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The question of how pre-service teachers at university level can be supported by digital tools in order to develop mathematical proofs on their own is of high relevance. Therefore, this paper presents the comparison between two digital tasks within an interactive book, developed to support university students to prove that the sum of the interior angles of a triangle is always 180°. The first task is open and not as closely tied to the proof as the second task. Through the combination of an argumentation analysis (Toulmin scheme) and a semiotic analysis (theory of semiotic mediation) the empirical example of the prospective elementary school teacher Carla examines how argumentation processes of university students develop when working with such digital tasks. The results show that Carla uses the second closed task more intensively for the development of an argumentation and that the composition of different tasks, varying in their level of support, is helpful for proving.

Introduction

A central goal of university mathematics for prospective elementary school teachers is to offer mathematical experiences from a higher standpoint in the sense of Felix Klein (2016Klein ( /1908)). This includes not only a profound mathematical knowledge but also a consciousness for different levels of rigourosity and abstraction (c.f. Hefendehl-Hebeker, 2013, p. 13). In this context, argumentation and proof play a crucial role in mathematics education, for example in respect to proof comprehension of university students (Neuhaus & Rach, 2019). Recently, the role of digital tools for teaching and learning mathematics on the university level is discussed intensively. This study deals with the investigation of student teachers' argumentations while working with digital tools precisely a Dynamic Geometry Software (DGS) in the context of a geometry lecture. The DGS is used by the students within argumentation and proving situations. This paper studies empirical argumentation processes within learning situations in which the students use a DGS, precisely they work with DGS tasks on an interactive book page of the software H5P (https://h5p.org).

Theoretical Background

Student teachers' argumentation processes will be reconstructed by using a combination of two different theoretical perspectives. The structure of the empirical argumentations will be analyzed with the Toulmin scheme [START_REF] Toulmin | The uses of argument[END_REF]. In order to study the role of the digital tool within such processes, the study combines this rather structural approach with the analysis of signs when working with the DGS from a semiotic perspective [START_REF] Bartolini Bussi | Semiotic mediation in the mathematics classroom: Artifacts and signs after a Vygotskian perspective[END_REF]. Both theoretical perspectives will serve to approach the following research question: Which argumentation processes of university students working on DGS tasks of an interactive book page can be reconstructed and in which way are these processes affected by the signs offered within the tasks?

For reconstructing the structure of the argumentation, the Toulmin scheme is used, which distincts different elements within the argumentation. The analysis below especially focuses on claims (assertions needed to be proved), data (facts or utterances in order to prove the claim) and warrants (implicit or explicit link between data and claim) [START_REF] Toulmin | The uses of argument[END_REF]. While this approach helps to reconstruct the structure of the argumentation process, the semiotic perspective serves to study the role of the digital tool (of the artifact) within the process of argumentation by studying the use and the production and interpretation of the signs within the mathematical environment. The theory of semiotic mediation addresses the role of semiotic systems when dealing with artifacts within learning siuations. In this study, the tasks in the interactive bookas artifactscan act in a mediating role (c.f. [START_REF] Noss | Windows on Mathematical Meanings[END_REF]. When using such artifacts, signs are generated. On the one hand, these signs are related to the accomplishment of the task, in particular related to the artifact used, and, on the other hand, they may be related to the content that is to be mediated (…). Hence, the link between artifacts and signs overcomes the pure analogy in their functioning in mediating human action. (Bartolini Bussi & Mariotti, 2008, p. 752) Before analyzing empirical processes, the semiotic potential of the artifact is analyzed in order to describe "what is expected to emerge in the classroom, both actions accomplished and signs produced by the student" [START_REF] Faggiano | Synergy between manipulative and digital artefacts: a teaching experiment on axial symmetry at primary school[END_REF](Faggiano et al., , p. 1167)). The semiotic potential is a "double semiotic relationship" (Bartolini Bussi & Mariotti, 2008, p. 754) expressing that personal meanings based on the experiences with the artifact and also mathematical meanings play a role while accomplishing tasks with this artifact. In this context, the theory distincts three different categories of signs, namely artifact signs which refer to the use of the artifact, mathematical signs which refer to the mathematics of the context and pivot signs which may refer both to the activity with the artifact; in particular they may refer to specific instrumented actions, but also to natural language, and to the mathematical domain. Their polysemy makes them usable as a pivot/hinge fostering the passage from the context of the artifact to the mathematics context. (Bartolini Bussi & Mariotti, 2008, p. 757) Such pivot signs play a crucial role within semiotic chains which describe an evolution from rather situated artifact signs to mathematical signs.

The following section first introduces the design of the interactive book including an analysis of the semiotic potential of two exemplary tasks. After describing the methods, the results discuss empirical argumentation processes both in terms of their structure as well as in terms of the semiotic mediation, which precisely addresses the role of the artifact within the argumentation processes.

