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PRAISE FOR TTD3: POWER UP YOUR PEDAGOGY





When teachers gather together to reflect on their practice or when individual teachers are self-reflecting or working with a coach, it’s so important to have a shared understanding of the problems and solutions under discussion; there needs to be a common framework of some kind. In Power Up Your Pedagogy, Bruce Robertson has provided teachers with exactly the kind of framework they need. The 12 elements are a superb way of describing the teaching practices we all need to engage with, each supported by an excellent range of Trusted Techniques that are described with crisp clarity; some are reassuringly familiar while others are fresh and innovative. The Power-up Prompts add an excellent layer to the whole process, helping teachers to reflect on their practice as they seek to improve in each area. The range of ideas and references packed into this concise, punchy book is impressive and I can see it doing a superb job of supporting teachers at every career stage.  


Tom Sherrington, author of The Learning Rainforest 
and Teaching WalkThrus


We now have a lot of evidence about how the brain learns but we are less secure about how to use that evidence in the classroom. To my mind, this book is one of the best practical guides a teacher or school leader can have in how to firstly understand and then apply evidence in the classroom. 


Dr Carl Hendrick, co-author of How Learning Happens


I had the privilege of reading The Teaching Delusion 3: Power Up Your Pedagogy in the week before returning to school after the summer holidays. As I read, my dusty teacher brain was quickly and forcefully awakened. The joy, knowledge and passion that transmits from every page of this book is impossible not to share. Bruce breaks down a range of complex teaching ideas into simple and easily actionable steps that teachers at every stage of their career would benefit from reflecting on. It is all achieved with huge empathy and humour – Bruce even manages to get the lyrics from the New Radicals into his section on modelling standards (‘you get what you give’)! It is the most excited I have felt in returning to the classroom for years: armed with numerous ‘Power-up Prompts’ and ‘Trusted Techniques’, the young people in my classroom won’t know what has hit them. I urge teachers to give this brilliant celebration of our complex craft the time and attention it deserves. 


Jamie Thom, English Teacher and author of Slow Teaching


Have you ever been given lesson observation feedback that left you more despondent and frustrated than motivated and energised?’ So begins Bruce Robertson’s book, The Teaching Delusion 3, and the nodding along begins. Yes, yes, we have, and we certainly don’t want more of the same. Robertson’s main premise here is, by understanding more about how effective teaching works, mentors, coaches, and leaders can support teachers to improve their practice by giving specific, focused feedback which can have a significant impact on the learning that takes place. Part 1 neatly explores some of the key principles of the science of learning, looking at cognitive load, retrieval practice and schema theory. This is condensed and clear and provides a framework for the next part, which examines how these ideas relate directly to the classroom, with specific examples around areas such as making use of learning intentions and questioning. Each chapter includes prompts to ‘power up’ your pedagogy and the book provides a breadth of topics covering everything a teacher would need to develop their practice. This book will be invaluable to those who are coaching, particularly building on the Early Careers Framework and Initial Teacher Training. However, I think it will also be found valuable by anyone wanting to reflect on their practice and begin to delve into research to support them to do so.


Zoe Enser, English Adviser for The Education People, 
specialist adviser for The Teacher Development Trust, 
and ex English Teacher, Head of Department and Senior Leader


In The Teaching Delusion 3, Robertson lays the foundations for addressing the issues that arise around poor feedback within the teaching profession. Robertson takes you on a learning journey that is underpinned by research and his own experience to bring together the core principles of effective pedagogy. The Learning Lessons at the beginning underpin how we learn and what follows is a comprehensive toolkit of strategies that every teacher can consider and implement in their own classroom. This is a book that truly will power up your pedagogy!


Michael Chiles, Associate Assistant Principal 
and author of The Feedback Pendulum


Being a huge fan of The Teaching Delusion, I was slightly cynical about whether the follow-up, The Teaching Delusion 3: Power Up Your Pedagogy, would live up to its predecessor. In actual fact, Bruce has somehow written something even more practical and relevant for the classroom. I love how well it links to the pedagogical seeds planted in his first book, although it can be read as a stand-alone. Another positive is the ease with which it can be used by teachers as a tool for improvement, both individually and collaboratively as a coaching resource. Bruce’s wealth of experience and expertise is reflected in the clearly structured and thought-provoking ‘Power-up Prompts’, which I could see being excellent discussion points during collegiate conversations. The ‘Trusted Techniques’ are so useful, showcasing a range of best bets for excellent learning and teaching in the classroom. This is the book I wish I’d had to help me grow as a new teacher, but one which I will return to again and again as a middle leader supporting all teachers in the classroom. When time is precious for all in education, it’s important to prioritise professional reading and this would be the first book I would go to, by an experienced and trusted author, for pragmatic, impactful professional learning. A must-read for anyone with an interest in effective learning and teaching.


