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Focusing on mathematics and visual art teacher collaboration and drawing on Communities of Practice and boundary crossing, this study aims to examine the boundaries that emerge between mathematics teaching and visual art teaching communities in regard to mathematical practices and tools, as well as the way they are handled among collaborating members. Using a grounded theory approach, data from 10 group meetings of art and mathematics secondary school teachers who try to develop ways of linking mathematics and art teaching were analyzed. Results indicate the emerging boundaries by means of epistemological differences regarding "formal vs informal", "theoretical vs empirical", "analytical vs visual", "terms vs meaning" and "terms vs representations". In handling these, brokering, identification, coordination, reflection, transparency, and negotiability emerged.

Introduction

Recent research examines arts integration into other subjects and the benefits it provides in learning, such as supporting different learning styles [START_REF] An | Elementary teachers' design of arts based teaching: Investigating the possibility of developing mathematics-music integrated curriculum[END_REF], enhancing motivation-emotions and constructing meaningful knowledge [START_REF] Baird | Integrating the arts in mathematics teaching[END_REF]. Students of mathematics may also benefit from such an integration, by engaging in processes such as problem solving and modeling [START_REF] Jacobs | What happens when the artistic world and a teacher's world meet?[END_REF], supporting exploratory learning approaches through the process of creating art [START_REF] Von Renesse | Discovering the art of mathematics: Using string art to investigate calculus[END_REF], developing mathematical thinking and connecting classroom mathematics with students' personal experiences [START_REF] Presmeg | Mathematics education research embracing arts and sciences[END_REF]. After all, the connection between mathematics and art is not new and can be used in common curriculum content as well as in integrated curriculum, where teachers in both subjects are required to work together to reshape them [START_REF] Bickley-Green | Math and art curriculum integration: A post-modern foundation[END_REF]. This interdisciplinary collaboration seems crucial, as teachers alone naturally do not have the knowledge needed to integrate art in their classroom. However, according to [START_REF] Akkerman | Boundary crossing and boundary objects[END_REF], people collaborating across disciplines may face boundaries between different perspectives or practices. In response to these challenges, interest exists in how continuity in action or interaction is established despite of sociocultural differences. In describing potential forms of continuity across sites, boundary crossing and boundary objects seem central. According to [START_REF] Kisiel | Exploring a school-aquarium collaboration: An intersection of communities of practice[END_REF], a successful collaboration "would rely on clarifying the potential boundaries between communities" and "on the introduction of appropriate boundary objects as well as the utilization of brokering to make fruitful connections" (p. 99). This inherent learning potential makes boundaries important to education fields, mathematics education included [START_REF] Potari | Collaborative design of a reformoriented mathematics curriculum: Contradictions and boundaries across teaching, research, and policy[END_REF].

In mathematics education, interdisciplinary collaborations are often placed in a professional development context, with interactions between communities being studied in terms of boundaries and boundary crossing, often framed by Communities of Practice (CoP) [START_REF] Wenger | Communities of practice: Learning, meaning, and identity[END_REF]. For example, [START_REF] Psycharis | Mathematics teachers' learning at the boundaries of teaching and workplace[END_REF], by adopting an activity theory framework, use boundary crossing to study teachers' learning in relation to integrating workplace contexts into mathematics teaching; and [START_REF] Bouwma-Gearhart | Improving postsecondary STEM education: Strategies for successful interdisciplinary collaborations and brokering engagement with education research and theory[END_REF] focus on interdisciplinary collaboration between postsecondary STEM and education faculty, highlighting the critical roles of brokers. In our study, we focus on collaboration between mathematics teaching (MT) and art teaching (AT) communities of practice, via collaboration of teachers from these communities, as well as on boundaries and boundary crossing between the two practices. The research questions are: 1) What are the emerging boundaries between MT and AT communities of practice in regard to mathematical practices and tools? and 2) How are these boundaries handled by members in collaborative group discussions?

