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WHAT IS researchED?


researchED is an international, grassroots education-improvement movement that was founded in 2013 by Tom Bennett, a London-based high school teacher and author. researchED is a truly unique, teacher-led phenomenon, bringing people from all areas of education together on to a level playing field. Speakers include teachers, principals, professors, researchers and policymakers.


Since our first sell-out event, researchED has spread all across the UK, into the Netherlands, Norway, Sweden, Australia and the US, with events planned in Spain, Japan, South Africa and more. We hold general days as well as themed events, such as researchED Maths & Science, or researchED Tech.


WHO ARE WE?


Since 2013, researchED has grown from a tweet into an international conference movement that so far has spanned six continents and 13 countries. We have simple aims: to help teaching become more evidence-facing; to raise the research literacy in teaching; to improve education research standards; and to bring research users and research creators closer together. To do this, we hold unique one-day conferences that gather together teachers, researchers, academics and anyone touched by research. We believe in teacher voice, and short-circuiting the top-down approach to education that benefits no one.


HOW DOES IT WORK?


The gathering of mainly teachers, researchers, school leaders, policymakers and edu-bloggers creates a unique dynamic. Teachers and researchers can attend the sessions all day and engage with each other to exchange ideas. The vast majority of speakers stay for the duration of the conference, visit each other’s sessions, work on the expansion of their knowledge and gain a deeper understanding of the work of their peers. Teachers can take note of recent developments in educational research, but are also given the opportunity to provide feedback on the applicability of research or practical obstacles.
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FOREWORD


TOM BENNETT


When I started researchED in 2013, the education sector was a hot mess of stupid. Anyone could say anything and someone would nod and write a cheque for it, whether it be emotional-support parakeets, or Brain Somersaults, or Deepity Thunks, or whatever. I burned whole evenings carefully scissoring packs of diamond nines, or planning lessons to correspond to Winkelman’s Pyramid of Clever, or studying 19th century proto-educationalists like they were saints. Lord, the days, weeks and years that we can never get back, lost in the junk-rock of classroom folk-teaching. It was the Wild West, a gold rush of terrible thinking.


Of course, there were careful thinkers even then – scientists and rational men and women and experienced practitioners who believed that you couldn’t just say anything and claim it was true. People who knew that the real world of the real classroom was the formal arbiter of our most fanciful theories. Researchers and professors who made sure the boldness of their claims matched with the weight and care of their evidence bases. Trouble was, they were outweighed by sorcerers and idealogues by about 100 to one.


When I trained to be a teacher, it was deep in the belly of this whale. I learned about group work and unicorns, about APP and every silly idea imaginable. But I never learned how to teach and I never learned a damn thing about how children learn – both of which might appear, on the surface at least, to be fairly important elements of being a teacher, or someone who aspires to see their students learn. More astonishing still was the fact that the evidence base for a lot of what we now call the learning sciences was right there already: cognitive psychology, the study of how people think. Isn’t that amazing? Clever, careful people had, for decades, been studying what motivates us, how memory works, concentration, focus, engagement and many other aspects that relate directly to the core enterprise of education: to educate. But very, very little of this bled into teacher training. Why?


Tradition. This was the way things had always been. The inertia of culture preserved and guarded and gatekept by a generation of trainers whose expertise was in the often mystical enterprise of education, which can seem to the outsider as a field populated entirely by political philosophers and activists. In any other field, a PhD would guarantee your status as an expert. Education academia is the only field where a PhD is about as accurate a predicator of credible expertise in the field as flipping a coin. For every scholar there was a crackpot who was nodded through their viva by other ideologues and wizards.


But cognitive psychology was there, waiting to be discovered by a mainstream audience of teaching professionals. When I encountered it for the first time, I was incandescent: why hadn’t this been core to our training? It seemed awfully relevant. In some ways, researchED has made one of its central planks the mission to platform and promote the professional educator’s interest in cognitive psychology, as one of the most robust of evidence bases with which to inform our practice.


Because, of course, no field of study is the ultimate arbiter of eternal truth. Every piece of research in the field of cognitive psychology must be interrogated, not just by external academic scrutiny, but also by the scrutiny of professionals in the field of school practice. One should interrogate the other, in both directions. Theory without practice is abstract solipsism; practice without scientific interrogation decays into witchcraft. But, together, they create a crucible – a furnace that burns away the trivial, the bias and the partial opinions we all fall victim to.


