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Our focus in this paper is on locating ways of working with teachers' use of conventional example spaces to include a focus on structure, abstraction and generality in primary mathematics teaching in South Africa. We share the ways in which we have worked with trajectories of working with example spaces in two strands within our framework for analyzing teaching in terms of teachers: 'mediating primary mathematics'. We discuss the ways in which this work with example spaces differs from previous writing where emphasis is placed on moving beyond conventional example spaces towards the realms of boundary examples. The ways in which attention to structure and generality might be retained in the context of conventional example spaces are discussed, with focus too on why this might be useful to do in a developing country context marked by very low mathematical performance.

Introduction

The background for this paper rests upon two bodies of writing that are interpreted as pushing in somewhat opposite directions in relation to the kinds of examples that are in focus. The first evidence base is located in mathematics education writing on 'example spaces' [START_REF] Watson | Mathematics as a constructive activity: Learners generating examples[END_REF]. These authors, over nearly two decades now, have produced an extended evidence base arguing for learning to be seen in terms of extensions in the example space that students are able to work with and construct. On the pedagogic side, they have focused on both teacher-set example spaces (Watson & Mason, 2006a) and student-constructed example spaces based on prompting for 'another example' of something or 'a different kind of example' of something [START_REF] Watson | Mathematics as a constructive activity: Learners generating examples[END_REF]. In both teacherset and student-constructed cases, the focus on example spaces is driven towards attention to the abstractions and generalizations inherent in the idea of 'examplehood'the attributes that make an example an 'example of' some class or category. [START_REF] Goldenberg | Shedding light on and with example spaces[END_REF] describe such attributes as critical 'dimensions of possible variation', and the extent to which variation in the dimensions of these attributes can allow students to see the boundaries or extents of application of properties or structure defines the 'range of permissible variation' in their terms. As [START_REF] Watson | Mathematics as a constructive activity: Learners generating examples[END_REF] put it:

Thematic Working Group 19 Proceedings of CERME10 '[Example] spaces can be explored by finding out what can vary and how far it can vary, identifying new variables, working from first principles, building objects from definitions, and using alternative modes of representation to see what is possible in one and relating it to another and in other ways. ' (p.52) Within their work, critiques of pedagogy are directed towards what they see as the overemphasis on 'conventional' or 'central' examples that commonly contribute to unhelpful abstractions on the part of studentsfor example, that triangles are three-sided shapes with acute angles that have the base edge parallel to the bottom of the page, or multiplication only with positive integers. Instead, they call for a pedagogy in which there is encouragement for the construction of examples that extend students' existing 'boundaries' through attending to dimensions of possible variation and range of permissible change, and focusing discussion on the 'tipping points' at which 'examplehood' appears to end. Illustrating this approach are tasks relating to questions such as 'Can we multiply by a number and end up with an answer smaller than the one we started with?' And 'What kinds of numbers produce this result?' Pedagogy in mathematics, in this formulation, is consistently directed towards tasks functioning in ways that expand the boundaries of the example spaces associated with particular ideas:

'one of the important roles for tasks inviting learners to construct examples is to broaden their range of permissible change in the images they associate with concepts' (Watson & Mason, 2005, p.56) In this pedagogy, the emphasis is on the boundaries of example spaces related to the concept in focus -on what [START_REF] Askew | Recent research in mathematics education 5-16[END_REF] describe as 'only-just examples' on the example side and 'very nearly examples' on the non-example side.

Sitting with somewhat different emphases to this attention on example spaces is a second body of work, located in developing country contexts, but with parallels in contexts of disadvantage in developed country contexts as well, that is focused on learner performance. In this narrative, there is extensive evidence of a lack even of limited forays towards success in the restricted purview of the conventional or central example spaces associated with key concepts. [START_REF] Pritchett | The negative consequences of overambitious curricula in developing countries[END_REF], working in the policy terrain and overviewing mathematics (and reading) performance data across India, Pakistan, Uganda and Kenya, identify what they describe as almost 'flat learning profiles' when looking at mathematical performance in items across grades. For example, in a study carried out in one state in India, Pritchett & Beatty note that while just over half of Grade 2 children were able to correctly answer 697+505 presented as a vertical addition, less than 10% of Grade 5 children were able to correctly fill in the missing number in this horizontal equivalence sentence: 200 + 85 + 400 = 600 + __. Further, it was noted that performance on 'mechanical' procedures was generally higher than performance on even-low level conceptually oriented items, with one of the overviewed studies showing that less than 30% of a Grade 4 learner sample were able correctly answer the question: 3 x __ = 3+ 3+ 3+ 3.

