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This poster presents an empirical case of two students working with a task sequence on the concept of differentiability, designed with the purpose of investigating students' mathematical thinking competency (MTC), as defined in the Danish competency framework (KOM). The MTC is one of eight distinct, yet mutually related, mathematical competencies that all together constitute the KOM framework [START_REF] Niss | Mathematical competencies revisited[END_REF]. The MTC involves the ability to distinguish "between different types and roles of mathematical statements (including definitions, if-then claims, universal claims, existence claims, statements concerning singular cases, and conjectures), and navigating with regard to the role of logical connectives and quantifiers in such statements" (ibid., p. 15). Hence, students' work with definitions is part of their MTC.

In relation to the topic of analysis, the theoretical distinction between concept definition and concept image has proved useful (e.g., [START_REF] Tall | Concept image and concept definition in mathematics with particular reference to limits and continuity[END_REF]. The concept image is "the total cognitive structure that is associated with the concept, which includes all the mental pictures and associated properties and processes" (p. 152). Thus, concept images and the distinction to concept definition are part of the MTC. Due to the MTC's focus on processes of doing mathematics and to access the students' concept images, it is suitable, in this case, to study what the students are saying, writing and doing as part of their work with the concept of differentiability. For this, [START_REF] Duval | A cognitive analysis of problems of comprehension in a learning of mathematics[END_REF] perspective of semiotic registers offers a promising lens. Transformations of representations, namely treatments within one register (e.g., symbol manipulation) and, in particular, conversions between registers (e.g., from a symbolic expression to its corresponding graph) are key to mathematical activity and the mathematical way of thinking. [START_REF] Duval | A cognitive analysis of problems of comprehension in a learning of mathematics[END_REF] argues that considering comprehension as being conceptual and mental and semiotic representations as being external is a deceptive division. "In fact, mental representations that are useful or pertinent in mathematics are always interiorized semiotic representations" (ibid., p. 126). Hence, the semiotic representations are part of students' concept images. Thus, with this poster, I address the question: How does the 'concept definition'-'concept image' distinction in the case of differentiability assist in characterizing students' MTC, and how may an attention to conversions between different registers add to such characterization?

The empirical case reported stemmed from a study carried out in a class of 29 students in Danish upper secondary school (age 16-17) during two 90-minute lessons on the topic of differentiability. The students were working in groups of two or three sharing one computer. Their actions on the computer were recorded using screencasts, also capturing webcam and audio, resulting in 14 recordings. The present case was selected due to the students' thorough work with the concept definition of differentiability, while still not connecting the concept definition to their work with the graphs of non-differentiable functions. The two students were working on the final set of tasks, where they are to explain with their own words, when a function is differentiable and when it is not; then to construct an example of a function that is not differentiable, and then a function that is continuous but not differentiable. The case illustrated how the students shifted, both written and orally, between the semiotic registers of natural language, symbolic representations, and graphic representations. However, using natural language, the students elaborated on the symbolic representation of differentiability as a limit in terms of graphic representations. Afterwards, when attempting to construct a discontinuous function, the students typed in a piecewise defined function f1 using a template in TI-nspire, such that f1 consisted of a linear function for x<0 and a quadratic function for x>0. Thus, f1 was not defined for x=0. When the students drew the graph of f1 in TI-nspire, they saw that the graph "jumped" just around x=0, why they concluded that f1 was discontinuous, hence nondifferentiable, without taking into account that the domain of the function did not include 0. Notably, even though the students made shifts between representations of different semiotic registers, and related to the definition of differentiability, their concept image of differentiability was based on their notion that a graphic representation of a function should not "jump."

The three theoretical perspectives serve different roles. KOM's MTC frames the interest and purpose of the study: to investigate students' MTC. For such investigation, the distinction between concept definition and concept image provides a terminology for the students' associations with their work related to the formal concept definition (of differentiability). Furthermore, it focuses on the cognitive processes by which mathematical concepts are conceived [START_REF] Tall | Concept image and concept definition in mathematics with particular reference to limits and continuity[END_REF]. The perspective of semiotic registers helps to elaborate students' concept images by explaining cognitive processes related to transformations of representations [START_REF] Duval | A cognitive analysis of problems of comprehension in a learning of mathematics[END_REF]. This is to say that they are both of cognitive nature, as is the KOM framework, but focusing on different objects as part of the cognitive processes. Hence, with the application of the two lenses, there is a potential for a 'coordinated' analysis. Such 'coordination', focusing on the students' concept images, elaborated through the lens of semiotic registers, can help characterize students' work related to the formal concept definition. From the perspective of MTC, the two perspectives can elaborate on the processes of relating to the roles and types of mathematical statements, even though the students may not work with consistent concept images coherent with the formal concept definition. Thus, this case implies that [START_REF] Duval | A cognitive analysis of problems of comprehension in a learning of mathematics[END_REF] perspective of semiotic registers offers an analytic tool to focus on the students' activities with different representations and thereby elaborate on students' concept images related to the cognitive processes of MTC.
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