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This presentation extends the work presented in our previous papers (Holmlund, 2024; Tossavainen & Holmlund, 2024), focusing on why some students solve linear equations with natural numbers, but not equations with decimal and negative numbers. Analysis of interviews display that the numbers in the equations yield uncertainty concerning what is possible and allowed in handling them (Holmlund, 2024). The interviews also show that decimal and negative numbers attract students’ attention, making them overlook other aspects of the equation, e.g., the operations. As algebra revolves around the analytic handling of unknown quantities (Radford, 2018) it is natural to put focus on operations in teaching algebra. Though based on our previous results, students also need to learn about the underlying algebra to be able to generalize their knowledge of equation solving (Tossavainen & Holmlund, 2024). Contemplating the relevance of the underlying algebra for students’ solving of equations, it is relevant to explore how students perceive the algebra of an equation with parameters, such as . In mathematics,  and  are usually specified to a certain domain of numbers, but as students might not be familiar with these domains, there is reason to investigate how and  are perceived.
Therefore, the aim of this short communication is to study quantitatively how students' ability to solve linear equations with parameters correlate to their solving of other similar equations—but with different operations or, especially, which number sets the contained coefficients in the equation belong to.
Method and results 
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]The data analysed was collected from 110 students in their first year of upper-secondary school in the autumn 2020 (for more details, see Holmlund, 2024). The test, where students had calculator aid, included three purely numerical tasks, and ten equations: A. , B. , C. , D. , E. , F. , G. , H. , I. , and J.  . In G, it was specifically asked what is if and  are two numbers we do not know the value of. Students' performances on each thirteen exercises have been evaluated on the dichotomous scale: 1 = a correct solution; 0 = an incorrect solution. Thereafter we have computed the phi coefficient for each pair of the performance variables. To fit this analysis into a short communication, we choose to limit our analysis to two equations:   and .
The phi coefficient is a measure of the strength of association between two binary variables, in our case the ability to solve different equations, based on independent observations. For dichotomous variables, it coincides the Pearson correlation coefficient. Consequently, it should be interpreted similarly. The values belonging to the interval (–0.3, 0.3) are often interpreted as weak or negligible relationship.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Focusing only on items with , students' solutions to  are associated with their responses to equations B, C, D, E, H, and I. In contrast, their answers to  show no association with any other equations. We also note that most students who did not solve  left the blank answer. Some of these students gave an example of one possible solution—often using natural numbers for  and . Among the students who successfully solved the task, some were able to generalize their solution after initially assigning concrete values to  and .
Discussion
[bookmark: OLE_LINK1]Our results show that successful solving  is associated with success on several other tasks, particularly those involving only integers. However, performance on this equation does not correlate with that on equation F and G, both of which are multiplicative but involve decimal numbers. Furthermore, successful solving  is not significantly associated with success on any other tasks and shows only a weak positive association ( with . Therefore, it seems unlikely that students share a common approach to solving equations with unknown parameters. However, we cannot say for sure, how students who solved the equation perceived the domain of and ; some may have considered integers, while others another domain. Nevertheless, we can conclude that secondary students feel quite comfortable with integers—especially natural numbers—in linear equations, but they are clearly more insecure with equations that contain rational or real numbers. 
[bookmark: OLE_LINK2]Based on our findings, we conclude that secondary students would benefit from more experience from solving linear equations with parameters from different number domains. A topic for further research could be how their conceptions of underlying algebra are influenced when they encounter linear equation with unknown parameters. 
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