Fiona Leadbeater, Principal Teacher of Expressive Arts, 
Oban and Tiree High Schools


The Teaching Delusion 3 is a must-read for any teacher who wants to improve their practice (i.e. all teachers) and also for anyone acting as a coach/mentor to a colleague. The book begins with 10 ‘Learning Lessons’, which summarise how learning happens, with plenty of footnotes for anyone who wants to read more. In the heart of the book, Bruce goes on to go through 12 Elements of pedagogy, and how these can be used to improve learning and teaching in the classroom. Within each Element, there are Power-up Prompts that will make you think about a specific aspect of teaching, and Trusted Techniques, which are specific practices that can be tried in the classroom to improve your practice.


Bruce has created a fantastic resource that teachers can use to identify aspects of their practice that they’d like to improve, and gives suggested techniques on how these aspects can be improved. Throughout the book there are plenty of concrete examples of how the techniques could be implemented. The book is also ideal for anyone in a coaching or mentoring relationship with a colleague, as it will help the coach/mentor to provide specific, actionable feedback focused on improving classroom practice.


As with his other books, Bruce has written a book that I wish had been written 15 years ago, as I know I would have been a better teacher, mentor and leader if I’d had this book to hand. The Trusted Techniques are mostly strategies that can be implemented very quickly with no huge impact on workload – the sort of professional learning that I like! I’ll definitely be recommending it to the student teachers that I work with.


Colin McGill, Lecturer in Education (Chemistry), 
Edinburgh Napier University


This book is excellent and a must-have resource for everyone in education, from senior leaders to student teachers. It is a simple and practical guide to support the reader’s desire to improve their teaching and learning. Its flexibility allows it to be used both when planning and when reflecting on lessons, either individually or together with colleagues and within faculties or whole-school settings. The simplicity is in the book’s format. A concise and well-illustrated chapter on Learning Lessons and how learning takes place allows the reader to fully appreciate the need for each of the 12 key Elements of pedagogy. The practicality of the book is demonstrated by the suggestions of how each Element can be improved using Power-up Prompts, supported by Trusted Techniques (specific practices) which can be used to improve this aspect. The book then becomes an invaluable reference point to support professional learning, either as a self-help or coaching guide, with exemplars of how this could be used in the short- and long-term professional learning planning process.


Colin Richardson, Principal Teacher of Teaching & Learning, Eyemouth High School


As a teacher or a leader, have you ever wished for a ‘great teaching’ manual? Something that is readable, specific to the classroom and easy to implement in your practice? If you have, then look no further than The Teaching Delusion 3 – it really is the ‘great teaching’ manual you have been after!


As always, Bruce Robertson has engaged in a vast amount of research and simplified this into a powerful and easy read. The Teaching Delusion 3 considers every detail and provides a refreshing and inspiring take on what great teaching is. As you read and consider the messages of this book, it becomes truly addictive. Bruce’s messages are clear, empowering and just make sense – something we have all craved for so long.


Bruce has carefully crafted this book as a coaching companion for self or peer use. It lends itself perfectly to dip in and out of, or as the perfect text for any professional reading group. I strongly believe that for anyone who teaches or observes teaching, this is a must-read.


Jamie Orr, Teacher, Law Primary School, North Berwick


Power Up Your Pedagogy is a one-stop shop for classroom, department and school improvement. It is more than useful hints and tips – it’s based on extensive research and considerable experience. It’s from those two sources that Bruce Robertson is able to hand ‘power’ to the teacher. I might even dare to say that a teacher could find a career’s worth of advice, challenge and support in this book. I wholeheartedly recommend it to teachers in whatever teaching situation they find themselves in.


