Stheven Rodriguez-Amador 
  
Francisco Cordero 
  
One way to link together school mathematics with the learner´s reality

Keywords: Modelling, middle school students, sustainable development goals

This paper reports on a design of a Socialisation School Situation constructed within the framework of Socioepistemological Theory. The purpose of this report is to show how this design could be a way of bringing school mathematics closer to the reality of third-year Mexican secondary school students (14 or 15 years old) by focusing on the uses of the mathematical knowledge, and how this design highlight epistemologies that are not currently addressed in the school mathematics curriculum.

Introduction

Nowadays there is an almost universal goal to establish a relationship between school mathematics and the real world in all educational levels [START_REF] Gedisa | Handbook of international research in mathematics education[END_REF][START_REF] Smith | Curricular orientations to real-world contexts in mathematics[END_REF]. However, some authors, such as Cordero et al. (2022) have identified a general phenomenon that creates barriers to reach that goal. They have called this problematic as mathematical school discourse, (dME for acronym in Spanish). The dME privileges the acquisition and the mastering of mathematical objects (scientificity) and leaves aside the functional mathematical knowledge that people use in specific situations of current realities. For this reason, the authors argue that if school mathematics continues to prioritize the acquisition of mathematical objects over functional mathematical knowledge, the gap between school mathematics and learners' everyday lives will persist.

An example of the omission of uses of the mathematical knowledge in current realities can be seen in the environmental crisis affecting the planet. [START_REF] Barwell | Mathematics education and the living world: A dialogic response to a global crisis[END_REF] say little attention has been given to ecological, or sustainable issues within the field of mathematics education and claim "mathematics education (teaching, learning, curriculum, assessment, etc.) needs to be completely rethought in response to the growing crisis, not simply in terms of 'content', and based on new epistemologies, ontologies ethical framework and pedagogies" (p.2). Li & Tsai (2020) talk about the Education for Sustainable Development (ESD) approach as a response to the call to address problems of environmental sustainability. They recognize that incorporating ESD into mathematics education requires a reconfiguration of the traditional philosophy of mathematics.

In fact, the Basic Education System in Mexico is currently reforming its curriculum because of its focus on scientificity. The current curriculum prioritises reading comprehension, mathematical thinking, and scientific skills, but has led to the invisibility of diversity and the fragmentation of knowledge. The proposed reform is called Nueva Escuela Mexicana and seeks to place the community at the centre of the educational process, organising content by combining science, mathematics, technology, and diverse cultural knowledge to explain phenomena from a pluralistic and interdisciplinary perspective (SEP, 2022).

Given the preceding reasons, it is concluded: first, the current approach to school mathematics needs to be transformed at its epistemological core, placing the uses of mathematical knowledge as the central epistemological foundation of mathematics education. Second, the Sustainable Development Goals (SDGs) need to be considered to change the current way of teaching and learning mathematics, because they give essential realities that do not appear in current school mathematics where the uses of mathematical knowledge can be displayed.

Therefore, this paper reports a Designs of Socialization School Situation with the purpose to show how this kind of designs could be a way to bring school mathematics closer to the reality of learners, by focusing on the uses of the mathematical knowledge in the realities framed by the SDGs, such as the degradation of our planet and the need to manage natural resources to address this issue (UNO, 2017). This design was developed as part of a study of the functional mathematics that students build when they face a learning situation about rainwater management. For this purpose, the design was implemented in a mathematics class, of 44 third-year Mexican secondary school students (14 or 15 years old). The design task was completed in 3, 50 minutes long classes, by groups of three students. At the time of writing this paper, the study is currently in the phase of analysing results. Thus, this report does not present the results of the study; rather, it focuses on the theoretical aspects that underpin the design and enable a dialogue between school mathematics and the learner's reality.

