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Abstract
This contribution aims to illustrate that the separation between mathematics and reality, which is highly important to modelling in the classroom, is an outcome of several shifts in mathematics discourse. Therefore, Foucault's method of problematisation and Deleuze’s distinction between axiomatic and problematic formalisation in mathematics is used. Afterwards, it will be discussed how this separation effects the discourse on modelling in the classroom. For that purpose, central topoi of this discourse, e.g. the modelling cycle and characteristics of modelling tasks, will be analysed.


The Separation of Mathematics and Reality

Firstly, the separation between mathematics and reality which is highly important for the discourse on modelling will be analysed against the background of historic and current discourses. My method of choice is the problematisation, a concept that Foucault describes in his late works and which combines his methods archaeology and genealogy (Dits et Écrits: IV/350, Koopman 2014). While archaeology is related to the question how particular utterances became possible, a genealogy asks for the connection between a discourse and political power. Both methodological strands focus on the relations between knowledge, subjectification and power in a discourse. Foucault’s genealogy is an analysis that will clarify the strategies of power as well as which forms of subjectification and which specific form of thinking are responsible for the expansion of a discourse. The starting point is a current question, e.g. Foucault’s work to the question why there are prisons (Foucault 1975). Here the question might be: why is mathematics separated from reality?

Given the large number of publications in which applications and modelling are defined as interplays between mathematics and reality one may speak of a distinction that arranges the modelling discourse. With a glance at the history of mathematics one can see that this is not a necessary distinction because of its logic, rather it is a historically developed distinction. Already the term mathematics, a plurale tantum, reminds us that primarily several techniques or arts of learning where meant by the Greek term. At that time mathematics was a collective term for techniques like geometry or number theory. Because it was a collective term there were several opinions about the ontological status of mathematics and in particular about the question whether numbers and geometrical objects belong to the world or exist somewhere outside of it. For the late Pythagoreans it seemed to be clear that the entire structure of the world (cosmos) follows a numerical order. In turn, Aristotle criticized them for their materialistic ontology of numbers (Žmud’ 1997: 261). In contrast, the Platonic ontology that distinguishes between an empirically accessible world and a world of ideas seems to justify the separation between mathematics and reality (Plato 2000: 514a-517a). But Plato was not that sure about mathematics’ status of truth! One has to remember that in his allegory of the cave (Plato 2000: 514a-517a) mathematical concepts where not at the highest level of knowledge. With Plato they are merely comparable with shades of natural things. Ideas and especially the idea of the good are located above mathematical concepts in the allegory of the cave.

This brief discussion already shows that the ontological status of mathematics is not self-evident. I will now go on to exemplify historic shifts in mathematics discourse which are an outcome of doing mathematics itself. To answer the question, why mathematics is separated from reality, I use Deleuze’s concepts of problematic and axiomatic formalisation (Deleuze 1994, Deleuze & Guattari 1987). Problematic formalisation is a minor strand in history of mathematics or like Deleuze calls it a “nomad” science. The axiomatic way of formalisation is the major strand or like Deleuze calls it the “royal” science in history of mathematics. “Nomadic mathematics, according to Deleuze and Guattari, disrupted the regime of axiomatic through its emphasis on the event-nature of mathematics. In particular, nomadic mathematics attended to the accidents that condition the mathematical event or encounter, while the axiomatic attended to the deduction of properties from an essence of fundamental origin” (de Freitas 2013: 583). 

The difference between an axiomatic and a problematic approach in mathematics can be found at several points in history of mathematics. In ancient Greece the Euclidean geometry could be seen in contrast to Archimedes’ geometry. While Euclid defines a straight line as a static object (a line which lies evenly with the points on itself) and avoids any relation to a curvilinear, Archimedes characterizes the straight line as the shortest distance between two points. Archimedes’ way of thinking is not focused on an essence of a straight line but on solving the problem how to connect two points on a plane. Here many solutions might be possible (curves, loops, etc.) and the straight line is the shortest solution above all others. The Euclidean geometry which goes from axioms to theorems and the Archimedean geometry which goes from problems to solutions can be contrasted to each other in other aspects as well. To Archimedes the circle is an outcome of a continuous process of rounding, the square is the result of the process of quadrature, and so on (Smith 2006: 148). As we know Euclidean geometry, the axiomatic way of thinking, prevailed in history of mathematics. It became the major geometry.

