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Introduction: Mathematics and classroom discourse

Within the last decades, researchers have come to the conclusion that teaching practices highly influence students' learning opportunities and a paradigm shift in education from teaching to learning was found. This new rationale led to seeing the learning of mathematics beyond the mere acquisition of rote facts and procedures. Instead, a perspective that acknowledges students' mathematical learning processes and outcomes as tied to individual and reciprocal aspects came into being. Evidence shows that language is an integral part of this [START_REF] Pimm | Speaking mathematicallycommunication in mathematics classrooms[END_REF][START_REF] Erath | Discourse competence as an important part of academic language proficiency in mathematics classrooms: the case of explaining to learn and learning to explain[END_REF] and communicative practices in the teaching of mathematics are required. Looking back at Cobb et al. (1997, p. 258), this idea does not seem to be new: "The current reform movement in mathematics education places considerable emphasis on the role that classroom discourse can play in supporting students' conceptual development." Still, the question remains how to establish ways that will cultivate content-related rich discourses. This appears to be especially challenging for three reasons: First, mathematical objects are abstract concepts that can only be accessed through concrete representations that do not speak for themselves; actual words are needed to interpret meaning. Second, elementary school students are only at the beginning of encountering those abstract concepts and depend on experienced others. Third, (mathematical) communicative skills are only learned by actually communicating (mathematically). These three aspects point out that (mathematical) language is both a goal in itself and a means for attaining the goal. The uniqueness of this manifold situation calls for closer attention and many researchers do so (e.g. [START_REF] Krummheuer | Representation of the notion "learning-as-participation" in everyday situations of mathematics classes[END_REF][START_REF] Erath | Discourse competence as an important part of academic language proficiency in mathematics classrooms: the case of explaining to learn and learning to explain[END_REF].

The aim of our research project "PrimaL" (A Longitudinal Study of Problem-Based Mathematics Teaching in Inclusive Learning Environments) in this article is connected to take a more detailed look at teacher-student-interactions in the everyday mathematics inclusive classroom of a public elementary school. A peculiarity of the research project is the fact that the teacher does not undergo any training in planning communicational-sensitive math lessons. Furthermore, the lessons do not take place in a laboratory setting but reflect actual teaching and learning situations. On the theoretical basis of interactional [START_REF] Beltz | Interaktionsanalysen von Mathematikunterricht. Ein Überblick über einige Bielefelder Arbeiten [Interaction analysis in the teaching of mathematics[END_REF] and epistemological [START_REF] Steinbring | The Construction of New Mathematical Knowledge in Classroom Interaction[END_REF] approaches, single case studies are analyzed to pin down the teacher's communicative factors that presumably lead to the construction of mathematical knowledge. For the purpose of this article, two task introduction episodes are chosen to investigate the following research question: What characteristics in teacher-student-interactions can be observed in grade 1 and grade 4 from an interactional and epistemological point of view? Differences between the teacher's communicative actions towards beginning and advanced learners of mathematics become obvious. Furthermore, a student-centered participatory classroom culture seems to emerge as the teacher carefully withdraws from the teacher-student-interaction.

Theoretical and methodical background: Teacher-student-interactions in the mathematics classroom

Generally, mathematical signs and symbols have a dual function: On the one hand, they are the mathematical content that students are required to learn. On the other hand, they constitute the central elements of communication. "In this regard, a learning student cannot be compared with a professional mathematician. The latter has many years of experience in mathematical communication [...]" (Steinbring, 2005, p. 15), while the former is only beginning "to develop and perfect such forms of mathematical communication with his classmates" (Steinbring, 2005, p. 15) andas will be shown laterher/his teacher. From this point of view, the uniformity that is usually associated with mathematics cannot be taken for granted and learning processes are less uniform, but rather individual, divergent, and heterogeneous. Within those learning processes, (unfamiliar) mathematical signs and symbols need to be both interpreted and constructed. Due to [START_REF] Steinbring | The Construction of New Mathematical Knowledge in Classroom Interaction[END_REF], this interpretation and construction takes place in a triad of mathematical content, student, and teacher with communication as their linking element.

The most prevalent interaction pattern that is widely discussed in the field of (mathematics) education is the IRE pattern (teacher's initiation, student's response, teacher's evaluation) [START_REF] Mehan | Learning lessons[END_REF]. While many researchers describe this pattern as doing only little to enhance students' learning opportunities, some authors point out that a difference needs to be made between the pattern itself and how it is used. [START_REF] Wood | Alternative patterns of communication in mathematics classes: Funneling or focusing?[END_REF], for example, stresses the organizational benefit of the pattern (coining the "term recitation pattern", p. 172) while warning teachers to misuse it as an engrained way to wait for their intended answers to be given by the students. Instead, a series of IRE sequences can be used to orchestrate students' verbal contributions by e.g. highlighting, asking for clarification and reasoning or summarizing. On the surface, this may seem similar to the form of the initially proposed IRE pattern since the sequence teacherstudentteacher remains. However, the content of discourse changes as the students' thinking becomes the focal point of discourse. It is our intention to concretely shed light on this special discursive interplay between a teacher and her students.

