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Analysing early reasoning: A pilot study with prospective early childhood teachers
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This paper presents the design and construction of a professional task aimed at analysing experiences that foster reasoning in children aged 0 to 3 years old. The process served to organise and validate a task that mobilises future teachers' knowledge of how to foster reasoning in early childhood education. The task allows the recognition of metacognitive actions that show how, in the cases studied, relationships of cause and effect are produced as a prelude to strengthening mathematical reasoning. This permits a reflection on the way in which children at this stage intuitively construct their knowledge.

Introduction

Some research reflects on the capacity of young children to establish causal relations and their capacity to draw conclusions based on certain experiences and representations [START_REF] Sobel | Causal learning in children[END_REF]. It is explained that educators can improve thinking skills in children aged 0 to 3 [START_REF] Sturman | General Teaching Council Survey of Teachers[END_REF]. Recent research findings attest to the importance of early mathematical learning. They show that the understanding of complex mathematics and abstract reasoning develops much earlier than was once thought [START_REF] Vukatana | Early Inductive Reasoning: Examining 11-Month-Olds' Abilities[END_REF]Clements et al., 2019, among others). Although these authors presented their work some time ago, the amount of literature on early childhood mathematics education remains rather limited as regards logical reasoning in the early years. On the other hand, [START_REF] Ivars | The Role of Writing Narratives in Developing Pre-service Elementary Teachers' Noticing[END_REF] and [START_REF] Moreno | How prospective kindergarten teachers develop their noticing skills: the instrumentation of a learning trajectory[END_REF] point out that during their initial training it is important to encourage prospective teachers to gain experience from different contexts where they can observe teaching situations in a structured way. One of the possible contexts is the analysis of inschool experiences. Such experiences, when described as a narrative, can be a powerful instrument for the construction of professional tasks. Our interest in the initial training of early childhood education teachers has prompted us to consider, among other aspects, the different approaches and professional tasks faced by future teachers.

The purpose of this paper is to describe the process of designing and structuring a professional task focused on the analysis of experiences that promote reasoning in children aged 0 to 3 years old. This kind of task seeks to involve pre-service teachers in processes of interpretation and decision-making (in teaching situations) so that they begin to "notice" the mathematical activity in the classroom [START_REF] Mason | Learning about noticing, by, and through, noticing[END_REF]. This type of study is considered to play a key role in reformulating training programmes and responding, on the one hand, to the challenge of involving future teachers in reflective processes and, on the other hand, identifying experiences that make it possible to promote mathematical logical reasoning in young children. In our context, early childhood preservice teachers are trained to teach children aged from 4 months to 6 years old. In this study we will focus on the mathematical education of the youngest group, specifically children aged up to three years old.

Theoretical background

The logical mathematical reasoning of children aged 0 to 6 years old can be organised according to its complexity (from least to most) in three parts: a) identifying, defining and/or recognising qualities, b) relating qualities, and c) operating qualities [START_REF] Canals | Narratives in mathematics teacher education[END_REF]. This organisation can not only help teachers to design activities but also to analyse children's level of understanding and the problems children face when they have to tackle a task that requires logical-mathematical reasoning. Some studies describe the emergence of category-based inductive reasoning during infancy, focusing on adherence to a fundamental induction principle, premise-conclusion similarity. It is shown that infants aged 13-22 months use both category information and perceptual similarity to guide their inductive inferences about non-obvious properties under various conditions [START_REF] Graham | The Emergence of Inductive Reasoning During Infancy: Learning from Single and Multiple Exemplars[END_REF].

One of the difficulties encountered by future early childhood education teachers consists of recognising the knowledge that underlies children's actions, especially when it is not verbalized, as in the case of children under 3. It is important that pre-service teachers are familiar with activities that foster reasoning at this stage. And that they are able to design and manage tasks that address processes such as attribution, designation and characterisation, which lead to the idea of classification [START_REF] Peres | Utilisation d'une théorie des situations en vue de l'identification des phénomènes didactiques au cours d'une activité d'apprentissage scolaire: construction d'un code de désignation d'objets à l'école maternelle[END_REF]. Prospective teachers must be provided with enough tools to be able to develop the specific skills needed for educational practice [START_REF] Llinares | Professional noticing: A component of the mathematics teacher's professional practices[END_REF]. One of these competences is the socalled noticing, which involves the development of the prospective teachers' cognitive skills in order to identify and interpret the students' mathematical thinking and enable informed decision-making with regard to their teaching proposals [START_REF] Jacobs | Professional noticing of children's mathematical thinking[END_REF]. In recent years understanding how this teaching competence can be developed has become a research goal in the mathematics education [START_REF] Dindyal | Exploring the terrains of mathematics teacher noticing[END_REF]. [START_REF] Criswell | Teacher Noticing in Various Grade Bands and Contexts: Commentary[END_REF] argue that the noticing competence enables teachers to go beyond the more easily observed issues, such as students' behaviours and actions. It enables them to address issues that need to be meaningfully inferred, such as students' thinking about a given mathematical notion. [START_REF] Ginsburg | Helping early childhood educators to understand and assess young children's mathematical minds[END_REF] states that teachers cannot teach well if they do not understand children, mathematics and the associated pedagogy. Therefore, it is crucial that teachers and future teachers learn to recognise and understand children's mathematical thinking.

