that distinguishes between medial phonic and medial graphic communication and between communicative immediacy and communicative distance. The medial phonic and the medial graphic realisation of communication are dichotomous, whereas the conceptual realisation can be placed on a scale between the communicative immediacy and the communicative distance (Figure 4;Schreiber, 2013a).

Considering the example of a personal talk, it is not only medially phonic, as there is an emotional closeness to the dialogue partner and thus, also conceptually oral. Although writing in a diary is medially graphic, it is conceptually oral, informal and characterised by its 'closeness' to the reader. An administrative directive, in contrast, is medially graphic and also conceptually an example for communicative distance. In this case, the language is strictly formal. This paper will refer to 'forms' of representation when pertaining to Koch and Oesterreicher's linguistic model of orality and writtenness and 'modes' of representation when used according to Kress and Schleppegrell's definitions as mentioned above.

Audio-podcasts for mathematics

Audio-Podcasts, which we use as learning artifacts in school, primarily focus on the aspect of orality, as the process of creating an audiopodcast produces an oral product. Schreiber (2013a) developed 'PriMaPodcasts' to serve as tool, in which oral and written forms of representation are alternated and interwoven permanently. 'PriMaPodcast' is the coined term for a mathematical audio-podcast produced by primary school students. The students undergo a process in which they develop specific mathematical content in stages up to a point where a version of the explanation is ready to be published on the internet (Figure 1). The different forms of representation, the medial and conceptual realisations as well as the use of artifacts will be presented by illustrating each production step below. For more information on the aims, the production steps, the audio files and the scripts, please visit our blog (www.uni-giessen.de/primapodcast-bili/). Before giving insights into the production process, three aims of the mathematical audio-podcasts will be described:

Learning: The exclusive use of oral representations can support learning. This can be brought forth when learners have to deal with one specific topic in depth and are required to refrain from using any written or graphical representations, thus, solely relying on oral means of communication.

Diagnosis: A teacher gains insight into a learner's mathematical concept and understanding by listening to the learner's recorded utterances. The spontaneous and planned recordings can be analysed during and after the production process.

Research: As mathematics is a written and graphically based science, focusing on oral representations is an interesting area for research. Therefore, using the recordings, the aim is to investigate to what extent learners use mathematical language to express their workings.

The focus of this paper will be on the last aim. This will be illustrated in the following. The production process will be depicted through excerpts from an empirical example. These consist of recordings and documentations that were produced at a bilingual school in Offenbach am Main, Germany. The selected study sample is from a dissertation project [START_REF] Klose | Use and development of mathematical language in bilingual learning settings[END_REF] and it consists of fourth graders that were taught mathematics bilingually (German/English) since first grade. Within the scope of the research project, the students' task was to produce a podcast in English. The empirical examples were transcribed and analysed by means of the interaction analysis [START_REF] Krummheuer | Grundlagen und Beispiele interpretativer Unterrichtsforschung[END_REF]. Excerpts of the transcribed utterances and scripts will be presented and commented thereafter. All citations of the transcripts are marked in angle brackets <like this>.

Production steps

In step 1 ('Unexpected Recording'), a small group of students is unexpectedly confronted with the mathematical question 'What is symmetry?'. The students record their responses with a voice recorder. Hence, in this step, the focus is on oral communication and representation. The medial realisation of the recording is phonic and conceptually oral as seen in the following.

In this example, the students answer the questions as follows: In this excerpt, both students express their mathematical ways of thinking by speaking out aloud. The students associate the term 'symmetry' with 'symmetry lines' as seen in <ur01> and <ur03>. Student 1 remembers in <ur01> that her mathematics teacher had mentioned symmetry in class before. Furthermore, they relate 'symmetry' to "forms" <ur04> and "forms that what you can do in three d and in two d" <ur07>. As early as seen in this excerpt as well as later on, gestures are already going into action. This step not only prompts the students to think about the topic, but also supports them to clarify and organise their thoughts and reflect on specific content [START_REF] Pimm | Speaking mathematically: Communication in mathematics classrooms[END_REF].

In step 2 ('Script I'), the students research their topic and create a script. They are free to decide the format, structure and amount of detail they wish to include. In order to gather information, they are given different resources, such as the internet, textbooks and worksheets. They also have the possibility to use concrete material. Thus, different artifacts can serve as basis for oral communication and written-graphical representation.

The students of the empirical example were inspired by the work material and referred to various approaches of line symmetry. In particular, student 2 used the geoboard and drawings (Figure 2) to support her with the activities related to line symmetry. In their script, they explain 'symmetry' through the approach of folding (Figure 3). the students have understood so far [START_REF] Meiers | Writing to learn[END_REF]. The medial realisation of the script is graphic and its linguistic conception is -depending on the kind of script -a rather informal written type.

In step 3 ('Podcast -First Version'), oral representation is essential, as the students are required to read the assigned parts of the script aloud for the recording of the first podcast version. Up to this stage, the team works independently: The students make their own decisions concerning the mathematical matter and their performances without any intervention from the instructor. The medial realisation of the recording is phonic and its linguistic conception is a more formal spoken type. s some some shapes have got more than one m mirror line

In step 4 ('Editorial Meeting'), the small group of students receives feedback from their peers and the instructor. They use this to reflect on their work in terms of content, style and language use. At this point, the instructor poses specific script-related questions and asks for more precise explanations. Again, different artifacts, such as the script, the audio files and objects and especially the students' written products, support the discussion and serve as basis for better clarifications in oral communication.