Theoretical framework

As stated in the introduction, the mathematical school discourse (dME) is the general problematic that affects school mathematics. This problematic has been identified from the Socioepistemological Theory and according to [START_REF] Cordero | El discurso matemático escolar: La adherencia, la exclusión y la opacidad[END_REF] one of the phenomena that arises from the dME is opacity. Opacity occurs when other epistemologies of mathematical knowledge are not considered in the teaching and learning process, they are rendered opaque by a hegemonic epistemology. Thus, to counter the dME, a socioepistemological program, the Forgotten Subject and Transversality of Knowledge (SOLTSA), led by Cordero, has created Designs of Socialization School Situation (DSES, for acronym in Spanish). To construct these designs is need two aspects: one is an epistemological base which will be the uses of mathematics that have emerged from specific situations of communities, and where the centre is its functionality and not the acquisition of concepts and definitions of objects. The other aspect is the treatment perspective. This perspective is composed of multiple factors to contribute to the teaching and learning of mathematics [START_REF] Cordero | Un cambio educativo: ¿Matemáticas para la ingeniería? o ¿Matemática de la ingeniería?[END_REF].

Epistemological base: Category of modelling

Studies on the use of mathematical knowledge by SOLTA have resulted in the formulation of a category of modelling. Cordero et al. (2022), assert: it is a category that responds to what is useful to a human in a specific situation. It is something more robust than a mathematical application (to a real situation), it is a specific community practice, in its scenarios: school, work and city. This situation is composed of significations and re-significations with their respective procedures, regulated by an instrument: both are constructed according to the operations that the participants can perform, with the conditions that they can capture and transform and with the concepts that they are progressively building. (p. 251) According to the description before, the epistemological structure of each category is: they emerge from a specific situation of a community, this situation has meanings that generate procedures and an instrument all these elements allow to construct argumentations which reflect the construction of mathematical knowledge (the mathematical knowledge is re-signified). Some of those categories that SOLTSA has identified their emergence in communities are prediction, tendency behaviour, and optimization. Table 1 presents a summary of these categories. 

Treatment perspective

The treatment perspective for this DSES is the socialization of knowledge because it makes visible current realities (opaqued by dME) where mathematical knowledge is re-signified by creating a dialogue between the epistemologies of those realities and the epistemology from dME (Cordero et al., 2022;[START_REF] Cordero | El discurso matemático escolar: La adherencia, la exclusión y la opacidad[END_REF]. Therefore, the current reality for this design is framed by the Sustainable Development Goal 6, related to the availability and sustainable management of water (UNESCO, 2017). It is well known that water scarcity affects the whole world, and Mexico City is no exception. [START_REF] Gispert | Rainwater harvesting as a drinking water option for Mexico City[END_REF] reported that in a part of Mexico City about 310,000 houses do not have access to water, and they claim that rainwater harvesting as a domestic water resource to address this socio-environmental problem.

To provoke a dialogue between the epistemologies of the realities and the school mathematics, the socialization of knowledge is characterized by the following processes. Functional, is expressed by the uses of mathematical knowledge. Historical, is in those situations where the community uses its knowledge. Intentional, is the human need to construct knowledge that endures through time [START_REF] Cordero | El discurso matemático escolar: La adherencia, la exclusión y la opacidad[END_REF].

A design of socialization school situation: Rainwater harvesting

The specific situation for this design is domestic rainwater harvesting. Studies around this situation allowed the identification of the categories of modelling described above. First, these kinds of studies set as a key factor the local rainfall regime to know the rainwater harvesting performance [START_REF] Fewkes | Modelling the performance of rainwater collection systems: towards a generalised approach[END_REF][START_REF] Tennakoon | A Mathematical model for rain harvesting systems to optimise storage tank volumes and roof areas to achieve uninterrupted water supplies into households[END_REF]. It was in this first consideration, the local rainfall regime, that the categories of prediction and tendency behaviour were identified. In the case of prediction (Moment 1 of the design), the rainfall regimes delimit a variation situation which show accumulation meanings by determining how much rainwater falls in a season. The procedures of comparison emerge when
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Specific Situation comparing how much rainwater varies over regions of the country. Ending with prediction arguments when saying what months will be better to fill the rainwater tank and better months to be washed out.

The tendency behaviour category (Moment 2 of the design) was identified based on the way in which rainfall regimens were presented using behaviour graph patterns. Thus, it was inferred they used the graph as an instruction that organizes behaviours, in this case rainfall behaviours.

