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Since the 2000s, early co-constructive mathematical learning in kindergarten has been the focus of political discussion and mathematics didactic research. This is based on the fact that kindergarten is the first place for subject-specific mathematical learning, alongside socialization in the family. The focus of research on this first institutional learning in kindergarten is often on the interactions between children and preschool teachers, which are depicted as a key variable for learning. Beyond this, it is the interactions between peers that take up a large part of the time in everyday kindergarten life. In these interactions, children negotiate a variety of topics that are relevant to them. In the following article, these peer interactions in block play situations and especially collective argumentation processes in these interactions are the focus of the research interest.

Introduction

Early learning in different contexts is of especially high importance for children's learning biographies. This also applies to mathematics. Already in their first months and years, children experience mathematical contexts and develop a variety of skills in different mathematical areas [START_REF] Sarama | Early Childhood Mathematics Education Research[END_REF] by interacting with others and thus participating in different early mathematical discourses. A large number of studies deal with early mathematical learning in terms of enculturation [START_REF] Oers | Dynamics of enculturation: results and consequences of engagement in ECE practices[END_REF] in interactions with adults, family caregivers and professionals in daycare centers and kindergartens (cf. [START_REF] Vogler | Chances and obstacles of 'indirect' learning processes in situations with preschool teachers[END_REF]. In contrast to these studies, there are only a few studies, that investigate children's mathematical exploration while playing with peers for example [START_REF] Flottorp | How and why do children classify objects in free play? A case study[END_REF] and Zippert and collegues (2019). Thereby, peer interactions account for a large part of the interaction time (in kindergarten). Following [START_REF] Vygotsky | Mind in society. The Development of Higher Psychological Processes[END_REF], it can also be assumed that interactions between peers, in particular, can be especially beneficial for the learning process, as these are characterised by a high degree of interactional proximity and adaptivity. The following article, therefore, focuses on such peer interactions in block play situations in a German kindergarten, which [START_REF] Henschen | Bauspielen Mathematik entdecken. Aktivitäten von Kindern mathematikdidaktisch analysieren und verstehen[END_REF] has analyzed. A special focus is placed on collective argumentation processes between peers, which, according to [START_REF] Miller | Argumentation and Cognition[END_REF], assume a special role in learning, since they are constitutive for the construction of new (mathematical) knowledge. In this context, the question to be empirically answered is how peer interactions lead to collective argumentations that creates conditions for the opportunity of mathematical learning.

Theoretical framework

Early mathematical learning in interactions

Mathematical learning already takes place in children´s everyday life before they enter school. This initial learning occurs primarily in a co-constructive manner, and children develop mathematical content actively and through discovery in interaction. Learning, from this co-constructivist perspective, is to be seen as a process of becoming increasingly autonomous in interactions of discourse (cf. [START_REF] Krummheuer | The relationship between diagrammatic argumentation and narrative argumentation in the context of the development of mathematical thinking in the early years[END_REF][START_REF] Vogler | Chances and obstacles of 'indirect' learning processes in situations with preschool teachers[END_REF]. In line with this, conditions for an opportunity of learning [START_REF] Miller | Argumentation and Cognition[END_REF] of "new things" are created by enabling children to actively and productively participate in the negotiation processes of discourse, thus opening up different so-called "leeways of participation" (Krummheuer, 2013 p. 253). [START_REF] Bauersfeld | Interaction, construction, and knowledge: Alternative perspectives for mathematics education[END_REF] describes that such increasing autonomy is possible when children "rebuild" or "expand" their so-called "Domains of Subjective Experiences" (hereafter: DSE). These DSEs are knowledge resources that are connected to interactively meaningful action in an individual context of experience. They are activated in interaction to cope with the demands of the process of negotiation of (mathematical) meaning -to recognise what is being negotiated and how contributions can be realised.