Cognitive psychology is one of the pillars of good practice in education. Without it, we are lost; with it, we have a plan. In this book, Kate Jones has assembled a superb list of authors and essays exploring this vital area. Collectively, they provide a fantastic introduction to this fascinating and useful area of study. I hope this book prompts interrogation of your own practice as well as the desire to find out more. Take it into your school and share it with your colleagues. At every turn, ask yourself: how would I know if I am wrong? Because uncertainty is the catalyst of the next better idea. That’s how science works.


I’ve cut my last diamond nine and I hope you have, too. Good luck and enjoy this wonderful book.


Professor Tom Bennett, OBE


Founder, researchED




















INTRODUCTION


KATE JONES


Findings from cognitive science have dominated discussion around teaching and learning in recent years. This discourse has taken place at a grass-roots level, with classroom teachers embracing cognitive science principles and eager to learn more. Cognitive science has also influenced policy in England, from Ofsted’s 2019 education inspection framework1to the Department for Education’s early career framework,2also published in 2019. The influence of cognitive science extends beyond England and continues to attract interest, debate and discussion around the world. This book looks at cognitive science through the lens of education and classroom practice, in order to support teaching and learning.


Teachers in England who are new to the profession, known as early career teachers, are receiving explicit training, guidance and education about cognitive science and the application of the key principles in the classroom. For many experienced teachers and leaders, this was not part of their initial teacher training literature and course content. Therefore, the level of prior knowledge and understanding of cognitive science principles can vary considerably among a teaching staff. It is essential for all involved in education to be aware of the implications of cognitive science on teaching and learning in the classroom.


At national and international researchED events, cognitive science often features among the topics that presenters focus on and attendees wish to learn more about. It can be argued that principles adapted from cognitive science have transformed teaching and learning, although there is a counterargument to suggest that many of the principles have always been at the heart of effective teaching and learning, and are therefore nothing new. For example, common sense would suggest that working memory can become overloaded and that students often forget lesson materials. Memory should be an essential consideration when it comes to curriculum and lesson design and delivery, but common sense does not always equate to common practice. The findings from cognitive science can help educators to understand why students may struggle to retain information and why forgetting occurs during the learning process.


When research can confirm what teachers already know and do in their classroom, this reassurance is not something to be dismissed. Rather, when experience and evidence are in alignment, this should be welcomed and embraced. However, research does not always confirm and support current teaching practices – in fact, it can challenge and contradict what many teachers believe and do. This is healthy, as it encourages thoughtful reflection and can help the profession to continuously learn and move forward.


The evidence base linked to cognitive science is robust. However, the findings and level of rigour can vary across the different principles. Research studies focused on cognitive science principles that were published more than a century ago have since been replicated in modern studies and experiments conducted in classroom conditions. Further research is required across a wider range of contexts and conditions, but evidence cannot provide teachers with all the answers. Research should not be viewed as the ultimate silver bullet, because there isn’t one. Rather, research is an important element of professional learning and practice, as is classroom application. An evidence-informed approach to teaching and learning involves embracing and engaging with evidence, while being critical and applying the evidence to the unique classroom context. Teachers have a wealth of professional knowledge, experience and expertise that can be used alongside evidence. Evidence and experience do not have to counteract each other.


The findings from cognitive science are also referred to as the ‘science of learning’, and the evidence base stems from the study of psychology and neuroscience, focusing on human memory and cognition. In this book, we have chosen to refer to these findings under the overall term of cognitive science, but there is an overlap, with references to psychology and neuroscience throughout.


In 2021, the Education Endowment Foundation (EEF) published Cognitive Science Approaches in the Classroom: a review of the evidence. The report clarified the distinction between basic and applied cognitive science:




‘Basic’ cognitive science – seeks fundamental understanding of learning, memory, and the brain. It typically uses experiments in controlled conditions to establish knowledge that is likely to have wide applicability.


