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This paper provides a brief literature review of the CERME papers of the last decade which address concerns of diversity and inclusion with regard to mathematics education, and which also have some degree of focus on mathematical representations in teaching and learning. It outlines a search strategy and summarises the results, identifying the main topics of interest at the intersection of these two areas, as a starting point for discussion and potential future collaboration.

There has been increased interest in recent years in the role of representations in mathematics education, one of the results of which was the formation in 2017 of a thematic working group (TWG24, where this paper resides) at the 10 th Congress of the European Society for Research in Mathematics Education (CERME10). Interest has also increased in the development of more inclusive mathematics education principles, policies and practices for learners who are considered within their respective education systems to have special educational needs, and a thematic working group (TWG25) was established with this focus in 2019 at CERME11. However, the community also has a much longer-standing group with a strong tradition of addressing broader aspects of diversity, inclusion and social justice in mathematics education, TWG10. My own perspective here is one of having a substantial part of my past research focused on the use of different representational strategies for the particular purpose of making mathematics education more inclusive to those learners who struggle with it, and for whom their prior mathematical environment has been a poor fit. While this has often meant working with research participants with Special Educational Needs and/or Disabilities (in current UK terminology), educational disadvantages and differences are much more than this, and better understood as multifaceted and intersectional in nature. As a lecturer who participates in the preparation of both regular mathematics teachers and specialist tutors and assessors (e.g. in dyscalculia) for their professional practices, I believe it would be useful at this time to review the existing research at the intersection of representation and inclusion in mathematics education. As an initial literature-based study within a particular academic community, I focus in this paper on reviewing the research that has been published in previous CERME conference proceedings.

The purposes of this review are:

• to obtain an overview of the different ways that concepts such as diversity and inclusion are understood and used by CERME researchers in the context of mathematics education, • to identify and summarize research at the intersection of representations in mathematics education and inclusive mathematics education, • to identify potentially fertile avenues for discussion by researchers focusing on representations and/or inclusion in mathematics education.

For these reasons, a somewhat atypical paper structure is chosen.

Background

Due to the nature of this discussion it is necessary not to adopt a specific definition in advance for these key terms, as would usually be done. However, as the work of three TWGs is featured, I take some introductory statements on scope and focus from their respective Calls for Papers (for 2023), which express the nature, and something of the complexity, of the focal ideas.

The statement from TWG25 (excerpt below) refers repeatedly to inclusive mathematics education but elects not to provide a definition for exactly what this means, allowing members to interpret it in the way that makes sense to them. It is -appropriately! -inclusive in nature. This is particularly important in international contexts, where there are representatives of nations which have quite different legal definitions for Disability and diverse conceptualizations of Special Educational Needs (or the equivalent or similar terms, if such even exist).

Working Group 25 is a forum for presenting and discussing research and development in teaching and learning concerning inclusive mathematics education. The TWG will focus on inclusion as well as special needs and connect mathematics education research with inclusive and special education research. Although we mainly focus on inclusion and inclusive settings, research regarding teaching and learning mathematics in special needs classrooms and schools, is also welcome.

The very notion of inclusive education contains within it the assumption that some parts of the population have historically been excluded from, or at least not fully included in, the education provided to others, and that something should be done about this inequity. That is a general and internationally applicable principle; exactly which groups have been excluded, in what manner, and the ways in which this might be redressed, is heavily dependent on local context. This theme of cultural contexts is central to the statement from TWG10 (excerpt):

The group is specifically interested in research that investigates how diversity and difference affect the possibilities, opportunities, obstacles, privileges and disadvantages associated with mathematics education. This includes issues of gender, race and ethnicity, language, socioeconomic status, social class, disability, life opportunities, aspirations, worldviews and ideologies, school systems, governance structures, space, and settings. Additionally, diversity and difference may occur in relation to who is doing the research and who is being researched, posing methodological issues of an ethical, ontological and aesthetic nature.

Thus, although the term 'inclusion' is not present, there is a clear concern regarding the inequitable nature of systems of mathematics education, which is congruent to present purposes.

Regarding the second focus of this paper, from TWG24:

Representations of mathematical concepts and objects are an integral part of doing mathematics and an important aspect of teaching and learning mathematics. Here representations refer both to traditional mathematical productions such as graphs, diagrams, symbols, texts, and models, and also more broadly to encompass pictures, gestures, sounds, stories, metaphors and more. We are concerned with the creation, interpretation, use of, relations between, and reflections on such representations in our minds, hands, bodies, on paper, on screen, and with other analog and digital tools. We are interested in the roles of representation in recording and communicating information and processes, thinking about and developing mathematical ideas, practices, understandings and expression. Representation can be theorized and interpreted in many ways, and this working group welcomes papers from a variety of different theoretical and methodological frameworks.