Research on task design focuses on a number of aspects [START_REF] Swan | The impact of task-based professional development on teachers' practices and beliefs: A design research study[END_REF][START_REF] Charalambous | Mathematical knowledge for teaching and task unfolding: An exploratory study[END_REF]. One of them is the use of narratives in pre-service teacher training, which provide relevant starting points for the discussion of problems faced by teachers when making decisions about the various teaching and learning situations, such as how to apply certain curriculum requirements to school activities, classroom management techniques, and/or how to assess and track students' learning (Chapman, 2018). We use narratives to reflect on the thinking and actions of prospective mathematics teachers in the context of mathematics content and mathematics teaching and learning itself.

As pre-service teacher educators, we have to select, plan and design professional tasks that enable them to identify children's behaviour, thereby supporting the development of their thinking and consequently their ability to make justified professional decisions. In early childhood education, prospective teachers are not usually specialists in mathematics teaching and this means that the selection and design of professional tasks must be more carefully carried out if a satisfactory understanding of mathematical notions and processes and the associated didactics is to be achieved.

Methodology

This research features a qualitative approach of a descriptive nature [START_REF] Cohen | Research Methods in Education[END_REF]. It is based on intervention research that focuses on action, seeking to understand and explain its effects. This intervention study was carried out with students pursuing a degree in early childhood education at a Catalan university during the 2019-2020 academic year. The participants had worked on the content dealing with logical-mathematical reasoning and the mathematical problem-solving process. The professional task was designed to enable future teachers to observe, analyse and reflect on real experiences that promote logical-mathematical reasoning in the 0-3-year-old period. The professional task had five stages: 1) a review of studies on the teaching and learning of logical-mathematical reasoning in 0-3-year-olds; 2) a review of studies, materials and activities used to work on logicalmathematical reasoning in early childhood education; 3) a choice of narratives for future teachers to observe and analyse; 4) the implementation of the aforesaid professional task in a pilot group; and, 5) the definition of levels to characterise teaching competency in advance. The written work produced by each group of students provided the data for this study.

The design of the professional task (PT) presented in this study is based on a previous professional task (PPT). This task (PPT) focused on the design and implementation of activities for children (0-3year-olds) based on the use of non-specific materials. The PPT was developed in the 2018-19 academic year by 80 students pursuing an early childhood education degree, organised into working groups of four to five and from two Catalan universities. Each working group designed and implemented an activity using non-specific materials, with the purpose of developing logicalmathematical reasoning in 0-3-year-old children. The goal was to provide opportunities for the children to discover and establish common (or distinct) characteristics by manipulating and experimenting with different objects. This is the perceptual basis of processes such as attribution, designation and classification. The PPT also included a reflection on the materials used, on its potential and relevance when promoting reasoning in this children's age group. As a final product the future teachers submitted a written report and a visual record of the task implementation.

In the following course (2019-2020), some of the proposals made by the pre-service teachers who developed the PPT were used as the basis for the design of the PT for a new group of prospective teachers. This new task focused on the study of narratives, with proposals specifically derived from the PPT. The aim of the new task was to strengthen other aspects of teaching competency in the new group of prospective teachers, particularly as regards the analysis of real classroom experiences.

The professional task (PT) was organised into three parts. Firstly, the prospective teachers were asked to examine the main characteristics of two activities (a sensory wall and heuristic play respectively). Identifying the type of objects used in each activity, indicating the attributes of each object or groups of objects, and describing the actions that could be done with each object. Secondly, the future teachers were invited to associate each of the children's actions with the logical thinking skills of identifying, relating, and operating, and also to evaluate the design and management of each of the activities. Finally, the prospective teachers were asked to give their reasons for whether or not they would again use the same or similar objects to those employed in the two activities.

The PT was initially carried out with 37 students pursuing an early childhood education degree, who were studying the course's introduction to mathematics didactics. These future teachers had studied content related to logical-mathematical reasoning and the problem-solving process. We proposed that they develop the task in small working groups (3-4 people) for purposes of a joint reflection that could promote the competence of didactic analysis of learning situations. As a result of their analysis, each group submitted a written report that provided the data for this study. In total there were 10 groups and 10 papers.

Results

Having completed the task, the answers provided by the different groups of future teachers were organised in order to refine the task for future use and also characterise the teaching competence of noticing. Different levels associated with the different teaching competences -identifying, interpreting, and making decisions -were established [START_REF] Jacobs | Professional noticing of children's mathematical thinking[END_REF]. By way of an example, we present the levels associated with interpreting skills. In this research we found that prospective teachers recognised measurable attributes, spatial relationships associated with movements, and attributes associated with comparisons and order (e.g. large-small; thick-thin; highlow). They also identified different relationships, for example, when children showed unequivocal signs of being able to identify similar elements. Given the type of action performed, they distinguished causal relationships.

