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Advisory Committee on Mathematics Education (ACME)
Call for views on the draft National Curriculum for primary mathematics published 11 June 2012

The Department for Education has asked ACME to gather views from the mathematics and wider education community on the draft National Curriculum for primary mathematics over the summer. Your response will be provided to the Department and will help ACME develop its advice to the Department on this issue.  We are particularly keen to gather the views of practising teachers from both the primary and secondary phases. This process will inform any changes to the content in readiness for the full public consultation towards the end of this year.
In addition to this call for views, ACME, jointly with the NCETM, will use a variety of means and processes to facilitate discussion with and within the community. These include:
· ACME will hold two workshops in central London (18 June and 3rd July) to discuss the content and structure of the draft National Curriculum for primary mathematics. Contact us at acme@royalsociety.org for more details.

· There will be a dedicated NCETM discussion forum for teachers and others to discuss the draft Programme of Study. Instructions on how to register to the NCETM portal and to the forum are available on the ACME and NCETM websites.
· eSeminars will be held in the evening of the 27 and 28 June 2012. More details will follow soon. Please consult the ACME and NCETM website for updates. 

The Department has asked for responses to the following five questions. Feedback is also encouraged on any other aspect of the draft.
· Do the aims set out the right teaching and learning priorities for mathematics? If not, how could they be changed and why?

· Does the content outlined in the draft Programme of Study for mathematics set the right expectations for 5 to 11 year olds, taking account in particular of the expectations set in high-performing jurisdiction? If not, what expectations do you think need to change and why?

· Is the balance of content set out in the draft Programme of Study for mathematics broadly right? If not, what do you think needs to change and why?

· If the Programme of Study were to focus on fewer things in more depth, what do you think should be prioritized any why?

· What would be the practical implications for schools of teaching this Programme of Study, including the training requirements for teachers?
ACME is investigating these areas with some supplementary questions, in order to help you to fully explore these issues. Please do not feel that you have to answer all the questions below – you may wish to restrict or focus your responses to those that you feel most confident to comment on or which are more suited to your particular expertise or knowledge.  If this proforma prevents you from expressing your views then please feel free to submit your thoughts in another way.
When referring to specific statements in the draft please include the statement number.

Confidentiality: All responses will be provided to the Department unless respondents wish their views to remain confidential. We may also wish to publish responses on our website and quote from them in the ACME response to the Department for Education. If you do not want your response to be shared with the Department or you do not want ACME to publish or quote from your response, please let us know.
Questionnaire on the draft National Curriculum for primary mathematics
About you

Name: Vivien Townsend
Organisation: Association of Teachers of Mathematics (ATM) and Mathematical Association (MA) Joint Primary Expert Group
Email address: vivientownsend@atm.org.uk 
Sector (Teaching (Primary/Secondary/other), Higher Education, Learned Society/subject association, Employer, Other): Subject Associations
Is this an individual response or on behalf of an organisation?: On behalf of the Association of Teachers of Mathematics (ATM) and Mathematical Association (MA) Joint Primary Expert Group
Would you like your response to be confidential: No
The ATM and the MA are professional associations with a long history of working with teachers - not as trades unions but as the agents for curriculum and professional development.  Their role has been acknowledged and respected by governments for over a century. ATM’s guiding principles state that, ‘the ability to operate mathematically is an aspect of human functioning which is as universal as language itself’ and the MA ‘exists to support and enhance mathematics and the teaching and learning of mathematics and its applications’.
The ATM and MA Joint Primary Expert Group has over 50 members who work across the mathematics community including practising primary and middle school teachers, university lecturers, freelance consultants and employees of national mathematics bodies. 

The group meets regularly and is the voice of the ATM and the MA in all matters relating to primary mathematics.
In collating this report, 15 members of the group met face-to-face and in addition there has been a lot of correspondence by email over a 4 week period. At first the group established its position and then later discussed various versions of the document. 20 – 30 members of the ATM and the MA councils were also involved in editing later versions of the document. It is difficult to put a figure on the total amount of unpaid time that has gone into producing this report but as the hours put in by the chair (who has compiled and collated comments at each stage) number far greater than 20, it is estimated that the group have in total contributed in excess of 100 hours.

As the expert primary group of the mathematics subject associations, we would like to offer our support to ACME during the unenviable task of compiling responses from across interested parties. We would also like it to be known that our members are happy to meet with Government representatives, read and respond to any proposals, and offer suggestions for how the ATM and the MA could support the DfE to develop and implement ideas. 
Members of the group are concerned that many good reports – and much high quality research by teachers and academics – into primary mathematics education have been published over the past 30 years, the findings of which have been ignored in the preparation of this draft Programme of Study. We would really welcome the chance to redress the balance and draw on this bank of knowledge and expertise to influence the content and feel of the mathematics Programme of Study for England.
How to respond

When responding by email it would be helpful if you could enter the information above into the following website https://www.surveymonkey.com/s/7VH7Q5B. This will help us to analyse who has responded, and will ensure that you receive a copy of ACME’s submission to the DfE on this topic.

The deadline for written submissions is 18 July 2012. Submissions can be emailed to curriculum@acme-uk.org. If you wish to share your written response with the Department for Education please copy your response to NationalCurriculumReview.FEEDBACK@education.gsi.gov.uk 
Please do not feel that you have to answer all the questions below – you may wish to restrict or focus your responses to those that you feel most confident to comment on or which are more suited to your particular expertise or knowledge. Feedback to ACME and the Department is encouraged on any part of the draft. If this proforma prevents you from expressing your views then please feel free to submit your thoughts in another way
Please answer with respect to the draft National Curriculum for primary mathematics. When referring to specific statements in the National Curriculum, it would be helpful if you could refer to the statement’s number. 
Next steps

ACME will produce a public summary of all the input received during the consultation period. In addition ACME will provide the Department with clear advice based on the analysis of the input along with the rationale for this advice.
1. Aims:

The National Curriculum for mathematics aims to ensure all pupils: 

· become fluent in the fundamentals of mathematics so that they are efficient in using and selecting the appropriate written algorithms and mental methods, underpinned by mathematical concepts 

· can solve problems by applying their mathematics to a variety of problems with increasing sophistication, including in unfamiliar contexts and to model real-life scenarios 

· can reason mathematically by following a line of enquiry and develop and present a justification, argument or proof using mathematical language. 

