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Geometry lessons as a catalyst for the participation of all learners in mathematics lessons in primary school? Empirical studies on the responsiveness of interactions in geometric and arithmetic teaching situations
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Based on the thesis that it is easier to support the participation of all learners in classroom interactions in the field of geometry in primary school than in the field of arithmetic, this article focuses on the interactional support of children's participation by teachers in geometric and arithmetic classroom situations in the context of heterogeneous groups. Using the construct of responsiveness, it is worked out to what extent the opportunities of all children to participate in geometrically-oriented interactions can depend decisively on the content-related and linguistic design of the process of interactive negotiation and whether in the domain of geometry -as compared to arithmetic -interactive "moves" of the teachers which have a beneficial effect on the participation opportunities of the children can be reconstructed to a particular extent.

Introduction

Geometry, after arithmetic, is the second domain in the curriculum of primary school mathematics both in Germany and in many countries (KMK, 2005;NCTM, 2000). In this area, orientation in space, the recognition, naming, and representation of plane geometric figures and illustrations, as well as the measurement and comparison of surface areas and spatial content are formulated. Geometry lessons not only help children to better understand arithmetic, they also address many of the things that interest them, and build on their previous experiences. In this way, geometry can become children's "strongest" mathematical discipline (van den [START_REF] Van Den Heuvel-Panhuizen | Geometry in grades 1 and 2[END_REF]. In geometry lessons, pupils further develop their spatial imaginations and can thus better orient themselves in our three-dimensional world. Probably due to the "accessibility" of geometric content for learners and its strong reference to everyday life, geometry teaching is mostly seen as a particularly suitable area for inclusive mathematics teaching. In a study by [START_REF] Korff | Inklusiver Mathematikunterricht in der Primarstufe. Erfahrungen, Perspektiven und Herausforderungen[END_REF], teachers in Germany stated that creating joint learning arrangements in heterogeneous classes is more challenging in arithmetic than in geometric lessons. However, little research has been done on whether teachers actually "succeed" in supporting learners in the area of geometric learning opportunities in everyday mathematics lessons, against the backdrop of a heterogeneous student body, than they do in arithmetic lessons. From a coconstructivist perspective on learning through participation in discourse, this article approaches this research desideratum to make an empirically-based contribution to theory synthesis in this area based on the construct of responsiveness. The central research question is to determine to what extent geometric teaching situations in heterogeneous classes, in comparison to corresponding arithmetic situations, are characterised by a high degree of adaptive or responsive support for all children, to enable them to participate in co-constructive learning processes.

Theoretical background

Teacher support for learner participation in the context of a heterogeneous student groups

In recent years, in response to the UN Convention on the Rights of Persons with Disabilities, Germany and other countries have increasingly included children with special educational needs in mainstream classes at general schools (Sekretariat der Ständigen Konferenz der Kultusminister der Länder in der Bundesrepublik Deutschland, 2021; [START_REF] Westling | Inclusion in the United States: correlations between key state variables[END_REF]. In these inclusive classes, the support of learners' participation is a central concern for enabling joint co-constructive learning processes for all students. In supporting these learning processes, the teacher as the "more competent other person" (Chaiklin, 2003, p. 41) assumes a key role. A common principle in mathematics didactics for supporting learning processes is scaffolding [START_REF] Wood | The role of tutoring and problem solving[END_REF], in which this more competent other person supports a learner in the form of an interactive structure or interactive scaffolding, so to speak, by providing instructions and assistance in mastering (arithmetic or geometric) tasks. In this way, it is oriented towards the abilities of the learners. Over time, this interactive support, adapted to the progress of the learners, is increasingly "reduced" to enable the learner to participate more and more autonomously: the other person, who is more competent in the subject matter, consequently adapts his/her actions to the actions of learner and thereby "creates" a situation that is conducive to participation or learning. At the level of interaction, a successful scaffolding process and its interactive elements can be described with the construct of responsiveness [START_REF] Koole | Responsiveness in teacher explanations: A conversation analytical perspective on scaffolding[END_REF][START_REF] Robertson | Responsive teaching in science and mathematics[END_REF].