What interests us here is that the examples identified in this latter body of work fall well within the realms of 'conventional' example spaces, with the 'multiplication as repeated addition' example above also possible to interpret as a 'reference' example (examples that 'somehow contain information about a whole class of objects', Watson & Mason, 2005, p.84).

While Watson & Mason's pedagogic approach emphasizes the need to need to focus on expanding students' example spaces, which are viewed as personal, and locally situated, these authors' exemplifications of ways of working with sets of examples point to a relatively fast skip beyond the conventional and central example spaces towards the boundary examples.

But why is this difference of emphasis of interest to us? We answer this question in the next section.

Background

Our work over the last five years in South Africa has focused on primary mathematics knowledge and teaching development, set in the context of the Wits Maths Connect-Primary (WMC-P) research and development project, located in Johannesburg, and working in partnership with ten government primary schools. The South African primary teaching context is marked by an emphasis on oral, chorused responses to closed questions, weaknesses and gaps in the teacher knowledge base, and concerns related to coverage, connections & coherence, and pacing within primary mathematics teaching [START_REF] Hoadley | What do we know about teaching and learning in South African primary schools?[END_REF]. The national context is one that is marked by low performance in mathematics at all phases, reflecting many of the concerns about limited progress and significant learning deficits raised by [START_REF] Pritchett | The negative consequences of overambitious curricula in developing countries[END_REF]. A key problem that has been widely written about in primary mathematics is the ongoing use of highly inefficient counting based methods for solving number problems well into the middle years (Fleisch, 2009).

In this context, we have worked on a combination of interventions aimed at supporting development in terms of both 'primary mathematics knowledge for teaching' and of primary mathematics teaching itself. Quasi-longitudinal data on learner performance in the early primary 'Foundation' years (Grades 1 -3) has pointed towards some improvements in early number learning, with broad evidence of moves from highly rudimentary 'count all' strategies used for early additive relations problems to the more efficient 'count on'/'count down' strategies underpinned by some initial reifications of number [START_REF] Sfard | Thinking as communicating[END_REF]. With interventions in place focused on working with teachers to develop number sense, our attention has started to turn towards working to understand whether, and, if so, how, changes in learning might be linked to changes at the level of teaching. We have found the work on example spaces, and seeing expansions in teachers' ways of working with example spaces useful for thinking about the changes in teaching that we have observed. But these explorations have focused firmly on the middle ground of conventional example spaces, rather than on the boundaries. In this sense, they are more aligned with supporting mathematical learning in the middle ground rather than at the boundaries of particular topic spaces, with the examples selected grounded in expanding the boundaries of personal and situated example spaces, rather than mathematical boundaries of concepts in any more disembodied, objective sense. Our considerations of changes in teaching have led to the development of a framework for exploring differences, focused on primary teachers 'mediating primary mathematics 1 ' (MPM). Empirically, our attention within this framework centres on teachers' mediation of mathematics as enacted in the context of their selected example spaces across episodes in lessons through their use of artifacts, their inscriptions and their talk, with focus on the following strands:
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3 Mediating with talk & gesture in a) methods for generating/validating solutions; b) building mathematical connections; and c) building learning connections: explanations and evaluations of errors/ for efficiency/ with rationales for choices

The concepts and theories underlying the aspects in the MPM framework have been detailed in other writing (Venkat & Askew, under review). Expansions in teachers' personal, situated example spaces, as seen in observed lessons, feature within two key strands of our overall framework -3a and 3band our attention in this paper is on detailing the ways in which expansions in example space are considered in relation to the two bodies of literature discussed at the start of this paper, with the illustration and discussion in this paper focused on our ways of thinking about expansions within these strands. We remain interested in the notions of abstraction and generalization that Mason (1989) has written about over an extended period of time, and have looked at ways of retaining a focus on these elements drawing from a base in highly conventional example spaces. Our illustrations of levels of mediation for structure and generality in these two strands draw from excerpts of teaching and teacher explanations seen across our work supporting teaching development in Foundation Phase classrooms, and also, in this paper (and for the purposes of exemplification of the levels), from teacher responses to tasks in our primary mathematics for teaching courses.

