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Due to the growing number of children with special educational needs in German primary schools, research on inclusive settings in mathematics has increased in recent years. This research primarily focuses on arithmetic settings. Little attention has been paid to measurement processes, especially for children with learning or mental difficulties. The following paper gives an example for inclusive education on lengths to gain social and content-related participation. The developed learning environment is based on the learner's interaction and takes into account the use of objects for representation and learning in practical contexts.

Introduction

Since the UN Convention on the Rights of Persons with Disabilities, the German government seeks to implement an inclusive school system. This makes it necessary to think about how all children can participate by considering empirical research on teaching mathematics. The focus in this work is on the learning processes of children who need special support in learning and/or their cognitive functions because in inclusive teaching children with cognitive disabilities often work only on different subjects and are less involved in common learning situations [START_REF] Korff | Inklusiver Mathematikunterricht in der Primarstufe: Erfahrungen, Perspektiven und Herausforderungen[END_REF]. According to the guidelines of the Ministry for Schools and Education of North Rhine-Westphalia (an area in Germany) learning difficulties are severe, persist over longtime and effect several aspects of the children's development ( §4 AO-SF NRW). There is a need for support in the mental development if cognitive learning and the development of the personality are permanently and severely impaired ( §5 AO-SF NRW). Nevertheless, even if the focus is on children with special educational needs (SEN), all other diversity aspects are also respected in the underlying understanding of inclusion in this work. It can be assumed that the resulting indications for teaching will be important for all children.

A change of perspective has taken place in mathematics education in recent years: children should not only solve tasks by using fixed procedures, but they should instead understand mathematical structures and learn to use them flexibly. Although studies suggest that all children, also those with SEN, can benefit from learning actively and by exploring mathematical structures [START_REF] Scherer | Low achievers solving context problems -opportunities and challenges[END_REF], this is often still not taken into account in inclusive classrooms. Learning mathematical structures can be supported by working with objects and tasks in practical situations. Therefore, this study integrates those aspects.

Firstly, the concepts of participation, learning with objects of representation and in practical contexts are discussed. In a second step, the design of the study is described and first results will be presented.

Theoretical background

Several theoretical concepts are relevant for the study and are, thus, briefly described below.

Participation in inclusive classrooms

The term "participation" is closely related to inclusion. Whilst there are different understandings of inclusion, one central goal is to achieve participation [START_REF] Booth | Index for inclusion: Developing learning and participation in schools[END_REF]. According to the Index of inclusion, a guideline for the development of inclusive educational institutions, Participation means learning alongside others and collaborating with them in shared learning experiences. It requires active engagement with learning and having a say in how education is experienced. More deeply, it is about being recognised, accepted and valued for oneself. (Booth & Ainscow, 2002, p. 3) This definition includes especially various social aspects. In addition, [START_REF] Roos | Inclusion in mathematics in primary school[END_REF] emphasizes that content-related aspects are also important for participation and she generally distinguishes spatial, social and didactical (content-related) inclusion. In the following, both social and content-related participation will be discussed in more detail. [START_REF] Koster | Being part of the peer group: A literature study focusing on the social dimension of inclusion in education[END_REF] distinguish four aspects of social participation: friendship/relationships, positive contacts/interactions, acceptance by classmates and students' social self-perception. These aspects seem to be related to positive interactions. There are different ways of interacting, depending on the children's abilities. It "cannot be for all children to participate actively in class in the same way" [START_REF] Jung | Content-related and social participation in "inclusive" mathematics education[END_REF], p. 1503). According to Krummheuer and Brandt's (2001) participation schema one can be included by being a productive participant (e.g. by initiating a conversation, repeating what someone has said -verbally/nonverbally), or by being a receptive participant (e.g. by listening to what others say) [START_REF] Krummheuer | Argumentation and participation in the primary mathematics classroom: Two episodes and related theoretical abductions[END_REF]. Hence, different manifestations of social participation seem to exist. In this study, different forms of involvement will be mentioned. Involvement means interacting with others and can be described by different interactional reactions.

