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. In this paper we provide examples of research tasks used to describe and investigate teachers' knowledge of basic geometry. By basic geometry we mean concepts, theorems and properties of lines, angles and triangles in the junior secondary curriculum of South Africa. Since the choice of examples is a key element of any task, we offer a set of criteria for developing aspects of the example (i.e., figure in case of geometry) in tasks. The tasks, in turn, provoke teacher responses that enable us to describe aspects of teachers' mathematical knowledge for teaching geometry. We do this using a framework for producing tasks of varying difficulty level for teachers that could be used to illuminate their geometry knowledge for teaching.

Background of the study

Geometry is an important topic in school mathematics. Euclidean geometry is part of the school curriculum in many countries and the foundation for Euclidean geometry starts from primary grades by introducing shapes and their properties. However, geometry continues to be a topic that students struggle with (e.g., [START_REF] Luneta | Foundation phase teachers' (limited) knowledge of geometry[END_REF][START_REF] Steele | Exploring the mathematical knowledge for teaching geometry and measurement through the design and use of rich assessment tasks[END_REF]. One of the many reasons for students' low achievements, especially in geometry, is teachers' difficulty in teaching geometry (e.g., [START_REF] Bowie | The constitution of school geometry in the mathematics national curriculum statement and two Grade ten geometry textbooks in South Africa[END_REF][START_REF] Steele | Exploring the mathematical knowledge for teaching geometry and measurement through the design and use of rich assessment tasks[END_REF]. Based on recent experience of working closely with different groups of secondary teachers in Gauteng, South Africa, the team of the Wits Maths Connect Secondary (WMCS) project recognized the need to support teachers to improve their knowledge of basic geometry.

The aim of our project is to understand the knowledge that teachers need to teach basic geometry in schools and then to support them through a professional development (PD) programme. Our definition of teachers' knowledge is based on [START_REF] Ma | Knowing and teaching elementary mathematics: Teachers' understanding of fundamental mathematics in China and the United States[END_REF] conception of profound understanding of the content with breadth and depth of knowledge. We can also consider this knowledge as common content knowledge (CCK) [START_REF] Ball | Content knowledge for teaching: What makes it special[END_REF] but it is specialised and needed for teaching. In order to understand this knowledge, we are in the process of developing a framework which focuses on developing teachers' mathematical knowledge for teaching, which is defined as including both knowledge of mathematics and knowledge of mathematics teaching (for details, see [START_REF] Adler | Levering change: the contributory role of a mathematics teaching framework[END_REF].

We did not find any literature dealing with teacher knowledge when their mathematical knowledge is weak and little dealing with teaching basic geometry or teacher knowledge of basic geometry. By basic geometry we mean concepts, theorems and properties of lines, angles and triangles in junior secondary curriculum of South Africa. We are working with a relatively unique group of teachers who acknowledged the weaknesses in their geometry knowledge base. They openly discussed these and requested a course to help them to improve their geometry knowledge.

The PD provided us with a unique opportunity to understand what knowledge they bring, what is lacking and how we might help them to build their knowledge to the point where they can teach geometry with confidence and competence. So, from a research perspective, we asked ourselves how do we "measure" teachers' starting base and then "measure" gains over time? We do not focus in this paper on teachers' knowledge per se, nor the PD, nor do we look at change. None of these is possible without a framework that is geometry-specific for classifying tasks that would appropriately elicit teachers' knowledge. A key element of any task is the example/s used and in this paper we offer a set of criteria for developing examples within the tasks. In turn, these tasks provoke teacher responses and thus enable us to describe aspects of their mathematical knowledge for teaching geometry.