By the turn of 17th century the tension between axiomatic and problematic geometry had shifted to a more general tension between geometry itself and algebra and arithmetic. Here, Fermat’s and Descartes’s analytic geometry shifted geometry to arithmetic relations which could be expressed in algebraic equations. This kind of geometry stood in opposition to a more qualitative geometry like the projective geometry of Desargues where no algebra was used at all (Smith 2006: 149). The trend of arithmetisation in geometry and in other disciplines went on in history of mathematics and resulted, for example, in Hibert’s geometry where the consistency of his axioms was related to the axioms of real numbers. This means that the process of arithmetisation within mathematics is related to a parent trend of axiomatisation; it is tried to lead back many (if possible all) mathematical areas to an ideal origin, i.e. the essence of numbers. 

Finally, in the late 19th century two shifts took place when the calculus was formulated in the epsilon-delta criterion by Weierstraß. In its origins, the calculus was an ideal example of problematic mathematics. The differential calculus dealt with the problem how to determine a tangent line to a point of a given curve and the integral calculus addressed the problem how to determine the area within a given curve. For Newton the calculus referred to a dynamic and infinite geometric process. That means that analysis was very different compared to arithmetic. While analysis was about the infinite processes, arithmetic dealt with discrete sets of numbers. By the epsilon-delta method the dynamic geometric process was reformulated in a static way. Of course, the calculus can still be interpreted in a dynamic way but it is not necessary anymore. Also Leibniz’s infinitesimals were not needed anymore. The epsilon-delta criterion only refers to finite numbers.

So, what does the distinction between axiomatic and problematic mathematics tell us about the origins of the separation between mathematics and reality? First of all, it seems that on the problematic side there is no need to separate mathematics from reality. On the problematic or minor side mathematics deals with problems and especially real-world problems, e.g. Desargues’s projective geometry was used in optics and the calculus already solved physical problems long before the epsilon-delta criterion was invented. In contrast, on the axiomatic or major side there is an ongoing shift from problems to axioms, from intuitive geometry to arithmetic and algebra and from the infinite and dynamic to the finite and static. All that can be seen as way to separate mathematics from reality. But it is not as easy as it seems at a glance. One has to think about how even the axiomatic attempts showed that reality could not be separated from reality completely. For example, the non-Euclidean geometry is to some extent the result of a very axiomatic problem. Here, the question was, if Euclid’s fifth postulate, the parallel postulate, was in fact a theorem and can be derived from other axioms. Then, the non-Euclidean geometry provided many tools to Einstein and his theory of relativity. By this means an axiomatic problem led to a different view on reality. The second example I want to mention is a very obvious one in our times. Computer technology is based on axiomatic mathematics; logic and set theory are fundamental to all IT-devices. This example shows that axiomatic attempts influence reality strongly in the end. So, it seems that even between axiomatic mathematics and reality there is no gap which cannot be closed. More likely, the structure of the relationship between axiomatic formalisation and reality is similar to an ancient Greek tragedy: Like Oedipus who ran away from his parents trying to avoid the fulfillment of the prophecy, axiomatic mathematicians tried to avoid any confusion of mathematics by reality. But for this means they are faced with reality even more like Oedipus who made the prophecy really happen just when he tried to avoid it.

