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Introduction and theoretical considerations

There is a predominant use of routine tasks that is still a common practice in many countries, devaluing active learning and the development of essential skills demanded by society. So, there is a growing emphasis in a meaningful learning that encourages students to be involved in individual and collaborative experiences, that promote the development of skills, as being creative, think critically, solve problems, communicate and collaborate. We decided to conduct this study, believing that the use of authentic/challenging tasks with multiple-solutions, that require a hands-on/minds-on activity, leading students to active learning (e.g., [START_REF] Vale | Solving problems through engineering design: an exploratory study with pre-service teachers[END_REF], fits those ideas. Hence, the disciplinary integration through STEAM education may be a contribution, but the way in which it should be articulated is still an open debate (e.g., [START_REF] English | STEM integration in sixth grade: Designing and constructing paper bridges[END_REF], having a relevant role, also emphasized by international recommendations that state its importance in preparing students to deal with complex and diverse challenges. This is a teaching and learning approach where students build and demonstrate understanding using a design process in which Science, Technology, Engineering, Arts and Mathematics work together. Based on these ideas, we report an ongoing study, with elementary pre-service teachers (PST) (6-12 years old) in which we intend to understand and characterize the performance underlying the use of Engineering Design (ED) in solving authentic problems (AP), identifying the main difficulties and contents mobilized by the participants, as well their engagement, when solving the proposed problems. Going through this experience as learners may give these future teachers a deeper insight about the potential of solving AP through ED, adjusting their understanding, attitudes and beliefs about the implementation of tasks of this nature in their practices [START_REF] Sevinc | Training mathematics teachers for realistic math problems: a case of modeling-based teacher education courses[END_REF]. To pursue these ideas we use ED, as a vehicle that bridges the gap between mathematical and sciences concepts, as well as the arts, starting from real-life problems through a cyclical design process. In this study we use an adapted ED cycle from several authors (e.g., [START_REF] English | STEM integration in sixth grade: Designing and constructing paper bridges[END_REF] composed of seven-steps: identify the problem; imagine/brainstorm ideas; design/plan the solution; (re)build; (re)test and evaluate; redesign; and solution [START_REF] Vale | Solving problems through engineering design: an exploratory study with pre-service teachers[END_REF].

The studyresults and conclusions

In this we followed an exploratory qualitative and interpretative methodology. Data was collected in a holistic, descriptive and interpretative manner, including: participant observation, observational notes, reactions and interactions; documents (individual records, poster); artefacts (table prototype); and photos. The collected data was organized according to the following dimensions: participants' performance (solution of the problem through the ED cycle, creation of the poster); STEAM contents identified by the participants; and participants' reactions to the table construction and the use of the ED cycle. The participants were 45 PSP, working in groups of 3/4 elements, enrolled in an Undergraduate Course in Primary Education, that attended a curricular unit in the scope of didactics of mathematics. We used four AP: the Paper table; the Paper chair; the Well with a Bucket; and the paper plane. In this paper we present the Paper Table Problem (Figure 1) [START_REF] Vale | Solving problems through engineering design: an exploratory study with pre-service teachers[END_REF]. To solve the problem, we provided some materials (e.g., publicity leaflets; masking tape). The PST had to create a poster, accompanied by the prototype, explaining all the work developed to reach the solution, characterizing each phase of the ED cycle, including their difficulties, and identifying the main concepts, ideas, of mathematics and physical sciences and the work with their peers. We can synthetize some preliminary results in the following ideas. These PST valued the experience, since they had the opportunity to solve a type of problem which they had not yet solved, mobilizing mathematical concepts mainly related with geometry (e.g., prisms, pyramids, cubes, angles, measurement, symmetry) and physical sciences contents (e.g., centre of mass, forces, balance) in an integrated way. They revealed great engagement, displaying persistence and motivation in solving the problem, through many discussions and trials and errors. They had also attention to aesthetic features, in the construction of the table prototype and the poster. Finally, they said it was an experience they would like to repeat during their teacher training, but also to use with their own pupils in the future. Some difficulties were identified by them, namely: in drawing the sketch (3D); in the mobilization of adequate scientific language in the reasoning underlying their decisions; in justifying with precision the need to improve the design/execution of the model; in the use/interpretation of the ED model; and some groups did not follow all the steps of the cycle in the presented order. This is an experience to repeat in teacher education and the findings highlight the need for further scaffolding to prompt participants to use both sound scientific and mathematical knowledge (e.g., [START_REF] English | STEM integration in sixth grade: Designing and constructing paper bridges[END_REF]. However, the PST found the ED cycle and the problem solved motivating and engaging because they knew that could use a similar approach as in-service teachers in the future. This study contributed to develop the pre-service teachers' understandings and competencies for using AP in mathematics instruction [START_REF] Sevinc | Training mathematics teachers for realistic math problems: a case of modeling-based teacher education courses[END_REF], making them aware of possible pathways for a more effective teaching concerning the use of ED in problem solving.
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 1 Figure 1: The Paper Table Problem and some of the PST work