Methods

The results presented below are part of a study on university students' argumentation processes, argumentation structures and signs appearing while pre-service teachers at university level work with interactive books. For this study 14 elementary pre-service teachers at the university level were videographed (via ZOOM) while they worked on interactive book pages. In this situation, the university students were invited to think aloud to get an insight in their working and thinking processes (c.f. [START_REF] Charters | The Use of Think-aloud Methods in Qualitative Research An Introduction to Think-aloud Methods[END_REF]. The videos were transcripted after the ZOOM meetings. The students worked in two different meetings on two interactive books. The first interactive book is about angles (e. g. alternate angles) and the second interactive book deals with angles in triangles, in which the students can proof that the sum of interior angles of a triangle is equal to 180°. To analyse the data, different analysing methods were used. In the first step, the analysis focuses on the identification of argumentation elements in the transcripts and the transfer of these elements into a Toulmin scheme [START_REF] Toulmin | The uses of argument[END_REF]. Second, the elements of the Toulmin scheme as well as the transcript excerpts, containing students' argumentation approaches, were analysed from a semiotic perspective. Here, the signs were interpreted regarding their focus on the artifact or the mathematical meaning [START_REF] Bartolini Bussi | Semiotic mediation in the mathematics classroom: Artifacts and signs after a Vygotskian perspective[END_REF].

Design of an interactive book: Two DGS tasks with different semiotic potential

Design of the interactive books. An interactive book as used in this study is a digital book consisting of several digital book pages, created with the software H5P. The interactive books are deployed in a university geometry lecture for pre-service (elementary school) teachers. Every book page is composed of different digital task formats, e. g. drag-and-drop tasks, DGS tasks (https://www.geogebra.org) or interactive videos. The interactive book page presented in this paper addresses the theorem that the sum of interior angles of a triangle is equal to 180°. It consists of three DGS tasks, ranging from open tasks to tasks narrowed down on the idea of the proof or single proving steps. In order to study the role of the tasks within argumentation processes, two DGS tasks were chosen that vary concerning their level of support and are together on one interactive book page: DGS task 1 is located in the beginning of the interactive book page as an open task, inviting university students to develop a first argumentation approach. DGS task 2 is strongly related to deductive proving steps and it is located at the end of the interactive book page. The differences of the two tasks will be explained in detail by analyzing the tasks' semiotic potential.

Mathematical background. This paper discusses the proof that the sum of interior angles of a triangle is equal to 180°. One possibility of the proof is given in Figure 1a, in which the interior angle sum is proven by utilizing a parallel and alternate angles (for more detail see e. g. Gelfand & Alekseyevskaya, 2020, p. 266). DGS tasks and their semiotic potential. In order to understand how university students can be supported in proving, two different DGS tasks were chosen on an interactive book page. In the following, the differences of the first (open) task and the second (more supportive) task will be presented through an analysis of their semiotic potential. The analysis of the semiotic potential and thus the analysis of the signs in the DGS tasks will be used to study the argumentation processes when working with digital tasks on an interactive book page. This is done by comparing the results of the empirical semiotic analysis with the semiotic potential of the tasks. From a semiotic perspective, the following analysis of the semiotic potential will show why task 2 is stronger related to the proof than the first task. In order to explain this, selected aspects of the semiotic potential of DGS tasks 1 and 2 are presented by discussing the relation between the usage of the artifact as well as mathematical meanings concerning the proof (c.f. Bartolini [START_REF] Bartolini Bussi | Semiotic mediation in the mathematics classroom: Artifacts and signs after a Vygotskian perspective[END_REF].

The semiotic potential of DGS task 1. In the first task, the university students have to reason why the sum of interior angles is 180°. In order to do so, in DGS task 1 a triangle is given (see Figure 1b). It is possible to generate different types of triangles with the DGS applet by dragging the corners of the triangle. Apart from the usage of the artifact itself, the dragging of the corners is directly linked to the mathematical core, namely to demonstrate that the sum of interior angles is constant and independent of the type of triangle. Due to its mathematical character, the dragging of the corners can be interpreted as a sign. Thus, students can interpret the artifact sign dragging the corners mathematically and develop a semiotic chain. The double semiotic relationship of the sign and therefore the semiotic potential of the artifact is expressed by the sign dragging the corners, because it combines the use of the artifact (by dragging the corners) and mathematical meanings. The analysis of the semiotic potential of DGS task 1 shows that the mathematical meaning of the sign is not directly tied to the proof, but invites developing first argumentation approaches. The exemplary analysis of the sign dragging the corners emphasizes that DGS task 1 supports students in realizing that it is not sufficient to argue solely with the help of one triangle type and that the sum of interior angles is independent of the type of triangle. Therefore, the didactical goal of this sign is, (among others), to give a hint for the necessity of the proof's generalization.

