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This paper presents an investigation in which eight-grade students (14 to 15 year olds) are encouraged to engage in context-oriented reflection related to the mathematical measurement of geometric shapes. The contribution of such reflections to societal and socio-political challenges is not primarily aimed at critiquing society or mathematics. Rather, the objective of this study ends one step earlier by providing students with a better grounding for such critique (be it positive or negative). By means of interviews, data are produced to provide a deeper look into the students' reflective processes. Evaluation results show that, in their work, students address the context of buildings and their furnishings. This and other aspects are used to analyze reflection processes and results of varying profundity.

Introduction

Context-oriented reflection is advocated by various authors (e.g. [START_REF] Skovsmose | Linking Mathematics Education and Democracy: Citizenship, Mathematical Archaeology, Mathemacy and Deliberative Interaction[END_REF][START_REF] Schneider | Thinking about -Making Sense: Reflecting in mathematics lessonswhy, about what, how[END_REF]. For the present investigation, the definition of context-oriented reflection is based on that of [START_REF] Schneider | Thinking about -Making Sense: Reflecting in mathematics lessonswhy, about what, how[END_REF], in whose research project I am involved. Here, context-oriented reflection means reflecting on mathematical concepts and the effects that arise from using them in different contexts of our world and society. Thereby, reflecting means thinking about the characteristics, connections and relationships that cannot be read off by the given fact [START_REF] Schneider | Thinking about -Making Sense: Reflecting in mathematics lessonswhy, about what, how[END_REF][START_REF] Plunger | Students dealing with tasks aiming at model-and context-oriented reflections: An explorative investigation[END_REF]. What can be read off by given facts or not depends on the prior knowledge of the reflecting individual. Context-oriented reflection thus has to be an individual process or experience which focuses on new insights related to effects, characteristics and connections of mathematical concepts in their application to different contexts. The product of this process should be a fund of knowledge, which might simply be communicated. However, the mere repetition of such knowledge cannot be a sign of reflection. For different perceptions of mathematical literacy, several types of reflection seem to be an essential contribution to a mathematical education for societal participation and the development of society [START_REF] Plunger | Students dealing with tasks aiming at model-and context-oriented reflections: An explorative investigation[END_REF]. Context-oriented reflection enables diversity in access to mathematics learning, especially as a contribution to societal and socio-political challenges. First, it is about examining mathematical content for its effects and functions in society and characterizing this activity itself as relevant content for mathematics education. Second, the activity of reflecting forms a counterpart to the widespread calculus-oriented, repetitive activities in learning mathematics: insights into characteristics, connections and effects which initially seem to be hidden in the given facts, are generated through independent reflection. Third, learners are given the opportunity to make reflections related to society on the basis of personal, subject-related experiences of learning mathematics and supra-subject-related experiences from their lifeworld (including school) with the thematized mathematical concept. The reflection process should provide insights into the extent to which the mathematical concept contributes to our life together, or what would change without it.

In this paper, I will rely on data collected within the framework of my PhD project. The intention was to use special tasks to encourage students aged 14-15 to engage in specific types of reflection on different mathematical contents. Here, the results of the task that aimed at context-oriented reflection related to the mathematical measurement of geometric shapes are discussed. In this regard, three questions will be addressed in the following sections. (1) What contribution can context-oriented reflection make to mathematics learning from a theoretical perspective? (2) How can students be encouraged to engage in context-oriented reflection? (3) What context-oriented reflections do students engage in when they are encouraged to do so through specific tasks and settings?

