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Research shows that using technology in collaborative settings can enhance learning and teaching in general. Following discussions during last year's CERME, this paper illustrates specific aspects of collaborative learning which seem to be especially fruitful for mathematics learning and combines those with the affordances of digital media like Padlet. To achieve that, facets of collaborative learning are derived from literature and implemented into a modified version of the didactical tetrahedron. The model is then used to describe aspects of collaborative learning within epistemological analyses of student teachers' interaction. Student teachers were filmed while using Padlet to collaboratively summarize and discuss characteristics of different mathematical functions. First results suggest that there are specific aspects of collaborative learning that induce meaningful mathematical discourse and mathematical thinking and that the modified model may be used for describing those processes.

Introduction

As of today, collaborative learning is a staple in educational research, especially, when looked at in the context of inclusive learning, group learning, or problem-based learning. Combined with the influences of digital media, a whole research branch works on Computer Supported Collaborative Learning -CSCL (e.g. [START_REF] Cress | International Handbook of Computer-Supported Collaborative Learning[END_REF]. However, while the term is used frequently, collaborative learning is often discussed in a wider context of teaching and learning, and only rarely analyzed with a subject-specific focus. This is where the research presented in this paper wants to share some insights: What are specific aspects of digital-collaborative learning that seem to be especially fruitful for the teaching and learning of mathematics? And how can characteristics of interactions between students be described when using digital media in mathematical collaborative settings? To answer these questions, a brief overview of collaborative learning is given and interpreted in relation to mathematics education. Afterward, the Didactical Tetrahedron (e.g. [START_REF] Prediger | Which research can support PD facilitators? Strategies for content-related PD research in the Three-Tetrahedron Model[END_REF] is modified to better visualize collaborative situations and is used to describe interactions between student teachers. Afterward, initial results and prospects are presented.

Theoretical Background

What is collaborative learning

It is almost impossible to come up with a conclusive definition of collaborative learning [START_REF] Dillenbourg | What do you mean by collaborative learning?[END_REF]. The moment one tries to distinguish between concepts like collaborative learning, cooperative learning, or peer learning [START_REF] Götze | Ko-konstruktive Lerngespräche unter Grundschulkindern: Ergebnisse einer empirischen Studie zur sozialen Interaktion im Mathematikunterricht [Co-constructive learning conversations among primary school children: Results of an empirical study on social interaction in mathematics classrooms[END_REF][START_REF] Dillenbourg | What do you mean by collaborative learning?[END_REF], all of which are used to describe similar situations, this becomes even more evident. A minimal consensus appears to be the following: "it is a situation in which two or more people learn or attempt to learn something together" (Dillenbourg 1999, p. 1). Following that definition, a wide variety of situations may be described as collaborative: from small groups (2-4 subjects) to a class or a whole society and from following a lecture to complex problem-solving. Therefore, such a wide definition is not genuinely helpful to characterize any given learning situation and an (at least somewhat) more narrow perspective is needed. In an attempt to distinguish between collaborative learning and cooperative learning more clearly, different authors describe the latter as an activity in which tasks and responsibilities are divided between group members, while the former emphasizes working on a shared goal and thus creating shared knowledge (e.g. [START_REF] Bornemann | Kooperation und Kollaborationdas Kreative Feld als Weg zu innovativer Teamarbeit[END_REF][START_REF] Götze | Ko-konstruktive Lerngespräche unter Grundschulkindern: Ergebnisse einer empirischen Studie zur sozialen Interaktion im Mathematikunterricht [Co-constructive learning conversations among primary school children: Results of an empirical study on social interaction in mathematics classrooms[END_REF]. [START_REF] Bornemann | Kooperation und Kollaborationdas Kreative Feld als Weg zu innovativer Teamarbeit[END_REF] adds that both of these activities are usually very interwoven and cannot be separated easily.

