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SERIES FOREWORD






This series of books was commissioned as a WalkThrus Production to complement two of our other series: The Teaching Walkthrus, Volumes 1, 2 and 3, and the In Action series. We believe that, together, they represent a powerful resource for teachers in schools and colleges in multiple subject settings.


The In Action series has proven to be very popular with busy teachers, enabling them to engage with a range of important ideas from cognitive science and from education research more generally. In each book, the authors explore the key ideas from a specific researcher, translating them into practical approaches that teachers can adopt in their practice. So far, the series includes:




	Rosenshine’s Principles of Instruction



	Collins et al’s Cognitive Apprenticeship



	Fiorella & Mayer’s Generative Learning



	Shimamura’s MARGE Model of Learning



	Sweller’s Cognitive Load Theory



	Wiliam & Leahy’s Five Formative Assessment Strategies



	Annie Murphy Paul’s The Extended Mind



	Dunlosky’s Strengthening the Student Toolbox



	Berger’s An Ethic of Excellence



	Bjork & Bjork’s Desirable Difficulties



	Ausubel’s Meaningful Learning






Each of these books is a guide to interpreting the research in ways that can be applied in real-world classrooms. We have been delighted by the response to the series, with teachers telling us they value the brevity and clarity and the examples of theory in practice. It’s so important for teachers to have a good grounding in cognitive science so that they have not only a clear model of how learning happens but also an understanding of all the potential barriers or difficulties that students experience. Bridging the gap between research and practice is a significant challenge because real-world classrooms are so much more complicated than the controlled conditions usually set up to investigate specific concepts in trials. The authors of the In Action books are all serving teachers or have taught in schools for many years, so their take on the theories and concepts that their books focus on is important and incredibly useful, grounded in the reality of teaching whole, complex classes.


It’s by no means a comprehensive list – not yet – and we recognise that many other aspects of research would benefit from the same treatment. Books on Nuthall’s Hidden Lives of Learners, Engelmann’s ideas on direct instruction and Bandura’s ideas on self-efficacy are all in the pipeline. We would also encourage every teacher to engage with Dan Willingham’s Why Don’t Students Like School?.


Released in parallel with the research-informed In Action series, our Teaching WalkThrus have also been popular with over 350,000 copies distributed across the three volumes. The idea of breaking ideas down into five-step visual guides, with short punchy descriptions, has proven very successful, allowing teachers to engage with a broad range of ideas in a very accessible format that informs their training, coaching or personal reflection. Significantly, Teaching WalkThrus were written in a style that is context free. They are generic in style so that teachers of all subjects in any setting can engage with them, transposing the ideas into their real-world contexts. The 150+ WalkThrus are organised into six main series, each of which represents an important area for professional learning:


Behaviour and relationships




	Lesson management



	Planning for good behaviour



	Positive correction



	Relationships and mindsets






Curriculum planning




	Assessment issues



	Broad design concepts



	Challenge, inclusion, diversity



	Detailed planning






Explaining and modelling




	Giving explanations and modelling



	Reading and writing



	Standards, expectations and scaffolding



	Types of explanations






Questioning and feedback




	Assessment



	Core questioning techniques



	Deeper questioning techniques



	Feedback






Practice and retrieval




	Guided to independent practice



	Reading



	Building fluency



	Retrieval practice



	Support and challenge






Mode B teaching




	Choices and creativity



	Making it real



	Oracy



	Student directed activities






With over 4000 schools having engaged with our online WalkThrus toolkit, we know that a great deal of valuable professional learning can be supported with our generic guides as a starting point. However, throughout each book we are at pains to stress the crucial need to adapt the ideas for specific circumstances. A five-step visual WalkThrus guide is not a set of rigid rules – it is a framework for thinking through an idea, deconstructing it so that teachers can then reconstruct it themselves, forming their own mental models for enacting powerful techniques in their own classrooms. That’s the spirit.


Now, having explored research ideas in the In Action series and general pedagogical ideas in WalkThrus, we felt that the logical next step was to bring in subject-specific books in this new series, completing the third pillar of the trio: research, pedagogy, curriculum. Each book in the In Action subject series has been written by practising teachers who were tasked with presenting a summary of important ideas and debates from their subject to support busy teachers in their work. We have not imposed a rigid common format and our authors were encouraged to share their own perspectives with our readers. There is no definitive book on teaching science or history or maths or physical education – so these books are explicitly written with that in mind. The books represent the authors’ personal perspective on how the ideas that circulate within each subject community can translate into great practice in the classroom. Once again, we invite readers to then adapt and adopt the ideas that make sense in their context.