The ongoing process of separation from reality went forward especially in the 19th century, which can be called the axiomatic century within mathematics. According to Foucault knowledge is not an outcome of rational subjects, but discursive structures prior to any kind of subjectivity lead to accepted knowledge in a particular epoch. That implies that different epochs are characterized by different types of knowledge regimes which Foucault calls episteme. In “the Order of Things” (Foucault 2002) his aim is to describe the different epistemes of the Renaissance, the classical epoch and modern era. The Episteme of modernity is characterized by two aspects: primarily by the search for origins and ultimate justifications and secondly by the role of man for all kinds of knowledge. Since the human being forms the transcendental basis of all knowledge in modern epoch and is entirely dependent on the empirical realities of his times, the human being was going to be an empirical-transcendental doublet. It is the subject and object of knowledge at the same time. For human sciences in general and didactics in particular this way of thinking will be of fundamental importance. For mathematics the modern conception of knowledge has far-reaching consequences, too. Binding knowledge to the human cognition means to undermine the claim of absolute truth within mathematics. 

What I want to show is that there was a shift in mathematical discourse from Kant to Frege to Hilbert which moved mathematics more and more away from reality. This shift led to the separation of mathematics from reality, a powerful narrative which was not even harmed by Russel or Gödel and is now fundamental to the discourse on modelling in the classroom. Against this background, i.e. the tension between the claim of absolute truth within mathematics and the episteme of modernity, firstly the importance of Kant’s “Critique of Pure Reason” (1787) will now be highlighted in a nutshell. Secondly Frege's logicism and Hilbert's formalism will be discussed in the context of modern episteme.

For Kant knowledge is entirely bound to the faculty of cognition (Erkenntnisvermögen) of man. He changed ontology to epistemology, i.e. the question of the nature of things to the question of the faculty of cognition. In this respect, Kant’s Copernican revolution can be understood as a subjectivistic turn. Thus, his thinking is consistent with modern episteme.

Kant divides propositions into those which are analytic and those which are synthetic. In analytical propositions something is derived from the intension of a concept (e.g. ‘the bachelor is unmarried’) (Kant 1787: B10 & B192). Such propositions are a priori true, so no experience is needed to confirm them. However, according to Kant these propositions will not broaden our horizon of understanding. We are only able to derive knowledge which had been part of the concept already before. In contrast, synthetic propositions are assumed to be empirical. They predicate something which is not already included in a concept (e.g. ‘the bachelor is 34 years old’) (Kant 1787: B11). Such propositions actually expand our horizon of understanding. However, it cannot be said with certainty whether they are true because they always depend on experience. But what if there were propositions which are true prior to any kind of experience and yet enhance our horizon of understanding? Thus, the question is if there can be synthetic a priori propositions. Kant concludes that synthetic a priori propositions are possible if the range of possible experience is related to the pure conceptions of the understanding (categories) and the pure forms of intuition (space and time). To Kant the propositions of mathematics are examples of synthetic a priori propositions (Kant 1787: B14-B16), e.g. Kant was of the opinion that the (Archimedean) definition of the line segment, the shortest connection between two points is the line segment, is in fact a synthetic proposition (Kant 1783: § 2).

In this respect, mathematical knowledge is subjective as it is linked to man’s faculty of cognition. Nevertheless, mathematics possesses objective validity because the categories of understanding and the pure forms of intuition are shared by all rational beings and thus have objective validity. From this point, Kant could have been seen as an advocate within mathematical discourse, an advocate who was able to defend the mathematical claim of absolute truth within the modern episteme. Probably this is one of the reasons why Kant’s epistemology is of outstanding importance for the mathematical and scientific discourses of that time.

A few years after Kant’s “Critique of Pure Reason” was published, initial works on non-Euclidean geometry have been started by Gauß and Schweikart (Gauß 1819) and later by Bolyai (Gauß 1832) and Lobachevsky. As we know, Gauß did not want his own thoughts to be published on this topic (Gauß 1832). It seemed to be likely that the question arises whether Kant’s conception of mathematical propositions has to be reconsidered and that means to undermine the authority of Kant and his philosophy. Already in 1817 Gauß wrote in a letter “we must not classify geometry with arithmetic, which is purely a priori, but rather assign it the same status as mechanics.” From this point of view, geometry is not a priori true anymore. More likely, geometry is subordinated to experience of human beings.

