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MERGA Response to Australian Curriculum (Mathematics)
Prepared by MERGA VP Development, Gaye Williams, Deakin University

MERGA provides herein an evidence based response to the Australian Mathematics Curriculum that is focused predominantly around feedback from experts from various areas of mathematics education, and also includes feedback from mathematics education researchers including those who are still, or have been teachers, and teachers who use an evidence based approach to focus their teaching. It is focused predominantly around discrepancies between what the Australian Mathematics Curriculum was intended to achieve (as set out in the Aims and Rationale), and what appears in the rest of the document. This is not because there are not many positive aspects to the document, but rather because there are aspects that still need to be addressed. 

The common theme through many of the MERGA responses was that the Australian Mathematics Curriculum Draft has not achieved what was intended and that this is a disappointment. The vision evidenced in the National Mathematics Curriculum: Framing Paper (2008) must not be lost! This MERGA evidence based response is intended to assist the curriculum writers to infuse that original vision into the Content Descriptions and sequence the document in a more coherent way.

This response provides useful advice about how the document could be changed to come closer to achieving its stated aims. There is still considerable work needed to achieve this. This response commences with recommendations for changes to the draft Australian Mathematics Curriculum. The rationale for these recommendations is then provided including illustrations of what needs to be addressed and how this could be addressed.   
Recommendation 1.
That Proficiency Strands be transparent within the Content Descriptions so these descriptions become active through integration of verbs from within the Proficiency Descriptors. 
Recommendation 2.

That the types of verbs in Recommendation 1 be represented equally across Content Strands rather than occur predominantly in Statistics and Probability Strand as they do at present.
Recommendation 3.

Instead of the aspects of Fluency associated with applying rules and procedures dominating the Content Descriptions, increase the number of references to mathematical activity associated with ‘Problem solving’, ‘Reasoning’, and aspects of ‘Fluency’ associated with autonomous student thought, that have been found to support development of the Proficiency Strand ‘Understanding’ (e.g., modelling, developing informal proofs, finding why a pattern exists, and using technology to support mathematical exploration).

Recommendation 4.

Consider revising the description of the Problem Solving Proficiency Strand.

Recommendation 5.

Add another Proficiency Strand that encompasses proficiencies associated with the “Communication of Students’ Mathematical Ideas” to highlight the importance of this aspect of mathematics learning. Include within this proficiency communicative elements associated with small group collaborative activity and whole class sharing.
Recommendation 6.

Provide explicit information about what ‘problem solving’ means to counter teachers’ beliefs about problem solving. Place emphasis on the nature of problem solving as exploration of non-routine tasks where the students are responsible for selecting the mathematics to use and deciding how to use it (in unfamiliar sequences / combinations). 

Recommendation 7.

Make explicit in the Content Descriptions opportunities for modelling activity (named as such) and exploration supported by technology. Use terms within the Proficiency Strands to describe these activities in terms of the content area. Provide sufficient information about the nature of the activities suggested to enable teachers who are not familiar with these types of problem solving to proceed.

Recommendation 8.

Reconsider whether the ‘filter’ is the most appropriate way to illuminate proficiencies

Recommendation 9. 

Develop a curriculum document which positions problem solving as central to learning mathematics and makes explicit reference to problem solving BEFORE and ALONGSIDE the content of mathematics.

Recommendation 10.

Reduce the content in the curriculum so that teachers have more time to support the development of problem-solving skills and dispositions.

Recommendation 11.

Assess students’ problem-solving knowledge, skills (including mathematical modelling, technology supported explorations, and the development of informal proofs), and understandings, in classroom assessment tasks as well as in high-stakes assessments such as NAPLAN.

Recommendation 12.

Support teachers by providing professional development as well as exemplars of lessons, units of work, programs etc which exemplify problem solving as integral to learning mathematics
Recommendation 13.

The overlap between Proficiency Strands should be explicitly acknowledged and elaborated upon in a preamble to these Proficiency Strands.

Recommendation 14.

The diagram containing Content Strands and Proficiency Strands (P. 3) be modified to make visually explicit connections between Proficiency Strands.

Recommendation 15.

Place emphasis on ‘Structure’ through coherent sequencing of content: to illuminate the development of Structure (within and across Content Strands).

Recommendation 16.

The term ‘concept’ is presently used indiscriminately to describe mathematical topics rather than only to refer to deep understandings. Either keep this term with this broader usage and acknowledge how it is being used, or restrict its usage to those relationships, connections, and generalisations that underpin the mathematical content (and define to emphasise this). 
Recommendation 17.

Make a clear distinction between when it is appropriate to use the term ‘proof’ and terms like ‘support’ ‘demonstrate’ or ‘convince’ are appropriate. Ensure this is reflected in the ways such terms are used in the Mathematics Curriculum Document.

Recommendation 18.
More emphasis to be placed on Problem Solving as a collaborative activity that can be accompanied by many small ‘successes’ that engage students in the learning of mathematics, deepen their mathematical understandings, strengthen psychological characteristics that increase student inclination to problem solve, and in turn increase student problem solving capacity.  

Recommendation 19.

That the wording ‘understanding of’ that is used in many of the content descriptions be replaced by a précis of what is meant by understanding in relation to that content area; the relationships / mathematical connections /’big ideas’ involved.

Recommendation 20.

That research be collected / undertaken to elaborate each Content Description in this regard. 

Recommendation 21.

That the Glossary be developed in a far more rigorous way. Increase the number of relevant terms included, revisit each item to check it explains the meaning of the term rather than only gives a rule or procedure for finding it, provide illustrations where appropriate to illuminate elaborations, and correct any incorrect or partly correct statements. 

Recommendation 22.

Pay further attention to illustrations. Those in the content descriptions are not always helpful and there are many places where more relevant illustrations could be used. In addition, well-selected illustrations in the glossary could help teachers develop their understanding of unfamiliar terms and topics.

Recommendation 23.

That attention be paid to research findings about what students are capable of in the Early Years of Schooling and the curriculum at these levels be adjusted (in relation to both Proficiency and Content Strands). 

Recommendation 24.

That Number and Algebra focus and sequence be revised in the light of research evidence provided in this document.

Recommendation 25.

That emphasis be placed on the usefulness of problem solving, group work, and accessible tasks for catering for individual differences in the same classroom. 
Recommendation 26.

That further consideration be given to the Level 10A Level 10 split so disadvantage is not structured into the curriculum through this decision.

Recommendation 27.

That the sequencing of the mathematics curriculum be revisited to increase its coherence and the flow of mathematical development across years levels and levels of schooling. 
Recommendation 28.

Undertake an across curriculum area analysis and refine the curriculum documents to ensure mathematics is developing at an appropriate rate to address its need in other curriculum areas.

Recommendation 29.

Consider where mathematical topics that are developed one after the other could be developed simultaneously (using research evidence provided in this document). 

Recommendation 30.

Illuminate culture within the Content Descriptions making the proficiency strands transparent through the activities associated with examining cultural perspectives.

Recommendation 31

Consider ‘culture’ both in terms of individual differences in the classroom (catering for all students and valuing their heritage), and also in terms of including indigenous Australians’ culture within the mathematics curriculum.

Recommendation 32

Address the specific items listed for attention in this document.

As these recommendations are drawn from analysis of the feedback provided from MERGA members in relation to Proficiency and Content Strands and other more specific feedback, to address the recommendations one by one would necessitate much repetition. Thus, instead, the remainder of this document is organised in Strands (Proficiency (with Reasoning and Fluency discussed whilst addressing Understanding and Problem Solving), then Content. Strand Feedback, and finally feedback on other topics that do not fit easily within that structure. 

A. PROFICIENCIES

To many readers, the differentiation between the Proficiency Strands, is not sufficient as illustrated by the following quote from the response of a MERGA member: “Reasoning appears to cover other aspects of problem solving like problem posing, strategies in particular”. It would be helpful if this overlap between Proficiency Strands were explicitly acknowledged and elaborated upon in a preamble before each is defined.
Emphasis on some aspects of fluency (“carrying out procedures … accurately, efficiently …, and recalling factual knowledge … readily”) and not other aspects (“skills in choosing appropriate procedures, carrying out procedures flexibly, and appropriately”, our emphasis) permeates the Content Descriptions. This devalues those aspects of Fluency associated with developing deep understanding and the non-routine (creative) nature of the mathematical thinking represented in the Problem Solving and Reasoning Proficiency Strands. 

The aims of the new curriculum emphasise the importance of creative mathematical thinking and autonomous student thinking rather than only undertaking thinking dictated by the teacher but this is not sufficiently highlighted in the Proficiency Strands and is not transparent in the Content Descriptions.
In addition, there needs to be a rethinking of what students are capable of at different levels in the light of advances in cognitive neuroscientific and educational research. It has been found that young children possess more advanced cognitive capabilities than previously thought (van Nes & de Lange, 2007).  The Australian Mathematics Curriculum should reflect a content sequence and scope that is consistent with the rationale and aims described early in the draft.  The provision of stimulating, relevant and challenging mathematical experiences should be accessible to all students, and beginning in early childhood.  There is little recognition that children begin formal schooling at five years of age, with a very wide range of experiences and mathematical competencies. Not even the major periods of reform in mathematics education seem to have given most children access to the deep ideas and key processes that lead to success beyond school.  Any proposed new mathematics curriculum should consider moving beyond basic number skills to one that cultivates mathematical thinking and inspires pursuit of the quantitative sciences as per the creative and flexible application of mathematics highlighted in the rationale.  However, the Content Descriptions seem little more than descriptors of basic skills that bear no relationship within strands or between strands. 
That said, we can learn from some of the Content Descriptions in the Statistics and Probability Strands where aspects of various Proficiency Strands are more visible. For example, Year 5, P. 14, Statistics and Probability (1. Data Investigation) states “Solve problems involving the collection of data over time, carry out the investigation and report the results, including using ICT, and justify conclusions about the relationship between the variables” which includes many aspects of the Fluency, Problem Solving, and Reasoning Strands.
A revision of Content Descriptors is needed in other topics to illuminate cross-referencing between topics, and links to related/prerequisite content areas. For example, in Year 6 Number (1 Data Representation) Pie Charts should be linked to angle measure which is Number 4 in Measurement and Geometry. Making such explicit links will be invaluable in particular to inexperienced or ‘out of area’ teachers: assisting them to plan curriculum delivery. It may also lead to new realisations of the connectedness of mathematical areas for others.
1 Understanding (P. 3 Draft Curriculum Document)

The development of mathematical concepts and proficiencies requires understanding of the structure of mathematical concepts, and the relationships between them (Mulligan & Mitchelmore, 2009), the semantics of mathematical language and quantitative literacy (Diezmann & Lowrie, 2009), and processes of abstracting, and symbolisation that are peculiar to mathematics (Mason, Stephens, & Watson, 2009).
The definition of understanding on Page 3 states:
“Students build robust knowledge of adaptable and transferable mathematical concepts, make connections between related concepts and develop the confidence to use the familiar to develop new ideas, and the ‘why’ as well as the ‘how’ of mathematics”.
This definition indicates that the outcomes of possessing deep understanding include: the ability to modify known mathematics (adapt) for new purposes, and recognize known mathematics in new contexts (transferable). It includes making connections or ‘seeing relationships’ and knowing ‘why’ these relationships exist. The aspects of fluency that are represented explicitly in the content descriptions to a greater extent than other aspects of fluency, and than other proficiencies (“carrying out procedures … accurately, efficiently …, and recalling factual knowledge … readily”), are not those aspects of fluency that develop deep understanding (“skills in choosing appropriate procedures, carrying out procedures flexibly, and appropriately”). To attain the aims of the curriculum document, this needs to be addressed. It is essential that the curriculum documents integrate those aspects of the proficiencies associated with autonomous solving of non-routine problems into the content descriptions.  

Research on mathematics learning has often been restricted to an analysis of children’s developmental levels of single mathematical areas such as counting, but has not provided insight into common underlying processes that develop mathematical generalisation. Recent initiatives in early childhood mathematics education, for example the Building Blocks Project (Clements & Sarama, 2009) and the Big Maths for Little Kids Project (Ginsburg, 2002) provide research frameworks to promote ‘big ideas’ in early mathematics education. At the international level, significant concentrations of new research are focused on data modelling and statistical reasoning, early algebraic thinking and a structural approach from the early years (e.g., Carraher, Schliemann, Brizuela & Earnest, 2006; English, 2009; Mulligan & Mitchelmore, 2009; Watson, 2006). Structural development is a growing theme in this research. Earlier studies examined counting, grouping, unitising, partitioning, estimating and notating (Thomas, Mulligan, & Goldin, 2002), multiplicative concepts (Mulligan & Mitchelmore, 1997), combinatorial thinking (English, 1993), and spatial structuring (Battista, Clements, Arnoff, Battista, & Borrow, 1998) as essential elements of structure. Current studies are providing increasing evidence that early algebraic thinking develops from the ability to see and represent patterns and relationships such as equivalence and functional thinking in early childhood (Papic, Mulligan, & Mitchelmore, 2009; Warren & Cooper, 2008). 

Studies by Lehrer and Schauble (2005), and by English (2010) on problem solving, measurement and data modelling contribute to a more integrated approach to studying structural development and bring an interdisciplinary richness to new research on early learning. Preliminary findings of a current longitudinal study of first graders (English, 2009) indicate that an innovative approach to developing statistical reasoning (interdisciplinary data modelling) can be successfully integrated into mathematics and science curricula. Children as young as six years collected, represented, interpreted, communicated and argued about data that addressed the theme, Looking After Our Environment. Children displayed powerful skills in identifying varied, complex attributes and in categorising and representing these data in numerous ways. Similarly in current studies at Macquarie University, Ahearn and Mulligan found that 7-year olds could collect, organize and structure data from investigations about Ourselves, interpreting the structure of the data using technological tools such as Excel (Ahearn, 2007).

The aspects of the Proficiency Strands that were identified as under represented in the Content Descriptions at present are also associated with increasing student engagement (Marks, 2000; Tytler et. al, 2008) and contributing to building the psychological characteristics associated with confidence (optimism, Seligman, 2005; Williams, 2008). This in turn to lead to increased willingness to explore unfamiliar challenging problems (Williams, in press). The Proficiency Strands in this draft curriculum documents have not been sufficiently integrated with the mathematical content to highlight the importance of enabling autonomy and spontaneity to develop deep understandings (Williams, 2006).  

Research has shown that deep understanding develops through problem solving activity. It is this deep understanding that enables students to make judgments about what mathematics to use, how to interpret it, and the reasonableness of what is found. Working out the reasons why particular patterns were found and formulating generalizations from these patterns builds the understandings that underpin mathematical rules and procedures. Communication of thinking in peer groups, and whole class situations has been found to contribute to the development of deep understanding thus the curriculum document should make explicit opportunities for students to communicate the ideas within the Content Descriptions as they develop, justify them, and generalize ideas by themselves or in groups and then communicate them to others (Wood, Williams, & McNeal, 2006). Some problem solving activities that have been linked to the development of deep understanding include mathematical modelling, technologically supported explorations, and student developed geometrical proofs.  These types of activities are closely linked to the proficiency stands. 
1.1 Content Descriptions Need Proficiencies Embedded

The curriculum should be described in terms of the big ideas and / or relationships rather than the sterile rules that arose from rich mathematical thinking in bygone years. An example is provided of a Content Description that should be modified to convey the types of relationships underpinning an understanding of the content. A suggestion is made about how such a description could be revised. This revised description is based upon previous research (White & Mitchelmore, 2002; Williams, 2003) and research in progress (Williams, under construction) associated with what students did and did not know when they were taught only rules and procedures associated with this content area, and how new understandings developed. This is followed by another example and the questions raised in considering how to rewrite it to capture the relationships involved in developing the types of understandings described on P.3 of the curriculum documents (“adaptable and transferable” making “connections between related concepts”).