I have to congratulate each author on their excellent work. It’s daunting to summarise and capture the spirit of a subject, balancing depth of detail with sufficient breadth of coverage of content and related debates and implementation issues – all in what is meant to be a short book. If there is one thing that characterises all our books it is that they are accessible to teachers who are time poor. Each book in this series achieves that goal – they have an energy to them and a brilliant balance of rigour, steeped in experience with teaching the subject, alongside tons of examples to bring things to life.


We hope you find this book interesting and useful, adding an important dimension to your wider reading as a teacher doing the most important work there is: developing young people so that they have the knowledge, experience, confidence and wisdom they need to make sense of their world and play their part in the communities they belong to.






















CHAPTER 1



INTRODUCTION





After 30 years of doing such work, I have concluded that classroom teaching … is perhaps the most complex, most challenging, and most demanding, subtle, nuanced, and frightening activity that our species has ever invented … The only time a physician could possibly encounter a situation of comparable complexity would be in the emergency room of a hospital during or after a natural disaster. (Shulman, 2004)


Welcome to Secondary Maths in Action, part of Tom Sherrington’s hugely successful In Action series. This book attempts to offer a path for maths teachers through this complex, challenging, demanding, subtle, nuanced and frightening activity we call classroom teaching. Taking an evidence-informed stance, we explore the age-old question of why we study maths and the important role it plays in our lives and in society, examine pertinent debates in maths teaching and take a grand tour of curriculum, pedagogy and assessment as the fundamental pillars of great teaching.


Additionally, the book includes four rich case studies, shared by schools and organisations, which help to showcase effective curriculum, pedagogy and assessment in various contexts — so that we can see what it all looks like ‘in action’.




Organisation


The book is organised into six chapters, this introduction being the first. We then dig into our journey in Chapter 2, where we consider why we study maths and the nature of school mathematics. Next, in Chapter 3, we examine a few of the key issues and debates we face as teachers of mathematics. The remaining three chapters are curriculum, pedagogy and assessment, respectively.


In Chapter 4, we focus on the intended or planned curriculum. The intended curriculum is what we want pupils to learn. It is driven by specific aims and is built on a set of curriculum principles. It encompasses the knowledge pupils should acquire and specifies the content and order of what we teach. In this chapter, not only do we delve into what makes the intended curriculum effective, but we also share best-practice curriculum models from our featured organisations and schools.


Chapter 5 moves onto pedagogy – although it could equally be considered as continuing our curriculum journey by examining the enacted or implemented curriculum – how the curriculum is delivered in the classroom, including teaching approaches, materials and activities. This chapter explores how we teach mathematics and shares pedagogical approaches from our case studies.


Our final destination is assessment in Chapter 6. Without assessment, we are at risk of teaching without any sense of our impact. Assessment allows us to make judgements about the learnt curriculum. It provides the crucial opportunity to unpick what pupils know and don’t know, and over time what they have learnt.


When designing a curriculum, you must do three things: decide what you want to teach (content), how you are going to teach it (pedagogy) and how you are going to find out whether pupils have learnt it (assessment). (Thomsett, 2023)


While unpacking teaching into these distinct areas of curriculum, pedagogy and assessment sounds logical, there are blurred boundaries between them. Unpicking curriculum from pedagogy from assessment is difficult. So, despite being distinct, Chapters 4, 5 and 6 overlap in many instances.


The phrase ‘coordinating mathematical success’ describes how effective schools make sure that curriculum plans, teaching approaches, pupil tasks, assessments and mechanisms for evolving these align well. When successful, each individual element is of high quality, and the elements work in harmony, together supporting pupils to learn effectively. It means setting out a path to proficiency in the subject, checking pupils are on that path and helping them to stay on that path. (Ofsted, 2023).