As we see, mathematicians were faced with the demands of the modern episteme in 19th century. On the one hand, they followed the new upcoming episteme by searching for fundamental justifications for mathematical propositions. On the other hand, they rejected the relativism within the modern episteme which was a consequence of binding knowledge to human cognition. 

Frege’s “Foundations of Arithmetic” (1884) are an interesting discourse fragment: therein, he tries to base arithmetic only on logical conclusions, he refers to a variety of well-known mathematicians and philosophers and he expresses an inner need to save arithmetic’s truth from any kind of relativism. In one respect, Frege’s thinking is altogether related to the thinking within modern episteme: he is searching for origins and ultimate justifications. At the same time, Frege rejects the conception of binding truth to the faculty of cognition which came along with the episteme of modernity. In his foundations the risk of relativizing mathematical truth by modern thinking is always present. Frege’s approach can be seen as an act of (discursive) resistance against this relativism. 

So to defend arithmetic from any kind of relativisation, Frege must present arithmetic as independent from subjectivity and experience. For that reason, he opposed Kant (Frege 1884: § 87-91) and Mill (Frege 1884: § 7). To Mill propositions of arithmetic are empirical facts. They “are not true by definition; they are, in Kantian terms, synthetic. But that implies, for Mill, against Kant, that they are a posteriori, inductive rather than a priori” (Wilson 2016). Frege rejects this view on numbers. And he rejects Kant’s view on arithmetic as well. To Frege arithmetical propositions are analytic (at this point it is interesting to note that Frege still shares Kant’s perspective on geometrical propositions (Frege 1884: § 89). In late 19th century, when non-Euclidian geometry was well-established, Frege is still of the opinion that geometry is synthetic a priori). But how to deal with the problem that analytic propositions do not enhance our cognition horizon, like Kant says? Unlike Kant his aim was to show that analytic propositions can enhance our cognition horizon. On conclusions derived from analytical propositions he wrote: “The truth is that they are contained in the definitions, but as plants are contained in their seeds, not as beams are contained in a house” (Frege 1884: § 88). The metaphor of propositions seen as plants growing from a seed seems to illustrate the way axiomatic mathematicians would think about their own work. For them every mathematical truth must already be contained in axioms. But also new proven propositions widen the field of mathematical knowledge. Also another contemporary view on mathematical thinking, indicated by the upcoming human sciences, was heavily opposed by Frege. On the question whether numbers originate in human psychologic conditions he wrote: “For number is no whit more an object of psychology or a product of mental processes than, let us say, the North Sea is” (Frege 1884: § 26). Frege treated numbers as objects. Of course, they are not physical objects or derived from physical objects but objects established by mental processes either.

Frege’s considerations mark an intermediate stage at this point in mathematical discourse. On the one hand, he is deeply convinced that arithmetical propositions are analytic. He rejects any kind of relation between arithmetical truth and human cognition and he also rejects the view that arithmetical objects have their origin in real world experience. His work signifies a shift, a shift turning mathematics, here arithmetic, away from reality, from mental processes and real world experience. On the other hand, he denies a pure formal interpretation of mathematical propositions like Hilbert did. So it was not an absolute shift, Frege proposed. To understand his objections against a pure formal interpretation of mathematical propositions, one should have a look at his distinction between sense (Sinn) and reference (Bedeutung) of proper names, and thoughts and truth values of propositions (Frege 1892). To Frege geometrical propositions are not only treating truth values but thoughts as well (Frege 1903, 1905). From that point of view, terms used in propositions do make sense if they are related to an (also immaterial) object in a specific context. 