Collective argumentations in early mathematical interactions

According to [START_REF] Miller | Argumentation and Cognition[END_REF], collective argumentation in interactive processes of negotiation is particularly conducive to the development of such new, mathematically rich meanings, or DSEs. This is mainly because, during productive or receptive participation in collective argumentation processes, the possibilities of one's constructions or individual contextualization (based on the DSEs) are systematically exceeded [START_REF] Miller | Argumentation and Cognition[END_REF]. The more comprehensible and convincing the argumentation is to the individual, the more effective the collective argumentation is concerning the individual construction of new knowledge. For mathematical learning, it is of significant importance that collective argumentation is not only generally conducive to the growth of 'new knowledge' [START_REF] Miller | Argumentation and Cognition[END_REF], but also determines the "thematic shaping" of the (new) individual constructions or contextualization [START_REF] Krummheuer | The relationship between diagrammatic argumentation and narrative argumentation in the context of the development of mathematical thinking in the early years[END_REF]. In this context, [START_REF] Krummheuer | The relationship between diagrammatic argumentation and narrative argumentation in the context of the development of mathematical thinking in the early years[END_REF] speaks of the convergence function of collective argumentations. The collective and argumentatively structured negotiation process consequently conditions and influences learning. Such processes of argumentation are therefore the focus of research interest in this paper. [START_REF] Miller | Argumentation and Cognition[END_REF] considers also the adults to have a special role in the co-constructive and argumentatively structured negotiation processes described above. In early (mathematical) learning, it is referred to primarily as guardians, parents and elementary teachers (cf. [START_REF] Vogler | Mathematiklernen im Kindergarten. Eine (mehrperspektivische) Untersuchung zu Chancen und Hürden beim frühen mathematischen Lernen in Erzieher*innen-Situationen[END_REF]. They are considered to be the persons who, through their head start in knowledge and scope of (formally) mathematically oriented DSEs, "introduce" children to the culture of doing mathematics and, in negotiation, support children in building new mathematical DSEs. In addition to adults, however, peers can also play an important role as interaction partners in processes of negotiation or argumentation and learning [START_REF] Youniss | Parents and Peers in Social Development: a Sullivan-Piaget perspective[END_REF]. While language acquisition research focuses on these peers as important instances of language socialization in interactions in the kindergarten context [START_REF] Arendt | Argumentieren mit Peers. Erwerbsverläufe und -muster bei Kindergartenkindern[END_REF], there has been limited work in mathematics education to address the important role of peer interactions in early mathematical learning in the kindergarten context, although [START_REF] Henschen | Bauspielen Mathematik entdecken. Aktivitäten von Kindern mathematikdidaktisch analysieren und verstehen[END_REF], among others, can show that diverse mathematical content emerges in peer interactions. This research lack is particularly surprising because it can be assumed that learning in childhood occurs to a large extent through interactions in groups of children.

The role of peers in interactions of early mathematical learning

Research questions

Given the importance of peer interactions as a catalyst for early mathematical learning, it seems essential to closely examine the argumentative negotiation processes of peers and their contribution to the formation and restructuring of mathematical DSEs. Consequently, the questions emerge: (1) How do peer interactions lead to collective argumentations that creates conditions for the opportunity of mathematical learning? (2) What kinds of new or existing DSEs of children, resulting from these argumentative negotiations, can be reconstructed in these argumentations?

Data and method

Data corpus -Block play situations with peers in daily life at the kindergarten

The video recordings of autonomous play situations with building materials, already examined by [START_REF] Henschen | Bauspielen Mathematik entdecken. Aktivitäten von Kindern mathematikdidaktisch analysieren und verstehen[END_REF] about their mathematical content, serve as a data basis. These so-called block play situations are particularly suitable for the ethnographic observations presented here, as they represent an interaction situation that frequently occurs in the kindergarten context. Especially at preschool age, actions that enable mathematical experiences also result from the play event and from the stimulus of the play itself, as well as from the emotional proximity to the playmates.

Method of analysis

Henschen (2020) identifies in her work on block play with the help of Qualitative Text Analysis sequences that are particularly characterised by the density of mathematics-related negotiation. Starting from Henschen´s (2020) results, an appropriate example of interaction sequences between the peers from this data corpus is applied here. These interaction sequences are examined microanalytically in terms of their thematic development and argumentative structures. The microanalytical reconstruction of the interactions and the process of negotiation of mathematical meaning are carried out with the help of interaction analysis [START_REF] Krummheuer | The relationship between diagrammatic argumentation and narrative argumentation in the context of the development of mathematical thinking in the early years[END_REF]. The argumentative structures are realised with the help of the functional argumentation analysis according to Toulmin, which has been successfully adapted for mathematics didactic research by [START_REF] Krummheuer | The relationship between diagrammatic argumentation and narrative argumentation in the context of the development of mathematical thinking in the early years[END_REF] and others. Thereby, argumentations are analysed with regard to their functional components and it is worked out how a conclusion (C) is drawn from existing data (D) through argumentation and how this conclusion is substantiated using warrants (W) and backings (B) (see figure 3).

