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My professional experience in mathematics education:

1) I have taught in secondary schools facing the most challenges with socio-economic deprivation; I have been a Head of Mathematics in one of these schools and I have also supervised PGCE students. 

2) In the last two years, I have taught mathematics in nine such schools, on short term contracts and supply. 

3) I have co-produced (with expert teachers) and delivered (for eight years) primary professional development for mathematics from years 1-6.  I shared this training during lockdown (see rebeccathemathslady.com) and it has received over 150k views on YouTube.

4) I am a long-term member of several bodies in mathematics education, and I am also a member of the Council of the Chartered College of Teaching.


Summary:

5) My response to this enquiry focuses on the 25% of children who fail to reach the expected standard in mathematics in their Key Stage 2 SATS.

6) Before answering specific questions from this enquiry, I will lay out relevant aspects of my knowledge (in paragraphs 9 to 28) so that I can reference it in questions rather than repeating it. 

7) These aspects of my knowledge are titled:
· What happens in year 1 (Introduction and steps 1-4)
· What happens to the children who have failed in year 1.

8) I will then provide brief answers to questions 1, 2, 6, 7, 8, 9, 10 and 18.


What happens in year 1 Introduction:

9) A question which is often raised by those who are concerned about children’s progress with mathematics is: Why do 25% of children fail to reach the expected level in their KS2 SATS (year 6)?  In practice, this outcome usually means that they are not confident with year 4 maths.  In my study of, and work with, these children, I have found that most of them have failed to make good progress with their primary school mathematics because they have not mastered key concepts which are taught in year 1.  

10) More than 10% of children finish year 1 when they are 5 years old. In England, we cover mathematical content in year 1 which, so far as I am aware, is not generally taught at this age in state schools in any other country.

11) Our year 1 mathematics national curriculum involves 4 key steps for the understanding of number.

12) I will now describe these 4 steps and will then address the further experiences of children who have not mastered these steps.

Year 1 Step 1 - Structures and Calculations With Numbers Up to 10

13) During the first few weeks of year 1, all children are expected to learn to see the numbers to 10 within the structure of two groups of 5 (usually represented by their fingers).  For example, they need to see one hand and a finger as being 6, or two lots of 4 fingers as being 8. This structure helps them to complete calculations visually, until they are so practiced they are simply known. Examples of these calculations include:   5+2=          9-4 =          3+?=6          ?-3=5

14) Failure to acquire this skill at the beginning of year 1 results in children being on ‘cognitive overload’ when they attempt higher level skills, making it difficult for them to access harder mathematics.

15) This cognitive overload may be caused, for example, by children needing count on with their fingers to add 7 to a number.  I have found that some of my secondary school students can’t even add 7 using their fingers because they can’t see the structure of 7 as being a whole hand and 2 extra fingers.  They have to count to 7 in their heads as they add 7 to a number. In my experience, these are always children who had their lives disrupted during their early years in school.

Year 1 Step 2 - Structures and Calculations With Numbers Up to 20

16) Children then move on rapidly to the same challenge with the numbers to 20. The structure they need to visualise these calculations is shown in groups of 5 and 10. A 2-bar counting frame is often used.
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17) When students know this structure, they can learn to think of it as being in their hands and toes.  When they get to 10, they can move that 10 into their toes and use the structures in their fingers (which they already know) to work with the numbers 11-20. The national curriculum specifically states that children should be able to solve questions such as 7=?-9 in year 1, with the aid of apparatus (such as a 2-bar counting frame) or pictures, before they move on to requiring the instant recall of these calculations in year 2.

18) In year 2, they will also be required to complete column addition and subtraction with regrouping/exchanging mentally.  For children who have not mastered their year 1 skills, this is  extremely difficult, if not impossible.  I work with many children at secondary school who need to draw up to 19 dots to cope regrouping during column addition and subtraction.  I wish I could teach them the structures of the numbers to 20 that they should have known when they were 5, but the curriculum doesn’t allow any time for this. These are often the children who have poor attendance, and they are usually embarrassed to explore these issues in class. By this time, they have missed most of their primary curriculum because they were experiencing cognitive overload when this skill was assumed. 

19) I used to find that I could draw on structures children already had from their use of coins. For example, they would see 16p as being 10p+5p+1p. They had often not previous made the link between their skills with money and their capacity to calculate more quickly. I now cannot do this with most students because, if they use cash, 1p and 2p coins are much less present. 

Year 1 Step 3 - Numbers Up To and Beyond 100

20) Children move on rapidly to challenges involving the numbers to 100, counting on in twos, fives and tens and back in ones. 

Year 1 Step 4 – Multiplication and Division

21) Children are then expected to understand and complete multiplication and division problems.  They are taught to understand that division is both sharing fairly and counting groups by using array structures.

What Happens to the Children Who Do Not Acquire these Skills in Year 1

22) Gaps are rarely fully filled if they still exist at the end of year 2, because Key Stage 2 (year 3-6) teachers are not taught how to understand or address them.  This issue has been exacerbated by the way in which the year 4 multiplication tables check is carefully designed to force rote learning, rather than learning with understanding. Previously, children often learned to partition numbers when carrying out additions such as 28+7=35 by first adding 2 (to get to 30) and then 5 (i.e. by partitioning 7 into 2 and 5).

23) While some children manage to work around their gaps in year 1 learning, many who have not mastered year 1 mathematics struggle to absorb new concepts due to ‘cognitive overload’.  This means that their brains are working so hard to complete simple calculations that they cannot focus on more complex concepts.  They also struggle to develop deep understanding of many mathematical concepts because they cannot connect them to secure foundations.