Literature Review

Several scholars since [START_REF] Shulman | Those who understand: Knowledge growth in teaching[END_REF] have tried to define specialised aspects of teachers' knowledge. [START_REF] Ball | Content knowledge for teaching: What makes it special[END_REF] categorised teachers' knowledge to specify different aspects which need to be focused upon. Following from Ball and colleagues' delineations of subjectmatter knowledge (SMK) for teaching, Herbst and colleagues (e.g. [START_REF] Ko | Subject matter knowledge of geometry needed in tasks of teaching: relationship to prior geometry teaching experience[END_REF] designed an instrument SMK-G to measure teachers' knowledge of geometry. They focused on tasks for teaching to capture differences in teachers' mathematical knowledge for teaching high school geometry. Through this work they offer distinctions between different SMK-specific tasks of teaching. For example, in one item teachers are provided with four algebraic expressions and asked to choose a set of measures for angles in a parallelogram that can be given to students as an exercise after they have learnt about interior angles of a parallelogram.

There are several other studies on designing assessment instruments to measure teachers' mathematical knowledge for teaching geometry. For example, in contrast to the assessment tools developed for assessing teachers' mathematical knowledge in a broader range of mathematical topics, [START_REF] Martinovic | The challenges in the assessment of knowledge for teaching geometry[END_REF] proposed "that the measures should be designed as 'probes' around specific topics commonly taught by a targeted group of teachers" (p. 613). They developed a probe for a task on Area of a Trapezoid and developed a pedagogical content knowledge (PCK) instrument with rubrics used to "measure teachers' responses and … create PCK profiles" (p. 615). They propose that secondary mathematics teachers' PCK is a complex and multidimensional phenomenon with five dimensions: geometric knowledge; ability to provide geometric extensions; knowledge of applicable instructional strategies and tools; ability to ask diagnostic questions and knowledge of student challenges and conceptions. In another approach, [START_REF] Steele | Exploring the mathematical knowledge for teaching geometry and measurement through the design and use of rich assessment tasks[END_REF] designed open-ended tasks and rubrics to understand teachers' thought processes in solving problems on geometry and measurement.

In the South African context, [START_REF] Bowie | The constitution of school geometry in the mathematics national curriculum statement and two Grade ten geometry textbooks in South Africa[END_REF] argued that both the research and curriculum documents acknowledge the difficulty that teachers face in enacting geometry in the classroom. In a study with 128 first year pre-service teachers, [START_REF] Luneta | Foundation phase teachers' (limited) knowledge of geometry[END_REF] found that the majority of the participants had limited knowledge in basic geometry, falling within Level 1 of Van Hiele's theory. He argued that the participants "required not remedial but re-learning of basic these concepts" (p. 71). An earlier investigation in South Africa echoed this and showed that both pre-service and in-service teachers failed to reach the competence level expected of Grade 7 students [START_REF] Van Der Sandt | Pre-service geometry education in South Africa: A typical case? Issues in the Undergraduate Mathematics Preparation of School Teachers[END_REF]. It is therefore clear that the teachers we are working with in this study constitute a small sample of a much larger group of teachers in South Africa who have limited knowledge of basic geometry.

We draw on the existing literature to design tasks to investigate teachers' knowledge in geometry. However, to engage with pedagogical aspects successfully, teachers need strong content knowledge. In the context of our work, teachers needed support in understanding basic knowledge of geometry. In the existing literature, examples that are used in tasks are not problematised. The examples are a critical aspect of designing tasks for teachers, particularly those with a low knowledge base because it is essential that teachers are able to make a start on the tasks, even if they cannot complete all aspects of the task. In this paper, we focus on exemplification including tasks and examples for the purpose of describing teachers' knowledge. We now turn our attention to the theoretical framework which foregrounds examples in understanding teachers' knowledge.

Theoretical framework

We turned to [START_REF] Adler | A framework for describing mathematics discourse in instruction and interpreting differences in teaching[END_REF] for a theoretical framework on Mathematical Discourse in Instruction (MDI) where they focused on object of learning, exemplification, and explanatory talk (see Figure 1). Using a socio-cultural framework [START_REF] Vygotsky | Mind in society: The development of higher psychological processes[END_REF], the authors (ibid) consider mathematics teaching as goal directed. In MDI, how an object of learning is exemplified is important. Another aspect, which is important in exemplification is the principle of variation. In their work, [START_REF] Adler | Exemplifying with variation and its development in mathematics teacher education[END_REF] 