Domestic rainwater harvesting studies show that once the local rainfall behaviour is identified, the next step is to decide a model to calculate the water balance of the roof, rainwater tank, daily internal water usage. They can determine whether the total water demand can be met through rainwater harvesting by considering factors such as roof area, tank storage capacity, household water usage, and climate data. "If the model indicates that spillage is excessive, the user can increase the capacity of the tank store and rerun the model, and so iteratively arrive at a suitable design" (Tennakoon et al., 2018 p. 6). It is in this part that the category of Optimization is identified (Moment 3 of the design).

The instrument to determine if the system works is knowing the amount of rainwater they will receive according to their region; with this information they look for a proper size tank. Based on this, procedures such as distinction of qualities are development; they have to think about the material of roof, the tank storage capacity, the amount household water required. The adapting pattern in this situation is the model that the engineers use for setting up the rainwater harvesting system.

Thus, the description above is going to be the epistemological base of the proposal design. It is important to mention that students are not expected to follow the way in which domestic rainwater harvesting systems are modelled because this goes against the category of modelling which states that meanings, procedures, and instrument are constructed according to the participants' performance.

Table 2 presents how this design articulates the socialization of knowledge perspective. According to this socialization perspective, this design decentralizes the attention on a specific mathematical object and the focus is the use of the graphs and how this is re-signified. For that reason, the design was structured by moments. In Moment 1 it is expected that the graph generates prediction arguments. In Moment 2 the graph will generate arguments around tendency behaviour and at Moment 3 the graphs will generate arguments about optimisation. Each moment is made up of 1 or 2 activities, as follows:

Moment 1

(Activity 1). The figure 1 presents some of the results of a study carried out in Mexico. At the left it is shown Roman numerals indicating the geographical regions of Mexico that receive a given average amount of monthly rainfall. At right is shown the average monthly rainfall in these geographical areas for the year 2004.

Answer the following questions using the figures below: For the creation of Moment 1, the findings of [START_REF] Méndez | Análisis de tendencias de precipitación (1920-2004) en México [Precipitation trend analysis (1920-2004[END_REF] were utilized. This activity frames a situation of variation to make the argument of prediction emerge. The students are expected to see how the amount of rainwater varies in their own region; it is intended that the amount of rainwater variation will be the instrument that the students will use to find the meaning in the situation and to construct procedures. The meaning in this situation is the quantity of rainwater accumulated, for this reason, questions a), b) and c) are posed. To answer them it is not enough to see where the graphs reach the maximum amount of water, but to see the accumulated amount of water in a period. The procedures expected for the students to develop are comparing the amount of rainwater by month, region, or season, for that reason question d) is posed. All of this is expected to provoke arguments around the prediction in question e). Question f) is for students to appreciate the use of mathematical knowledge in decision making.

Moment 2

(Activity 1). In the same study as Moment 1, it is mentioned that there is a trend towards an increase in rainfall of up to 30 mm per decade in the arid and semi-arid regions of Mexico, as well as a decrease of about 30 mm per decade in the central and coastal regions of the Gulf of Mexico. Illustrate how this trend could affect the behaviour of rainfall in your region today. What phenomena could cause this trend to continue in the same way in 2030? 1Figure 1 was adapted from Méndez González et al. (2008). When implementing this design with students, Figure 1 will be presented as two separate figures.

(Activity 2). Make an illustration of the following case: In a certain year in the geographic region where you live, it is expected to rain 50% less than the normal amount for a period of 3 months or more.

What are the problems that households in your region would face for said phenomenon?

Explanation and justification of activity 1 and 2 from Moment 2.

Activity 1 and Activity 2 frame a situation of transformation to make the argument of tendency behaviour emerge. Students are expected to use the given graph (the graph from moment 1) as an instruction that organises behaviour, this will be the instrument. It is assumed that this will help the students to identify the meanings of patterns in the rainwater behaviour in their region and to develop procedures for varying the parameters of the points in the given graph. Thus, it is hoped that students will graph the new rainwater behaviour in their region.

The difference between Activity 1 and Activity 2 is that Activity 1 comes from the same study of Moment 1, and it has two general possible answers, one related to floods and the other related to droughts. But Activity 2 is posed with the recognition that drought arises when there is a significant reduction in rainfall compared to the usual recorded levels, so the region is going through a period of drought. Therefore, Activity 2 also has the intention of getting students to recognise a potential drought problem in their regions.