1.1.1 Example of Content Description Modified to Embed Proficiencies 

E.g., 1. (P. 16), Year 6, Measurement and Geometry, 4. Angles: “Estimate, compare and measure angles”. To achieve this, students need to understand what an angle is—the amount of turn between one arm and another. Initially students (Grade 4, 5, 6, Year 8) pointed to a point (vertex), lines (the arms), a distance (from one arm to another at any orientation), or an area (between the arms) when asked to show the angle and given movable arms. The teachers were surprised because they had taught angle and thought the students had understood. Collaborative problem solving involving students designing their own instruments to measure angle (when they had not been given protractors) led to a gradual development over time of the following understandings (for most students) (Williams, under construction): 

· Angle as the amount of turn about the vertex to get from one arm to the other

· Connections between the attributes on the protractor that represent this the angle, and the angle itself (vertex of angle, arm that remained stationery, arm that has turned, turning ‘movement’)

Teachers consolidated the learning by summarizing the ‘rules’ students developed for themselves and providing practice opportunities. Teachers need information about the types of connections students make as they come to understand different aspects of the content. Crucial to remembering what they have learnt is knowing why the protractor works (linking attributes of the concept of angle to the attributes of the measuring instrument). Decisions would need to be made by curriculum writers about how much of this information to put in the Content Description, Elaborations, and Glossary. The recommendations in this MERGA Feedback Document could help to inform that decision.
In addition, for Year 5, Measurement and Geometry, 3. Scales, and Year 6, 2. Measurement, could include ‘angles’ to help students make connections across types of scales, and the curved nature of this scale (compared to the linear one), might help consolidate the nature of angle as the amount of turn from one arm to the other.

1.1.2 Example of Content Description and Questions to Help Embed Proficiencies

E.g. 2. (P. 18), Year 7: Number and Algebra, Content Description 1: “work fluently with index notation” 

What does this mean? What are the deep understandings associated with students being able to work fluently with index notation? What links might students make as they develop a deep understanding of this notation?

To integrate Proficiency into the Content Descriptions, the following types of questions need to be asked: What does fluency look like in Year 3 or 7 or 10 in aspects of Number? And, in aspects of Geometry? What does problem solving look like in those same year groups? Etcetera. 

1.2 Developing Deep Understanding

The process of developing deep understanding has been examined from different theoretical frameworks (e.g., Dreyfus, & Hershkowitz, 2009; Williams, 2006; White & Mitchelmore, 2002; and Stacey, 2005). It includes recognizing mathematics within various contexts, and recognizing what mathematics could be used in what sequences and combinations to solve an unfamiliar problem (Schwarz, Dreyfus, & Hershkowitz, 2009). It can commence with commonalities recognized / drawing out the underlying structural features of superficially different, familiar situations (White & Mitchelmore, in press). The process of developing deep understanding includes finding out why certain patterns were found in a given situation. It is this underpinning understanding of the mathematics itself, and how it relates to the situation at hand that is associated with deep understanding. Students who can readily link abstract concepts to familiar situations (whether they be mathematical or physical) regard mathematics as meaningful, appreciate its power, and generally achieve more and continue their study of mathematics longer. Students who cannot make this link learn mathematics superficially and cannot apply what they have learnt (White & Mitchelmore, 1996). 
Students start to see relationships between mathematical ideas that they had originally seen as disparate, and work with the symbolisations of these ideas and connect a variety of representations in doing so (e.g., numerical, graphical, geometric, and algebraic), abstractions (new conceptual understandings arise). Thus reasoning can result in the development of mathematical insights that arise from initially recognizing physical commonalities (Hershkowitz, Schwarz, & Dreyfus, 2001) and then considering why they occur. This reasoning and the outcomes of it are represented in each of the four Proficiency Strands. As the communication of developing ideas helps to build mathematical insights, it is recommended that ‘communication of mathematical ideas’ be accented in the Proficiency Strands. 

1.3 Summary: Understanding

The use of the terms “creative users” and application of “mathematical understanding creatively” highlight the importance of inspiring a deep flexible use of mathematical processes but there is little reference to what this means in practice, and there is no easily visible reference to creative mathematics in the Content Descriptions. 

The Content Descriptions should be written as ‘active’ with more verbs associated with the Proficiencies Strands. Those many Content Descriptors and Elaborations that include the words ‘understanding of’, rather than providing detail about what that ‘understanding’ relates to need to be reworded. Doing so will help to embed the proficiencies in the Content Descriptors.

There is a lot to be learnt about the types of connections students make as they develop deep understandings through various problem solving activities. Research can help to identify connections students have made, understandings they have struggled with, and the implementation of activities that have stimulated the development of new insights. More research should be undertaken to satisfactorily elaborate understandings within all Content Descriptors. As the Framing Document (2008) stated, there is a need to identify the ‘big ideas’. These should be used as the basis for the structuring and labelling Content Descriptors. This will assist teachers in identifying what is important, and also assist in adding to the coherence of the topic sequencing. For example, one of the strengths of placing Number and Algebra in the same strand is to develop a sequence from prealgebraic to algebraic thinking. This has not yet been achieved. 

2 Problem Solving 

… a fundamental aim of the mathematics curriculum is to educate students to be active, thinking citizens, interpreting the world mathematically, and using mathematics to help form their predictions and decisions about personal and financial priorities. (NCB, 2009, p. 5).

Problem solving is recognised as an important life skill involving a range of processes including analysing, interpreting, reasoning, predicting, evaluating and reflecting. It is either an overarching goal or a fundamental component of the school mathematics curriculum in many countries. However, developing successful problem solvers is a complex task requiring a range of skills and dispositions (Stacey, 2005). Students need deep mathematical knowledge and general reasoning ability as well as heuristic strategies for solving non-routine problems. It is also necessary to have helpful beliefs and personal attributes for organizing and directing their efforts (Williams, 2005). Coupled with this, students require good communication skills and the ability to work in cooperative groups (see Figure 1).


Figure 1. Factors contributing to successful problem solving (Stacey, 2005, p. 342)

Teachers have had many opportunities to build knowledge about teaching problem solving and using problems as a focus of learning in mathematics (Cai, 2003). In Australia advice to teachers has been provided in a range of publications including books (e.g., Lovitt & Clarke, 1988) and professional journals (e.g., Peter-Koop, 2005), in national curriculum statements (e.g., Australian Education Council, 1991) as well as in state and territory curriculum documents (e.g. BOS NSW, 2002). Such advice has been accompanied by pre-service and in-service programs to change teaching practices from more traditional approaches to contemporary or reform methods where teachers use non-routine problems and problem-centred tasks (Anderson & Bobis, 2005). Given the amount of policy advice and resource development, there have been limited opportunities for Australian students to solve problems other than those of low procedural complexity (Stacey, 2003). It is possible that one of the main constraints on implementation is the type of questions included in assessment tasks (particularly high stakes assessment) and in resources such as school textbooks (Doorman et al., 2007; Kaur & Yeap, 2009; Vincent & Stacey, 2008). 

2.1 Problem Solving: Regular Component of Mathematics Learning in Classrooms

The following initiatives are needed to help problem solving to become a more common practice in mathematics classrooms: a) explicit description of what problem solving involves; b) positioning problem solving BEFORE and ALONGSIDE the content of mathematics in the curriculum document; c) reducing mathematical content to provide time for problem solving activity, d) assessing problem solving skills on high stake assessments (e.g., NAPLAN); e) raising awareness of how successes with problem solving can build the psychological characteristics that strengthen student problem solving ability (Williams, 2006; in press); f) support teachers with professional learning, exemplars of lessons, units of work, and programs which exemplify problem solving as integral to learning mathematics.

Only the first four of these recommendations will be discussed here in relation to the draft Australian Curriculum: Mathematics K-10 (ACARA, 2010). Some of the comments below relate to more generally to other proficiencies as well.
2.1.1 Provide explicit information about ‘problem solving’
To begin, the Shape of the Australian Curriculum: Mathematics (NCB 2009, p. 5) document, indicates that:

In many jurisdictions the term working mathematically is used to describe applications or actions of mathematics. This term does not encompass the full range of desired actions nor does it allow for the specification of the standards and expectations for those actions. It is proposed that the national mathematics curriculum use the four proficiency strands of Understanding, Fluency, Problem solving, and Reasoning, adapted from the recommendations in Adding it Up (Kilpatrick, Swafford & Findell, 2001), to elaborate expectations for these actions. These proficiency strands define the range of nature of expected actions in relation to the content described for each of the content strands.
Table 1. The definitions for each of the proficiency strands are (ACARA, 2010, p. 3)

	Understanding
	Students build robust knowledge of adaptable and transferable mathematical concepts, make connections between related concepts and develop the confidence to use the familiar to develop new ideas, and the ‘why’ as well as the ‘how’ of mathematics.

	Fluency
	Students develop skills in choosing appropriate procedures, carrying out procedures flexibly, accurately, efficiently and appropriately, and recalling factual knowledge and concepts readily.

	Problem Solving
	Students develop the ability to make choices, interpret, formulate, model and investigate problem situations, and communicate solutions effectively.

	Reasoning
	Students develop increasingly sophisticated capacity for logical thought and actions, such as analysing, proving, evaluating, explaining, inferring, justifying, and generalising.


While this definition seems to capture some sense of problem solving, it may not be sufficient to communicate the types of problem-solving tasks teachers ought to use. Also, this definition encompasses the important process of communicating which has been identified as a separate process in other curriculum documents (e.g., BOS NSW, 2002; NCTM 2000). There is some concern that not having ‘communicating’ as a separate process may diminish its importance. The Principles and Standards for School Mathematics (National Council of Teachers of Mathematics, 2000) includes five process strands – Problem Solving, Reasoning and Proof, Communication, Connections and Representations. Each process strand identifies four outcomes that apply from Pre-kindergarten to Grade 12. The problem-solving strand states the following.
Problem solving: instructional programs from prekindergarten through grade 12 should enable all students to – 

· build new mathematical knowledge through problem solving;

· solve problems that arise in mathematics and in other contexts;

· apply and adapt a variety of appropriate strategies to solve problems;

· monitor and reflect on the process of mathematical problem solving (p. 52).

This description of ‘problem solving’ better reflects the processes involved in problem solving than the one included in the draft Australian Curriculum for Mathematics.

In addition the discussion about problem solving in the NCTM Standards (2000, p. 52) begins with the statement “problem solving means engaging in a task for which the solution method is not known in advance”. This is an important point to be made about ‘problem solving’ if teachers are to understand that problem selection is critical. For many students, problem solving needs to be more than just doing the textbook questions involving applications of mathematics for which the students already know the procedure.

Rather, problem solving frequently involves investigating new and somewhat challenging situations that require time and effort. Considerable research has indicated teachers’ believe problem solving only applies to applications of the content, usually presented in a ‘word problem’ in the textbook (e.g. Anderson & White, 2004). This view needs to be challenged if we are to see problems other than those involving low complexity in mathematics classrooms.

References to problem solving in the Content Descriptions and Content Elaborations may lead teachers to believe they only need to use the low complexity application questions in textbooks. See Table 2 for examples. 

Table 2. Representative examples of content descriptions (illustrating only low level complexity)

	Grade level
	Strand/Topic
	Content Description 

	Kindergarten
	S & P - Data investigation
	D – Solve problems by collection data and answering questions about obvious attributes of themselves and familiar objects and events

	Year 6
	M & G - Measurement
	D – Solve problems involving comparison of length, area, volume and other attributes …

	Year 8
	M & G - Pythagoras
	D – Use Pythagoras to solve simple problems …

	Year 9 
	N & A – Simultaneous Eqns
	D – Solve problems involving linear simultaneous equations, using algebraic and graphical techniques including using ICT

	Year 10
	M & G – Latitude and longitude 
	D – Solve problems involving latitude, longitude, and distances on the Earth’s surface using great circles


2.1.2 Position Problem Solving Before and Alongside the Content
The only explicit reference made to the Proficiency Strands including what they are about and how they are positioned in the draft curriculum document is presented on the second and third pages. Many teachers appear not to have read this information.

For each of the three Content Strands, Content Descriptions are clearly presented for each year of schooling. We are advised in the draft document that the Proficiency Strands “have been incorporated into the Content Descriptions of the three Content Strands” (p. 2). To aid with the identification of the proficiencies, a ‘filter’ may be applied to the content descriptions, which highlights where this incorporation has occurred. Reading the content statements reveals limited reference to the proficiencies, leaving the possibility teachers (as well as developers of test items and writers of school-based resources) will consider problem solving to be less important and not a priority.

The distinction made in the draft document between the content strands and the proficiency strands is not consistent with the Rationale. The Australian Curriculum: Mathematics K-10 (ACARA, 2010, p. 2) states:

The content strands are Number and Algebra, Statistics and Probability, and Measurement and Geometry. They describe ‘what’ is to be taught and learnt.

The proficiency strands are Understanding, Fluency, Problem solving, and Reasoning, and describe ‘how’ content is explored or developed ie the thinking and doing of mathematics. They provide the language to build in the developmental aspects of the learning of mathematics and have been incorporated into the content descriptions of the three content strands …

So in the draft curriculum document, the Content Strands describe ‘what’ is to be taught and the Proficiency Strands ‘how’ it is to be taught including ‘the thinking and doing of mathematics’ which serves a similar purpose to Working Mathematically as described in Mathematics – A Curriculum Profile for Australian Schools (AEC, 1994).

The Rationale states 

The Australian mathematics curriculum focuses on developing increasingly sophisticated and refined mathematical understanding, fluency, logical reasoning, analytical thought processes and problem-solving skills to enable students to respond to familiar and unfamiliar situations by employing mathematical strategies to make informed decisions and solve problems efficiently.

The Rationale appears to be suggesting that understanding, fluency, reasoning and problem solving are also about what we want students to learn as a result of mathematics teaching. This, therefore, should be considered AS important if not MORE important than content.

Other curriculum documents have positioned the process or Proficiency Strands alongside the Content Strands. For example, in the document Mathematics – A Curriculum Profile for Australian Schools (AEC, 1994) Working Mathematically has its own outcomes with a developmental continuum across all of the years of schooling. In NSW, there are six strands including Working Mathematically, Number, Patterns and Algebra, Space and Geometry, Data, and Measurement – Working Mathematically has distinct outcomes and on each page of the curriculum document alongside the content for each of the other strands, there are statements representing the use of Working Mathematically processes in the learning of the content.
It is crucial that the Australian Curriculum: Mathematics K-10 must make it clear and explicit to teachers throughout the document and especially in the content section that problem solving is also what we want students to learn. This is not achieved by incorporating some references to problem solving within the content strands. 