To avoid this problem, collaboration and cooperation are instead understood as two poles of a continuum to describe group-based learning situations (Weinberger et al. 2020;[START_REF] Dillenbourg | What do you mean by collaborative learning?[END_REF]:

To describe and locate a social learning situation on this continuum, criteria of collaborative learning are needed. Any group-based setting can then be analyzed regarding the importance and extent to which those criteria are met. [START_REF] Johnson | Active learning: Cooperation in the classroom[END_REF] identify five basic elements for that (p. 7):

(1) Positive Interdependence: Team members perceive that they need each other in order to complete the group's task ("sink or swim together"). Instructors may structure positive interdependence by establishing mutual goals (maximize own and each other's productivity), joint rewards (if all group members achieve above the criteria, each will receive bonus points), shared resources (members have different expertise), and assigned roles (summarizer, encourager of participation, elaborator).

(2) Individual Accountability: Assessing the quantity of each member's contributions and giving the results to the group and the individual.

(3) Face-to-Face Promotive Interaction: Team members promote each other's productivity by helping, sharing, and encouraging efforts to produce. Members explain, discuss, and teach what they know to teammates. Instructors structure teams so that members sit knee-to-knee and talk through each aspect of the tasks they are working to complete. (4) Interpersonal And Small Group Skills: Groups cannot function effectively if members do not have and use the needed social skills. Instructors emphasize these skills as purposefully and precisely as job-performance skills. Collaborative skills include instructorship, decisionmaking, trust-building, communication, and conflict-management skills.

(5) Group Processing: Groups need specific time to discuss how well they are achieving their goals and maintaining effective working relationships among members. Instructors structure group processing by assigning such tasks as (a) list at least three member actions that helped the group be successful and (b) list one action that could be added to make the group even more successful tomorrow. Instructors also monitor the groups and give feedback on how well the groups are working together.

Learning mathematics through communication and collaboration

Learning in general can be described as a complex social process [START_REF] Miller | Some theoretical aspects of systemic learning[END_REF]. That is whyin the tradition of constructivismcommunication and interaction are at the core of those processes (ibid.). As mentioned before, the construction of shared knowledge is also a key aspect of collaborative learning. Thus, it becomes immediately evident that working on tasks collaboratively is one of the best ways to induce mathematical thinking and learning. [START_REF] Miller | Some theoretical aspects of systemic learning[END_REF] depicts how shared knowledge is created as collective argumentation. It is very similar to what [START_REF] Clark | Grounding in communication[END_REF] call grounding or what [START_REF] Barnes | Communication and Learning in Small Groups[END_REF] describe as exploratory talk. [START_REF] Howe | Children's Social Development. Peer Interaction and Classroom Learning[END_REF] specify the common idea as follows:

"[I]t involves partners in a purposeful, critical, and constructive engagement with each other's ideas. Statements and suggestions are offered for joint consideration. These may be challenged and counterchallenged, but challenges are justified and alternative hypotheses are offered. Partners all actively participate, and opinions are sought and considered before decisions are jointly made" (Howe & Mercer 2007, p. 6).

Looking at the nature of mathematics, one easily sees why those grounding processes are so important for mathematics: mathematical knowledge is not a given as a set of definitions and theorems, but is only accessible "using signs, words or symbols, expressions or drawings" (Duval, 2000, p. 61), and the meaning of those signs, symbols or expressions has to be constructed by the learners themselves during the act of communication [START_REF] Steinbring | What makes a sign a mathematical sign? -An epistemological perspective on mathematical interaction[END_REF]. "Mathematics requires certain sign or symbol systems in order to keep a record of and code the knowledge.

[…] [The meaning of those signs] has to be produced by the learner by means of establishing a mediation to suitable reference contexts" (Steinbring, 2006, p. 135). Based on this underlying interpretation of learning, the construction of mathematical knowledge can be modeled using Steinbring's Epistemological Triangle (Figure 2). Overall, collaboration is an essential component of mathematics learning (e.g. [START_REF] Nührenbörger | Students` Mathematical Interactions and Teachers` Reflections on their own Interventions. Part 1: Epistemological Analysis of Students` Mathematical Communication & Part 2: Analysis of the Collegial Reflections on Students` Mathematical Communication[END_REF].

What is the role of digital media during those processes?