1.1 In your view, do these aims set out the right teaching and learning priorities for mathematics? If not, how could they be changed?
The proposed aims encapsulate some of what we would hope to see as priorities in a National Curriculum. The order in which these appear is significant as teachers and others are likely to see the first bullet point as the most important. We recommend changing both the order and the content of the aims, and that the key findings of the Ofsted (2012) Made to Measure report are used in developing new overall aims. This is from the opening to the report summary:

The responsibility of mathematics education is to enable all pupils to develop conceptual understanding of the mathematics they learn, its structures and relationships, and fluent recall of mathematical knowledge and skills to equip them to solve familiar problems as well as tackling creatively the more complex and unfamiliar ones that lie ahead. (Ofsted 2012)
Many curricula (e.g. Singapore, New Zealand, Scotland) include a statement about learners’ attitudes and dispositions in the aims; we recommend that one is needed here too. 
Our proposed aims are as follows:

The National Curriculum for Mathematics aims to ensure that all pupils:
· Can reason mathematically by following a line of enquiry and develop and present a justification, argument or proof using mathematical language.

· Can solve problems by applying their mathematics to a variety of problems with increasing sophistication, including in unfamiliar contexts and to model real-life scenarios.
· Develop conceptual understanding alongside fluency and efficiency in mathematical techniques and procedures with mental methods as a first resort. 
· Enjoy and feel confident about mathematics, persevere with challenges and demonstrate resilience, flexibility, enthusiasm and curiosity when learning and using mathematics.
The text that accompanies the aims contains useful sections on spoken language and the use of ICT. The latter section’s stance on calculators seems inconsistent. Calculators are well known to support the development of ‘number sense’ and children enjoy developing mental skills in order to ‘beat the calculator’. Furthermore they also know when to choose a calculator to solve a problem (Ruthven, 1998). In recent years the Key Stage 2 tests have incorporated more items that require children to be able to make effective use of a calculator. This is an important skill for modern society.

The sentence in the final paragraph of the first page is unfortunate ‘Pupils should therefore be taught to practise and then apply their mathematics to a range of problems’. Research shows that new mathematics can be learnt through problem solving and exploration and that in developing proficiency, fluency and problem solving are mutually dependent  (e.g. Anthony and Walshaw, 2007).
The Singapore curriculum contains the following diagram which shows the various aspects of mathematics that need to be developed if children are to become adept at mathematical problem solving (not limited to word problems). We would welcome the inclusion of a similar diagram in our National Curriculum.
[image: image1.emf]
1.2 In your view, should the aims – either those set out above or any alternative aims you propose – be made more explicit in the main content of the Programme of Study? If so, how?
The aims are not currently well reflected in the main content of the Programme of Study. The aims could be made more explicit by using the Notes and Guidance in the Programme of Study to exemplify how the delivery of the mathematics content in a primary classroom might enable the aims to be realised. For example, there could be more explicit reference to problem solving by changing references to doing ‘word problems’ to tackling ‘a variety of problems’. The inclusion of phrases such as ‘ensure pupils have the opportunity to explore and investigate’ would also promote the teaching of mathematical working, reasoning and thinking. We would also encourage explicit emphasis on the importance of using practical resources, with some opportunities clearly stated. 
2. Structure, expectations and challenge: 

2.1 Is the proposed National Curriculum for primary mathematics set out in such a way that you can understand what expectations are intended for each key stage (for example, in its balance between over-specificity and insufficient detail)? Please be specific about which parts of the presentation are supportive of teachers and other users, and suggest alternatives if you find aspects of it less helpful. 

· Are the key mathematical ideas clear and central to the PoS?

· Is there sufficient detail?

· Is the level of specificity right?

· Is the wording clear and helpful?

· Does it give sufficient information to support the construction of an effective scheme of work?

The draft Programme of Study in its current state is potentially confusing, providing as it does, specific mathematics to be taught in each year group, whilst stating that schools need only cover this content by the end of a two-year phase (page 2, school curriculum). We recommend that content is set out in phases rather than for individual year groups, as this allows teachers and schools to make professional judgements about when, over the two-year cycle, new concepts are introduced to their learners. In order to support schools in developing their mathematics curriculum and providing suitable learning opportunities alongside demands from other subjects, this two-year cycle needs to clarify progression as this will help teachers to build upon what has come before and to prepare children for what is to follow. 
The draft Programme of Study would be enhanced, and would become more helpful to schools and teachers, if exemplification of the content were to be included. For example, in the preamble to Key Stage 1, explicit mention is made of using practical resources, yet there is no mention of such resources in the Notes and Guidance. The use of practical resources is important throughout the primary phase, particularly as learners are introduced to new and challenging concepts, so we recommend that a similar statement is included in the preamble to the other Key Stages. 

We recommend changing some phrases so that the emphasis is on the teacher building on the prior knowledge of, and responding to, the needs and interests of their learners; for example, ‘taught to’ could become ‘given the opportunity to learn to’. In addition, there is extensive use of the phrases ‘pupils must practise’ and ‘pupils can recall’ which could imply a rather uninspiring approach to teaching. We recommend using phrases like ‘learners explore’, ‘learners investigate’, ‘learners apply’ or ‘learners demonstrate and explain’ as suggested pedagogies and approaches in the guidance, and including reference to use of mathematics in context and across the curriculum. For example in Y1: ‘Pupils use a range of images, models and apparatus to demonstrate and talk about addition and subtraction in meaningful contexts.’
There are some specific examples of mathematical language being incorrect or potentially confusing. For example ‘borrowing’, ‘carrying’, ‘count in multiples of’, ‘non-polygon’, ‘compound units’, ‘non-integer division’ and ‘compass’ (when referring to a pair of compasses). Consistency and precision of language are essential in this document. We note that others have provided detailed lists (for example, Ian Thompson).
2.2 Does the content outlined in the draft mathematics curriculum set the right expectations for 5 to 11 years olds, taking account in particular of the expectations set in high-performing jurisdictions? If not, what expectations do you think need to change and why?