24) Because the answers to mathematics questions are ‘right or wrong’, these children start to experience relentless failure, which they connect to their own capacity rather than to their teaching. Many put up ‘barriers’ such as copying the work of others, behaviour issues, or poor attendance in school to avoid having to try their best and then fail for an hour each day. Others identify as being ‘useless at maths’ and stop trying. 

25) In year 7 (their first year at secondary school) children are given the chance to repeat year 5/6 mathematics content.  This opportunity does not address the issues which are preventing their progress with mathematics. The curriculum then races ahead and they continue to fail.

26) At secondary school, these children fail at the online homeworks they are set because they can’t do them.  

27) If they attend a school where a large proportion of children have failed to reach the expected standard in KS2 mathematics, these children are usually taught in large middle sets with many behavioural and attendance issues.

28) These children are then forced to take GCSEs where they can only attempt the first few questions and are forced to sit in silence for most of their 90 minutes (on each of three papers). They are only required to get 11 marks on each paper to get a grade 1, which counts towards a school’s Progress 8 score. 

Answers to questions

1. How does the commonly experienced mindset - a level of acceptance, across the UK, but particularly among girls and women, of being “unable to do maths” - impact attaining the necessary numeracy skills?

29) Because of failure in KS1 students adopt strategies to cope with relentless failure in mathematics as described in paragraph 24.  In my experience, girls tend to use the strategy of identifying themselves as being ‘useless at maths’ more than boys. In my teaching, I have found that this defence mechanism is generally harder to overcome than others.

2. What needs and can be done to change this mindset, and how might this be implemented?

30) Key Stage 1 curriculum change of the kind that would address these issues is clearly unrealistic at present. However, there are two changes which are achievable and would make a substantial difference:

31) Online work (usually used for homework) currently reflects the curriculum being taught to all students.  This is usually inaccessible to the students who are struggling most.  A new system of online work which continuously adjusts to the needs of students should be developed. Appropriate use of such a system should be  positively rated by Ofsted.

32) In response to the issues described in paragraph 28, Functional Skills in Mathematics courses were developed. These teach the secondary school students who are struggling most to work carefully through the mathematics which will prepare them for adult life.   Students are expected to score high marks on these papers to pass them.  This provides them with a relevant education and with the experience of success in exams.

33) These Functional Skills courses are not used in schools because, while they can lead to qualifications which are of the same standard as GCSE mathematics, they do not count towards schools’ Progress 8 scores. Schools where students attain a grade 1 at GCSE mathematics are therefore considered to be more successful (by Ofsted) than a school where students achieve a grade 1 at Functional Skills in Mathematics (which is considered to be equivalent to, at least, a grade 1 at GCSE), or a grade 2 at Functional Skills in Mathematics (which is considered to be equivalent to a GCSE grade 4). 

34) This issue could be address by an appropriate adjustment to the Progress 8 measure.

6. What are the greatest challenges to gaining and retaining numeracy skills, and how can these be addressed?
35) See paraphs 13-21 for a description of the greatest challenges and paragraphs 31-34 for ways in which these could be addressed.

7. Given the importance of the 0-5 years in a child’s development and future trajectory, what role might the family environment, parental influence, early years providers and pre-school activities play in the foundation of numeracy skills and confidence? What is the role for government, if any, in supporting the development of numeracy skills in the early years pre-school?
36) The mathematics children need to know when they are 5 in order to access year 2 mathematics is described in paragraphs 13-21. 

37) With appropriate knowledge, early years provides and reception class teachers can provide substantial help with the step described in paragraph 13.  They can also provide children with significant exposure to the names of the numbers eleven to thirteen. They can help with counting up and down to 100, for example by embedding these skills into everyday activities such as counting the number of children in the class (e.g. to help with taking the register) and counting them in and out of their classroom.

8. How effective is the maths education system, both in terms of curriculum and teaching, in providing students with numeracy skills? What are the key barriers to gaining a strong foundation in numeracy at school?
38)  Our mathematics education system provides up to 75% of children with good foundations for mathematics.  The key barrier to the rest of our children gaining strong foundations in numeracy at school is the very young age at which children are required to master the skills described in paragraphs 13 to 21. 

39) Ofsted failing to value the use of online systems which adapt to the needs of students (paragraph 31) and Functional Skills results being excluded from Progress 8 scores (paragraphs 32-34) are further barriers to these students gaining a strong foundation for numeracy at school.

9. How can disparities in maths and numeracy levels across gender, ethnicity, socio-economic background and geographic location be addressed? Is there any evidence of disparities in numeracy skills attainment between different types of schools?
40) In the less-preferred secondary schools in areas of substantial socio-economic disadvantage, or in schools with high SEN intakes, our most able students (targeting grades 8 and 9) are taught in classes where most students are targeting GCSE grades 5 and 6.  Students targeting grades 2 and 3 are taught in large (25+ students) middle sets.  Students therefore often make less progress than they would in schools in middle-class areas where those who are targeting the highest grades are taught in sets where all students are targeting grades 8 and 9, and the students who are targeting grades 2 and 3 are taught in small bottom sets.

41) It would be helpful if the challenges these schools face are recognised.  At present the issues that these schools face are not considered relevant, so they are consistently negatively rated by Ofsted and face very high staff turnover. They therefore have no voice in the consideration of best practice. It would be helpful; (1) if there was discussion regarding which methods for teaching mathematics which work best for the the challenges they face and (2) if the use of these methods was respected by Ofsted.

10. Are the Government priorities for maths education the right ones to embed numeracy, and what steps would you like to see the Government make to improve numeracy?
42) See paragraphs 30 to 34.

18. What lessons can be learnt from other countries and the devolved administrations in their approach to numeracy?
43) It is difficult to learn lessons from other countries and the devolved administrations because our system of teaching key concepts so young (as described in paragraphs 13-21) means that we need to address issues that no other countries face. 
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