Analytical discussion

Strand 3a: Method for generating/ validating solution

We have formulated expansions in teaching related to this strand as follows: Our earlier work pointed to problems with the coherence of teachers' ways of generating solutions to the problems that they set in the context of their teaching or that were set to them in our mathematics knowledge for teaching courses. At the lower extreme, lack of coherence manifested itself in a range of ways. We saw the mixing of knowns and unknowns in teachers' solution processes, with unknowns sometimes drawn into the problem-solving process prior to their actual generation, and questioning sometimes treating 'knowns' as if they were unknowns. For example, we saw episodes where, in adding 10 to a number on a 100 chart, the teacher counted on from, e.g. 17, saying 18, 19, 20, etc, and stopping at 27, without any overt demonstration of keeping track of how many she had counted on. Knowledge of the answerthe unknown valuewas assumed in this kind of working. There was also evidence of teacher talk that connected poorly with the artifacts and inscriptions in use during the focal episode, disrupting possibilities for generating or validating a solution to the tasks in the example space being worked with.

In the middle ground of this strand, we focused on the extent of applicability of the methods that teachers communicated for solving problems in, and related to, the example space being worked with.

An excerpt of teachers' responses to a task we used in our teacher development work helps us to illustrate some of the range in this strand. The question in focus was:

Is -8 < -5? What diagrams and explanations might you use to help to explain your answer?' Almost all teachers from a group of 50 we were working with responded to this by drawing a number line and marking -8 and -5 in the correct positions on their number lines. The explanations linked to this inscription varied between two key justifications. Some stated that -8 was less than -5 because it was further away from 0, with many teachers marking 0 and annotating the two respective distances for the immediate example on their number lines. In some instances, this 'particular' statement was accompanied by more general statements like: 'Numbers further from 0 are smaller'.

Other teachers had annotated their number lines with the words: 'Further to the left, numbers are smaller. Further to the right, numbers are bigger.' The first formulation remains applicable if both (or all) of the numbers being compared are of the same sign, i.e. both negative or both positive, but is not necessarily true if the numbers under consideration have different signs. The latter statement, in contrast, is more generally true across the real number example space and the number line convention.

We code the latter formulation as a Level 3 offering, but we still have questions about whether the first formulation should be coded as a Level 1 or Level 2 offering, and whether this should be interpreted in relation to the example space that is being worked with in the empirical terrain. If the example space only contains pairs of negative numbers, we could argue that while the method offered is 'localized' (in the sense that the method can also be applied to pairs of positive numbers as well), there are limitations in the example space that can be critiqued. The broader point remains valuable though: that it appears useful to think about teachers' offers of methods for solving or validating problems in relation to their extent of applicability to example spaces related to the concept in focus.

Further, this appears important in a context of broad evidence of a lack of move beyond unit counting strategieswhich we have usually coded at Level 1 due to their inefficiency for use as the number range being worked with increases.

In a sense, what we are focusing on in this strand relates to the range of permissible variation in the example space that can be managed within the constraints of the solution procedure that has been taught. This range is considered pragmatically rather than strictly mathematically: for example, at one level, even large additive relationship calculations can be carried out using the unit counting strategies that we have noted as prevalent. In practice though, such methods are both inefficient and error-prone, and therefore represent solution choices with pragmatic limitations as the number range increases. In larger number ranges, 'structured' representations of numberi.e. representations of number underpinned by properties and relations, offer much greater purchase for both range of applicability, and for flexible efficiency. While not the focus of this paper, we code 'structured' representations (representations underpinned by structural properties of number) more highly in the artifact and inscription strands than 'unstructured' representations of number. In the 3a strand, a focus on solution procedures employing numerical structure provides an important feature within the possibility for attention to procedures with more extensive scope of applicability.