Technical language


A running theme throughout this book, and indeed the whole In Action series, is a focus on evidence. At any given time, the factors influencing the effectiveness of our teaching and the ability of our pupils to learn are boundless – and this can lead us to rely on intuition about what might work best. Yet, as Yana Weinstein and Megan Sumeracki, co-founders of the Learning Scientists, point out in Understanding How We Learn (2019), our own intuitions about how we learn and how we should teach are not always correct. This is why being evidence informed is important – it can help us identify factors that are most likely to have a positive impact in our classrooms. Indeed, Daniel Muijs (2018) suggests that we need to be evidence informed because it is our moral duty (because evidence exists), for social justice (to close the gap) and for the credibility of our profession.


We know that using research evidence can help education professionals, not only by guiding them towards more effective interventions of approaches, but also away from those that might not be worth their time or efforts. (Francis, Education Endowment Foundation, 2024)


Language plays a key role in our understanding of educational concepts. Having a shared understanding of the definitions of the technical language associated with education is incredibly important – especially when we’re talking about an endeavour as complex as teaching. As Doug Lemov (@Doug_Lemov) said on X (formally Twitter), ‘Shared vocabulary to describe technical aspects of an endeavour is one of the most underrated tools for making conversations, teaching or information-sharing more efficient and productive.’


Take, for example, the term questioning. When we talk about questioning, do we mean questions pupils ask teachers? Do we mean questions teachers ask pupils? Or those that pupils ask each other? Are the questions asked during an explanation, checking for understanding, or during discussion? Are they verbal or written? It’s interesting to note that in Japanese there is no one word for question. Instead, there are four, one of which relates specifically to the act of teachers asking questions and another to exam questions. The lack of clarity about questions in English means that, when we talk about questioning as a group, we may not all be considering the same interpretation or aspect of questioning. Throughout the book, conscious effort is made to attend to, and where possible, define this language.


Lastly, it’s useful to acknowledge how my first book Making Every Maths Lesson Count (McCrea, 2019) interplays with this book (Figure 1.1). Making Every Maths Lesson Count is a deep dive into pedagogy – therefore, there is some natural overlap between the two with respect to pedagogy. That said, every attempt has been made for any overlapping to be complementary, rather than repeating or superseding strategies from Making Every Maths Lesson Count.
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▲ Figure 1.1 Complementary and overlapping content between Making Every Maths Lesson Count and Secondary Maths in Action







Extended Descriptions

Venn diagram illustrates the relationship between “Pedagogy” and “Curriculum.” Two overlapping circles, labelled “Pedagogy” on the left and “Curriculum” on the right, show a shared, darker grey area at their intersection, labelled “Crossover.” Below the “Pedagogy” circle is the text “Making Every Maths Lesson Count,” and below the “Curriculum” circle is “Secondary Maths in Action.”









Secondary Maths in Action


In the spirit of learning through models and worked examples, the book features approaches and curricula* from four schools and organisations:




	Oak National Academy is an independent public body that partners with expert teachers and organisations to create fully resourced, high quality curricula that are free to use. Oak’s maths all-through (KS1–4) curriculum was developed with expert partners MEI (https://mei.org.uk). MEI is a charity with the aim to improve maths education for all. The dream leadership team behind this work is the brilliant Ed Southall (@edsouthall) at Oak, and the talented Vicky Wheelhouse (@v_wheelhouse, secondary) and Alison Hopper (primary) at MEI. The ‘all-through’ nature of the curriculum facilitates a smooth transition between key stages 2 and 3, supporting pupils to make a successful transition between primary and secondary school, an example of how to implement the ‘Support pupils to make a successful transition between primary and secondary school’ recommendation from the Education Endowment Foundation’s (EEF) Improving Mathematics in Key Stages 2 and 3 guidance report (2022).* Schools’ progress 8 scores indicate whether the progress made by pupils at secondary school (between the ages of 11 and 16) across a selected set of eight subjects is below (negative) or above (positive) expectations. A score of 0 means that, on average, a school’s pupils made expected progress. The secondary curriculum carefully sequences units through key stages 3 and 4 to support pupils to develop a deep, sustained understanding of mathematics. Evidence-informed approaches, including variation and the development of core sets of models and representations, build pupil knowledge and conceptual understanding. These units are split into lessons, consisting of quizzes, slides, worksheets and videos, which are designed to be flexible and accessible, and to acknowledge the diversity that exists in our schools.