Usually, when it comes to interactional research, mathematics teaching is observed and analyzed to describe empirical phenomena with the goal to develop empirically grounded local theories by understanding the actions of individuals [START_REF] Beltz | Interaktionsanalysen von Mathematikunterricht. Ein Überblick über einige Bielefelder Arbeiten [Interaction analysis in the teaching of mathematics[END_REF][START_REF] Krummheuer | Paraphrase und Traduktion[END_REF]. However, in these analyses the interactional perspective is the main focus (e.g. [START_REF] Jung | Möglichkeiten des gemeinsamen Lernens im inklusiven Mathematikunterricht -Eine interaktionistische Perspektive [Opportunities of shared learning activities in an inclusive mathematics classroom -An interactional perspective[END_REF] whereas the mathematical learning content fades into the background. Within this article, we try to include the mathematical perspective by considering the interplay of both interactional and epistemological aspects by using the analytical instrument "Formal-In" (Forms of teachers' mathematical interaction) [START_REF] Bräuning | Communicative characteristics of teachers' mathematical talk with children -From knowledge transfer to knowledge investigation[END_REF]. Within Formal-In, [START_REF] Bräuning | Communicative characteristics of teachers' mathematical talk with children -From knowledge transfer to knowledge investigation[END_REF] seek to identify particularities in the teacher's verbal behavior that support children's interactive constructions of mathematical knowledge. They propose a methodical grid (see Figure 1) to analyze reciprocal teacher-student-interactions to "better understand how teachers can develop practices that foster mathematical communication" (Bräuning & Steinbring, 2011, p. 929). Although Formal-In was originally provided as a framework to analyze one-to-one teacher-student-interactions it also appears suitable for use on teacher-student-interactions within groups [START_REF] Bräuning | Das explorativ-moderierende Interaktionsmuster im problemorientierten Mathematikunterricht [The explorative-moderating interaction pattern in a problem-based math curriculum[END_REF]. The interactive dimension (ID) goes along with a teacher's orchestration of students' verbal contributions and consists of four patterns: instructive, intervening, explorative, and moderating. Interactions of the explorative and instructive type refer explicitly to the mathematical content in question whereas moderating and intervening interactions depict "the form and play" (Bräuning & Steinbring, 2011, p. 929) of communication. Furthermore, explorative and moderating interactions are understood as ways to find out about students' understanding of a mathematical phenomenon. In contrast to that, instructive and intervening interactions happen when interaction is "'transformed' into communication about the information intended by the teacher" (Steinbring, 2005, p. 77).

Because the learning of mathematics at elementary school level is initially bound to concrete material as embodied carriers of the non-perceivable and ideal structures, an epistemological dimension (ED) is included. In dealing with particular objects, both students and teachers can either stick to a thinglike concrete use with a focus on observable properties, which may hinder the interpretation of these objects as representations of something else, or move towards a more appropriate interpretation of symbolic-relational structures that become generalizable (Steinbring, 2015, p. 289).

Research context

The two sample episodes that will be presented in this article are taken from a first-grade and a fourthgrade classroom. Both classrooms are of particular interest as the learners have been taught by the same math teacher (female, in her late 30s, four years of teaching experience) from the beginning of their first day at school so that a look at the teacher-student-interactions in grade 1 compared to grade 4 seems to be possible in the form of a quasi-longitudinal study. The teacher-student-interactions were video-and audio-recorded throughout the school year. Building on the work of many other scholars concerned with the impact of students' language (proficiency) in the learning of mathematics [START_REF] Prediger | Language Proficiency and Mathematics Achievement[END_REF], it is important to mention that the school is located in a low-income and socially disadvantaged area. Most children are native German speakers whereas few are German learners. However, both native and non-native speakers deal with lacking vocabulary, limited language skills, and language-induced learning obstacles.

The following interpretative discussion of the chosen examples deals with the interaction that arose between the teacher and her students while approaching the following tasks: Grade 1: On a meadow, there are dogs and birds. There are 7 animals. Together they have 18 legs. How many dogs and birds are there? Grade 4: In a stable, there are horses and flies. There are 15 animals. Together they have 72 legs. How many horses and how many flies are there? Both tasks are identical in their structure, that is two animal species, the total number of animals, and the total number of legs are given while the exact number of each species is to be found out. Mathematically, the tasks represent Diophantine equations. Didactically, they can be classified as problem-solving tasks [START_REF] Heinrich | Problemlösen lernen [Learning problem-solving skills[END_REF].

