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The close relationship between computational thinking (CT) and mathematics education has been the focus of several studies. In this communication, we present the results of a didactical proposal developed on initial teacher education course for prospective primary teachers. The aim of this study is to identify the prospective teachers' work on a didactical proposal focused on computational thinking as a mathematical ability. The study, with an exploratory nature, engaged prospective primary teachers and the two authors of this paper, who co-teaches the didactic proposal. The results show an evolution of prospective teachers' performance on mathematical tasks concerning computational thinking supported by technology. The results highlight that is pertinent to provide experiences for prospective teachers aiming to explore the teaching of mathematics and computational thinking to empower them for their future professional practice.

Introduction

Computational thinking (CT) has increasingly acquired relevance in society and in the educational context. However, already in the 1980s, [START_REF] Papert | Mindstorms: children, computers, and powerful ideas[END_REF] referred to the potential of CT in education. More recently, [START_REF] Wing | Computational thinking[END_REF] states that we should add CT to each child's analytical ability in order to promote problem solving, abstraction and decomposition practices when undertaking a somewhat complex task. Its inclusion in the mathematics curriculum from the early years of schooling, which is taking place in Portugal, brings new challenges for teachers and also for teacher education. [START_REF] Yadav | Computational thinking in elementary and secondary teacher education[END_REF] highlighted the importance of integrating computational thinking in education from the early years, as computational thinking was becoming a fundamental skill of the 21 st century. Initial teacher education must analyse and consider the challenges presented to it and to education in the 21 st century. Education is continuously receiving input and needs to be responsive, particularly considering innovation, technological development and skills that are required and that change over time. In particular, the development of specific skills in problem solving and CT arise in the context of the teaching-learning of mathematics. It is therefore relevant that the professional knowledge that future teachers develop takes these various challenges into account and pays attention to curricular innovation in order to adopt practices for effective mathematics teaching. This study took place in the context of an initial teacher education program for prospective teachers who will teach mathematics to students from 6 to 12 years old, in the course of Didactics of Mathematics, taught by the two authors. The purpose of this research is to identify the prospective teachers' work on a didactical proposal focused on computational thinking as a mathematical ability, as proposed in the Portuguese mathematics curriculum, taking into account the following questions: i) What is the performance of prospective teachers when they are challenged to engage in computational thinking's tasks using technology?; ii) What opportunities and constraints do prospective teachers identify for their future practice, considering the curricular innovation in mathematics teaching about computational thinking?

Theoretical background

Computational Thinking is a fundamental competence for any citizen of the 21 st century and not only for those working in this area, [START_REF] Hsu | Computational thinking educational policy initiatives (CTEPI) across the globe[END_REF][START_REF] Wing | Computational thinking[END_REF]. [START_REF] Wing | Computational thinking[END_REF] portrays CT as including a set of mental tools that reflect the broad scope of the computer science field and that involves using abstraction and decomposition strategies, for example, when trying to approach/solve a complex problem. Also, according to this author, CT means a way for humans to solve a problem, and not for humans to "think like a computer". The instructions given to solve a problem should be as clear and objective as possible, so that if these same instructions were given to a machine, it would be able to solve the problem at stake. [START_REF] Li | Computational thinking is more about thinking than computing[END_REF] highlights that computational thinking emphasizing a deeper understanding associated with the computation, is important for students' mathematical learning.