The expectations set out in the draft Programme of Study are too high. There is a rush to introduce formal representations which contradicts research evidence that emphasises the importance of developing secure conceptual understanding (Nunes et al. 2006; Nunes and Bryant 2009; Nunes, Bryant and Watson 2010). Roughly speaking the expectations for the end of Y4 are similar to the expectations for Y6 currently, and many of the expectations for upper Key Stage 2 include things which are best left to secondary, e.g. use of the probability scale, coordinates in four quadrants, the compound measure: speed, scaling of area (without any previous reference to scaling of lengths), formal algebra, volume and transformations. These topics are left until lower secondary school in the high performing jurisdictions without exception as far as we can ascertain. Care also needs to be taken to ensure coherence with the PoS for primary science. It is unclear why major changes have been made to the science curriculum given the consistently high performance of English students in international comparisons.
There are some things which are welcomed: a strong focus on counting; the importance of reading and spelling mathematical vocabulary; the emphasis on the link between division and fractions; using the correct language for features of 3D shapes – faces, edges and vertices; and separating perimeter from area.

In high performing jurisdictions such as Singapore and Massachusetts, mathematical proficiency embraces not just skills, but also concepts, processes, metacognition and attitudes, with problem solving being central to mathematics learning. We recommend that a similar approach is taken in this document. It is also worth noting that formal schooling does not begin until the age of 6 or 7 in these high performing jurisdictions and their Y6 curriculum is for 12 year olds rather than 11 year olds. 
In general, we believe that caution must be exercised when reading comparative data and using international comparisons to reach judgments on mathematics education. There are cogent arguments concerning the shortcomings of international comparisons in the literature (Brown 2010, Askew et al. 2010), and as Michael Gove himself said in connection with benchmarking against the most successful school systems: ‘This... has to be done with great care to avoid learning the wrong lessons from countries with very different cultures’ (Oates 2010: Foreword). 

A good reason to question the comparisons between England and Singapore, is that the two countries are culturally very different. At 697 km2, Singapore is one of the smallest countries in the world and yet, at $59,900, it has the fifth highest per capita GDP in the world (CIA website https://www.cia.gov/library/publications/the-world-factbook/index.html). Apart from its people, Singapore has no resources, with the consequence that systemic investment in the education of its citizens is the only means of ensuring continuing economic success (Chong and Cheah, 2010). Another aspect, significant in understanding Singapore’s success on international tests of achievement, is that: 

“low-paying… jobs are done by Malaysians, who daily cross the two bridges connecting the countries to work in Singapore; by large numbers of Philippine women who come to work in Singapore, leaving their families behind… who, even in low-paying Singapore jobs, can earn far more than they can in their home countries. These workers have children, but their children are tested in their home countries, not in Singapore” (Usiskin 2012, p. 668).

When one reads summaries of Singaporean mathematics teaching, there is nothing to suggest that anything exceptional is happening in classrooms (Kaur 2009) however there is widespread use of after school tuition (Fan 2012) and school holidays are much shorter. Despite long-standing systematic attempts to incorporate problem solving into Singaporean classrooms, the limited available research has shown little divergence from traditional forms of teaching (Fan and Zhu 2007).

In sum, a good curriculum incorporating opportunities for problem solving at all levels of the student experience, which Singapore appears to have (Fan and Zhu 2007), is not necessarily a guarantee of systemic success. Being wealthy and arriving at school with an appropriate motivation to learn may be better indicators. Indeed, Singaporean students are generally positive about mathematics, albeit extrinsically motivated (Yee 2010).

We also notice that Singapore is now changing its approach to mathematics teaching so that problem solving and creativity are even more central. The Education Minister for Singapore says they need to move towards being ‘less about content knowledge’ but ‘more about how to process information’ ( http://www.bbc.co.uk/news/business-17891211).
It is worth noting that Massachusetts achieves similarly to England in TIMSS and there is more information about this in a recent paper by Ruthven (2011).
Askew et al. (2010) argue that, in terms of international comparisons,  it is not actually clear what constitutes ‘high performance’ in mathematics; that differences between countries are not large and are often statistically insignificant; and that both TIMSS and PISA are just snapshot comparisons, as they lack longitudinal data of students’ performance over time. Also, research by Andrews and Sayers into five European countries (Andrews 2006; Andrews and Sayers 2006a, 2006b, 2008) identified differing performances of countries over two tests.

With reference to England’s actual performance in international tests, the OECD itself has argued that the 2000 and 2003 PISA results should not be used as comparators because England’s response rate was too low (OECD 2009). This would appear to contradict the myth that we have ‘plummeted down the league tables from 8th to 27th’. Also, the actual TIMSS results contradict the ‘stable’ and ‘falling’ comments found in recent reports (Conservative party 2011: 7; DfE 2011: 37). In 2007, only the Pacific Rim countries performed significantly better than England, and the official NFER report states that ‘England’s performance at year 5 is amongst the best in the world and continues to improve’ (NFER 2008). 

What England’s performance in international comparisons does suggest is that greater emphasis is needed on ‘using and applying’ mathematics (sometimes called mathematical literacy), since TIMSS tests technical and procedural competence whereas PISA tests students’ ability to apply mathematics in context. 
2.3 On balance, is the level of challenge envisaged appropriate for the range of young people in all the key stages covered? If not, please be specific about what you think should be changed and why.

The level of challenge is high, probably too high, in many aspects of this curriculum. There needs to be clarification as to whether the Programme of Study defines an entitlement for leaners (as established in the 1988 curriculum) or is an aspiration for the highest attainers. The recent Ofsted report on primary arithmetic (2011) makes it clear that a formal algorithm for division is beyond what can be expected for even high attaining well-taught eleven year olds. 