2.1.3 Use of the Filter to Illuminate the Proficiencies 

The use of the filter button on the website presentation enables the reader to highlight the occurrence of understanding, fluency, reasoning and problem solving in each of the content strands and the elaboration tab provides more information. If the reader does not use these computer facilities, the importance of understanding, fluency, reasoning and problem solving is not obvious. 

The everyday use of filters (for example in air conditioning, cigarettes and water purifiers), is generally to filter out unwanted components. It is counter-intuitive to use filters in the computerised representation of what students are to learn in mathematics to demonstrate to teachers what the curriculum’s Rationale describes as the thinking and doing of mathematics. The components of the Proficiency Strands must be presented on the same screen or page as each of the content strands, not embedded through the use of certain verbs in content statements. 

It is somewhat surprising when using the filters to explore understanding, fluency, reasoning and problem solving to discover that these are not expected in ALL of the content statements. For example, Reasoning is not highlighted for Year 7 Number and Algebra item 4 on Variables although the elaboration does mention applying effective strategies for a range of mental computations such as: 156 - 19 = 156 - 20 + 1 and surely this does involve reasoning. 

Similarly the Problem Solving filter does not highlight Year 7 Number and Algebra Item 5 Linear Equations although the Elaboration states solving real life problems by using pronumerals to represent the unknown, writing an equation, estimating the answer, solving and checking solution.
It is alarming how infrequently Problem Solving is highlighted throughout the content statements for each year. The table below illustrates. 
Table 3. Number of content statements highlighting problem solving compared to the number of content statements in general at each year level

	Year
	Total number of content statements
	Number of content statements highlighted for Problem Solving

	K
	11
	4

	1
	14
	1

	2
	17
	3

	3
	18
	4

	4
	19
	3

	5
	18
	8

	6
	21
	6

	7
	15
	6

	8
	17
	6

	9
	15
	6

	10
	14
	4

	10A
	6
	2


Another disadvantage of only embedding the components of the Proficiency Strands in the Content Strands, is that it is not apparent how these components may be developed and strengthened across the school years. However, the draft document states that it wants to ensure students’ proficiency in mathematical skills is developed throughout the curriculum and becomes increasingly sophisticated over the years of schooling. Unfortunately the current structure and format of the draft curriculum document works against this.

A statement about problem solving must be made either at the beginning of each year of schooling BEFORE the Content Descriptions and/or ALONGSIDE the content with explicit indicators of appropriate problem solving at each year level. The Proficiency Strands could be presented on each page as a separate fourth column beside the content descriptions for each year of schooling.

2.1.4 Reduce the Content in the Draft Curriculum

A further recommendation to support the implementation of problem solving in mathematics classrooms is to reduce the content in the curriculum so that teachers have more time to support the development of problem-solving skills and dispositions as described by Stacey (2005). This recommendation is based on evidence from Singapore where the results of an early TIMSS study led to several changes in the curriculum – the content was reduced by about 30% (Kaur, 2001) and problem solving became the primary goal of learning mathematics. Subsequent results in international tests suggest these strategies were somewhat successful although they were also accompanied by the government’s commitment to teachers and their growth as professionals with teachers entitled to 100 hours of professional development every year (Kaur, 2001).

While the Shape of the Australian Curriculum: Mathematics (ACARA, 2009) document indicated there should be more depth and less breadth in the curriculum, this does not appear to have occurred in many years in the draft document, particularly from Years 5 to 8, a critical time in students’ learning of mathematics.

2.1.5 Assess Students’ Problem-solving Skills 

A final recommendation regarding problem solving is the need to promote the assessment of problem solving in the curriculum. The Achievement Standards for each year provide an expectation of the quality of learning that students should reach including the depth and extent of knowledge and the sophistication of skills. As written, the standards appear to be a summary of the content descriptions although not all content is included. There is little evidence of the Proficiency Strands being embedded in the Standards.

2.2 Concluding Comments (Problem Solving)
As noted in the Shape of the Australian Curriculum: Mathematics (NCB, 2009, p. 9), for many students, their “experience of mathematics is alienating and limited”, particularly given the frequency of use of low complexity problems (Hollingsworth et al., 2003). If problem solving is to be promoted as an important component of the curriculum the types of problems which are most desirable must be made explicit.

In a summary of international trends in mathematics curriculum development, Wu and Zhang (2006) noted an increased focus on problem solving and mathematical modelling in countries from the West as well as the East. Curriculum developers recognise that providing problem-solving experiences is critical if students are to be able to use and apply mathematical knowledge in meaningful ways. It is through problem solving that students develop deeper understanding of mathematical ideas, become more engaged and enthused in lessons, and appreciate the relevance and usefulness of mathematics.
Given the efforts to date by many countries (including Australia) to include problem solving as an integral component of the mathematics curriculum and the limited implementation in classrooms, it will take more than rhetoric to achieve this goal. While providing valuable resources and more time are important steps, it is possible that problem solving in the mathematics curriculum will only become valued when it is included in high-stakes assessment. In addition, teachers need readily available examples of useful non-routine problems, particularly in textbooks.
3 Types of Mathematical Problem Solving Activity Associated with Proficiencies

This includes some of the types of problem solving activity where the mathematical activity involved addresses various proficiencies. These include mathematical modelling, technology supported exploration, and formulating informal and formal geometric proofs.
3.1 Mathematical Modelling

A significant contribution can be made through appropriate incorporation of mathematical modelling approaches into curricula and making this explicit in the content descriptions. It begins with an identification of cognate issues from the National Statement. Because of space, it does not address these serially, but presents a case that encompasses the scope of the selected items (see Figure 2). 
Rationale (page1): 

“…problem solving skills to enable students to respond to familiar and unfamiliar situations by employing mathematical strategies to make informed decisions and solve problems efficiently”

‘…apply their mathematical understanding creatively and efficiently”.

“…ensure that students are confident, creative users and communicators of mathematics, able to investigate, represent, and interpret situations in their personal and work lives, and as active citizens.” 

“…students recognize connections between the areas of mathematics and other disciplines…”
Number and Algebra Strand (page2):

“…apply their number and algebra skills to conduct investigations, solve problems, and communicate their reasoning”

Statistics and Probability (page2):

“…undertake purposeful investigations involving the collection and interpretation of data”
Measurement and Geometry (page3):

“…make meaningful measurements of quantities…understand connections between units and calculate derived measures such as area, speed and density”

Problem Solving (page3):

“…develop the ability to make choices, interpret, model and investigate problem situations, and communicate solutions effectively”.

Years K-2 (page 4.):

“…children to pose basic mathematical questions about their world, identify simple strategies to investigate solutions, and strengthen their reasoning to solve personally meaningful problems”.
Years 3-6 (page 4):

“…students studying coherent, meaningful and purposeful mathematics that is relevant to their lives”

Years 7-10 (page 4):

“…students need an understanding of the connections between the mathematics concepts and their application in their world in contexts that are directly related to topics of relevance and interest to them”.

Implications for teaching and learning (page 5):

“In mathematics, challenging problems can be posed using basic content, and content acceleration may not be the best way to extend students”.
Re Numeracy: (page 5): “ The world in the 21st century is information driven, and statistics and probability provide opportunities for students to interpret data and make informed judgments about events involving chance”.

 Re ICT: (page 5): “ICT allow students to solve problems and perform tasks that previously have been onerous”. 

Re Thinking Skills (page 5): “ The mathematics curriculum is designed to promote students thinking and reasoning about solutions to problems…”

Re Creativity (page 5): 

“The mathematics curriculum encourages approaching problems in different ways.”

“It is important that students are encouraged to take responsibility for their own learning in mathematics and work collaboratively in teams. Teamwork should be inherent in explorations and investigations, which are essential processes through which students learn to be mathematicians”

Links to other learning areas (page 6):

“This across-the-school commitment can be managed by including specific reference to other curriculum areas in the mathematics curriculum…”

Figure 2. Excerpts of the Australian Curriculum Draft addressed in this modelling section

3.1.1 General issues
It is important to recognize that mathematical modelling is ascribed various meanings by those who use the term, often on the basis of limited experience, and it is dangerous to base decisions on opinions that are not supported by substantial work in the field. There is not space to elaborate in this submission, but as with other approaches, mathematical modelling has suffered from its share of misplaced intentions and unsatisfactory implementations. What can be claimed is that properly implemented, mathematical modelling can make a genuine and in some cases almost a unique contribution within each of the components of the curriculum statement identified above. 

3.1.2 Across curriculum levels issues

Children are natural modellers. In the playground young children know that at times it is perfectly appropriate to allow ‘2 =1’, for example when sharing out lollies of different sizes. But their real world appreciation becomes increasingly alienated from school mathematics, when the latter takes on a sterile and artificial identity, illustrated by the following paraphrased comment captured on tape within a classroom “Just do it, it doesn’t have to make sense  - it’s mathematics” 

It is noted that the expectation (page 1), that the new curriculum will: 

…ensure that students are confident, creative users and communicators of mathematics, able to investigate, represent, and interpret situations in their personal and work lives, and as active citizens.

While having specific curriculum implications, this statement points to a wider issue (arguably an ethical one), in that students can complete 10 or 12 or more years of mathematics study, and yet be unable to apply their mathematical knowledge to anything other than a formally presented assessment task. It would be a brave assertion to suggest that this has not applied to a significant majority of our students. This is a problem area that skills in mathematical modelling, suitably applied with mathematical content, are particularly suited to address. 

It is thus both significant and important that mathematics and the real world of students need to begin their relationship from the early years of primary education, and we are fortunate in this country to have individuals who are working in this area of the curriculum. That the approach needs to be consolidated and extended, as students progress through higher levels is essential to the achievement of related intentions within the national curriculum. Again, there is current professional expertise to be accessed and shared.  

3.1.3  Modelling and Problem Solving 

 With respect to implementation mathematical modelling can be represented as a cyclic iterative process, and as such represents a particular type of problem solving – one in which a solution must meet non-mathematical criteria associated with its real world setting, as well as mathematical integrity. The procedure includes specific sections directed to defining a mathematical problem from a real world situation, setting up a solution process, solving then interpreting the mathematical solution in terms of the problem situation, and finally evaluating the outcome, and either returning to the problem challenge, or communicating the result in clear and defensible terms. While representations differ in specific details, this cyclic process is accepted internationally, and continues to be applied by practitioners in many countries, both professionally and in providing a well-structured teaching approach within educational settings. It is teachable and learnable.

Models of Modelling: As noted earlier it is essential to recognize that the modelling descriptor is used with various meanings, some of which are injurious to its potential.
Using contextualised examples to motivate the study of mathematics: Sometimes a supposed practical context is used to situate the mathematics to be learned, with the main purpose an affective one of motivation. There is nothing wrong with this intention, except when there is more concern about how students view the task, than for using its potential to enhance mathematical understanding and power. The mere use of a real-world context in presenting mathematics does not necessarily mean that serious mathematics is being conducted in any significant way.  It is fair to suggest that some of the expectations in the Curriculum Statement potentially lend themselves to lip service observance in this way, unless requirements are carefully mandated.
Modelling as a vehicle of instruction: When used as a vehicle, modelling contexts are chosen or contrived so that the mathematics of interest is embedded in the associated examples. The principal driving force in defining the boundary of the activity is curriculum content, and the genuineness of applications is made subservient to this perceived need.  There can be some excellent teaching and learning achieved within this approach, but an associated danger that the desired outcomes for students will fall short of their potential.
Modelling as curriculum content:  Quoting from the overview chapter in the MERGA publication Research in Mathematics Education in Australasia 2004-2007 we have the following (page 351): “ …of all the chapters in this volume the chapter (on the teaching and learning of applications and mathematical modelling) comes closest to focusing on issues directly concerned with the mathematics content taught and learned in classrooms”. 
 The modelling as content perspective is motivated by the desire to enable students to develop and apply skills necessary for obtaining a mathematically productive outcome to a problem with genuine real-world connections, whether contextualised in another discipline area, or in a workplace or other life related setting. Here the solution to a problem must take seriously the context outside the mathematics classroom, within which the problem is located, and its evaluation involves giving serious attention to that context. This approach stands to address more of the issues identified in the consultative document for purposes of this submission than the others.  
Modelling and mathematical content: A question faced by mathematics teachers from time immemorial is: “When am I going to need this mathematics?” It is a question that can almost never be answered in a specific case. The National Curriculum Statement is at pains to emphasise the importance of students being able to see and use mathematics in the workplace and in making decisions related to their lives. The following list illustrates how mathematical content relevant to the proposed curriculum is involved in a sample of real world situations, all of which have been developed as teaching resources.
Awarding Olympic medals (Sport) – weighted averages

Barcodes (Commerce) - numerical proof and divisibility 

Blood alcohol level (Biology & Chemistry) – functions on split domains.

Bodily dimensions and functions (Biology) – similarity, mensuration 

Bowling averages (Sport/Cricket) – modular arithmetic, multiple solutions of equations.

Climate change (Environment) – moving averages, graphing choices

Daylight saving (Geography) - functions and graphs

Diet and exercise (Biology) - geometric series

AFL round 22 final 8 issue (Sport/AFL) – quadratic equations

Energy balance in foods (Biology & Chemistry) - simultaneous equations

Heptathlon and Decathlon (Physical Education) – exponential functions

Oil pipelines (Geography) – multiple solutions of equations, compatibility relations 

Shot on Goal (Sport/soccer & hockey) - trigonometry

Steel mill processing (Manufacturing) – geometric series

These examples are illustrative of how applications, embedded with mathematical modelling, can infuse the teaching of formal curricular content. 

With respect to Links to other learning areas (page 6) they also provide another direction of approach. The problem situations begin in the real world, and their solution frequently involves using basic knowledge from other discipline areas, as well as mathematics. 

They also provide a means of addressing the issue behind the leading statement under the heading Implications for teaching and learning (page 5). 

“In mathematics, challenging problems can be posed using basic content, and content acceleration may not be the best way to extend students”.
3.1.4 Summary: Mathematical Modelling
In summary we emphasise the following. Many of the excellent points in the consultation document, highlighted in this submission, are vulnerable to lip service. To assure appropriate engagement with the issues raised as significant curriculum foci, the following needs to occur:

Outcomes representative of the intended foci need to be mandated in assessment requirements, in ways that assure their attainment. This will involve the application of teaching strategies specifically directed to their achievement, using curriculum materials appropriate for the purpose. 

The former exist, and can be promoted and shared by those who are active participants in the field of applications and mathematical modelling - it can be noted that productive collaborative student activity is a significant component. 

 Many of the latter also exist, but in a diffused form – they need to be assembled systematically in terms of year level, content area, and specific purpose. Others of course need to be constructed. Here it is noted that the development of ICT approaches greatly facilitates the use of real world data, which at times are messy, so that mathematical modelling and technology are symbiotic partners in education. 

Finally, teacher education needs to contain emphases that build skills and confidence in both designing tasks and implementing the kind of teaching necessary to fulfil these curriculum intentions. It cannot be assumed that this outcome will be achieved through osmosis - again specific activities have been developed by workers in the field, activities and approaches that can and need to be incorporated in such initiatives.    