Theoretical Perspective

In this section question (1) is addressed. In 2012, Fischer presented his ideas about (mathematics) teaching in our society based on the division of labour, where it is not possible to be an expert in every discipline. Thus, according to him, the goal of general education should be to enable learners to make independent evaluations and to be able to form appropriate judgments for themselves, relating to mathematical content. Calculus-oriented mathematics education, as described by Kollosche (2019, p.105), seems to work against such a purpose, because it seems to prepare students "to repeat the same procedure again and again, also following rules which are set by others and whose purpose might not be fully understood" (Kollosche, 2019, p.107). The challenges facing our societies today require an education that empowers critique [START_REF] Steflitsch | Why (mathematics) education in a democracy must be critical education[END_REF]. Critical awareness involves the ability to perceive multiple facets, both positive and negative. [START_REF] Skovsmose | An Invitation to Critical Mathematics Education[END_REF] contrasted the modern, very positive conception of mathematics with a critical one (p.60). In order to give students access to such a critique, he made them take a closer look at applications. In doing so, he encouraged a series of reflections that focus on the effect of mathematics in this concrete application (e.g. ibid., pp. 72-75). Fischer's approach to mathematics is a more neutral one. In 2005, he stated that mathematics is indispensable in modern society "because it materialises abstract things and thus makes them accessible to individual thought as well as to communication" (p. 293). Furthermore, he argued that such materialisations offer a dialectical potential in the sense that they can be used to hold on to what is described as well as to overcome it (Fischer, 2005, p. 24). In both cases mathematics is seen as a tool. According to Skovsmose such a tool brings with it very specific effects in a certain situation, which should be analysed. According to Fischer mathematical concepts provide the chance to materialise certain aspects of a situation to make them accessible for discussion.

In my conception of context-oriented reflection, mathematical concepts are also interpreted as tools, but they are dissociated from one specific context insofar as different contexts of application for one of these tools are taken into consideration. The comparison between these different contexts should help to compare the distinct characteristics of this tool and might provide an insight into what is gained through mathematization, but also into its limitations. This ultimately should enable one to make a more informed judgement about the use of this tool on the one hand, in relation to other concrete situations, but also in general to better estimate how and when this tool can be used. With this type of reflection, the reflective activity ends before there is the concrete occasion to engage in criticism related to the subject or society. Rather, the mathematical concept is seen as a kind of tool and an awareness is created that its use can bring along a range of effects. This raises the following questions: Which of these effects are grounded in the concrete materialisation (mathematization through the tool of the mathematical concept)? Moreover, which ones are grounded in interpretations of this mathematization? Thus, through context-oriented reflection deeper insights may emerge related to the mathematical concept and to the contexts under consideration. However, the essential interest of context-oriented reflection lies in the effects that are made possible by the mathematical concepts. Thinking about such effects should afford a differentiated stance between the two poles of an exclusively positive and an unreflectively negative conception of mathematics. This creates a basis that contributes to more well-founded subject and social criticism.

Data production by means of interviews

This section discusses the methodology used to produce the data in response to question (2) How can students be encouraged to engage in context-oriented reflection? In my PhD-project I focused on model-and context-oriented reflection and decided to investigate this question by means of interviews with pairs of students aged 14 to 15 years; I conducted interviews with eleven pairs of students who participated voluntarily and from three different schools (four different classes) in Carinthia. Each pair participated in three interview sessions focusing on varying mathematical contents (arithmetic, statistics, geometry). It was ensured that the required content was already addressed through school lessons, but the concrete lessons of the different classes were not further analyzed. On each interview date students were asked to deal with two tasks in partner-work, the first task aiming at model-oriented reflection, the second task aiming at context-oriented reflection. At the end of each interview a short discussion followed about affective issues related to the processing of the task. The interviews are documented by audio recording and its transcripts. The task for the context-oriented reflection on the content of geometry is reported in Figure 1; It was presented to the students on the first or third interview date, after a task that was intended to stimulate model-oriented reflection which dealt with the determination of the air volume in a classroom by means of a cuboid.

Geometric Shapes

In mathematics lessons you have learned to calculate lengths, areas or volumes of different geometric shapes.