	Ormiston Academies Trust (OAT) has created OAT Maths, a curriculum devised by a team led by the legendary Jemma Sherwood (@jemmaths). It is a coherently designed, comprehensively resourced, freely available mathematics curriculum project for key stages 3 and 4. A key feature of the OAT curriculum is the explicit mapping of the development of concepts and use of different representations (such as number lines and algebra tiles) across the curriculum, implementing the ‘Use manipulatives and representations’ recommendation from the EEF’s Improving Mathematics in Key Stages 2 and 3 guidance report (2022). The curriculum can be sequenced flexibly, taking account of necessary precedents. Units consist of adaptable slides and pupil workbooks that provide flexibility to teachers in terms of how they might teach a unit.



	The Totteridge Academy (TTA) (www.thetotteridgeacademy.org.uk/learning) is an 11–18 United Learning academy in North London. In 2023 it won the TES Secondary School of the Year award. In 2024, the school’s Progress 8 score in 2023 was +1.32, well above average,** Use this QR code to access the National Curriculum in England: mathematics programmes of study (DfE, 2021) putting the school in the top 2 per cent for progress nationally. Their maths Progress 8 score was an impressive +1.51. The incredible maths team is led by Sammy Kempner and Ban Kubba, and won the TES Maths Team of the Year in 2019. Two unique aspects of their approach are the embedding of chants within the curriculum and their use of group work, which is firmly embedded within maths lessons.



	Blaise High School (www.blaisehighschool.co.uk) is an 11–18 academy, part of the Greenshaw Learning Trust, situated within a community of high deprivation in Bristol. Leading on curriculum design is Head of Mathematics Josh Burr and Senior Lead Practitioner Dave Tushingham (@DaveTushingham), alongside the trust’s school improvement lead for maths, Rhiannon Rainbow. The fully resourced, evolving, shared curriculum has been an influential factor in the school’s sustained and substantial upwards trajectory for improved outcomes. By using a shared curriculum across the trust, the team facilitates pupil access to consistently high quality lessons, so that every pupil can climb their personal mountain and can access university or a career of their choosing.









*   View two of the featured curricula at these links




Oak National Academy
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Ormiston Academies Trust
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* View the 2022 EEF report here:
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** Schools’ progress 8 scores indicate whether the progress made by pupils at secondary school (between the ages of 11 and 16) across a selected set of eight subjects is below (negative) or above (positive) expectations. A score of 0 means that, on average, a school’s pupils made expected progress.


























CHAPTER 2



WHAT IS MATHS? WHY STUDY IT?





Certain aspects of our way of life, certain kinds of knowledge, certain attitudes and values are regarded as so important that their transmission to the next generation is not left to chance in our society but is entrusted to specially trained professionals (teachers) in elaborate and expensive institutions (schools). (Lawton, 1975)


The reasons why we educate have been the subject of much debate. The thinking around this has been grouped by Wiliam (2013) into four broad categories:




	Personal empowerment – to allow young people to take greater control of their own lives.



	Cultural transmission – to pass on from one generation to the next the ‘best that has been thought and known in the world’.



	Preparation for citizenship – so that they can make informed decisions about their participation in democratic society.



	Preparation for work – because more educated workers are more productive.






While these provide a valid rationale for education in general, we also need to ask why we might study mathematics in particular.


What if we lived in a world without mathematics? Take away numbers, and you take away commerce, farming, medicine, music, architecture, cartography, cooking, sport … and every other activity we’ve invented since 3000 B.C. (Finkel, 2017)


We humans are natural pattern seekers and problem solvers – which is why we find the latest puzzle trends so compelling (think Wordle, or Nerdle if you’re a real maths purist). Mathematics provides us the framework, tools and language to identify, capture and manipulate these patterns. This is well articulated in the national curriculum purpose of study for mathematics.*


Mathematics is a creative and highly interconnected discipline that has been developed over centuries, providing the solution to some of history’s most intriguing problems. It is essential to everyday life, critical to science, technology and engineering, and necessary for financial literacy and most forms of employment. A high quality mathematics education therefore provides a foundation for understanding the world, the ability to reason mathematically, an appreciation of the beauty and power of mathematics, and a sense of enjoyment and curiosity about the subject. (Mathematics Programme of Study, Department for Education [DfE], 2021)


Studying maths provides access and structure to important and necessary knowledge and skills – it helps us understand quantity, size, scale and proportion. It provides us a common language to model and solve problems, and weigh up risk and chance to help make informed decisions. The mathematics educator and researcher Anne Watson (2004) identifies three purposes for school maths:




	A collection of useful skills and procedures which have to be learnt.



