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Establishing good mathematical connections is a powerful tool for learning mathematics, as it links the mathematical and the everyday world. Understanding geometry as a way of understanding the world, the study of connections and contexts becomes relevant. This paper describes the meaning attributed to the context, the type of connections generated and the relationships between contexts and connections, proposed by 250 future primary school teachers. A mixed methodology is used to describe the type of contexts and connections considered in the design of geometric school activities. It is found that when future teachers use contexts that are close to them, they manage to generate more powerful connections. It is also found that the low level of geometric knowledge and lack of knowledge of other areas makes it difficult to design school activities that promote a suitable construction of geometric notions.

Introduction

The use of appropriate contexts for teaching mathematics allows students to imagine situations and even make them live those situations through realistic research projects close to them. [START_REF] Zolkower | Educación matemática realista en Pochulu[END_REF], indicate that "when a context is meaningful to the learner, it serves as a starting point for their mathematical activity as it mobilizes their common sense and suggests the use of informal strategies linked to the situation in question" (p. 186).

It is known that greater contextualization of mathematics in different areas results in more immediate access to knowledge by the student and their learning. [START_REF] Godino | Matemáticas y su didáctica para maestros: Fundamentos de la enseñanza y el aprendizaje de las matemáticas para maestros[END_REF] indicate that the mathematical knowledge of the students is deeper and longer when they connect mathematical ideas with different areas using context of their interest.

Despite the advances in the study of contexts as a key element for the teaching of mathematics and the consensus of its use in Geometry, the question of how the use of one or another context can support the construction of new knowledge is still under discussion.

An attempt at an answer can be made by understanding that the contexts for teaching mathematics allow the establishment of relationships between objects of reality and mathematics, called mathematical connections. These connections are currently the object of analysis and study in the didactics of mathematics since they translate into an indicator of a student's achievement when learning and evidencing the creation of new knowledge. Thus, when understanding that geometry is a science that allows the study of real-world phenomena and situations from a theoretical and process structure, it is inherent to think that connections will be present in its development, teaching and learning.

According to the NCTM (2000) learning is deeper and more durable if learners can connect mathematical ideas. From this perspective, different authors have studied the type of connections that students generate when facing mathematical tasks, accompanied by diverse theoretical frameworks [START_REF] Eli | Exploring mathematical connections of prospective Middle-grades teachers through card-sorting tasks[END_REF][START_REF] García-García | Exploring pre-university students' mathematical connections when solving Calculus application problems[END_REF] and [START_REF] Rodríguez-Nieto | Una visión desde la red de teorías TAC-EOS sobre el papel de las conexiones matemáticas en la comprensión de la derivada [A view from the TAC-EOS network of theories on the role of mathematical connections in the understanding of the derivative[END_REF]. A connection can be understood as a part of a network of information that interrelates mathematics with other sciences and become useful to the extent that they serve to understand and establish relationships between ideas, concepts, and mathematical procedures [START_REF] Kenedi | Mathematical connection of elementary school students to solve mathematical problems[END_REF].

However, the study on connections and their classifications, within the framework of primary education teacher training, is a recent field and therefore, with quite a few unexplored elements. The research developed on connections in teacher education is mostly focused on secondary mathematics teachers [START_REF] García-García | Escenarios de exploración de conexiones matemáticas [Exploration scenarios of mathematical connections[END_REF]. Many of the works refer to intra-mathematical connections at the secondary education level, and few studies are devoted to the analysis of extra-mathematical connections in elementary school [START_REF] Vanegas | Conexões extramatemáticas na formação inicial de docentes. Estudos Avançados [Extra-mathematical connections in initial teacher training[END_REF].

According to the elements previously exposed, the following research question is proposed: What contexts and connections can be identified in the design of school activities conducted by prospective elementary school teachers for the introduction of geometric objects and processes? And What possible relationships can exist between such contexts and connections achieved? In order to try to answer this question, the present communication proposes the following objectives: 1) to identify and analyze the creation and use of contexts in the design of school activities for the introduction of geometric objects and processes, carried out by future primary education teachers (PT), and 2) To identify and characterize the type of connections that PTs establish from different contexts, as well as the possible relationships between such contexts and connections.