As international efforts to integrate CT into formal education increase, so does the need for a better understanding and definition of what CT is, the thinking practices that underlie it and their relationship to the teaching and learning of mathematics. In Portugal, CT stands in the mathematics curriculum for elementary education as one of six mathematical skills, alongside mathematical reasoning, problem solving, mathematical communication, mathematical representations and mathematical connections. Learning goals are identified for all mathematical skills, thus making CT a permanent learning topic integrated with the other mathematical topics. There are five CT practices identified in this curriculum document: abstraction, debugging, pattern recognition, problem solving and algorithm design. The tasks that involve CT can be classified based on the use of computers, i.e., with or without the use of computers, plugged or unplugged, respectively [START_REF] Kostopolous | A pedagogical framework for computational thinking[END_REF]. In this paper we will give particular emphasis to the relationship between CT and a specific class of problems -optimization problems with the use of technology, namely a digital application and a simple tangible object that can be programmed. According to the [START_REF] Debellis | Navigating through discrete mathematics in Prekindergarten-grade 5[END_REF], optimization problems (problems designed to find the best of all acceptable solutions) are pedagogically "powerful" as well as very topical, having a very clear practical utility. Also, according to these guidelines, optimization problems have a strong connection with technologies and are "a powerful vehicle for teaching and learning mathematical processes and for engaging students" (DeBellis et al., 2011, p. 4). The set partitioning problem and the traveling salesman problem [START_REF] Vemuganti | Applications of set covering, set packing and set partioning models: A survey[END_REF] are examples of optimization problems (integer linear programming) which may be applied in a variety of real contexts. In the first case, the challenge consists in finding a collection of subsets of an initial set, such that the union of these subsets (disjoint from each other) is equal to the initial subset. The traveling salesman problem consists in finding a route (sequence of points -cities) that goes only once through each city and at the end returns to the initial point (city), covering the shortest possible distance. These two problems, because they are easy to understand and interpret, can be used from the earliest years of schooling. Proposing these and similar problems for classroom work allows students to develop their mathematical skills in reasoning, demonstration/proof, problem solving, communication, connections, and use of multiple representations [START_REF] Debellis | Navigating through discrete mathematics in Prekindergarten-grade 5[END_REF]. Along with these skills, we add the development of CT, because in addition to the strong link that this category of problems presents to technologies, according to Wing (2011), CT can be regarded as a process that involves the design of problems and the means to achieve solutions for them, so that their representation allows these actions to be performed by an information processing agent. In both, the set partitioning problem and the traveling salesman problem, and according to the five CT practices listed in the Portuguese Mathematics curriculum for Elementary School, we can easily observe the various practices, namely decomposition. For instance, in the traveling salesman problem, the solution can be obtained by subdividing the solution in sub-routes of the complete route, the debugging with the evaluation of the obtained route may correspond, or not, to the optimal solution, among other possible solutions.

Regarding teachers' practices, [START_REF] Nordby | Primary mathematics teachers' understanding of computational thinking[END_REF], in a research study with four primary school teachers, found that there were still some doubts on the part of these teachers about the role of CT in mathematics teaching and their understanding of what really underlies CT. The findings of these authors suggest that this lack of teacher knowledge affects the adoption of CT in two ways: on the one hand, its integration into the mathematics curriculum, and, on the other hand, a "new element focused on programming and coding, leaving mathematics in the background" (p. 1). Furthermore, the authors mention that there is an evident lack of knowledge among teachers on how to articulate computational thinking and mathematics in a way "that enables CT to become an integrated tool that helps students enhance their learning of mathematics" (p. 44). These ideas emphasise the relevance of teacher training. [START_REF] Yadav | Computational thinking in elementary and secondary teacher education[END_REF] refer that there are different approaches to the integration of computational thinking in teacher education, and it is essential that teacher education provides students with the opportunity to discuss these ideas. For these authors it is important that such an approach has the "potential to change future teachers' understanding of computational thinking and how it can be integrated into their classrooms" (p. 5-14). It is therefore relevant that more studies focus on the computational thinking approach in elementary teacher education.

Methods

The study has an exploratory nature, following a qualitative approach. The participants of the study are seven prospective teachers. The participants are all who attended the course of Didactics of Mathematics, of the master's degree for teaching in primary schools (grades 1-6). The two authors of this paper who co-taught the class in which the didactic proposal was presented and carried out participated in the study. The didactic proposal consisted of four tasks aimed at connecting knowledge of geometry and the mathematical skills of CT. The tasks aim to bring the CT practices, namely abstraction, decomposition, pattern recognition, algorithm design and debugging. In this paper we present Tasks 1 and 4, which are the only ones that involve the use of technology. In Task 1 a digital application is used and in Task 4 a simple robotic object is used. The other two tasks (Tasks 2 and 3) approach CT practices using paper, pencil, and manipulative materials, focused on tetraminoes used below in Task 4. Data were collected through participant observation, complemented with video and photographic records, prospective teachers' written reports on the proposed tasks, and an individual written questionnaire completed anonymously by prospective teachers before (Qi) and after (Qf) the didactic sequence. Data are presented anonymously, and prospective teachers are identified by the letter E and numbered from 1 to 7. Data organization considered two aspects: the prospective teachers' performance in two work proposals and the opportunities and constraints that prospective teachers identify for their future practice regarding the development of their students' CT. A content analysis of the data collected from the prospective teachers' work was conducted to identify computational thinking practices provided by the didactic proposal. About opportunities and constraints, also a content analysis of responses was carried out, being inductively identified the main categories in the prospective teachers' responses.