Theoretical perspectives

Arts integration, communities of practice, boundaries and boundary crossing [START_REF] Burnaford | Arts integration: Frameworks, research & practice[END_REF] recognize arts integration as learning through/with the arts, a curricular connections process and collaborative engagement (pp. 11-12), citing aspects such as building links between learning in arts and in another subject area and professional development as a key element that defines it as an integration of people (p. 18). In addition, Silverstein and Layne (2010) define it as an approach to teaching where students construct understanding through an art form, engage in a creative process that connects the two fields and evolve in both. They consider that it can be used as incentive to enter the field being taught, as a tool for verifying existing knowledge or as equivalent to the other subject. This definition is embraced by our own conceptualization of mathematics and visual art integration. However, it implies a shift in daily teaching practice, something that is not easily achieved. It would seem, though, that it is the kind of engagement that the students will be drawn in that would be most crucial (e.g., problem solving, instead of coloring tiles in a worksheet). Furthermore, the "integration of people" mentioned above implies the concept of community. On to this, [START_REF] Wenger | Communities of practice: Learning, meaning, and identity[END_REF] describes CoP as groups of people who share a practice reflecting their mutual learning, being mutually engaged in a joint enterprise generating a shared repertoire, where negotiation of meaning is generated through participation and reification. Focusing on interactions between different communities, he is not the only one to talk about boundaries and boundary crossing. Boundaries are defined as "sociocultural differences leading to discontinuity in action or interaction", simultaneously suggesting "a sameness and discontinuity in the sense that within discontinuity two or more sites are relevant to one another in a particular way" (Akkerman & Bakker, 2011, p. 133). In relation to this, boundary crossing refers to a person's interactions across different sites (Suchman, 1994), facing the challenge of "negotiating and combining ingredients from different contexts to achieve hybrid situations" (Engeström et al., 1995, p. 319) in order to establish continuity across them (in Akkerman & Bakker 2011, p. 133). In this, people and objects that transcend boundaries are central: brokers introduce elements of one practice into another via creating connections, moving knowledge, exploring new territories (e.g., [START_REF] Wenger | Communities of practice: Learning, meaning, and identity[END_REF], and boundary objects enable multiple practices to negotiate relationships and connect perspectives, including artifacts (tools or documents), discourses (common language) and processes (shared routines or procedures) [START_REF] Wenger | Communities of practice: Learning, meaning, and identity[END_REF].

Thus, although boundaries can be sources of misunderstanding, as moving across them means moving into unfamiliar contexts, so being unqualified (Suchman, 1994, as cited in Akkerman & Bakker 2011, p. 133), they can also be resources for learning, as moving across them also means engaging in dialogue and negotiating perspectives, through which new meaning and new possibilities may arise. In fact, [START_REF] Wenger | Communities of practice: Learning, meaning, and identity[END_REF] suggests that communities must exceed their own boundaries so to preserve their dynamism and refers to three dimensions for boundary processes to create bridges that connect practices in deep ways: a) coordination (enabling coordinated actions, accommodation and standardization of practices so that everyone can engage in them); b) transparency (access to meanings and understandings of practices); and c) negotiability (negotiation of perspectives and multiple voices). Moreover, [START_REF] Akkerman | Boundary crossing and boundary objects[END_REF] name four boundary-learning mechanisms: a) identification (recognizing what each practice is about and the boundaries that exist between them: how they do and do not relate to each other, how either differs from the other); b) coordination (ways that make transitions between practices smoother: a communicative connection, efforts of translation [with boundary objects serving as mediating artifacts], enhancement of boundary permeability and processes of standardization [organizing activity as smoothly as possible] and routinization [creating routines to rely on]); c) reflection (perspective making, i.e. defining the different perspectives that each practice brings or amplifying one's understanding and knowledge of a particular issue; and perspective taking, i.e. looking at one's own practice through the eyes of the other); and d) transformation (changes in practices or creation of an in-between practice [e.g., Wenger's "boundary practice", p. 114]: a confrontation with a situation, a recognition of a shared problem space, a hybridization and a crystallization of the new practices [Wenger's reification], maintenance of the characteristics of each practice and continuous work at the boundary).