Finally, this country is well placed in terms of the knowledge resources necessary to support curriculum initiatives that include skills and expertise in applications and mathematical modelling. Australia has for over a decade been represented on the Executive Committee of the International Conference/Community on the Teaching of Mathematical Modelling Applications (ICTMA), which is an Affiliated Study Group of the International Committee on Mathematical Instruction (ICMI). This representation includes the immediate past-president of ICTMA, and the current editor of the organization’s newsletter. 
3.2 Technology Supported Problem Solving

The previous sections have already drawn attention to the usefulness of technology in supporting exploration, and the modelling of complex situations. The emphasis with ICT should be on its use as a tool to develop understanding and interpret results rather than just as an answer generator.

There has been rapid growth in the use of technological toys, interactive multimedia, and interactive whiteboards for mathematics learning and teaching in the early years (Buckingham, 2007; Clements & Sarama, 2003; Edwards, 2006; Haugland & Wright, 1997; Kilderry & Yelland, 2005; Sarama, 2004). However, there is a paucity of research to substantiate the pedagogical advantages of these more recently introduced technologies (Goodwin & Highfield, in press). Recent seminal studies at Macquarie University have evaluated the use of virtual manipulatives (Highfield & Mulligan, 2007), technological toys (Highfield & Mulligan, 2009) and interactive multimedia (Goodwin, Mulligan, & Hedberg, 2007) on young children’s development of mathematical concepts. While new technologies can provide more flexibility and motivate students to engage in mathematics, there are wide individual variations in the way different technological tools and types of multimedia influence learners’ cognitive capacities and mathematical representations. Thus, it is imperative that any development of national mathematics curricula seriously consider the role of technology in quantitative reasoning.
In the Draft Consultation version 1.0 it is stated that the content descriptions and achievement standards make specific reference to five of the ten general capabilities, one of which is Information and communication technologies (ICT). All types of technology are to be welcomed as a means of allowing “students to solve problems and perform tasks that previously have been onerous” and of promoting “understanding of key concepts”. Nevertheless it is still important for teachers to identify tasks that students must do without technology (e.g., by using mental or written strategies).  

Unfortunately these worthy aims are not achieved in the content descriptions, where one finds only superficial and inconsistent incorporation of technologies for learning mathematics. For example, there is no ICT identified in Statistics and Probability or Measurement and Geometry in Year 8 when using the ICT filter, although it does specify ‘with and without technology’ in the content descriptors. In much of the document, there is near silence on the use of technology. The Australian Mathematics Curriculum Draft could be much more explicit about identifying opportunities to use a variety of technologies to explore, to assist in exploring and coming to an understanding of mathematical ideas that are new to the student. It is essential that this be in the content descriptions/elaborations, rather than additional support materials. 

In most cases, ICT is added as an afterthought, which implies that students are expected to learn and use “by hand” methods first and then check their calculations or graphs with technology. This approach is at odds with the findings of recent research on the role of digital technologies in mathematics teaching and learning (e.g. see Hoyles & Lagrange, 2010), which demonstrates that technology can be used not only for fast, efficient calculation and graphing, but also to help students understand concepts, compare different representations of mathematical ideas, and tackle difficult problems that would be beyond their reach without technology. 
Fears are sometimes expressed that the use of technology, especially handheld calculators, will diminish students’ operational, computational, conceptual and problem solving skills. However, recent research has found no evidence to support these claims. For example, a recent meta-analysis of the effects of basic, scientific and graphing calculators on primary and secondary students’ achievement and attitudes found that operational and problem solving skills were enhanced when calculators were integrated into teaching and assessment (Ellington, 2003). When calculators were not part of assessment, some types of skill improved while the others were maintained. Student attitudes also improved when they used calculators.

Research in this area is also probing deeper questions about how the use of technology changes what is learned and how it is learned, and what kind of support teachers need for effective design and implementation of technology-rich mathematics lessons (Thomas & Chinnapan, 2008). The outcomes should inform future curriculum development and provision of professional development so that the potential benefits of technology-enriched mathematics teaching and learning can be more fully realised.

This is supposed to be a future orientated document yet, the technologies referred to in the general capabilities section under technology do not include some of the cutting edge technologies with the potential to support learning. The technologies referred to in the statement are, at the very best, mainstream technologies with the inclusion of CAS the only place where boundaries are slightly pushed. The utility of these technologies to mathematics learning is well researched even if uptake in school systems is varied across the country. 

It is disappointing that there is no mention what-so-ever of the affordances of Web 2.0 technologies which offer great potential as sources of information and as a forum for collaboration where students can take greater responsibility for their own learning.

Another related concern is that the statement of achievement standards at the end of each year level does not include a statement on what learning should take place in relation to technology (nor processes of developing mathematical knowledge, and dispositions). Unless there is a clear statement of expectation in relation to technology usage we cannot expect that teachers will prioritise the integration of technology into the milieu of the everyday classroom.
Summary: Technology Supported Exploration
In conclusion, although there is encouragement for the use of technology in within the aims of the document there seems little of substance that will provide teachers with positive direction in the implementation of technology rich approaches to mathematics teaching and learning in the sections of the documents related to content and assessment. On which of these sections are teachers most likely to focus?
3.3  Formulating Geometric Proofs

Understandably, the content strands of Measurement and Geometry can be paired to emphasise connections but it is not clear how measurement concepts are common to geometric principles such as transformation skills and “geometric arguments”.  Given the nature of the Proficiency Strands and the articulated importance of them at the start of the National Curriculum document, the linking of geometric properties to justification and proof should be made explicit in the Content Descriptions. 
Indeed, the on-going development of notions of proof and the underlying ideas of conjecturing, arguing, convincing from the early years of the primary through up into secondary is not readily apparent in the Australian Curriculum Draft. These terms do not appear or appear rarely and sometimes in dubious use. For example, in Year 2NA elaboration: (e.g., ‘I know that 540 is 5 hundreds 4 tens and 0 ones and I can prove it by showing you I know with bundles of sticks and place value blocks’), the word “prove” should surely be replaced by ‘convince’. The only other use of “prove” is: using congruence to prove geometric properties, such as the diagonals of a rhombus bisect the internal angles. Insufficient value has been placed on the nature of proof and how the underpinning ideas and processes related to this area fit within the proficiencies and are relevant to all students. Conjecturing, arguing, and convincing are crucial aspects of the Proficiency Strands and should be evident in the content descriptions at all levels (at least in NA and GM strands). Such ideas of proof are fundamental to developing a rich understanding of mathematics.
In addition, geometry should really include the option of using technology to explore properties and types of shapes etc.  This can often be used as a stimulus to proof and reasoning.

4 Illustrations: Proficiencies/Absence of Proficiencies in Content Descriptions

This section illustrates Content Descriptions / Elaborations that make aspects of Proficiency Strands more transparent and illustrations that do not illuminate proficiencies. In the curriculum draft, there are far more of the latter. 
E.g. 1). Year 5. Statistics and Probability Strand: 

“3. Data Representations. Use and compare the effectiveness of a range of data representations”
This description elicits judgments about the use of data representations in different situations. Students are:

“choosing appropriate procedures” (fluency. P. 3)

“make choices (problem solving, P. 3)

“develop increasingly sophisticated capacity for logical thought and actions, such as analyzing” (reasoning, P.3. Draft Curriculum)
Use of these terms in the Content Descriptor would add to the transparency of Proficiency Strands and their connection to curriculum content. At least in this descriptor, there are verbs which operationalise the mathematical activity.
E.g. 2). Number and Algebra Strand

“5. Fractions. Understand and become fluent with and solve realistic additive problems involving addition and subtraction of fractions with the same or related denominators and fractions as operators”

This description contains the terms ‘understand’ and ‘fluent’ without operationalising them in this context. There is no opportunity for judgment transparent within the description, and no indication of what is means to understand fractions at this level. This is unlike the Statistics description in Example 1 where making a judgment about appropriate representations includes analysis to recognize differences, and consider their usefulness for a given purpose. In Example 2, the descriptor does not include making choices about appropriate procedures to use in solving non-routine problems. This descriptor could be met by the student reproducing procedures on the request of the teacher. There is no explicit requirement for the student to select an appropriate procedure. 

E.g. 3). Measurement and Geometry

“3. Scales. Read and interpret scales using whole numbers of metric units for length, capacity, mass and temperature”.

At present there are no judgments explicit within this descriptor yet there are many possibilities for making judgments (estimation before measurement, justifying the estimation, selecting the instrument to measure with, and selecting an appropriate unit of measure).

E.g. 4). In relation to integrating technology use into the Content Descriptions, there are places where adding the statement ‘Discriminating use of technology to generate appropriate data displays to support the interpreting, analysing and/or communicating of findings’ could achieve this. For example, Page 41-2 in the elaborations on data analysis. There should be occasions where technology use is explicit within the Content Description, and other times where it is a pedagogical option.  An overarching statement could be made about this at the beginning of each year level. 
E.g. 5) There are a number of statements throughout the Content Descriptions such as the one drawn from Year 5 – Statistics and Probability Strand:
Solve problems involving the collection of data over time, carry out the investigation and report the results, including using ICT, and justify conclusions about the relationship between the variables

(M5SP1) 
The reference to ICT in this statement is unlikely to be of use to teachers who are not yet familiar with the use of technology. As it stands, the statement above could be satisfied through the use of a powerpoint presentation based on the findings of the investigation! Yet technology might be used to find authentic data sets of relevance to students’ interests on the internet and this data explored using statistically enabled software such as Tinkerplots. A Wiki or Ning could have been established where students could have discussed the results of different groups findings away from the classroom. More specific advice is needed if the document is to provide genuine direction to teachers in the use of technology.

E.g. 6). Similar statements lacking sufficient detail are present in other parts of the documents, for example, the statement below drawn from Year 10A Statistics and Probability:

Model linear relations in bivariate numerical data sets using the least squares line of best fit and interpret the result including using ICT

(M10ASP1) 

There are also many examples of lost opportunities to use technology throughout the document. 
E.g. 6). The statement that follows is drawn from Year 10A Number and Algebra.
Solve a wide range of quadratic equations and construct graphs of parabolas and circles (M10ANA3) 
What is the point of this statement unless the relationship between quadratic functions and their graphs is to be considered and wouldn’t such an exploration be enhanced through the use of technology? 
4.1 Summary: Including Specific Detail on ICT Supported Exploration

There is a need to raise awareness of the types of technologies that are now available to support learning, and how they can be integrated with the curriculum content to increase understanding. More detail is required in the Content Descriptors about how technology could be relevant, and what proficiencies are addressed through its use.

B. CONTENT STRANDS

The development of deep understanding includes making connections across topics areas and Proficiency Strands within and beyond the National Curriculum draft strands. The link between Number and Algebra is warranted, but it limits the development of algebra to numerical relationships.  When connecting mathematical areas into strands, Number could also have been paired with Measurement or Statistics and Probability.  The broader view of algebraic thinking might have also been linked to spatial aspects associated with Geometry, or graphical representations. Exploring such things as relationships between understanding measurement units and understanding the base-ten number system and operations, fractions, and ratio and proportion need to be made explicit in the content descriptions.

The Content Strand figure (P. 2) captures the overlapping nature of the Content Strands but this is not transparent in the Content Descriptors. This figure does not capture the overlapping aspects of the Proficiency Strands. Number and Algebra Strand

5 Number and Algebra

5.1 Number
a) The reference to applying number sense and counting strategies is essential to the content strand of Number but the fundamental understanding of the structure of the number system (as a base-ten system, including decimals) is not mentioned.  
b) The inclusion of fractions for the first time under Year 1 limited to halving limits the natural development of fraction concepts.  A significant number of children have understanding of half, well before entry to school; the concept of fraction as part-whole or fraction as a unit of measure including a number line model might be considered from the Kindergarten years.  The delayed inclusion of fractions (halves, quarters, and thirds) to Year 2 might be appropriate for children who find difficulty with early part-whole concepts, but it is recommended that Kindergarten children build on their existing knowledge of symmetry and halving to include quarters and that the idea of fractions as part-whole relationships are introduced very early.  For example, new research shows that Kindergarten children can partition continuous models into increasingly smaller fractions if they are taught to establish the relationship between parts (e.g. halves equals two parts; thirds equals three parts; the smaller the part, the more parts).  Thus, the notion of patterns is related to the concept of fractions from an early age. 

c) The placement of money under measurement may be common to existing curricula in some states of Australia, but it might be reconsidered as more fundamental to number/decimals (not necessarily to decimal place value).  

d) The role of effective mental computation strategies for developing number sense, including estimation, approximation, and the use of the calculator, seems to be omitted.  

e) The inclusion of multiplication and division for the first time in Year 2 intimates a developmental progression from addition and subtraction, which in part is reasonable.  However, the development of equal grouping and partitioning begins before formal schooling and should be threaded through the curriculum from Kindergarten.  This includes the link between place value and the base-ten system as multiplicative.  The development of increasingly difficult additive and multiplicative semantic structures for word problems (essential for application of concepts) is not clearly articulated.  The important link between addition and multiplication, and addition and division (i.e. adding by partitioning) should be made from the Kindergarten level.  The link between multiplication and division, and fractions, might be integrated from Kindergarten.  
5.2 Number and Algebra

In outlining the Number and Algebra content strand, the rich connected nature of mathematics, with Number linking with Pattern for algebraic thinking, is apparent. This statement provides a sense of excitement about the Number and Algebra strand, with the suggestion of greater conceptual and connected knowledge development through this focus. The definitions of the Proficiency strands (understanding, fluency, problem solving and reasoning) further give comfort of a well-thought and coherent curriculum that values mathematical processes and not just facts, skills and rules.

The picture of a rich, connected vision of the Number and Algebra strand of the curriculum detailed in the overview is followed with the Content Descriptions for each school Year level. As presented these descriptions appear to lack coherence and connectedness, leading to a feeling of disappointment in the organisation of this strand.

5.3 Number/Pre-algebra/Proficiencies

K-Year 2: The elements described under Kindergarten seem to indicate a minimum basic requirement for counting and additive concepts, and simple patterns.  Some indication could be made of how to encourage children who are capable and “ready” to develop flexibility, creativity, fluency, problem-solving, and reasoning through number and algebra.  In addition, there appears to be no interrelationship between the five elements even though deep understanding is associated with making connections.  

Current research shows strong interrelationships between spatial structuring and number concepts (van Nes & de Lange, 2007); further, a measurement model linked to early number learning seems to be advantageous, particularly when data representation is included. The scope of the Number and Algebra descriptors is limited and does not reflect current research with 4-6 year-olds that shows a significant number of children able to move beyond these basic limits.  

The description of pattern might be extended to simple and complex patterns, growing patterns, and simple functions; early algebraic thinking includes simple notion of equivalence.  A significant number of children entering school are able to structure numbers to 100 and beyond.  
Sequences in K - 6 descriptions need to be extended as per the essence of the Proficiency Strands. The content descriptions need to identify how students could have opportunity to recognise, develop, describe, communicate and generalise their own patterns, in situations that give purpose to patterning (either mathematical purpose or purpose associated with a real life context that has meaning to them) rather than students only working with sequences provided by the teacher.  