Developing the framework for geometry: Exemplification

The framework MDI focuses on the object of learning, exemplification, explanatory communication and learner participation. In developing the current framework for geometry, we borrowed these elements from MDI framework and modified them according to the needs of using it to examine the tasks used in the data collection tools pre-assessment, worksheets, and questions for the focused interview (see [START_REF] Takker | Tasks for examining secondary teachers' knowledge of basic geometry[END_REF]. In this paper, we will focus on exemplification in geometry using examples as a means to access and ultimately to describe teachers' knowledge. 2). For instance, GF and its attributes is sub-divided into GF and attributes of GF in focus, whereas the task category is sub-divided into tasks with a diagram and tasks without a diagram. These subcategories are then examined under different levels. We needed a relatively finegrained measure to describe and categorise teachers' knowledge, particularly as we worked in the largely unchartered waters of teachers' low knowledge base in geometry where we ultimately seek to investigate changes in their knowledge.

For us, categorising the tasks and examples is a start. And this is what is being offered in this paper. For example, GF is categorised into three levels with two sub levels based on the number of GFs in the given diagram, namely: one GF; two GFs (with same type of figures or different) and three or more GFs (with same type of figures or different). The attributes of GF in focus are categorised into three levels depending on axioms, definitions or theorems needed to solve the problem. In geometry it is important to identify the properties when the diagram is in a familiar orientation as well as in an unfamiliar orientation. Therefore, we categorised representation in standard orientation, in nonstandard orientation or in multiple orientations. By standard orientation we mean the most familiar and common orientation. For example, having the "unequal side" of an isosceles triangle in horizontal position. And non-standard orientation refers to any other orientation than the familiar or most common orientation. In a complex figure, if one or more GF is in standard orientation and others in non-standard orientations then we consider the diagram is in multiple orientations. The subcategories for the third main category, i.e., task, are distinguished by whether the task comes with a diagram, or whether it is expected that a diagram (or a part of it is) be drawn as part of the solution. Six levels were set for a task which comes with a diagram whereas five levels were set for a question which does not come with a diagram. The levels for the task category were also based on the difficulty level of the task. For example, is it a numerical measure problem, or does it include algebra or a simple proof, or a complex proof without numerical measures, or perhaps algebra is also required? In rating the tasks of each data collection tool, the first two authors examined them individually and then discussed to ensure the validity. There were not many differences in each examination and agreement was quickly reached. We present three different tasks and their classifications using the framework. 

EXEMPLIFICATION

Examples of Tasks

We provide examples of three tasks and their analysis using the levels of the framework. The exemplification aspect of the framework guided us to design geometric problems with different combinations of levels. For instance, Example 1 (see Figure 4) has one GF in standard orientation and a numerical measure. The properties that can be used include sum of the interior angles of a triangle and angles opposite equal sides of an isosceles triangle. Therefore, this was categorised as L1, 2, 1, 1 which is explained in Figure 4. In the second example, (see Figure 5) there are two GFs in a non-standard orientation (because the parallel lines are not horizontal) and algebraic measure. The properties that can be used include angles formed on a pair of parallel lines cut by a transversal; vertically opposite angles and angles on a straight line. Therefore, this was categorised as L2(a), 2, 2, 2. The third example involves geometric proof. Example 3 (Figure 6) was categorised under L3(a), 2, 2, 6. The diagram given in the question includes three GFs -an isosceles triangle, a line parallel to one side and an angle bisector, and therefore coded as L3(a). The task was coded with L2 for Attributes of GF in focus since axioms, definitions and properties such as the properties of an isosceles triangle, definition of a bisector of an angle, properties of parallel lines, angles on a straight line, angles at a point need to be used to solve this problem. The diagram of Example 3 is not in standard orientation and that is the reason why it was classified as L2 for Representation.

While this is not a very complicated geometry task, it proved to be quite a challenging problem for the target group of teachers, as we saw in their difficulties with this and similar tasks. Therefore, we categorised Example 3 under L6 for the task aspect -a complex proof involving if-then-because reasoning.