‘Applied’ cognitive science – seeks to apply knowledge from basic cognitive science to solve practical problems. Here we are focused on cognitive science that is applied in the classroom that aims to improve learning of children and young people aged 3-18. (Perry et al., 2021)





The key distinction is the focus on the practical application of cognitive science principles and strategies in the classroom. Dr Cindy Nebel has written about the various problems faced by researchers when attempting to carry out research, experiments and studies in classroom conditions:




… classrooms are messy research venues. There are numerous variables that we have no control over. We cannot control the motivation level of the students. In a laboratory, the students have somewhat equal motivation levels – their scores do not in any way affect whether or not they will receive credit for participating …


… When we move outside the laboratory we also have to consider that students are engaged with material outside of class. We might find that similar classes cause interference or confusion with what we are teaching (leading to a decrease in retention) while other classes may cause elaboration (leading to an increase in retention). Younger students in particular may have differences in the quality of help they get from parents. And we haven’t even begun to talk about differences in teachers… (Nebel, 2017)





Conducting research is complex, and even more so in a classroom environment. Research findings have been published from real-life classroom conditions and environments, but further exploration is required. Even then, questions will remain unanswered and there will be further questions to investigate.


The EEF report also explained the key differences between cognitive psychology and cognitive neuroscience:




Cognitive psychology – which is underpinned by interpretive, behavioural, and observational methods and in cognitive science has commonly derived principles from ‘lab studies’ in which different ways of influencing learning are tested and their results observed for individuals or small groups; and


Cognitive neuroscience – which is underpinned by brain imaging technologies such as functional imaging (fMRI) and tests principles by examining the physiological response of the brain rather than the behavioural response of participants in experiments. (Perry et al., 2021)





The science teacher and author Adam Boxer (see page 39 for Adam’s chapter on dual coding theory) explains:




In essence, cognitive science is the study of thought, learning and memory. It draws together neuroscience, anthropology and computational modelling to understand how the mind works: how it responds to stimuli, manages tasks, makes decisions and creates memories. It can help us discern how learning and recall happen, and how to improve them. Through its findings, cognitive science also challenges some common aspects of teaching practice, and suggests new paths to more effective education. (Boxer, 2021)





The key principles of cognitive science that feature in the following chapters include:




	The different stages of the learning process include attention and encoding, storage and retrieval practice.



	Working memory, where new information is encountered, is limited in both duration and capacity. This can cause a potential barrier to learning, resulting in a need for thorough explanations, questioning, checking for understanding, consolidation, rehearsal and regular review in the classroom.



	Owing to the limitations of working memory, teachers need to be mindful of managing cognitive load.



	Long-term memory is incredibly powerful, but it is not enough to simply transfer information from working memory to long-term memory. The information must be accessible and retrievable, too.






Although this book contains distinct chapters that focus on different areas of cognitive science and learning, there is overlap and many connections are clear. This was highlighted in the EEF’s report:




Principles of cognitive science interact and should not be considered in isolation from each other, or without taking into account wider practical and pedagogical considerations. (Perry et al., 2021)





A challenge for any book addressing cognitive science will be the nuance and the context, as this varies from school to school and even within a school. The context also varies across classes and teachers. It is the responsibility of the reader to apply the evidence, advice and guidance to their unique classroom context. Key questions to consider while reading the book include:




	What could or does this look like in the classroom?



	What could or does this look like in my classroom?



	What could or does this look like across a key stage or a department?



	What could or does this look like across the school?






Cognitive science principles and strategies, like many other approaches in education, are vulnerable to being misunderstood and mutated. Their implementation and application are central to effective teaching and learning. Chapter 6, by Pedro De Bruyckere and Paul A. Kirschner, tackles myths and mutations (see page 89). Reflecting on cognitive science in the classroom is essential for any classroom practitioner and we hope this book supports professional learning and meaningful reflection on teaching practice.


The contributors to this book vary in their roles, experience and expertise. It has been a privilege to work with and learn from each author. The beauty of researchED is that it makes evidence accessible to classroom teachers and school leaders. As researchED has grown and developed, it has helped to bridge the gap between the academic and teaching communities. This is illustrated throughout the book, as the research is explained clearly and concisely through contributions from academics, current and former classroom teachers, and school leaders. We hope you find this book interesting, informative and, most importantly, impactful.




researchED guides


The researchED Guide to Cognitive Science complements the other books in the researchED series, which draw on the findings from cognitive science:




	The researchED Guide to Educational Myths (2019), edited by Craig Barton.