Responsiveness as a construct for analysing (successful) scaffolding processes

Responsiveness is as a coordination process between a child and its person of reference, in which the person of reference orientates itself toward the child's needs in order to respond to these in a prompt and coherent way. Transferred to teacher-learner interactions, responsiveness is an example of a successful scaffolding process [START_REF] Beck | Fostering Responsiveness in early Mathematics Learning[END_REF]. For example, a teacher takes up a mathematical idea of a student's contribution that was not/had not been anticipated. The teacher supports the learner in an adaptive way, e.g. by encouraging him or her to clarify and justify their utterance. So, responsiveness is distinguished by the fact that in the interactive interplay of "initiation, reply and evaluation" (Mehan, 1979, p. 37): the teacher adapts different interactive elements to the learners' attainment level in terms of (1) mathematical content and (2) interactive discursive skills. In this conversation analytic approach, the aim is to empirically describe the extent to which a teacher's actions in these asymmetrical learning situations are aligned with the assumed attainment level of a learner, in order to offer them the most productive participation opportunities possible through the appropriate supportive structuring of the interaction process [START_REF] Robertson | Responsive teaching in science and mathematics[END_REF][START_REF] Beck | Teachers' responsiveness as a key element in supporting learners' participation in arithmetic discourses in primary classroom[END_REF]. A high level of responsiveness generates interactional potentials [START_REF] Vogler | Chances and obstacles of 'indirect' learning processes in situations with preschool teachers[END_REF], which opens up possibilities for interpretation and action for the students, in which they can actively recognise or create networks between the different levels of representation [START_REF] Beck | Fostering Responsiveness in early Mathematics Learning[END_REF]. Both the teachers' and the students' subsequent actions are analysed in our observations, as the combination is necessary to reconstruct responsiveness.

Research question

As stated in the theoretical explanations, teachers will be confronted with ever greater heterogeneous learning prerequisites among the pupils in the early lessons, which they must take into account to enable appropriate participation opportunities in the lessons for all children. Teachers must therefore be highly responsive to pupils' expressions, both in terms of content and mathematics, as well as in terms of language and discourse. Geometry lessons seem to be more suitable for this than arithmetic lessons [START_REF] Korff | Inklusiver Mathematikunterricht in der Primarstufe. Erfahrungen, Perspektiven und Herausforderungen[END_REF]. This assumption will be empirically examined in the following under the following question: To what extent are geometric teaching situations, compared to corresponding arithmetic situations, characterised by a high degree of responsiveness in supporting all children to enable them to participate in co-constructive interaction or learning processes?

Data and methodology

To address the research questions and clarify the extent to which interactions in primary school arithmetic lessons are responsive, the comparative analyses in this section examine videographic data from the geometry lessons of a 1 th and an arithmetic lesson of a 2 nd grade class in Germany. The video of the first-grade class was recorded in the project "EVE", which focuses on the professional visions of prospective primary school teachers [START_REF] Platz | Etablierung von Videovignettenstimulierten Video-Clubs im Bereich der Mathematikdidaktik zur Erhöhung der Quote der männlichen Studierenden im Bereich des Lehramtes für Grundschulen: Erste Einblicke[END_REF]. The video sequence from the second-grade class was recorded as part of the project "The Next Level: Lehrkräftebildung vernetzt entwickeln" ("The Next Level: Developing Networked Teacher Training"), which is conducting diverse studies on the professional teaching perceptions of (prospective) teachers in heterogeneous learning groups. Interaction analysis is used to qualitatively analyse the sequences [START_REF] Krummheuer | Interaktionsanalyse. [Analysis of Interaction[END_REF] in which the statements are first interpreted individually, in the order in which they occur, to then be able to understand their relationships to each other, following conversation analysis (Sidnell & Stivers, 2010). This makes it possible to work out both the negotiated mathematical meaning and the characteristics of the turn-taking system. The construct of responsivity is used as a sensitising concept [START_REF] Blumer | What is wrong with social theory?[END_REF] to describe the extent to which arithmetic lessons create opportunities for all children to participate in teaching-learning situations.

Empirical Case 1: Mr. Miller and the change of perspective

The sequence analysed below is from a mathematics lesson in an inclusive 1 th grade classroom in Germany. In the following scene, Mr. Miller is interacting with seven children (Denise, Celina, Merve, Joshua, Can, Kostas, and Lars) at a table in a corner of the classroom. Two cuboids are forming an L-shape. Next to the cuboids is a yellow body that also has such an L-shape (Figure 2). Kostas and Can look at the front view of the L-building, and Joshua at the side view. Can and Joshua have described in advance what they can see from their perspectives: Yes, this is another side. That is, the building components depending on 036 which side I look at them from, can look different.

