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Introduction

The concept of the function is firstly introduced to Slovak students as an input-output system, and later it is presented more structurally with various properties using different representations of the function. To find out how students understand the concept of function, we carried out a study based on the results of a similar study conducted by [START_REF] Ronda | Growth points in linking representations of function: A research-based framework[END_REF]. It was focused on the level of linking representations developed by students after learning of functions. We present the results of the analysis of the students' solutions. Our focus in this analysis was on the working with scale.

Theoretical background

To understand the function as an object also means to realize which visual properties of the graph do not change within the scale. In school mathematics, the scale on each axis is usually the same. When scale is changed for the same function, the resulting graph can look different [START_REF] Leinhardt | Functions, graphs, and graphing: Tasks, learning, and teaching[END_REF]. In scientific data analysis the scale on each axis is usually different, that is why it is important to use different scaling when operating functions. One of the misconceptions that is mentioned by [START_REF] Leinhardt | Functions, graphs, and graphing: Tasks, learning, and teaching[END_REF] is that the scales on the axes must be symmetrical.

Learners need to develop an understanding of which features of a graph are indigenous to the graph itself (e.g., the y-intercept) and which features are responsive to the system on which it is constructed (e.g., the slope of the graph). (Leinhardt et al., 1990, p. 44) 

Methods

This contribution is part of bigger research concerning students, which focuses on their ability to connect between representations of the function. We chose and modified tasks from the research conducted by [START_REF] Ronda | Growth points in linking representations of function: A research-based framework[END_REF]. As our goal is to improve students' functional thinking, we needed to find out what the actual state of their knowledge is. Our research was conducted in four secondary schools in Slovakia, from which most of the students will go to university. Three (out of seven) classes were mathematics classes. 170 students solved eight tasks, but we will focus on one task which is shown in Figure 1. This task was solved by 118 students. We expected the following types of solutions: (i) generating values of the function (creating a table) or using other local properties (e.g., calculating interceptions); (ii) evaluating function globally by determining the slope or trend on the graph with symmetric scaling; (iii) evaluating function using invariant properties such as monotonicity, linearity, intercepts considering different scaling. If we look at the possible options, we can see that the correct answer for the task is option (b) and (considering scale) option (d). To see that both solutions could be correct, students must have developed a higher level of understanding of the function by identifying invariant properties that are independent of the chosen scale. 

Results and discussion

In the Table 1, we can see that 17 students did not assume a symmetrical scale for both axes. They have developed the sense of seeing function properties independently of the scale, which leads to option (d). 12 students identified invariant properties independent of the scale. Although 5 students chose both (b) and (d), their argumentation was partly incorrect. Students also very often evaluated the graph visually (∑=13), e.g. "The slope is larger than 1, the graph of the function will be closer to 𝑦𝑦-axis". 37 students used only local properties (i) (e. g. intersections) to solve the task, which leads to (a) (∑=3) or (b) (∑=31). 94 students chose (b) without (d). 22 students used argumentation that the scaling of both axes must be symmetrical (only (b)). The most common misconception among students was that the slope of the function was interpreted as the intersection of the 𝑥𝑥-axis (∑=17). Some students chose more than one answer, so they may be included in more than one option. The important implication for practice is to implement the tasks focused on scaling in the learning process. Scaling tasks require particular attention to the axes, their scales and to the units that are measured [START_REF] Leinhardt | Functions, graphs, and graphing: Tasks, learning, and teaching[END_REF]. They are rarely addressed in the Slovak mathematics textbooks and consequently in the mathematics lessons. Research conducted in [START_REF] Semanišinová | Preservice teachers' feedback to students' solutions on linking linear function equation and graph: A Polish and Slovak case[END_REF] showed that preservice teachers had the same problem with this task as secondary school students.
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  Figure 1: Task A

Table 1 : Students' answers (mathematics class students (∑=59) + standard class students (∑=59))

 1 

	Options/ Solutions	(a) (incorrect or partly correct argumentation)	(b) without (d) (correct argumentation except scale) (incorrect or partly correct argumentation)	(c) (incorrect or partly correct argumentation)	(b) and (d) (incorrect or partly correct argumentation) argumentation) (correct
	(i)	0 + 3	6 + 13	2 + 10	0 + 1	2 + 0	0 + 0
	(ii)	0 + 4	0 + 2	0 + 7	1 + 1	2 + 0	0 + 0
	(iii)	3 + 0	29 + 10	9 + 6	0 + 0	1 + 0	7 + 5