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To explain, interpret and distinguish the large diversity of visual information and spatial phenomena in today's world, children need to be able to grasp and understand the underlying mathematical and geometrical structures. Relating these real-life spatial phenomena with their underlying geometrical characteristics can be regarded as abstraction, one of the core aspects of mathematical thinking according to [START_REF] Drijvers | Denken over wiskunde, onderwijs en ICT[END_REF]. How to foster the process of abstraction in geometry in primary school is the central question of my research. Practical and theoretical perspectives on geometry and abstraction, together with the theoretical lens of embodied cognition, led to design criteria for activities fostering abstraction in geometry. Accordingly, activities on mirroring for students from grade 5 to 6 have been designed, based on an embodied abstraction approach.

Theoretical background and research question

Geometry education in the Netherlands is characterized by a realistic approach, described by [START_REF] Freudenthal | Mathematics as an Educational Task[END_REF] as grasping space, "the space that the child must learn to know, explore, conquer, in order to live, breathe and move better in it" (p. 403). It encompasses problems, tasks and activities experienced in our direct surrounding, with the aim of learning about mathematical objects and concepts.

Based on the definition of abstraction by [START_REF] Dreyfus | Abstraction in Mathematics Education[END_REF], as the attempt to reach an understanding of the structure of a mathematical concept, and the notion of reflective abstraction by [START_REF] Piaget | The Equilibration of Cognitive Structures[END_REF] the process of abstraction in geometry can be regarded as the discovery and formalizing of new (to the learner) mathematic structures in spatial orientation through a process of reflection on experiences and explorations.

The theoretical lens of embodied cognition is used in this study for an embodied approach of abstraction in geometry. Embodied cognition theory emphasizes that all cognition is rooted in bodily experience; in the interaction of the body with the physical environment [START_REF] Abrahamson | Embodiment and embodied design[END_REF]. The definition of abstraction in geometry through the lens of embodied cognition that is used for the design reads: the process of describing, explaining, reflecting on, and structuring of action in the experienced world using mathematical artifacts. The design principles for the learning environment have their origin in action-based embodied design, one of the design genres introduced by [START_REF] Abrahamson | The Future of Embodied Design for Mathematics Teaching and Learning[END_REF]. In action-based design: "participants … tackle motor-control problems: they are assigned the task of performing a technologically mediated manipulation of material or virtual objects, in an attempt to achieve a specified goal state." (p. 5). The research question we try to answer with this design is: how can embodied activities in geometry contribute to the process of abstraction by children in grades 5-6.

The study can be characterized as a design study (Bakker, 2018). During a series of design cycles, a learning environment on embodied tasks on mirroring is developed and tested. Criteria for the environment are outlined in a design table and based on the definition of the process of abstraction (see above) and elements of embodied design: enactment, expected verbalizing, degrees of freedom, and attentional anchors. The tasks focus on the geometrical properties of mirroring: perpendicularity, equidistance and angle of incidence begin equal to the angle of reflection. This is done using a seethrough mirror, chess pieces and a laser pointer. The designs are tested during task-based interviews with 8 individual children from grade 5 and 6. The interviews, which took 30 minutes on average, are video-taped. Data are in the process of analysis in a bottom-up theory-guided coding process.

Results

During acting, all students discovered the correct position (equal distance to the mirror and on a straight line perpendicular to the mirror) of the chess pieces on either side of the see-through mirror. When explaining their solutions, they showed an understanding of equal distances of object and reflection image. Several students were able to write a clear instruction, including a drawing, of how to position the chess pieces, thus showing promising steps in the process of abstraction. Although they showed an understanding of the need of perpendicularity, they still struggled with the abstraction hereof.

Conclusion

This embodied design shows mixed, but also promising, results in fostering abstraction in the designed tasks on mirroring. More work is needed to further investigate embodied design in this and other areas of geometry.