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 model for substantial argumentation, I illuminate structural aspects of the ongoing argumentation. In addition, I analyse the children's argumentation with respect to their use of semiotic means. Results show that children are able to argue for a claim in a quite complex manner. The study also illustrates the extensive use of semiotic means in children's argumentation. In every element in the argumentative structure, children use gestures and other semiotic means to mediate their ideas. It is actually impossible to make sense of the ongoing argumentation without considering the use of semiotic means.

Introduction

How children communicate their mathematical ideas is an important aspect in the attempt to understand children's reasoning in mathematics. In kindergarten children experience mathematical concepts through play and interaction with others. In their communication they justify and explain their mathematical ideas and in return they need to consider other's ideas and arguments. Thus argumentation can be seen as important for fostering children's mathematical learning.

This study is situated within a research and development project called the Agder project i (AP). One of the aims in the project is to investigate how researcher designed mathematical activities, developed in the project, stimulate mathematical competences. In this case study I observed one kindergarten teacher (KT) and a group of six 5-year-old children engaged in mathematical activities about reflection symmetry. The aim of this paper is to examine the characteristics of children's argumentation when they work with reflection symmetry. Furthermore, I examine what role 'semiotic means' (e.g. objects, linguistic devices and signs) play in the ongoing argumentation.

Following [START_REF] Toulmin | The uses of argument[END_REF] and [START_REF] Krummheuer | The ethnography of argumentation[END_REF], I regard argumentation as the practical business of choosing statements that serve the purpose of making an initial assertion reasonable and accountable for others. Argumentation is the production of an argument. An argument is then "the final sequence of statements accepted by all participants" (Krummheuer, 1995, p. 247). In addition, several arguments can serve as units in an expanded argumentation which again constitutes a new and extended argument. Toulmin also recognises that single statements can contain argumentative features. Just by making a statement you put yourself in a position of potentially being questioned.

Argumentation, acknowledged as an important means for enabling young children's mathematical reasoning, can be promoted through a dialogic approach to teaching [START_REF] Mercer | Teaching children how to use language to solve maths problems[END_REF][START_REF] Yackel | Sociomathematical norms, argumentation, and autonomy in mathematics[END_REF]. Despite the increased focus on the role of mathematical argumentation for enabling young children's mathematical reasoning, little research has focused explicit on the role and characteristics of mathematical argumentation at kindergarten level. [START_REF] Pontecorvo | Learning to argue and reason through discourse in educational settings[END_REF] found that children's reasoning in preschool activity unfolded "through complex argumentative Thematic Working Group 13 Proceedings of CERME10 patterns" (p. 133). They emphasised that teachers should pay attention to the different ways children argue in order to facilitate children's "possibilities to practice, enrich and refine argumentative resources they have already acquired" (p. 139). [START_REF] Tsamir | Exploring the relationship between justification and monitoring among kindergarten children[END_REF] investigated different types of justification given by children between five and six years old, working with number and geometry tasks. Their study shows that young children are able to justify their statements by using appropriate mathematical ideas. Some children, in contrast, used their 'visual reasoning' as a way to justify their statements. When the researcher asked how they could know which bunch of bottle caps had more they answered "because we see", and they felt no further need to justify their answer or did not know how to do it. [START_REF] Dovigo | Argumentation in preschool: A common ground for collaborative learning in early childhood[END_REF] investigated how argumentation promoted collaboration and problem solving in preschool (age 3-5). By comparing different ways of how argumentation took place in teacher-talk and peer-talk they found that peer-talk contributed very positively for promoting collaboration and problem solving. But at the same time they emphasised that if the teachers were able to guide the debate in a careful and exploratory way the teacher guidance could be a positive contribution to the development of the argumentation.

Theoretical framework

My theoretical stance is rooted in a sociocultural paradigm where interaction is regarded as the very engine of learning and development, [START_REF] Vygotsky | Mind in society. The development of higher psychological processes[END_REF]. As a consequence of adopting this theoretical stance, I regard argumentation as a cultural and historical activity. Children are not naturally born with the ability to argue. Argumentation is a communicative pattern which they learn through interaction with more knowledgeable others.

