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Session Abstract
The objective of this symposium is to investigate recent state-of-the-art research on mathematics teachers’ work with resources with respect to teacher knowledge. As the concept of mathematics resources in/for teaching has changed, from textbook to digital resources; and their use been broadened, from single teacher use to teacher discussions on e-platforms, so have the possibilities for teacher learning and professional development. In this symposium six internationally recognised researchers ‘portray’ this emerging field in four presentations, followed by an interactive discussion. We contend that the nature of resources and teacher interactions with resources, individual or collective, influence and shape the development of teacher knowledge and practice, and in turn newly developed knowledge will enhance emerging resource practices, and ‘produce’ new resources.
Organisors: Birgit Pepin, Ghislaine Gueudet and Luc Trouche
Chair: Birgit Pepin
Session Summary 

This symposium will discuss recent research on how the design and use of teacher ‘re-sources’ are shaped by teacher knowledge and foster its development. Assuming that the quality of instruction and pupil learning depend on quality resources and mathematics teachers’ knowledgeable use of these resources, we propose a symposium, which focuses on the investigation of resources needed to use and develop mathematics teacher knowledge in/for teaching.  

Over the past decade the concept of ‘mathematics teacher resources’ has been changing (Adler 2000; Gueudet, Pepin & Trouche 2012). It has widened from conventional resources, such as textbooks/curriculum materials (Haggarty & Pepin 2002), to include ICT for communicating and doing mathematics, and a variety of devices for implementing and combining resources. Even textbooks are neither conceived nor used in the same way as before- whereas before the textbook meant literally the book, nowadays teachers talk about textbooks in connection with various resources linked to the book (e.g. computer programmes). As the nature of resources changes and their availability increases, so do the possibilities of teacher collaboration with and via these resources: e-mail and forums, for example, permit distant collaboration. However, there has been relatively little research into teacher collective work for the design and use of resources (Gueudet & Trouche 2012). 

At the heart of this interaction is the teacher - resource relationship. In one direction the teacher ‘brings to life’ the mathematics in the textbook, through the processes of selection, interpretation and adaptation of the materials; in the other, the curriculum materials and resources themselves influence teacher knowledge and practice. The stance taken in this symposium is that the nature of resources and teacher interactions with resources, individual or collective, influence and shape the development of teacher knowledge and practice, and in turn newly developed knowledge will enhance emerging resource practices, and ‘produce’ new resources.   

This symposium includes four presentions: Adler explains her work on ‘re-sourcing’ teacher work in terms of its implications for teacher knowledge and professional development. Whilst mathematics teachers’ work with resources is often considered as individual, Gueudet, Pepin & Trouche argue to the contrary, that teachers’ work comprises many collaborative aspects, and that the interactions with colleagues, often through resources, are crucial for teacher professional development. Drijvers questions whether digital resources offer opportunities to improve mathematics teaching and learning, and which kinds of professional development are needed to fully exploit the affordances that technology offers. Ruthven discusses the strengths and weaknesses of implementing re-sourcing at scale in a UK context.   
The contributions fittingly ‘portrait’ this internationally emerging field and together provide rich grounds for subsequent discussion. Each group of researchers is expected to present their main ideas and arguments (from the uploaded paper) over 10 minutes, followed by a 10 minute critical appreciation and questioning by Remillard as discussant. This will leave sufficient time for interactive discussion with the audience. The contributors are recognised as leading specialists in this emerging field and each presentation is expected to reflect the original and state-of-the-art research reported in the supporting paper. 

Paper 1. Knowledge Resources in and for School Mathematics Teaching

Jill Adler
The notion of ‘re-sourcing’ practice (Adler 2000) focuses attention on resources-in-use, on the teacher working with, rather than surrounded by, resources; and extends consideration beyond the material to include cultural and social resources. Resources-in-use are viewed as dialectically influencing and being influenced by teacher knowledge and practice, thus implying the importance of professional knowledge itself as re-source. In this presentation the author argues for attention to professional knowledge in use in descriptions of mathematics classroom practice and present a methodology to this end. 

The methodology is inspired by the theory of pedagogic discourse developed by Basil Bernstein, and its illumination of the ‘inner logic of pedagogic discourse and its practices’ Bernstein 1996, p.18()
. Any pedagogic practice, either implicitly or explicitly, ‘transmits criteria’; indeed this is its major purpose. What is constituted as mathematics in any practice will be reflected through evaluation, through what and how criteria come to work. With an ‘evaluative event’ Davis 2005()
 as unit of analysis, it is possible to prise open pedagogic practice with respect to what mathematical and other knowledges teachers call on and call in to ground or legitimate school mathematical knowledge. This examination of what and how knowledges are legitimated provides insight into knowledge resources in use, and so too what is constituted as mathematics in these settings. 