Methodology

Situated in two Greek art-based schools (grades 7-12), the study initially adopted an ethnographic approach (Allan, 2017). R1 (first author) visited each school twice a week for a whole day for a period of 8 months and kept field notes from MT and AT classroom observations, audio-visual records of lessons and events and informal discussions with the teachers. In the next school year, 2 collaborative groups were formed, 1 at each school (2 mathematics teachers, 5 visual art teachers and R1 in each one (R2 [second author] was present in each of the first meetings). The meetings (sum of 17) were held in teachers' office once every two weeks and embedded in the daily school setting. In the first 10 the meetings, members engaged in a familiarization phase between the two communities. Special resources (visual-artistic artifacts, students' actions, common ground in curriculums, examples from teaching issues) were chosen by R1 as potential boundary objects and given for the group to negotiate upon. In the last 7 meetings, teachers were asked to co-design and co-implement integrated tasks in their classrooms and to reflect on what happened. Data included field notes, audio-visual records of the meetings as well as teachers' lesson plans and written reflection reports. In [START_REF] Choutou | Supporting collaboration between visual art and mathematics teachers[END_REF], a more detailed view on the design of the study and R1's role as facilitator is provided.

In the analysis, grounded theory approach is used [START_REF] Charmaz | Constructing grounded theory[END_REF], identifying themes and categories in Atlas.ti. We are interested in the emerging boundaries (based on Akkerman's & Bakker's definition) in connecting MT and AT. Here, we draw on the data from the first ten meetings of one of the groups. We report the boundaries identified as epistemological differences or tensions that lead to discontinuity in action or interaction in regard to mathematical practices and tools, and the ways these are handled by members, tracing any action or interaction that relate to establishing continuity and characterizing them using terms related to boundary crossing.

Results

Boundaries between MT and AT communities

Several boundaries between MT and AT, in the form of epistemological differences between the two contexts, emerged, in relation to mathematical practices (including constructions, processes, procedures, ways of thinking and inquiring) and to tools (concerning language and artifacts [handson materials]). In Figure 1, we present the systemic network developed from the data analysis in relation to these emerging boundaries. Following, we discuss the categories and the subcategories offering examples from the data to illustrate them. MT1, MT2 stands for the two mathematics teachers and AT1, …, AT5 for the art teachers accordingly. In regard to differences in mathematical practices a first difference concerns formal (in MT) vs informal (in AT) mathematical practices. For example, the following extract illustrates an artist's informal construction of a circle starting from a square: R1:

In the beginning he makes a square. And then he focuses on the middle of that distance and marks a little further inside. He does it in each of these points, he joins them as circularly as he can and so he gets a circle. AT3:

"A little further in" is not very mathematical… it can be visual-artistic (laughs) but it does not seem very mathematical to me (laughs). R1:

(laughs) It's a little over the mean… if you do it algebraically, a square root emerges.

That's why it does not come out exactly in the middle.

A second difference concerns theoretical (in MT) vs empirical (in AT) mathematical practices. For example, towards the construction of the development of a solid in art, AT4 says: "it's not enough to construct a theoretical development. The development you'll make (e.g., out of cardboard) will probably have to have edges (left/glued around the sides of the development) so you can glue it allclosed-together." An interesting highlight here, is the non-existence of mathematical proof in AT as we know it in MT. More specifically, AT1 says that her interest lies in how she can support her students, so that they can learn mathematics more easily and without hating it, "because, theoretically, mathematics is the basis of everything. I cannot prove it, this is what science is for, but I really feel this", thus pointing to an empirical sense of feeling (vs proof) coming from her experience as an artist.

A third difference concerns analytical (in MT) vs visual (in AT) mathematical practices. For example, when inquiring about why the pentagon does not tessellate the plane, MT1 came up with the algebraic formula, whereas AT1 engaged in a visual inquiry in dividing the regular polygons into triangles in order to see what is happening with the angles. Ways of thinking in AT seem more visual in general:

AT1: Are there indeed two equal lines? MT1:

Mmm… it says… 10, 10. Yes, 10, 10. So out of the 4, two are equal. And this helps (in making the tile tessellate the plane), I imagine… look. In the drawing (tile), here, this is equal to this, this is equal to this… and I imagine that this side is two times another side. MT1:

It's true! (enthusiastically). AT1:

You can see it with your eye. MT1:

YOU can see it with your eye... AT1:

Because, this is equal to this, so… this is true because, this side is equal to this, and this side here, I mean the one that lies next… is two times the first ones. MT1:

So they can complement the big one… hm... AT1:

Yes, because, the way this side is here, that's how these two should be here also.

