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In this presentation we will present and discuss how prospective teachers learn to teach the relationship between addition and subtraction in grade 3. Visual representations are powerful tools for supporting arithmetic learning, as diverse visualisations have a significant positive impact (Schoenherr et al., 2024). The aim of this study is to identify how prospective teachers use visual representations when planning a lesson in early arithmetic in a learning study. Teaching the relationship between addition and subtraction is challenging in the early years. Previous research shows that children typically begin with counting-based strategies, using objects or fingers (e.g Neuman, 2013). As understanding deepens, non-counting strategies and a part–whole view of number are developed. Understanding subtraction as the inverse of addition is crucial for early mathematical reasoning (Vilette, 2002). For example, knowing that 4+3=7 supports recognising that 7−3=4. Encouraging pupils to frame subtraction in terms of addition (What must be added to 4 to make 7?) supports deeper mathematical insight (Fuson, 1992). Visual representations enhance conceptual understanding, showing how addition and subtraction relate. As Björklund and Palmér (2022) note, “it is significant to pay attention not only to the fact that different representations are used in an act of teaching, but also to which representations are chosen and how they are presented to the learner” (p.529). From this follows that prospective teachers need to be responsive to different visual representations when it comes to relationship between addition and subtraction. 
Method
The study is a part of a larger project conducted within a mathematics course for primary teacher education at two universities. In this paper two groups’ planning and revising of lessons taught in grade 3 where analysed, one group from each university. The learning study involved an iterative process in which a lesson was collaboratively planned and revised in a cyclic process with the aim to enhance student learning of the targeted object of learning (e.g., Pang & Runesson Kämpe, 2019). The learning study was conducted during the seventh of eight semesters. The groups worked with the relationship between addition and subtraction: if a + b = c, then c − a = b (the complement principle). Over two weeks, four group meetings focused on students’ learning difficulties, the mathematics, and teaching. This study draws on over ten hours (600 minutes) audio recordings from two meetings: planning Lesson 1 and revising L1/planning Lesson 2, written documentation of lesson plans and written analysis of L1 and L2. Analysis based on variation theory was employed, incorporating the notion of external visualization (Schoenherr et al., 2024), including graphs, charts, shapes, number lines, and bar-graph diagrams that illustrate structural relationships. References to representations were coded and analysed in depth.
Results and discussion
The results demonstrate how PTs progressively develop their ability to use visual representations, particularly bar charts and triads, to illustrate part-whole relationships when teaching addition and subtraction. Initially, these visual tools served as central aids for pupils’ understanding. After L1, PTs revised their approach by enhancing the visualizations with additional arrows within the triads to clarify relationships among elements, emphasizing the connections between parts and the whole and moving beyond simple counting strategies (Neuman, 2013). In L2, they used arrows to indicate the direction of subtraction as an operation, but also to show how parts and the whole remain constant across both addition and subtraction. Further, while continuing to employ bar charts and triads in subsequent lessons, their approach became nuanced and detailed, reflecting their teaching experiences from L1. They interconnected the models with the corresponding algebraic expressions written alongside, deepening their understanding of how addition and subtraction relationships can be effectively communicated. This process of revision fostered structure in their lesson plan. While PTs improved their capacity to structure visual representations purposefully, they could not fully anticipate potential obstacles or misconceptions prior to implementation. This highlights the importance for teacher educators to guide PTs in designing comprehensible visual models, enhancing their readiness for classroom practice.
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