There’s a distinct lack of using patterning to link Number to Algebra (see Access to Algebra). It is extremely important to build a deep understanding of operations in primary school (not just skills and procedures) in order to understand algebraic representations in secondary school. In addition, there needs to be a clear development across the primary year levels of pre-algebraic thinking including numerical investigations that illuminate ‘quasi-variables’ (Ohtani & Stephens) and generalisations (e.g., Lampert, 2001).

5.4 A structural approach to mathematics learning: pattern and structure

Virtually all mathematics is based on pattern and structure. A mathematical pattern is any predictable regularity involving number, space or measure such as friezes, number sequences and functions, units of measure and geometrical figures. Structure is defined as the way in which the various elements are organised and related. Thus, a frieze might be constructed by iterating a single “unit of repeat”; the structure of a number sequence may be expressed in an algebraic formula; and the structure of a geometrical figure is shown by its various properties. Mathematical structure is most often expressed in the form of a generalisation(a numerical, spatial or logical relationship that is always true in a certain domain. Structural thinking can emerge from the study of mathematical concepts, procedures and relationships. Mason, Stephens, and Watson (2009) view structural thinking as more than simply recognising elements or properties of a relationship but having a deeper awareness of how those properties are used, explicated or connected.  
5.4.1 The Pattern and Structure Project

There is increasing evidence that an awareness of mathematical structure is crucial to mathematical reasoning and problem solving among young children. Failure to perceive pattern and structure also provides an explanation for poor mathematical achievement. Since 2001 a team of researchers led by A/Professor Mulligan has pioneered the Pattern and Structure Project. A suite of studies has found that young children who understand the underlying structure of one mathematical concept are also likely to see the structure underlying other quantitative concepts, and can learn to abstract and generalise simple mathematical concepts at an early age. In a series of studies with preschoolers and professionals, including Indigenous communities (Patterns and Early Algebra Project [PEAP]), Papic found that preschoolers who are provided with opportunities to engage in mathematical experiences that promote emergent generalisation are capable of abstracting complex patterns even before they start formal schooling (Papic, Mulligan, & Mitchelmore, 2009). 

 Mulligan and colleagues developed a Pattern and Structure Mathematics Awareness Program (PASMAP) that focuses explicitly on raising students’ awareness of mathematical pattern and structure via a variety of well-connected pattern-eliciting experiences. Studies have included an extensive, whole-school professional development exercise across Kindergarten to Year 6; two year-long, single teacher studies in Years 1 and 2; and an intensive, a 15-week empirical evaluation of an individualised program with a small group of low-ability Kindergarten children (for details, see Mulligan, 2010). Currently a large longitudinal evaluation study of 316 students will determine the effectiveness of a Kindergarten intervention based on PASMAP.  

These studies indicate that young children of varying abilities can learn complex mathematical concepts quickly and effectively by focusing on crucial features of mathematical pattern and structure. The research documents developmental changes in children’s structural awareness and development of mathematical concepts well beyond that expected for their age level. More importantly, the PASAMP aims to promote simple or “emergent generalisation” in young children’s mathematical thinking across a range of concepts. These studies also support the hypothesis that teaching young children about pattern and structure should lead to a general improvement in the quality of their mathematical understanding. Mulligan and Mitchelmore (2009) propose a new construct, Awareness of Mathematical Pattern and Structure (AMPS), which generalises across mathematical concepts, can be reliably measured, and is correlated with general mathematical understanding. Further, it is postulated that an AMPS is a general cognitive characteristic that can advantage learning and thinking processes—particularly in the quantitative sciences. 
5.4.2 Application of a Structural Approach to the National Curriculum Mathematics

There has been increasing interest in using a structural approach, especially as it relates to algebraic understanding, in mathematics curricula throughout Australia and internationally. In the forthcoming Australian National Curriculum (ACARA, 2009), Number and Algebra strands are aligned with Problem Solving and Reasoning Proficiencies. 
An algebraic perspective can enrich the teaching of number…and the integration of number and algebra, especially representations of relationships can give more meaning to the study of algebra in the secondary years. This combination incorporates pattern and/or structure and includes functions, sets and logic. 
Further, the integration of Measurement and Geometry, and Statistics and Probability brings new opportunities to develop a structural approach. However, structural development has not previously been central to mathematics syllabi or early years’ learning. Perhaps current curriculum structure of parallel strands has dissuaded teachers and students from making important connections and encouraged the teaching of discrete concepts and procedures.  Further there are few links to other curriculum areas such as Science and Technology where common aspects such as measurement and data exploration are underpinned by similar structural features. The proposed structural approach to the Australian National Curriculum Mathematics may enable professionals to develop and evaluate their teaching with flexibility—one that integrates patterns and structural relationships in mathematics across concepts so that a more holistic outcome is achieved. 
5.5 Content Descriptions/Elaborations (Number and Algebra)
The Year level content descriptions highlight key learning points for each year level, and this will be a valuable reminder for teachers. However, at each year level, the headings used are inconsistent which gives a disconnected feel to this strand. The short summaries of ideas after each heading provides little sense of active investigation by students, or infusion of the proficiency strands of problem solving, understanding or reasoning. Overall, there is a feeling of unrelated pieces of information through the list of the topic headings within the strand. 

In contrast to the organisation of the ACARA structure for Number and Algebra, the Queensland Years 1-10 syllabus provides a greater organising structure that supports teachers focus on the big ideas of the strand. In the Qld syllabus, the organisers for Number and Algebra are as follows:

· Number concepts (incorporating Numeration, Number sense and Money)

· Addition and Subtraction (incorporating addition, subtraction connections, mental computation strategies, computation methods)

· Multiplication and Division (incorporating multiplication, division, connections, fractions and proportion, mental computation strategies, computation methods)

· Patterns and function 

· Equivalence and equations 

This structure emphasises several key points:

· the importance of mental computation

· the importance of promoting conceptual understanding of each of the four operations initially and then making connections between them, hence supporting algebraic thinking through understanding of arithmetic

· Mental computation strategies and computation methods are elements within each organiser, signalling to teachers the importance of students developing their own strategies for computation.

· Number sense in prominent in the Number strand

· The algebra strand emphasises pattern and function together

Whilst this may not be a perfect organising system for the Number and Algebra strands of the curriculum, it highlights key elements for teaching and gives a sense of coherence; something that is lacking in the ACARA structure.

The suggested presentation of topics within the Number and Algebra strand of the ACARA curriculum sees the introduction of integers and decimals to thousands by the end of Year 6. In many states of Australia, Year 6 is the last year of primary school. From Kinder to Year 6, the suggested curriculum moves students through number understanding at a rapid rate; much faster than in any current syllabus in Australia. In Year 7, there is a noticeable lack of emphasis on furthering number understanding or strengthening number knowledge. In Year 7, students are introduced to Indices and further work on integers, with problem solving using fractions, decimals and percent. Number sense does not feature at this year level, and the topic headings provide little suggestion of teaching approaches that foster proficiency strands of reasoning, problem solving or understanding. Year 7 and the years that follow, particularly appear to focus on fluency in computation. With such an organisation it appears that current textbooks will be well-served with this new curriculum as there is little impetus for change. Teachers, with little confidence in their understanding of the new curriculum, will rely on textbooks to guide the development of their yearly work plans. The impact of textbooks on curriculum is well-documented, and the suggested structure of the curriculum will ensure current textbooks for Years 7 and beyond continue to be a major resource in students’ mathematics learning.

One of the key elements of the Number curriculum in the middle years of schooling is proportional reasoning. It is an integral and crucial aspect of number understanding and permeates many mathematics (and science) topics (e.g., scale, probability, fractions, decimals, percentages, speed, density, molarity, similarity, proportiona, rate, ratio, forces, etc). In the ACARA curriculum, this major keystone of number understanding is hidden. It is given a subheading in Year 6, which is a good thing, but at this year level, there is little conceptual descriptors given. Ratio and rate makes no appearance in Year 7. In Year 8, rate and ratio makes an appearance again, but due to its presentation, it appears to squarely fit within current textbook approaches to rate and ratio, once more playing into the hands of current textbook series. Dole and Shield (2008) have highlighted the shortcomings of current Year 8 textbook approaches to rate and ratio topics. Rate and ratio is a major stumbling block for students in the middle years of schooling. The manner in which rate and ratio is presented in the ACARA curriculum will further exacerbate this issue.

One of the other major issues with the ACARA curriculum is the division between counting, numeration and place value. By separating counting into its own subheading, there is little connection between students counting to students actually understanding the numbers they are counting. This organisation further fragments the number strand.  The lack of prominence of mental computation is also an issue. We see a substrand of calculation making an appearance throughout the year levels at various times, but there is no sense of students developing their own thinking strategies, or that mental computation should be promoted first over written methods. Estimation makes an appearance in Year 5, but this should come much earlier as students work with the four operations. In relation to basic facts for mental computation, there is little clarity in the ACARA structure. In Year 3 we see multiplication facts for 1, 2, 5 and 10, extended to 4, 6, 8 and 9 in Year 4. The multiplication facts of 1, 2, 5 and 10 should be well-established prior to Year 3 as students engage in skip counting (Year 1). 

To promote algebraic knowledge, teachers should be asking students to predict the number that will be, for example, third in the sequence when counting by 5. Such approaches promote basic facts, number knowledge and algebraic thinking. Division can also be promoted at the same time, thus providing arithmetical knowledge for algebra. Such fundamental connections are not made apparent in this ACARA structure and this is the real pity and major short-coming of the syllabus. Further on mental computation, the curriculum has also ignored research evidence on sequencing instruction for promoting number fact understanding and recall. Multiplication facts for 4, 6, 8 and 9 do no readily build from number fact knowledge of 2, 3, 5 and 10. This is a serious error in the structure of the curriculum and will lead to further confusion for teachers and disengagement for students.

5.6 Increasing Creative Thinking and Deepening Understanding in Algebra

The suggestion has been made that types of equations (linear, quadratic, cubic, etc) might be developed simultaneously rather than one after the other. In line with the aims of the Australian Mathematics Curriculum, this would provide opportunity to develop deep understanding of links between graphical, algebraic, and tabular representations, and the use of technology as an exploratory tool could increase the number of students with meaningful access to algebra. Such an approach should increase analysis when distinguishing between different equations types, structure as students begin to see how the algebraic form affects the graphical form, and generalisation as the effects of structure become apparent. 
5.7 Summary (Number and Algebra)

The structure of the suggested ACARA curriculum for number and algebra leaves much to be desired. Currently, we have issues with students’ ‘numeracy’ benchmarks, as identified through NAPLAN testing. The current NAPLAN items for numeracy are based on current syllabus requirements. The new ACARA curriculum is pushing number understanding further back into the primary years of schooling and hence will lead to greater pressure for students to perform in mathematics in this area. The new curriculum structure gives a sense of hurriedness that will in turn, force teachers to ‘cover’ particular key concepts in a more superficial manner rather than promote depth of understanding. The whole number and algebra strand appears to serve well current textbook chapters written for Years 7-10, and this is the biggest disappointing aspect. There is little joy, excitement or learning opportunities for students to experience the beauty and structure of mathematics in this new curriculum structure.
6 Inconsistencies (Number and Algebra)

Inconsistencies identified in the content descriptions for Number and Algebra include:

1) In Kindergarten and Year 1, sharing situations are included under ‘Addition and Subtraction’ – sharing is a form of division, it does not involve “combining, change and missing elements” as is the case for additive , nor can they be solved by “counting on” -  this is an argument for a broader heading such as ‘Operations’ or ‘Problem solving’ at this level

2) References to strategies are inconsistent and ad hoc, for example,

· efficient strategies are referred to under ‘Addition and subtraction’ in Year 1 but no mention is made of mental strategies for addition and subtraction until Year 4

· reference is made to efficient mental strategies and written strategies under ‘Multiplication and division’ in Year 2 but the relevant number facts are not referred to until Years 3 and 4 and then only partially – this seems to be an editing error

· efficient mental strategies (no restriction) are referred to under ‘Multiplication and division’ in Year 4 but under ‘Calculation’ only some of these are listed

3) While the basic addition and related subtraction facts to 20 and multiplication and related division facts to 100 are important, it is widely recognised that these are best taught and learnt via strategies (e.g., arrays and regions for multiplication), they should not be mentioned in isolation from  the meanings and representations of the operations involved - strategies such as doubling, relate to ten are outcomes in their own right and should be included in the content descriptions

4) Sharing which may result in remainders is included in Kindergarten but excluded in Year 4. While it is inappropriate to formalise sharing activities in K, it is entirely sensible to explore what will and will not divide a whole number exactly in Year 4, particularly given the inclusion of factors and multiples at this level.

5) ‘Multiplication and division’ at Year 3 refers to ‘for each’ and ‘times as many’ ideas but there is no mention of the ‘region’ idea for multiplication which is generally regarded as a precursor of these or of the quotation idea for division  - this also seems to be an editorial error as there is no reference to any concepts for multiplication or division at Year 4, suggesting that the ones included at Year 3 have ‘slipped down’ 

6) ‘Counting’ at Year 3 appears to be referring to additive number sequences or skip counting (increasing and decreasing from any starting from point), but what appears to be a corresponding reference to number sequences at Year 4 is included under the heading ‘Factors and Multiples’. This is a good example of inappropriate labelling – dissimilar things should not be placed in the same ‘grab bag’. Counting patterns and patterns related to number properties such as this would be better considered under pattern and structure.

7) Checking the reasonableness of answers is something that should be expected routinely and in close association with the meanings and strategies for the operations themselves (see last dot point in item 5 above)

8) If ‘Algebraic thinking’ can be used as a heading why not ‘Additive thinking’ and ‘Multiplicative thinking’ – this would be more consistent and allow other headings such as ‘Relational thinking’ to encompass the references to number properties (e.g., see Stephens 2008 MERGA paper, Irwin and Britt etc) 

9) There is an expectation that students will “work fluently with renaming to find equivalent fractions” (no restrictions) in Year 4 while in Year 5 they are only expected to work with like or related fractions – it would seem more appropriate to restrict fraction renaming in Year 4 to related fractions.

10) Number properties such as commutativity, associativity and distributivity are needed to work meaningfully with whole numbers – there is no reason why these could not be highlighted earlier with their expression as general rules left till later.

11) There is no mention of relational thinking at Year 6 or 7 – this is generally regarded as a precursor to solving equations – also I thought there was a fairly widely held view that two occurrences of a variable (e.g., 2x + 6 = 3x - 1) provided a better introduction to linear equations than equations involving a single occurrence given that very young children can find a missing element (e.g., 3 + ( = 7) and children in Year 5 are expected to be able to solve situations such as 7 x  ( = 560.

12) There is no mention of multiplication and division of integers.

There is little point in publishing a curriculum that cannot be seen to be relatively coherent and complete – the inconsistencies referred to above need to be addressed and consideration given to a smaller number of much bigger, more encompassing headings or threads such as those suggested in this document. This would make it much easier to check for consistency and completeness particular in relation to the development of key ideas over time and the language use. 

7 Statistics and Probability Strand

Below is the feedback from various MERGA members including experts on the Statistics and Probability content area. They are listed numerically in no particular order.
1) The second content strand, Statistics and Probability, is placed strategically to highlight its importance, and I commend that the emphasis is given here. 
2) The statistics and probability description lacks the coherence and connections between the two that the other strands have. 