And then, the pattern can develop further. If it wasn't for this, the development of the pattern would not be feasible to develop...

In regard to differences in tools, a first difference concerns formal (in MT) vs informal (in AT) tools. These concern differences in language, as for example, mirror instead of axial symmetry and cookie instead of circle. Metaphorical descriptions are included, for example, directions and meetings of the lines (informal) instead of angles (formal), turning like a windmill, but at equal distances (informal) instead of rotation of equal degrees (formal). They also concern differences in artifacts, for example, rope and string or circular objects (informal) instead of compasses (formal) for making circles and "eye scaling" and measuring needle (informal) as means of comparison instead of ruler (formal), or even working only with their hands and drawing instinct. It must also be noted that hands-on materials "guide" the mathematical practices the artist will use (informal or empirical), as in the case of the construction of the development of a solid mentioned above.

Moreover, some of the concepts that appear both in AT and MT, such as positive-negative, rhythm, symmetry, small-big, shrinkage-enlargement, pattern, share the same terms but have different meanings. For example, the concept of pattern in AT, it seems to have the meaning of a single shape or a decoration instead of a sequence of shapes. In the next extract, R2 focuses on the pattern as a whole, whereas AT5 focuses on the shape that is repeated: AT5: I am thinking of Minoan decorative rhythmic shapes that could be very useful in 10th grade. They can be made into friezes. And then move on to mandalas and what MTL was saying (fibonacci spiral) and end up in the costume (students' artwork). AT3:

Yes, because it's a repetition, it still has the (notion of) rhythm. R2:

Ok, that, in the sense of what we might say "pattern" in math. AT5:

A pattern and a blank space then a pattern and a blank space and so on.

In addition, the opposite relation emerged too, pointing to artifacts that share the same meaning in the two contexts, but appear with a different term in each. For example, during a discussion on the connections that teachers find between a grid resource for artwork and mathematics, MT1 says: "I see the Cartesian (coordinate) system, with squares. Like a millimeter sheet." Also, the concept of vanishing point (AT) (the point where two parallel lines seem to meet, in linear perspective), shares the same meaning in both contexts, but appears with a different term in MT, i.e., a point at infinity.

In addition, other concepts appearing with the same term have different representations. For example, AT2 reports for the stretching of a line in graphic design, that they have different thicknesses and sparsity, so when the artist chooses to do a line (in the program), he must choose the thickness he wants, thus, "… say I have scanned a line. The distortion starts and the line thins… because the pixels are removed. But the line doesn't have a second dimension, only one, so in theory this isn't possible!"

Handling of the emerging boundaries among group members

Results in regard to how boundaries were handled indicate several actions and interactions among members, including: identification processes (identifying other's way of thinking, recognizing own' disciplines features), perspective making (defining other's perspective in light of owns perspective), efforts of translation and explanations for coordination and transparency [translating and linking perspectives, translating terminology/perspectives in ones' own context, (AT) describing artifacts using formal language, translating informal/empirical/visual into formal/theoretical/analytical accordingly, explaining relative/according AT or MT content, proposing coordination of teaching, reducing teaching expectations/requirements, designing properly an activity], brokering (bringing mathematical knowledge), transparency (reasoning one's own context's practices) and negotiability (sharing an expert's perspectives on fixing students' negative feelings, counter-proposing own perspective). The following example from the data illustrates how a specific boundary was handled.

