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Poster summary

Although there has been a good deal of research into the problems students often encounter when solving and trying to understand first-degree equations, there has been relatively little comparable research involving quadratic equations. A number of authors have identified difficulties with quadratic equations which overlap with those known for first-degree equations. For example, some students were unable to solve quadratic equations because of difficulties with working with fractions, negative numbers and basic computational skills, as well as difficulties with understanding the concept of variable (e.g., [START_REF] Didiş | Performance and difficulties of students in formulating and solving quadratic equations with one unknown[END_REF][START_REF] Hu | Algebra teachers' interpretation and responses to student errors in solving quadratic equations[END_REF][START_REF] O'connor | Investigating students' mathematical difficulties with quadratic equations[END_REF]. However, a number of problems specific to solving quadratic equations have also been identified, including using the quadratic formula, completing the square, factoring second-degree polynomials, and understanding the zero product property (e.g., [START_REF] Hu | Algebra teachers' interpretation and responses to student errors in solving quadratic equations[END_REF][START_REF] O'connor | Investigating students' mathematical difficulties with quadratic equations[END_REF][START_REF] Tall | Evolving a three-world framework for solving algebraic equations in the light of what a student has met before[END_REF].

Research into how programming can help students understand algebra has been rather limited so far. Most of the connections to algebra that have been looked at are related to built-in features of the chosen programming environment, such as coordinate systems and variables (e.g., [START_REF] Germia | Using Scratch programming to explore coordinates[END_REF]. Much recent research has focused on using Scratch to introduce programming to younger students, both with the goal of teaching computational thinking as well as teaching concepts within mathematics (e.g., [START_REF] Benton | Building mathematical knowledge with programming: Insights from the Scratchmaths Project[END_REF].

Although the zero product property is unlikely to be useful for solving an arbitrary quadratic equation, since it is unlikely to be factorable [START_REF] Bossé | The factorability of quadratics: Motivation for more techniques[END_REF], it has clear uses within the context of school mathematics, as well as being important for understanding more advanced mathematics such as the roots of polynomials and the partial fraction method of integration. Therefore, this poster aimed to initiate a discussion in the TWG3 about the use of programming tasks as an instrument to teach and develop algebraic thinking, in particular with regard to using the zero product property to solve quadratic equations. In addition to background information, the poster includes information about the intended design of the project as well as example tasks.

In cooperation with secondary school teachers, pairs of students will be given a series of programming tasks designed to elicit a deeper understanding of the zero product property and how to apply it when solving quadratic equations. The tasks will be developed together with the teachers, tapping into their knowledge of their own students' current understanding of mathematics. The students will be recorded while working on the tasks and interviewed afterwards in order to gain insight into the effectiveness of the programming tasks. The tasks and results will be designed and analyzed using the theoretical framework Abstraction in Context (AiC), which builds on the works of Freudenthal and Davydov and combines both cognitive and sociocultural ideas [START_REF] Dreyfus | The nested epistemic actions model for abstraction in context: Theory as methodological tool and methodological tool as theory[END_REF][START_REF] Dreyfus | Introduction to abstraction in context (Aic)[END_REF]. AiC relies on a detailed analysis of student discussions during the tasks as well as their interview responses in order to identify the formation of new mathematical constructs. This method of analysis does not depend on comparing the results of a pre-test and post-test.

This poster presents the research project in a graphical format in order to more clearly show how the various phases fit together.