Social participation

Content-related participation

Content-related participation means "being included in mathematical practice of the classroom" (Roos, 2014, p. 39). Interacting with others is important for social as well as for content-related participation: by interacting, social participation can be realized and content-related participation is influenced by the interaction with others. This understanding is based on a social-constructivist perspective on learning. According to this perspective, the experiences of a person influence the individual construction of knowledge (e.g., [START_REF] Miller | Some theoretical aspects of systematic learning[END_REF]. In this context it is important to define learning processes more precisely. Based on the epistemological perspective, learning is defined as an increasingly differentiating process of interpretation. New knowledge is the extension of prior knowledge by exploring mathematical structures and generalizations. This is a highly individual construction process which is influenced by the interpreter's subjective characteristics and the way mathematical knowledge is presented in these various situations (e.g., Nührenbörger & Schwarzkopf, 2016;[START_REF] Steinbring | The construction of new mathematical knowledge in classroom interaction -An epistemological perspective[END_REF][START_REF] Voigt | Negotiation of mathematical meaning and learning mathematics[END_REF]. Among others, [START_REF] Steinbring | Epistemological investigation of classroom interaction in elementary mathematics teaching[END_REF] emphasizes the role of signs for mathematical knowledge. Signs are used for describing and coding mathematical knowledge.

In elementary teaching, these [signs or symbols] are mainly arithmetical number signs. These signs, on their own, do not have a meaning. The meaning of a mathematical sign has to be constructed by the student. (Steinbring, 2005, p. 21) Referring to the semiotic triangle of de Saussure and Luhmann's concept of communication, [START_REF] Steinbring | Epistemological investigation of classroom interaction in elementary mathematics teaching[END_REF] worked out a triangular scheme, the "epistemological triangle", for describing and analyzing children's comprehension. The sign/symbol contains the new, still unknown mathematical knowledge. It has to be interpreted by the individual person by referring to probably familiar reference contexts. In the interplay between sign and reference context, the new concept is established. In this process of negotiation, the three aspects are balanced and support each other [START_REF] Steinbring | The construction of new mathematical knowledge in classroom interaction -An epistemological perspective[END_REF].

Learning with objects of representation and in practical contexts

In inclusive settings it is important to enable students to find different approaches to a task and to explore mathematical structures [START_REF] Häsel-Weide | Aufgabenformate für einen inklusiven Arithmetikunterricht[END_REF]. This can be supported by working with objects and tasks in practical situations.

For teaching numbers, [START_REF] Schipper | Handbuch für den Mathematikunterricht an Grundschulen[END_REF] distinguishes different functions of manipulatives, which can be transferred to other mathematical contents as well: manipulatives for solving a task, for understanding abstract mathematical concepts and as assistance for communication, argumentation or reflection. In inclusive classrooms manipulatives are often used only as a tool for solving a task [START_REF] Korff | Inklusiver Mathematikunterricht in der Primarstufe: Erfahrungen, Perspektiven und Herausforderungen[END_REF], but not for communicating or demonstrating the learners' ways of thinking. But this exactly could be important when, for example, working with children who have difficulties in verbally expressing thoughts. Therefore, it is helpful that the researcher may be able to also analyze the children's understanding by observing how they use the objects. Regarding [START_REF] Schipper | Handbuch für den Mathematikunterricht an Grundschulen[END_REF] second aspect -manipulatives for understanding abstract mathematical concepts -there is consensus that "the purpose of using manipulatives in mathematics is to help the learner understand abstract concepts" Kosko et al., 2010, p. 80). In this context, understanding the interrelationship of representations is of great importance and needs to be practiced. However, using concrete objects in teaching does not guarantee a meaningful learning process. Referring to the epistemological perspective described above, [START_REF] Söbbeke | Building visual structures in arithmetical knowledge -A theoretical characterization of young students' "Visual Structuring Ability[END_REF] showed that the interpretation of manipulatives is not obvious and cannot be predefined by teachers. How objects and the structures they represent are interpreted by the learner depends on the context and the individual experiences. This active process can result in different interpretations. In the process of negotiation, the concrete objects can represent a new sign/symbol that has to be negotiated or it can be used as familiar reference context for negotiating other mathematical concepts [START_REF] Söbbeke | Building visual structures in arithmetical knowledge -A theoretical characterization of young students' "Visual Structuring Ability[END_REF].