The group discussed on two students' construction of a ballerinas' tutu (a resource found in the ethnographic phase), where students made a circular ring out of cardboard and after cutting it (like a radius), crossed one edge over the other, forcing it to tilt (informal). According to AT1, "It was a very good job, but the mathematics teacher didn't interfere there at all. The mathematics used there is empirical. Clearly." However, MT2 disagrees, saying that what students did is mathematics indeed: "well, they've done mathematics so far. The fact that they want it to curve and the lines they made, it's still mathematics. It's fine, it's not bad." Here, AT1 stresses that the students had to construct a cone which would become the tutu, adding that "there is the form of truncated cone" (formal). At this point, AT2 comes to sooth things down by pointing out that using formal mathematics for this construction would be using stereometry (formal) for calculating the development of the shape and the dimensions of the tutu, thus proposing it as the solution: "We used to do stereometry at school…we took cardboard and they were teaching us how to cut it to make a cone, a pyramid. These are needed," adding that "the equivalent, if we collaborated, when I do this (tutu), you teach stereometry, even for 1 hour, so that we can have coordination, so students can see these important stuff," stressing the importance of having "an epistemological stance to coordinate our speeds." AT1 enthusiastically agrees and adds: "Well done, that's it! We (AT) go in (classroom) and show them: how to make a cube, how a cone is constructed. Basically, it's not exactly our stuff. We rely on it. But we introduce it. So, all I am saying is, I did not see this here, that's why I come a little like that. This is empirical." In addition to this, MT1 also identifies the matter of transfer from the empirical implementation of mathematics in AT (the tutu construction here) to the theoretical knowledge in MT, saying: "to start from what AT1 said about students liking to use geometric instruments, and see how far they can go from this to the most theoretical. That there are formulas, for how we calculate (and) construct, areas, triangles, taking advantage of the aim of this situation, this construction."

The tension described above seems to be generated by the difference between the formal (stereometry) and the informal practices of students. A trigger for it seems to be AT1's brokering ability to bring and compare the formal mathematical practices used in this construction with the existing formal "form of truncated cone". In negotiating with AT1, MT2 suggests the acceptance of the informal practices as "mathematics indeed" (negotiability), and the boundary is, finally, handled through AT2's suggestion of coordination of the respective teaching sides, for linking the two for boosting students' learning. AT2, here, acts as a broker between the two communities, bringing and naming formal mathematical knowledge of stereometry from MT community to the AT community and relating it to the according informal practices the students used. Side with AT2 lies MT1, who propose linking the empirical implementation of mathematics and the theoretical mathematical knowledge for achieving better results in respect to students' learning. It is evident that, here, the coordination mechanism/dimension between the two sides plays a central role, as being proposed to being the solution itself for bridging the formal-informal and theoretical-empirical gap.

Discussion

In this paper, we focus on the emerging boundaries between AT and MT communities and the ways these are handled among members in respect to boundary crossing. First, taking under consideration Akkerman's and Bakker's (2011) definition of boundaries, we focused on emerging epistemological differences between the two contexts in regard to mathematical practices and tools. Mathematical practices emerge as formal/theoretical/analytical in MT and informal/empirical/visual in AT accordingly. Tools in relation to language and artifacts bring to the fore different terms, representations and meanings of concepts and practices. For example, formal in MT and corresponding informal language in AT, as well as formal mathematical tools compared to informal in AT and tools with same meaning but different terms, describe ways in which MT and AT differ from one another. All these differences create forks between MT and AT, leaving "blanks" in member's actions and interactions and nevertheless, juxtaposition the two, suggesting that "within discontinuity (the) two…sites are relevant to one another in a particular way" (Akkerman & Bakker 2011, p. 133), implying a set of relationships between learning in art and learning in mathematics [START_REF] Burnaford | Arts integration: Frameworks, research & practice[END_REF], thus giving meaning in an effort of crossing them. Secondly, for locating how boundaries are handled, we used terms related to boundary crossing. Here, brokering (bringing M knowledge) and coordination (e.g., linking theoretical and empirical ways of thinking), seem to be crucial, along with transparency and identification, as well as reflection and negotiability [START_REF] Wenger | Communities of practice: Learning, meaning, and identity[END_REF][START_REF] Akkerman | Boundary crossing and boundary objects[END_REF]. Overall, our findings seem to indicate aspects of mathematics and their teaching, highlighting this teaching as something that is being or can be done, not only in the mathematics classroom but also in non-mathematical settings, and describing the nature of mathematical practices taught and tools used in either of them. Through their inevitable comparison, the co-existence of the two poles of the boundaries links these aspects and a more complete "image" of mathematics and teaching mathematics is provided. Their interplay is commented by members to be beneficial for mathematics teaching and students learning. Thus, the feasibility of building bridges to connect MT and AT communities and create learning potentials for both teachers and students is suggested. Future research will focus on the negotiation among members towards the integration of the MT and AT and the potential creation of a hybrid, art and mathematics integrated practice.
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