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Introduction and Context

In the growing field of research of elementary discrete mathematics education, the research wants to focus on some aspects of young students, grade 4 to 6, learning about sorting algorithms. Moreover, elementary computer science is gaining attention both from the CS education research community and from the elementary school teachers and heads [START_REF] Franklin | Getting started in teaching and researching computer science in the elementary classroom[END_REF] and new trends in teaching CS in primary education are recently emerging. From a Mathematics Education perspective, we are thinking of our work as able to enhance the study of teaching and learning skills of mathematical practice through discrete mathematics problems, both general skills, such as reasoning, modeling and problem solving skills and others particular to discrete mathematics, such as algorithmic and recursive thinking skills. Here, in particular, we want to underline aspects of cooperative dynamics emerging from some sequence of tasks regarding the above.

The tasks we are going to present are part of a preliminary research that were proposed to various schools and age groups. In a design research paradigm [START_REF] Plomp | An introduction to educational design research[END_REF], the activities were tried out many times, always with an a priori analysis together with the teachers and with a retrospective look after each lesson. Students from two different schools were involved: a total of 22 classes in grades ranging from 3 rd to 8 th . Before this, we did a preliminary survey among teachers [START_REF] Gaio | Discrete Mathematics in Lower School Grades? Situation and Possibilities in Italy[END_REF]. Teachers, especially at lower levels, admit not to have the necessary knowledge to teach discrete mathematics and algorithmic topics in school and are really open to explore new possibilities on the topic.

Background Theory and Methodology

Teaching methods follow the model of Realistic Mathematics Education [START_REF] Gravemeijer | Developing realistic mathematics education[END_REF] and Guided Reinvention of mathematics (Brousseau). Focus is on the activity, on the process of mathematization [START_REF] Freudenthal | Mathematics as an educational task[END_REF]. Realistic Mathematics Education (RME) is an instructional design theory which centers around the view of mathematics as a human activity (Freudenthal); "The idea is to allow learners to come to regard the knowledge that they acquire as their own private knowledge, knowledge for which they themselves are responsible." (Gravemeijer).

The research methodology is that of design research. For the purpose of this thesis, the developmental approach is taken into consideration [START_REF] Plomp | An introduction to educational design research[END_REF], the goal being to design and develop a, research based, intervention and constructing design principles in the process of developing it. The goal is to explore new learning and teaching environments, to verify their effectiveness; to develop somehow new methods, instruments, and teaching actions to further improve in the field of problem solving and logical thinking, using somehow unusual topics as algorithms and cryptography are for primary school students. The design experiment is a classroom experiment in which the researcher (or researchers) cooperates with the teachers in assuming teaching responsibilities.

Tasks and data

As stated above, in a longer sequence of tasks, we want to focus on some tasks regarding sorting. The content goal is to teach something about sorting (numbers, quantities, objects), algorithms mode of operation, their speed, and the fact that there might be different algorithms leading to a solution. In some activities basic computational complexity is emerging, even if not formally introduced to children. We want them to re-discover the algorithm (or algorithms) which is good to solve a predetermined problem and get a sense of what it means to order something. Ordering themselves in groups, ordering object using a balance scale. At the end of each task a discussion follows.

Data collected is represented by events selected from the video recordings available. We used an inductive approach in video selecting, beginning with viewing the corpus in its entirety and focus on details later. Some events which were particularly relevant were isolated. We are, with this approach, analyzing selected episodes focusing on the same happening and constantly revising our finding and new hypothesis.

Results and perspectives

As some examples of the results obtained, we have a video-analysis of groups sorting themselves into a given order. Looking at the collaboration between students, one can observe that two different algorithms translate into two totally different group dynamics. There could be one or two students acting as leaders and just giving direction to others in the group, or more cooperative oriented groups, or also when a leader is absent. While using sorting networks, for example, the importance of discussion and the process of dialectic with peers allows students to discover important points in the mathematical situation they are facing, such as a sense of comparison between different numbers, according to Vygotsky's perspective on the zone of proximal development. On a similar example, students find out that if they are greedy -or we might say use a greedy algorithm -then the group might not success in the final goal and the collaboration with the others is important in mathematics, as in many other aspects, to reach (faster and better) results.

Finally, the belief is that this kind of activities can be relevant, beyond a CS perspective, also from a mathematics point of view as described briefly above and deserve a deeper investigation in research.