	Supporting the early stages of becoming a numerate professional mathematician (scientist, engineer, etc.), providing a basis for higher mathematics.



	A tool for application and problem-solving in order to participate fully and in an informed manner in society. Thus, what is learnt has to be available to be used flexibly in unfamiliar situations and has to be understood enough to be of use intellectually and practically.






While there exists beauty and awe in the body of knowledge and function of mathematics, there are compelling reasons to study maths beyond studying maths for maths’ sake. There’s increasing evidence to suggest that success at school maths has a powerful life-long impact, and that failing to grasp school maths can severely inhibit this impact. The OECD (Organisation for Economic Co-operation and Development) found that ‘good numeracy is the best protection against unemployment, low wages and poor health’ (National Numeracy, 2021).


There is also an economic benefit to possessing good maths skills, both for the individual and society. A DfE study found that pupils with A Levels in mathematics and subjects heavily reliant on maths (for example, physics, engineering and economics) enjoyed higher incomes than those in pretty much every other subject (DfE, 2019). And when maths skills are less well developed, society is disadvantaged. Being numerate is defined as having the confidence and competence to use numbers and data to make good decisions in daily life (National Numeracy, 2019). The levels of innumeracy in the UK are shockingly high – around half of working-age adults (17 million people) possess the numeracy level expected of a primary school child (National Numeracy, 2017). This comes at a cost to the economy, estimated to be over £20 billion annually, which translates to nearly £400 million per week and with an average cost to individuals with poor numeracy of £460 a year (National Numeracy, 2017 and 2019).


This innumeracy is partly caused by the hierarchical nature of mathematics. Early performance in mathematics directly relates to future performance. For example, mathematics ability at age 5 predicts later mathematics performance at age 15 (Powell et al, 2022). This is replicated across the secondary school window – mathematics competency around ages 10–12 predicts mathematics ability 5 years later – meaning those who fall behind struggle to make up the gap. All is not lost though; research shows that access to high quality instruction and intervention can change trajectories of pupil outcomes across a window of even a school year (ibid).


There’s no hiding from the fact that maths is a difficult subject to teach and learn. Fault for this partially lies with the cultural perception of mathematics as a difficult subject that it is okay to be bad at. With some pupils, we’re making inroads – maths is surprisingly popular as a choice for continued study at A Level. In 2022, mathematics was the most popular A Level and has been in pole position since 2014 when it displaced English as the most popular subject. It now has over 13,000 more entries than the next most popular subject, psychology (Plaister, 2022). That said, there still exists a group of pupils for whom learning maths is a deeply unpleasant experience – especially for those who ‘fail’ their GCSE and continue to fail and fail again as they re-sit many times over.


This is why teaching maths well is hugely important. To do this, we need great teachers with excellent subject knowledge in every maths classroom. This is a challenge, given the recruitment and retention crisis we are experiencing in schools. What is vital, given we know that a solid grasp of numeracy is hugely important in later life, is that all pupils finish secondary school numerate.





*   Use this QR code to access the Mathematics guidance: Key Stage 3 non-statutory guidance for the national curriculum in England (DfE, 2021)
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CHAPTER 3



ISSUES AND DEBATES





In this chapter we explore three of the key issues in maths teaching – those of pupil grouping, mastery and gender. This is by no means an exhaustive list of issues that we face as maths teachers – on the contrary, other issues such as maths anxiety and the use of technology in maths teaching could be a book in themselves.


For the three key issues featured, pupil grouping, mastery and gender, we consider the evidence base before reviewing the practical implications for our teaching.




Pupil grouping


One ongoing debate in maths teaching is that of pupil grouping – whether pupils are best taught in sets or mixed attainment classes – to set or not to set, that is the question. Common practice seems to be setting pupils by ability. A TeacherTapp survey (2017) found that only 14 per cent of teachers did not set pupils by ability in year 7 and by year 8, over 90 per cent of teachers said pupils were set. Ofsted (2023) found that all 50 schools they visited to inform their subject report, had at some stage, organised their teaching groups by pupils’ attainment.