Theoretical Framework

The study of contexts in the didactics of mathematics is not a new idea, since mathematics is recognized as a human activity, it is necessary to teach it in connection with the students' reality, thus allowing to develop cognitive flexibility, and to reach a series of new understandings that allow for deep learning [START_REF] Voica | Creative context as ways to strengthen mathematics learning[END_REF]. Studies on contexts in the teaching of geometry become relevant, to the extent that if the contexts are close to the students, they show significant improvements in geometric estimation skills, spatial location and understanding of geometric elements [START_REF] Hwang | An Investigation of the Effects of Measuring Authentic Contexts on Geometry Learning Achievement[END_REF]. Similarly, contexts have become relevant in mathematics, insofar as they allow us to discover the relationships between the mathematics that people do at school, in life and at work [START_REF] Nunes | Street mathematics and school mathematics[END_REF][START_REF] Jurdak | Problem solving activity in the workplace and the school: the case of constructing solids[END_REF].

To study contexts, this paper will use a classification of the contexts used in the teaching of mathematics presented by [START_REF] Martínez | Concepciones sobre la enseñanza de la resta: un estudio en el ámbito de la formación permanente del profesorado[END_REF] as follows: a) Problems of real context: which are those mathematical problems that are framed in real mathematical practice. b) Problems of simulated context: those that come from the reality of the students, but that take up only some elements, constituting a partial reproduction or simulation. c) Problems of evoked context: referring to those situations proposed by the teacher that allow imagining a framework or situation where this fact occurs.

On the other hand, in order to determine relationships between contexts and connections, we start from the idea of [START_REF] Rodríguez-Nieto | Una visión desde la red de teorías TAC-EOS sobre el papel de las conexiones matemáticas en la comprensión de la derivada [A view from the TAC-EOS network of theories on the role of mathematical connections in the understanding of the derivative[END_REF], connections have been understood as a relationship and as a cognitive process. The intra-mathematical and extra-mathematical connections are known; the first ones refer to the relationships established between mathematical objects themselves, their properties, definitions, and theorems; while extra-mathematical connections are defined as those relationships established between mathematical elements or objects with elements outside mathematics, such as other disciplines or with everyday phenomena. [START_REF] Vanegas | Conexões extramatemáticas na formação inicial de docentes. Estudos Avançados [Extra-mathematical connections in initial teacher training[END_REF] present a study that explores the connections that a group of PTs recognizes and proposes a categorization of extra-mathematical connections. For their proposal, the authors consider different aspects of the onto-semiotic approach. In such study, the following types of connection are defined:

 Modeling Connection: refers to relationships established between an extra-mathematical context and a mathematical idea. The phenomenon can be modeled by this concept explicitly.

It corresponds to a semiotic function where objects emerge through definitions or descriptions, explicit or not. For example, establishing equivalences of areas by decomposing and recomposing figures.  Mediating Connection: Establishes a relationship between an extra-mathematical concept and a mathematical idea or procedure, in order to better interpret a certain meaning of the mathematical idea if this improves its representativeness. This is the case of treasure maps or archaeological maps, to simulate tours.  Generic Interdisciplinary Connection: referred to relationships established between an extramathematical context and several representations of the mathematical object that are usually expressed in a generic or shallow way. With these relations, it is possible to show some characteristics and/or properties of mathematical knowledge or associated problems. It is the case of talking about a scientific phenomenon only as an excuse to place the statement in an appearance of evidencing a scientific reality.  Representative/semiotic Connection: refers to the establishment of explicit relationships between different representations of the same mathematical notion with the help of an extramathematical context, in such a way that characteristics or mathematical properties emerge.  Metaphorical connection: referred to those connections in which an extra-mathematical element is used as a metaphor that allows recognizing particular or general implicit elements of some mathematical notion. Such is the exemplary case of using contexts based on the physical idea of equilibrium in symmetry.  Materialization: refers to the relationships in which an extra-mathematical context is presented to materialize a mathematical definition or process that is subsequently abstracted. An example is the use of tensegrity to classify figures using rods to visualize the diagonals.

Method

This paper relates a research whose methodology is the case study [START_REF] Yin | Case Study Research: design and methods[END_REF], of an exploratory nature [START_REF] Hernández | Metodología de la Investigación [Investigation Metodology[END_REF] The studied case is the development of the practices of a prospective teacher's group at a Spanish university. It seeks to study, describe and understand the participants' productions when they are involved in the development of a professional task.