Ian Yule, former Principal Teacher of English, 
and Principal Teacher of Support for Learning


The Teaching Delusion 3 is an invaluable resource for teachers looking for research-based, tried-and-tested practical ideas for the classroom, bringing theory and practice together in a very useful way. Its concise way of aligning Power-up Prompts and Trusted Techniques with solid pedagogical principles is the quick-reference guide that every classroom teacher needs. Along with ‘TTD1’ and ‘TTD2’, it is the quintessential educational trilogy.


Derek Huffman, Principal Teacher of Pedagogy, 
Berwickshire High School
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Left to my own devices, I probably would. (Neil Tennant)

























Foreword by Kate Jones





This book packs a powerful punch! Bruce Robertson writes with a refreshing and direct honesty combined with wisdom, insight and expertise that comes from years of experience in the classroom. This book finishes off the ultimate teaching and learning trilogy, a collection that will benefit all teachers and school leaders and will therefore benefit students in schools too.


Robertson discusses the poor teaching strategies that have plagued the profession for too long, but this is not done with a judgemental or patronising tone. Instead, it is done with empathy, understanding and a passion to do better through promoting an evidence-informed powerful pedagogy. Discussion of poor and ineffective techniques is important because we can all form bad habits or perhaps are not always aware or do not understand (we can be deluded!) why some of the things we do in the classroom don’t have the impact we hoped for.


Reflection is a key theme throughout the book, as the author reflects and encourages the reader to do so too. Robertson acts as a teaching coach, mentor and guide whilst also encouraging the reader to focus on self-improvement and collaboration with colleagues to continually improve and develop.


This book feels like the book that keeps on giving, with words of wisdom and priceless advice on every page. (The suggestions are those I wish I had received throughout my career, especially after lesson observations!) The power-up prompts are applicable and adaptable regardless of the subject or age range taught. There are almost one hundred tried and tested ‘trusted techniques’ that Robertson generously shares with us to help us all improve our day-to-day classroom practice, which is ultimately what every teacher and school leader wants from a book focused on teaching and learning.


The breadth and depth that Robertson manages to cover in this book is truly remarkable! Cognitive science application in the classroom is explained with clarity and precision, combining in-depth theory and interesting classroom anecdotes. From repetition to retrieval practice, PowerPoint design, feedback, meaningful discussion and much, much more, there are a wealth of practical takeaways for the teacher to implement in their own classrooms to make students think hard.


Teachers and students alike can be full of misconceptions about learning – or as Robertson describes, we are full of delusions. The powered-up planning can dissolve the delusions and help us to prepare powerful lessons and promote long-term learning. The layout and structure of this book supports the reader (as Robertson practises what he preaches by being mindful of cognitive load, the importance of paying attention and crystal-clear communication), meaning this is a book that teachers and leaders at all levels will return to time and time again. It is also a thoroughly enjoyable read.


Robertson provides plenty of food for thought as well as opportunities for the reader to reflect, explore key elements of classroom practice that are often neglected or not discussed as much as they should be, and get to grips with evidence-informed teaching and learning strategies. This book will certainly power up your pedagogy as well as power up your passion to get in the classroom and teach effectively to support the students in front of you as best you can.


Kate Jones


Teacher, leader and author of Love to Teach: Research and Resources for Every Classroom, The Retrieval Practice series and Wiliam & Leahy’s Five Formative Assessment Strategies in Action. @Katejones_teach






















Introduction: Burning Brightly





Have you ever been given lesson observation feedback that left you more despondent and frustrated than motivated and energised? If you have, you are in good company. A process that should be one of the most useful to teachers has become the opposite. Rather than welcoming lesson observations with open arms, teachers are locking their doors and turning the lights off. If they manage to get through the year without one, it’s a good result!


Not only is this sad, it is deeply damaging to our profession. High-quality feedback offers one of the best ways for teachers to learn and develop their practice. Teachers need it! What they don’t need is what many are currently getting: poor-quality feedback delivered in a poor-quality way.




Poor-quality feedback…


At the risk of causing offence to some, too many school leaders are giving lesson observation feedback when they don’t really know what they are talking about. I’m sorry, but this needs to be called out. I’m referring to people who sit teachers down and tell them things like:




	You need to talk less.



	You need to differentiate more.



	There was a lack of pace and challenge.



	There wasn’t enough group work.



	Students need to be allowed to lead their own learning.



	There wasn’t enough higher-order thinking.