Interaction, specific for human beings, is characterised by the use of tools and especially by the use of language [START_REF] Vygotsky | Mind in society. The development of higher psychological processes[END_REF]. In recent years there has been a growing interest to study the interplay between gestures, language and thought both in mathematics education and in other domains. [START_REF] Mcneill | Gesture and thought[END_REF] developed a theory where he regarded gestures as an integral part of language, not merely as a support for language. He regarded gestures as having an active and inseparable role in language and thought. Not only gestures have been recognised as important for human reasoning. [START_REF] Radford | Introduction: Beyond words[END_REF] talk about the importance of the multimodal nature of cognition; how different sensorial modalitiestactile, perceptual, kinesthetic become integral parts of our cognitive learning processes. [START_REF] Radford | The seen, the spoken and the written. A semiotic approach to the problem of objectification of mathematical knowledge[END_REF]2003) theory of knowledge objectification emphasises how gestures, bodily actions, artifacts, (mathematical) signs and speech in cooperation affect mathematical reasoning. A special category of semiotic means of objectification that [START_REF] Radford | The seen, the spoken and the written. A semiotic approach to the problem of objectification of mathematical knowledge[END_REF] considers is deixis. Deictic terms are words that have the function "to point at something in the visual field of the speakers" (p. 17), and cannot be fully understood without additional contextual information (e.g. "here", "there" "that", "this" etc.). All semiotic means play a significant role in mathematical mediation and reasoning. "Each semiotic means of objectification puts forward a particular dimension of meaning (signification); the coordination of all these dimensions results in a complex composite meaning that is central in the process of objectification" (Roth & Radford, 2011, p. 78).

The concept of argumentation used in mathematics and mathematics education is often related to the production of proofs. It is nevertheless important not merely to connect the concept of argumentation to formal logic as found in mathematical proofs. [START_REF] Toulmin | The uses of argument[END_REF] distinguishes between analytic argumentation, which is used in production of mathematical proofs, and substantial argumentation which is informal argumentation used in everyday practices. Substantial argumentation does not necessarily have a strict logical structure. Substantial argumentation gradually supports a statement by presenting relationships, explanations, background information, etc. [START_REF] Krummheuer | The ethnography of argumentation[END_REF]. [START_REF] Toulmin | The uses of argument[END_REF] strongly emphasises that substantial argumentation should not be regarded weaker as or less important than analytic argumentation. [START_REF] Toulmin | The uses of argument[END_REF] developed a model for analysing structural and functional aspects of substantial argumentation with the aim to illuminate how statements are organised for the purpose of constituting an argument, and how a conclusion is established through the production of an argument. In Toulmin's model the core of an argument is based on three elements: claim (C), data (D) and warrant (W). The claim is an initial statement, for example an assertion or an opinion about something. To support the claim, the arguer needs to produce data. Data are facts or statements on which the claim can be grounded. A warrant is a justification of the data with regard to the claim. The warrant holds the argument together. It points to the relation between the data and the claim.

In addition, [START_REF] Toulmin | The uses of argument[END_REF] model contains three other elements, backing (B), qualifier (Q) and rebuttal (R). A backing is a statement that supports the warrant. It is like a special case of data that is provided as evidence for the warrant. The purpose of a backing is to answer "why in general this warrant should be accepted as having authority" (Toulmin, 2003, p. 95). A qualifier says something about the extent to which the data confirm the claim. Words like 'probably', 'presumably' etc. are often used as qualifiers. Rebuttals refer to exceptions or conditions under which the claim is true, often used subsequent to a qualifier, exemplified as "The claim is true except/unless/only if …".

Method for data collection and data analysis

In this case study I observed one KT in the focus group of AP and his group of six 5-year-old children engaged in mathematical activities about reflection symmetry. The activities had been developed in the AP, and as part of an in-service program for the focus group the KTs were asked to implement a number of activities with their children. I visited the kindergarten on two occasions with a one week interval. It was the KT himself that decided to work with reflection symmetry activities on both occasions. The method for data collection was observations and the sessions were video recorded and field notes were made.

I regard argumentation as a sequence of statements (both verbal and non-verbal) that serve the purpose of supporting an initial claim. Thus one criterion for selecting episodes from the transcript was that they should contain verbal communication and have more than one utterance from the children. Another criterion was that the episodes I selected should contain mathematics, and they should be linked to the lesson aim (reflection symmetry). In total I found 11 episodes from the transcript using these criteria. Ten of these episodes had more or less an argumentative structure. Six of the episodes had more than two turns and more than two argumentative utterances from the children. These episodes were analysed in depth according to [START_REF] Toulmin | The uses of argument[END_REF] model to identify the argumentative structures. In addition, I analysed each of the six episodes from a multimodal perspective. In fact, I had to look at multimodal aspects in order to be able to differentiate between the elements in the argumentative structure. I did not focus on any specific semiotic means and their significance for children's reasoning. Rather I focused on what kind of semiotic means children used with respect to the different elements in the argumentation, and what role they played in constituting the argument.

Results

In this section I will present the analysis of one of the six episodes to illustrate the structure of children's argumentation, and what role semiotic means play in the ongoing argumentation.

