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This work aims to identify the criteria contemplated by early childhood education preservice teachers when they reflect on the design of problem-solving tasks. The Didactic Suitability Criteria (DSC) and their indicators were used to analyze one of the tasks performed by future teachers. As a result, it was identified when they design their classes in a consensual way, they are implicitly based on the DSC. Still, not all their indicators emerge since their reflection is not guided by an explicit guideline that serves them to show their didactic analysis in detail.

Introduction

In the field of Mathematics Education, problem-solving is considered one of the optimal scenarios for teaching and learning skills in this discipline. Current trends in this area consider that problem solving encourages the development of mathematical processes, such as reasoning, the establishment of connections and representation, and communication, among others (NCTM, 2003).

Starting from a competence approach from an early age is crucial since it is a stage where the curriculum presents content and processes in an integrated way, which favors new views that emphasize the content, the process, and the relationships established between them [START_REF] Alsina | Diseño, gestión y evaluación de actividades matemáticas competenciales en el aula[END_REF]. In this sense, the tasks posed by the teachers to the students are the starting point of their activity, which, in turn, produces their learning as a result [START_REF] Pochulu | Desarrollo de la competencia en análisis didáctico de formadores de futuros profesores de matemática a través del diseño de tareas[END_REF]. Teachers' teaching practice determines the students' learning, and, in that sense, designing, implementing, and evaluating tasks is a crucial aspect and competence that the future teacher must develop in their training. This professional competence, characterized by knowing how to design, apply and assess learning sequences through didactic analysis techniques and suitability criteria to establish planning cycles, implementation, assessment, and propose improvement proposals, is called, within the framework of the Ontosemiotic Approach (OSA) [START_REF] Godino | The onto-semiotic approach to research in mathematics education[END_REF] as competence in analysis and didactic intervention [START_REF] Godino | Enfoque ontosemiótico de los conocimientos y competencias del profesor de matemáticas[END_REF]. It is a competence long studied by the OSA with mathematics teachers where the results showed the Didactic Suitability Criteria (DSC) were a valuable tool to organize their reflections and evaluations and improve their task designs [START_REF] Breda | Didactic assessment over a final work of a master for mathematics teachers in service[END_REF]. Although there is research with DSC in early childhood education (3-6 years old), in particular, the design of a proposal for evaluation teaching and learning methods [START_REF] De Castro | La evaluación de métodos para la enseñanza y el aprendizaje de las matemáticas en la Educación Infantil[END_REF] and the analysis of a sequence of tasks for the development of spatial perception [START_REF] Moreira | Mathematical tasks for the development of space perception in early childhood education: potentials and limits[END_REF], until now, no research has been carried out that focuses on the design and analysis of tasks, in particular, problem tasks, from the perspective of DSC in the training of future early childhood education teachers. In this work, we focus on the DSCs agreed by future early childhood education teachers when asked to reflect together to justify the design of their tasks.

The objectives of the paper are: to study what aspects future early childhood education teachers consider essential when planning and designing a sequence of arithmetic problems for the teaching and learning of numbering; which of these aspects can be identified as DSC and; to identify which elements of the DSC are not considered by the students.

Theoretical framework

Design of problem-solving tasks for the first ages

Concerning problem-solving-type tasks, according to NCTM (2003), four aspects should be worked on in the classroom: a) build new mathematical knowledge through problem-solving; b) solve problems that arise from mathematics and in other contexts; c) apply and adapt a variety of appropriate problem-solving strategies; and d) control and reflect on the process of solving mathematical problems. Along the same lines, there are some key aspects regarding the use and meaning of problems in the classroom and that, therefore, should be taken into consideration when designing the tasks. There is an agreement among researchers that a problem situation must be a new situation for which the resolution method is not known in advance. There is also agreement on how one learns to solve problems by manipulating, simulating, discussing, sharing, imagining, observing, visualizing, etc. Moreover, in this sense, in the resolution process, each child should be allowed to use the strategy that best suits his or her possibilities: a drawing, a diagram, mental calculation, the manipulation of a particular material, etc. [START_REF] Alsina | Diseño, gestión y evaluación de actividades matemáticas competenciales en el aula[END_REF].