Not only are most of these statements too ambiguous to have any real meaning, they are ill-informed. They lack grounding in educational research about high-quality teaching. At best, teachers don’t know what to do with them, so they are ignored. At worst, teachers are sent down blind alleys and their teaching actually suffers.


Sometimes, the feedback teachers are given doesn’t even relate to teaching. For example:




	Your display boards aren’t very neat.



	Maybe you could smile a bit more.



	Improve the labelling on your trays.






Such feedback is subjective and ideological. It is based purely on opinion. As a result, it isn’t particularly useful to teachers. Teachers need feedback that is based on research and evidence.







…delivered in a poor-quality way


As disappointing as what many teachers are being told in feedback is how they are being told this. Discussions are rushed. Sometimes, there is no discussion at all. Instead, teachers are sent an email that lists someone’s thoughts. Invariably, there is criticism: ‘I didn’t think you did that particularly well’; ‘You should have done more of this, and much less of this’. Sometimes, strategies that are used to give feedback to students, such as ‘two stars and a wish’, are used with teachers. The fact that this might be perceived as patronising appears to go over their heads.


How, precisely, do the people delivering feedback in this way think it is being received? Do they think teachers are grateful? Do they think they are running to the classroom next door to tell their colleague all about it? Do they think they can’t wait for their next observed lesson? No? Then why are they delivering feedback like this?







About this book


The Teaching Delusion 3 has been written to help address the significant issue of poor feedback in the teaching profession. It can be used in two ways:




	By teachers, as a self-improvement resource



	By teachers in collaboration with colleagues, as a coaching resource






We will begin with ‘A Crash Course in Learning’, exploring how learning happens via 10 ‘Learning Lessons’. There are fundamentals here that every teacher and school leader needs to know.


Next, we will get into the real heart of the book: an exploration of pedagogy. We will do this by breaking great teaching down into 12 Elements, very similar to those first explored in The Teaching Delusion:


Element 1. Daily Review


Element 2. Learning Intentions


Element 3. Success Criteria


Element 4. Prior Knowledge


Element 5. Presenting Content


Element 6. Practice


Element 7. Differentiation


Element 8. Questioning


Element 9. Discussion


Element 10. Feedback


Element 11. Plenary Review


Element 12. Expectations, Behaviour & Relationships


As we explore each Element, we will identify associated Power-up Prompts. These are summary statements designed to pull together key messages and help you reflect on your teaching practice. There are 75 in total. Don’t worry about these just now – they will make sense once we get to them.


We will also identify Trusted Techniques. These are specific practices that you can focus on building into your teaching, or on improving further. There are almost 100 in total. Again, these will make sense later.


To finish, we will explore how the key ideas of this book can be brought together in Professional Learning Plans, and how these can be used to bring a school together in a culture of learning.







Burning brighter


Teachers have a natural burning desire to keep getting better. To do this, they need access to high-quality professional learning that they can engage in both themselves and with others. This is precisely what this book hopes to provide.


As a self-improvement and coaching resource, it has been written to fuel the professional learning flame, firing everyone up to make their teaching better (no matter how good it is already). Poor lesson observation feedback should be a thing of the past. No longer will it extinguish flames.


Let’s get going!

























PART 1: A CRASH COURSE IN LEARNING


























A Crash Course in Learning





What is learning and how does it happen? This is a key question for all teachers and school leaders to consider. However, it is also a question that many teachers and school leaders have never considered. When you step back and think about it, this really is quite shocking.


Until relatively recently, I was guilty of having never considered this question. As a teacher, I simply taught in the way that I thought was best. This was a blend of how I had been taught at school, what I had learned in teacher training, and tacit learning based on experience. I was doing a good job, but had I known more about learning and how it happens, it would have been significantly better.


Looking back on this, I actually feel quite irritated. It’s hard to believe I could have got through teacher training without being taught about learning and how it happens. But I did. It’s equally hard to believe that so few people talk about this in schools. But they don’t. Mention ‘working memory’, ‘schema’ or ‘cognitive load’ to a random teacher or school leader and wait for the reaction. The safe bet is bemusement. But really, the only bemusing thing is that everyone in schools doesn’t know about these things.