On this topic, Conrad Wolfram, managing director of Wolfram Research Europe (recently opened by David Cameron) posted a blog in which he said: ‘This [portraying long division as the pinnacle of achievement in maths at primary school] is about the worst maths marketing you can do to prospective students - and in the long term to parents... Worse still, why imply that those tedious procedures are what maths is primarily about?’ (http://www.conradwolfram.com/home/should-long-division-be-the-pinnacle-of-primary-mathematics-educat.html
The introduction of standard units in Y1 is neither helpful nor appropriate and is inconsistent with curricula in high performing jurisdictions where children meet non-standard measures and work on comparing and ordering in practical contexts. We also believe that the expectations for fractions in Y1 are unrealistic. We reiterate that formal schooling does not start in these jurisdictions until the age of six or seven.
2.4 In light of the new duty on schools to develop and publish their school curriculum for mathematics by academic year, is the key stage and academic year layout of the proposed national curriculum helpful? If not, what would be more useful for teachers?
We believe that it would be more useful to teachers if the Programme of Study was organised in two-year blocks of content. This would allow for professionals to organise their curriculum appropriately as described in 2.1. In order to support schools to plan from the Programmes of Study, we would recommend that the guidance part of the pages is used to provide pedagogical support and subject knowledge for teachers. This could include how manipulatives can be used to support conceptual understanding. This guidance could also suggest opportunities to: reason mathematically, follow lines of enquiry, solve problems (including real life problems), persevere and be curious (as set out in our aims); recommend useful contexts for exploring the mathematics; identify links between this and other areas of mathematics / other subjects; and also suggest some high quality, freely available / common research-backed resources to support learning (for example, the content of the NRICH website). This is in line with current practice in Flemish Belgium and Hungary.
2.5 What other aspects of the proposed curriculum either support or hinder the development of a school’s mathematics curriculum? In particular, what aspects of the draft could be left more to local professional judgement?

Whilst the statement on inclusion is welcomed, we have grave concerns about those learners who do not attain the Programme of Study expectations. It would be helpful to have clarity around expectations of experience, a notion of entitlement and a realism that not all students will learn everything that is taught. The testing regime will have an impact on how the curriculum is delivered and as such needs to be developed in conjunction with it. Northern Ireland has run into problems through developing its assessment regime after its new curriculum (reported at the June 2012 JMC meeting) and this should be avoided. In practice, teachers will look to the instruments of accountability as a means of understanding the curriculum requirements and expectations.
There needs to be a rigorous check of progression in all areas across the Key Stages to ensure that progression will indeed be made. Currently, some areas are inconsistent, for example statement 78 asks children to use ‘a ruler to draw polygons accurately’ before they have any awareness of angle. Numbers do not become more challenging simply because the number of digits (in whole numbers and decimals) has increased.

Whilst we agree with the removal of levels, there needs to be clarity about what will replace them and how children’s attainment is to be reported. 
There is a danger that any specific statements about the method of teaching will hinder the development of a school’s mathematics curriculum as they will be seen as prescriptive and therefore limiting. However on the other hand, we are concerned that if the National Curriculum lacks useful guidance, then schools may resort to published schemes as they did prior to the introduction of the National Strategies. Teachers should have sufficient information to allow them to make professional judgements about mathematics teaching. The expertise available in the mathematics community should be drawn on to ensure that the level of guidance within the Programmes of Study is appropriate. In the highest performing jurisdictions, textbooks and resources to support learning and teaching are produced by teams of teachers, curriculum developers and teacher educators/ researchers who have expertise in the area. This is funded by governments who would not consider leaving something so important to commercial interests.

3. Implementation

3.1 Would you anticipate that the teachers you are familiar with will be able to implement this curriculum in a coherent and engaging way, so as to result in the vast majority of young people achieving a robust and confident mastery of primary mathematics? If that is true only in part, or for some year groups, please indicate which, and if possible, why. 

Most teachers will not feel confident implementing the proposed curriculum, partly because the expectations are over ambitious and they know their children won’t be successful in the suggested timescale. The other reason is that many teachers have become familiar with the strategies advocated by the NNS including the use of models for number, emphasis on mental strategies and careful development of understanding before introducing formal methods. They may lack confidence in some of the methods advocated, such as long multiplication and long division, and some of the content, such as probability, speed and algebra. Training will need to be provided to enable teachers to develop the necessary knowledge and understanding to support learners’ progress through the increased level of challenge in this curriculum.
Primary teachers are looking at this draft mathematics curriculum alongside the increased demands in the draft Programmes of Study for English and science. The proposed raising of expectations in all core subjects (without guidance on the numbers or percentages of pupils expected to attain the targets) means there is considerable anxiety that children will be labelled as failures from an early age. To achieve a robust and confident mastery of primary mathematics, children need to develop deep conceptual understanding through a rich mathematical experience which incorporates enquiry, problem solving, modelling and developing mathematical arguments. This is supported by the Ofsted (2012) Made to Measure report.
There is a significant danger, some might say a certainty, that in attempting to ‘cover’ the prescribed curriculum teachers will ‘drill’ children in technical procedures at the expense of developing understanding. 
3.2 What would be the practical implications for schools of teaching this mathematics curriculum, including:

1. Training requirements in the short term?

2. Ongoing CPD in the medium term?

3. Resources?

4. Teaching time?

5. Other support?

1. In the short term, schools will need support on interpreting and implementing the content of the National Curriculum document and on making the curriculum their own. This will include: understanding how the needs of low attainers are to be met; what is to replace levels; what planning might look like to ensure that whole-class mastery / readiness to progress happens; what mastery looks like.
2. In the medium term, teachers will need quality support with their mathematics subject knowledge, their understanding of progression through the objectives and suitable teaching approaches to ensure that they are covering the key knowledge and skills that underpin learning. In addition, recent reports by the Cambridge Primary Review and Sir Peter Williams have outlined what a good curriculum should look like and their recommendations are at odds with the content of this proposed curriculum. Teachers, particularly those who have been recently trained, are familiar with these reviews and have been trained to implement the recommendations. It is worth considering delaying implementation by a year to give time for this necessary quality CPD to be rolled out to all teachers. Primary teachers need to feel confident that they have the necessary tools and that they are enabled to make this curriculum work. These demands will be less if the expectations are made more realistic and the guidance element of the document is more comprehensive.
3. Useful resources would include: case studies (written and video) where the issues raised in the previous two bullet points can be exemplified; examples of planning; conferences and events from subject associations; suggested resources such as teaching aids and manipulatives; online forums for discussion and sharing ideas; a resource bank of teaching ideas including ways in which mathematics learning can be fostered across the curriculum; an additional INSET day. Successful implementation will cost money.
4. The higher expectations set out in the draft curriculum may lead to even more time being spent on teaching mathematics. If teachers attempt to teach more or teach differently, it is possible that some children will learn less (see point 3.1). Teaching time needs to be focused, skilfully delivered and meaningful. This is why it is so important to provide pedagogical support through written guidance and/or through case studies.
5. Bodies such as the ATM and the MA are ideally placed to support colleagues. Subject association membership would be an appropriate way of supporting primary schools to improve their teaching of primary mathematics. Were a group like ours to be asked to provide support to schools, this would be in addition to our existing commitments in relation to our paid roles as teachers, freelance consultants, LA subject advisers and teacher educators, and would therefore require funding.
4. Attitudes: 
4.1 Will the proposed mathematics curriculum have a positive effect on confidence, understanding and interest? If not, why not, and what changes would improve this?
The document will not in itself have a positive influence on confidence, understanding and interest.

For pupils, mathematics is most meaningful when it is used and applied, and Ofsted in the Made to Measure report (2012) found that this still happens too infrequently. We recommend that the guidance column be used to suggest ways to use and apply mathematical skills in other areas of mathematics (make connections), across the curriculum, in every day life and other problem solving situations. If pupils are provided with such varied opportunities to learn, understanding and enthusiasm follow. In addition, we would advise that the use of manipulatives to support learners in developing conceptual understanding, and in moving from the concrete to the abstract (for example, creating arrays to understand multiplication), is promoted across the primary phase. Learners at all stages in their development gain confidence from having mathematics modelled with them in a variety of ways. 
We know that many pupils do not enjoy mathematics (see below), and there is a danger that with the higher expectations and early formality of this proposed curriculum, levels of enjoyment – and consequently of attainment – will drop even further. 

Over the past 20 plus years, much research has been undertaken on pupil attitudes to mathematics, and there is ongoing documentation of learners’ disengagement from the subject, despite their level of educational achievement (Buxton 1981; Hughes 1986; Askew and Wiliam 1995; Hannula 2002; Klein 2007; Boaler 2009; Askew et al 2010; Borthwick 2011). Evidence from 1999 TIMSS, in both England and New Zealand (a ‘higher performing’ country) showed student attitudes to mathematics as declining over their school years (Walls 2009; Askew 2010).

Interestingly, Askew et al. (2010) found that high-performing countries, in terms of international comparisons, are as concerned about students’ negative attitudes to the subject as England is. The authors argue that in an exam-driven culture, enjoyment is achieved through success attained, rather than learning itself. They go on to make the rather disheartening statement that ‘High achievement and pleasure in learning mathematics are difficult goals to reconcile.’ (Askew et al. 2010: 20).

The reference to the history of mathematics is to be welcomed because of the potential for cross-curricular links with work in history, and because some children will be highly curious and excited by this context for learning. We would prefer there to be scope for teachers to look at different number systems and also to learn about different mathematicians when appropriate across the primary school (for example, to link with a particular topic in history) as children of all ages can find these topics fascinating. However these references need to be accurate; the earliest known place value systems did not use base ten (Babylonians used base sixty, Mayans base twenty) and survived for thousands of years without a symbol for zero. The origin of zero is not conclusively known. There were many other number systems before the Romans and to just focus on Roman numerals seems somewhat arbitrary and Eurocentric. Binary to fifteen is insufficient to help children’s understanding of place value, and there are other number bases that naturally arise in the history of mathematics. 
Teachers will welcome the sentiment of high expectations for all. There are many ways to support schools in raising attainment and one way is to raise the profile of mathematics across the school through challenges, assemblies and celebrations of perseverance and curiosity. When teachers are motivated and engaged in this way, and are clearly led (at school level by a well-qualified subject leader and head teacher, who are in turn receiving clear guidance locally and nationally) then they will be well placed to deliver fantastic lessons and to guide their learners through a rich path of learning towards mastery. When teachers lack confidence, perhaps because of their own limited understanding, their interest falls. This becomes reflected in their lessons, breeding misunderstandings.
By encouraging an approach to mathematics teaching that is rich in problem solving opportunities and cross-curricular links, where parents and carers are involved in their children’s learning, teachers become excited by teaching mathematics and a love of mathematics is nurtured among the whole school community.
It is also worrying that this draft contradicts the recommendations of Ofsted.  In two recent reports, Made to Measure (2012) and Evidence from 20 Successful Schools (2011), and in the latest framework for inspection, schools can read about what outstanding teaching and learning look like in institutions similar to their own. The National Curriculum and Ofsted must be in tune with each other otherwise teachers will feel very confused regarding what is expected of them.

The demands of the different National Curriculum subjects need to be seen together to appreciate the enormity of the task presented to primary teachers and appreciate the support that they will need. The proposals within the draft Programme of Study for mathematics have to be seen not simply as mathematics demands, but demands on children and teachers with all of the other new and existing demands also being made on them. 

5. Content 
ACME has identified some relevant statements from its recent policy and responses which are outlined below, in order to offer some contextual background to the subsequent questions. These are taken from the Mathematical Needs of the Learners and Mathematics in the workplace and in Higher Education. These reports informed ACME’s responses to the Call for Evidence for the National Curriculum review and to the National Curriculum Expert Panel report. ACME also published a paper on Primary Arithmetic which was informed by a workshop of experts. 
In its report on the Mathematical Needs of the Learners, ACME said:

· To be proficient in mathematics, learners need:

· procedural recall, accuracy and fluency in familiar routines.