The semiotic potential of DGS task 2. In contrast to DGS task 1, the second DGS task is strongly connected to the proof and single proving steps, as seen in the following analysis of the semiotic potential. Figure 2a shows the DGS task in the interactive book, while Figure 2b is a reference graphic for a better understanding of the following explanations and analyses. If the student selects checkbox 2, two sliders will appear (see Figure 2a 1 ). Dragging the sliders rotates a copy of the blue angle to the opposite position of the green angle (see Figure 2b [1]) and a translation of this angle to the position of the lilac angle (see Figure 2b [2]). For a mathematical interpretation, dragging the sliders can cause the realisation that vertical angles, corresponding angles and alternate angles have the same size and can be used for proving that the blue and the lilac angle are equal (see Figure 2b). In the context of the perspective of the theory of semiotic mediation, dragging the sliders can be interpreted as a sign, because it has the potential to cause personal meanings by using the artifact as well as the production of mathematical signs directly tied to the idea of the proof or proving steps. Accordingly, the didactical goal of the sliders is to remember and discover alternate angles of the first interactive book and to integrate it in the argumentation. The analysis of the semiotic potential shows that the task includes digital elements with signs strongly connected to the proof, offering strong support in proving. In conclusion, the differences between the two tasks are revealed in the signs because the mathematical meaning of the sign dragging the sliders is more closely tied to the proof than in the sign dragging the corners.

Results: Interpretation of signs in different argumentation approaches

In the following, the results of Carla, an elementary pre-service teacher in the third semester who develops different argumentation approaches when working on the two different DGS tasks will be presented. At first, the analysis of Carla's argumentation, developed on DGS task 1 followed by the analysis of Carla's argumentation, developed on DGS task 2 will be presented. For both tasks, the analysis consists of a scheme to present Carla's argumentation approach. Additionally, there will be a semiotic analysis of selected elements in the Toulmin scheme and of respective transcript excerpts. The analysis of the signs will also be compared with the semiotic potential of the two tasks described above. These analyses will offer interesting contrasts between the two tasks: in the first task Carla does not interpret the sign of the task but rather focuses on developing her own argumentation approach. In contrast, the second task causes a process of semiotic mediation. The interpretation and production of signs in this process leads to the construction of mathematical meaning and the development of first deductive, mathematical argumentations.

Carla's work on DGS task 1.

For the first argumentation approach of DGS task 1, the following Toulmin scheme could be identified. Working on the first DGS task, Carla develops the idea of using a square as a datum for the claim that the sum of the interior angles of a triangle is always 180°. As a warrant she states that the angles of a square do not change (see Figure 3). It can be concluded from the Toulmin scheme that Carla argues with an example. In order to understand the development of this argumentation, the following transcript excerpt offers further insights. Assuming/ Assuming a square/ 4 I do not have a square but a square has four times ninety degrees that is 360 degrees. [drags on corner C so that a right triangle can be seen] 5

If you halve a square, you will have two triangles and then each must have the sum of the interior angles of 180 degrees. In terms of the order of her statements and actions, Carla develops the idea of a square (line 3) before she utilizes the scheme dragging the corners (line 4). This order indicates that Carla does not interpret this sign of the interactive book, but rather drags the triangle according to her idea in line 4. The order of statements and actions in the transcript excerpt suggests that Carla does not deal with the task profoundly and that the digital elements do not play an important role for developing an argumentation approach. In order to reinforce this impression a connection to the semiotic potential of the task will be established: comparing Carla's argumentation approach with the semiotic potential and didactical goal of the sign dragging the corners, it is obvious that Carla does the opposite of what was intended by focusing a square and a right isosceles triangle (line 4) and therefore by limiting her argumentation to one triangle type. Hence, it can be concluded that Carla does not interpret the sign dragging the corners as intended and that she does not unfold the semiotic potential of the artifact. Besides, one can confirm this conclusion by focusing the signs, since Carla's statements in the Toulmin scheme have a mathematical core and there is no hint to the artifact. It can be discussed, whether her statements can be interpreted as mathematical signs in the sense of the theory of semiotic mediation, because in Carla's case the semiotic chain from artifact signs to pivot signs to mathematical signs is not being followed. Although the mathematical signs are not part of a previous evolution of signs, the datum, the claim and the warrant of the argumentation have a mathematical core so that they can be considered as mathematical signs. The order of Carla's statements and actions in the transcript excerpt, the comparison to the semiotic potential of the task and finally the analysis of mathematical signs in the Toulmin scheme, which are not related to the interactive book, confirm that Carla's argumentation process is not supported by signs given within the task and that she does not interpret the mathematical meaning of the task. Furthermore, the first DGS task does not play an important role in finding a deductive proof, however, it ensures a first argumentation approach.