Thus, a single definition of representation is formally rejected, with preference for maintaining a diversity of views, and space for respecting different stances and theorisations. While the focus of this group is not geared specifically to diversity or inclusion, these topics do tend to arise naturally: researchers looking at learners' representational choices in mathematical activity cannot help but notice the diversity in the choices made, for example. Conversely, providing appropriately inclusive mathematics education for diverse learners requires a variety of representational forms and formats. Although it is not stated explicitly, it is understood that the representations which are actually made available and deployed appropriately in a given teaching/learning situation are of course dependent on many factors, whether one is considering hyperlocal or wider cultures, systems and resources.

Thus, while deliberately avoiding specific definitions for key terms, a general picture may still be built of the relationships between diversity, inclusion, and representations in mathematics education.

Method

A systematic sifting process was carried out on the archives of proceedings from CERME conferences 8-12 (i.e. the period covering the years 2013-2022). I discuss this in some detail, as it may be of use to others reviewing literature in this area.

In the first stage of sifting, all full-length papers (i.e. not poster submissions) were included from TWG24 (Representations in mathematics teaching and learning), TWG25 (Inclusive mathematics education -challenges for students with special needs), and TWG10 (Diversity and mathematics education: social, cultural and political challenges), as these were identified as the thematic working groups mostly likely to feature research with the targeted focus. For all other CERME thematic working groups, searches of titles, abstracts, and keywords were carried out using the general terms: accessib*, equit*, exclu*, inclusi*, justice, marginali*. Due to the history of Disability being conceptualised under individual deficit or medical models rather than social or interactional models (and thus often being left out of equity work focusing on other identities), the following terms were added: autis*, blind*, deaf*, disab*, disorder*, dyscalculi*, dyslexi*, impair*, learning difficulties, mathematics/al difficulties, special education*, special need*, syndrome*. Abstracts were then read to assess whether these terms were used in the specific and relevant sense (e.g. "inclusive pedagogy", "blind students", as opposed to e.g. "inclusion relations" or "double blind test"). While keywords are limited by the system, it was assumed for current purposes that if these issues were considered by the authors to be an important feature of their research (as opposed to merely a passing observation), at least one of the above terms would be mentioned in the abstract.

Abstracts of all the above were then read to check for relevance to inclusive policies and/or practices in mathematics education. If this was unclear from the abstract, the full paper was read. At this point, some individual qualitative decision-making was necessary -for example, in some cases it was ambiguous whether reference to students' "mathematical difficulties" was intended to convey the typical difficulties that arise during the teaching and learning of mathematics, or a diagnosis (formal or informal) of 'Mathematical Difficulties' as a type of Special Educational Need (or equivalent) outside the typical expected range, and conferring specific disadvantage. This is a formal and commonly used label in some countries' education systems, an informal term used by teachers in other systems, while holding little or no meaning elsewhere. (The same might be said for other terms, e.g. "language difficulties".) In cases such as these my response was to consider whether the research paradigm (a) assumed the diversity and heterogeneity of mathematics learners, (b) acknowledged explicitly or implicitly that some learners are structurally disadvantaged compared to their peers (at the level of their classroom, school, or the national/state education system in which they resided), and (c) aimed either to find out more about the nature of the differences and (potential) disadvantages, or to intervene with the intention of improving equitability of educational experience for these learners.

The second stage proved an even less straightforward task, deciding whether the papers had (sufficient) focus on representations. Firstly, terminology around representation is even more variable, with fewer keywords or precise definitions in use. Secondly, mathematics cannot be recorded or communicated without some form of representation, so in a trivial sense, mathematical representation is everywhere -and thus the point at which it becomes a nontrivial component must be decided. My response was to employ the principle that there must be meaningful theoretical, analytical and/or discursive component devoted to particular forms of mathematical representations other than the dominant hegemonic language, symbolic notation, standardised diagrams and graphs of mathematics education. If the abstract was insufficient to determine this, the full paper was read.

Summary

The first stage of sifting produced 163 papers from the five conferences, and the second stage 44. The total number of delegates and papers presented at CERME has been steadily increasing over the last 10 years so one would expect some proportional increase in topics; however, it is still welcome to see the numbers. (It may be worth noting that, atypically, CERME12 was held online, and so was more accessible to Disabled academics and others with barriers to attending conferences in person.)