The word "context" can be defined differently. [START_REF] Van Den Heuvel-Panhuizen | The role of contexts in assessment problems in mathematics[END_REF] distinguishes between contexts referring to the learning environment and contexts such as "a characteristic of a task presented to the students" (van den Heuvel-Panhuizen, 2005, p. 2). In the following, context is understood to be the task context, in particular a situation relating to everyday life. It is not possible to draw the conclusion that using context tasks will automatically improve learning. However, some positive effects of using contexts are reported in different studies. The context can increase the students' motivation, so that they are possibly more willing to solve the task [START_REF] Scherer | Low achievers solving context problems -opportunities and challenges[END_REF]. Moreover, "while working on context problems, the students can develop mathematical tools and understanding" (van den Heuvel-Panhuizen, 2005, p.2). For example, [START_REF] Selter | Building on children's mathematics. A teaching experiment in grade 3[END_REF] shows that in context tasks, students can solve tasks with requirements that had not yet been discussed in class up to that point. On the other hand, contexts can distract and complicate the learning process [START_REF] Scherer | Low achievers solving context problems -opportunities and challenges[END_REF], especially when it is an unknown context for students. In this study, a familiar context is included in order to use the context as a learning opportunity. However, it is important that not only the context is relevant here, but that the students can explore mathematical structures while working on the tasks [START_REF] Korff | Inklusiver Mathematikunterricht in der Primarstufe: Erfahrungen, Perspektiven und Herausforderungen[END_REF].

Design of the study

The study is based on Design Science. This implies designing, implementing and analyzing a learning environment to get information about the involved mathematical structures and the students' ways of thinking (Nührenbörger et al., 2016). In this study an interactive learning environment on length (this will be further clarified below) and money was conducted, three lessons each on length and money, respectively. The three sessions on length/money were structured similarly: first, the children's prior knowledge of length/money and of the context situation was assessed and the objects of representation were introduced. This introduction was particularly important so that the children could use the objects in subsequent sessions, when working on two to three context tasks.

The design of the learning environment builds on the basic principles of individual goal-differentiated learning on a common subject (based on [START_REF] Feuser | Behinderte Kinder und Jugendliche: Zwischen Integration und Aussonderung[END_REF], learning with objects of representation, learning in practical contexts, and in interaction. These principles are closely interrelated (Figure 1). The learning environment was tested with different pairs of children (one child with SEN; the other child without SEN) in grades three and four at German inclusive primary schools. The pairs were formed in such a way to take into account the high (expected) range of heterogeneity in inclusive classrooms and to be able to focus on the participation of all children. The children were videotaped and observed while working on the tasks. Additionally, follow-up-questions were asked to find out more about the children's understanding or to intensify their interaction. Aims of the study are to look at the handling of the concrete objects and the influence of the task's context on the development of competences regarding length/(money). Aspects of social involvement are to be worked out and linked with content-related aspects.

Design of the first task on length

The long jump was the subject of the length tasks. Therefore, a long jump field was simulated in the classroom. As objects of representation wooden sticks of different lengths were used, which serve as representatives of standard units (1m, 10cm, 1cm) and of other length (50cm, 20cm, 5cm, 2cm) that can be set in relation to standard units (e.g., 50cm as half as long as 1m). With the sticks, the children compare, estimate and measure length in a practical context, whereby various skills for measurement can be trained. The relation between units and sub-units (especially m and cm) can, for example, be vividly addressed, which is important for the measurement process [START_REF] Nührenbörger | Children`s measurement thinking in the context of length[END_REF].

As a first approach to the task a pair of sneakers was put in the jumping area. Every child had sticks of different length (the sticks of each length are multiple available) at their disposal. The children were asked to find out the given jumping distance indicated by the position of the sneakers by using their sticks and to present and discuss their ideas. Then, the children took turns to do the long jump and measure each other's jumping distance.

First Results

The study at hand uses a qualitative methodology. To get a first impression of the nature of the participation in the learning environment, a short scene is analyzed below. A descriptive approach was chosen to describe social participation. The interrelated reactions of the children were examined with regard to possible triggers and reactions. For content-related participation, an attempt was made to analyze the children's understanding with the epistemological triangle.

In the scene two boys around nine years old, Nic (without SEN) and Jan (with mental difficulties of no specific reason, SON IQ range: 47-64), are working together. A pair of sneakers stands at around 2m 3cm in the jumping field. Nic already worked out the jumping distance with his sticks. Meanwhile, Jan has been looking at his sticks but has not yet started measuring the jumping distance. Then, the children start working out the distance with Jan's objects. They have already put two one-meter sticks in the jumping area, starting at the take-off bar. Nic tries to explain to Jan that they cannot use another one-meter stick anymore and that they need "small things". Jan then fetches a two-centimeter stick.