I think Craig Barton captures this best:


A teacher not considering how their students think and learn is kind of like a doctor not being overly concerned about the workings of the body, or a baker taking only a casual interest in the best conditions for bread to rise.1


There are many such doctors and bakers in the teaching profession today. The ‘Learning Lessons’ that follow are designed to address this.




Learning lessons


Learning Lesson 1: Learning is the development of long-term memory, through the accumulation of knowledge.


Learning Lesson 2: We learn what we think about.


Learning Lesson 3: What we think depends on what we know.


Learning Lesson 4: We are full of misconceptions.


Learning Lesson 5: Cognitive load controls thinking and learning.


Learning Lesson 6: Familiarity and learning are not the same thing.


Learning Lesson 7: Over time, learning fades.


Learning Lesson 8: Spaced retrieval is the best way to prevent forgetting.


Learning Lesson 9: Overlearning leads to fluency.


Learning Lesson 10: Novices and experts think and learn differently.




Learning Lesson 1: Learning is the development of long-term memory, through the accumulation of knowledge.





Our brains have two memory compartments: working memory and long-term memory. Working memory is where thinking happens; long-term memory is where storing happens.2


When we take information in from our environment, it enters our working memory first. From there, one of two things can happen:




	It can ‘fall out’, meaning we forget it.



	It can move into our long-term memory, where we store it.






Information is stored in long-term memory as knowledge: knowledge of things (declarative knowledge) and knowledge of how to do things (procedural knowledge).


The knowledge we have stored in long-term memory can be retrieved, meaning it can be brought back into working memory. When that happens, we can think with it, using it to make sense of new information.






[image: Box & arrow diagram shows the flow of information from working memory to the long-term memory and back.]







Knowledge is what our working memory thinks with and what our long-term memory stores. Knowledge is the currency of thinking and learning.


With this in mind, it makes sense to define learning in terms of knowledge. Learning is the development of long-term memory, through the accumulation of knowledge.3


This is an extension of the definition proposed by Kirschner et al., which is that learning is ‘a change in long-term memory’.4 You can take your pick as to which you prefer. The most important thing is you understand that learning is all about long-term memory and knowledge. Teachers are in the long-term memory business.




Learning Lesson 2: We learn what we think about.





Teaching is concerned with helping students take relevant information in from their environment and move this from working memory into long-term memory. The key to this transfer is thinking.


Cognitive scientist Daniel Willingham makes this clear by highlighting that people tend to learn what they think about.5 Educational researchers such as Robert Coe et al. do the same by suggesting that learning happens when people have to think hard.6 The common thread is thinking.


To help make this point, Willingham uses the analogy that ‘memory is the residue of thought’:7






[image: Outline sketch of a funnel with residue and a downward arrow on the side titled thought.]







In other words: learning is what is left behind after thinking has taken place.







Paying attention


The first step in getting students to think about something specific is to get them to pay attention to it. Nothing can enter long-term memory unless it has first entered working memory. If activities are unstructured or the teacher doesn’t take steps to hold students’ attention, their minds will wander. They won’t be paying attention to what we want them to pay attention to.








Thinking



The second step is to get students to think about what they are paying attention to. Asking them questions and getting them to discuss things tend to be effective ways to do that. However, controlling what, specifically, students are thinking about is one of the great challenges of teaching.


For example, in The Teaching Delusion, I discussed a maths lesson in which the teacher related the teaching of fractions to slices of pizza. She did this to help make the lesson interesting and relevant to students’ ‘real lives’. However, to her dismay, when she quizzed the class about their learning in the next lesson, all students could tell her about was pizza. The experience of thinking about pizza was memorable, but specific learning about fractions wasn’t. Students hadn’t been thinking hard enough about this. Therefore, they didn’t remember it.







Plan for thinking


Learning is most likely to happen when a deliberate attempt is made to think about specific things. Therefore, when planning and delivering lessons, teachers need to keep asking themselves: what are students likely to be thinking about? Planning for thinking has to be our primary concern. As students engage in activities, it is important that we keep reminding them what it is, specifically, that we want them to be thinking about.




Learning Lesson 3: What we think depends on what we know.





As we have discussed, thinking takes place in working memory. In order to be able to think about new information, working memory needs something to think with. What it thinks with is knowledge we have stored in long-term memory. The purpose of long-term memory is to support thinking.