A professional task is designed and implemented with the formative aim to highlight the value and necessity of making connections to foster rich geometric activity and to recognize the role that contexts play in making connections. PTs are asked to observe a series of images and videos that evoke different real-life situations and phenomena (protozoa, earth movements in space, the giant causeway in Ireland, the W Hotel in Barcelona, among others). These images were selected by the researchers, following the idea of including real contexts for teaching geometry, but they will be discussed as a limitation of the study in the final section of this paper. Finally, The PTs were then asked to pose problems that they would propose to primary school students to work on geometric notions based on each of the contexts shown in the images and videos.

This professional task was implemented at the elementary school level, with the participation of 250 students organized in 57 groups (of 3, 4 or 5 people). The participants were in the second year of their training program. The subject in which the implementation was carried out is called "Space and Form". This subject is the only one related to geometry and its didactics within their training program, so the prior knowledge of the future teachers is only what they have from their basic and middle school education. The research data are the written productions of the different groups to the professional task. A total of 57 written protocols are collected and systematized through the Moodle platform. The development of the professional task was carried out in online mode, the work was synchronous with the teacher. A first preliminary delivery is made (which had no feedback) and days later the final delivery, after which the analysis of the task is done together, and the future teachers receive feedback and corrections of their deliveries.

The school activities designed by all the groups were analysed and classified in a first stage using the categories of Martinez (2003) according to the context that the PTs had designed; in this way, it was possible to establish the most used contexts and the least used ones. Subsequently, all the proposals were categorized following [START_REF] Vanegas | Conexões extramatemáticas na formação inicial de docentes. Estudos Avançados [Extra-mathematical connections in initial teacher training[END_REF] according to the type of connection that the PTs managed to establish. Once all the PTs´ proposals were categorized, we proceeded to a second stage in which we analysed the images proposed to the PTs so that we could determine in a general way what type of contexts and connections emerged from each one, thus finding a dominance in the contexts established and the connections achieved. This procedure allowed us to see stability in the results found, as well as to begin to delimit the relationships that existed between contexts and connections. The results found are presented with percentages assigned to the total sample of the school activities proposed, designed and presented in the 57 written productions, so that each percentage corresponds to a grouping of answers to the question posed that present the characteristics described above.

The established categories allowed the construction of a matrix of results that allowed the horizontal analysis (depending of the proposal) as well as the vertical analysis (depending on the type of connection and context) of each of the proposals of all the groups (Figure 1). The groups were numbered from 1 to 57, while the connections from 1 to 6 and the contexts from 1 to 3 corresponding to the order in which they were presented in the theoretical framework section. The figure 1 present an extract of the principal matrix used for the analysis, there we codify the groups (column titled G), the used photographs or images P1 to P10), contexts (ct) and connections(cn) in order to develop the analysis described above. 

Results

Table 1 presents some examples of PTs' proposals and the context and connection that were recognized.

Nº Image Proposed school activity by PTs Categories 1 "Why do spiders use this shape when making the spider web? Could they make other shapes? Can the spider web be stronger with this shape?" (Group 12).

Real context Metaphorical Connection

2 "With the material provided by the teacher (woods) and based on what can be seen in the image, can you build a homogeneous staircase? What are its measurements?" (Group 23).

Evoked Context Materialization Connection

3 "The zodiac was designed by the ancient Greeks; sign of Libra has a rhombus. Calculate the area considering that the large diagonal measures 8cm and the small diagonal measures 4cm and that of the triangle (Lion) knowing that the base measures 2cm and the height measures 5cm" (Group 19).

Simulated Context Metaphorical Connection

Table 1: Contexts and connections identified in activities proposed by prospective teachers.

Regarding the type of context used by the PTs, most of them (on average 78.6%) propose school activities in evoked contexts (see numbers 2 in the table 1), where attention is focused on the mathematical objects and not on the necessary characteristics or processes that are part of reality and the possible solution. While 15.4% are based on a real context (like in number 1 in Table 1), omitting the geometrical objects to be studied. Finally, 5.9% of the proposed school activities focus on a simulated context (number 3, table 1). Despite having extra-mathematical and everyday elements, PTs focus their attention on the direct visualization of the geometric objects they are working on, ignoring the real characteristics of the context and the properties or processes intrinsic to the objects they are working with, like in image 3 (Table 1) where the attention is in the measures and distances in the constellations omitting real properties of the constellations, and in other cases, confusing with elements from the astrology.

