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This research aims to characterize how prospective primary school teachers describe and classify solids. A professional task is designed and implemented with 148 future primary teachers. The task is structured in four sections in which construction, composition and decomposition, visualization, identification of attributes of 3D figures and their classification are promoted. The development of the task involves the use of manipulative material (half cubes). For the analysis, some tools of the model of Didactic-mathematical Knowledge and Competences of the mathematics teacher are used. It is observed that most of the future teachers recognize mainly perceptual elements of the figures, which makes them construct dichotomous classifications, and only a few interpret the classification utilizing global characteristics.

Introduction

It is widely accepted that the geometry of solids has been neglected in many curricula, and 3D geometry teaching receives limited or insufficient attention in primary school classrooms. Prospective teachers are suddenly engaged in plane representations of solids, but when doing classifications, they are proposed to analyse just general polyhedra observations and constructions. Many teachers who deal with geometric concepts have an approach in which they memorize the names of the figures and some of their characteristics are privileged [START_REF] Copley | The young child and mathematics[END_REF]. Furthermore, the representations used to show these figures are centred on a prototypical view of them. Authors such as [START_REF] Sinclair | New opportunities in geometry education at the primary school[END_REF] point out that little research has focused on the geometric thinking of children (and prospective teachers) concerning these types of figures and the process of classification.

Therefore, our study aims to show an approximation to the mathematical knowledge evidenced by future primary school teachers when they tackle a task of construction, analysis and classification of 3D figures, based on the tools of the CCDM perspective [START_REF] Godino | Categorías de análisis de los conocimientos del profesor de matemáticas[END_REF][START_REF] Pino-Fan | Perspectiva ampliada del conocimiento didáctico matemático del profesor[END_REF][START_REF] Godino | Articulando conocimientos y competencias del profesor de matemáticas: el modelo CCDM[END_REF].

Theoretical framework

In previous research, figures that students or future teachers must recognize are presented by the teacher, noting how they identify the properties that underlie these forms and if this helps the teacher classify them (Guillen & Figueras, 2005;[START_REF] Patkin | Various ways of inculcating new solid geometry concepts[END_REF]. According to the approaches of [START_REF] Vinner | The role of definition in the teaching and learning of mathematics[END_REF] and [START_REF] Fujita | Learners' level of understanding of the inclusión relations of quadrilaterals and prototype phenomenon[END_REF] when students decide whether an object belongs to a certain category, they can give biased answers because in their decision prototypical or common forms are privileged. This suggests that figures presented in the same position and with little variety of examples allow deeper consideration and analysis of them. We assume that we should have greater knowledge regarding how future teachers face such classification problems of solids. Identifying this knowledge is a key aspect to adapt and improve training proposals to promote geometric reasoning in future teachers.

In this model CCDM, it is considered that two key competencies that the mathematics teacher should develop are mathematical competence and the competence of analysis and didactic intervention. It is suggested that the knowledge necessary for teaching mathematics implies a deep knowledge of mathematics and its teaching that is, a didactic-mathematical knowledge. However, mathematical knowledge alone is not sufficient for the adequate practice of the mathematics teacher (Pino-Fan et al., 2015). From the CCDM model, it is proposed that to achieve suitable teaching, a mathematics teacher must possess different types of knowledge. On the one hand, you have to know the school mathematics of the educational level at which you teach. Additionally, it is necessary to understand elements of later levels, what is referred to as the 'knowledge of the mathematical content per-se'. This knowledge is divided into two types: common mathematical knowledge and extended mathematical knowledge.

The first refers to the knowledge regarding the mathematical object that is necessary to put into play to solve problems and activities related to a specific mathematical topic at a particular educational level. It is generally associated with the level at which it is taught. The second refers to the fact that the teacher, in addition to knowing how to face problems and activities on a certain topic, must have advanced knowledge, which is part of higher levels.

Methodology

A professional task was designed and implemented with 148 students studying Primary Education at a university in Spain. The task introduces the process of constructing solids using one, two, three and four half cubes. The future teachers construct the figures by using plane development. They talk about the observed properties of the shapes and provide one or more classification ideas for the shapes. The key questions analysed in this paper are described in table 1. The task was solved collaboratively, which resulted in the configuration of 33 groups. Our data is the protocols written by each of the groups. From the analysis of the productions of future teachers, the types of constructions are identified; the criteria used to classify 3D figures, and the value given to the classification process from the didactic perspective.

As it is in our interest to analyze the types of knowledge that emerged in the development of the proposed professional task, we will base ourselves on the analysis of three fundamental questions that reveal fundamental elements for the discussion that we want to raise. Table 1 presents the selected questions, the type of knowledge that is valued and its intentionality. 