Schema


The knowledge we have stored in long-term memory doesn’t sit in isolation. Rather, it is organised as ‘schema’ (or ‘schemata’, which is the plural). Schemata are knowledge constructs, in which knowledge of particular facts, concepts and procedures are linked to related ones:
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Students think with the schemata they have developed and stored in long-term memory. When they encounter new information, they pull the relevant schema from long-term memory, into working memory, to help make sense of it. This is why Daniel Willingham suggests that ‘understanding is remembering in disguise’.8


For example, imagine you show students the following diagram:






[image: A chemical reaction where two rods are connected with battery, inserted in solution of ion.]







To make sense of this, they need to draw on schemata. What they see will be determined by what they already know.9 If they know that ‘Cl-’ is the chemical symbol for a chloride ion, this is what they will see. If they don’t know that, they will see something different, or they might not understand what they are seeing at all.


The same principle applies to what students hear. If you start to talk about ‘ions’, this will only make sense to students if they have developed an ‘ions schema’. The more detailed and the better organised this is, the more they will understand about ions, and the more what they are hearing will make sense to them.







Activating schemata


When we think about something, we tend to also think about related things. The reason is because when we ‘activate’ a schema by pulling it from long-term memory into working memory, we activate different parts of it, rather than just one part.


For example, if I say ‘Richard III’, your ‘Richard III schema’ is activated. You might think:




	King



	England



	Shakespeare



	Princes in the tower



	‘A horse! a horse! my kingdom for a horse’.






If you do, it is because these are all a part of your Richard III schema.


You might also think:




	Hamlet



	Ian McKellen



	Lord of the Rings






If you do, it is because there are links from your Richard III schema to different schemata, which get activated as a result of your thinking about Richard III.


As Dylan Wiliam points out, ‘The purpose of the curriculum is to build up the content of long-term memory so that when students are asked to think, they are able to think in more powerful ways.’10 Hence, as teachers, we need to be concerned with how well we are developing students’ schemata.




Learning Lesson 4: We are full of misconceptions.





When students learn, they accumulate knowledge in pre-existing schemata. These provide a structure in which new knowledge can be integrated and organised.11 Knowledge builds on and links to that which is already stored.


Both helpfully and unhelpfully for teachers, students arrive at our lessons with preformed schemata. Some of what is included in these is ‘accurate’ knowledge, but some of it isn’t. Like you and me, students are full of delusions.


In teaching, we usually refer to delusions as ‘misconceptions’. These are usually the result of students trying to make sense of something when they don’t have the prerequisite knowledge to do this.


Misconceptions develop in students from a very early age. As they try to make sense of the world, they act like mini scientists, having internal conversations with themselves: ‘I wonder what that means…’, ‘Why did this happen?’, ‘This must mean that’. However, without sufficient knowledge to do this, they arrive unwittingly at the wrong conclusions.


For example, what follows is a list of common misconceptions that students have relating to science:12




	Plants grow because they take in food from the soil. (Plants grow because they use carbon dioxide and water to make sugar (and oxygen) – they can grow without soil.)



	Putting clothes on something will make it warm. (Clothes only help to keep something warm because they insulate it – they help to stop heat from escaping.)



	The heavier an object is, the more likely it is to sink when put into water. (Whether or not something sinks is determined by its density, not how heavy it is – trees float; 1p coins don’t.)



	Acids are dangerous. (Some acids are dangerous, but it depends on both the acid we are talking about and how concentrated it is – the citric acid found in lemons isn’t particularly dangerous; nor is the lactic acid you produce in your body during exercise.)



	When substances dissolve, they go away. (Some substances look as if they have gone away when they dissolve – such as salt and sugar – but you only have to taste the water to realise that they haven’t.)






Misconceptions are problematic for teachers. Because students use what they already know to make sense of new things, if there is a misconception it is unlikely they can do this. More likely, they will become confused, give up or develop a bigger misconception. As Graham Nuthall tells us: ‘No answer is trusted unless it makes logical sense within the context of the child’s existing knowledge and beliefs.’13


As teachers, an important part of our job is to uncover misconceptions and weed them out. This means dismantling parts of schema and rebuilding them. In doing so, we need to make it clear to students why something is a misconception. If they don’t understand that, they are likely to revert back to their misconception further down the line. This is why, in the science examples I have given, I followed each one with an explanation. Had I not done that, if you had this misconception it is less likely it would be corrected.