Focusing on the mathematical activity that students develop when solving tasks, there are different teaching approaches but, in the case of early childhood education, citing [START_REF] Baroody | Fostering Children's Mathematical Power: An Investigative Approach to K-8 Mathematics Instruction[END_REF], the following can be distinguished: 1) the skills approach; 2) the conceptual approach; 3) the problemsolving approach; and 4) the investigative approach, which is a combination of conceptual and problem-solving approaches, the primary purpose of which is for students, with the mediation of teachers, to reach their conclusions through reflection, reasoning, representation, problem solving and research. In this study, students were asked to work assuming the latter approach.

Didactic Suitability Criteria in the design and management of tasks

The use and application of the DSC, proposed in the OSA, allow a teacher to guide the teaching and learning processes of mathematics, design tasks and assess their implementations. The OSA considers the following DSC: Epistemic suitability; Cognitive suitability; Interactional suitability; Mediational suitability; Affective suitability; Ecological suitability. To operationalize the DSC requires defining a set of observable indicators, which allow assessing the degree of suitability of each of these criteria [START_REF] Breda | Didactic assessment over a final work of a master for mathematics teachers in service[END_REF]. For example, from the epistemic aspect, there is consensus that it is necessary to implement "good" mathematics. DSC construct considered good mathematics those that are rich in mathematical processes (connection, argumentation, problem-solving, etc.) and contemplate certain representativeness of the complexity of the mathematical object to be taught (different meanings of the mathematical object, different representations and languages or a variety of problem typologies), etc. Based on the DSC, [START_REF] Gusmão | Ciclo de estudo e desenho de tarefas[END_REF] defined a set of observable indicators (included in Table 1) to be able to assess, in an operational way, the degree of suitability of each of these criteria in the design and analysis of mathematical tasks.

Table 1: Task design indicators according to the Didactic Suitability Criteria (Gusmão & Font, 2020)

Epistemic suitability 1. Is the task's description in a clear, correct, and appropriate language for the level of education? 2. Are different languages and forms of mathematical expression used (verbal, graphic, symbolic, etc.) Interactional suitability 1. Are there moments of dialogue and discussion between students or between teacher and students? 2. Is the resolution of tasks individually, in pairs, or in groups encouraged? 3. Does it allow the generation of cognitive conflict and the negotiation of meanings? 4. Do they promote responsibility for the study (exploration, formulation, and validation)?

Affective suitability 1. Does it promote interactivity, attraction, fun, raising self-esteem, the feeling of inclusion and a taste for mathematics? 2. Are the different types of reasoning and responses valued? 3. Is participation encouraged and interest generated? 4. Do they favor the perception of the usefulness of mathematics in life and at work? 5. Is student involvement promoted in solving tasks (return of learning in Brousseau's sense)? 6. Are there possible challenges to be achieved, triggering levels of thought, each one more complex? 7. Do they present the application and beauty of mathematics?

Mediational suitability 1. Are manipulative and/or technological materials provided, or is their use recommended? 2. Is sufficient time allowed for its completion and the maintenance of concentration and interest? 3. Are the times appropriate for each of the different types of tasks? 4. Are adequate spaces provided for its realization? 5. Are moments of hands-on experimentation provided to aid understanding of concepts and their applicability?