3) The use of terms ‘chance’ and ‘probability’ is confusing and unhelpful.

4) As mentioned already, of the three content strands, this is the strand in which the proficiencies are more transparent.  That said, there are problems in the sequencing of this strand, and there are also problems in alignment between this strand and the Science content strands. 
5) There are though, missed opportunity with statistics to examine and analyse ethical problems and social issues. It was considered by many that such an inclusion would add strength to the proposed curriculum in a world that is becoming increasingly data-driven/evidence-based.  It also very clearly embeds the proficiency strands.

6) There are many ways to approach Statistics and Probability each year to illuminate the importance of the Proficiency Strands, extend content knowledge in this strand, and present mathematics in the area of Statistics each year that is not perceived by the students as repetition. Illuminating this should assist in engaging students in the study of Statistics and Probability rather than disengaging them (as teachers report is occurring at present). 
 7) An over emphasis was identified on “many-to-one” representations, especially in a descriptor in Grade 4. “Many-to-one dot plots” was a term that was not considered to be in common usage whereas “many-to-one” representations of pictographs were commonly used.

8) There is no mention of histograms and yet they are widely used.  Having box plots in Year 10 is good.  I’m not sure it is all that clear but I applaud the introduction of “two-variable” problems.  These are so useful across the curriculum and children can conceive of them quite early if the expectations aren’t too onerous.

C. Detailed Feedback Across Levels and Across Curriculum Areas

This section includes a detailed response giving suggestions for improvement to the Mathematical Content descriptors at different levels (Table 4), and an analysis in differences in mathematical development across the Science and Mathematics Curriculum areas.
Table 4. Detailed feedback various strands across Year Levels

	Year Level and Description
	Comment

	Year 6 Maths

Construct, read and interpret tables and graphs including ordered stem and leaf plots, and construct pie charts and other simple data displays including using technology

Interpret secondary data presented in the media and elsewhere, identifying misleading representations and distinguishing between samples and populations
	Delete ‘ordered’, since stem and leaf plots are used simply to group a small set of numerical data that is initially unordered. Since ‘tables’ are included in the same sentence as stem and leaf plots then insert ‘grouped frequency tables’. This is the first time they have been referred to. Does this mean that histograms are to be included as well? The problem of choosing the size of the stem is equivalent to the problem of choosing the class interval for a histogram. Give an example to help explain the phrase using technology.

Pie charts, parallel box plots and percentage frequency graphs are useful for comparing data sets of different sizes. Of these, pie charts are the hardest to make ‘by hand’ and box plots are the easiest. I strongly suggest introducing box plots here, while leaving the other two to Year 7. Just because a spreadsheet can whip up a pie chart easily is not an adequate justification for using it here.

Make a new sentence of and distinguishing between samples and populations, to include for eg. the class as a convenient but not necessarily representative sample of the population of all Australian Year 6 students.

The sentence on errors in measurement is excellent.


Table 4 (cont)

	Year Level and Description
	Comment

	Year 7 Maths

Determine mean, median, and range and use these measures to compare data sets explaining reasoning including using ICT

Investigate questions involving the collection of univariate and simple bivariate data, including the use of back-to-back stem plots and scatter plots

Calculate relative frequencies, and recognise variation between results of chance experiments

Order, add and subtract integers fluently and identify patterns for multiplication and division including using ICT
	Presumably this is for ungrouped data sets, so say so. Give an example of using ICT in a way that enhances understanding, such as sorting data in a spreadsheet so that the median can be gained by inspection of the half way mark in the sorted data set. Alternatively, get the spreadsheet to sum the data so that division can then give the mean. 

Back to back stem and leaf plots are useful only for small samples of approximately the same size. Since relative frequencies are being calculated for chance experiments, include also Construct frequency distribution and relative frequency distribution tables and graphs..Also see  my comments above concerning moving the related pie graphs topic to Year 7.

When in this curriculum, if ever, do students calculate an estimate of the mean or median from a grouped frequency distribution? Here -  or later?

Experience has taught many teachers that this important topic is too hard for Year 7 students, particularly in those states where Year 7 is in a new school. Put the operations into Year 8. Delete including using ICT, or else give a good example. It is not much use learning how your calculator subtracts negative numbers if you don’t understand and will later change calculators anyway.

	Year 8 Maths

Use a mean or median from a sample to estimate the mean or median of a population and to recognise the limitations of samples

Collect samples and construct tables and graphs including frequency column graphs with and without technology for grouped data, and to select and justify the choice of

measure of centre and spread used

Understand, describe and use generalisations of the index laws with positive integral indices
	My suggestion, which includes something amazing and positive about random samples:-

Obtain estimates of the mean or median of a small sample or a large grouped frequency distribution from a secondary source. Make estimates of the mean and median of the population Discuss the limitations of small samples and the advantage of large (size 1000 to 2000) random samples.
Clarify the meaning by inserting words in bold as follows:-

Frequency column graphs (histograms) for grouped continuous (or at least numerical) data.

If you do not agree with my suggestion of moving box plots to Year 7 then the only measure of spread met so far will be range. No alternative choice!

Include square roots, (needed for Year 8 Pythagoras) and also cube roots (for generalization of the root concept and for the measurement context)


	Year 9 Maths

Investigate problems requiring data-based inquiry, collecting univariate and bivariate data, including from secondary sources, and justify conclusions

Understand simplification techniques for linear and quadratic functions including collecting like terms, common factors, the expansion of binomial products and simple binomial factorisation

Solve problems involving linear simultaneous equations, using algebraic and graphical techniques including using ICT


	I would like this to specifically include time series. Leave to Year 10 the problem of distinguishing correlation, association and causation.

Why simplify quadratics? Why factorize them? This whole thing lacks purpose if you exclude the problem solving and modelling that involves graphing quadratics and solving quadratic equations. My alternative for quadratics is:-

Quadratic Functions and Equations

Use algebraic techniques to express quadratic functions and equations in either standard polynomial form or completed square and remainder form. Explain the relationship between coefficients in these forms to the position, shape and orientation of the graph (including use of ICT). Explain how the intersections of the graph with a horizontal line gives the solutions to an equation. Use algebra to solve perfect square = positive number and to explain why there are no solutions to the equation perfect square = negative number.

Write another paragraph for Linear Functions and Equations, including Simultaneous Linear Equations

	Year 10 Maths

1. Financial maths

Solve problems in financial mathematics including applications of simple and compound interest including using ICT and judge reasonableness of results 

Construct and interpret box plots and compare data sets represented by parallel box plots
	Consider changing the heading to Sequences and open it up so that the restriction to financial maths was removed

Use ICT to investigate growth and decay in sequences, including simple and compound interest investments and step functions, such as for tax rates or broadband charges. Use estimates to decide the reasonableness of results.

Consider then adding more as follows:
Solve problems involving sequences and their alternative definitions, either tn = f(n) or tn = f(tn – 1). Include problems in financial mathematics and problems involving limits to infinity.

As stated above, consider put this box plots material in Year 8, along with quartiles etc. Box plots allow comparison between data sets of different sizes without requiring calculation of relative frequencies.

The statistics that would be useful to include here is Use key secondary data sources, for example the ABS, and in purposeful statistical investigations. 

For example:

Investigate a time series and report on its trends and cycles.

Use a grouped frequency distribution for a population to obtain and interpret estimates of its measures of centre and spread.

Discuss sampling methods, the limitations of biased samples and the advantages of large (size 1000 to 2000) random samples.

	Year 10A

Model linear relations in bivariate numerical data sets using the least squares line of best fit and interpret the result including using ICT

Understand the sine and cosine rules and apply these to solve problems involving non-right angled triangles
	My alternative:-

Construct scatter plots and distinguish between correlation (association) and causation. Obtain and interpret correlation coefficients, including using ICT. Where appropriate obtain and interpret a least squares line of best fit using ICT. Explain the difference between correlation and causation.

Delete the sine rule and the cos rule. Why include extra material that students will find hard to justify. Replace it with Apply trigonometry to the solution of measurement problems in 2D and 3D.

Also, add More of the same statistical investigations as for Year 10. See above.


Table 5. Comparative analysis of mathematical progress in Mathematics and Science Curriculum. 

	Science
	Maths
	Comment

	Year 3 Science

Collaboratively plan and conduct

investigations including testing, making models, using surveys and information research to find answers to questions

Safely use appropriate materials, tools, and equipment such as rulers, thermometers and scales to make observations and measurements

Collect and record data using ICT where appropriate, including measurements using formal units

Use a range of methods including tables and graphs to group, classify, record and represent data and to identify simple patterns and trends, using ICT where appropriate
	Year 3

Construct, read and make connections between tables, diagrams and graphs including dot plots with prepared baselines

Use direct and indirect comparison to order and compare objects by length and develop ‘real life’ benchmarks for familiar metric units

of length, mass and capacity including centimetre, metre, kilogram and litre
	Note that statistics in science is more specific and more demanding than statistics in maths, requiring:-

1. using surveys!!

2. collection of numerical data 

3. grouping of data, 

4. time series analysis ( trends) !!

5. use of ICT

Recommendation

Maths should include more detail on data types and types of graph – ‘including pictograms and column and bar graphs for categorical data, as well as dot plots with prepared baselines for numerical data, including measurement data.

Maths should also specifically include sorting and grouping of numerical data, with use of ICT clearly specified – presumably to check ‘by hand’ methods of sorting and grouping


Table 5 (cont)

	Science
	Maths
	Comment

	Year 4 Science

Collaboratively plan and conduct

investigations including testing, making models, using surveys and information research to find answers to questions

Collect and record data using ICT where appropriate, including measurements using formal units

Use a range of methods including tables and graphs to group, classify, record and represent data and to identify simple patterns and trends, using ICT where appropriate
	Year 4

Plan and undertake surveys, such as with the whole class, to answer questions posed, represent the data and report the results, including using ICT

Construct, read, interpret and make connections between tables and simple graphs with many-to-one correspondence between data and symbols, including using ICT
	Once again, science is more specific about the use of numerical (measurement) data. See above.

A census on the whole class population is clearly intended. An extra sentence is required to cover the types of graph that would be used to represent the results.

An extra sentence is required to cover other types of survey. 

Recommendation

The scope of investigation could be more clearly explained by offering sample questions. For example:-

Plan and undertake a class census or a sample survey to answer questions such as ‘Which TV channel do we favour?’ (census of categorical data) or ‘Do Grade 3 students have more swap cards than Grade 2 students? (sampling of numerical data)..

Please explain the many to one reference more clearly. Presumably this means that the only advance on Year 3 data representation is that one pictogram symbol might represent many (e.g.10) data items.

Either remove using ICT or give such as examples for how it is used. 

	Year 5 Science

Identify the variables that should be kept the same and decide which one should be changed and which one measured in fair tests

Use a range of tools to accurately observe, measure and record data and represent it in a variety of ways including tables and graphical methods, using ICT where appropriate
	Year 5

Solve problems involving the collection of data over time, carry out the investigation and report the results, including using ICT, and

justify conclusions about the relationship between the variables

Identify the mode and median in lists and on dot plots

Use and compare the effectiveness of a range of data representations including for specific situations
	This desperately needs clarification. Does ‘data over time’ mean time series data? 

Does ‘relationship between variables mean bi-variate data, including numerical bi-variate data and scatter plots?

It is inappropriate to talk about the mode in a continuous data set. In such a context only ‘modal class’ makes sense – but we are not grouping numerical data yet. Provide an example, such as ‘a dot plot of ages in years (discrete numerical data).

 My suggestion: Identify the mode and median in lists and on dot plots of discrete numerical data.
The last paragraph needs clarification. It is not clear what different data representations are available for comparison yet: is it just dot plots compared with column graphs, bar graphs and pictographs?

The phrase ‘for specific situations' is not easy to interpret. Use an example to show what it means. What precisely is the range of data representations within which a Year 5 student is expected to make comparisons? Are they meant to realize that a dot plot is inappropriate for time series data?


The Linking of Mathematics to other learning areas is welcomed but will need developing and the production of support material. However, the statement linking numerical perspectives to English is nonsensical jargon, at least to this reader.
8 Measurement and Geometry

8.1 Geometry

The following points have been made by MERGA members in relation to the Geometry substrand and emphasis on proof as a way to increase connections between the Proficiency and Content Strands has already been discussed. 

1) There is a need to identify the big ideas and use this as the basis of the structuring and labelling of the content descriptors – teachers need to see the links and sequencing of the development of concepts to know where the learning is leading to. 

2) The Measurement and Geometry description is less problematic than the Statistics and Probability section but would make more sense if the final sentence were shifted to be the second. If students are going to understand ‘size’, it is presumably helped if they know something about measures which is implied in this sentence. (There would be contrary views in regard to this. There are MERGA members who consider that informal development of an awareness of size might raise awareness of the need for ways to measure). 
3) The Year 5 list of metric units could be expanded to ‘units’ and include scales for measuring angles to assist in linking between measurement and geometry.

4) There are discrepancies in sequencing as illustrated by the following: 

Year 6 measurement formulas – understand and use formulas for volumes of rectangular prisms.  
Year 7 measurement formulas – develop the formula for volume of rectangular prisms.
As already discussed, crucial to problem solving activity that develops new understanding is the need for a problem to be non-routine or unfamiliar. Being given the rule in Year 6 means that discovering it is not appropiate in Year 7.

It is important that a clear map of related concept be developed to identify gaps and inconsistencies across the curriculum and enable the curriculum to add transparency to the progressive development of ideas. This may extend to cross-curricular issues – sequencing of related concepts in different learning areas must be planned for.

5) Good to see some construction in geometry
8.2 Measurement

In general, the progression of ideas is in line with findings on children’s understanding of measurement (Curry, Mitchelmore & Outhred, 2006). However, more emphasis on student abstracting of general principles would be appropriate, and making links between measurement and other topics.

Our research has shown that children’s understanding of length and capacity develop more or less in parallel. So length and capacity measurement can be treated at the same time, and Year 1 seems to be the appropriate place for an introduction. There may, however, be a need for a greater emphasis on the concept of length as an abstraction. Length is a property of a line segment, which is itself an abstract concept based on many familiar situations involving edges, distances and so on. Difficulties students have in measuring the length or width of irregular objects suggests that many students do not realise that it is a line segment that is being measured (Bragg & Outhred, 2000).

Our research has shown that Year 1 students will often try to measure a length using paper clips of unequal length if there are not sufficient of one length available. So it is important to emphasise that measurements of a single object can only be made with replications of a single unit. (We believe this is what the word “uniform” means in the Year 1 Content description of length and capacity measurement.) This condition is a fundamental general property of measurement that should be kept in mind in all measurement activities.

Another important basic principle of measurement that can be introduced from an early age is the inverse property (a smaller unit gives a larger measure, and vice versa). This valuable property can be easily introduced in Year 1 in relation to length and capacity and linked to fractions (halving creates twice as many pieces) and reinforced in other measurement activities in later years. The realisation that the size of a fraction decreases as the denominator increases would be one outcome of emphasising the inverse principle as a general property. 

In Year 2, the introduction to area should include the estimation of how many replications of one small region are required to cover a larger region. Such activities would help to strengthen the two-dimensional aspect of area as opposed to one-dimensional attributes such as length, width and perimeter. A third general principle of measurements appears to be accessible to children from Year 2 onwards and should be included in the curriculum: an attribute of two different objects can only compared if the same unit is used in both measurements. 