Let’s look at the evidence. In Coe et al’s 2014 paper ‘What makes great teaching?’, the Sutton Trust suggested that setting by ability makes very little difference to outcomes. John Hattie’s meta analyses found within class grouping to have an effect size of 0.18, well below the 0.4 threshold necessary for worthwhile impact on pupil outcomes. In 2021, the EEF published outcomes from their setting and streaming study finding ‘on average, pupils experiencing setting or streaming make similar progress to pupils taught in mixed attainment classes’, but added that ‘setting and streaming has a small negative impact on low attaining learners, and a small positive impact for higher attaining pupils’. Cambridge Maths published a 2017 research summary on attainment grouping summarising that ‘there is mixed evidence on attainment outcomes from different forms of grouping; no overall difference in effectiveness is clear’.


Unfortunately, when it comes to pupil grouping, the evidence cannot confidently guide us in either direction. Instead, based on findings of a 2019 study, we should turn our focus to how we assign pupils to groups – irrespective of whether we use a setted or mixed attainment approach.


The study of over 9000 year 7 pupils compared the set to which they were allocated to the set where their KS2 maths result implied they should be placed. The study found that nearly a third of students (31.2 per cent) had been misallocated to lower or higher sets than their KS2 results would have warranted. And worryingly, gender and ethnicity seemed to play a role when pupils were misallocated to a lower set. Interestingly, pupil socio-economic background did not seem to play a factor.


The odds of girls being misallocated to lower sets in maths than their prior attainment would warrant was found to be 1.5 times higher than that for boys. Similarly, the odds of Black students being misallocated to lower sets was 2.4 times higher than for White students, while the odds of Asian students being misallocated to lower maths sets was 1.7 times higher than for White students. (Connolly et al, 2019)


To overcome this disparity, and other issues in pupil grouping, the study authors published a research-based aide-memoire to improve practices in pupil grouping. It consists of a list of dos and don’ts for both setting and mixed-attainment approaches to pupil grouping (Francis et al, 2018). The message being that, whichever grouping approach your school or college decides to use, it’s important to make every effort to ensure it is done well. The EEF (2022) echoes this advice, stating that in order to support pupils to make a successful transition between primary and secondary school, we should carefully consider how pupils are allocated to maths classes.




Guidelines for improving practices in grouping


Dos and don’ts of setting




	Do make sure setting is as subject specific as possible



	Do group students by attainment only



	Do retest regularly and move students between groups



	Do use a lottery system when assigning borderline students to sets



	Do make sure all students have access to a rich curriculum



	Do apply high expectations to all sets



	Don’t set by timetable convenience



	Don’t extrapolate setting across subjects



	Don’t assign subject expert teachers only to top sets



	Don’t give less homework to low sets



	Don’t provide low sets with a ‘dumbed’ down curriculum



	Don’t leave students in sets without regular testing






Dos and don’ts of mixed attainment grouping




	Do practice differentiation



	Do change in-class groupings regularly



	Do have high expectations of all students in the class



	Do plan rich tasks that students can access at different levels and receive feedback



	Do encourage a classroom climate where students support one another








	Don’t teach to the middle



	Don’t establish fixed within-class ‘ability’ groups



	Don’t plan three lessons for every class



	Don’t over-rely on high attainers explaining to others






(Adapted from Francis et. al, 2018)


One piece of advice to unpick here is ‘Do group students by attainment only’. The key to setting well is robust assessment that is not influenced by teacher bias – which is likely to mean it relies on outcomes from testing. We talk more about testing in the final chapter on assessment, but one important thing to remember is that robust testing is only effective alongside robust marking. Where multiple teachers are marking the same tests, they need to be applying mark schemes in exactly the same way. Imagine a scenario in which one teacher withholds marks for not showing working and another does not. The first teacher has good intentions in trying to encourage pupils to form good habits but, in doing so, is inadvertently introducing discrepancies into the marking of assessments which will impact on accurate placement of pupils into sets.


In summary, the evidence is not clear on whether to group by attainment or by mixed attainment – but either way, it is important to do it well. In the case of setting, rigour around the data used to set is key. While professional development (PD) is important for all teachers, sustained teacher PD is critical for mixed attainment teaching – to ensure effective differentiation and adaptive teaching through questioning, feedback and scaffolding, rather than by task or resource. Whereby ‘scaffolding’ is ‘a metaphor for temporary support that is removed when it is no longer required’, providing ‘enough support so that pupils can successfully complete tasks that they could not yet do independently’ (EEF, 2022). Ultimately though, it is the quality of teaching rather than approach to pupil grouping that will have the greater impact.