In the selected sequence, the teacher and the students Can and Kostas talk about different views of the L-shaped building (see Figure 2). In line 08, Mr. Miller agrees with both of them and confirms the students' previous statements. In line 13, Mr. Miller begins to sum up: "That is, building components". He leaves his voice suspended for a moment and Can completes the sentence with the attribution: "are the same". Can's statement may refer to the fact that the L-building consists of two identical blocks. The teacher echoes this utterance in line 15 and completes it with a qualification: "can but-". In this turn, Mr. Miller also leaves his sentence hanging. In this way, he creates a universal turn that can theoretically be taken up by all children. This means exerts interactional pressure on the interactants involved to take up the turn. Kostas responds to this pressure and adds "be the same" <17>, again emphasising the equality of the two wooden blocks. Can completes the teacher's sentence with the contrary statement, "be different" <18>. Whether he agrees with the content of this statement or whether, in the interactional flow, he is merely processing the restriction imposed by Mr. Miller's utterance "but" <15> cannot be reconstructed beyond doubt. The teacher again follows Can's utterance and repeats "different" in line <19>. He adds the verb "to look" and thus places the attribution in the context of the appearance of the components. Taking into account all the partial aspects expressed by the interactants, the following content-related statement emerges: "That is, components are the same but can look different". From a mathematical perspective, this sentence has linguistic inaccuracies. In terms of content, however, it could be interpreted as follows: the statement that the same components look different can be interpreted from a spatial-geometric perspective on the situation as a thematisation of different views of the same spatial objects from different spatial perspectives. However, the different perspectives remain unmentioned until line 18. They are only addressed by the teacher following the statement "Depending on-", and the subsequent question.

"What does that depend on?" <19>. The associated gesture (arc) can be interpreted as an illustration of the children's change of perspective: the gesture can suggest that for Joshua, the components look different when he takes Can's perspective. However, Can alternatively interprets the gesture as a "row" <21> and seems unsure of this himself. The teacher evaluates Can's statement negatively <22> and repeats his question from <19>. In <29>, Mr. Miller again addresses the different perspectives by pointing first to Joshua and then to Can, accompanying this with the words, "You are from thereto there". Kostas reacts to these actions of Mr. Miller less regarding perspective than concerning the two boys (Can and Joshua), and expresses that they were looking from the edge of the table. The teacher evaluates this statement positively with "Exactly", and adds, "that's another side" <33>. After Kostas agrees, Mr. Miller finally sums up in line <35-36>: "Yes, that's another side. That is, the building components, depending on which side I look at them from, can look different." In this last statement, Mr. Miller adds the distinction of perspective to the statement from lines up to <18>.

Empirical Case 2: Mrs. Smith and the Number Greater than 90

The second sequence originates from the mathematics lessons of a 2 nd grade class in Germany. The children sit in a semicircle in front of the blackboard. The teacher stands to the side of the blackboard.

A number line up to 100 as well as seven different coloured balloons are attached to the board. Each balloon hangs above a certain number (see Figure 3). After the teacher has briefly referred to the last lesson, in which the class dealt with the structure of the number line, she begins to pose riddles to the children, e.g. "My number is greater than 90.", and the pupils have to find out what number the teacher is thinking of. What number is this? 005

Seven more pupils raise their hand 006 Teacher Mhm Dennis please. 007 Dennis lowers his hand Hundred 008 Teacher

Yes, but there the balloon is not pointing at aeh hundred, is it? Alica. 009 Alica Ninety-five. 010 Teacher Great Alica, would you please write this number in the balloon? hands Alica 011 a pen

Mrs. Smith tells the pupils that her number is greater than 90 and supports the relevance of her statement with a gesture <01>. She does not explicitly refer to the balloons or the number line and she has not explained the rules of the game beforehand, so there are potentially several possibilities for solving the task of finding a number greater than 90. On the one hand, any natural number from the number 91 onwards could be a solution. If (1) the number line or (2) the number line in combination with the balloons on the board are taken into account, the set of potential solutions is narrowed down: (1) the numbers 91-100 or (2) the number 95, above which a balloon is attached.