Aspects of human diversity and structural disadvantages

The research papers focused on various aspects of human diversity which are known to, or have the potential to lead to, structural disadvantage within education systems, some with a tight focus on a particular subgroup and some broader or more loosely defined. With the diverse theoretical bases, lenses and parameters employed by the included authors, it would be inappropriate for current purposes to superimpose an additional level of theorisation, so I present a general overview of the research landscape on the roles of representations in inclusive mathematics education.

Several papers focused on learners with sensory differences: visual impairment [START_REF] Leendert | Supporting braille readers in reading and comprehending mathematical expressions and equations[END_REF][START_REF] Papadaki | Working with visually impaired students: Strategies developed in the transition from 2D geometrical objects to 3D geometrical objects[END_REF][START_REF] Stylianidou | Mathematical discourses of a teacher and a visually impaired pupil on number sequences: Divergence, convergence or both?[END_REF] and hearing impairment [START_REF] Angeloni | Signing about elementary algebra in Austrian Sign Language: What signs of the notion of variable can represent[END_REF][START_REF] Krause | DeafMath: Exploring the influence of sign language on mathematical conceptualization[END_REF][START_REF] Nordheimer | Students with hearing impairment: Challenges facing the identification of mathematical giftedness[END_REF]Wille & Schreiber, 2019). The representational needs of these groups are not often considered by those who have no regular contact with them. However, considering the teaching/learning of mathematics via Braille or Sign Language, for example, has the potential to enlighten thinking about mathematical objects and properties in new and unfamiliar ways.

In terms of research involving participants with neurological differences, there were papers focused specifically on autistic learners [START_REF] Chico | Problem-solving by students with Asperger's Syndrome[END_REF][START_REF] Goñi-Cervera | Strategies exhibited by students with autism spectrum disorder and their typically-developing peers when solving a generalization task: An exploratory study[END_REF][START_REF] Vaerenbergh | Informal strategies of students with autism spectrum disorder in solving Cartesian product problems[END_REF], and on those with language-specific impairments or low proficiency [START_REF] Pöhler | Cracking percent problems in different formats: The role of texts and visual models for students with low and high language proficiency[END_REF][START_REF] Söbbeke | Language use, mathematical visualizations, and children with language impairments[END_REF][START_REF] Thouless | The role of gestures in supporting mathematical communication for students with language delays[END_REF]. Two focused on non-specific learning/cognitive disabilities [START_REF] Fung | Teaching mathematics to students with intellectual disability: What support do teachers need?[END_REF][START_REF] Yetiş | Plane geometry: Diagnostic and individual support of children through guided interviews-a preliminary study on the case of line symmetry and axial reflection[END_REF], and one on trisomy [START_REF] Gasca | Combining historical, foundational, and developmental insights to build children's first steps in mathematics[END_REF]. There are some indications of an increasingly pervasive influence of social and interactional models of disability. The observed issues are then seen as poor fit between the individual and their environment, and requiring a turning of the critical eye on the environment (as opposed to comparing atypical learners against benchmarks of their typically performing peers, or trying to 'fix' them to fit into an existing system).

Some papers addressed the experiences of learners selected for study based on their varying degrees of difficulty with mathematics specifically. In some cases this involved a formal diagnosis of mathematical learning disability or dyscalculia [START_REF] Peteers | Diagnosis tools of dyscalculia -contribution of didactics of mathematics to numerical cognition[END_REF][START_REF] Robotti | Coming to see fractions on the number line[END_REF], in others just groups of learners with a history of low attainment in, or disaffection with school mathematics [START_REF] Díaz-Rojas | Enactive metaphoric approaches to randomness[END_REF][START_REF] Finesilver | Spatial structuring, enumeration and errors of S.E.N. students working with 3D arrays[END_REF][START_REF] Finesilver | Emerging and developing multiplicative structure in students' visuospatial representations: Four key configuration types[END_REF][START_REF] Gíslason | Persuasive moments, and interaction between authoritative discourse and internally persuasive discourse when using GeoGebra[END_REF][START_REF] Götze | The importance of a meaning-related language for understanding multiplication[END_REF][START_REF] Hough | Connecting the everyday with the formal: The role of bar models in developing low attainers' mathematical understanding[END_REF][START_REF] Miragliotta | Visuo-spatial abilities and geometry: A first proposal of a theoretical framework for interpreting processes of visualization[END_REF], or even those who were disadvantaged within a particular university class by their selection of other courses [START_REF] Víquez | Taking advantage of the different types of mathematical languages to promote students' meaningful learning[END_REF].