What are the advantages of being able to calculate lengths, areas or volumes of different geometric shapes? The intention of the task in Figure 1 is that students think about the consequences that (can) result from the mathematical determination of various geometric shapes. Possible lines of thought are (a) that geometric shapes have the potential to be seen in many objects of our environment, and the possibility of calculating certain sizes from such objects can be helpful. (b) Geometric shapes can be used as models for buildings, e.g. a swimming pool, which can facilitate planning since necessary material for the construction can be calculated in advance, as well as the water capacity. (c) If geometric shapes are used as models for buildings, there is the possibility of testing different solutions, e.g. with regard to material consumption: a cube-shaped-house offers more space with less material consumption than one with an elongated base. (d) Lengths can easily be measured physically, but this is not true for areas and volumes. (e) Computational methods can provide more exact numbers for lengths than physical measurement methods in selected cases (e.g. for the diagonal of a unit square).

The task itself may stimulate reflection, but reflection also needs an environment that invites it. In conducting the interviews, it was important to me to create such an atmosphere. The students should understand that it is their thoughts, their reflections that matter. By noticing and feeling that there is real interest in their personal thoughts, they should be encouraged to reflect. Additionally, I tried to apply some reflection-inviting features, but they seem to be dialectically related to each other. Working in pairs vs. individual work: communication seems to be essential for reflection because through communication new perspectives and ideas can be exchanged and further developed. On the other hand, individual reflection is also a prerequisite for successful reflection in communication, and reflection is also possible individually, for example, when one enters into an inner dialog. In the interviews individual work is scheduled to grasp the task and first deal with it for the first 2-5 minutes. This also should increase the likelihood that both partners have individual ideas that can be exchanged and discussed. Working in pairs additionally provides the possibility to get closer to the thoughts of the students, because a conversation with a classmate should favour a natural and spontaneous exchange about the results and thoughts that led to them. A one-to-one dialogue between student and scholar seems to inhibit such natural exchange. Speaking vs. writing: aiming for a predefined written product may inhibit reflection, on the other side writing would demand more clarity and thus deeper reflections. During the work with the tasks, the students were given paper and pencil for notes but were not required to create a written product. Free conversation vs. interventions: the interest in the thoughts and pair-working processes was emphasised in the introductory phase of the interview and a conversation between the two students was encouraged above all in the beginning of the working process. Yet, interventions provide the opportunity to ask for more detailed explanations of statements or to stimulate alternative directions of reflection. As an Interviewer I used guided and free interventions focusing on general or contentrelated aspects. The first interventions usually consisted of general questions such as Look at the question again -did you answer it? Is it possible to approach the question in a different way? Try to explain how you came up with the different ideas/aspects. Only in a second step, interventions should become more content-specific in order to obtain a scale for the evaluations. Content-specific interventions for the task discussed here were, e.g. Try to consider this question separately for lengths, areas and volumes. What possible alternatives are there to mathematical calculation? Try to address this task in the sense of what would be the consequences if there were no way to calculate lengths, areas or volumes. Such interventions were chosen freely during the interview, depending on what I as interviewer considered the students' processing required. This allowed me to ask for more detailed explanations or review the processing as well as stimulating alternative ways of reflection where this seemed appropriate. Nevertheless, it remains a challenge to maintain the balance between interventions for the purpose of focusing the core of the given task and a natural exchange of thoughts in a conversation between students.

Reflection processes of learners

This section addresses question (3), What context-oriented reflections do students engage in when they are encouraged to do so through specific tasks and settings? In general, in the interview-parts that refer to different tasks on content-oriented reflection it became evident that students found it very unfamiliar to engage in such reflections. They were able to draw on appropriate contexts, nevertheless they had difficulties to concentrate on the core of the question. Depending on the mathematical concepts on which the task focuses, positive but also negative effects of the mathematical tool are observed by the students. Across the different tasks it can be noticed, that the students do not take a critical look at their results, hardly putting them into perspective or considering the possibility of differentiation. Such attitudes might hinder the understanding of mathematical concepts but especially deeper-founded critique towards mathematics or society.