Ecological suitability 1. Are official curricular documents (national and local) considered? 2. Is the articulation between different contents of Mathematics and between different areas of knowledge sought? 3. Are the tasks contextualized with the social and cultural environment? 4. Are the contents of the tasks useful for social and work life? Among other authors, [START_REF] Canals | Vivir las matemáticas[END_REF] and [START_REF] Chamorro | Didáctica de las Matemáticas en la Educación Infantil[END_REF] highlight some aspects to consider in the design of problems for early childhood education. These aspects coincide with some of the DSC indicators in Table 1. For example, starting from the children's interest and curiosity and promoting playful situations (indicator 1 of Affective suitability); contemplating the children's different languages and forms of expression, such as oral, gestural, pictorial, musical, plastic, dramatic, corporal, etc. and promote communicative processes that favour the exchange and exploration of ideas, allowing children to advance in language and modes of representation (indicators 2 and 5 of Epistemic suitability and indicator 1 of Interactional suitability); favour situations that offer challenging experiences (indicators 5 and 6 of Cognitive suitability), that encourage children to explore, observe, compare, pose and test hypotheses, make decisions, propose and solve problems, and that consider the different fields of mathematics, articulating them whenever it is possible and necessary (indicators 3, 4 and 5 of Epistemic suitability).

Methodology

The participants were 76 students from two groups of the Mathematics Didactics subject that were carried out in the next-to-last (3rd) of the Early Childhood Degree of a Catalan public university (Spain), during the first semester of the 2020-2021 academic year. This degree is organized in four years with only two mathematics subjects: "Mathematics, Science and education" (in 2nd year) and "Mathematics Didactics" (in 3rd year). The course began with mixed teaching and, given the evolution of the health situation due to Covid-19, it became virtual and the BlackBoard Collaborate application was used in the course schedule which has made it possible to configure rooms for work in small groups when it was necessary. However, when students worked independently outside of class sessions, they could choose the platform that best suited their preferences. The teacher of these groups along with the first author had to redesign the programming of the Numerical Thinking content block to adapt it to the new teaching modality. For this, he prepared various tasks that are part of the context of a broader study than the one presented in this work (some parts of which we are still analyzing), with the general objective of studying how future early childhood education teachers build their didactic mathematic knowledge about arithmetic problems solving.

One of the tasks before the one analyzed in this work carried out by the participants (we will call it Task A) had the purpose that the students knew a didactic-mathematical source, as a practical example, on which to base the development of their next task we will call it Task B. This work only focuses on Task B because it is the part of the data currently being analyzed and responds to the specific objectives indicated in the introduction section.

To carry out Task A, the students organized into workgroups of 3-5 people (in total, 19 workgroups), carried out an analysis task outside class hours from De Castro and Escorial (2007) reading, "Solving verbal arithmetic problems in early childhood education: an experience with an investigative approach." This article explains, among other aspects, how a teacher raises a series of seven problems for her 5-year-old pupils and the development of the sessions where they solve them. The problems and the resolution strategies used by the children were classified based on a table prepared by the authors of the reading article and based on the typology of [START_REF] Carpenter | Models of problemsolving: A study of kindergarten children's problem-solving processes[END_REF].

First, each person in the group, individually, had to read the article and, later, share doubts and reflections on it with the rest of the members of their workgroup. Second, they had to choose by consensus at least three of the seven problems in the article and analyze them based on the following demands: identify the problem statement; identify and justify the type of problem involved (according to the table in the article) and what strategies the children use in solving, as explained in the narration of the article; explain if the strategies identified are the ones that would correspond according to those set out in the table of the article; identify the material resources used by children and how they use them for the resolutions presented; they also had to solve the chosen problems with material resources other than those in the article and reflect on whether, when changing resources, the resolution strategy also varies (comparing the resolution strategy itself with that used by the children in the article).