Strand 3b: Building mathematical connections

Expansions in relation to building mathematical connections have been conceptualized as follows: This strand was built into the framework on the basis of common evidence of disconnections. These disconnections sometimes occurred, as noted in the previous strand, within teachers' handling of examples, leading to incoherent explanations. Further, in our observations, and noted as prevalent in the broader South African landscape, is evidence of extensive chorused oral recitation, for example of skip counting in multiple sequences, with no input from the teacher. Both of these phenomena were coded at the lowest level of the building mathematical connections strand.

Example spaces figure within this strand in terms of the nature and extent of the connections between the examples seen. [START_REF] Watson | Variation and mathematical structure[END_REF] have described these kinds of connections in terms of vertical connections between elements of examples -which they describe as 'going with the grain' and horizontal connections within examples (e.g. equivalence structures within relationships)described as 'across the grain' connections. Linked focus on several examples allows for attention to invariances amongst the variation between examples, with these invariances forming the grounds for abstraction and generalization. Keeping vertical and horizontal, and more generally, multiple connections between examples in focus, allowed us similarly to pay attention to shifts in the possibilities for building awareness of generality in pedagogic mediation.

Our way of attending to example spaces in this strand contrasts with our focus in the previous strand where the emphasis was on the extent of 'reach' into other examples and example spaces of the methods for solving problems that are communicated within the focal example space. At Level 1 of this scale, we placed episodes where examples within the focal example space were dealt with as individual and separate instances. [START_REF] Venkat | Analyzing coherence for conceptual learning in a Grade 2 numeracy lesson[END_REF] describe an episode involving finding pairs of numbers adding to 16, where each offered pair is verified as correct by concrete unit counting, with very limited reference to any of the partitions that were established previously in the episode as correct. In this 'extreme localization' there is no opening for a focus on 'examplehood' as thinking about instances as 'examples of' some property necessarily requires some invoking of either other examples from which abstractions can occur, or juxtaposing the instance with the property or generalization or definition of which it is an instance. In our observations and analyses, we noted that this invoking could occur through teachers making connections between examples in the example space as noted here, but could also occur more multi-directionally through connections made between artifacts, inscriptions and episodes as well. Importantly for us, this way of considering the possibilities for generality can, once again, be worked with in the context of conventional example spaces. [START_REF] Askew | Seeing through place value: An example of connectionist teaching[END_REF] has analysed one teacher's ways of working with multi-directional connections in lesson episodes focused on early place value, noting her working with the example space as a connected set of instances with fluid vertical and horizontal links, as well as links to place value artifacts involving ten strips and unit squares, and the inclusion of symbolic inscriptions. While the teacher's working with the examples was entirely coherent, the conventional nature of the example space contrasts, for example, with Watson & Mason's (2006a) 'stretching' of what looks, initially, like a conventional example spaces (related to co-ordinate plotting to fractional values) in the context of a single exercise, as a key aspect of hypothesizing a generality related to a given constraint.

Discussion

Working in this way with the concept of example spaces has allowed us to develop attention to structure and generality in somewhat different ways to those presented in Watson & Mason's writing. Specifically, the base for generalizations is located in conventional example spaces, with limitedif anymove towards boundary examples. We would acknowledge that concepts are less fully rounded out in this way of working. But we would also argue that these more mundane expansions are important to thinking about developing primary mathematics teaching in contexts of the flat learning profiles described in Pritchett & Beatty's overview. At the lower extremes of both of the strands we have delineated in this paper, there is attention to students being able to reproduce coherent procedures that have been presented or offered and accepted in class. This kind of move already represents some potential for forward moves in relation to students' existing problem-solving repertoires. Further moves upward in the strands discussed start bringing other example spaces into the realms of possibility for learners. Our early analyses show moves towards coherence and connection in teachers' work with example spaces, coupled with greater inclusion of structured artifacts and inscriptions. The concurrence of these fledgling moves towards coherence and generality in pedagogy with improvements in students' performance on conventional and central example spaces suggests that our ways of working with example spaces may be useful to carry further into our research and development activity.
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