Regarding the task presented in this paper, three characteristics that are consistently observable in the corresponding interviews are described in more detail. For their reflections, learners draw on the context of buildings, especially houses, and their furnishings. In doing so they have difficulty differentiating where length measures and where area measures are required. An effort to find positive examples is recognizable, while negative aspects are not illuminated. In the following, the reflection processes of one interview pair, Klara and Joelle (all names changed) are examined in more detail and accompanied by spotlights from other couples. This allows an insight into how these three characteristics develop and how differentiated the underlying statements are.

Klara and Joelle initially had different approaches to the task. Joelle saw the geometric shapes and their calculability as personally relevant to her because she wants to become an interior designer. She justified this importance for interior designers with the fact that one must know the surface area in order to know what fits into this space, Joelle's first comment on the task (all transcripts translated from German by CP) was:

Joelle:

[…] So, what is important for me, for example, because I want to become an interior designer, is exactly this kind of thing, because if you have to put something in a room, you also have to know the surface area and everything, so that it really FITS in the room, because well, you can't, I don't know.

[Into] a three meter long room you can't put a four meter long bed, ok that's maybe a bit exaggerated, but that would just be an example, you can't put it in, because. For that it is once practical. This indicates one aspect of thought line (a), that it can be helpful in a situation to determine the area of a particular object. Implicitly, it must be assumed that (a) geometric figure(s) can be seen in this area. However, the further description of such a situation (does the bed fit into the room?) reveals that even more differentiated considerations would be possible here, Joelle herself indicated that this is not a well-suited example. In the ongoing conversation, the importance of the computational determination of geometric shapes for furnishing was put into perspective, presumably from personal experience with furnishing (Klara mentioned that sizes like length, width, height are usually indicated), but not explicitly related to what these measurements can and cannot contribute (e.g. that a number that expresses the area of a room is not helpful to determine whether an object like a bed fits well in it). Later in the conversation, Klara justified the area calculation of a house or apartment by knowing "how much living space a person has in the house". Klara's first contribution to the task addressed precision as an important element of calculating, but together they failed to come to a coherent justification for themselves.

Joelle:

And if you just calculate it could be even more exact, because you have, for example, decimal numbers or something, because that's what you have when you measure normally, yes, ok, it could be, but. Yes, hmh. That was not so now, smart {Both laugh}. In this conversation it is repeatedly recognizable that the two had difficulties in differentiating where mathematical measurement methods are possible and where physical measurement methods are necessary: Klara:

Yes, such a house is something that should be beautiful. Especially because people are going to live inside it and Joelle:

Yes. And. Klara:

It is perhaps simply important that one can calculate all the areas and so, hmm, because I would not go to a house now, the tape measure from one corner to the other and then perhaps even in the height. It is perhaps intelligent if you know the dimensions and can then calculate how many rooms will fit into the house and. Even in other interviews, for example with Chris and Vedran, problems with differentiating the need for physical measurements and possible calculations of sizes arose. Following a statement that the benefits of calculating are being more precise, taking less time and effort I requested them to explain in more detail what this means through a dialogical conversation. Vedran told Chris to start by gauging a length, a width and a height. Taking these sizes would take about 30 minutes, while these few numbers could be calculated much faster using mathematical calculations. Then the volume of the room could also be calculated to know how much space there would be for a cupboard and find something that would fit in the room. Chris did not contradict this, on the contrary, he affirmed several times throughout these remarks and anticipated Vedran's statement that afterwards furnishings that fit the room have to be found. In this case again, we see that the two do not take into account that a number expressing volume is not suitable for finding fitting furnishings. Further, like other pairs, they do not recognize that a physical determination of lengths is a prerequisite for being able to determine concrete numbers for areas and volumes in which geometric bodies are seen. In any case, Chris and Vedran do not relate these facts to the example they outline. Mark and Nicolo, on the other hand, recognized that when they thought of the need to determine lengths, only examples where lengths can be determined physically came to their mind. This is probably based on the fact that lengths are easier to measure physically than areas and volumesan approach to line of thought (d). Nevertheless, an intervention from my part with the question of how areas or volumes can be determined without calculating, and their adequate response to it, did not help to address aspect (d) explicitly. They continued to look for situations in different contexts where a computational determination of lengths seems necessary. They mentioned very complicated constructed situations where different lengths had to be added and geometric figures played only a secondary role. Other examples referred to the fact that desired areas or volumes were given and suitable lengths had to be found.