Carla's work on DGS task 2. Similar to the analysis of DGS task 1, the Toulmin scheme of the argumentation approach Carla developed is presented first: Figure 4 shows that Carla develops a multi-layered argumentation because she uses her first claim (C1) as a second datum (D2). In addition, she uses two warrants to connect datum 1 and claim 1. Carla's argumentation isin contrast to her argumentation of the first DGS taskindependent of a specific triangle type. By comparing the different Toulmin schemes (Figure 3 and Figure 4), two different argumentation approaches can be reconstructed when working with different DGS tasks on an interactive book page. This emphasizes that the composition of different digital tasks on an interactive book page ensures different perspectives and argumentations of one mathematical theorem. Concerning DGS task two, the argumentation process is supported by signs that the task offers. To confirm this assumption, the following interpretation of signs from the perspective of semiotic mediation focuses on warrant 1, since the analysis of this argumentation element shows a particular development of signs that suggests a process of semiotic mediation. For warrant 1 Carla attempts to utilize other mathematical theorems like the corresponding angle theorem or the vertical angle theorem for proving. Because of mathematical theorems and the absence of a hint to the artifact, warrant 1 could be interpreted as a mathematical sign. Although the theorems in warrant 1 can be interpreted as mathematical signs, Carla is still influenced by the artifact, because she only utilizes corresponding and vertical angles for her argumentation and not the alternate interior angle theorem. The mathematical signs, which are still related indirectly to the artifact, hint to a process of semiotic mediation. This suggests that Carla interprets the signs of the DGS task and unfolds the semiotic potential within her argumentation. To confirm, whether there is a process of semiotic mediation, the following transcript excerpt is taken in consideration.

C: [drags the first slider]

Oh! A vertical angle.

[drags the second slider] Ah okay! Vertical angles, corresponding angles. [drags the second slider several times] That means/ That means the angle by h in the triangle has the same size as the angle yes as i outside the triangle. Ok.

[…] (6 lines) So I know, this and that are then the same size [points the blue and the green angle] and this is also the same size again [points the lilac angle] (see Figure 4) The transcript shows an interplay between the usage of the artifact and mathematical interpretations. This becomes appearent in Carla's statements about the equality of angle sizes, since she concludes on the basis of mathematical theorems. Because of the coexistence of mathematical signs and artifact signs in these statements, they can be interpreted as pivot signs. Carla uses mathematical theorems for her argumentation on the basis of the sign dragging the sliders, which shows that the utilization of the artifact provokes a deductive argumentation approach. Carla develops warrant 1 after the transcript excerpt presented above. This evolution from pivot signs to mathematical signs shows the process of semiotic mediation caused by the dragging on the sliders and Carla's utilization of the task's semiotic potential for developing mathematical meaning. In contrast to DGS task 1 the interpretation of signs in DGS task 2 indicates that the sliders support Carla's proving process. However, upon returning to warrant 1 as an argumentation element in the Toulmin scheme, it is important to stress that although warrant 1 is formulated mathematically, the mathematical meaning (the size equality of the angles) is not included in her argumentation. It could be inferred that the result of the abstraction process from pivot signs to mathematical signs is not successfully integrated in the argumentation. Thus, warrant 1 in the Toulmin scheme shows that the integration of mathematical signs is a particular challenge, as it does not only require abstraction processes (from observation of the angles in the interactive book to the discovery of mathematical theorems), but also the integration of these into an argumentation is necessary. In summary, the different signs in Carla's argumentation elements and her argumentation approaches indicate that the semiotic potential affects the argumentation processes within the two tasks quite differently. The analyses show that signs in the interactive book, which are not strongly tied to the idea of the proof do not ensure a process of semiotic mediation. In case of DGS task 1, Carla does not interpret the sign dragging the corners but rather focuses on the idea of a square. In DGS task 2 Carla interprets the signs from both an artifactual and a mathematical perspective, and the negotiation of signs causes a process of semiotic mediation marked by first mathematical abstractions.

Conclusion

The combination of using the Toulmin scheme and the interpretation of signs within the framework of the theory of semiotic mediation reveals how Carla is working with the artifact while developing mathematical argumentations: when comparing the two tasks, it becomes apparent that Carla utilizes task 2 more intensively for developing an argumentation approach. The sliders evoke the use of mathematical theorems for first proving steps of the interior angle sum of a triangle. In comparison, the open task supports Carla less, as she develops the argumentation approach with the square on her own and does not use the semiotic potential of the task. It emphasizes thatin addition to open tasks it is also necessary to implement more closed tasks on an interactive book page. The argumentation analysis reveals that offering two different tasks (like DGS task 1 and 2) helps students developing different argumentation approaches, and especially the analysis of warrant 1 in the second argumentation shows that the integration of mathematical interpretations into an argumentation is a particular challenge students have to overcome. In general, the analysis of Carla's transcript serves as an example of the importance of the artifact for students to develop mathematical argumentations.
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