· to develop procedural, conceptual and utilitarian aspects of mathematics together.

· the ability to interpret and use representations.

· a range of mathematical knowledge and experience.

· strategies for problem-solving and hypothesis-testing, including working with current digital technology.

· mathematical reasoning.

· appreciation of the purpose and usefulness of mathematics, and willingness to use it.
In its response to the National Curriculum Review call for evidence, ACME said: 

· The National Curriculum should show connections between key mathematical ideas, and should represent cross-curricular ideas explicitly.
In its position paper on Primary Arithmetic, ACME said: 

· Calculating includes knowing relations (e.g. knowing that addition and subtraction are inverses), number facts (e.g. number bonds) and procedures (e.g. methods of subtraction) and pupils should know the purpose, meaning and effect of the operations. Success in later years is associated with two separate routes of learning that develop alongside each other from early years: calculating, and reasoning about quantities.
· Competence in mathematics depends on identifying, understanding and acting on facts and procedures and underlying relations, and on equating and estimating quantities. This knowledge forms the basis of secondary arithmetic and applications and also algebra and data interpretation

· Mental methods are the basis for confident use of arithmetic, for algebra, for estimating, and for some formal algorithms

5.1 Overall, is the balance of content set out in the draft mathematics curriculum broadly right? If not, what do you think needs to change?

We endorse the aspirations set out in the ACME documents, which do not appear to have informed the draft Programme of Study.
We do not believe that the balance is right in this draft curriculum. There seems to be an over emphasis on formal methods of calculation at the expense of developing conceptual understanding about  the structure of number and its inherent patterns which is the foundation for the development of mental agility with number and laying the foundations for algebra.  

Apart from in the introduction to the document, there is little mention of developing mathematical behaviours such as reasoning, applying, problem solving, and talking about mathematics. To address this, we have proposed some additional aims (see 1.1) and also recommend that the guidance details opportunities to develop these mathematical behaviours.  

The approach to data handling overemphasises the presentation of data without considering the purpose of data collection and the way data can be used to solve problems and make sense of situations. The foundations need to be laid for probabilistic reasoning and assessment of risk.
The use of mathematics in modern society needs a higher profile. This could include a greater emphasis on personal finance and budgeting and the importance of mathematics in science, technology, engineering and managing society. 

5.2 Does the proposed curriculum sufficiently promote connections between key mathematical ideas, and between mathematics and other curriculum areas? If not, how could this be achieved?
In its current state, this curriculum does not make connections. We recommend the use of the guidance side of each page to include information about connections between aspects of mathematics and also to other subject areas. We have also talked about this in many of our earlier answers.
Without those connections being explicit they may be neglected by busy teachers and senior leadership teams. It is also important to ensure that any system of accountability makes connections explicit, as teachers will look to the instruments of accountability to support their interpretation of the curriculum requirements. An example of the use of a diagram to show the interconnectedness of mathematics has been developed by members of National Numeracy (Learning Pathways: Numbers and the Number System http://www.nationalnumeracy.org.uk) and we commend it to you:
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5.3 Does the proposed mathematics curriculum promote the development of mental methods? Why / why not? If not, how could it be improved?
Any new curriculum needs to build on the great work that has been happening in our schools around developing learners’ number sense. A sense of number is what enables us to estimate, to calculate mentally and to identify errors in our written calculations. Number sense includes an appreciation of the inherent structure and underlying patterns that define the base ten number system which includes place value and enables counting from any number in steps of any size. It must come first. We therefore support the focus on counting in different step sizes, including 25 and 50, forwards and backwards.
Mental strategies need to be taught explicitly and learners encouraged to make use of a number line and to make any appropriate jottings. These skills later form the foundation for written methods. Without mental methods and number sense, written methods become simply procedures which are performed without understanding. Without the ability to estimate, answers are likely to be accepted with no consideration for their reasonableness. Children also need to understand the symbols they are using. For example ‘=’ does not mean ‘makes’ but ‘is equivalent to’ so children need to be happy that 3=4-1=2+1=6÷2=10x6-57 etc.
Calculating with number sense is asking children to ‘mathematize’, to look at numbers before they calculate, to use mental methods and above all to think before performing rote procedures. It is not always appropriate to use a written method as sometimes a mental strategy will be quicker or less likely to result in error; for example, column methods aren’t always the most efficient e.g. 699+72 or 1002- 9. Children become flexible. This empowers them; they thrive on creative and constructive opportunities to develop number sense (Twomey Fosnot and Dolk 2001a) and see mathematics less as a ‘dogmatic, dead discipline’ and more as a living creative one.
5.4 Does the proposed mathematics curriculum enable all students to develop: 
· procedures,

· conceptual understanding 
· problem solving 

· mathematical reasoning, and
· applications 
so that all aspects of mathematical knowledge and skill will be taught to all students? If not, how and where could it be improved?
The proposed curriculum emphasises procedural competence in arithmetic above conceptual understanding, problem solving, reasoning and applications. It is very important that children are given sufficient time to develop secure conceptual understanding before being introduced to formal procedures. 
5.5 Considering number:

· Will the proposed mathematics curriculum provide reliable knowledge and proficiency in arithmetic?
· Are the two routes of learning to number as described by ACME above (calculating and reasoning about quantities) adequately described and connected?
· Will the proposed mathematics curriculum provide an adequate basis and experience for applications of arithmetic, algebra and data interpretation?
There is no attempt to develop reasoning about number and calculating in the draft Programme of Study. There is insufficient emphasis on developing understanding about the structure of numbers and relations between numbers which form the basis for efficient calculation, competent and accurate use of measures, and algebra. Understanding and fluency and problem solving and reasoning are all required.
It is very important that children are given sufficient time to develop secure conceptual understanding before being introduced to formal procedures. Mention of ‘borrowing’ as a strategy for formal subtraction is one example of this as without an understanding of place value, partitioning and decomposition, ‘borrowing’ becomes simply a trick.