Description of Task B analyzed

This task, which was presented to the students in a virtual joint session, consisted of designing a minimum of three problem-solving sessions for a classroom of twenty 5-year-old children. This task had to be developed with the same groups as those in Task A, outside the hours of the virtual joint sessions. For this, the teacher recommended consulting the early childhood education curriculum, the article by De Castro and Escorial (2007) analyzed in Task A and the rest of the documents of the content block. It was also part of the task to present the recording of a video conference where the group members discussed the aspects of the design and the implementation methodology that they considered essential to incorporate and reach a consensus and/or seek solutions. Before the final delivery of the works, a 2-hour class session was dedicated to presenting their designs and obtaining feedback from their classmates and the teacher. Thus, they had time to incorporate improvements in the design of their sessions. Finally, they presented a file in PDF format with the design of the sessions and a file in MP4 format with the recording of their decision-making session (video conference). We analyzed the recordings of the video conferences and the document of the design of the sessions of the 19 working groups.

Analysis methods

This is a study of qualitative characteristics on the aspects that the participants consider essential to consider in their designs of a sequence of problems for the teaching and learning of numbering for 5year-old pupils and analyze which of these aspects can be identified with DSC and which elements of the DSC are not considered. The phases of the thematic analysis proposed by [START_REF] Braun | Thematic analysis[END_REF] have been adopted in this study. In the first phase, to familiarize ourselves with the data, the group's videoconference recordings were viewed concerning the planning of the work to be carried out, and aspects of the design and management of the problem-solving sessions addressed by the participants were identified. Then, it was compared with the written works sent as a final document to verify that these aspects were reflected in their final works and/or considering other aspects that emerged. After this, the presentations before the final submission have been reviewed to observe the improvements made in the final work because of the influence of the sharing session, but it is a part of the research that we will not deal with here due to the limitation of the space.

In the second phase, the first author systematically applied the a priori categories based on the indicators in Table 1 to the evidence (identified basically in their written works) of the aspects that the students considered necessary for the design and management of their resolution sessions of problems to analyze in a descriptive and interpretive way which criteria could be identified with the DSC and which aspects of these were not contemplated. For example, when students said their problem is contextualized with "a story that calls them [the pupils] the attention", we considered it is evidence of Affective suitability, specifically of indicator 3 (see Table 1). The third phase was focused on the categorization revision by three authors. Also, in this phase, the identification, analysis, and interpretation of the pieces of evidence were triangulated with an expert in using the DSC. In the last phase, the three authors discussed the results.

Results

Although the participants were not given any training on DSC, all groups implicitly used DSC to justify decisions about the design of their tasks, although no group evidence is observed for all indicators. All designs have high Affective suitability. For example, in videoconferences, the 19 participating groups express the intention that the activities motivate children to participate in them and find them fun. To do this, seeking to activate empathy, characters such as the class mascot or the school cook are incorporated, who supposedly live in problematic situations and ask for help, games are created, stories, in their own words, "a story that calls them the attention," etc.

Regarding Mediational suitability, all groups plan to offer material resources to children to solve their problems. However, all adhere to the resources seen in the training classes and add non-specific materials (pencils, pasta, stones, chickpeas, etc.) and others related to the context of the problem (reproductions of fish, drawings of trees, and apples, sports medals, etc.). Only one of the guideline designs offers five specific material resources and a program that rotates through the small groups of children formed for each session. However, it is not contemplated that each child can choose and experiment with the material that he or she sees fit, and it is not considered that some of the resources are better than others depending on the problem to be solved. In addition, in all the designs except one, the activities are planned to be carried out entirely in the classroom environment. Only one designer schedules sessions on the playground and in the psychomotor room.

Regarding Epistemic suitability, 14 of the 19 designs are concerned that the children's organization and time includes a space for the explanation and argumentation of the process through which the answer has been found. However, only 2 designs specifically explain how to manage it, and the only one provides possible dialogues with good questions to promote the generation of hypotheses, argumentation, and justification. Although future teachers have studied problem-solving from an investigative approach and have analyzed an example (in Task A), none of the designs considers it. All the groups work from verbal statements, with clear and straightforward questions, and freedom is left for different proposals for resolutions to arise that will be put together (only 5 of the 19 designs do not foresee a pooling to explain the possible diverse resolutions of the children).