Mastery


A significant and complex concept in maths teaching is that of mastery. Its complexity partly stems from the technical language issue we spoke of previously – mastery means different things to different people. Indeed, the idea that mastery in maths has a clear definition is a myth (National Association of Mathematics Advisers, 2015) and it is said that mastery ‘has multiple meanings and is not used consistently in policy, practice or research’ (Cambridge mathematics, 2019). Meanwhile, it has an incredibly high profile, particularly given the National Centre for Excellence in the Teaching of Mathematics (NCETM) advocates a ‘teaching for mastery’ approach.


Painted in this light, mastery feels difficult to comprehend. The dictionary definition, probably a good starting point, is ‘comprehensive knowledge or skill in a particular subject or activity’, which absolutely chimes with the aims of learning maths – we would want our pupils to have comprehensive knowledge and skills.


The NCETM’s approach to mastery echoes this, suggesting that:


… mastering maths means students of all ages acquiring a deep, long-term, secure and adaptable understanding of the subject. The phrase ‘teaching for mastery’ describes the elements of classroom practice and school organisation that combine to give students the best chances of mastering maths. Achieving mastery means acquiring a solid enough understanding of the maths that’s been taught to enable students to move on to more advanced material.


In her 2014 book Mastering Mathematics, Helen Drury defines mastery via outcomes:


A mathematical concept or skill has been mastered when, through exploration, clarification, practice and application over time, a person can represent it in multiple ways, has the mathematical language to be able to communicate related ideas, and can think mathematically with the concept so that they can independently apply it to a totally new problem in an unfamiliar situation.


These definitions provide some of the clarity we need and it is unlikely that anyone would disagree that pupils achieving mastery is a laudable aim for the maths classroom. The complexity creeps in when we look at evidence and practice. For example, in terms of practice, the EEF uses the term ‘mastery learning’ while the NCETM uses ‘teaching for mastery’. While we might assume these practical approaches are the same, the EEF points out that ‘mastery learning should be distinguished from a related approach sometimes known as “teaching for mastery” (EEF, 2021a).


In summary, the evidence is complicated. An EEF meta-analysis on mastery learning found that it had potential to have moderate impact for very low cost, based on moderate evidence. Mastery learning was characterised by these features (EEF 2021a):




	Subject matter is broken into blocks or units with predetermined objectives and specified outcomes.



	Learners must demonstrate mastery on unit tests, typically achieving 80 per cent, before moving on to new material.



	Any pupils who do not achieve mastery are provided with extra support through a range of teaching strategies, such as more intensive teaching, tutoring, peer-assisted learning, small group discussions or additional homework.



	Learners continue the cycle of studying and testing until the mastery criteria are met.






These characteristics lead us to the most important feature of mastery and the one that is most difficult to enact– that all pupils must secure understanding of a concept or skill before we teach the next. This analogy, from the world of construction, helps to explain why the sequence of events in mastery learning is so important:


A project manager allocates builders two weeks to build the foundations of a building. The builders do what they can in that time but it rained more than expected and some of the supplies don’t show up in time. After two weeks the project manager says ‘Great work! Let’s build the ground floor.’ And so the story goes on. After building the 4th floor the whole structure collapses. (Adapted from an analogy shared by Sal Khan, of Khan Academy)


This analogy aptly describes something I have been guilty of doing in the past. Despite knowing that some of my pupils were not yet fully secure, I moved onto the next topic in the curriculum as planned. I did this because the curriculum is content heavy, telling myself that there was not enough time to hang around – time was not my friend. I did this because some of my pupils had mastered the topic and needed to move on. Yet, at the heart of mastery is the idea that each floor must be strong enough to build on, so the whole lot does not come tumbling down. This requirement is what makes mastery learning so difficult to do well – the need to stick with a topic until all pupils are secure enough to move on. It is hugely difficult to ensure full coverage of the curriculum if we need flexibility to spend longer on some topics.