After two children, who can either ask a question or name a solution, raise their hands, the teacher asks what the number is. Her question does not provide the pupils with any new insights or possible help. She may be indicating to the students through her question that they should now answer. A total of seven more pupils raise their hands and signal their willingness to participate in the mathematical discourse. The teacher then takes Dennis' answer, whereupon he puts his hand down and says the number "100" <07>. The teacher then voices her objection, "Yes, but there the balloon is not showing at aeh hundred, is it?" <08>, with which she refers to the balloons above the number line for the first time in the lesson. Although the number 100 is greater than 90, this is not the solution she is looking for, as no balloon "points" to this number. The verb "point" is presumably meant to describe the orientation of a balloon above a particular number, since balloons do not have hands or directional elements with which they can point to something. By calling on another pupil, the teacher reinforces her objection, as she can now name another answer or at least complement Dennis' statement <08>. Alica then says the number 95. The teacher positively evaluates this answer in line <11> with the adjective "great", and by requesting that the pupil write the solution in the corresponding balloon on the board.

Empirical Results

Both examples illustrate classroom conversations. In case of Mr. Miller the situation deals with spatial geometric and in case of Mrs. Smith with arithmetic content. In the situation with Mrs. Smith, a task is worked on in which different modes of representation are taken into account, such as the symbolic and iconic modes, which may be supportive for the learners. These modes of representation are supplemented by corresponding verbal impulses from the teacher. The representations on the blackboard and these impulses create different interpretative variations for the pupils that are not taken up. For example, it remains unclear why the mathematically correct answer "100" is rejected by Mrs. Smith. In case of Mr. Miller, similar interactional structures can be reconstructed. This is supported by actions on the material or gestures, in combination with verbal impulses from the teacher. Mr. Miller not only addresses the change of perspective through his statements but also illustrates it twice through different deictic and metaphorical gestures, which he accompanies linguistically. In addition, through his linguistic design, which resembles a cloze text, he repeatedly offers the learners opportunities to take over the turn and thus to participate in the discourse, but only in a fixed way, which was anticipated by Mr. Miller. He does not orient himself to their contentrelated meanings, such as equality of the two cuboids or Kostas' "row". The mathematical ideas introduced by the pupils and not anticipated by the teachers are devalued by them as undesirable.

Based on these reconstructions, a low level of content-related mathematical responsiveness can be traced in the classroom conversations of both teachers. In this way, the interactional potential [START_REF] Vogler | Chances and obstacles of 'indirect' learning processes in situations with preschool teachers[END_REF] of the unanticipated contributions is not exploited. The interactive integration of the learners' contributions through the paraphrasing realised by Mr. Miller may initially seem supportive and conducive to participation from a linguistic perspective, but the reconstructed "cloze text" can be identified as a classic funnel pattern according to [START_REF] Bauersfeld | Language games" in the mathematics classroom: Their function and their effects[END_REF]: the children's scope for participation is narrowed by Mr. Miller to such an extent that participation is only limited to the children "reciting" the answer anticipated by the teacher. Thus, the analysis has shown that refusing answers, as well as offering participation structures in a very restrictive way, as is the case with a funnel pattern [START_REF] Bauersfeld | Language games" in the mathematics classroom: Their function and their effects[END_REF], lead to a low degree of linguistic-discursive responsiveness.

Concluding remarks

This paper aimed to explore how primary school teachers facilitate rich participation opportunities for all pupils in the interactive interplay of arithmetic and geometry lessons. For this purpose, it was to be determined whether geometric teaching situations, in comparison to arithmetic situations, are more strongly characterised by a high degree of responsive support for all children, and therefore whether geometry teaching is possibly better suited for inclusive mathematics teaching. With the help of the reconstruction of responsive structures in two sequences from geometry and arithmetic lessons, it could be shown that the corresponding interactions in the area of geometry as well as in arithmetic show a low degree of content-related responsiveness, and that children in these situations are consequently not supported in participating in the content-related mathematical discourse. Likewise, both situations were characterised by a low level of linguistic discursive responsiveness. In addition, with the theoretical statements and the findings of [START_REF] Korff | Inklusiver Mathematikunterricht in der Primarstufe. Erfahrungen, Perspektiven und Herausforderungen[END_REF], it may be assumed that geometry lessons initially seem to have more potential for the design of teaching-learning situations, but that such potential is possibly only rarely used in instructional discourse, as the analysis in this paper has shown. There seems to be a discrepancy between the perception of the potentials on the one hand and implementation in the classroom on the other. This divergence needs to be further investigated, for example, through collaborative discussion with teachers, or by addressing it in training programs under scientific supervision. Therefore, in the future, teachers will be observed in further arithmetic and geometric lessons to deepen the findings of our first paradigmatic examples.
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