Regarding the interpreting competence, three levels were established previously: L1 -Identification of actions of comparison and some relationships of cause and effect by indicating them descriptively L2 -Metaphorical allusion to types of reasoning, indicating terms such as 'visual' and 'deductive', but without specifying what they mean. Describing actions associated with the different logical thinking skills (identifying, relating, operating), but without a theoretical justification.

L3 -Evaluation of children individually, appropriately associating types of abilities and possible types of mathematical reasoning. Discrimination of key aspects of the adequacy of the activities according to age. They appreciated the relevance of the activities according to the age and characteristics of the children (for example, their degree of independent mobility and how this conditioned exploration).

Thus, in the case of the interpreting competence, we observe that the prospective teachers alluded to types of reasoning (inductive, abductive, etc.) metaphorically, erroneously referring to the visual and deductive without specifying how to verify it. They cited descriptive traits of actions associated with logical thinking capacities without offering any theoretical discussion.

After the first implementation and an initial analysis of the reports submitted by the sample of prospective teachers involved in this research, we decided to make some adjustments to the final structure of the professional task. One of the products generated by this study was a professional task that aims to mobilise the professional knowledge of prospective early childhood teachers with regard to experiences and activities that help promote logical-mathematical reasoning at the 0-3-year-old stage.

The final version of this task considered the skills that characterise professional noticing: identifying, interpreting and making decisions [START_REF] Jacobs | Professional noticing of children's mathematical thinking[END_REF][START_REF] Ivars | The Role of Writing Narratives in Developing Pre-service Elementary Teachers' Noticing[END_REF]; the notion of narrative and its potential to encourage reflection on mathematics teaching and learning situations; two types of activities with non-specific material, which we consider suitable for encouragement of reasoning in children at this stage [START_REF] Goldschmied | People under three: young children in day care[END_REF]; and, lastly, specific aspects of reasoning in early childhood education such as the logical thinking skills of identifying, relating and operating [START_REF] Canals | Narratives in mathematics teacher education[END_REF]. The final version of the professional task was structured in four parts (see Figure 1). 

Final considerations

It is in the process of designing and redesigning tasks that the possibility of increasing teachers' knowledge arises. In this case, the professional tasks designed involved future teachers in what Serrazina (2010) calls the process of planning -action -reflection, which plays a fundamental role in the construction of prospective teachers' mathematical and didactic knowledge. Learning to evaluate the adequacy of activity planning and design though the analysis of other people's proposals is also a key competence that should be developed by prospective teachers. Being able to observe and study the implementation of these proposals and observe how an activity with children functions in different contexts allows the integration of both the knowledge developed during training and the observation of how certain processes actually develop in early childhood education.

Thanks to the study of the two activities (sensory wall and heuristic play), the future teachers were able to recognise different types of attributes (sensory and measurable characteristics) and interpret the link between children's actions and different types of relationships (equivalence, order, causal, spatial, etc.), as well as observing actions that indicate changes (shape, position and measurement, among others). These factors play a key role in the promotion of intuitive, informal mathematics in children under three years of age.

The professional tasks described made the prospective teachers more aware of what happens during different activities carried out with children under three. One of the tasks focused on the process of design, planning and implementation of activities to promote reasoning in the 0-3-year-old stage, while the other professional task invited the prospective teachers to evaluate the said activities in order to make decisions for their improvement. All this implies an analysis of the mathematical content, reflecting on how to organise this content in order to teach it, analysing and interpreting children's productions, and considering how this type of activity can be managed. In short, as proposed by [START_REF] Moreno | How prospective kindergarten teachers develop their noticing skills: the instrumentation of a learning trajectory[END_REF], the goal is to help prospective teachers learn to notice and provide them with a wider range of resources to make effective teaching decisions.

We intend to continue developing this approach, designing and redesigning proposals to improve prospective teachers' professional knowledge and contributing material to the discussion around the type of education in mathematics and didactics of mathematics needed by prospective early childhood teachers.
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  The future teachers were asked to explore the main characteristics of the two activities (sensory wall and heuristic play).2. The future teachers were asked to identify the type of objects used in each activity, indicate the attributes corresponding to each object or groups of objects, and describe the actions that could be carried out with each object.3. The future teachers were asked to associate each of the children's actions with the logical thinking skills (identifying, relating and operating) and assess the design and management of each activity studied.4. The future teachers were asked to decide (and justify) whether or not they would again use objects similar to or the same as those employed in the two activities and invited to reflect on how they could improve the two activities in order to better understand the children's reasoning.
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 1 Figure 1: Professional task of analysis of experiences that promote reasoning in 0-3 cycle

Table 1 :

 1 shows extracts from the answers provided by the different groups and the allocation to the different levels

Table 1 : Examples of answers and the levels associated with the interpreting competence
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	G	Level	Answer Extract	Analysis
	10	L1	"…They realise that when they take a metal tube	The group of prospective teachers
				described actions that allude to
				relationships of cause and effect, but
				without any justification. They only
				refer to them.

and hit it, it makes a noise, and that the harder they hit it, the louder the noise" "Perhaps if we used a treasure basket instead for this activity, it would be more appropriate. Given that Eva cannot crawl yet, the educator had to help her to reach the objects'
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