In advance of this episode the children have been asked, by the KT, to find things in the room which they think are symmetric or as the KT says "equal on both sides". Each child is then asked to explain why they think the toy they have chosen is equal on both sides. In this particular episode one of the boys (John), who has chosen a trolley, is being asked to explain why he thinks the trolley is equal on both sides (or more precise; he is being asked if he think the trolley is equal on both sides).

KT:

Maybe we should start with John, since he has a very large thing. John, is this equal on two sides?

John: Mmm (2) ii There (2) ((He lifts his trolley up from the table, and holds it in a straight forward position. Then he says "there" and nods his head)).

John: and there… ((He rotates the trolley 90 degrees, showing the side of the trolley and then nods his head while saying "there")).

KT: Aha! John: and (2) there. ((He rotates the trolley 180 degrees, showing the other side of the trolley and nods his head again while saying "there")).

Elias:

And there and there. ((Elias has already paid attention to the situation)).

KT:

Can you see if this is equal Elias?

Elias: Look…

Elias: There, there (.) there, there (.) there, there and there, there. (.) And there and there, and (1) everywhere. ((He is pointing with his index finger to show where he thinks the trolley is equal. When he says "everywhere" he is letting his whole hand swipe over the trolley)).

KT: ((The KT lifts up the trolley and tries to show the symmetry line and explaining how the trolley is equal on both sides of that line)).

Elias:

Everything is equal on both sides, even the wheels.

The structure of children's argumentation

Before this episode each child was asked by the KT to choose a thing that they thought was equal on both (two) sides. In this episode John has picked a trolley and just by doing so he has implicitly made the claim that the trolley is equal on both (two) sides. When the KT asks John; "John, is this equal on two sides?" John's claim is being challenged. The KT actually asks a yes-no question, but the question is still a quest for explanation or justification.

To argue for his claim, John lifts the trolley up in the air, like he wants to make it visible to the others. The first "there" and the first nod is also a part of this visualization which together constitute the data he presents. It is important to notice that at this moment he holds the trolley in a straight forward position from his own point of view. He is not referring to any particular equal points on the trolley. The trolley itself is being presented as the data that supports the claim.

Then he is trying to present a warrant for his data by rotating the trolley 90 degrees while saying "there" and then back again 180 degrees while saying "there" again. Each time he is saying "there" he is nodding his head. John is presenting the warrant as two particular sides that are equal, and exemplifies the equality. The warrant (the example) relates the data (the presentation of the whole trolley) to the claim (the trolley is equal on two sides). Considering the time John is using while presenting the warrant and the way he utters the second and third "there", John does not seem very confident in his presentation of the warrant. Nevertheless, when John was walking around in the kindergarten trying to find a thing that had two equal sides, he considered the trolley for some seconds before he took it back to the table. This indicates that his choice was not completely random. John seems certain that the trolley is equal, but he is not quite certain how to justify it.

After John has presented the second "there", the KT utters "aha" (with a rising intonation at the end). By this utterance the KT gently appreciates John's contribution, even if the two sides that John presented thus far were not equal. While presenting his data and his warrant, John waits several seconds, and it seems that the KT thinks that John has finished his explanation after the second "there". From the children's point of view, the KTs "aha" gives Johns contribution authority and can be regarded as a backing of John's warrant-attempt. But from the KTs point of view, the "aha" was not meant as a backing, only as a gentle appreciation of his contribution.

Elias then contributes to the argumentation. By the utterance "and there and there" and a pointing gesture he is presenting another warrant for John's data. Elias is talking faster and more concisely than John. Because he is using his index finger rather than nodding he is also more precise in his communication and is able to point on specific points on the trolley, like the joints and the handles.

The way Elias communicates indicates that he is more confident and has more knowledge about reflection symmetry. Elias is actually presenting several warrants for the data. Every time he says "there and there" and points at different corresponding points, he gives a new warrant. By presenting particular corresponding points, each warrant is exemplifying exactly where the trolley is equal. By repeating several almost identical warrants (presenting several examples) it seems that he is trying to communicate that every point on one side has a corresponding point on the other side.

After presenting several warrants Elias says "everywhere" while he is swiping his whole hand over the trolley. I interpret this as a generalisation of his previous statements (warrants), and thus a backing for the warrants because it answers "why in general this warrant should be accepted as having authority" (Toulmin, 2003, p. 95). The warrants are not independent examples of equality rather examples of a more general property of reflection symmetry.

When the KT shifts his attention to Elias in the middle of this episode, Elias answers by saying "look". The intonation of the utterance indicates that he is only introducing his coming explanation. I interpret his utterance as synonymous to "let me explain".