Results

Performance of prospective teachers on tasks for computational thinking

Task 1 was inspired by the application https://www.mathplayground.com/logic_animalines.html. The game involves identifying the route that connects two equal elements, without any crossed routes or blank blocks (partition problem with additional constraints), on different boards with a hexagonal layout. Prospective teachers were challenged to work on different levels of the game (with different number of blocks on the board and a number of different elements to connect), using the application. In addition, the didactic proposal, to enhance CT practices, required them to search for different solutions to meet the game objective (finding a corresponding solution in a specific level, level six). In the autonomous work session only five prospective teachers completed the task. The solutions reached by prospective teachers in the autonomous stage are presented in Figures 1, 2 and3. All prospective teachers identified the same solution (Figure 1). Four of the five prospective teachers identified a solution in which the Star elements connect on the left and the Lightning bolts connect through the shortest path (Figure 1) and a solution in which the Stars connect on the right (Figure 2). Only one prospective teacher maintains in both solutions the connection on the left, but changing one block, and keeping the Lightning bolts connected through the shortest path (Figure 1 and Figure 3). Using abstraction, prospective teachers understood the problem, shared resolutions and looked for all possible solutions using the application for simulation purposes. The prospective teachers tried to find a means of systematization to go through all the options and justify cases of impossibility. The first solution presented was common to all prospective teachers (Figure 1). The second solution presented and discussed by the prospective teachers was the one in Figure 3, which was the one where only one block changed. Maintaining the connection of the Lightning bolts through the shortest route and the connection of the Stars on the left side, they found a new solution (Figure 4). They believed that they had discovered all the solutions under these conditions, so they moved on to the representation of the solution they had discovered in which the Stars are connected on the right-hand side (Figure 1). When asked whether they had effectively found all possible solutions, one prospective teacher realised that it possible to make one more solution on the left side, and the shortest route between the Lightning bolts continued to be represented (Figure 4). In the discussion, one of the authors suggested that prospective teachers analysed what all the solutions found had in common. The prospective teachers observed that it was the connection between the Lightning bolts, recognising patterns in the solutions. Based on this, they started their search for solutions in which the Lightning bolts were connected by a route other than the shortest. This led to the solution in Figure 6. Other possibilities that turned out not to provide a new solution were also analysed. This analysis started from Figure 6, trying to maintain the shortest path between the Hearts (Figure 7 and Figure 8). In Figure 7 it turned out to be impossible to make the connection between the Lightning bolts.

Looking for a different solution than the one shown in Figure 6, prospective teachers try to draw a new solution as presented in Figure 8. Even though it was possible to connect all the elements, it was not possible to cover all the blocks. With this, prospective teachers experience the debugging practice. The collective discussion and the systematic search for different solutions in order to ensure that all possible solutions are found avoiding repetition, proved to be a relevant context for the prospective teachers' future practice. The use of the application made it easier to test possible paths and to see which conditions are and are not met.

Task 4 involves the construction of polygons made up of five tetraminoes, with a larger perimeter and a smaller perimeter, on a checkered board, where each square has the appropriate length side for the step of the robotic object that was used (15 cm). Each tetramino used square sheets of paper of a different colour. An empty coffee capsule was placed on each square of the constructed polygon, to be collected by the robot. The goal is to discover the route to be taken so as to go over as many squares as possible, going over each square only once, which in this situation is represented by the collection of the capsules, seeking to collect them all, going over each square only once and not crossing paths. This problem is similar to the travelling salesman problem, however, in this case there is no obligation to go through all the squares, nor to finish at the starting point, but rather to maximise the largest number of capsules collected. Prospective teachers started by representing on the board one of the polygons with a larger perimeter and placed a capsule in each of the 20 squares. They then programmed the robot to follow the route that would allow them to collect as many capsules as possible, considering that the capsule was collected when the robot passed the square where it was placed. In the first attempts, several capsules remained uncollected (for example, four capsules). After discussing the characteristics of polygons with a larger perimeter made up of tetraminoes and finding that the polygon that had been built did not allow the collection of more capsules, the prospective teachers changed the arrangement of the tetraminoes in order to create a polygon with a larger perimeter but allowing a greater number of capsules to be collected (Figure 9). The abstraction and pattern recognition were essential for them. They also tested various starting points for the capsule collection route, debugging the strategy. The structure of this polygon allowed the robot to go over of the squares only once, except for one. The prospective teachers concluded that there is one capsule that always remains uncollected, due to the T-shape of one of the tetraminoes. The prospective teachers then built, with the five tetraminoes, a polygon with a smaller perimeter. Two conjectures emerged regarding the number of capsules that could be collected with this polygon: the conjecture that it would still not be possible to collect one capsule, and alternatively that it would be possible to collect all the capsules. As the robot made its way along the route, they found that they would have to make decisions about the route, namely at the end to collect one capsule or the other, and that it would not be possible to collect them all. Consequently, it was still not possible to collect one of the capsules. The robot went through all the squares exactly once, except for one.

