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Programming has a long history within mathematics education. From the introduction of programming languages such as LOGOS, Basic and Pascal in the 1970s, to the more recent use of computer algebra systems (CAS). More recently, programming has received an increased focus from both the academic community and society. The combination of mathematical knowledge and the knowledge of programming is considered a valuable skill set in the future work marked [START_REF] Gravemeijer | What Mathematics Education May Prepare Students for the Society of the Future[END_REF]. In response to this, programming is to be included in the mathematics classroom in Norway from autumn 2020. This poster presents a part of a larger project involving students electing science mathematics in upper secondary school (16-18 y.o.). In this project, the students receive extra lessons at the beginning of the school year, where they learn a set of basic programming commands (such as print, input, mathematical operations, if-statements, for-loops, and while-loops). They are then given mathematical problems, which facilitates for deep learning through discussions, problem solving and programming. This project follows the students for two consecutive years, and periodically presents them with problems from different areas of mathematics. The project investigates how the use of programming can facilitate for the learning of mathematics in the classroom and this poster illustrates the creation of problems that facilitates for learning mathematics with programming.

The project is design-based. Design-based research (DBR) has many focal areas, and this poster presents parts of DBR where the focus is the creation and development of mathematical problems through iterations. The problems are vital as they create ways to learn and discuss mathematics not easily achieved or not possible without programming.

The design process combines Rabardels instrumental approach [START_REF] Rabardel | Les hommes et les technologies; approche cognitive des instruments contemporains[END_REF]) with Vygotsky's activity theory [START_REF] Vygotsky | Mind in society: The development of higher psychological processes[END_REF]. The instrumental approach is used to create problems that facilitate for the development of utilization schemes, and activity theory is used to create problems that facilitate for students discussions. Discussions are vital for learning mathematics. In activity theory, the mediating artefact that helps the students learn mathematics is here the programming language. The learning is mediated through social interactions between groups of students and between students and their teacher. In instrumental approach the instrument is defined as a two-part entity consisting of both the artefact and the utilization schemes [START_REF] Rabardel | From artifact to instrument-mediated learning[END_REF]. The utilization schemes will start as basic usage schemes, where the students will learn a set of commands and their affordances. As their abilities and network of commands increases, they will develop instrumented action schemes. The action schemes will enable the students to create programs to solve mathematical problems [START_REF] Drijvers | From artifacts to instruments, A theoretical framework behind the orchestra metaphor[END_REF].

To illustrate the iteration process, the poster will show the overarching structure of the project, give an example of a mathematical problem, and present responses from students through logs and interviews. The structure will show how problems over time, and the responses will show how student input affects the development of problems. To embody a problem, an example from the mathematical area of quadratic equations is used. Articles targeting quadratic equations suggest that students struggle with them [START_REF] Zakaria | Analysis of Students' Error in Learning of Quadratic Equations[END_REF]. This includes solving quadratic equations instrumentally, validating solutions, and understanding the relationship between different forms of visualisation such as function, graph, and zero-points.

The mathematical problem of quadratic equations

The students were asked to create a program that would solve any quadratic equation. The problem was set up as a building block scheme, where they started solving quadratic equations with one or two solutions. Afterwards they were asked to solve a quadratic equation with no solution, and then problem solve how they could circumvent the error they received. As the problem progressed, they were given further questions and/or hints of what to discover. This included intersection with the axes, an expression for the derivative, factorising the equation, and so on. The students were given freedom to program what information the user would receive when they input a quadratic equation.

A couple of weeks after the quadratic equation problem, ten of the students were interviewed. Amongst their responses, they compared programming to the ready-to-use CAS in programs such as GeoGebra and reported that with CAS they merely typed in equations and pressed solve, but in programming they had to understand the process deeper to create the code that solved the equation.

The mathematical problems given to the students' have changed considerably from the initial iteration to the present iteration. The initial design of the problem focused on using programming to solve a general quadratic equation. As the work progressed, the design changed to increasingly include problems and formulations that forced the students to discuss and critically review their program to progress. The problems have now a design that helps the students should they feel frustrated about the programming. The problems have also focused on using programming as a tool to facilitate mathematical discussions and the creation of mathematical ideas. The next iteration will run in autumn 2018, and the poster will include the examples and results from this study as well.