	The researchED Guide to Explicit and Direct Instruction (2019), edited by Adam Boxer.



	The researchED Guide to Literacy (2019), edited by James Murphy.



	The researchED Guide to Assessment (2020), edited by Sarah Donarski.



	The researchED Guide to Leadership (2020), edited by Stuart Lock.



	The researchED Guide to The Curriculum (2020), edited by Clare Sealy.



	The researchED Guide to Special Educational Needs (2021), edited by Karen Wespieser.



	
The researchED Guide to English as an Additional Language (2022), edited by Hamish Chalmers.
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CHAPTER 1


COGNITIVE LOAD THEORY


JADE PEARCE




What is cognitive load theory?


Cognitive load theory uses our knowledge of human cognitive architecture (our memories and how we learn) to advise on the instructional design most effective for learning. These instructional principles are called ‘cognitive load effects’.







Types of knowledge and human cognitive architecture


Biologically primary knowledge or skills are those that we have evolved over generations to acquire automatically, without being taught. Examples include being able to speak and recognise faces (Sweller et al., 2019). Biologically secondary knowledge and skills are those that have been deemed important by our culture in more recent years, such as reading and writing, scientific knowledge, mathematical knowledge and historical knowledge. We have not evolved the ability to learn these skills automatically. Therefore, the learning of these skills and knowledge requires conscious effort and explicit teaching (Ashman & Sweller, 2023).


Cognitive load theory is concerned with the way in which we learn biologically secondary knowledge and is underpinned by five principles.




	Principle 1: the ‘borrowing and reorganising’ principle states that most of the information in our long-term memory is learned or borrowed from others – for example, from listening to what they say and reading what they write (Sweller et al., 2019).



	Principle 2: the ‘randomness as genesis’ principle (Sweller et al., 2019) explains that if we cannot obtain novel information from another person, we will generate this ourselves using a trial-and-error problem-solving technique.



	Principle 3: once we have obtained novel information, either from another person or from trial and error, we process this material in our working memory. The ‘narrow limits of change’ principle explains that working memory has a very limited capacity and duration: we can only process about seven elements of novel information in our working memory, and for no more than 20 seconds (Paas & Merriënboer, 2020).



	Principle 4: the ‘information store’ principle explains that we can transfer this novel information from the working memory to the long-term memory, and that our long-term memory is virtually unlimited in capacity (Ashman & Sweller, 2023).



	Principle 5: according to the ‘environmental organising and linking’ principle, once we have organised and stored information in the long-term memory, we are able to transfer huge amounts of this material back into our working memory without consuming its limited capacity. This is because information is stored in the long-term memory as ‘schema’ (big collections of linked knowledge) and the working memory can process this information as one single element (Paas & Merriënboer, 2020).











Cognitive load


Cognitive load refers to the mental load that the working memory is required to process when a task is being performed. Total cognitive load is made up of intrinsic and extraneous cognitive load.


Intrinsic cognitive load comes from the complexity of the information being processed. This is, in part, determined by the material’s element interactivity – the extent to which the elements being learned interact with one another and so must be processed by the working memory at the same time. For example, when learning foreign vocabulary, the foreign word for each English word can be learned individually and so element interactivity is low. This means intrinsic cognitive load is also lower. However, when solving a simultaneous equation, lots of elements of the equation have to be processed simultaneously and so element interactivity is high, resulting in a higher intrinsic cognitive load (Ashman & Sweller, 2023).


Intrinsic cognitive load is also determined by the prior knowledge of the learner. This is because, as explained by the environmental organising and linking principle, learners with high prior knowledge will have large schemas of knowledge stored in their long-term memory, which their working memory can then process as one element. This reduces the intrinsic cognitive load (Sweller et al., 2019).


It is the processing of intrinsic cognitive load that leads to learning, so this type of cognitive load must be optimised. An intrinsic load that is too low may mean that students are not engaged in complex thinking and therefore are not learning as much as they can. Intrinsic cognitive load should be high, but it should not exceed the total capacity of the working memory (Ashman & Sweller, 2023).