For other students the fact (d) that areas and volumes cannot easily be determined by other means was a starting point:

Gina:

But I think that you might not be able to estimate a volume very well, if you could not Hannah:

No. Gina:

determine it mathematically like that, because or at least I can't. Hannah:

(Uncomprehensible.) Gina:

And that this is indeed helpful. Hannah:

It is indeed very helpful, yes. Almost all pairs took up the context of buildings and their furnishings for their reflections without noticing that the specification of a number for the area is not very helpful. As can be seen from excerpts of the interview with Klara and Joelle, both tenable examples and those that require a closer examination are mentioned together during one interview. An explicit evaluation of such examples is rather not done by the students and occasionally these examples are kept until the end of the interview. All in all, critical aspects are rather faded out, whereas benefits are often mentioned with emphasis, without backing up them by reasonable statements.

Discussion

The interview results show that although the students take up similar contexts on the one hand, they come to different depths with different approaches and at different points. What all pairs of interviews have in common is that they have difficulties in keeping their focus on the core of the question, which is the calculative determination of sizes of geometric shapes. Nevertheless, they make a great effort in the interview to engage with the question and to work on it with their reflections. It is remarkable that the students only look for positive aspects and tend to ignore critical aspects or at least do not examine them in detail (e.g. suitability of an area measurement for the equipment of a room). On the one hand, this may be due to the task, which explicitly only asks for advantages, but in the interview I did ask for more precise explanations at such points. On the other hand, it may also be due to the selection of the participants for the interview, who were willing to engage in such interviews to reflect on the use of mathematics. Such student might have a more positive attitude towards mathematics in general.

According to the theoretical perspective context-oriented reflections should contribute to independent evaluations, appropriate judgements and the analysis of effects emerging from the use of mathematical concepts. At the same time, these aspects provide a kind of solid groundwork for a well-founded subject and social criticism, because they seem to facilitate the ability to adopt a critical stance. This would also include differentiating considerations or careful examination of arguments, which regrettably could not be largely observed in this study. However, it must be recognised that this is only a first step in the demand for more reflection in learning mathematics. It investigates the reflection processes of students who had little experience with this in their mathematics classrooms. The students are not involved in a systematic classification and differentiated consideration of their reflections outside the interviews. This is not possible within the framework of my PhD project. The students themselves see a need for further processing insofar as some of them ask for feedback in the follow-up conversation or express an interest in exchanging results with other pairs. From a teacher's perspective, the students' reflections would offer potential to look at the results on this question even more deeply and to develop a more differentiated picture of the collected "advantages". This seems to be significant in relation to this one mathematical concept of the calculability of geometric figures and solids, but it would also promote a further development of the ability to reflect and a transfer of this ability to other contents.

In the follow-up conversations to the interviews, almost all participating pairs described their processing of the tasks as being meaningful. This indicates that the students are willing to engage in the analysis of the use of mathematics in contexts they are familiar with -what seems to be a very important prerequisite in the development of a critical attitude. The positive effect of reflection for the students should be used as a potential in learning mathematics in order to draw a more differentiated picture for the use of mathematical concepts, especially as a basis for a well-founded and if necessary differentiating critique towards society or mathematics.
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 1 Figure 1: Task, headed "Geometrische Figuren und Körper", translated by C.P.