1

Nic: Then let's take a few (takes the 2cm stick from Jan). Look. Then we put it there now (puts the 2cm long stick against the already lying 1m sticks). And now it's still like that, so now we have to look (points to the gap between the lying sticks and the heel of the shoe) how far does it go? And I don't think a two will fit there anymore, so we need a very small one (indicates a small distance between thumb and forefinger). 2 Jan:

(turns to his supply of sticks) Very small. 3 Nic: Very, very small. 4

Jan:

(takes a 1cm long stick and holds out the stick to Nic) 5

Nic:

Let's take one of these, put it here (puts the 1cm stick in the gap) and then it fits. So now we have two meters and then we have two and one (holds up two fingers, looks at Jan). What is this? I have two plus one (holds up a third finger). How much is that? 6 Jan: (looks at Nic's fingers) One, two, three. 7

Nic: So, it's two meters and three centimeters.

Nic explains his approach while acting. He extends the two meters (consisting of two one-meter sticks) with another two-centimeter stick and points out the remaining gap between the end of the track and the shoe. He seems to refer to a strategy for measuring with the help of the sticks because he suggests that another two-centimeter stick will not fit anymore. Nic concludes that an even shorter stick is now needed (line 1). Jan takes up Nic's description "a very small" and repeats part of the statement (line 2). The comments of the two boys refer to each other linguistically. Nic specifies his statement by adding another "very" (line 3). With this description, he classifies the difference between two centimeters (which was previously called "small") and one centimeter ("very, very small"). Jan identifies a one-centimeter stick and holds it out to Nic. After Nic has put the stick down next to the other sticks (as their extension) he points out: "And then it fits" (line 5). He turns to the next step in the process: naming the result of the measurement, and distinguishes between meters and centimeters. Nic names the two meters with the corresponding measurement attribute without explicitly naming the calculation one plus one. In the case of centimeters, a calculation seems appropriate to him. He asks Jan: "Two plus one. How much is that?" (line 5) and holds up the result with his fingers. Jan counts "one, two, three" by looking at Nic's fingers. Nic integrates Jan's answer in his solution: "So, it's two meters and three centimeters" (line 7).

In the scene Jan participates socially, in particular. Nic takes over the role of a teacher who dictates Jan what to think and do. By asking questions he guides him through the solution process and thus integrates him socially. In the process, Nic implements his own thoughts and solution process, but seems to try to adapt his explanations to Jan's abilities. Jan seems to be able to go along with that and to participate by answering questions or taking action (e.g., identifying, handing sticks to Nic).

In terms of content-related participation, one concept that Jan might express in this scene is analyzed in figure 2 (other concepts are not presented due to the limited number of pages in this article). The sign Jan has to interpret is Nic's indication of a small distance with his fingers. As reference context Jan probably refers to the description used previously for the two-centimeter stick as "small" and identifies a smaller one with the strategy of visual estimate. Thus, identifying length and the interrelationship of representations ("very, very small" -indication of the distance with the fingerswooden stick) seem to be the concept that Jan expresses indirectly.

Conclusion

The scene shows that there are different aspects of social involvement. The interrelated reactions establish a joint working process in which both children are actively involved. In terms of contentrelated participation, it can be stated that the environment accommodates the children's individual learning process. While Nic probably has the procedure of measurement in mind and oversees the entire situation, Jan deals with different aspects concerning the measurement process: identifying length, the interrelationship of representations and counting (line 7). Thus, for Jan, single aspects are picked out from the complexity of the context and the requirements. It must be noted that even Jan's "small" actions (analyzed in figure 2) include an interpretation, even if Nic gives many instructions. Jan has to interpret the interrelationship of the representations on his own. He therefore participates in terms of content, although he is hardly involved in a common solution process. In the scene, using concrete objects serves different functions [START_REF] Schipper | Handbuch für den Mathematikunterricht an Grundschulen[END_REF]: the sticks are especially used, as part of the given task, for solving the task but at the same time they represent abstract concepts, which the children have to interpret. Moreover, using concrete objects seems to support the communication and participation.

This scene only gives a short impression of participation. More scenes will be transcribed and further analyzed to draw conclusions with respect to social and content-related participation, especially in terms of learning with objects and in practical contexts.
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