There is less evidence that students took the criteria of Cognitive suitability of their tasks into consideration, but all designs consider introducing problems with a gradual increase in their difficulty. In their dialogues, they start from what theoretically 5-year-old pupils should know according to the curriculum (for example, in their words: "they have to know how to count to 20", "we have to consider the 5-year level"), but only one of the designs incorporates prior knowledge exploration activities. In their dialogues, future teachers do not debate about which concepts the teacher is going to reinforce or systematize; they only say that "she will have a guiding role," "she will interact with the children", "she will go around the groups to review the processes and results," "at the end the children will stand in a circle so that the teacher can clarify doubts." On the other hand, we have observed aspects related to the evaluation of pupils that, although implicit in cognitive (and ecological) suitability, are not explicitly contemplated with indicators in the DSC. The 19 works analyzed are concerned with evaluating pupils learning, with various proposals such as rubrics, lists of actions to observe, or lists of questions for children to answer.

Regarding the Interactional suitability, all the students' designs organize the activity to solve the problem in small groups, arguing: "so that they help each other." When they want to increase the difficulty, they propose that they be individually resolved. However, no design reflects how to get 5year-old children to collaborate and, therefore, no working group considered that the activity implies that they must negotiate meanings and promote it. None of the groups designed activities selfvalidating: the process and the validation of the results always go through the teacher's approval.

Evidence of Ecological suitability is obtained since curricular objectives and competencies are incorporated for the second cycle of early childhood education, specifying them for each activity. However, none of the groups attempts to articulate different mathematical contents since, apart from the typology of problems studied, no other concepts are incorporated (such as logic, which is a block of knowledge dealt with in the course in the months before this work), or other knowledge areas. The statements of the problems contain elements that future teachers think are every day for children but are based on imaginary stories with children's characters, more in the sense of activating empathy and obtaining a high emotional fitness. Only 3 of the 19 designs are based on real experiences: athletics games at school, activities in the school garden, and a trip to a lake. However, they are only a motivating contextual excuse to put elements in the statements of the problems, and in no case are the activities proposed in an interdisciplinary way.

Discussion and Conclusions

It can be affirmed that, in the training of early childhood education teachers, it is essential to promote dialogue to make consensual decisions in the design of tasks for the teaching and learning of suitable mathematics, since group reflection enables the generation of proposals, opinions, and decisions taken as a group. Regarding the aspects that future preschool teachers consider essential when planning and designing a sequence of arithmetic problems and which of these are identified with the DSC, future teachers are implicitly based on criteria identified with the DSC. However, not all its indicators emerge since their reflection is not guided by specific DSC and they do not have an explicit guideline to guide their didactic analysis. This result agrees with the conclusion reached in recent works such as [START_REF] Breda | Didactic assessment over a final work of a master for mathematics teachers in service[END_REF]Sánchez et al. (2019). In this sense, it is observed that DSC appears as a regularity when teachers or future teachers want to justify the criteria on which their decisions are based without being taught the use of this construct. The reason could be related to the fact that DSCs reflect consensus on what good mathematics teaching should be, widely assumed by the educational community. From a didactic point of view, this study offers indications that it would be convenient to offer early childhood education preservice teachers a tool such as DSC so that they have explicit criteria to guide the designs of their mathematical tasks. In this sense, a future line of research opens, much needed, to adapt the DSC to the singularities of this educational stage.

  ? 3. Is the selection of tasks representative and varied, and whether it includes tasks of a closed and open nature? 4. Are the tasks of different types? 5. Does the generation of hypotheses promote open thinking (reversible, flexible, decentralized thinking) and encourage the use of argumentation and justification processes? Cognitive suitability 1. Is it based on the prior knowledge of the students? 2. Is knowledge expanded, reinforced, and systematized? 3. Is the level of cognitive development of the students respected? 4. Is the use of different, creative, and original resolution strategies encouraged? 5. Are different learning objectives met, and are students developing different cognitive and metacognitive skills?
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