The methodology is illuminated through two telling and contrasting case studies of secondary school teaching in South Africa. These two teachers work in similarly resourced schools, and in a similar policy context, though teaching different topics. The analysis shows that they recruited different knowledge resources. Together with the mathematical domain, and particularly procedural mathematical knowledge, Nash drew on extra-mathematical domains of knowledge, particularly curriculum knowledge and everyday knowledge. Ken, in contrast, drew largely from the meta-mathematical domain. The knowledge resources that sourced the work of these two teachers were substantively different, and so too was the mathematics that came to be legitimated in these classrooms.

The methodology we have used enables us to understand and think about what might support expansion of the potential meanings these two teachers open up in their classrooms. For example, Nash’s practice and his talk about this in his interview reveal the value he places on the high status official curriculum. This suggests possibilities for productive work and reflection with Nash on his privileging of the official curriculum, and how this shapes the ground functioning in his classroom in his teaching reported here. Ken, on the other hand, who only works with meta-mathematics outside his ‘normal’ teaching, might benefit more from an investigation of the integration of meta-mathematical knowledge into his teaching more generally. More broadly, the description of knowledge resources in use in these two contrasting classroom practices opens up questions about the selections and integration of knowledge domains in professional development activity.

Paper 2. Collaborative work with resources and teacher professional development
Ghislaine Gueudet, Birgit Pepin & Luc Trouche 

The work of mathematics teachers, in and out-of-class, is often considered as individual. Apart from some training programs, or very particular contexts, teachers seem to work by themselves to prepare and implement their lessons. In this presentation we argue to the contrary that teachers’ work comprises many collaborative aspects and that the interactions with colleagues, often through resources, are crucial for teacher professional development.

In terms of theoretical framework, we consider a “resource” in its wider terms leaning on work by Adler (2000). Textbooks and website are resources (e.g. Remillard 2005), and discussions with colleagues or student work may also constitute resources for teachers. Teachers select resources, combine and modify them, use them in class etc. – we call this “teacher documentation work” (Gueudet, Pepin & Trouche 2012) and argue that teacher documentation work and professional development are intertwined. In one direction the documentation work depends on teachers’ professional knowledge; in the other working with resources shapes teachers’ knowledge and pedagogic practice, and in turn ‘produces’ new resources.  

Our conclusions are based on the analyses of two cases: Vera, a mathematics teacher in France; and Claire, a teacher in Norway, both teaching grade six mathematics classes. Both teachers were observed in class and selected lessons video-taped. They were interviewed about their resource systems (drawings were produced) and how these linked to their lesson preparations and pedagogic practice. Further documents (e.g. lesson preparations) were collected and the data analysed on the basis of our understandings of a teacher’s documentation work and of the contexts in which these teachers were working.

Results show that both teachers’ documentation systems were to a large extent influenced by their working conditions, the constraints and affordances to work collaboratively, in their environments. Interestingly, both teachers claimed that during their professional lives they had encountered few opportunities to work with colleagues over a prolonged period of time, and those were mainly linked to particular initiatives supported by the school, or school authority. However, our analyses of their respective systems identified several collaborative aspects of their work, which were, albeit, not given priority or time in the schools’ action plans. Further, it appeared that ‘serious’ collaborative work was always linked to particular resources: Vera talked about working in the same room, a “maths and physics laboratory”, and using the same single textbooks as a central resource. Claire discussed the “arbeidsplan” (work plan for each individual pupil) in detail, which linked her to work with colleagues. Thus, we claim that particular resources help to ‘produce’ particular collaborative teacher interaction, and that these resources link individual teacher’s documentation system, to develop, over several cycles, into a larger dynamic system of teacher collaboration. 

This has implications for mathematics teacher education and professional development, for individual teacher learning/knowledge and for development at scale. Contrasting these two cases permits to identify (1) particular systemic features of teachers' work with resources; and (2) what could appear as deep invariants linked to the collective dimensions of this work. 

Paper 3. Re-sourcing mathematics teachers’ practices and orchestrations through collaborative teaching experiments

Paul Drijvers

Digital resources offer opportunities to improve mathematics teaching and learning, but meanwhile question teaching practices (Adler 2000; Gueudet, Pepin & Trouche 2012). While integrating technology in teaching, teachers are confronted with situations, which destabilizing existing teaching practices and invite the development of a new repertory of teaching practices for the technology-rich settings (Doerr & Zangor 2000; Ruthven 2007). Professional development is needed to fully exploit the affordances technology offers. The question addressed in this contribution is if a both virtual and face-to-face engagement in joint teaching experiments may foster such professional development.