We support the positive view of the potential contribution of ICT to enhancing the learning of mathematics, and we would also agree that calculators should not be used for those calculations which children should be easily able to perform without a calculator.  However, we would want to emphasise that, at all ages and levels, the calculator has the potential for exploring how numbers work, and we feel strongly that the positive use of this cheapest of all ICT devices as a pocket number laboratory should be encouraged in all children. For example, in devising questions for which ‘the answer is …’.
5.6 For aspects of number, geometry and measure articulated in the proposed mathematics curriculum, consider their progression:
· Are topics introduced at the right stage, in the right way and in the right order?  If you think not, say whether you are basing your opinion on organisational difficulty; inappropriate cognitive demands; inappropriate mathematical progression; etc. 

· In particular, are the progressions for number, fractions and decimals suitably aligned with those for measures and other applications?

· Is the progression within each strand clear and how could the clarity of progression be improved? 

The progression in all topics is muddled. There are some commendable items, for example, recognising shapes irrespective of their orientation or size (in Key Stage 1), separating perimeter from area (in lower Key Stage 2), the use of sand and water for work on volume (in upper Key Stage 2) amidst some other wholly inappropriate expectations. For example in Y1 there is the wholly appropriate ‘compare, describe and solve practical problems’ alongside the inappropriate expectation of ‘using standard units’; and the appropriate ‘sequence events in chronological order’ alongside the inappropriate ‘tell the time’ and ‘use the language of dates’. In upper Key Stage 2 volume is introduced with sand and water, yet capacity is introduced in Y1 without reference to such practical equipment.

We recognise that numbers 1 to 20 are now part of the Early Years Curriculum however we feel that this is still an ambitious target in Y1 because the numbers 11 to 20 present significant challenges for children due to the irregularity of the English language. It is better to focus on whole numbers with one significant figure so children count in hundreds, thousands and even millions. This does not mean children should not meet the numbers 1 to 20, or indeed much higher numbers, rather that 1 to 20 should not be seen as a natural stepping stone for number work.

Clarity in progression could be improved by reducing the amount of repetition, defining clear strands and ensuring that through each strand there is a sensible line of progression from EYFS to Key Stage 3.
5.7 If the proposed National Curriculum for mathematics were to focus on fewer things in more depth, what do you think should be prioritised and why?

There needs to be far greater emphasis on behaviours that enable children to become successful learners of mathematics, and rich experiences that help children to see the relevance of mathematics across the curriculum and to everyday life. Teachers need to focus on using and applying mathematics as well as developing fluency.

In Singapore, educators have recognised that the original aim of having problem solving at the centre of their curriculum has not been achieved in many classrooms and needs to be strengthened. They recognise the need for in-service professional development, with longer courses to develop deep conceptual understanding of problem solving, particularly to meet the needs of the twenty-first century (Leong et al. 2011). Teaching a method or algorithm and providing children with practice is relatively easy; the more challenging aspect of teaching is embedding conceptual understanding and the ability to apply that understanding to solve problems. 

We would suggest starting again, looking closely at research evidence from our shores as well as overseas, and collaborating with professionals who work in and care passionately about mathematics education. The review by Sir Peter Williams and the Cambridge Primary review, amongst many others, would provide useful perspectives on which to draw.
5.8 Does the proposed National Curriculum for mathematics make clear to teachers the relative importance to be attached to different areas of mathematics and topics within them? Should it? Why/why not?

The current guidance to schools is as follows:
20% Ma1 Using and applying mathematics

50% Ma2 Number

20% Ma3 Shape, space and measures

10% Ma4 Handling data

In our experience it is not always helpful to partition aspects of mathematics like this as it can lead to mathematics becoming compartmentalised. In the case of Ma1, it can result in this being taught on its own as opposed to seeing how using and applying mathematics should be integral to our approach to all other aspects of mathematics. 

The Programme of Study could make clear that using and applying mathematics and making connections between areas of mathematics, as clearly set out in the guidance, is an essential part of all teaching of mathematics rather than being taught in stand-alone lessons. It may also be worth emphasising the mathematical process skills of deciding which mathematics and information to use to solve a problem and then interpreting the results of their mathematical work in the original context.
We have attempted to exemplify one possible approach to this in the table below:
	Programme of Study for Key Stage 1
Or Content 

Or Attainment Targets

Number and place value 
By the end of the Key Stage 1, pupils should be taught to: 


	U&A

Or Mathematical Reasoning, Thinking and Behaviours
How problem solving and other aspects of mathematical talking/ reasoning, thinking and behaviours could be integrated into this aspect of teaching number
	Notes and Guidance 

Or Entitlement of Experience

Including progression through this content, links to other aspects of mathematics, teaching approaches, activities and resources, cross-curricular opportunities

	Say, read, write, order and understand numbers to at least 100 in numerals and in words and compare numbers.

	Encourage pupils to reason about how they know what is 1 more or 10 less. 

Encourage pupils to notice patterns in the sequences of numbers.
Encourage pupils to apply their knowledge through a variety of problems.


	Build on children’s early learning about number in EYFS.

Use numbers in a range of contexts in mathematics, including practical contexts with manipulatives. 

Include numbers in everyday routines, through stories and across the curriculum.



6. Whole Primary curriculum: 

6.1 How much curriculum time do you think would be needed to implement the proposed mathematics curriculum in such a way as to achieve the aims eg for Key Stage 1? Key Stage 2? Number? Geometry and measures?
If the draft Programme of Study was implemented and a high stakes accountability regime continued (i.e. all children complete a test at the end of Key Stage 2) – the results of which are nationally published and schools and teachers held accountable for them – then there is likely to be more time spent teaching children to pass the mathematics test.
Ofsted (2012) reports that children unlikely to meet the government target are currently seriously neglected and tend to get an impoverished experience of mathematics. This situation is likely to be exacerbated with the increased expectations.
6.2 Do you think this is an appropriate National Curriculum? Please explain your answer.
No. If we are to prepare young people for the 21st century we need a curriculum which nurtures creative and flexible problem solving, confidence to ‘have a go’ and determination to seek alternative approaches and not give up. The curriculum must encourage criticality and an appreciation of the importance of being able to justify an answer. This includes accuracy and fluency, as well as the ability to work with others and communicate effectively. The curriculum must leave children knowing that mathematics makes sense and can be understood. Rote learning and procedural competence will not provide an adequate basis for this; only developing understanding will secure the Government’s aspirations for a mathematically educated populace.