Moment 3

(Activity 1). According to statistical data the average of water consumption of one person 320 litres per day in Mexico City. Find the consumption of your family per month and determine the amount of water used in each task based on the information below.

Studies affirm that the normal consumption of drinking water in a home is: 30% in the toilets; 30% in showers, 11% in washing machines, 7% in garden watering, 2% in cleaning and washing the car, 2% in cooking, 6% washing dishes, 6% personal hygiene and 5% in others. Facing these demands in dry periods is very difficult due to the restriction of water. In Mexico City, different rain harvesting programs have been developed to deal with the water problems caused by dry periods. The following questions will help you reflect on how you can use rainwater in your home: a) What domestic activities that use drinking water in your home could you carry out with rainwater? b) How much drinking water would you save if you used rainwater for these household chores? c) Illustrate how you would collect the rainwater that falls on your house. d) Make a rough estimate of the amount of rain you expect to collect. e) Does the amount of rainwater collected meet the water needs for the tasks you described in question b? f) If the amount of rainwater you hope to collect does not satisfy the water needs of the tasks you have written, what would you change in your answer to question c to satisfy these tasks? It is important that you do not delete anything from your first idea. Also, try answering questions c-f again if you have made any changes.

Explanation and justification of activity 1 from Moment 3.

The first part of Activity 3 aims to bring the students closer to their reality by asking them to calculate the monthly consumption of drinking water in their homes. They will use the average consumption of drinking water per day of a person living in Mexico City. Another objective of this first part is to make the students think about the possible problems of drought they might face and how rainwater can help them to overcome these problems. This is the reason for questions a) and b).

It is expected that questions c)-f) will reveal the emergence of the category of optimisation. The harvesting of rainwater frames a selection situation that can be seen in different parts of the process: how the students will collect, transport, and store the rainwater. To answer these questions, it is hoped that the students will determine the amount of rainwater they will receive according to their region, this will be the instrument, i.e., the stable of the situation, since question d) is posed. The meaning in this situation will be the strategies that the students propose to capture the water, hence question c).

Knowing the stable and the adaptation patterns, it is expected the development of procedures of qualities distinction of the resources for capturing rainwater; from the rain falling on the house to the receptacle that will receive it (a receptacle not so big nor so small). This may involve procedures related to identifying the optimal size and type of receptacle to collect the water, determining the best location to place the receptacle, and selecting the most effective method for transporting and storing the water, since question e) and f) are posed.

Conclusion

Therefore, in this way we hoped to bring school mathematics closer to the reality of middle school students; by allowing them to use their mathematical knowledge, and by making visible this specific situation of rainwater harvesting through a Designs of Socialization School Situation. As we see, this design breaks with the mathematical school discourse because it does not expect the acquisition of a mathematical object, but the re-resignification of uses of the graph around the prediction, the tendency behaviour, and the optimisation. Furthermore, with this design, students could think about how they can use their mathematics to benefit their community and the world.

As mentioned in the introduction, this design is a part of an ongoing research project that is currently in the phase of analysing results. We anticipate completing the data analysis by June 2023.

  a) In which season of the year does it rain more? b) In which season of the year does it rain less? c) In which season of the year the quantity of rain is uniform? Why? d) What can you say about the rain behaviour of the geographical region where you live in relation to other regions? e) How much water will you be expecting for your geographical region for this 2023? Why? f) How can you benefit from knowing the rains behaviour in your region?

Figure 1 :

 1 Figure 1: Rainfall regime of Mexico 1 Explanation and justification of activity 1 from Moment 1.

Table 1 : Categories of modelling

 1 

		Variation	Transformation	Selection
	Meanings	Flow Movement Accumulation	Behaviour and analytical graphs patterns	Adaptation pattern
	Procedures	Comparison of two states	Parameters variation	Qualities distinction
	Instruments	Continuous variation quantity	Instruction that organizes behaviours	What is stable
	Argumentation / Resignification	Prediction	Tendency Behaviour	Optimization

Table 2 : Socialization processes

 2 

	Socialization processes	Elements of the epistemology
	Functional	Uses of rainwater graphs
	Historical	The specific situation of domestic rainwater harvesting
	Institutional	Categories of prediction, tendency behaviour and optimization