Digital media influences the way in which mathematical knowledge is constructed [START_REF] Ball | Communication when learning and teaching mathematics with technology[END_REF]. It provides a range of tools and platforms to facilitate this process, enabling students to work together more effectively and build their understanding of mathematical concepts. This may include new dynamic representations, new ways to share ideas, new ways to communicate, and much more. [START_REF] Ball | Communication when learning and teaching mathematics with technology[END_REF] mention that in order "to use technology for effective collaboration and communication in mathematics classrooms it is necessary to consider the role of technology in the epistemological process" (ibid, p. 229). This is even more important, considering that "all [digital tools][…] come with affordances and limitations, with opportunities and constraints" (Drijvers, 2019, p. 9).

Figure 2: Epistemological Triangle

To support mathematical collaboration between students, the web application Padlet was used.

Padlet is an online platform that allows users to create a digital wall or board where they can post notes, images, videos, and other media. Padlet is a very versatile tool that offers different approaches to foster collaboration: brainstorming and sharing ideas (i.e. posting ideas, questions, or solutions); group problem-solving (i.e. working on a complex problem and sharing attempts and parts of a solution); peer review and feedback (i.e. posting summaries, bulletpoints, charts and graphs to a board, while other students provide feedback and suggestions).

In contrast to many other tools for collaboration, Padlet is also free and easy to use. Specific insights into how digital media (Padlet in particular) affects epistemological processes are given in [START_REF] Tomaszewski | Construction of Mathematical knowledge in digital-collaborative settings[END_REF].

Conclusion: digital collaborative construction of mathematical knowledge

Combining the before mentioned ideas of collaborative learning, digital media, and specifics of mathematical knowledge building, clear connections emerge: collaborative settings, in which learners work together in small groups and depend on each other to create shared knowledge and reach a common goal, enable mathematical grounding processes. During these processes, they have to communicate and interact with each other, share ideas, give examples, or interpret situations. Digital media may directly influence these processes.

Methods

To analyze complex situations of digital collaborative mathematical learning, a twofold approach is needed: first, the general structure of the learning process has to be described. To do so, a modified version of the Didactical Tetrahedron is used. Second, the construction of mathematical knowledge during those exact processes is reconstructed using Steinbring's Epistemological Triangle (see page 3). This paper focuses on the firstthe latter is presented in [START_REF] Tomaszewski | Construction of Mathematical knowledge in digital-collaborative settings[END_REF].

The Didactical Tetrahedron for Collaboration

To describe the learning processes through the lens of collaboration and digital media, multiple elements and actors have to be combined: the teacher and students, the media, and the (mathematical) content. A model that relates teachers (T), students (S1), media (M), and content (C) is the Didactical Tetrahedron (e.g. [START_REF] Prediger | Which research can support PD facilitators? Strategies for content-related PD research in the Three-Tetrahedron Model[END_REF]. However, to better visualize the complexity of collaboration, the tetrahedron was modified and another student (or group of students) (S2) was included (Figure 3). The tetrahedron model allows the consideration of not only the vertices but also the edges and faces and, thus, enables us to better grasp the complexities of collaborative learning. For example, the edge between students S1 and S2 represents communication between two or more students. Combined with mathematical content C, the area C-S1-S2 describes content-related mathematical communication between studentsa key aspect of collaborative learning in mathematics. The shaping of these edges and faces can then be used to illustrate collaborative processes between students. 

Selected Results

The research presented in this paper focuses on first and second-year students of 'mathematics for elementary-school teachers'. During some of their seminar sessions, students worked in collaborative settings, using Padlet to create bulletin boards with characteristics of basic functions. Data was collected by screen-capturing and voice-recording those situations. More detailed information on the learning environment is given in [START_REF] Tomaszewski | Construction of Mathematical knowledge in digital-collaborative settings[END_REF].

Tasks for working with Padlet

The topic of the recorded session is basic functions (linear, proportional, reciprocal) and the tasks (listed below) are supposed to engage the students in discussions about their specific content knowledge.

(1) Find a context/situation for those functions (linear function, proportional function, reciprocal function) and upload it to Padlet. Do not name the function in your context/situation.