The Year 3 content description for Area could well (explicitly) include the relation between the size of a rectangle and its area. Our research (Outhred & Mitchelmore, 2001; Curry, Mitchelmore, & Outhred, 2006) has shown that students can readily learn the multiplicative principle involved, provided fractional side lengths are excluded. This result depends on understanding the structure of the unit covering, which involves much geometry of squares and rectangles, and parallels and perpendiculars.

The concept of volume will have been developed in Years 1-3 in relation to capacity, and the research evidence suggests its measurement could be introduced in Year 4. It is very difficult to “compare volumes using uniform informal units” without investigating how volume units (cubes) pack. The packing structure depends on the concept of layers, which can be introduced as early as Year 1 through simple block-building activities (McKnight & Mitchelmore, in press). The calculation of the number of unit cubes is then simply an extension of the multiplicative principle encountered when measuring area the year before. 
8.2.1 Angles

Understanding of the nature of angle has been found difficult for many students. It needs to be connected to other aspects of mathematics throughout the year levels with attention to recognising the meaning of angles and their identification.
The content description for Angles could benefit from a consideration of the extensive work done by Mitchelmore and White (2000) and the work of (Williams, 2003) and her work in progress. 
Mitchelmore and White (2000) found that the critical feature in learning about angles was not the supposed static-dynamic dichotomy but the recognition of the arms of the angles in different, realistic situations. Classroom experiments (Mitchelmore & White, 2002a, 2002b) suggest that Year 3 students could readily abstract the angle concept from situations where both arms of the angle are clearly visible (e.g., corners and scissors), whereas situations where one or both of the lines have to be imagined (e.g., turns and slopes) were better left until Year 4. Linking back to the discussion under Understanding early in the document, students are developing an understanding of the common physical features of angles in different contexts.

It was also possible to introduce informal angle measurement in Year 3, where using 30 as the unit would provide a clear link to the Time outcome “reading clocks to the nearest 5 min.” (Mitchelmore, 2004). More accurate measurement could then be introduced in Year 4 (for example, linked to reading a clock to the nearest minute) and Year 5 (using a standard protractor). One advantage would be the provision of Angles content in Year 5, filling the inexplicable gap that currently exists between Years 4 and 6 in the development of this topic. In all these activities, there are multiple opportunities to refresh and apply the basic principles of measurement learnt in other contexts, as well as to provide another context for the application of fractions.  

There does not seem to be any reason to avoid the use of the more general technical terms “right angle” and “perpendicular” from the start. In any case, the term “quarter turn” is restricted to a single angle situation that has proved to be quite difficult for students and cannot be meaningfully applied to other angle situations until students have abstracted a general angle concept that includes turns. If an informal term is required in Year 3, then “square corner” would be preferable. Students who perform relatively well in mathematics in Year 6 have been found to argue over whether there is a ‘left angle’ as well as a ‘right angle’ and whether a rectangle has one or two right angles. The point of contention was because the two right angles at the bottom of the rectangle shared a common arm and one student thought there could not be two angles in such a case. Neither student ‘saw’ the two right angles that were not adjacent to the base of the rectangle. This is unpublished work in progress (Williams, under construction). The points made here and earlier illustrate the many aspects associated with understanding the topic angles, and the need for teachers to have detailed information about difficulties students face. Each area of the curriculum should be researched to find what students ‘know’ and how to deepen their understanding. 
9 Mathematically Questionable Aspects of Draft
9.1 In Glossary

A check of Glossary entries is required to overcome the types of problems identified herein.
9.1.1 Term described as procedure not underpinning understandings.

The glossary, instead of emphasising deep understanding, defines some terms (e.g., mean in terms of procedures that calculate the answer rather than elaborate on the meaning of the construct. For example:

“Mean

The mean of a data set can be calculated by summing all values and dividing by the number of values. The sum of the differences between each value in the data set and the mean is zero.”

It is possible part of the description was expected to develop understanding but the ideas are too sophisticated for someone who does not have an understanding of mean.
9.1.2 Incorrect, Incomplete, or Inappropriate  Glossary Entries

Illustration 1 (inappropriate wording):

“Associative property

The associative property applies for addition and multiplication. It means you can swap the order in which you calculate (eg 3 + 2 + 8 could be calculated as 3 + 10 = 13 or 5 + 8 = 13). This is a useful property to use to make mental calculation easier.”

‘Swap the order’ is terminology more appropriate to the commutative property. “Collect together different terms for a start (e.g., 3 and 3 first, or 2 and 8 first)”

Illustration 2 (incomplete elaboration)

 “Adjacent Angles

Angles that share an arm are called adjacent angles”

Should read “angles that share the same arm and the same vertex are adjacent angles”. Otherwise, two right angles at the bottom of a rectangle, would fall into the definition. As the previous section shows, this would have the potential to exacerbate already existing problems.

Illustration 3 (Procedure without reason why it works)

“Array

 An array is a rectangular arrangement of objects or numbers into regular rows and columns. Calculating the number of objects in an array is a helpful model of multiplication and division.”

Need to link the physical structure of the array with why it is useful as a model for multiplication and division. 

Illustration 4 (Incorrect)

Integer

The set of integers is all of the positive numbers, all of the negative numbers, and 0.

Should be whole numbers.

The Glossary needs to be extended to include all relevant terms, and checked to make sure the entries are promoting Understanding rather than consolidating a focus on rules, procedures, and answers only. This checking should also focus on the completeness and correctness of the entries. It has been noted that some of the Glossary entries that were found to be incorrect earlier have now been corrected.

9.2 Notation and Language needs attention

1) Will there be a universality of language and notation? For example, will one or the other of terms like ‘allied’ rather than ‘co-interior’ be used or both included. This needs to be made clear. A rigorously developed Glossary could assist with this.

2) The notation ‘P(A)’ rather than ‘Pr(A)’ etc were noted in the draft.

3) Clear distinctions need to be made between ‘prove’, and activities that ‘support’, and ‘demonstrate’. With this in mind, examples such as the following need rewording:

For example, in Year 2NA elaboration: (e.g., ‘I know that 540 is 5 hundreds 4 tens and 0 ones and I can prove it by showing you I know with bundles of sticks and place value blocks’), the word “prove” should surely be replaced by ‘convince’

10 Adding Coherence to the Document

10.1 Headings

Headings powerfully impact the sense that is made of any text. They should not be used lightly or included as an editorial after thought. The effects the headings in the draft document may have on the way teachers approach the teaching and learning of mathematics need serious consideration.  The headings in the current document represent a significant departure from the considerations and intentions of the Framing Paper (e.g., paragraphs 15, 43, 46, 47, and 54). They do not serve the cause of clarity and succinctness, nor do they represent current thinking about how the ‘big ideas’ in mathematics are best expressed (e.g., see work of Randall Charles, Liping Ma and others). Specific concerns:  

1) No clear rationale or basis for headings – it looks like ‘one heading per descriptor’ but why? Are headings necessary? There are other (more subtle and less invasive) means of looking at the development of a particular key areas over time – curriculum richness and depth should not be compromised by technology, the perceived needs of commercial publishers (‘differentiated topics’), or the uninformed views of those who want to see what they have always seen (e.g., ‘the ’11 and 12 times table’, message posted on The Age blog).

2) Assigning a heading to each descriptor conveys a message that these are distinct and equally important – some descriptors are considerably more dense than others, while others are not distinct at all (e.g., place-value and numeration).

3) Separating and differentially labelling related content descriptions reduces the likelihood that connections will be made (e.g., ‘Factors and multiples’ better regarded as an aspect of pattern and structure, ‘Financial maths’ is a particular application of calculation involving a range of numbers).

4) Heading use and order is inconsistent across Year levels (e.g., use of ‘Calculation’ and the location of ‘Fractions’ across Years 1 to 6). 

5) Numeration is about number systems, in particular, how numbers are understood, represented and renamed and how they are used to count, compare, order and estimate (by rounding). As a consequence, there is no basis whatsoever in my view for:

· separating ‘Counting’ from ‘Numeration’ in  Years K to 3 and separating ‘Comparing collections’ from ‘Numeration’ in K 

· separating ‘Numeration’ from ‘Place value’ and ‘Fractions’ in Years 1 to 4 

· including ‘Counting – fractions’ as a separate and one-off heading in Year 4 

· omitting ‘Numeration’ from Years 5 to 10 (could be used as a powerful organising frame for the different number sets introduced and/or explored at these levels)

· separating ‘Decimals’ from ‘Place value’ and ‘Fractions’  in years 5 to 6 (related to previous point)

· including ‘Estimation’ as a separate heading in Years 5 and 6 – rounding is an important aspect of numeration which can be achieved as a consequence of renaming numbers from Year 1 (e.g., 627 can be renamed as 62 tens and 7 ones but to the nearest ten it is closer to 63 tens). Estimating may involve rounding but it essentially involves the use of operations (e.g., 29 x 41 is about 3 tens by 4 tens, 1200)

· separating ‘Ratio and rate’ from ‘Fractions’

6) ‘Calculation’ involves the application of one or more operations (addition, subtraction, multiplication and division) and it could be used to refer to the very earliest attempts to calculate through to the application of sophisticated modelling techniques. As a consequence, I see no reason for:

· separating ‘Calculation’ from ‘Addition and subtraction’ and ‘Multiplication and division’ in Years 3 and 4

· isolating ‘basic facts’ from the representations and meanings of relevant operations and doing this in an inconsistent manner, for example, ‘Calculation’ in Year 3 refers to addition and related subtraction facts to 20 and some multiplication facts but in Year 4 ‘Calculation’ refers to mental and written strategies to solve additive and multiplicative problems while ‘Multiplication and division’ at Year 4 only refers to some of the basic multiplication and related division facts, again no mention of strategies

· omitting any reference to addition and subtraction involving whole numbers or decimals in Years 5 and 6 (only reference is to fraction addition)

· omitting any reference to multiplication and division involving whole numbers and tenths at Year 5

· treating calculations involving fractions, decimals, per cent, indices etc separately from calculations more generally (e.g., Years 7 and in Year 8 where percentage operations are referred to twice) 

· treating ‘Financial maths’ separately from calculations and numeration (%) or ‘Index laws’ separately from numeration.

7) While content descriptors related to calculation and numeration are considered separately for whole numbers this is not the case for decimals and fractions – this is a critical oversight which presents these as topics isolated from their role as numbers and disconnected from the meanings for the operations more generally (e.g., fraction division needs to be understood in relation to multiplication and division not considered separately).  

There is value in headings that capture really big ideas and related areas, for example, numeration, operations/calculation, pattern and structure. This would mean a small number of content descriptors per heading (‘category’ or ‘thread’) but it would provide much greater clarity and consistency. For example, a calculation or operations heading at each year level could include all references to calculation specifying the type of strategies expected and the number sets involved, rather than have these distributed across different headings such as fractions, decimals, integers etc as at present. Another example is integers  - these need to be understood as a number set in their own right so this aspect could be referred to under something like a numeration or numbers category, while calculations involving integers could be referred to under a calculations or operations heading. 

Grouping content descriptors by traditional ‘topic’ headings precludes other, possibly more powerful ways of viewing and implementing the content to be taught.
11 Some Comments on Catering for Individual Differences

The comment about the mathematics curriculum providing students with “carefully paced, in-depth study of critical skills and concepts” is noted but does this statement assume that the sequence that is “carefully paced” would be appropriate for all children?  
This curriculum draft does not guide the teacher in catering for individual differences (e.g, students with difficulties in mathematics, gifted students, students of different genders, NESB students, indigenous students, and students suffering from mental health problems, and long term illnesses). 

11.1 Research On Differing Paces of Learning

A growing number of studies are concerned with the potential mathematical development of young gifted students from early childhood (Yeap & Kaur, 2008). For example, Hodge and colleagues (Hodge & Kemp, 2006) are developing assessment tools for establishing giftedness in early mathematics. On the other hand, finding more effective ways of establishing the root causes of learning difficulties in mathematics is a key concern. Recent studies (Mulligan & Mitchelmore, 2009) have found that a lack of awareness of mathematical pattern and structure impedes mathematical development and is correlated with poor performance. Essentially, their research supports the findings internationally that low-achieving students do not focus on structural features when learning mathematics (Gray, Pitta, & Tall, 1997). Early intervention in mathematics learning is considered preventative of later learning difficulties (Clements & Sarama, 2007; Doig, McCrae, & Rowe, 2003; Wright, 2003). The quality, scope and depth of both the teaching and assessment of early mathematics are now regarded as critical to future success in the subject (Stevenson & Stigler, 1992; Young-Loveridge, Peters, & Carr, 1998).

Years K-2

The intent of this section is to highlight the “foundation for learning mathematics” while much of the content described is preserving the status quo of curriculum content typical of Australian states.  The notion that mathematical learning begins at five years of age (foundations) does not take into account the rich development of mathematical thinking that occurs prior to formal schooling.

New research and cross-cultural comparisons of mathematics curricula and achievement indicates that children in this age range can develop many of the concepts and processes described as typical of students from 8-12 years of age (i.e. place value, patterns, fractions).  There is strong current and past research evidence that children in the K-2 years and prior to formal schooling are able to use “models, pictures, and symbols” to represent ideas, including simple generalisation.  Thus, our concern is that the content described as appropriate for years K-2 does not challenge a significant portion of children in this age range.

Mathematics across K-10

The lockstep nature of mathematical progress across year levels is questioned in the light of research findings.

There is a need to verify that some of the content placed in particular year levels could be achieved by students at this level. This comment refers specifically to content that has been placed in years earlier than previously and content that was delayed in the new curriculum.

Some of the topic placement that MERGA members have identified as needing further consideration are: 

1. That factorisation and expansions that are currently done in year 9 have been moved to Year 10. This reduces the amount of Algebra at Year 9

2. Surds, currently introduced at Year 9 have been moved to year 10A although topics where they can be employed such as Pythagoras’ Theorem remain in Year 9.

3. Similar triangles are covered in year 9 but trigonometry is moved to year 10.

4. Year 10 now contains sine and cosine rules, unit circle trig (in degree definitions)

In addition, the development of Algebra across Year 7-10 does not appear to be a logical development. Further consideration of Algebra sequencing is needed.
Year 10 Year 10A
It is stated that topics have been reduced to allow greater depth to be studied but this seems to have resulted in the ‘piling on’ of material in year 10. This is a concern. 
The status of Year 10A is not clear. Is this an additional subject i.e. students can take two maths subjects in Year 10? Or, is it an add-on to Year 10 content implying a streaming effect at year 10 level should occur? It needs clarification. And, what are the implications for subject choice in Years 11 & 12 by students who do not take 10A? 

And, while 10A in some yet to be clarified form, provides for the more able mathematics student, what happens to the less able? Currently we have been able to offer VCE Foundation maths or our own specially designed courses to cater for these students. What differentiation of curriculum is there possible for the future?