In 1899 Hilbert published the “Foundations of Geometry”, a formal axiomatic system of geometry. Hilbert did not define objects (or as he said “things”) like points and lines in respect to their geometrical content but in certain mutual relations. “The complete and exact description of these relations follows as a consequence of the axioms of geometry”, Hilbert says (Hilbert 1899: 2). In addition to this formal conception of axioms as a description of relations between unspecified things Hilbert’s aim is to prove the relative consistency of geometry. Here, relatively denotes that geometry is led back to a different mathematical axiom system whose consistency is required. Hilbert’s proof deals with analytic geometry as a model of Euclidian geometry. So his axiomatic system of geometry is consistent if the axioms of real numbers are consistent. Again, we can see a shift from geometry to arithmetic taking place. Furthermore Hilbert wants to show that every single axiom he used is independent of every other. In remembrance of the long confrontation with Euclid’s parallel postulate within mathematical discourse this project is evident.

To Frege things are entirely different. He turns decidedly against Hilbert’s formal conception of geometry, where geometrical objects do not mediate a sense, and expresses doubts on Hilbert’s evidence for consistency. To assert the relative consistency of an axiomatic system based on formal similarities of two systems is considered as inadequate by Frege. He objected that by a purely formal conception of axioms thoughts would not be expressed. As we know, Hilbert’s conception of consistency prevailed in mathematical discourse. In the Stanford Encyclopedia of Philosophy it says “Hilbert is clearly the winner in this debate, in the sense that roughly his conception of consistency is what one means today by consistency in the context of formal theories” (Blanchette 2014). Hilbert did not address Frege’s view on consistency anymore and expanded his projects from the early 20th century initially to the arithmetic, Hilbert’s 2nd problem (Hilbert 1900), and then to all mathematical subareas from 1920. In Hilbert’s formalistic program the consistency of each mathematical domain should be ensured by placing it on a formalistic axiomatic foundation.

[bookmark: result_box]As we know, Frege’s project came to an end due to Russell’s antinomy (1902). And Gödel’s incompleteness theorems gave the evidence that Hilbert’s formalistic program, an outcome of his second problem, was not accomplishable (Smith 2007). But these results did not harm the narrative of separation within mathematics discourse. What can be seen by now is that the separation between mathematics and reality is not self-evident. In fact, we are faced with shifts in mathematical discourse. 

At several points in mathematics history discursive shifts can be discovered which led to to a specific view on mathematics as being separated from reality: an ongoing shift from problems to axioms and theorems, a shift from geometry to arithmetic and algebra as well as the shift from dynamic to static and infinite to the finite. With a special attention to the 19th century and its episteme Frege’s and Hilbert’s considerations do exemplify again that the separation between mathematics and reality arose in history. To avoid misunderstandings, I do not say that mathematical discourse developed in a linearly way. It is not assumed that the outlined positions have led to today’s accepted relationship between mathematics and reality alone. Rather I meant to demonstrate by single examples that certain issues are an outcome of a discourse. We will now have look on the current (German-speaking) discourse on modelling. For that purpose, it has to be shown how the narrative of separation works on the concrete level of modelling discourse in didactic research and classroom situations. 

The Discourse on Modelling

The first step to analyse the discourse on modelling on the level of didactic research means to identify possible and central utterances. The modelling cycle suggested by Blum (fig. 1) is well known and frequently cited in German-speaking countries. This modelling cycle is a central topos in the (German) discourse on modelling. It has been modified several times by other authors and found its way into mathematics textbooks. Guided by Foucault’s repertoire of concepts (which he refers to a ‘toolbox’), the modelling cycle of Blum should serve as an example to ask for the intentions and hidden assumptions of researchers and to ask for the impact on the individual. Below, it will be discussed how mathematical modelling in classroom is connected not only with mathematical knowledge but with subjectification and power as well.

[image: ]
Fig. 1. Modelling cycle by Blum (1988: 278)

Let’s start with the obvious: the modelling cycle passes through two regions, mathematics and reality. By this means, the narrative of separation is not reversed in this cycle; it rather forms the centre of a story which allows describing any kind of modelling activity. However, even if it is possible to understand both areas not in the sense of an ontological but in the sense of an analytical separation, the practice of switching between the regions will lead to or at least stress out an image of mathematics as separated from reality (Büchter & Weigand 2015: 30). So probably the modelling cycle takes a mediating role in mathematical discourse. On the one hand, by showing a possible interplay between mathematics and reality, the practical relevance of mathematics is emphasized; however, at the same time the cycle solidifies the narrative of the separation between mathematics and reality.