Table1. Questions in the professional task

We grouped similar responses belonging to the same category. From this categorization, information was obtained that allowed for describing difficulties, errors and justifications presented in the common knowledge of the content that future teachers have concerning 3D figures and their classification. To systematize the answers given to a question about classification, we show the process of recognizing emerging categories associated with the texts of future teachers.

Examples of texts found Emergent category

They establish a table where it is grouped according to the number of Perceptive appearance according to [START_REF] Battista | Cognition-based assessment & teaching of geometric shapes[END_REF].

Figures 1,2 and 3 (cube, octahedron and triangular prism) can be classified within the same group since they are regular polyhedra, while figures 4,5, 6 are totally irregular, and therefore do not have all the equal faces.

Therefore, we have two groups, regular and irregular.

Attempt to classify by grouping known features in 2D (regular, irregular) but with errors.

We have taken into account the type of polyhedron according to its bases, the regularity, the number of faces (bases and sides), the shape of its bases, Correct recognition of 2D characteristics applied to 3D.

We have considered if it is concave or convex, the number of vertices and edges, and the symmetry.

Recognition of characteristics associated

with the global observation of 3D figures.

Table 2. Emerging categories in ideas and classification criteria

To systematize the look at mathematical objects, we looked for the type of characteristics used from the classification. For this, the idea of the configuration of objects and processes of the Onto-semiotic perspective is used, looking at the definitions, arguments and propositions used.

Example of given argumentation

Emergent category

"… Since it allows children to group objects according to their similarities and differences, based on different criteria: shape, colour, size ... These relationships serve as the basis for the construction of logical-mathematical thinking. Piaget considers that these logical relations are the base of the classification, seriation, notion of the number and graphical representation".

It allows to establish logical relationships and discover new concepts "The fact of classifying allows us to compare and see the differences of the other groups. Thus, it also allows us to look for regularities between shapes and their properties, to compare similarities and differences using the appropriate vocabulary, to understand the relationships between different three-dimensional figures, using the properties that define them, and to look carefully at the regularities and changes that occur they produce in a collection or a sequence".

It allows to compare, recognize common characteristics, through similarities and differences "Classification is important because it allows ordering or organizing the figures into groups following common criteria, which facilitates the development of logic".

Allows an organization

Table 3. Argumentation categories given to the rank value

Results

We then recognized characteristics of the mathematical knowledge of the students in three sections: common knowledge about 3D figures; extended knowledge about the meaning given to the classification and the value of the solid classification itself.

Common knowledge of 3D figures. Each group built and recognized different polyhedra, the triangular prism being the one that the majority built (27.7%), followed by the trapezoidal prism (in some cases incorrectly named hexahedron) and the rectangular prism, both with a 23.1 %. Only four groups (6.2%) speak of a parallelepiped. Two groups (3.1%) mention an octahedron. When some groups were unable to assign a "known" mathematical name to the constructed figure, they proposed real names such as "chair", "bridge", "podium", among others (28.6%). In the descriptions they make of each figure, some teams state characteristics related to parallels, incidents, or perpendicularity, and express them correctly.

Students consider length as a differentiating element of solids, thus, for example, a triangular prism built with two half-cubes assumes it differently from a triangular prism built with three half-cubes.

On the other hand, they identify regular and irregular bodies (which is used as an initial classification criterion in some cases). The use of informal language is evidenced to describe elements that are named in the geometry of solids; they name vertices, corners etc. Most students use the term equality to refer to situations of congruence, which in addition to being an error, triggers elements of greater concern, such as the mixture of terms from plane geometry with the geometry of space. It seems to us that it is due to the difference between equality and congruence, which is not sufficiently emphasized in school geometry.

Among the errors, we find eight groups that form a solid with the four half cubes that they identify with a cube, but which is not. Indeed, with four half cubes, we can never obtain a cube. This shows a difficulty associated with visualization because when joining the four half-cubes, a rectangular prism with two square faces and four rectangular faces is obtained as shown in Figure 2. Only in some cases do they show that this is not the case, saying that it is a prism with a square base, but with a height less than the side of the square. The other wrong example is to name one of the constructed figures an octahedron since by combining the four half cubes we can never get a face that is an equilateral triangle. In this case, there is only one group making this mistake.

Regarding the extended knowledge about classification. Most of the groups point to elements of a visual and descriptive nature to classify the solids. They mention, for example, the number of faces, vertices, sides and bases that the polyhedra they managed to build have. In these cases, they classify considering these attributes.