7. For those familiar with progression into Secondary school: 

7.1  To what extent does the proposed curriculum provide adequate preparation of knowledge, skills and capabilities for mathematics in secondary school and outside?
· in number?
· in geometry and measuring?

· in other aspects of mathematics?

Are there any items in the proposed curriculum that you think do not provide an essential basis for further mathematical study? If yes, please list below and explain why.
We would like to comment between all phases if possible as we believe that the transition from EYFS to Key Stage 1 is as important and worthy of mention as that from upper Key Stage 2 to Key Stage 3.

Issues relating to transfer from EYFS to Key Stage 1

The draft Programme of Study should be a smooth transition from the EYFS, broadening the range of play-based, practical experiences which help to lay strong foundations for later formalisation of number, arithmetic, geometry, measures and statistics. It currently does not provide a smooth transition.
Issues relating to transfer from Key Stage 1 to lower Key Stage 2
Any formal work in Key Stage 1 should be based on a secure understanding of how the symbols work. For example understanding that ‘=’ does not mean ‘makes’ but ‘is equal to’. Work on arrays and measures (scaling) should be used to support understanding of multiplication. Children should be encouraged to develop their appreciation of pattern and structure, to make and test conjectures, to seek ways of undoing what they have done (to lay the foundations for inverse operations), to understand conservation of number (a set of objects has the same cardinality regardless of the order of counting) and to be confident in using and exploring mathematics.
Issues relating to transfer from lower Key Stage 2 to upper Key Stage 2
Equivalence is a big idea in primary mathematics. There needs to be far greater emphasis on the relationship between fractions and division, and decimals as an alternative representation of fractions. Conservation is another key concept. Conservation of length and the idea of perimeter need to emphasised in lower Key Stage 2 before moving on to the compound measure of area in upper Key Stage 2. Mental methods and informal methods need to be secure before introducing any formal written methods of calculation. Children need to have access to a range of materials, manipulatives and models for mathematics to support conceptual understanding.

Issues relating to transfer from upper Key Stage 2 to Key Stage 3
Secure foundations need to be laid for progression to secondary mathematics. Many topics in the draft Programme of Study are best left to secondary. For example: speed – whilst this is an everyday phenomenon, formal treatment of this compound measure is hard for many secondary age students to understand; formal algebra – the patterns and structure of number and relationships between them are crucially important but early introduction of letters (often to represent objects rather than numbers) can lead to children never fully understanding algebra; the probability scale – this abstract concept is best left to secondary, but being able to understand likelihood in the context of games and assessment of risk is wholly appropriate at Key Stage 2; transformations – these are operations on shapes and should be defined precisely, this does not mean that children shouldn’t make designs with shapes but it is best not to say this is a transformation when it is not being defined rigorously; scaling areas – working on similar shapes is challenging for many secondary learners, introducing this in primary is unhelpful. Ensuring that children have strong foundations in number so they can use associativity, commutativity, distributivity and equivalence to deal easily with calculations such as 12x75 = 3x4x25x3 = 3x3x100 or 12÷75=(3×4)÷(25×3)=4÷25=0.16, or 3x17 + 7x17 = 10x17, are essential for progression to algebra. This fluency and confidence with the inner structures within number problems cannot be achieved by routine practice of standard algorithms which do not encourage children to ‘think before they do’.
7.2 The ICCAMS project (http://tisme-scienceandmaths.org/the-tisme-research-projects/iccams/) highlights the lack of progress of our children in areas of multiplicative reasoning and algebra, relative to children 30 years ago. 

· Does the draft curriculum ensure suitable foundations for children’s later learning of ratio and proportion, and their application of multiplication and division in appropriate situations? If not, what changes would need to be made in order to achieve this?
· Similarly, does it ensure suitable foundations for all children to progress towards using algebra?

The overambitious aspirations in the draft Programme of Study are likely to result in even weaker foundations for algebraic and proportional reasoning. What is crucial is developing a secure understanding of the way number relations work including inverse relationships between operations and the ability to make and test conjectures about the number system. 
8. And finally…..

What do you consider would be the main consequences – intended or otherwise – of the proposed changes to the primary mathematics National Curriculum and why? For any positive consequences, what other policy measures would better ensure that the benefits are realised? For any negative consequences, what changes would need to be made to reduce the risk?
If the draft Programme of Study were implemented and a high stakes accountability regime continued (i.e. all children complete a nationally reported test at the end of Key Stage 2), then there is very likely to be more time spent teaching children to pass such a mathematics test. The current National Curriculum tests incorporate some assessment of using and applying mathematics, yet Ofsted reports that in most classrooms, unsurprisingly, the emphasis is on ‘teaching to the test’ with very little using and applying mathematics. Ofsted also reports that children unlikely to meet the government target are seriously neglected and tend to get an impoverished experience of mathematics. This situation is likely to be exacerbated with the expectations set out in the proposals, especially the heavy emphasis on procedures. Many children will be labelled as failures and the current culture of it being acceptable to be ‘bad’ at mathematics would be perpetuated.

We should not accept a mid-20th century approach to teaching mathematics as this will not empower children to achieve their very best in the 21st century, high-tech, data-rich world. The ATM and MA view mathematics as an interesting, useful and creative subject, with many interconnections and links with other subjects and to real life, through which children develop an enthusiasm and curiosity for learning mathematics and using that knowledge to solve problems in the widest sense. This view is not restricted to a small clique of subject association members, but is commonly found across the mathematics teaching profession in the UK and abroad (e.g. Poland, the Netherlands). The proposed draft Programme of Study for mathematics will turn back the clock for mathematics teaching and learning by 50 years. If that is the Government’s main aim, then this is without doubt a draft fit for purpose. 
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