Empirical example of a block play situation with peers

The situation presented and analysed in the following takes place in the block area of a kindergarten in Germany. Two boys, Ron and Max, aged 5, are building with the building material Sonos. The analysed scenes follow a building play phase in which the two boys have placed a self-made "forklift truck" on top of a "building" (Figure 1). They then decide to build a ladder so that the forklift can be reached. The design of the ladder in terms of its stability, attachment (Figure 2) and flexibility in use is the central theme of the negotiation in the following scenes. These topics show that the children are confronted with certain "construction problems". Therefore, it could be stated that the children's examination of these problems does not have a mathematical but rather an engineering focus. However, it should be noted that the solution of such problems involves, stimulates, or even requires mathematical thinking as Helenius and colleagues (2016) or [START_REF] Henschen | Bauspielen Mathematik entdecken. Aktivitäten von Kindern mathematikdidaktisch analysieren und verstehen[END_REF] shows. The children's argumentations, therefore, seem relevant from a mathematics didactics perspective. Actions on the building (...) 004 Ron:

And then how do they get up there?

From the utterance in line 1, it can be interpreted that fixing the ladder is the focus for Max. The previous interaction, in which the children are looking for a solution to the problem of reaching the "forklift truck" on the building, "forces" the ladder to be fixed, from the boy's point of view. What is remarkable in the sequence is the obvious everyday world reference of Ron's utterance <4>. Ron raises the question of how anybody (for example humans) can get on the top of the building <4>.

From a mathematical perspective, this construction problem focuses on the connection between two points or even two planes. Ron's question on this reveals mathematical experiences with the aspects of topography and spatial orientation [START_REF] Henschen | Bauspielen Mathematik entdecken. Aktivitäten von Kindern mathematikdidaktisch analysieren und verstehen[END_REF]. The children seem to be in an "expert discussion" here about the design of the ladder. In this context, the question can be understood as a problem outline that requires argumentative discussion. In the sense of the Toulmin analysis, the fact that the forklift is on the roof of their construction is, therefore, the datum of the argumentation (D I), while building a ladder to get onto the roof can be interpreted as a conclusion (CI) (all argumentation elements are shown in Figure 3). It is possible that at this point Ron does not agree with Max's proposal for fastening or with the ladder and therefore asks for clarification, but this does not directly follow. In various subsequent scenes, however, it can be seen that the topic continues to be the subject of negotiation between the children: in the following turns, for example, different variants for dealing with the ladder are first considered, but without a taken as shared meaning being reached.

Analysis of scene 2 -"But they build the ladder together, you fool."

The main issue in the negotiation between the two children is whether the ladder is long enough for anybody to get onto the building and whether it is sufficient to place smaller pieces of the ladder between the 'floors' of the building. While Ron sees the solution as a construction task (to build a large ladder), Max shifts the solution to the narrative play action and pleads from line <53> that ladders can also be assembled by somebody if necessary. In the reconstructive analyses, it becomes clear that the processes of negotiation in the block play situation with the children Ron and Max described here are structured argumentatively concerning mathematics-related content. A variety of warrants and backings which are collectively realized by the peers or negotiated over a longer time in the situation can be reconstructed. In connection with this, it becomes apparent, not least through the Toulmin schema presented, that the collective argumentation that emerges in the presented play situation has a special 'depth', as it is characterised not only by diverse warrants but also by the manifestation of supports or rules that support the validity of the securing warrants. According to [START_REF] Krummheuer | The relationship between diagrammatic argumentation and narrative argumentation in the context of the development of mathematical thinking in the early years[END_REF], it is precisely this 'depth' that constitutes a social persuasiveness of argumentation. The warrants and backings refer to multifaceted mathematics-oriented topics such as the stability and geometry of the structure 'ladder', with its various connections and angles of attachment, its length or its orientation in space, but also to informal, everyday considerations or domains of experience embedded in narratively structured play actions, such as the possibility that somebody can also assemble ladders to reach an elevated point.

Thus, what emerges here is not only a collective argumentation that leads to new interpretative perspectives for both boys, but there seems to be a networking of contextualised knowledge that is fostered by the varied argumentative structure. The children's reasoning processes, which are evident in the context of solving their construction problems, require and enable mathematics-related knowledge or DSEs about fixing angles, lengths, and the statics or geometry of buildings, even if the children do not (yet) negotiate this with formal or explicit mathematical expressions.