At the end of this episode, Elias says "everything is equal on both sides, even the wheels". The use of the word "even" in this sentence is very interesting. The word "even" I interpret as a qualifier for the claim. It says something about to what degree the data confirm the claim. Usually words like "probably" or "presumably" are used as qualifiers, but in this case Elias is indicating that he is very certain that everything is equal on both sides, by saying "even the wheels". It seems that the probability for everything being equal increases since 'the critical points', the wheels, are equal. Why Elias regards the wheels as important points is hard to tell. This example illustrates the complexity of children's argumentation. They are able to present more than only the core of an argument. In this episode I found that some children are able to present both data, warrant, backing and even qualifier for a claim. In another episode that is not provided in this paper (because of the limited space) Elias was also able to present a rebuttal. He was able to modify his claim by giving examples of exceptions.

Discussion

This study shows that young children are able to argue for a claim in a quite complex manner. Using [START_REF] Toulmin | The uses of argument[END_REF] model to illuminate structural aspects of the children's argumentation, the results show that some children are able to use several of the elements in the model in their argumentation.

This study also illustrates the extensive use of semiotic means in children's argumentation. In every element in the argumentative structure, children use gestures and other semiotic means to mediate their ideas. This illuminates the significant role that gestures and other semiotic means play in children's communication and especially in their argumentation. (cf. McNeill, 2005;[START_REF] Radford | The seen, the spoken and the written. A semiotic approach to the problem of objectification of mathematical knowledge[END_REF]2003;[START_REF] Roth | A cultural-historical perspective on mathematics teaching and learning[END_REF]. Deixis, in particular, are extensively used in the argumentation above. Both the data that John presents and the warrants that John and Elias present are based on the deixis "there" and the related pointing and nodding gestures. namely to give contextual information to the deixis "there". It is actually not possible to get the whole meaning of the words "there and there" without including the pointing and nodding gestures.

The deixis and the related pointing and nodding gestures are not the only significant semiotic means in this argumentation. To be able to distinguish between the data and the warrant that John provides I had to interpret his related actions. When he presents the data he holds the trolley in a straight forward position, he is not referring to any particular equal points, only presenting the trolley as a whole, as if he wants to show the equality. The way he presents his claim corresponds with one of the findings in Tsamir, Tirosh and Levensons (2009), that some children based their justification on 'visual reasoning'. The trolley itself is being presented as the fact that supports the claim. In the warrant he is presenting two corresponding sides, as if he wants to give an example of the equality. Without interpreting these actions, it is impossible to distinguish between the data and the warrant, and thus fully understand the structural aspects of the ongoing argumentation.

The repetitive presentation of Elias' warrants and the swiping hand that generalises the repetitive warrants are other important semiotic means in the argumentation. By repeating "there and there" with corresponding pointing gestures Elias indicates that every point has a corresponding point on the other side of the symmetry line. When Elias says "everywhere", he swipes his hand over the trolley. This swiping gesture plays a significant role in the generalisation process of the points.

The results from this study point to significant features of children's argumentation and give important insights into how children argue. I think teachers could benefit from paying attention to the different ways children argue and being aware of the structural aspects in children's argumentation in order to provide opportunities for improving children's mathematical communication and reasoning (cf. [START_REF] Dovigo | Argumentation in preschool: A common ground for collaborative learning in early childhood[END_REF][START_REF] Pontecorvo | Learning to argue and reason through discourse in educational settings[END_REF]. But to be able to do so, the KTs also need to pay attention to how children make use of semiotic means in their argumentation. The Toulmin model revealed structural aspects of children's argumentation, but these structural aspects would not have emerged without considering the use of semiotic means. In line with [START_REF] Roth | A cultural-historical perspective on mathematics teaching and learning[END_REF] I would argue that all the different semiotic means play a significant role in the constitution of meaning.

In the example above we saw that Elias was able to use several elements in the model and demonstrated more confidence in his argumentation than John. A possible explanation could be that Elias is further in his appropriation of the properties of reflection symmetry than John. Maybe there is a correspondence between how far children have appropriated a certain subject and their ability to use several elements in the Toulmin model. This is thus a suggestion for further research on this interesting topic.
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 1 Figure 1: The structure of children's argumentation

  Even if John and Elias use different signs for mediating their ideas, both the nodding and the pointing gestures serve the same purpose, There, there. There, there. There, there and there, there. And there and there [pointing with his index finger at equal points on two sides of the trolley]

	Data (John): There [Lifts the trolley in a straight forward position and nods his head]	Claim (John): The trolley is equal on two sides	Qualifier (Elias): even the wheels
	Warrant (John): [pause] and there [pause] and there [He is first showing one
	side, then the other side]		
	Warrant (Elias): And there and there [pointing with his index finger at equal
	points on two sides of the trolley]		
	Warrant (Elias):		

Backing (Elias): Everywhere [swiping his hand over the trolley]

Proceedings of CERME10