To describe teaching practices, the study’s theoretical framework includes the notion of instrumental orchestration: the teacher’s intentional and systematic organization and use of the various artifacts available in a – in our case computerized – learning environment in a given mathematical task situation, in order to guide students’ instrumental genesis (Trouche 2004; Drijvers 2012; Drijvers, Doorman, Boon, Reed, & Gravemeijer 2010). A second theoretical element is the notion of technological pedagogical content knowledge (TPACK): the coherent body of knowledge and skills that is required for the implementation of ICT in teaching (Koehler, Mishra, & Yahya, 2007).

The development of the resourcing of teaching practices was investigated through setting-up a small-scale community of 12 ‘mid-adopting’ mathematics teachers who engage in three joint grade 8 teaching experiments using the same set of resources, consisting of online teaching materials
.  The collaborative work is supported by five face-to-face meetings and by the use of a virtual collaboration platform through Moodle ©. Data includes online posted blogs, self-reports on professional development needs, student work and lesson observations and where analyzed in terms of instrumental orchestrations and TPACK professional development. 

Results show that teachers indeed engage in a professional development process: their practices in terms of orchestrations change over time, and their self reports show considerable development in terms of TPACK. These developments seem to be induced by the participation in the project and in the collaborative teaching experiments in particular. The face-to-face meetings were experienced as crucial for exchange; exchange within the community through the digital platform, however, remained limited and mainly consisted of one-way blogging rather than interactive discussions. This suggests that just virtual communication has limitations for the professional development of mid-adopting teachers, and that technology alone as vehicle for teachers’ documentational genesis may be limited. These results offer models for future professional development projects, which are crucial for a real integration of technology in mathematics teaching and ofr the dissemination of practitioners’ knowledge in the field.

Paper 4. Institutionalising the Re-sourcing of Mathematics Teaching: The Case of the English School System

K. Ruthven 

The idea of re-sourcing teaching is rooted in various lines of critique of conventional systemwide-disseminated classroom materials, particularly in educational systems where school contexts are highly differentiated and educational values contested (Adler 2000). Rather, the idea of re-sourcing seeks to bring a much more diverse range of potential sources of support for teaching and learning into play, and to involve teachers themselves in adapting these to their working context and their educational values. The re-sourcing movement suggests that involving teachers themselves in more localised design efforts can have beneficial effects, generating resources better tailored to school contexts and deepening teachers’ understanding of the basis for their effective use. Indeed, in some educational systems, there is a long history of re-sourcing activity organised around local or national professional networks.  

Nevertheless, in most educational systems over the last half century, conventional resources designed to be “educative” for teachers (Davis & Krajcik 2005) have been a crucial vector for bringing about renewal of the curriculum, enhancement of pedagogy, and development of expertise on a system-wide scale. The best educational programs of this type have been informed both by new insights and professional wisdom, and subjected to extensive trialling and refinement, to produce resources of high quality often supported by professional development initiatives (Department of Education 1999). They have proved an important vehicle for developing the knowledge of teachers and improving teaching quality. 

A shift from the diffusion of pre-packaged standardised resources towards the more localised artisanal appropriation and (re)generation of diverse sources by teachers themselves raises important questions about the relative coherence and quality of the resulting resource systems, their relative effectiveness as mechanisms for supporting learning and developing teaching, and ultimately about their relative viability and economy.

The English school system is one which had a well-established tradition of re-sourcing activity even before, with the introduction of a National Curriculum in 1989, it became an institutionalised expectation that the teachers in each school would develop their own collective “scheme of work” to guide their teaching of mathematics. Such schemes could, of course, continue to make greater or lesser reference to conventional curriculum materials, but the expectation was that these would be complemented by a more diverse range of resources, organised to secure the coverage and progression sought by the curriculum, and indexed to it. 

By studying how this institutionalised expectation has unfolded in practice, this contribution illuminates the strengths and weaknesses of implementing re-sourcing at scale in this way, in a broader professional context marked by intensifying school and teacher accountability. The main empirical base for this analysis is a documentary one: the reviews of the state of mathematics education provision in English schools produced by the schools inspectorate on the basis of their national surveys and school visits (e.g. Office for Standards in Education 2008; 2012), and the evaluations by a range of other organisations of implementation of the national curriculum innovation and the ensuing national school improvement strategies (e.g. Earl et al. 2003; Stoll et al. 2003). 
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