Learning Lesson 5: Cognitive load controls thinking and learning.





As we have discussed, thinking takes place in working memory. However, our working memory is limited both in terms of the space it has to think and how long it can hold information. These limits are the bottleneck of learning.14


Cognitive Load Theory15 explores the limits of working memory and how these can be overcome. Dylan Wiliam has described this as ‘the single most important thing for teachers to know’.16 If teachers need to know it, then school leaders need to know it too.







What is cognitive load?


Anything that takes up space in our working memory can be thought of as causing cognitive load. The right amount of the right type of load is likely to lead to learning. The wrong amount of the wrong type will hold learning back. The reason is because our working memory can only cope with a limited amount of load at one time. Once its limit is exceeded, working memory goes into cognitive overload, whereby thinking slows down, we stop understanding things, and we make mistakes. If we want students to learn, then we need to ensure there is load, but not too much load, and not the wrong type.17







Types of load


There are two types of cognitive load:




	Intrinsic load



	Extraneous load






Effectively, intrinsic load is ‘good load’ and extraneous load is ‘bad load’. That’s perhaps oversimplifying things a little, but it helps to reinforce a key point: to maximise student learning, we should be aiming to optimise intrinsic load and minimise extraneous load.18







Optimising intrinsic load


Intrinsic load is the natural, unavoidable load caused by thinking about anything. It is essential to learning.


Although I have suggested that it is ‘good load’, as is often the case, we can have too much of a good thing. Too much intrinsic load will lead to cognitive overload. Hence, we are trying to optimise it.








Weightlifting



A useful analogy is weightlifting. If we are to build muscle, we need weights to feel heavy, but not too heavy. The same is true of intrinsic load. We need intrinsic load if we are to learn. If there isn’t enough, we are likely to get bored. If there is too much, we get cognitive overload. As we have said, optimising intrinsic load is our goal.






[image: 3 boxes, the first one with a small level of intrinsic load, the second one with increasing intrinsic load, and the last one completely full of the load.]







If we expect our working memory to think about too much at one time, or about content that is too complicated, we will overload it. As a result, we will stop being able to think, we will make mistakes, and learning will stop.







Complexity of content


The amount of intrinsic load that working memory experiences is related to the complexity of content being presented. The more complex content is, the more intrinsic load it is likely to cause. For example, the calculation 346 × 654 is likely to cause more intrinsic load than 6 × 12.


The word ‘likely’ is important. The amount of intrinsic load caused by particular content will vary from student to student, depending on what they know or can do already. In other words, the amount of intrinsic load students experience will depend on the knowledge they have stored in long-term memory. Those with larger, better organised stores – relevant to the content being thought about – are likely to experience less intrinsic load than those with the opposite.19


Accordingly, ensuring students have secure prerequisite knowledge before teaching new content is essential for teachers if cognitive overload is to be avoided. This can be built on, gradually. As students learn more, they will be able to cope with more.







The importance of background knowledge


Intrinsic load helps explain why teaching students a broad, deep body of knowledge is so important. If students don’t have prerequisite knowledge stored in long-term memory, they will have to look this up and hold it in working memory. As well as making the learning process laborious and slow,20 this causes avoidable intrinsic load. This load could be avoided if the knowledge students needed was stored in their long-term memory. Here, it could be accessed quickly, as and when required. The space now available in working memory could be used for thinking, rather than for temporary storage.


Just as building muscle allows us to lift heavier weights, developing long-term memory allows students to think about more complex things.







Break it down


Excessive intrinsic load can also be avoided if complex content is broken down and presented in smaller, cumulative chunks. The natural intrinsic load of the content is still there, but this is processed gradually, rather than all at once. Long-term memory can be used to store each chunk, giving working memory access to it, when required. Once learned, one by one the chunks can be brought together and processed in working memory. Now students are able to think about the full complexity of the content, but the load is reduced. Long-term memory is helping working memory out.







Minimising extraneous load


Extraneous load is the unnecessary, avoidable load associated with how content is presented. Because it doesn’t lead to learning, it can be thought of as ‘bad load’. We aren’t trying to ‘optimise’ extraneous load; we are trying to minimise it.


Extraneous load tends to be caused when students are expected to pay attention to too much at once. Quite simply, there is too much information coming at them. For example:




	Our slides are crammed with text, much of which is unnecessary.