[Additional information: (1) done by each student on their own the day before the group exercises took place. In each group, about 25 students uploaded their contexts in one Padlet.]

(2) Cluster the different contexts/situations and discuss which situation belongs to which type of function.

[Additional information: (2) done in small groups (3-5 students) during the exercises. The original Padlets were copied so that all groups could create and discuss their own cluster.]

(3) Name characteristics for each type of function and upload them to Padlet.

[Additional information: (3) done in small groups (3-5 students) during the exercises. One Padlet was created for each type of function. The students kept working in small groups (3-5 students), but those Padlets were not copied for each group, but filled by different groups of students simultaneously.]

Transcript and Analysis

The following transcript (translated by the author) shows four students discussing which type of function is represented in a given context situation (Task (3)). The recipe (Figure 4) was uploaded to Padlet by another student during Task (1) and labeled as a reciprocal function. Looking at the mediation between media (M) and content (C) it becomes evident that these are very much interconnected: the postings in Padlet directly influence the content and inflict discussions. Through Padlet students are confronted with different ideas ("it is labeled as a reciprocal function") which in return act as content for an emerging discussion. When adding the students, it becomes more complex: On the one hand, there is interaction with the Media (Padlet) itself ("can you re-label it?"; "you have to click edit") which is visualized in Figure 5. These interactions also contain discussions about the Media itself but are not bound to any specific content. There are also situations, in which all of the aforementioned is combined: students collaboratively tackle mathematical content within their smaller groups while also interacting with other groups of students via Padlet. In return, these interactions may induce mathematical grounding processes within each group (Tomaszewski, 
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). Ergo, these situations can be visualized as processes involving different students, media, and content simultaneously (S1 -S2 -C -M) (Figure 7). Episodes in which students collaboratively work on mathematical tasks, while simultaneously using the affordances of digital media, are prime examples of mathematical digital collaborative learning. The underlying learning processes during those mathematical digital collaborative learning situations show clear indications of conceptual reconstruction [START_REF] Tomaszewski | Construction of Mathematical knowledge in digital-collaborative settings[END_REF].

Conclusion and Outlook

The modified Didactical Tetrahedron for Collaboration provides a viable framework to describe characteristics of interactions between students using digital media in mathematic collaborative settings by visualizing connections between different students, teachers, content, and media at the same time. Situations in which different students work collaboratively on specific contentwhile using Padletare represented as areas and faces of the tetrahedron. The analysis using the Tetrahedron for Collaboration shows that the students are engaged in different cognitive and social activities. There are general aspects like Positive Interdependence, Promotive Interaction, and Interpersonal and Small Group Skills, but for mathematical collaborative learning, more specific aspects emerge: Engaging with each other's ideas, offering suggestions for joint consideration, seeking and considering different opinions before decisions are jointly made, as well as using and discussing different examples and representations.

It is apparent that mathematical collaborationespecially when adding digital media like Padlet is a complex social and cognitive situation with previously mentioned distinct characteristics.

It is these situations and interactions that are especially beneficial for rich mathematical learning processes.
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  Figure 5: Students interacting with each other and Padlet

  They do, however, still show aspects of collaborative learning, like Positive Interdependence (members have different expertise and help each other), Promotive Interaction (explaining and encouraging effort), and Interpersonal and Small Group Skills (basic social skills).

	On the other hand, there is interaction with the specific mathematical
	content (basic functions): The students discuss fitting mediations
	between types of functions and context situations ("it is proportional,
	right?"; "what would the graph look like?") and give explanations ("I
	think you have to create a graph for each ingredient (…)"). Figure 6
	visualizes those interactions between students and content (S1 -S2 -
	C). Now that specific mathematical content is involved, the interactions
	show clear aspects of mathematical collaborative learning like:
	engaging with each other's ideas ("[…] that's what I think as well
	[…]"); suggestions are offered for joint
	consideration ("it is proportional, right?");
	opinions are sought and considered before
	decisions are jointly made; different
	representations are used and discussed ("but
	what would the graph look like?"); examples are given and compared
	("I think you have to create a graph for each ingredient […] like […]").