Concluding remarks

The paper aimed to work out how collective processes of argumentation emerge in peer interactions in block play situations, which create conditions for the possibility of learning "new" mathematical knowledge. Based on the theoretical approaches, analyses and empirical findings presented here, it can be assumed that it is precisely through the play situation, in which peers interact together, that many discursive degrees of freedom emerge that enable the children to construct different possible solutions and to pursue them over a long chain. Probably especially in such peer settings it is possible, for children to realise argumentative connections that are characterised by their "depth" and thus enable the development of sustainably networked knowledge. One reason why this is realised could be that the peers are interactively very coordinated because there is a symmetry in terms of power relations and a proximity in terms of their knowledge resources; both children can situationally slip into the role of the more competent other. In contrast, for example, analyses in [START_REF] Vogler | Mathematiklernen im Kindergarten. Eine (mehrperspektivische) Untersuchung zu Chancen und Hürden beim frühen mathematischen Lernen in Erzieher*innen-Situationen[END_REF] show, in interactions in asymmetrical teaching-learning situations (e.g., with an authority figure, e.g. elementary education professionals) there is often a lack of argumentative depth. Children's participation is usually exhausted in one-word answers that appear in funnel pattern [START_REF] Bauersfeld | Interaction, construction, and knowledge: Alternative perspectives for mathematics education[END_REF] and offer less opportunity for the sustained interconnection of knowledge. Following these remarks by [START_REF] Vogler | Mathematiklernen im Kindergarten. Eine (mehrperspektivische) Untersuchung zu Chancen und Hürden beim frühen mathematischen Lernen in Erzieher*innen-Situationen[END_REF], it can be assumed that the adults (in contrast to the children) pursue a specific learning goal and therefore, in the case of hierarchically organised interaction roles, only anticipated responses are accepted by them in the interactional interplay. Consequently, the peer interactions seem to be less characterised by their "stringency" compared to the adult-child interactions, but they are particularly conducive to learning due to their argumentative multifacetedness, and the associated opportunity for participation and linking of informal and formal knowledge. From a pedagogical point of view, it would be advisable to systematically observe these peer interactions, to support them interactionally and to take up the negotiated attributions of meaning and argumentative structures with children afterward and develop them (professionally) further.
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 1 Figure 1: Joint building action on the ladder Figure 2: Fixing the ladder Analysis of scene 1 -"And then how do they get up there?" 001 Max: I have to fix there (incomprehensible). 002Actions on the building (...) 004 Ron:And then how do they get up there?

Figure 3 :

 3 Figure 3: Toulminian argumentation scheme of scenes 1-4

But otherwise they can't get up there at all. 053 Max:

But they build the ladder together, you fool-Here, Max's statement can be interpreted as a narrative warrant (W I -Flexibility) for the conclusion (C I) that someone comes to the building through the ladder(s) because they assemble ladders in the course of the 'story'. Together with the construction idea, which also becomes emergent in the following scenes (3 and 4), a non-hierarchical solution diversity is revealed here in the children's contributions, since several warrants are identified for the implied argumentative conclusion that somebody gets onto the building with one or more ladders (C I). After some time, the two boys turn together to the construction of a large ladder from already existing sections and steadily lengthen it.

In the following scene 3, the focus is on the further handling of the large ladder that has now been created in this way.

Analysis of scene 3 -"

There must be a white button on it." No. Look at it! 093

Runs his hand along a bar of the upper edge of the building 094 <Ron:

There must be a white button on it. Otherwise you can't put it here. 095

Construction work on the ladder [Figure 2] (...) 097 Max:

But look. Then it stretches the buttocks out backward. That's stupid too, isn't it?

In scene 3, the fixing of the ladder is negotiated. The need to use certain components <80>, to omit them <89> and <94>, or to pay attention to the design of the structure <97> is discussed. The different contributions can be understood as backings (B I and B II) of the warrant (W II) of the argumentative conclusion that someone can scale the building with a ladder, because this ladder is sufficiently fixed (C II) and reaches the bottom or can be fastened diagonally so that it is possible to climb up from the base of the building (W II -Anchorage). The negotiation subsequently intensifies and reaches its argumentative climax in the following scene 4.

Analysis of scene 4 -"And besides, I had the idea!"

117 Max statement in line <119> could be interpreted on the one hand as a support of the warrant 'flexibility' (W I) from line <53>; on the other hand, it could be interpreted as a further warrant of the conclusion that a ladder on which somebody can reach the upper floor must be stable (C II). This conclusion emerges in line <83> and can be interpreted as shared from line <123> onwards. With this, the children's statements in lines <119>, <124> and <127> can be interpreted, on the one hand, as a generally valid rule that even leaning ladders have this stability and can still be flexibly accommodated onto the building and, on the other hand, as justification for the above-mentioned conclusion (W III). Line <126> can also be interpreted as backing (B III) of the warrant 'anchoring' (W II). Social persuasion can be attributed to this statement by Ron. In the request, the rule can be recognized that in the building game, actions also receive their validity if they are demanded by a playmate. In a sense, it is a social warrant.

Empirical findings

Overall, the argumentation that emerges across scenes 1 to 4 can be summarised in the form of the following Toulmin scheme (figure 3).