In addition to the separation of mathematics and reality the structure of the modelling cycle is remarkable. Similar to an algorithm used in so-called word problems or pure mathematics tasks single steps are distinguished from each other, too. However, it cannot account for if and when they lead to a solution of a given modelling problem. Since it is a cycle, the end of the process is open in principle and depends on the judgment of an individual. Algorithms in mathematics education are generally not determined by individual decisions but final results can already be anticipated in advance. In the modelling cycle, however, the knowing and acting individual is a precondition of any transition from one step to the next. Thus, using the modelling cycle forces the individual to speak. The individual must inform the teacher or the researcher why he/she has taken certain decisions and thus bears responsibility for his/her thoughts and actions. To make someone speak by solving modelling tasks is related to the identifiable parent trend to confession practices in schools and other educational institutions. A genealogy of such confession practices is described by Fejes & Nicoll (2015). In this regard, Foucault provides several analytical concepts to review the modelling cycle. Foucault’s term panoptism (Foucault 1975) can be applied. In Foucault’s thinking panoptism is related to the modern way of governing, the govermentalité (Dits et Écrits: III/239), and it takes place not only in prisons but in other institutions like schools, hospitals, psychiatry, etc. One has to think about current surveillance practices like CCTV, social networks and so on to recognize the importance of this concept when it comes to modern ways of governing. In this context, school and in particular teachers play an important role in a classroom setting. The role of the teacher can be interpreted by Foucault’s notion of pastoral power (Dits et Écrits: IV/306), i.e. a way to govern the individual by a group leader who has to take care of every single group member and therefore has to know about the inner thinking of the individual. Walshaw’s (2004) research into the development of identity of expectant teachers using Foucault’s tools may serve as a methodical example for further investigations.

[bookmark: __DdeLink__1873_308342781]While the openness which comes along with mathematical modelling gives a good framework to the measuring of the individuals by bringing them into a speaking position, this openness of modelling fits very well with certain open methods of teaching. Both, the measurement of the individual and the conduct through an open method are – in Foucault’s terms – forms of subjectification. Modelling activities are particularly suitable for open classroom methods because of their own openness and the wide variety of activities that can be discussed in groups. Foucault’s term of pastoral power can be exposed at the basis of so-called open classroom methods. A guiding question would be what kind of open methods come along with means of modelling tasks. Here are some clues for that: the combination of modelling tasks and open classroom methods seen as a technique of discipline is characterized by a narrow time regime. Individuals are often divided into groups, which may compete with each other. The individual group members will no longer be conducted primarily through coercion, through direct instructions of the teacher. Rather, this kind of direct instruction is replaced by a so-called “positive interdependency”, i.e. the division of labour will be designed by the teacher as far as possible so that the success of the whole group depends on the involvement and the success of each group member. Some of these open methods promote the idea that individuals can be observed and evaluated at different times and in different activities. And in turn, modelling activities led to this view on individuals. In particular, the fact that this evaluative view is often delegated to the pupils themselves deserves special attention. Control is no longer exercised exclusively by the teacher but by certain group members and in the end by each individual. 

To observe the individual and guide him/her by so-called open methods while solving modelling tasks is crucial to the subjectification of individuals. But it is also or even more important to speak about the way reality and what kind of reality is presented in mathematics classroom. First of all, I wanted to illustrate that the distinction between mathematics and reality is not self-evident, but a result of several shifts in mathematics discourse. And I already mentioned how this separation is repeated in classroom due to the modelling cycle. Now I would like to discuss what kind of reality is presented to the students in classroom. Firstly, a relevant aspect of mathematical modelling tasks is the intended authenticity and relevance for students lives. Modelling is particularly suitable for teaching in classroom when contexts arouse the interest of pupils. In discourse on modelling it is assumed that life relevance and authenticity are key characteristics of a good modelling task. “Authenticity of modelling activity occupies such a central place that it was designated a special section in the ICMI 14 Study Volume” (Stillman & Galbraith 2012: 98). Starting from a Foucauldian analysis of all Brazilian dissertations on modelling in the classroom published between 1987 and 2009 Quartieri and Knijnik describe generating interest through modelling “as a way of the teacher to conduct the student’s conduct, making him co-responsible of the learning and being interested in mathematics“ (Quartieri & Knijnik 2013: 274). Here we see how particular parts of reality should be used to conduct students’ behavior more easily.