By the end of Year 10 all students will have covered a very large chunk of the VCE subject General Mathematics (Further Maths implementation) so it will be interesting to see what content is used for this level when the draft of Years 11 & 12 is released.
If Year 10A were moved closer in content to Year 10 with the possibility of extending with more depth, this would address many of the negative aspects associated with streaming (see for example, Oakes and Lipton, 2006 in Tytler et al, 2008: Structuring Inequality). It has been demonstrated that those aspects of learning mathematics that contribute to developing deep understanding (problem solving, student discussion, small group work, and complex but accessible tasks) also reduce the disadvantages experienced by students who would be in lower streams where ability grouped classes are formed (see Tytler et al, 2008). Even if remaining more separate in content, it would reduce some negative aspects of streaming by using small groups and differentiating the curriculum within the same classroom. 

The present draft does not address the problems associated with students ‘falling behind’ or being ‘down tracked’ and not having the mathematics they need to pursue their selected profession nor a structured way to catch up this mathematics. Given the growing numbers of students who are away from school for a variety of reasons (e.g., mental illness) it is important that opportunities to ‘catch up’ be structured into the curriculum.

11.2 Catering for students from different cultures

If the needs of indigenous and NESB students are to be met, then there is a need for some serious rewording and thought to be given to the current draft.

It is suggested that ACARA take advice from

• Emeritus Prof. Alan Bishop, Monash University,

• Dr Tamsin Meaney, Charles Sturt University,

• Prof. Phillip Clarkson, ACU Melbourne and

• Prof. Lloyd Dawe, retired, formerly University of Sydney,

who could possibly suggest others.

Taking account of the role of language and culture gives coherence and inclusivity to a curriculum.

It has been suggested that linguistic, cultural and values in the mathematics curriculum need to be articulated in the introductory pages, not in the elaborations. As this suggestion is contrary to much of the other feedback about the need to integrate all aspects into the Content Descriptions and Elaborations (but is well justified here), it is suggested they both be articulated in the introductory pages, and opportunities for enactment be identified in the content areas. The reason this MERGA member has put forward for not including them as elaborations is because the elaborations cannot take account of cultural and linguistic differences across Australian classrooms and suggesting examples in the elaborations could result in them becoming THE EXAMPLE irrespective of relevance. Thus, a cautionary comment in this regard could be appropriate to include with the introductory statements.

The following comments relate mostly to including aspects of language and culture in the introductory section:

Language is the building block for all students, not just indigenous, remote rural, girls or any other group. What students bring to the classroom depends on their cultural backgrounds and is expressed in whatever language or languages they have. Especially in the Early Years mathematical experiences have to be built into authentic examples that take account of cultural and linguistic background. This is dependent on teachers’ knowledge of the background of their students.

In multicultural Australia trying to deal with this in anything but a holistic way is likely to trivialize the experiences of the very groups that have special needs. Mathematics is in the fortunate position that early concepts can be demonstrated using readily available and inexpensive equipment. Bundles of sticks for number systems and egg-cartons and string for operations with fractions for example. Once the concepts are understood, students can be introduced to the formal language associated with them.

Word problems, games, attempts to make material relevant and test items are another matter altogether, presenting multiple challenges. 

Being able to read and understand word problems means understanding the context (culturally dependent), reading for meaning (comprehension) and then extracting the mathematics and getting it into a symbolic form (dependent on mathematical knowledge and understanding). The reading of text where mathematics needs to be extracted and put into a form where the problem can be solved is far more complex than reading a story.

Teachers need support through the curriculum document to assist them in integrating aspects of all students’ cultures into the curriculum content. The following anecdote from a MERGA member illustrates what can be possible:

[When] visiting a primary (elementary) … as the end of the day approached the classroom teacher picked up a guitar and the children gathered on the floor …. … [the] song … had numbers in it. They sang the numbers in English and then the children from different language backgrounds … [sang] it using the numbers in Portuguese, Vietnamese and a number of other languages. There was no rush for the door when the bell went at the end of the day. They were all having too much fun sharing and accepting the many cultures represented in the room.

There are many ways mathematics from different cultures can be introduced into the mathematics classroom at various levels across K-10 and our teachers need to be supported through the Australian Mathematics Curriculum in building a repertoire to achieve this.

Alan Bishop has identified six area of mathematics that seem to be common to all cultures: counting, locating, measuring, designing, playing, and explaining. By taking the areas identified by Bishop, there is a powerful framework for using the mathematical ideas from different cultures in a way that does not trivialise them. For example, introducing ideas about different number systems, asking why so many are based on ‘bundles’ 5, 10, or 20 for example, validates number systems from other cultures. At the same time it reinforces conceptual understandings associated with the decimal system. There are also wonderful opportunities to have children explain alternate algorithms or ways of writing numerals other than with the Hindu-Arabic system. There can be discussions about the ‘silly’ teen numbers where units are said before the tens and this is compared with other counting systems. These ideas: both value the cultural dimensions of mathematics, value the contributions of students from different cultures, and introduce ways to consolidate understandings of our number system.
12 Specific Comments From Members About Parts of the Draft

Why use the word shape instead of the more usual figure? This could create confusion when linked with everyday language where similar shapes, would probably not be taken to mean shapes that differed in size. 

The following is a list of comments about specific aspects of the curriculum document identified by various MERGA members. 

In The Rationale

This mainly needs some editing.

First para:

No one has yet defined ‘numeracy’ satisfactorily and this sentence creates the idea that there is a division somewhere between all students and some other group. It also sits poorly with the ideas expressed in the final paragraph.

Suggested change:

It develops the capabilities that all students need in their personal, work and civic life.

Second para:

Full‐stop after ‘skills’. Then ‘It will enable…

Second para:

Full‐stop after ‘models’. It then needs to say something like ‘Examples from other disciplines include … (otherwise it will read to the mathematically unimaginative that these are the only times they have to worry about mathematics in these disciplines. I’m still not sure it is plain English…)
Table 6. Aspects of the curriculum identified as needing change by members of MERGA 
	Mathematics
	Comment

	Year 3

Use symmetry, identifying its occurrence in the environment to create symmetrical patterns, pictures and shapes

Create angles and recognise that equivalence in angles such as two quarter turns is the same as a straight angle
	Get the language right from the start. Mention both reflectional symmetry and half turn symmetry.

Create angles and recognise that equivalence in angles such as two quarter turns is the same as a half turn

	Year 4

Generalise about the two-dimensional shapes that form the surfaces of common three dimensional objects and make connections with the nets of these objects, justifying reasoning

Describe the connection between turns and angles and create and classify angles as equal to, greater than or less than a right angle

Visualise the result of combining and splitting shapes and to represent all possible combinations of small numbers of triangles and squares
	Replace Generalize with a better description of intended behaviour. Add Identify the vertices (corners), edges and faces in three dimensional objects
Add and as fractions or multiples of one revolution
Clarify this and justify the limits put on it. Are we visualizing cross-sections (as in Year 9)? Are these 2D combinations or 3D combinations? Are the triangles equilateral? What about other regular polygons too?

	Year 5

Explore different ways of calculating perimeter and area of rectangles and volume of rectangular prisms using metric units
	This is OK here, but note that volumes of rectangular prisms get mentioned in Years 6, and 7 as well. Is this unnecessary repetition?

	Year 6

Visualise and solve problems relating to

packing and stacking

Estimate, compare and measure angles

Describe and interpret locations and give and

follow directions, using scales, legends,

compass points, including directions such as

NE and SW, distances, and grid references
	Bin packing is a good problem. Clarify this. Are they 1D, 2D, or 3D problems? 1D packing of bins of size 10 could come in Year 3 calculation.

Presumably angle measure extends as far as 360 degrees. Apply this knowledge immediately by including compass bearings as well – such as NE, 045◦, or SW 225 , distances and grid references, including latitude and longitude.


Table 6 (Cont)

	Year 7

Describe the properties of parallel and perpendicular lines, triangles and quadrilaterals to classify them etc

Make geometric constructions including angle bisectors and perpendicular bisectors

Interpret and create maps and plans, including using legends and scales, describe relative position, and plan journeys


	Change Describe to Use
Change this to Make and explain. Also limit the making to ICT specific, with an emphasis on explaining the different methods available within the technology. Otherwise, it is not worth doing. Get rid of drawing compasses. Possibly allow use of Math – o – mat type templates for circle construction

The phrase relative position opens the doorway to the graphs and networks topic, which should be incorporated into the national curriculum. Add another point about creating and interpreting spatial networks, such as tram routes or paths between water-holes – graphs that are topologically correct but do not preserve distance or direction.

	Year 8

Identify properties and conditions for congruence of plane figures, and use coordinates to describe transformations

Explain properties for congruence of triangles and apply these to investigate properties of quadrilaterals

Use Pythagoras theorem to solve simple problems involving right-angled triangles

Understand, describe and use generalisations of the index laws with positive integral indices

Create, interpret and use two-dimensional representations of three-dimensional objects, including projections, isometric views and plans

Generalise from the formulas for perimeter and area of triangles and rectangles to investigate relationships between the perimeter and area of special quadrilaterals

and volumes of triangular prisms and use these to solve problems
	Both of these dot points deal with congruence. Put them together. Also, in this context, add transformations that preserve congruence. I can’t explain properties of congruence of triangles. I can identify them, but I regard them as fundamental assumptions (axioms)
Suggested rewording as one point:-

Identify properties for congruence of triangles and apply these to investigate properties of quadrilaterals. Use coordinates to describe transformations that preserve congruence.

Explain/justify Pythagoras’ theorem and use it to solve simple problems involving right-angled triangles.
Include square roots, (for Pythagoras) and also cube roots (for generalization of the root concept and for the measurement context).
Limit projections to orthogonal projections

Why just triangular prisms. V = Ah for all prisms, even non-right prisms. If areas of special quadrilaterals are calculated then why not the volumes of the related prisms? 

	Year 9

Interpret and create maps and plans, including relative location, directions and bearings, and optimal paths
	I don’t understand which meaning of plans is used here. Also I would like to continue engagement with network diagrams. My alternative wording is :-

Create maps and interpret relative location, directions, bearings, and optimal paths on maps.

Create network diagrams and interpret them to obtain relative locations and optimal paths

	Year 10

Use formal mathematical language to classify shapes and objects including congruence and similarity

Solve problems involving latitude, longitude, and distances on the Earth’s surface, using great circles

Solve problems involving surface area and volume of pyramids, cones and spheres
	This dot point is the worst of the lot. Wasn’t classify shapes in Year 9? What is meant by ‘formal mathematical language’?  Which van Heile level is aimed at here? Surely not just classifying, but hopefully explaining and justifying as well. The word shape has been used instead of figure throughout the learning statement, so now shape has two meanings. Two similar shapes of different sizes have the same shape. Very confusing. 

My suggestion is forget about classifying objects and use the following, perhaps with part of it in 10A:-

Use congruence, similarity and the properties of isosceles triangles and angle sum of triangles to justify and explain constructions and the properties of polygons and circles.

Also consider adding a new dot point about applications of geometry and measurement – in design, machines, gears, satellite motion, etc

Solve problems involving latitude, longitude, and distances on the Earth’s surface, including latitude circles, longitude circles and estimates for other great circles. Explain the (Year 7 science topic) observable effects of Earth’s rotation on its axis and orbital motion around the Sun
The area and volume of sphere formulas are difficult for students to justify, so put them into 10A. Let surface area of cones be an investigation rather than an application.

Solve problems involving volumes of pyramids and cones. Investigate the relationships between the surface areas of right pyramids and cones and their nets.


13 Numeracy

Sustainability is relevant to the application of the Mathematics, dealing with applying the maths to issues of sustainability and ethics.

Financial maths is specifically referred to in Year 3 but not again until Years 9 and 10.

The rationale deals with aspects of numeracy and mathematics but the distinction between numeracy and mathematics is not clearly articulated.  A description of what constitutes mathematical development might include reference to the ability to model, represent, symbolise, abstract, generalise, prove and justify.  The link between mathematics and other disciplines is appropriate but more emphasis on data analysis would be advantageous.
14 Assessment

As Barnes, Stephens, and Clarke have shown in their study of changes in pedagogy in Victoria after the introduction of the Victorian Certificate of Education. The nature of the assessment tends to drive the pedagogy through implementation of the curriculum in ways that increase student familiarity with the types of assessment tools used in senior secondary school. Assessment needs to be considered carefully because its effects on content implementation can either increase or decrease the gap between the ideals in the aims in the draft curriculum document, and the realisation of this curriculum.

At present, the NAPLAN is working against the ideals of the National Curriculum because perceived repercussions associated with low NAPLAN scores lead to many teachers spending a great deal of time on drill and practice. 

As a C grade reflects attainment at the level in which the student is participating, the requirement to be met a certain levels need to be carefully thought out so it is attainable by students with average mathematical ability who are willing to study. Not doing so has the potential to reduce student resilience and resilience is a psychological factor associated with high quality problem solving activity (Williams, 2006).
15 Including Aspects of Australia’s Cultural Heritage

The numbered comments below are in no particular order and were contributed from various MERGA members. 

1) There is a lack of historical development of mathematics and number in different cultural backgrounds – exploration of this is a relevant way to incorporate Aboriginal and Torres Strait Islander contexts.

2) We understand these don’t sit easily within ‘mathematical content’, but are more in the use of appropriate applications and questioning.

3) There is a missed opportunity with statistics to examine and analyse ethical problems and social issues.
4) It is very pleasing to see ACARA’s response to feedback on the Framing Paper; the explicit mention of ‘intercultural understanding’.
5) That said, it is disappointing that a search of the draft curriculum document (on culture) revealed little on indigenous cultures. There appears to be a lack of recognition of the mathematical knowledge possessed by indigenous and other cultural groups. A search on "culture" brought up one area: ‘time’ in the form of ‘festivals’. It is as if the cultural aspects included in the aims and rationale pay lip-service without a filtering from policy into the curriculum.
D. In Conclusion

The conclusions are drawn together as Recommendations at the start of this response. To conclude this response, quotes from two MERGA members. 

The comment from one dispirited MERGA member captures the feelings of many:

“There is a danger of the national curriculum for Australian schools becoming little more than a document to be filed and then ignored or forgotten about. What happens at Years 11 and 12 is crucial to the document having any status and relevance. It seems the ‘hard’ decisions are not going to be taken. Assessment is not being addressed nationally, the role of calculators and their impact, both good and not so good, as drivers for determining content and pedagogy are not being addressed, the amount of time to be allocated to mathematics is not being addressed. The initial optimism surrounding the prospect of finally, at last, a national curriculum for Australian schools, is starting to fade”. 

The voice of a long-term researcher frames the same ideas in another way:

“All new curricula fail to a lesser or greater extent because they are not supported with sufficient resources. There is the mistaken belief that most schools and teachers will take up a new curriculum after some trialling and a certain amount of political pressure to implement it.

I can vouch for this failure from experience, having re-written the WA primary maths curriculum almost single-handedly in 1966-67, then contributed to new editions in both 1978 and 1989. In all these cases, and for the National Statement that followed a few years later, not much changed re what was happening in schools, especially at primary levels.

Little will change in the current case either, unless very significant resources are ploughed into the implementation by way of teacher professional development and on-going teacher support, together with appropriate support materials for both teachers and students”.
And from the VP Development:

We need to believe that the aims of the visionary Framing Paper for the Mathematics Curriculum (2008) can be realised, and that the recommendations arising from this MERGA response can help this to occur. 
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