Analysis of transcript 1 1 : Grade 1 (end of the school year)

The students sit in a semi-circular arrangement in front of the blackboard. The task is visually presented on the blackboard. In addition to that, pictures of seven dogs and seven birds are put up on the blackboard. The teacher presents the task to the students but does not give any instructions2 .

The transcript (l. 1-89) can be divided into the following units of meaning (UM): UM1 silent impulse and students' initial ideas (l. 1-7), UM2 teacher reads out task and students come up with first ideas (l. 9-16), UM3 clarification of total number of animals (l. 17-28), UM4 total number of animals is seven (l. 28-33), UM5 clarification of total number of legs (l. 34-45), UM6 question about possible assignment for group work and summary of preceding task clarifications (l. 46-71), UM7 teacher proposes a solution (l. 71-85), UM8 teacher asks students to question her proposed solution (l. 85-89), UM9 summary of task clarification and transition to group work with clear instructions (l. 89).

Using Formal-In as an analysis tool, the teacher takes a moderating role in UM1 by asking two students to read out the task. On an epistemological level, UM1 cannot be characterized since no mathematical idea is negotiated.

UM2 is characterized by an intervening interaction of the teacher: 9 Teacher: I will read out the task again. So everyone listens.

It can be assumed that she read out the task again to increase the students' attention. One student immediately says she knows the answer (7 birds and 7 dogs). However, it becomes clear that her answer is based on the number of animal illustrations attached to the blackboard. So in UM3, the teacher points out the illustrative function of the pictures but also offers the opportunity to use them as hands-on material to solve the problem. Therefore, UM3 is classified as an instructive interaction.

In UM4, the teacher intensively talks with a student, Zoe, in a one-to-one interaction. She asks Zoe to put seven animals on the blackboard but does not specify the number of dogs and the number of birds. In this respect, the interaction is both instructive and explorative as the Zoe on the one hand is told to do something but on the other hand is not bound to detailed specifications. Zoe takes away all the birds so that seven dogs remain on the blackboard. UM 5 follows in which the teacher points out the discrepancy between the task (18 legs) and the number of legs that seven dogs have. She does not say how many legs seven dogs have. So Zoe points to two dogs and states that together they have eight legs. She moves on to the next picture and adds another four legs by counting in steps of one. She stops when reaching 20: Teacher: So there's something wrong here. There aren't eighteen legs.

In this phase, the teacher takes on a moderating and explorative role. She moderates the discourse but lets Zoe figure out on her own that seven dogs mean more than 18 legs. In the beginning, Zoe uses a symbolic-relational understanding in appointing eight legs to two dogs at once. Since first graders are usually only asked to master numbers up to 10, Zoe then moves on to counting the legs by ones which means that she uses the pictures to concretely represent numbers. However, when stopping at 20 the symbolic-relational mode can be assumed as Zoe seems to refer back to the given task.

In We are supposed to consider so if we have dogs and birds, consider how many legs there are. 57

Teacher:

The task says eighteen legs. Seven animals with eighteen legs. What are you supposed to find out? Zoe? 58

Zoe:

We are supposed to think to find out how many animals have eighteen legs.

With her frequent questions, the teacher wants the students to set a mutual starting point. She highlights they mathematically relevant aspects (total number of animals, total number of legs) so that her interaction can be classified as instructive, explorative, and moderating. She constantly connects the students' statements to the given task (instructive) while also incorporating their understanding of the task (explorative, moderating).

In UM7, the teacher proposes an idea and puts five birds and four dogs up on the blackboard. One of her students says that there are nine animals now, and the teacher takes away two birds. By giving a concrete solution and asking for the mathematically relevant aspects of the task, an instructive interaction develops in which teacher and students seem to work in the sense of heuristic trial and error. It is followed by UM8:

85 Teacher:

The question for you to answer is how many dogs and how many birds are there. Student1 says that there are three birds and four dogs. Is that right? Is that the answer to the question?

Two students confirm that this is true but Zoe intervenes by saying that the number of legs still is not consistent with the task. The interaction is characterized as explorative because the teacher constantly requests from her students to think about the given solutions.

Finally, in UM9, the teacher transitions a group work. On the epistemological dimension, the teacher implicitly encourages her students to take a symbolic-relational perspective by highlighting again that the total number of animals needs to correspond to the total number of legs.

Analysis of transcript 2: Grade 4 (in the middle of the school year)

The students sit in a circle in the front of the classroom. The task is written twice on two sheets of paper lying in the middle of the circle. Moreover, there are two flies and two horses as illustrations.

The teacher presents the task visually but remains silent.