In the presented empirical example, the different types of symmetry were correctly named and distinguished. For this purpose, various kinds of materials were used. By means of their drawing (Figure 2) the phrase 'line of symmetry' was introduced. Several locations to draw the line of symmetry were discussed. Thereby, the instructor's focus shifted from 3D towards the symmetry of 2D shapes. Together with the other group, they reviewed and checked how many lines of symmetry a circle, quadrilaterals and different types of triangles could have.

In step 5 ('Script II'), the students start to improve their first script in small groups. The students have the opportunity to use the same material and artifacts again. They may discuss and share their knowledge before writing down a second script. Thus, oral communication serves as basis for written representation. The writing activity of creating a second script may be linked to the strategy of 'writing to communicate' [START_REF] Meiers | Writing to learn[END_REF]. Since the second script serves as basis for the final podcast version, the learners decide on the content they wish to present to the audience. The script is medially graphic and conceptually rather an elaborated written type since the students clearly want to present their knowledge accurately and in a structured manner.

In the empirical example, the students took up most of the suggestions given during the editorial meeting as they tried to differentiate more distinctively between the different types of symmetry.

This, however, appeared to be challenging, as they focused on 3D shapes again and listed some of their properties instead of looking at 2D shapes.

In step 6 ('PriMaPodcast'), they record a final podcast version based on the second script. This will be published on the internet. Again, written representation serves as basis for the oral form of representation. Hence, the recording is medially phonic and conceptually more of an elaborated type. [START_REF] Fetzer | Interaktion am Werk: Eine Interaktionstheorie fachlichen Lernens, entwickelt am Beispiel von Schreibanlässen im Mathematikunterricht der Grundschule[END_REF], p. 79/ Schreiber, 2013a) 

Conclusion

The use of artifacts and various representations in the mathematics classroom is of high relevance.

The interactive approach of producing PriMaPodcasts follows this assumption by comprising various modes and forms of representation. The aim is to produce a learning artifact; a final product of oral nature. Publishing the final version on an online blog serves as an exceptional motivation for the students. In the process, they undergo various stages, in which they can expand their knowledge through discussions and learn different approaches to present them. Mathematical concepts and language competences can be strengthened as shown by the empirical example.

Field experience

So far, mathematical audio-podcasts have been used in different areas of teacher education. Firstly, we produced audio-podcasts for mathematics with students at primary school level. Besides German podcasts, some students also produced mathematical audio-podcasts in various other mother tongues (e.g. Russian and Turkish) as well as different languages of instruction (e.g. English and Spanish) in bilingual schools.

Secondly, students who are studying to become primary or secondary school teachers, created mathematical audio-podcasts. Moreover, they supervised the production of the mathematical podcasts of school students. It is important for the university students to have gone through the steps themselves prior, so as to understand the production procedure clearly. Hence, they gain a better understanding of how demanding it can be for younger learners to explain a concept without any preparation and solely using orality. The deepening of mathematical content and its reflection are another focus of the audio-podcasts. The university students become aware of the increase in knowledge and are able to internalise and reflect on already learnt content. Content knowledge ranges from secondary school mathematics to areas covered during university lectures.

Thirdly, the idea of mathematical audio-podcasts serves as research method. As part of a PhD project, the use of mathematical language in bilingual learning settings will be investigated further. The overall interest lies in the question of how bilingually taught learners use the language of mathematics in both their target languages (English and German) when asked to present mathematical content [START_REF] Klose | Use and development of mathematical language in bilingual learning settings[END_REF].
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  Figure 1: Process of production of PriMaPodcasts
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 3 Figure 3: Script I, folding as an approach to explain line symmetry The students continue by mentioning 'drawing' and 'reflecting'. The writing activity itself may be considered a tool for 'writing to learn'. Dealing with different artifacts and resources, this writing underlies the principle of connecting what has been read, viewed, heard and experienced with what
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 2 Figure 2: Script I, Student 2's drawing as an approach to explain line symmetry

  there are axis symmetry reflection symmetry and partition symmetry there are symmetrical shapes 02 Student 1: symmetrical shapes are shapes that you can fold in the middle and then both sides are the same 03 Student 2: you can draw symmetrical shapes with faces . vertices and edges 04 Student 1: edges are the lines and vertices are the places where they come together faces are the places in between the edges and in German we call them flächen 06 Student 2: you can make symmetrical shapes in two d and three d 07 Student 1: examples for symmetrical shapes are a square a circle a triangle a hexagon a pentagon and a trapezoid 08 Student 2:

  what is symmetry. there are line symmetry reflection symmetry and rotation symmetry . there are symmetrical shapes 02 Student 1: symmetrical shapes are shapes that you can fold in the middle and then both sides are the same . that's line symmetry 03 Student 2: rotation symmetry is when you have a symmetrical shape and you rotate it a little bit and then the shape the shape looks the same as it was before 04 Student 1: reflection symmetry is almost the same like line symmetry but you have to put a mirror in the middle of the shape\ 05 Student 1: you can draw symmetrical shapes with faces vertices and edges 06 Student 2: examples for symmetrical shapes are a square a circle a triangle and in three d a sphere a pieramid and a cube 07 Student 1: you can make symmetrical shapes in two d and three d 08 Student 2: almost all shapes have got more than one line of symmetryAs described in the production process, the students' products can be classified into Koch and Oesterreicher's model as follows (Figure4):
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 4 Figure 4: Model of writtenness and orality;[START_REF] Fetzer | Interaktion am Werk: Eine Interaktionstheorie fachlichen Lernens, entwickelt am Beispiel von Schreibanlässen im Mathematikunterricht der Grundschule[END_REF], p. 79/ Schreiber, 2013a) 
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