Opportunities and constraints for prospective teachers

In the initial questionnaire, which preceded the didactic proposal, and in the final questionnaire, which followed the didactic proposal, several prospective teachers maintained the constraints and opportunities identified. In some situations, while maintaining their initial perspective, they added to or clarified some of the opportunities. Although the moments in which these constraints were identified are not relevant, the main constraints and opportunities identified by the prospective teachers are presented below, with some examples of the ideas that were expressed. As far as constraints are concerned, most of them are related to the training prospective teachers considered to be necessary for the development of a practice aimed at the promotion of CT: "not familiar with programming" (Qi, E3); "I require more training to be familiar with the implementation stage" (Qi, E7). Other constraints reinforced some insecurity in their knowledge, as pointed out by E1: "Constraint in preparing this type of activities alone" (Qi, E1). Constraints related to the time required for the development of the tasks were also mentioned, indicating that this could be perceived as related to the required curriculum: "pressure felt to deliver the whole curriculum". (Qi, E5). Reference is also made to the difficulty that may be experienced in accessing resources.

All of them are related to the design of appropriate work proposals, articulating, whenever possible, with opportunities for collaborative work among teachers so that these tasks can be strengthened: "Work in collaboration with other classmates so that ideas are shared and, at the same time, the activity is enhanced" (Qi, E1); "[the] activities that promote the development of computational [thinking] can be improved with the participation of several teachers, allowing more to be accomplished in less time" (Qf, E2). One prospective teacher also highlights the challenge she perceives in "Creating/using tasks that promote explicit curriculum skills and content at the same time" (Qi, E5). In the final discussion, the prospective teachers acknowledged the relevance of the work carried out in the didactic proposal for their training, as E7 also makes it clear in the final questionnaire: "I feel more prepared for classroom dynamization." (Qf, E7).

Discussion and conclusion

The didactic proposal enabled prospective teachers to explore the teaching of mathematics and CT, seeking to improve their knowledge of the subject and possible situations to take into their future professional practice. Prospective teachers showed motivation and engagement in the tasks and desire to discuss strategies and justify processes, linking mathematics and CT. The proposal creates the opportunity for prospective teachers discuss ideas about the integration of CT in education, as [START_REF] Yadav | Computational thinking in elementary and secondary teacher education[END_REF] mentioned the teacher education need to provide. The results show an evolution of prospective teachers' performance on mathematical tasks concerning the practices of computational thinking, with abstraction, pattern recognition and debugging being more explicit. The technology enabled the practices of CT and facilitated the implementation and analysis of different strategies for solving the proposed tasks. The little experience in working around computational thinking and how to bring it into their practice was the main constraint identified by prospective teachers. However, they recognize that collaborative work was an opportunity to develop their knowledge and to discuss tasks that explore mathematics and CT. The results highlight that is pertinent to provide experiences for prospective teachers aiming to explore the teaching of mathematics and computational thinking to empower them for their future professional practice. This study shows the contribution of a didactical proposal to develop practices of computational thinking, in which the context of optimization problems and technology were very relevant to make the problems tangible and to give rise to conjectures. Such resources also encouraged the search for new solutions, the identification of strategies to guarantee the analysis of all possible situations, as well as to justify cases of impossibility. The sharing of strategies and their discussion, as well as questions raised by researchers during the didactic proposal, also played an important role in enhancing the emergence of computational thinking practices. Despite the relevance of this didactic proposal in the initial teacher education, more proposals are required to ability prospective teachers to integrate computational thinking into their mathematics teaching professional practice, as expressed by prospective teachers.

The future teachers must have a robust knowledge, because, as mentioned by [START_REF] Nordby | Primary mathematics teachers' understanding of computational thinking[END_REF], the lack of knowledge and skills about CT affects its adoption, namely regarding its integration in the mathematics curriculum. The sharing and discussion of experiences on teacher education between researchers and teacher educators can provide information for teacher education on specific needs that can contribute to mathematics teaching practices to address curriculum innovation and leverage technological resources to improve students' mathematical learning.
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