As above, there are potential indications of a move toward less individually judgmental and fixed attitudes toward those students who struggle with mathematics more than their peers.

Interestingly, although the first-stage sift on diversity and inclusion had produced many papers with a focus on the classical sociological issues of gender, race/ethnicity and socioeconomic status, as well as socio-emotional/behavioural disorders, multilingualism and migrancy, none of these significantly discussed representation, except one on the support needs of migrant students [START_REF] Sauerwein | Teaching mathematics in an international class: Designing a path towards productive disposition[END_REF].

There were multiple papers which were clearly concerned with diversity and inclusion, but in a general sense rather than focusing on a specific diagnostic condition or life circumstance. Several addressed the teaching or assessment of inclusive or heterogenous cohorts [START_REF] Bebernik | How do students describe and understand properties of special quadrilaterals with digital tools? An epistemological perspective on mathematical interaction in inclusive settings[END_REF][START_REF] Buró | Low entrance or reaching the goals? Mathematics teachers' categories for differentiating with open-ended tasks in inclusive classrooms[END_REF][START_REF] Häsel-Weide | Inclusive math practices in primary school[END_REF][START_REF] Finesilver | Spatial structuring, enumeration and errors of S.E.N. students working with 3D arrays[END_REF][START_REF] Koch | Working with objects of representation in practical contexts on length in inclusive classrooms[END_REF][START_REF] Nieminen | Universal Design for Assessment in mathematics[END_REF][START_REF] Robotti | How the representations take on a key role in an inclusive educational sequence concerning fraction[END_REF]. Case studies on the support of individual learners [START_REF] Finesilver | Learning to 'deal': A microgenetic case study of a struggling student's representational strategies for partitive division[END_REF][START_REF] Finesilver | Grouping passengers: A microgenetic case study of a struggling student's representational strategies for quotitive division[END_REF][START_REF] Häsel-Weide | Replacing counting strategies: Children's constructs working on number sequences[END_REF][START_REF] Machado | Diversity, dialogism and mathematics learning: Social representations in action[END_REF][START_REF] Ott | Diagrammatic activity and communicating about it in individual learning support: Patterns and dealing with errors[END_REF][START_REF] Tewes | The Mathematical Support Format Reproduction[END_REF] are also beneficial in providing rich description of mathematical representations, including how learners' strategies may progress over time and through interaction and co-creation.

I highlight one final set of papers, which may perhaps not so obviously fall under the purview of this review; these are either ethnomathematical in nature or focus on traditional activities of various indigenous peoples [START_REF] Albanese | Ethnomathemathical dimensions for analysing teachers' conceptions about mathematics[END_REF][START_REF] François | A philosophical investigation of local mathematical practices[END_REF][START_REF] Fyhn | How Sámi teachers' development of a teaching unit influences their self-determination[END_REF][START_REF] Fyhn | Exploration of patterns in different contexts[END_REF][START_REF] Solares-Rojas | Mathematically significant knowledge of Hñañu women embroiderers from the Valle del Mezquital: A possibility for an encounter and dialogue[END_REF]. These include incidences of pattern-making which are likely to be fascinating to mathematical representation researchers. However, they are also relevant to the ethical principles of diversity and inclusion, as while there may not be immediate and obvious disadvantage present to the participants at the local level, the cultural marginalization of these practices and their lack of status as part of the hegemonic canon of what is considered 'Mathematics' diminishes our discipline at a global level.

Concluding comments

This brief and bounded literature review is intended to be primarily of use to other researchers and educators motivated to consider the existing and potential roles of representations in improving the inclusivity of mathematics teaching and learning within their respective education systems, by considering (a) diversity of mathematics learners, (b) structural disadvantage in education systems and wider society due to certain differences, and (c) ways of investigating and addressing the resulting inequities of experience and outcome. I hope it may be useful in guiding further reading or reviewing, and spark new academic collaborations, particularly within the CERME community.

Table 1 : Numbers of papers in first-stage sift (diversity & inclusion-related subject matter) and second -stage sift (those with non-trivial discussion of mathematical representations)

 1 

	CERME8	CERME9	CERME10	CERME11	CERME12
	12	19	33	47	52
	3	9	7	11	14