	Our slides are crammed with clipart.



	Our explanations are too wordy and long-winded.



	There is too much noise in the room.



	Students have to look at multiple sources of information at one time in order to understand what is being presented.






Because all of these things cause extraneous load, none of them are good for learning. The more extraneous load there is, the less intrinsic load working memory can process. Hence, the less it can think about the things that are most important for it to be thinking about.


Careful instructional design is the key to minimising extraneous load and freeing up as much working memory as possible for thinking.




Learning Lesson 6: Familiarity and learning are not the same thing.





Sometimes we think we know or understand something when, actually, we don’t. We only find this out when we have been tested in some way. Familiarity can lead to overconfidence.21


I have found this to be true in all walks of life. For example, when I am watching the US television series Homeland with my husband, he says to me, ‘Do you understand what’s happening?’, and I say, ‘Yes’. And then I try to explain what’s happening, and I realise that I can’t. Being asked a question about it has highlighted that I only have a loose, superficial understanding of something that I thought I had a deeper understanding of but didn’t.








Check, check, check



For learning in schools, this helps explain why it isn’t enough to cover content. We need to check that content is being learned. Our teaching needs to be about both schema building and schema checking. To do this, we need to make the content of students’ long-term memory visible.







Visible learning


The best way to make students’ learning visible is to ask them questions. By listening carefully to what they say, we can find out how much they know and understand.


Even better is if we can get students to articulate knowledge and understanding in writing or in drawings. Now, the content of long-term memory is really visible. Use of Show-me boards is an excellent way to do this. Show-me boards help to make everyone’s learning visible to the teacher.




Learning Lesson 7: Over time, learning fades.





When we teach students, there is often an ‘illusion of learning’. They seem to understand what we are teaching them, and when we assess this at the end of the lesson, we get evidence that they do. However, when they come to the next lesson two days later and we ask them about what they had learned: tumbleweed. How can this be?


The reason is that, over time, learning fades. Although information was successfully transferred from working memory into long-term memory in the last lesson, it has started to disappear. What we saw in the last lesson was short-term performance based on short-term learning. Longer-term performance requires longer-term learning.


Both short-term and longer-term learning involve changes in long-term memory. However, with longer-term learning, the changes are more secure. Developing this security takes time. Fading will happen. Teachers and students need to accept this and take steps to address it.




Learning Lesson 8: Spaced retrieval is the best way to prevent forgetting.





When learning has faded to the point that it can’t be retrieved from long-term memory, it is ‘forgotten’. As teachers, we need to stop this happening with learning that relates to the curriculum. The key is to ensure there are regular opportunities for students to revisit content.







The Ebbinghaus Forgetting Curve


The importance of revisiting content is captured by the Ebbinghaus Forgetting Curve:22






[image: The Ebbinghaus Forgetting Curve with time remembered in days marked on the x-axis and the memory marked on the y-axis.]







The curve illustrates three important principles of fading and revisiting:




	When we first learn something, fading is fast (this is captured by the steepness of the first curve).



	Revisiting content reverses fading.



	The more content is revisited, the less quickly fading happens.












The rule of three



Graham Nuthall has suggested that content needs to be revisited on at least three separate occasions to mitigate against natural fading.23 In other words, as a minimum:




	Teach content.



	Allow some time to pass.



	Revisit this content.



	Allow some more time to pass.



	Revisit this again.











Learning Lag


The spaced nature of the revisits is important. It creates a ‘learning lag’ that is helpful.24 By allowing learning to fade a little and then revisiting it, it can be given a ‘jump start’, strengthening memory.


For example, you might teach content in a lesson, allow some time to pass, and then revisit this at the end of the lesson. You might also revisit it again at the start of the next lesson, and towards the end of the week. So long as it isn’t too long, the lag will benefit learning. The more revisiting, the better.







Types of revisiting


In general, there are two types of revisiting: passive and active.







Passive revisiting


Passive revisiting occurs when students see or hear the same material again. For example, having taught that the part of the brain responsible for coordinating voluntary movements is the cerebellum, the teacher repeats this in a subsequent lesson. Another example would be students reading the same information over and over in their notes. These are passive revisiting activities because students don’t have to think about the content being revisited. While there will be some value to learning, this won’t be as much as when revisiting is active.
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