In the given diagram, lines GC, HB and FE intersect at point A, BC = AC, and AH bisects GF. Prove that EF is parallel to BC. 

Discussion and Conclusion

The existing literature (e.g., [START_REF] Ko | Subject matter knowledge of geometry needed in tasks of teaching: relationship to prior geometry teaching experience[END_REF], contains research on the use of measures to assess teacher knowledge in geometry. But there is no instrument to investigate teacher knowledge of basic geometry and hence a focus on content knowledge needed by teachers with a low knowledge base. We have presented part of the framework on exemplification used to develop tasks for investigating mathematical knowledge for teaching basic geometry. We showed how the framework is used to categorise the difficulty levels of the tasks. While using the exemplification aspect of the framework to design tasks for different levels of difficulty, we use the explanatory communication aspect to analyse the teacher responses to course tasks, including the pre-assessment, worksheets, and a focused interview. By analysing data, we hope to identify the mathematical knowledge that is needed to teach basic geometry. Although we are working with a small and special group of teachers, they represent a much larger group of teachers in South Africa, and possibly in other parts of the world, with low levels of geometry knowledge. This unique opportunity holds the potential to identify the structure of profound knowledge needed for teaching basic geometric ideas, relevant for teachers and teacher educators in planning tasks to support teacher learning.

  developed the use of exemplification for mathematics teacher education. They focused on algebra and functions. In MDI for algebra, examples and figures are different. By contrast, in geometry the example and the figure are the same (or at least inextricably linked). We therefore asked ourselves what does it mean to use exemplification in the topic of geometry? In the MDI framework (see Figure 1), exemplification is classified into examples, representations and tasks. This requires adaptation for geometry.
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 1 Figure 1: The MDI conceptual framework (Adler & Mosvold, forthcoming adapted from Adler & Ronda, 2015).
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 2 Figure 2: Exemplification aspect of the framework The exemplification element is divided into three categories: (a) Geometric Figure (GF) and its attributes, (b) Representations, and (c) Tasks. These three categories are further divided into subcategories (see Figure2). For instance, GF and its attributes is sub-divided into GF and attributes of GF in focus, whereas the task category is sub-divided into tasks with a diagram and tasks without a diagram. These subcategories are then examined under different levels. We needed a relatively finegrained measure to describe and categorise teachers' knowledge, particularly as we worked in the largely unchartered waters of teachers' low knowledge base in geometry where we ultimately seek to investigate changes in their knowledge.

  Geometric figure (GF) and its attributes GF (and diagram complexity) Attributes of GF in focus L1: One GF L2(a): Two GFssame type of GFs L2(b): Two GFsdifferent types of GFs L3(a): Three or more GFssame type of GFs L3(b): Three or more GFsdifferent types of GFs L1: Use of axioms, definitions to identify instances of GF L2: Use of axioms, definitions, or properties in solving problems. L3: Use of axioms, definitions, properties or theorems in solving problems Representation (diagram and symbols) L1: Standard orientation L2: Non-standard orientation L3: Multiple orientations Task With diagram Without diagram L1: Numerical measure problem L2: Algebraic measure problem L3: Numerical proof problem L4: Algebraic proof problem L5: Simple proof L6: Complex proofs and converse L1: Draw a diagram based on given information for one GF L2: Extend a given figure L3: Draw a diagram based on given information for two or more GFs L4: Construct a simple figure with one GF L5: Construct a complex figure with two or more GFs
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 3 Figure 3: Levels in exemplification aspect of the framework

In

  ∆XYZ, YX = YZ and 𝑌 ̂ = 102°. Is the information given in the question sufficient to find the size of Z ̂. Give reasons. GF -L1: one GF Attributes of GF -L2: two geometric properties to solve: sum of the interior angles add up to 180 𝑜 and opposite angles to opposite equal sides are equal Representation -L1: Standard orientation Task: with a diagram -L1: a numerical measure problem
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 4 Figure 4: Analysis of Example 1
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 5 Figure 5: Analysis of Example 2

Figure 6 :

 6 Figure 6: Analysis of Example 3
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