Extraneous cognitive load is determined by factors that are external to the information being learned, including instructional design (how information is presented and task design) and the makeup of the learning environment. As this type of cognitive load does not lead to learning but still uses up capacity in the limited working memory, cognitive load theory states that extraneous cognitive load should be minimised, freeing up working memory capacity to process intrinsic cognitive load (Paas & Merriënboer, 2020).







Cognitive load effects


Cognitive load theory attempts to explain the ways in which cognitive load can be optimised, with a focus on how extraneous cognitive load can be reduced (when this is necessary). These techniques are known as ‘cognitive load effects’, which the rest of this chapter will explore.







The worked example effect


Worked examples provide learners with a step-by-step explanation of how to complete a task and a corresponding example (Perry et al., 2021). Examples may include how to solve a problem in maths or how to write a paragraph in English.


The worked example effect explains why worked examples are more effective than students tackling problems by themselves. When trying to solve problems for themselves, students have to hold the whole problem in their working memory, as well as using mental resources to think about how to solve the problem. In contrast, worked examples make the method for solving the problem very clear, as well as breaking it down into small and manageable steps. This means that worked examples lower extraneous cognitive load, increasing the capacity of the working memory to process intrinsic cognitive load (Sweller et al., 2019).


According to Greg Ashman and John Sweller (2023), the worked example effect is strongly supported by evidence, has been shown to benefit students in primary school, high school and university settings, and is effective for a range of materials, including in maths, science and English.


A worked example in maths:




Find the mean of the following values: 20 + 23 + 24 + 27 + 31.


Step 1. Add up all the values: 20 + 23 + 24 + 27 + 31 = 125


Step 2. Divide by the number of values: 125 ÷ 5 = 25





A worked example on the use of apostrophes in English:




I do not want to go to school — I don’t want to go to school.


I would love to go to the party — I’d love to go to the party.


He will not go to bed! — He won’t go to bed!





The worked example effect is linked with several other effects. First, the self-explanation effect occurs because learners may not always study worked examples fully. According to the self-explanation effect, this can be overcome by providing students with prompts that require them to self-explain why the steps in the worked example are taken (Sweller et al., 2019).


Second, the guidance-fading effect states that as learners’ knowledge and expertise increases, worked examples should be faded out and replaced until learners can solve problems accurately on their own (Ashman & Sweller, 2023). This prevents over-reliance on the worked examples and keeps them from being a source of redundant information when they are no longer needed (see the redundancy effect on page 19). The completion problem effect states that this guidance-fading should initially involve moving from fully worked examples to partially completed problems: a partially completed problem is provided to students, which they then complete themselves (Sweller et al., 2019).


Here is an example of a sequence, moving from a worked example to part-completed problems to independent problem-solving.


Worked example:




Find the mean of the following values: 20 + 23 + 24 + 27 + 31 .


Step 1. Add up all the values: 20 + 23 + 24 + 27 + 31 = 125


Step 2. Divide by the number of values: 125 ÷ 5 = 25





Part-completed problem 1:




Find the mean of the following values: 5, 6, 7, 8.


Step 1. Add up all the values: 5, 6, 7, 8 = 26


Step 2. Divide by the number of values: 26 ÷ 4 =





Part-completed problem 2:




Find the mean of the following values: 12, 17, 19, 24, 25, 26.


Step 1. Add up all the values: 12, 17, 19, 24, 25, 26 = 123


Step 2. Divide by the number of values:





Problem 3:




Find the mean of the following values: 4, 5, 6, 9, 11.


Step 1. Add up all the values:


Step 2. Divide by the number of values:





Finally, the element interactivity effect states that worked examples are only required when element interactivity is high, as it is this that causes high cognitive load and consumes the capacity of the working memory. However, if element interactivity is low, cognitive load is low and so worked examples may not be required. In this case, solving problems may be more effective for learning as this increases the processing performed by students (as long as this can be done without cognitive overload).


Ashman and Sweller (2023) give the example of students learning the names of geometrical shapes. This has low element interactivity and cognitive load. Therefore, it may be more effective for students to answer questions or quiz themselves on the names of the shapes, rather than being presented with them repeatedly.
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