Another consideration should be given to the non-mathematical contexts that commonly come along with modelling in the classroom. For that purpose, the ISTRON group’s “Materials for a reality-based mathematics instruction” and the “New materials for a reality-based mathematics teaching” have been reviewed which are quite relevant to the German-speaking discourse on mathematical modelling. At a glance it can be seen that not infrequently – in Foucauldian terms – biopolitical issues are treated by contributions of these series. So in various contributions diseases like AIDS, gonorrhea and cancer are treated. Furthermore, medical procedures such as blood tests, drug tests and computed tomography are contexts of modelling tasks in these series. Similarly, contributions from the field of nutrition can be found. Besides these contributions concerning human health a number of questions on the impact of human behavior on the environment are treated by modelling tasks presented in these volumes. For example, they include contributions to environmentally conscious shopping, recycling and energy-saving actions. These examples show that modelling can be and is used to transport biopolitical issues into the classroom. The analysis of teaching concepts should be intensified in this respect. 

Finally, I want to focus on the way reality is limited in mathematics classroom. I will exemplify this risk by the help of a modelling task. It is the “fill up task” which is well known in mathematics education research in German-speaking countries.

“Mr Stein lives in Trier 20 km distant to the border of Luxembourg. He drives with his VW Golf to Luxembourg where a filling station is located directly after the border. There petrol costs 0.85 € per litre instead of 1.10 € in Trier. Is it worth for Mr Stein to take the ride?” (Blum & Leiß 2005, trans. U. Schürmann)

In the contribution of Blum and Leiß some idealistic attempts to solve the task are described: a functional attempt, an algebraic attempt and an attempt with regards to contents. The question is how reality is limited here. I ask myself how a mathematics teacher would react to answers to the task like the following ones:

“No, because it is never worth to waste your time while sitting in a car.”

“No, because it is not good for the environment to drive a car more often than it is needed.”

“No, because to fill up your car in Luxembourg means to avoid paying taxes just like global companies do.”

It is very likely that the teacher will guide the students to solve the problem in the expected mathematical manner. Bohlmann, Gellert and Straehler-Pohl (2014) call this process in mathematics classroom ‘reality filtration’. Nevertheless, I am still of the opinion that the task is a very good modelling problem because it opens the classroom for such kind of critical answers and also for a reflection of the use of mathematical models in everyday life. But it is not unlikely that this potential will be very limited in real mathematics classrooms (e.g. every student answer presented in the contribution of Blum and Leiß does illustrate that kind of thinking). What I want to emphasize is risk of mathematical modelling to focus on mathematical solutions only. It is the risk that students are regarded to behave like rational customers only. 

Conclusions

In the first part of this article I wanted to illustrate that the distinction between mathematics and reality is not self-evident but an outcome of the mathematics discourse. Therefore, I used Deleuze’s concepts of axiomatic and problematic mathematics. I wanted to show that for problematic mathematicians there is no need to distinguish between mathematics and reality. But also axiomatic mathematics is faced with reality even when it can be seen as an attempt to keep reality away from mathematics.
Then, I went on to discuss how the narrative of a separation works in the classroom. I pointed out how the narrative of a separation is repeated due to modelling tasks, that modelling tasks fit very well with certain so-called open classroom methods and that the reality which is presented to the students by modelling tasks can be used to conduct students conduct and is to some extent filtrated.
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