The transcript (l. 1-17) can be divided into the following units of meaning (UM): UM1 Silent impulse and Nelly's first idea (l. 1-2), UM2 Jason's solution (l. 3-7), UM3 Jonas' solution (l. 8-14), UM4 summary of the task clarification as well as transition to group work with task assignment (l. 15-17).

UM1 begins with the silent impulse. Starting in grade 1, the students are socialized in such a way that one student, here: Nelly, reads out the task and already comes up with a first solution. Since the teacher directly asks Nelly to read out the task and Nelly shares her mathematical ideas with her classmates, this can be seen as an explorative-moderating interaction.

2 Nelly: I think there are more flies than horses because flies have more legs than horses.

It becomes obvious that Nelly refers to a thing-like-concrete idea of counting the legs at first but then moves on to a symbolic-relational understanding.

In UM2, Jason offers a solution and Jeremy responds. He picks up Jason's idea and elaborates it: During the whole process, the teacher does not contribute to the discourse or interfere with the students' ideas. She only calls the students by name. Therefore, the interaction is characterized as moderating and characterized as explorative since two students' ideas become present.

In UM3, Jonas comes up with a further idea: After 2 minutes, Jonas and Nelly are about to solve the task. Again, the teacher only moderates the interactions and lets the students express their ideas which obviously result in first tries to come up with a solution.

In UM4, the teacher asks the student to start working in groups to finally solve the task. She frequently points out that she expects them to think about the following:

Teacher: Can that be true? Why? Why not? Which possible solutions did you find?

This interaction is explorative and shows that thinking about and justifying different solutions are important aspects to the teacher.

Comparison of the two transcripts

When comparing the analysis results, it becomes clear that in grade 1 slightly more instructive and intervening than explorative and moderating interactions occur. This is also evident in the number and frequency of turn-takings: Throughout the transcript, the teacher and one student alternate consistently for the most part, so that the teacher assumes a controlling and focusing function. On the epistemological dimension, only a few phases can be determined. This is probably due to the fact that the first graders still have to get acquainted with the way mathematical tasks are talked about and mathematical meaning is negotiated. In grade 4, explorative or moderating interactions occur and are more dominantly linked to the epistemological dimension. The transcript shows that the teacher only says the students' names in order to orchestrate their verbal contributions whereas the students are responsible for the mathematical content. They work to a large extent independently and thereby almost come up with a final solution of the problem-solving task.

In general, the analysis tool Formal-In allows for comparing the transcripts with regard to the interplay of interactional and epistemological level. With the help of these two transcripts, a change can be shown: From grade 1 to grade 4, the teacher constantly withdraws from the interactions. With her interactive discourse movements, the teacher supports the students to move from the thing-like concrete towards the symbolic-relational understanding of mathematics. It is interesting to note that in the two transcripts the epistemological dimension occurs exclusively in explorative or moderating interactions. This is presumably due to the fact that the examples are the introduction to the lesson.

Conclusion

Our analysis of the two presented episodes and the extensive watching of the video recordings have led us to conclude that the teacher manages to establish a discursive classroom culture in which the students are encouraged to explore mathematical problems independently. Despite methodical limitations (small sample size, restricted contexts), we can outline that an explorative-moderating teacher-student-interaction pattern seems to be fruitful as it is also shown in [START_REF] Bräuning | Das explorativ-moderierende Interaktionsmuster im problemorientierten Mathematikunterricht [The explorative-moderating interaction pattern in a problem-based math curriculum[END_REF]. Our investigations into this area are still ongoing. However, the findings presented in this article are promising to add to the existing body of research in the field of mathematics education. Our future work within the research project PrimaL will focus on finding more evidence for the characteristics of the explorative-moderation interaction pattern.

Figure 1 :

 1 Figure 1: The analysis grid Formal-In

  say multiply four until you reach seventy-two.

  UM6, the teacher asks seven different students what is important about the task and what the task requires the students to find out:

	53	Teacher:	What do you have to keep in mind? Fio?
	54	Fio:	We are supposed to think about how many legs there are.
	55	Teacher:	It's already written on the blackboard. Eighteen legs. Valentina?
	56	Valentina:	

  We can count the flies or horses first because we always have to calculate because I just did that in my head. Ten times four is forty. That's just ten horses and there are fifteen animals and there and then I have to calculate the flies. So we still have to calculate the flies.

	8	Teacher:	Jonas
	9	Jonas:	
	10	Nelly:	Huh?
	11	Teacher:	What's the matter, Nelly?
	12	Nelly:	It just occurred to me if you now have two flies that make twelve and then you just have to
			add four more flies.
	13	Student:	Five flies.
	14	Nelly:	I mean five flies.

The numbers used here are number lines taken from the original transcript. Full transcripts are available on request from the authors.

We call this a silent impulse. The students (both in grade 1 and grade 4) are used to this way of starting a lesson.