Although other groups allude to global characteristics proposing a classification of the figures as regular and irregular polyhedra, they do so in the incorrect way, since none of the constructed figures is a regular polyhedron. Other groups, when doing the classification, speak of figures that it is not possible to get with half cubes such as pyramids. Few groups speak of prisms as convex polyhedra, which is correct. Table 3 shows the percentages according to the elements that the future teachers considered for the classifications. Most of the classification criteria depend on a mere description of the object, that is, they do not address some more advanced theoretical element. Rather remain in a process of visual verification; only one group manages to rescue elements from the origin of the half cube as a section of the cube and the configuration of the 2D figures when locating to build a body in 3D. The classification process depends on the ability to identify similarities and differences between figures and explain why a certain figure is an example of such a class [START_REF] Walcott | Making sense of shape: An analysis of children's written responses[END_REF]. When describing elements of the classification, the examples and characteristics are usually shown but not so much the common and distinguishing criteria, although they are being valued as important. In the same way, we found that future teachers find it difficult to recognize how certain visualization elements are associated with representations that allow recognizing properties. For example, we expected that there would be classification proposals where the number of concavities or symmetries were considered.

Extended and meta-didactic knowledge about the value of the classification process. The importance given to the classification process by future teachers focuses on aspects such as establishing relationships; the identification of properties; the recognition of common and uncommon characteristics of the idea of classification as a grouping. As can be seen in Table 5, all groups focus on the importance of classification as it allows distinguishing attributes based on the comparison. Others simply refer to the classification as separation, posing simple dichotomous groupings, but without an adequate appropriation of the characteristics of the figures.

Explanation Categories Nº of groups

It allows to establish logical relationships and discover new concepts 17

It allows to compare, recognize common characteristics, through similarities and differences 33

Allows an organization 4

Table 5. Elements valued as important in the classification process

After what has been observed, we can say that most of the groups identify the recognition of common characteristics as a great value of the classification, but at the time of classifying, they do not explicitly state the criteria, but rather emphasize the name given to a group of figures as evidence of the classification.

Final considerations

In relation to the common knowledge of mathematical content, this study found that the perceptual appearance dominates over certain conceptual aspects [START_REF] Bernabeu | Características de la comprensión de figuras geométricas en estudiantes de 6 a 12[END_REF][START_REF] Gonzato | Conocimiento especializado de futuros maestros de primaria sobre visualización de objetos tridimensionales[END_REF]. Future teachers identify visual arguments, similar to those used by children themselves in the early ages. An application of the assumed mathematical knowledge of the known classifications of figures in the plane is not observed in the case of prisms.

The language that is established in the group of students for teachers is mostly descriptive and suggests that its members are at the second level of van Hiele [START_REF] Gutiérrez | On the assessment of the Van Hiele levels of reasoning[END_REF]. We can say that we interpret our results in the sense of showing the difficulty in relating the understanding of geometric figures to the coordination of two semiotic systems of representation. The discursive (oral or written) and the non-discursive (drawings, photos of the figures) [START_REF] Duval | Understanding the mathematical way of thinking -The registers of semiotic representations[END_REF]. Indeed, despite having manipulative elements, students are not capable of formulating mathematically wellformulated explanations.

The analysis carried out has made it possible to identify a perceptual domain in the characterization of 3D figures and a low level of structuring from properties. Although the arguments given by future teachers about the value of the classification are at an initial level, it shows how they could deal with this process in the mathematics class in primary education in the future. Solving the question itself led future teachers to question the classification models that they had learned in their school years, but as they did not have a broad appropriation of the attributes of solids, they could not recognize generalizable properties that would allow them to make rankings richer.

The results of this study show that some future teachers like to define a mathematical object by describing its characteristics or properties. Future teachers manage to be surprised by the great variety of figures that can be built with the manipulative material worked on in the professional task. Moreover, it does not seem enough to recognize, for example, that different types of prisms can be obtained, and that this variety. It makes it possible to propose various types of classifications, starting with those in which one type of attribute is privileged (dichotomy), to then give way to more complex ones where there is a combination of attributes. No inclusive classifications are noticed.

The use of manipulative material as a mediator of the observations and responses allowed opportunities for reflection on the congruence of figures that can be observed in different positions. Moreover, common mathematical knowledge is not sufficient, because many groups are not able to systematize the process of the construction of figures, and they are satisfied with having found a few. Photography has made it possible to overcome the problems of drawing, which in turn has helped the classification process. Despite this, some groups were not able to identify the global pieces built, and they continue to look at the individual elements of shapes.

  vertices. [Identify most constructed figures that have 8 vertices. Most have between 6 and 12 vertices. None have 11 ...]

Table 4 . Elements used by prospective teachers for classifying
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