Interestingly, when we look at the national curriculum for maths, we find the ‘expectation is that the majority of pupils will move through the programmes of study at broadly the same pace. However, decisions about when to progress should always be based on the security of pupils’ understanding and their readiness to progress to the next stage.’ It also suggests ‘pupils who grasp concepts rapidly should be challenged through being offered rich and sophisticated problems before any acceleration through new content. Those who are not sufficiently fluent with earlier material should consolidate their understanding, including through additional practice, before moving on’ (DfE, 2021). Mark McCourt’s work on mastery (2019) has this philosophy at its core, communicated via the helpful flowchart shown in Figure 3.1.




[image: Flow chart illustrating a learning unit progression, termed “Mark McCourt’s Mastery Learning Cycle”, starting with “New unit” and ending with “End of unit”.]

▲ Figure 3.1 Mark McCourt’s Mastery learning cycle







Extended Descriptions

Flow chart illustrating a learning unit progression, starting with “New unit” and ending with “End of unit.” The chart shows steps for testing prerequisites, applying corrective teaching, proceeding with the unit, incorporating regular teaching and formative assessment, and providing remediation. It includes decision points for student performance thresholds (e.g., “Everyone above 80 percent?”), leading to different pathways for enrichment, remediation, or unit completion. A key at the bottom categorizes the shapes and shades as “Assessing,” “Teaching,” “Decision,” “Non-compulsory content,” and “Process.”




Implementing this element of mastery is extremely difficult to do well in practice – the pressures of our content-heavy national curriculum and curriculum sequences that are mapped over time leave very little classroom time to facilitate the necessary extra support and practice to those who have not yet achieved mastery.


To navigate some of this complexity, and the varied aspects of differing mastery approaches, Cambridge Maths (2019) recommends that ‘schools and teachers should consider the separate evidence for specific practices in particular, rather than several brought together under the heading of “mastery”. The most effective elements are listed as:




	responsive teaching



	models and representations



	teaching for depth and meaning



	interactive dialogue



	formative assessment



	substantial whole class teaching in multiple part lessons.






Examining this list, and considering definitions mentioned above, some would argue that mastery teaching is simply high quality, evidence-informed teaching.


Given the importance of both examples and non-examples in defining concepts, it’s useful for us to consider what mastery is not. These are some of the myths linked to mastery that have caused confusion in the sector:




	Mastery in mathematics does not allow for differentiation.



	There is a special curriculum which is the ‘mastery curriculum’.



	Mastery in mathematics means using specific textbooks.



	Mastery means staying on a topic for much longer.



	Mastery is a new approach to teaching (NAMA, 2015).








Teaching for mastery


Before we wrap up our exploration of mastery, it is useful to consider what the NCETM’s ‘Teaching for mastery’ approach advocates, given the high-profile nature of their offering (2022).


Underpinning principles




	Mathematics teaching for mastery assumes everyone can learn and enjoy mathematics.



	Mathematical learning behaviours are developed such that pupils focus and engage fully as learners who reason and seek to make connections.



	Teachers continually develop their specialist knowledge for teaching mathematics*, working collaboratively to refine and improve their teaching.



	Curriculum design ensures a coherent and detailed sequence of essential content to support sustained progression over time.






Lesson design




	Lesson design links to prior learning to ensure all can access the new learning and identifies carefully sequenced steps in progression to build secure understanding.



	Examples, representations and models are carefully selected to expose the structure of mathematical concepts and emphasise connections, enabling pupils to develop a deep knowledge of mathematics.



	Procedural fluency and conceptual understanding are developed in tandem because each supports the development of the other.



	It is recognised that practice is a vital part of learning, but the practice must be designed to both reinforce pupils’ procedural fluency and develop their conceptual understanding.






In the classroom




	Pupils are taught through whole-class interactive teaching, enabling all to master the concepts necessary for the next part of the curriculum sequence.



	In a typical lesson, the teacher leads back and forth interaction, including questioning, short tasks, explanation, demonstration, and discussion, enabling pupils to think, reason and apply their knowledge to solve problems.



	Use of precise mathematical language enables all pupils to communicate their reasoning and thinking effectively.



	If a pupil fails to grasp a concept or procedure, this is identified quickly, and gaps in understanding are addressed systematically to prevent them falling behind.



	Significant time is spent developing deep understanding of the key ideas that are needed to underpin future learning.



	Key number facts are learnt to automaticity, and other key mathematical facts are learnt deeply and practised regularly, to avoid cognitive overload in working memory and enable pupils to focus on new learning.
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