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Figure 1: App 'Rechenketten' An app-based learning environment for building algebraic competencies through algorithmic thinking
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Introduction

In recent years, the demand for the implementation of computer science (CS) content in German primary schools has strongly increased, so that there are several projects investigating its implementation. However, since a stand-alone subject CS in German primary schools is not a realistic scenario, relevant topics and competences should be integrated into existing school subjects [START_REF] Schmid | Informatik in der Grundschule: Eine informatisch-pädagogische Perspektive auf informatikdidaktische Konzepte[END_REF], e.g. mathematics.

Algorithms, Arithmetic, and Algebra

The connection of algorithmic, arithmetic and algebraic thinking can be realised by primary school children through the use of algorithms during programming activities [START_REF] Agatolio | How an ambitious informatics curriculum can influence algebraic thinking of primary school children[END_REF]. [START_REF] Kilhamn | Algebraic thinking in the shadow of programming[END_REF] also see an intersection between algebraic and computational thinking. However, this should be investigated especially with regard to whether programming activities support or limit the development of students' algebraic thinking. In their paper, they conclude that there are programming activities that have an impact on students' algebraic thinking (especially with regard to symbolisation). As an interesting open research area they define the question of whether structures embedded in algorithms can lead to "the development of algebraic thinking in terms of an increased focus on structure and generalization" (Kilhamn & Bråting, 2019, pp. 571-572).

In my PhD project I will examine intersections between primary CS and mathematics education with the focus on how the structures of an algorithm can influence generalisation in understanding an arithmetic topic. Therefore, a learning environment including an app (see Figure 1) with additional supportive tasks is developed. With this, primary school students can use and study the similarities of arithmetic and algorithmic structures with the goal to come to algebraic generalisations.

The notion of this algorithm is simplified and more or less only usable in this app and thought as a general programming language, because learning mathematics and not learning a programming language for this study is the subject of interest.

Research Question

The learning environment and the research study are structured by the following research question: To what extent can (1) understanding and analysing, (2) modifying, and (3) developing an algorithm help to obtain algebraic discoveries in terms of generalised arithmetic structures?

Design of the Learning Environment

To explore and generalise arithmetic structures as a transition to algebraic thinking (e.g. [START_REF] Kaput | What is algebra? What is algebraic reasoning[END_REF], students use the arithmetic task format "Rechenketten" (arithmetic Chain, see Figure 1) to explore several arithmetic structures such as the property of commutativity, the distributivity or multiplication as repeated addition. The app is developed with the intention that these structures can be seen simultaneously in the arithmetic and algorithmic representation 1 so that a linking of representations is possible.

Therefore, three corresponding tasks are structured along the three aspects (1)-( 3) of the research question: Task series 1 aims at understanding and analysing similarities and differences between the representations (1). Task series 2 aims at modifying e.g. inappropriate representations (2). Task series 3 encourages the development of algorithms as solutions to problem-containing arithmetic tasks (3).

Design of the Research study

In the sense of developmental research [START_REF] Prediger | Fachdidaktische Entwicklungsforschung -Ein lernprozessfokussierendes Forschungsprogramm mit Verschränkung fachdidaktischer Arbeitsbereiche[END_REF], a learning environment for the use of the app is to be (further) developed. In order to investigate learners' cognitive processes in terms of our research question, fourth graders will be interviewed after having used the app. The interviews will be videographed, transcribed and analysed using qualitative methods such as Grounded Theory.

For this purpose, a piloting of the app and the tasks was carried out in the autumn 2021. The insights gained from this will flow into further development so that the first design experiments can be carried out in spring 2022. These will then be evaluated to provide new insights for theory and practice.