As for the connections, most of the proposed school activities (63.6%) refer to a metaphorical type, associated with direct visualizations. These proposals are mostly focused on the study of geometric objects and their properties, related to scale, symmetry, vertex of the figures, etc. However, they are proposed tasks that do not demand greater depth or difficulty for the solver (see activity number 3, Table 1). Then, 25.8% of the proposals evoke a generic interdisciplinary connection. It is striking that the contexts and the objects used to create the connection, seemed not to be totally connected with the objective of the question, and even, in some cases, the extra mathematical element could be removed, without the question losing the mathematical objective. Only 4% of proposals corresponding to a materialization connection. Some PTs try, from the construction of a spider's web, the emergence of some geometric figures and their characteristics. From the point of view of the emergent objects of this practice, the proposals are not used to talk about a proper representation of spider webs or some other elements that would be expected in a higher-level challenge.

Finally, the 2.3% of the proposals achieved a mediating type of connection, where those problems with manipulable material and its relationship with geometric figures and with properties such as measure, shape, and size stand out. None of the proposals presents evidence of achieving any Semiotic or modeling type of connection, which presumably is generated due to the absence of cognitive elements about geometric objects or the knowledge of everyday phenomena that can be modeled by some geometric element (4.3% of the proposals were left without a connection category assigned, as they do not show evidence of achieving any).

Discussion

Initially, we can state that results found show that the fact that most of the PTs proposals are evoked contexts is evidence that some basic knowledge exists for the design of proposals for teaching geometry, but that it can be improved and enhanced to the extent that better contexts are sought when designing these activities. The focus of the PTs on common geometric objects confirms what was stated by [START_REF] Voica | Creative context as ways to strengthen mathematics learning[END_REF] who recognize that in geometry, in addition to the students' work with various contexts, a broad knowledge of cognitive elements is required, which are improved as the student modifies or adapts the problem situations depending on the elements already known.

In the other hand, there is a tendency to generate different types of connections when using one or another context (from the analysis of principal matrix, you can see figure 1); the contexts that have the same dimension and measurements familiar to the students generate the mostly connections, for example, in those images that referred to real contexts, but of very small sizes such as protozoa, the focus on usual geometric objects and the tendency to generic interdisciplinary connections stand out. But in contexts closer to the PTs, such as the crystals formed by freezing water, their proposals try to generate mediating connections and evoke more advanced geometric elements such as symmetry and its properties. Not so in the context of the universe, where perhaps by moving even further away from the tangible and the visible, they proposed simple identification like in example 3 of the Table 1.

In the different tasks proposed by the PTs, by making a generic interdisciplinary connection with a mathematical context, the arithmetic work of some geometric element is particularly sought. The tasks of calculating areas and volumes stand out, despite not knowing the real dimensions, in which case a simple assignment of values is made, indistinct from reality (see proposal 2 and 3 of the Table 1). These elements related to measurement allow us to conclude that the contexts must additionally consider those structures of the student's real life and that the closer they are to his daily life, particularly in terms of dimensions and measurements, will allow better geometric performance, as well as the emergence of objects and concepts that normally do not result from working with contexts that are too unfamiliar. This conclusion agrees with [START_REF] Guerrero | Pre-service mathematics teachers' learning through designing modelling tasks[END_REF], since it is known that when designing proposals for the teaching of mathematics, future teachers should work with mathematical and extra-mathematical knowledge and evidence what they know about mathematical objects (in this case geometric) and about the teaching of mathematics.

As stated by De [START_REF] Gamboa | The role of teachers' knowledge in the use of learning opportunities triggered by mathematical connections[END_REF], we believe that the mathematical connections made by PTs provide us with a great deal of information about the understanding they have of the mathematical concepts they will teach, and the fact of promoting these connections among students will provide an improvement in their mathematical competence. We reiterate the need to include this type of reflection in the teacher training programs, as this type of activity is recognized as a scenario that provides significant learning opportunities for PTs and that promotes the development of skills.

Although as a research team we recognize certain limitations in the study, due to the of the images that were proposed for the professional task, it is important to note that the PTs were expected to recognize in them elements of their environment, as well as elements that may emerge daily in their conversations and daily life, hence the choice of contexts that are close and known by all.

Figure 1 .

 1 Figure 1. Extract from the proposal analysis matrix
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